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Dear Customer,

throughout this manual, CMU-Kxx is generally used as an abbreviation for the software options
R&S® CMU-Kxx (e.g. CMU-K69 is used for R&S® CMU-K96). The Universal Radio Communication Tester R&S® CMU 200 is
abbreviated as CMU200.

R&S%is a registered trademark of Rohde & Schwarz GmbH & Co. KG.
Trade names are trademarks of the owners.
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CMU-K56...-K69 Models

WCDMA Functionality of R&S CMU Models

WCDMA-UE measurements can be performed with the following R&S CMU 200 models:

Universal Radio Communication Tester R&S CMU 200, stock no. 1100.0008.02. If equipped
with the appropriate options (as stated in the relevant sections), this model provides the full
WCDMA-UE functionality described in this manual. Al WCDMA and WCDMA-related options
are supported by this R&S CMU model.

High End Service Tester R&S CMU 200v10, stock no. 1100.0008.10. This model supports all
WCDMA TX measurements. With option R&S CMU-B68 it also provides a WCDMA downlink
generator. If options R&S CMU-B21 var. 54 and option R&S CMU-B56 are available in addition,
the service tester supports WCDMA signalling (operating bands | to XIV). Optional extensions of
the service tester are listed below; note that not all WCDMA options described in this manual
are supported.

Non Signalling Tester R&S CMU 200v30, stock no. 1100.0008.30. This model supports all
WCDMA TX measurements in Non Signalling mode. The functionality of R&S CMU options
which are particularly relevant for production (R&S CMU-K14, R&S CMU-K47, R&S CMU-K48)
is included in the basic configuration of the non signalling tester. With option R&S CMU-B68 this
model also provides a WCDMA generator in order to perform single-ended RX tests (with
mobile-assisted BER evaluation). Optional extensions of the non signalling tester, in particular
the options required for HSDPA tests, are listed below. Note that not all WCDMA options
described in this manual are supported.

The different R&S CMU 200 models are also described in the product brochures.

G

o The high end service tester and the non signalling tester also support the GSM,
CDMA2000/1xEV-DO, and AMPS network standards. For details refer to the relevant
operating manuals.

Table 1 Basic configuration and options for service tester R&S CMU 200v10

Functionality Option Remarks

Basic configuration (included in WCDMA-UE software package for R&S CMU 200v10)

WCDMA signalling op. bands >X R&S CMU-K17

Correspond. R&S CMU 200 options:

WCDMA UE TX Tests R&S CMU-K65

WCDMA generator (DL) R&S CMU-K66 Requires layer 1 board (3GPP/FDD DL + UL),
option R&S CMU-B68

WCDMA signalling op. band | R&S CMU-K68 Requires layer 1 board (3GPP/FDD DL + UL,

WCDMA signalling op. band Il R&S CMU-K69 option R&S CMU-B68), universal signalling

WCDMA signalling op. band 11l R&S CMU-K67 unit (option R&S CMU-B21 var. 54), and

WCDMA signalling op. band IV R&S CMU-K61 WCDMA signalling option R&S CMU-B56

WCDMA signalling op. band V R&S CMU-K62

WCDMA signalling op. band VI R&S CMU-K63

WCDMA signalling op. band VII R&S CMU-K57

WCDMA signalling op. band VIII R&S CMU-K58

WCDMA signalling op. band IX R&S CMU-K59

WCDMA signalling op. band X R&S CMU-K16

WCDMA signalling op. band S R&S CMU-K15

Reference oscillator OXCO, aging 3.5*10'8/year
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Functionality

Option

Remarks

Additional options

Universal signalling unit

R&S CMU-B21 var. 54

Required for WCDMA signalling

Audio generator and analyzer R&S CMU-B41 -

Speech codec R&S CMU-B52 Requires option R&S CMU-B21 var. 54
WCDMA Signalling unit R&S CMU-B56 Required for WCDMA signalling

WCDMA layer 1 board R&S CMU-B68 Required for WCDMA signalling and WCDMA
(3GPP/FDD DL + UL) generator

Additional RF generator R&S CMU-B96 -

Table 2

Basic configuration and options for non signalling tester R&S CMU 200v30

Functionality

Option

Remarks

Basic configuration (included in

WCDMA-UE software package for R&S

CMU 200v30)

WCDMA UE TX Tests
WCDMA generator (DL)
FM stereo transmitter

R&S smart alignment
1/Q versus slot

Correspond. R&S CMU 200 options:
R&S CMU-K65

R&S CMU-K66
R&S CMU-K14

R&S CMU-K47
R&S CMU-K48

Non Signalling TX tests

Requires layer 1 board (3GPP/FDD DL + UL),
option R&S CMU-B68

Extended functionality, relevant for
production tests

Additional options

Universal signalling unit

R&S CMU-B21 var. 54

Required for RX tests with BER evaluation by
the R&S CMU and HSDPA tests (non
signalling mode)

Audio generator and analyzer R&S CMU-B41 -
WCDMA layer 1 board R&S CMU-B68 Required for WCDMA generator and HSDPA
(3GPP/FDD DL + UL) tests (non signalling mode)
HSDPA Non Signalling R&S CMU-U62 Required for HSDPA tests; the upgrade kit
measurements also requires options R&S CMU-B21 and
R&S CMU-B68

Reference oscillator R&S CMU-B11 0OXCO, aging 2*10'7/year

R&S CMU-B12 OXCO, aging 3.5*10°/year
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RE.5

E-8







CMU-K56...-K96 Manuals

Contents of Manuals for
Universal Radio Communication Tester R&S CMU

The user documentation for the R&S CMU 200/300 is divided in a Quick Start Guide, the operating
manual for the basic instrument (including options R&S CMU-B41, R&S CMU-B17, R&S CMU-K14) and
separate manuals for individual software and hardware options. The complete documentation is avail-
able on CD-ROM, stock no. PD 0757.7746.2x.

xi=

o For an overview and order information about printed manuals refer to the beginning of the
Quick Start Guide. The latest revisions of all manuals are also posted on the R&S CMU Cus-
tomer Web on GLORIS.

Operating Manual R&S CMU-K56/.../-K69/-K96
(Software Options: WCDMA UE TX Test (3GPP/FDD)
WCDMA (3GPP/FDD, DL) Generator)
WCDMA UE Band I...XIV Signalling
HSDPA 3.6/10 Mbps
HSUPA 5.76 Mbps
WCMDA Application Testing
R&S Smart Alignment (for WCDMA)
Wideband AMR Codec

The present operating manual describes the application of the WCDMA UE function groups listed
above. It gives comprehensive information about the installation of the software, about manual as
well as remote control of the instrument. Typical measurement tasks are explained in detail using the
functions of the graphical user interface and a selection of program examples.

The manual is organized as follows:

Chapter 1 Describes the steps necessary for installing the software and putting the instru-
ment into operation.

Chapter 2 Gives an introduction to the application of the CMU for WCDMA TX measure-
ments and presents typical and advanced measurement examples.

Chapter 3 Gives an overview of the user interface and describes the concepts of measure-
ment control and instrument configuration.

Chapter 4 Represents the reference chapter providing detailed information on all functions
of the user interface and their application.

Chapter 5 Describes the basics of remote control of the instrument for WCDMA TX meas-
urements.

Chapter 6 Lists all remote control commands for WCDMA TX measurements. At the end of

the chapter the commands are grouped together according to their function
(measurement groups or configurations) and sorted in alphabetical order.

Chapter 7 Contains program examples for selected applications.

Chapter 8 Describes the HSDPA option (including the HSDPA downlink generator, HSDPA
signalling, and HSDPA measurements) and the HSUPA DL generator.

Chapter 9 Describes option WCDMA Application Testing including the RLC BLER meas-

urement for evaluating the data throughput and option R&S Smart Alignment.

Chapter 10 Contains an index for the operating manual.

1115.4962.12 0.1 E-13



Manuals

CMU-K56...-K96

What's new in this Revision...

This operating manual describes versions V5.01 of the WCDMA UE software options. Compared to
version V5.00 the new CMU-K56/.../-K69 firmware version provides numerous extensions and im-
provements. The new features described in this manual are listed below.

New Features

Description

Refer to Operating Manual...

Signalling — New Measurements and Connection Control

Multi-call
extensions

New combinations of voice calls and parallel data end-to-end
connections:

Voice 12.2kbps (AMR) + DL HSDPA/UL 384kbps

Voice 12.2kbps (AMR) + DL HSDPA/UL 64kbps

Chapter 9,
— WCDMA Application Testing

sions

maximum throughput added.

Cell Reselection | SIB3/ SIB11 extension, may be used to induce the UE to Chapter 4,
Information perform neighbor cell measurements while in 3G idle mode. — Connection Control (Signalling)
— Network
Use 2G SIM The Use 2G SIM parameter controls the IMSI (Default) Chapter 4,
value. — Connection Control (Signalling)

— Network

IMEI without IMEI request works with a connected UE, even without regis- | Chapter 4,

registration tration — Connection Control (Signalling)
— Network

New HSDPA Features (with option R&S CMU-K60/-K64)

Wizard exten- Changed HS-PDSCH level, test mode settings for HSPA Chapter 2,

— Measurement Wizard

New HSUPA Features (with option R&S CMU-K56)

HSUPA E-RGCH
measurement

Measurement is compatible with 2 ms Transmission Time
Intervals (TTI).

Chapter 8,
— HSUPA 5.76 Mbps
— HSUPA E-RGCH Measurement

E-HICH pattern
mode

Variable E-HICH pattern, depending on UL CRC, is available
in Non Signalling mode, too.

Chapter 8,
— HSUPA 5.76 Mbps
— HSUPA Downlink Generator

HSUPA UE
Code settings

Configurable HSUPA channels in Non Signaling mode

Chapter 8,
— HSUPA 5.76 Mbps
— HSUPA UE Code settings

New Remote Features

UE Report

New commands STOP:RXQuality:UEReport and CONTi -
nue:RXQuality:UEReport, stop and resume a (single
shot) UE Report measurement.

Chapter 6,
— Receiver Quality Measurements
— UE Report

1115.4962.12
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CMU-K56...-K96 Abbreviations
Frequently Used Abbreviations

3GPP 3" Generation Partnership Project

Abs. Absolute

ACLR Adjacent Channel Leakage power Ratio

ACP Adjacent Channel Power

AGS Absolute Grant Scope

AICH Acquisition Indicator Channel

AM Acknowledged Mode

AMR Adaptive Multi Rate

ARQ Automatic Repeat Request

Avg. Average

BCH Broadcast Control Channel

BER Bit Error Rate

BLER Block Error Rate

BTFD Blind Transport Format Detection

CCPCH Common Control Physical Channel

CCTrCH Coded Composite Transport Channel

CDE Code Domain Error

CDMA Code Division Multiple Access

CDP Code Domain Power

CD-p Code Domain p-factor

Chan. Channel

Channel. Channelization

CPICH Common Pilot Channel

cal Channel Quality Indicator (HSDPA)

CRC Cyclic Redundancy Check

CTFC Calculated Transport Format Combination
Curr. Current

DBLER Data Block Error Rate

DCCH Dedicated Control Channel

Disp. Display

DL Downlink

DPCCH Dedicated Physical Control Channel

DPCH Dedicated Physical Channel

DPDCH Dedicated Physical Data Channel

DTCH Dedicated Traffic Channel

Err. Error

E-AGCH Enhanced DCH Absolute Grant Channel
E-HICH Enhanced DCH Hybrid ARQ Indicator Channel
E-RGCH Enhanced DCH Relative Grant Channel
E-RNTI Enhanced DCH Radio Network Temporary Identifier
EVM Error Vector Magnitude

Ext./Extern. External

FBI Feedback information

FDD Frequency Division Duplex

FDR False transmit format Detection Ratio

FFT Fast Fourier Transform

Freq. Frequency

GPIB General Purpose Interface Bus = IEEE488 Bus
H-ARQ Hybrid ARQ

HPSK Hybrid Phase Shift Keying

HSDPA High Speed Downlink Packet Access
HS-DPCCH High Speed Dedicated Physical Control Channel
HS-DPDCH High Speed Dedicated Physical Data Channel
HS-S(P)DSCH High Speed (Physical) Downlink Shared Channel
HS-SCCH High Speed Shared Control Channel

HSUPA High Speed Uplink Packet Access

I In-phase

IF Intermediate Frequency

IMEI International Mobile station Equipment Identity
Int. Internal

IPDL Idle Periods in the DownLink

LAC Location Area Code

Lev. Level

MAC Medium Access Control

Magn. Magnitude

Max. Maximum

McC Mobile Country Code

ME Magnitude Error

Meas. Measurement

1115.4962.12 0.3 E-13
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Min.
MNC
oBwW
OCNS
OTDOA
ovSsc
P-CCPCH
PCDE
PCPCH
P-CPICH
PDCP
PDSCH
PDU

PE

PEP
PICH

Pk.
P-SCH

Q

QPSK
RAB
RAT
RBW
Ref.

Rel.

RF

RLC
RRC
RSCP
RV

RX
SCCPCH
S-CCPCH
SCH

Scr.

SDU
SEM
SRB
S-SCH
Sw

Sym.
Sync./Synch.
TF

TFC
TFCI

TFI

™

TPC
TrCH
Trg.

TTI

TTI
UARFCN

USIM
UTRA(N)
Vect.
WCDMA

1115.4962.12

Minimum
Mobile Network Code
Occupied Bandwidth

Orthogonal Channel Noise Simulator
Observed Time Difference Of Arrival
Orthogonal Variable Spreading Code
Primary Common Control Physical Channel
Peak Code Domain Error

Physical Common Packet Channel

Primary Common Pilot Channel

Packet Data Convergence Protocol
Physical Downlink Shared Channel

Protocol Data Unit
Phase Error

Peak Envelope Power
Page Indicator Channel
Peak

Primary Synchronization Channel

Quadrature-phase

Quadrature Phase Shift Keying

Radio Access Bearer

Radio Access Technology

Resolution Bandwidth
Reference (marker)
Relative

Radio Frequency
Radio Link Control

Root-raised cosine (filter)
Received Signal Code Power
Redundancy and Constellation Version (Coding Sequence, HSDPA)

Receiver

Secondary Common Control Physical Channel
Secondary Common Control Physical Channel
Synchronization Channel

Scrambling
Service Data Unit

Spectrum Emission Mask

Signalling Radio Bearer

Secondary Synchronization Channel

Software

Symbol
Synchronization
Transport Format

Transport Format Combination

Transport Format Combination Indicator
Transport Format Indicator

Transparent Mode
Transmit Power Control
Transport Channel
Trigger

Transmission Time Interval
Transmission Time Intervals
UTRA Absolute Radio Frequency Channel Number

User equipment

Universal Integrated Circuit Card

Uplink

UMTS Subscriber Identity Module
Universal Terrestrial Radio Access (Network)

Vector
Wideband CDMA

0.4
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CMU-K56...-K96

Glossary of Terms

Glossary of Terms

The following list contains definitions of terms that are often used throughout this manual. For a com-
prehensive overview of WCDMA definitions and abbreviations please refer also to 3GPP TS 21.905
"Vocabulary for 3GPP Specifications" (Release 1999).

Adjacent channel power
(ACP)

Adjacent channel leakage
power ratio (ACLR)

Carrier frequency error

Carrier spacing

Channel raster

Channelization code

Chip rate

Code domain

Code domain error

Code domain power

Code domain p factor

Crest factor

Downlink WCDMA signal

Emission mask

Error vector

1115.4962.12

Power emitted in the first and second adjacent channels, i.e. at £5 MHz and +£10
MHz from the carrier frequency.

Ratio of the power measured in an adjacent channel (Adjacent Channel Power,
ACP) to the transmitted carrier power, expressed in dB. This definition differs from
the 3GPP specification by a minus sign but is in line with other systems like GSM
and TDMA.

Deviation of the UE modulated carrier frequency from the frequency received from
the base station (node B). In the CMU: deviation of the UE modulated carrier fre-
quency from the nominal carrier frequency.

Frequency offset between two adjacent carriers (5 MHz).
Frequency offset between the allowed positions of WCDMA carriers (200 kHz).

Orthogonal Variable Spreading Factor (OVSF) codes that preserve the orthogonal-
ity between a user’s different physical channels. The channelization codes used in
the uplink WCDMA signal are OVSF codes with a length (spreading factor) between
4 and 256. In the downlink, a spreading factor of 512 may be used in addition.

Product of the symbol rate and the spreading factor. For the 3GPP WCDMA system
a fixed chip rate of 3.84 Mcps is specified.

The entire set of channelization codes involved in a WCDMA signal configuration.
Measuring a parameter in code domain means to determine its values as a function
of the individual channelization codes.

For standard uplink WCDMA DPCH signals the assignment between the physical
channel contributions and the channelization codes in the | and Q branch is fixed.
Therefore, any code domain measurement result can be represented as a function
of the physical channel contributions as well.

Ratio of the RMS-averaged power of the error vector projected onto the code do-
main to the RMS-averaged power of the composite reference signal, expressed
in dB.

Power in the individual code channels normalized to the power of the composite
signal, expressed in dB.

Correlated power of an individual channel (p factor) divided by the total power of the
composite WCDMA signal.

Peak to average ratio: ratio of the peak transmit power in a slot (peak envelope
power) to the average transmit power in a slot.

Signal transmitted by a WCDMA base station (node B) to be received by the UE.
With option CMU-K66, WCDMA (3GPP/FDD, DL) Generator, the CMU provides a
downlink WCDMA signal consisting of a P-CPICH, P-CCPCH, P-SCH, S-SCH, and
DPCH. The individual channels are spread, multiplexed and scrambled according to
the rules defined in the standard.

Tolerance template for the spectral emissions in a range between 2.5 MHz and
12.5 MHz away from the UE center carrier frequency. The spectrum emission mask
is divided into several areas the power in these areas must be measured with
Gaussian filters of different bandwidth.

Difference vector connecting the measured and the ideal modulated signal vector.
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Error vector magnitude

Inner Loop TPC

1/Q imbalance

1/Q origin offset

Magnitude error

Maximum power
Minimum power
Modulation accuracy

Occupied bandwidth

OFF power

Peak code domain error

Peak envelope power

Phase error

Power class

Power step

RF channel number

Spectrum emissions

Spreading factor

Symbol rate

1115.4962.12

RMS value of the error vector divided by the RMS value of the reference signal
(ideal modulated signal vector), expressed in percent. The error vector magnitude
(EVM) is the critical quantity to assess the modulation accuracy of the UE transmit-
ter.

Transmit Power Control mode where the UE transmitter adjusts its output power in
accordance with a series of TPC command received in the downlink.

Difference between the estimated | and Q amplitudes of the measured signal, nor-
malized and expressed in dB units.

Ratio of the 1/Q offset vector (i.e. the estimated DC offset of the measured signal) to
the average offset-corrected signal vector.

Difference in magnitude between the measured and the ideal modulated signal
vector, normalized to the magnitude of the ideal vector.

Operating mode where the UE is set to its maximum power control level.
Operating mode where the UE is set to its minimum power control level.
Ability of the UE transmitter to generate an ideal QPSK-modulated signal.

Width of a frequency range around the assigned channel frequency containing
99% of the total integrated power of the transmitted spectrum.

Operating mode where the UE is set to is set to the transmit OFF power state
where it does not transmit except during uplink compressed mode.

Maximum Code Domain Error for all codes in a considered code domain at a spe-
cific spreading factor. The Code Domain Error for every code corresponds to the
projection of the EVM onto that code. The PCDE is expressed in dB.

Maximum power of the RF envelope.
Difference in phase between the measured and the ideal modulated signal vector.

Determines the maximum output power of a WCDMA UE and its tolerances. The
four power classes 1 to 4 specified correspond to maximum output powers of
+33 dBm, +27 dBm, +24 dBm and +21 dBm.

Relative power difference between the average power of the target timeslot and the
average power of the original timeslot in inner loop power control. The powers are
averaged not including the transient duration.

Integer number assigned to an RF channel centered on an integer multiple of the
200 MHz channel raster. The assignment between channel numbers N and carrier
frequencies Fis N =5-(F/MHz), 0.0 MHz < F <3276.6 MHz .

The WCDMA UE is designed to operate in the uplink band between 1920 MHz and
1980 MHz, corresponding to channel numbers 9600 to 9900. The downlink band
ranges from 2110 MHz to 2170 MHz, corresponding to channel numbers 10550 to
10850.

Unwanted emissions immediately outside the nominal channel resulting from the
modulation process and non-linearity in the transmitter but excluding spurious
emissions. An uplink WCDMA signal must conform to a specified spectrum emis-
sion mask.

Length or maximum number of the channelization codes used to spread the
WCDMA signal. The spreading factor is the ratio of the WCDMA chip rate of
3.84 Mcps and the symbol rate.

WCDMA chip rate divided by the spreading factor. The WCDMA standard allows

variable symbol rates of 7.5 ksps (downlink only), 15 ksps, 30 ksps, 60 ksps, 120
ksps, 240 ksps, 480 ksps and 960 ksps.
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Transmit Power Control The process of adjusting the output power of the UE transmitter in order to optimize
the transmission quality of the connection and the network capacity.

Uplink WCDMA signal Signal transmitted by a WCDMA UE to be received by the base station (node B).
An uplink DPCH signal consists of one DPCCH plus up to 6 DPDCHs that are
spread, multiplexed and scrambled according to fixed rules.

Waveform quality Normalized correlated power between the actual and the ideal waveform, sampled
at the constellation points. The waveform quality (p factor) is a measure of the
modulation accuracy. For an ideal transmitter (ideal correlation), it is equal to 1,
otherwise it is a positive number smaller than 1.

References

The 3GPP specifications for the WCDMA measurements and settings described in this manual are
quoted throughout the text. In general, the test functionality of the R&S CMU200 complies with standard
3GPP TS 34.121, “Terminal Conformance Specification Radio transmission and reception (FDD)".

For application notes that related to WCDMA UE measurements and general information about our
instruments please refer to http://www.rohde-schwarz.com/www/dev_center.nsf
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CMU-K56...-K69 Installation Instructions

1 Installation

This chapter describes the installation and update of the WCDMA UE software options for the Universal
Radio Communication Tester R&S CMU200. The options provide the following functionality:

HSDPA DL generator and signalling
—| R&S CMU-K60 HSDPA 10 Mbps HSDPA measurements

+ HSDPA DL generator and signalling
R&S CMU-K64 HSDPA 3.6 Mbps HSDPA measurements
| R&S CMU-K96 WCDMA Application Testing RO packet data applications
. xtended voice codec settings
R&S CMU-K46 Wideband AMR Extended voice cod ing

(requires option R&S CMU-B52)

R&S CMU-K69 WCDMA UE Band Il Signalling

+ R&S CMU-K68 WCDMA UE Band | Signalling

R&S CMU-K67 WCDMA UE Band Ill Signalling

R&S CMU-K63 WCDMA UE Band VI Signalling

R&S CMU-K62 WCDMA UE Band V Signalling Test of connection setup
and signalling capabilities,
_T R&S CMU-K61 WCDMA UE Band IV Signalling All TX and RX tests with connected UE

R&S CMU-K59 WCDMA UE Band IX Signalling

R&S CMU-K58 WCDMA UE Band VIil Signalling

D R&S CMU-K57 WCDMA UE Band VIi Signalling

R&S CMU-K15 WCDMA UE Band S Signalling

R&S CMU-K16 WCDMA UE Band X Signalling

R&S CMU-K17 WCDMA UE Band XiI, XII, XIll, XIV Signalling
HSUPA DL generator and non signalling
R&S CMU-K56 HSUPA 5.76 Mbps HSUPA TX measurements

R&S CMU-K47 R&S Smart Alignment

WCDMA DL generator,
R&S CMU-K66 WCDMA (3GPP/FDD, DL) Generator

{ RX tests (Receiver Quality, Non Signalling)

TX Tests (Non Signalling):

Power, Modulation, Spectrum.
R&S CMU-K65 WCDMA UE TX Test (3GPP/FDD) Code Domain Power

Fig. 1-1  WCDMA UE options
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Installation Instructions

Before proceeding to perform any of the steps described in this manual, please make sure that the in-
strument is properly connected and put into operation according to the instructions given in chapter 1 of
the CMU200 manual. The hardware and software options available are shown in the Startup menu. The
status of the software options for WCDMA UE tests is indicated in the lines CMU-K61 to CMU-K69 and
CMU-K96:

e If a version number is indicated, the CMU is ready to perform GSM mobile tests. In this case you
may skip this chapter, except if you wish to update the current software version or activate another
version.

e If disabled is indicated, the software option must be enabled using a key code; see section Creating
a new Software Configuration on page 1.5.

e If not installed is indicated, the software must be installed via the PCMCIA interface or the floppy
disk drive, see below.

All options described in this manual are included in the WCDMA UE software package. There is no need
to install these supplementary options separately; however, they must be enabled by means of a sepa-
rate key code supplied with the option (see section Enabling Software Options on p. 1.7).

Software Installation or Update

The CMU is always delivered with the latest software version available. New CMU software versions are
available for download on the R&S Lotus Notes Service board. To be loaded via the PCMCIA interface,
the software must be copied to one or several flash disks/memory cards or PCMCIA hard disks. An
appropriate memory card CMU-Z1, order no. 1100.7490.02, can be obtained from Rohde & Schwarz.

Note: If your CMU is equipped with a floppy disk drive (option CMU-U61), a set of installation
floppy disks must be generated instead of a flash disk. All other steps do not depend on the
storage medium.

To install the WCDMA options proceed as follows:

»  Switch off the CMU.

> Insert the flash disk into one of the two slots of the PCMCIA interface.
» Switch on the CMU.

The installation is started automatically while the CMU performs its start-up procedure. To this end the
VersionManager is called up (for a detailed description of the VersionManager refer to chapter 1 of the
CMU operating manual or to the on-line help accessible via Info):
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UersionManager US.83

The active CMU base software is the version: 5XB8.A55

<{— Activate other version Hrite log files to disk —>
{— Delete software Delete non volatile ram —>
<— Install software Scan disk —>
{— List software List all versions to disk —>
<{— Firnmware update after board change Copy non volatile ram to disk —>
<— Edit service tables Defragment disk —>
<— Exit Info —>

Softkey no. 5 on the left softkey bar, Install software..., is used to install new software from an external
storage medium. The CMU automatically recognizes the storage medium and indicates the correspond-
ing slot number: Slot 0 or 1 denotes the left or right slot of the PCMCIA interface. If a floppy disk is used
the menu option reads Install software version <version> from floppy.

> Press left softkey no. 5 (Install software...) to start the installation.

If your storage medium contains several installation versions, the software version selection dialog is
opened:

UersionManager US.83

Hhich version shall be installed from PC-card slot 1 ?

<— Install 5XBB.AS5 BASE

5XPA.ASS 15136 MS

5XB8.ASS Bluetooth

U4.52 HCDMA UE

5XPB.A48 WCDMA UE

<— Back to previous screen Info —>

> Use the rotary knob or the cursor keys to scroll the list and select the WCDMA software version you
intend to install.

» Press Install to start the installation.

The installation is started. To be operable on your instrument, a network option must be combined with a
compatible version of the CMU base software. Any base software version installed on the CMU hard
disk can be combined with one or several network options to form an independent software configura-
tion. If none of the configurations is compatible to the new WCDMA option, the VersionManager displays
an error message and takes you back to the software selection dialog; see section Creating a new Soft-
ware Configuration on page 1.5. Otherwise, the following upgrade selection dialog is opened:
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UersionManager US.83

Hhich version shall be upgraded with V4.52 HWCDMA UE ?

WCDMA UE V4.52
CDMA ZBBB MS 4X58.A92

{— Upgrade base U4.53 —E GSM M5 U4.52
1=<EV-D0 4X58.A92

base V4.53 WCDMA UE V4.52
_{E CIOMA ZBBB MS 4X58.A92
1xEV-D0 4X58.A92

base U4.52

base V4.52 GSM MS V4.52
_{E IS136/AMPS M3 V4.58
WCDMA UE V4.52

base U4.52 — WCOMA UE U4.52 +
<— Back to previous screen Info —>

The upgrade selection dialog displays a list of base software versions that can be combined with the
new WCDMA software.

> Select the appropriate base version and press Upgrade.

The new WCDMA option is added to the configuration or updates the previous WCDMA version of the
configuration. To indicate that the storage medium must be changed the CMU issues the Change vol-
ume message:

Change volume

Process next wvolume

Exit

» Replace the current disk with the disk requested.
» Use the cursor up/down keys to select “Process next volume” (default setting).
» Press ENTER to confirm that the new disk has been inserted and to continue the installation.

After processing the last disk the CMU displays the following screen:

UersionManager US.83

Hhat do you want to do next with version 5X88.A55 ?

<— Install next software upgrade 5XBA.AS55 Bluetooth from PC-card slot A

<— Install next software upgrade from PC—card slot 1

<— Rescan Drives

<— Finish installation Info —>
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> If you wish to install or upgrade other software versions, press left softkey no 4 or 5 (Install next
software...) or insert new storage medium into the PCMCIA slot or floppy disk drive and press
Change disks.

» To finish the installation, remove all disks from the drive and press Finish installation.

The VersionManager is closed and the CMU is rebooted. The new firmware options are now operational
and listed in the Menu Select menu together with their version number. Besides, the last software con-
figuration installed is automatically taken as the active one in the next measurement session.

Creating a new Software Configuration

The CMU handles base software versions and network options on a separate basis. Different versions
of the base software can be combined with different options to create new firmware configurations. For
example, it is possible to update the base software without affecting the associated network options or
vice versa. Moreover, the same base software version can be installed several times and combined with
different network options (and vice versa), so it may enter into several firmware configurations.

If no compatible base software version can be found on the hard disk, then the CMU will refuse to install
a new WCDMA software option selected in the software selection dialog (see previous section). Instead,
it displays the following error message:

UersionManager US.83

No installed version can be upgraded with U4.52 HCDMA UE t

Base version U4.52 is needed?

<— Back to previous screen Info —>

» Press Back to installation to return to the software version selection dialog.
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UersionManager US.83

Hhich version shall be installed from PC-card slot 1 ?

<— Install 5XBB.AS5 BASE

5XPA.ASS 15136 MS

5XB8.ASS Bluetooth

U4.52 HCDMA UE

5XPB.A48 WCDMA UE

<— Back to previous screen Info —>

> Select a base software version that is compatible to your WCDMA software option and press Install.

Note: As a rule, firmware versions for the base system and for network options are compatible if
they differ only in the last digit. WCDMA UE firmware versions 3.80 to 3.89 (if available) can
be run together with base system version 3.80 to 3.89 (if available).

With a new base software version, it is possible to either update an existing configuration or create a
new one. A dialog to select between the two alternatives is opened:

UersionManager US.83

How do you want to handle this software?

<— Install as new base
<— Upgrade existing version

[ 1 Force Verm Update (not recommended)

<— Back to previous screen Info —>

Note: This dialog is skipped if the new base software version is not compatible with any
of the existing configurations. An incompatible new base software must be in-
stalled as a new base software.

> If you wish to add a new configuration to your hard disk, press Install as new base.

» To upgrade an existing configuration with the selected base software version in order to make it
compatible to the new WCDMA software option, press Upgrade existing version. The existing ver-
sion to be upgraded must be selected in an additional dialog.

The installation is performed as described in section Software Installation or Update on p. 1.2 ff. After
adding the new base software as a new configuration or updating the existing configuration, the CMU
displays the following screen:
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UersionManager US.83

Hhat do you want to do next with version 5X88.A55 ?

<— Install next software upgrade 5XBA.AS55 Bluetooth from PC-card slot A
<— Install next software upgrade from PC—card slot 1

<— Rescan Drives

<— Finish installation Info —>

> Press left softkey no 4 or 5 (Install next software...) and proceed as described in section Software
Installation or Update on p. 1.2 ff. to install the new WCDMA version and assign it to the new con-
figuration.

Enabling Software Options

A new CMU software option purchased is ready to operate after it is enabled by means of a key code
supplied with the option. This key code is to be entered into the Option Enable popup window which in
turn can be opened via from the Setup — Options menu. For details refer to Chapter 4 of the CMU200
operating manual.

Note: Software installation and enabling of software options are completely independent from
each other. All options described in this manual are included in the WCDMA UE software
package. There is no need to install these options separately; however, they must be en-
abled by means of a separate key code supplied with the option.
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2 Getting Started

The following chapter presents a sample WCDMA UE test with the universal radio communication tester
CMU200 and the WCDMA UE software options CMU-K65/.../-K69. It is intended to provide a quick
overview of the function groups and to lead through the most common tests which are performed on a
WCDMA UE.

Before starting any measurement with the CMU, please note the instructions given in Chapter 1 of the
operating manual for the CMU basic unit for putting the instrument into operation. In Chapters 2 to 4 of
that manual you will also find information on customizing the instrument and the display according to
your personal preferences. Installation instructions for the WCDMA UE software options (CMU-K65/.../-
K69) can be found in Chapter 1 of the present manual.

The tests reported below include

e Connection of the UE and selection of function group

e Power measurements and basic settings in Non Signalling mode

e  Modulation measurements in Non Signalling mode

e Receiver Quality measurements in Non Signalling mode

e Signalling parameters and call setup

The steps to perform are explained on the left side of each double-page together with the results ob-

tained on the CMU screen. On the right side, additional information is given. We also point out alterna-
tive settings and related measurements which could not be reported in detail.

The principles of manual operation are discussed in Chapter 3. For a systematic explanation of all
menus, functions and parameters refer to the reference part in Chapter 4.

Note: The WCDMA DL generator (option CMU-K66, WCDMA (3GPP/FDD, DL) Generator) can
be configured in the Generator tab of the Connection Control menu. The functionality and
use of the option is described in Chapter 4, section Generator Settings.

The Signalling function groups (options CMU-K67/.../-K69) are accessed from the Menu
Select menu. See section WCDMA Signalling on p. 2.24 ff.
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Preparing a WCDMA UE TX Test

This chapter describes how to use the CMU200 for WCDMA UE TX tests. As a prerequisite for starting
the session, the instrument must be correctly set up and connected to the AC power supply as de-
scribed in Chapter 1 of the CMU operating manual. Furthermore, the WCDMA UE software options
must be properly installed following the instructions given in Chapter 1 of the present manual. The
measurement example described in this and the following sections require option R&S CMU-K65.

Step 1

» Switch on the CMU using the mains
switch at the rear. ®

» Check the operating mode of the instru-
ment at the ON/STANDBY key on the

front panel.@

| Step 2

» Connect the bi-directional RF connector
RF 2 of the CMU to the antenna connec-
tor of the WCDMA UE. ®

» Make sure that the WCDMA UE is sup-
plied with the correct operating voltage
(battery or power supply) and switched
on. ®

'mepEsEED®

o e e e e e v v s ) = [ )

y

U

- » Switch on the CMU by pressing the

[ ON/STANDBY key on the front panel.

0
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Additional Information...

... on Step 1

@® Mains switch on the rear panel

When the mains switch at the rear is set to the OFF position,
the complete instrument is disconnected from the power sup-
ply. When the mains switch is set to the ON position, the in-
strument is in standby mode or in operation, depending on the
position of the power switch on the front panel.

@ ON/STANDBY key on the front panel

The ON/STANDBY key at the front of the instrument deter-
mines whether the instrument is in standby mode or in opera-
tion.

Standby mode:
Only the reference frequency oscillator is supplied with oper-
ating voltage, and the yellow LED (STANDBY) is illuminated.

Operation:
The green LED (ON) is illuminated and all modules of the in-
strument are supplied with operating voltage.

... on Step 2

® RF connection of the WCDMA UE

A high-quality coax cable should be used for this connection,
ideally with an attenuation of less than 0.5 dB.

The CMU provides two bi-directional RF connectors RF1 and
RF2 differing by their input and output level ranges. RF2 is the
recommended standard connector for WCDMA UEs.

The unidirectional connectors RF4 IN and RF3 OUT are in-
tended for connection of modules requiring high input levels
or modules with low RF output levels. RF4 IN and RF3 OUT
can also be used to connect WCDMA UEs off the air via an-
tennas.

@ Output signal of the WCDMA UE

The purpose of function group is to analyze RF signals with
3GPP WCDMA characteristics and to check whether the out-
put signal of an UE transmitter conforms to 3GPP specifica-
tions. The analyzed signal may be:

e A single QPSK-modulated signal with a chip rate of 3.84
Mcps

e An uplink WCDMA signal containing one DPCCH plus up
to 6 DPDCHs, multiplexed according to 3GPP specifica-
tions.

Some measurement menus and parameters can differ ac-
cording to the configuration of the analyzed signal.
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Alternative Settings
and Measurements

&>  Chapter 1 of CMU manual

@&  Chapter 1 of CMU manual

&> Chapter 4

Input and output connectors can
be selected in the AF/RF (5 tab
of the Connect. Control menu.

&>  Chapter 4, p.

Some measurement menus and
parameters differ according to the
configuration of the analyzed sig-
nal (QPSK or WCDMA). E.g. the
Modulation measurement can be
accelerated if the analyzed signal
is known to be a single QPSK
signal.

Note: A signal containing 7 or more
DPDCHs cannot be measured in
Modulation or Code Domain Power
measurements. The excess DPDCHs
are treated as noise.
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Process Info

BaseliscoverOptionsBegin Model: CWMU 200-1100.0008.02
BaseDiscoverOptionsEnd Serial #: 840675/018

LoadF GroupDillsBegin SIW: ¥3.10:5P00 2002-10-16

Options

Hardware Options:

CRTU-B1/B2 OCXO B11
CRTU-B5 2 Signalling Unit . GSM not installed
CRTU-B6 Speech Coder f. CRTU-B5S not installed
CRTU-B7 I/Q-IF Interface not installed
CMU-B11/B120CKO 0104
CMU-BAY 1/Q-IF Interface 0105
CMU-B21 Universal Signalling Unit 0108
CMU-B21v14  Universal Signalling Unit not installed
CMU-B21/2  Universal Signalling Unit not installed
CMU-B21f2v1sUniversal Signalling Unit not installed
CMU-B41 Audio Measurement Linit not installed

Load factory default settings
|_ —Wait after startup

Default Wait

Universal Radio Communication Tester CMU

&

ROHDE&SCHWARZ

Bl Reset

<[z Al

|:> 1.7t Basic Functions
- ¥ 3G UMTS User Equipment
L+ %3 WCDMA FDD
# Mon-Signalling
3 Signalling

Cancel |

MENU
SELECT

B Menu Select

— Selection |36 UMTS User Equipment/WCDMA FODiNon-SignalingiPower/. .

G|

¥ Basic Functions
= 3G UMTS User Equipment
« WCDMAFDD

~Mon-Signaling -+ Power

~ Poier +
=+ andrmurm Power
=+ Minimum Power =
+Off Power
+Inner loop TRPC
+P/Slot Table

~ Modulation +
+QPSK Overview
+QPSK Errvectiagn
+QPSK MagnError
-+ QPSK PhaseError
~+ QPSKIIQ Analyzer
-+ [NCOMA Overview

WCDMA oD Power .d t gg:gre;t

Hotkeys - Set 2

Menu HotKeys Hotkeys Hotkeys Hotkey
Select Set1 Set2 Set3 Assign.
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Step 3

The startup menu is displayed while the
CMU performs a power-up test. ®

After a few seconds the CMU displays the
last menu used in the previous session.

» Press the RESET key to open the Reset
popup menu.

» Proceed as described in Chapter 4 of the
CMU200/300 operating manual, section
Reset of Instrument Settings, to expand
the tree of function groups.

» Select the function group WCDMA FDD
Non Signalling to be reset (the corre-
sponding nodes must be black).

» Use the cursor keys to activate the Reset
button and press ENTER. In the popup
box opened (Are you sure?), select Yes
to confirm the reset.

The CMU indicates that it performs a partial
reset of the selected function group and is
then ready to carry out the following steps.
The Reset popup menu is closed automati-
cally.

Step 4

» Press the Menu Select key to open the
Menu Select menu.®

The Menu Select menu indicates the func-
tion groups available. If a function group is
selected the corresponding modes and
measurement menus are indicated.

» Select the WCDMA FDD function group.
» Select the Non Signalling test mode.
» Select the Power measurement menu.

» Press the Enter key to activate the meas-
urement selected and open the Power
menu.
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Additional Information... Alternative Settings

and Measurements

... on Step 3

® Startup menu

The startup menu displays the following information:
e The status of the startup test (Process)

& Chapter 4 of CMU manual

That chapter also contains infor-
mation on customizing the
CMUe.g. by setting the date and
time zone, selecting the printer
etc.

e The device name, serial number and software version
(Info)

e The options and equipment installed (Options)
e The progress of the startup test (Startup bar graph)

Before starting a measurement, a reset is recommended to
set the instrument with all its functions into a definite state.

... on Step 4

® Menu Select menu
The Menu Select menu shows all function groups installed

&  Chapter 4 of CMU manual

For an overview of the menu

and enabled on your CMU. Function groups and menus that
are often needed can be assigned to a softkey/hotkey combi-
nation in the Menu Select menu, so they can be accessed by
a single key stroke.

structure of the WCDMA UE func-
tion groups see Chapter 3 of the
present manual.

Function group WCDMA FDD is subdivided into the two
measurement modes Non Signalling and Signalling, each
containing a number of measurement menus. Each meas-
urement group is divided into several applications that are
displayed in the right half of the table.
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Non Signalling Measurements

In the Non Signalling mode, the CMU generates a downlink WCDMA signal (option CMU-K66) and ana-
lyzes the uplink WCDMA signal transmitted by the DUT. Compared to Signalling mode test times may
be reduced considerably. Moreover, the measurements are not restricted to the specified channel and
UE output power ranges of the network. The most common application is module test. Besides the
measurements in the two test modes are largely analogous.

Power Measurements

As described above, all measurement menus can be called up from the Menu Select menu. Once a
measurement menu is opened, the hotkeys across the bottom of the menu can be used to switch over
to any of the other measurements.

Connect
ch.2 WCDMA roD Power id Control Step 1
Max Level: Auto Low noise FreqOffset: + 0.000 kHz Chan/Freq. 9812 /19224 MHz ﬁmaximum
P The Power menu shows the power of the
Appli- . . .
e received RF carrier signal. ®
f::'vzer The results are presented in a table con-
= taining the peak and RMS-averaged power
S in the current slot plus a statistical evalua-
current AvErage Mairmurm PefirirriLinn 5 .
LE Power (Pecid — tion of these peak and RMS powers. To
LE Power R145) Level obtain valid and reasonable measurement
—— results, the RF analyzer of the CMU must
SEREiE G Setting= i be set to be in accordance with the proper-
o 0000 % ties of the RF input signal.
ol Tolerance

Code Dom. | Receiver
Power Qualit

Power Modulation | Spectrum

Step 2

Connect » Press the Connect Control softkey on
Control top of the right softkey bar to open the

Connection Control popup menu.

Connect The Connection Control menu configures
QIE the RF analyzer and the output connectors
S A Comecen o RE Cererator On of the CMU and defines the properties of
R the input signal that can be measured. At
e present, the Analyzer tab is active. The
= o] other tabs of the Connection Control menu
Charnel | 9652 are accessible via the hotkeys across the
Frguency bottom of the menu. @

The field next to the Max. Level softkey
shows Auto indicating that the input path is
automatically adapted to the peak envelope

power (PEP) of the applied signal. ®
» Press the RF Channel softkey and set
the RF channel number equal to the

pnaivzor | Gonorsior | ECots | AEREGH] Syne. channel number of the input signal. @
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Additional Information... Alternative Settings

and Measurements

... on Step 1

® Power menu

The Power menu shows the peak output power of the UE (UE
Power (Peak)), i.e. the Peak Envelope Power (PEP) of the
WCDMA signal and the output power averaged over the
transmit slot (UE Power (RMS)). The PEP is usually a few dB
higher than the RMS-averaged WCDMA signal power; the
level difference is termed crest factor.

Both the UE Power (Peak) and the UE Power (RMS) can be
measured in various operating modes of the UE. In the Maxi-
mum Power mode, the UE is expected to transmit at its
maximum power control level.

For various reasons, an output field may fail to show a valid
measurement result (indication "---" or a red output field, if the
results exceeds the tolerances):

e The analyzer settings do not match the properties of the
input signal.

e The input signal is missing.

e The measurement is switched off (OFF is indicated in
the softkey controlling the measurement).

... on Step 2

® Connection Control menu

The Connection Control menu provides general settings that
are valid for all WCDMA measurements. Part of the settings
can be overwritten in the individual measurement groups.

The left half of the softkey-oriented version of the Analyzer
tab contains a panel for configuration of the RF analyzer. The
Analyzer hotkey switches between the softkey-oriented ver-
sion of the tab and a table-oriented version with extended
functionality. A yellow triangle on a hotkey indicates that the
hotkey toggles between different menus.

® Max. Level

The Max. Level softkey sets the maximum RF input power
which can be measured and is used to adjust the RF input
path to the expected power of the measured signal. The per-
missible range Max. Level depends on the RF connector and
the external attenuation used.

@ WCDMA Channels

The assignment between carrier frequencies and channel
numbers (UARFCN, UTRA Absolute Radio Frequency Chan-
nel Number) is according to 3GPP specifications. The ana-
lyzed signal represents an uplink signal (signal transmitted by
the WCDMA UE and received by the Node B / base station).
However, the CMU is not restricted to the designated uplink
band between 1920 MHz and 1980 MHz (Operating Band I).

1115.4962.12 2.7

&>  Chapter 4.

In addition to Maximum Power,
three other operating modes of
the UE (applications) are pro-
vided.

In the Minimum Power mode, the
UE transmits on its minimum
power control level.

In the Off Power mode, the UE
transmitter is set to the transmit
OFF power.

In the Inner Loop TPC mode, the
UE transmitter is set to change its
output power with variable step
size.

All modes can be selected by
means of the Application softkey
(see also note on Applications on
p. 2.13). The UE must be set to
comply to the CMU settings.

&> Chapter 4

To facilitate and speed up the
operation, many CMU settings are
accessible from different menus.
The RF analyzer settings can be
accessed via the Analyzer Level
and Analyzer Settings softkeys in
the Power measurement menu as
well.

&> Chapter 4

The RF Max. Level can also be
set in all measurement menus
(softkey Analyzer Level, hotkey
Max. Level).

&> Chapter 4

The RF frequency can be set in
multiples of 200 kHz. With an
additional Frequency Offset, an
RF signal with an arbitrary fre-
quency that is in the range sup-
ported by the tester can be ana-
lyzed.
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Cohnect
Control

e Connect
J—_ WCDMA FDD Power a Control
Low noise FreqOffset: + 0.000 kHz Chan./Freq. 9813 /19228 MHz R Maximum

u

HPower 4

Max Lewvel: Auto

Appli-
cation
Analyzer
Lev. 1
Analyzer
current AvErage Mairmurm PefirirriLinn Settlngs
WEWENGEM “ 23.73 aBm|[* 23.78 dBm|* 23.96 uBm Genherator
LE Power (RMS) 2019 ¢Bm  20.19 aBm 2021 aBm  20.17 dBm Level
10 Generator
Statistic Count Settings
100.00 %
Qut of Tolerance
Repetition | Slu(?undilinn smlis{g:nunl o

<

Maximum
M Power
Fovrer

B Power Configuration WCDMA FDD [l
Control Limits
— Setup I"" imum PoweriRepetition |—
Default &l Settings

~ Iadrmum Power
Diefallt Settings @
Repetition [ Single Shot |
Stop Condition None Bt
Statistic Count 10

~ inimurm Paower
Default Settings
Repetition Continuous
Stop Condition Maone
Statistic Count 10

~ OFF Pawer
Default Settings

U
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» Press the Escape key or the Connect
Control softkey again to close the Con-
nection Control popup menu and return
to the Power menu.

Step 3

The peak and average slot power of the RF
carrier signal is now indicated in the output
fields associated to the Power softkey.

If a result exceeds the error tolerances, the
corresponding output field turns red, and
an arrow pointing upwards/downwards
indicates that the result is above/below the
limit. In out example, the average output
power of the DUT (UE Power (RMS))
matches the limit whereas the UE Power
(Peak) is too high.

The analyzer settings from the Connection
Control menu are displayed in a parameter
line above the diagram. The Maximum
Power softkey indicates the measurement

state RUN. ©®

Step 4

» Select (press) the Maximum Power soft-
key.

» Press the selected Maximum Power
softkey again to call up the Power Con-
figuration menu. @

The Control tab of the Power Configuration
menu defines the scope of the Power
measurement. To pick just one example of
the settings, we limit the number of slots
measured and adjust the tolerance limits to
the expected properties of our WCDMA
signal.

» Press the ON/OFF key to expand the
menu tables.

» Select Maximum Power — Repetition:
Single Shot.®

E-13



CMU-K56...-K96 Non Signalling Measurements

Additional Information... Alternative Settings

and Measurements

... on Step 3

® Measurement State @& CMU manual.

The state indication of the different measurements is included
in the measurement control softkeys (2nd softkey in the right
softkey bar of each measurement menu). For ongoing meas-
urements (RUN state), the results in the output fields are con-
stantly updated.

A measurement can be switched on and off after selecting the
measurement control softkey by means of the toggle key
ON/OFF.

... on Step 4

@ Power Configuration menu

The Power Configuration menu contains two tabs defining
e The scope of the measurement (Control)
e The tolerances of the results (Limits)

Analogous configuration popup menus are available for all
measurement groups. Settings pertaining to different meas-
urement applications are grouped together in separate sec-
tions of the configuration menus.

3 Repetition mode and stop condition

The Repetition mode determines whether the measurement
is

e Continued until it is explicitly stopped by the operator
(Continuous)

e Stopped after one statistic count (Single Shot)

By default, a statistic count comprises 10 basic evaluation pe-

riods. In the Power measurement, an evaluation period corre-

sponds to 1 WCDMA slot with a duration of 10/15 ms com-
prising 2560 chips.

1115.4962.12 29

See the sections on measure-
ment control in Chapter 3 and 5.

The options for the measurement
state are RUN (default) and OFF.
A third state, HLT, occurs after a
single-shot measurement is ter-
minated (see p. 2.11).

& Chapter 3.

Settings made in the Power Con-
figuration menu apply to power
measurements only.

Settings made in the Connect.
Control menus apply to the entire
function group.

&>  Chapter 3.

In addition, the running measure-
ment can be stopped after the
first slot which is out of tolerance.
To this end, Stop Condition = On
Limit Failure must be selected.

This is suitable if the limit check
represents the main purpose of
the measurement.
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» Press the Limits key to activate the Lim-
its tab of the configuration menu.

The Limits tab of the Power Configuration

menu defines the rated values and the

upper and lower limits for the peak and

RMS power measured. @

» Press the ON/OFF key to expand the
menu tables.

» Adapt the rated value of the UE Power
(RMS) to the power class of your DUT
and allow for a crest factor correspond-
ing to the analyzed signal. @

Step 6

» Press the Escape key or the Connect
Control softkey again to close the Power
Configuration popup menu and return to
the Power menu.

The Power measurement is stopped after
one statistics cycle. The status indication

next to the Power softkey is set to HLT. @

The UE Power (RMS) measurement
passed the limit check so the output fields
are no longer red.
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Additional Information... Alternative Settings

and Measurements

...on Step 5

® WCDMA Maximum Output Powers

WCDMA equipment is divided into four power classes. For
each power class the 3GPP standard defines the maximum
output power of the UE transmitter and its tolerance. E.g. for
power class 4 the maximum output power (rated value) is
+21 dBm with a tolerance of +2 dB.

The maximum output power corresponds to the UE Power
(RMS) measured in the Maximum Power application. In the
Limits tab, the rated value and the tolerance (upper limit,
lower limit) can be set in UE Power (RMS) row of the Maxi-
mum Power — Current & Max./Min. section.

@ Peak and RMS powers

The superposition of several channels to a composite
WCDMA signal enhances the variations of the power in time
and leads to a peak to average ratio (crest factor) that is
higher than in conventional TDMA systems. The crest factor
varies with the signal configuration (i.e. the number of active
channels and their channelization codes) and on the data
content of the channels. As a consequence, the UE Power
(Peak) limits must generally be adjusted to the RMS limits
and the properties of the analyzed signal.

® Measurement in the HLT state

The state indication of the different measurements is included
in the measurement control softkeys (2nd softkey in the right
softkey bar of each measurement menu). In the single shot
mode (i.e. if the Repetition mode is set to Single Shot) the
measurement is stopped after each statistics cycle and as-
sumes the HLT state. The next single shot measurement can
be initiated by pressing the toggle key ON/OFF.

Note that with remote control, the most common (and default)
repetition mode is Single Shot, while manual measurements
are generally performed in Continuous mode.

Out-of-tolerance power measurements

&> Chapter 4

The rated value and the tolerance
values (upper limit, lower limit) set
in Current & Max./Min. sections of
the Limits tab apply to the meas-
urement results in the Current,
Maximum and Minimum columns
of the output table in the Power
measurement menu. Different
values can be set for the Average
results (e.g. smaller upper and
lower limits corresponding to the
smaller variation of the Average
results).

&  Chapter 4

& CMU200 manual

See the sections on measure-
ment control in Chapter 3 and 5.

If a power measurement is out of tolerance, please first ensure that the attenuation of any cables
and/or antenna couplers used is being taken into account by the CMU. As the power levels must be
within a 4 dB range around the rated value, even a small attenuation can result in an out-of-tolerance

measurement.

External attenuation values for each input may be entered in the RF (- tab of the Connect. Control

menu.

The cables, RF connections and antenna couplers must also be in good condition for satisfactory
measurements. Dirty or broken RF connections can cause problems at the high frequencies used by

WCDMA networks.

1115.4962.12 2.11
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Modulation Measurements

To switch over to the Modulation measurement, we use the hotkey bar.
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Connect
T WCDMA FDD Modulation .d Control
FregOffset: + 0000 kHz Chan./Freq. 9813 /19228 MHz Overyiew
QPSK

Max Level: Auto Low noise

Current Average Iz /niin. App_"'
Err.vect. Magn.—[ Peak 49 % 496 % 59 % cation
RMS 21% 2197 % 23 % Analyzer
Magn. ErrurTPeak -39y 428 % -52 % Lev. Tilgs)
RMS 14 % 144 % 16 % e
a a 5 nalyzer
Phase Error T Peak 25 267 34 Settings
RMS 09° 093 ° 10° —_—

112 Crigin Offset -5526 a8 -5634 a8 -53.79 uB Generator

i Irnivalance -7012 a8 -6274u8 -50.70 uB Meas Lengtn | Level
Carrier Frecuency Error =121 nz =121 Hz =131 Hz 2023 dBm

Generator
Wz orrn Cusity 09996 099953 0.9995 UEPOWEN | gettings
| —
Statistic Count
0.00 #

Out of Tolerance
" Code Dom. | Receiver
Power | Modulation Spectrum Power| Gualit

Appll-
catlon
QPSK

(Ch. 1] Connect
P WCDMA FoD  Modulation Control

% Max.Level: Auto Low nioise FreqOffset: + 0.000 kHz Char./Freq. 9613 119226 MHz EVM
QPSK
a5 B — P off g — 1 aft 2 i ot
Current Appli.
20 cation
+15
Analyzer
+10 L Y
ey. Trigig
+5 e
St B bt o kg | Amalyzer
0 00 200 300 400 00 ] Settings
current AvErage e Sl
Etrvect Wagn — Peak 5.0 % 508 % 6.0% 6840 Chip | |  Generator
e 21%  218% 24% wezs Longth | Level
1Q Origin Offset -6786d8 -5718d8 -5388 uB 20.22 uBm Generator
Carrier Frecuency Error =125 Hz =125 Hz -134 Hz HEPavrer Settings
10 —
Statistic Count
Marker
000 % | pispiy |
Qut of Talerance

Step 1

» Press the Menus softkey to display all
measurement groups of the function

group.
» Press the Modulation hotkey to open the
Modulation menu.

The Modulation — Overview QPSK menu
displays the main results of the Modulation
measurement. ®

If a result exceeds the tolerances, the cor-
responding output field turns red, and an
arrow pointing upwards/downwards indi-
cates that the result is above/below the
limit.

In the default setting, the measurement
extends over 640 chips, corresponding to
the first quarter of a WCDMA slot. The
Meas. Length is indicated in the menu; it
can be changed in the Modulation Configu-
ration menu (see p. 2.14). The following
diagrams are based on a Meas. Length of
640 chips (1/4 slot).

Step 2

Overview | [EVM Magn. Error | Phase Error| 1/Q Analyz. | = Ienus
QF‘SKl QPSK stnl stﬂ aPEK EEEcoun

1115.4962.12 2.12

» Press the Application softkey to display
the different applications within the
Modulation menu.®

» Press the EVM QPSK hotkey to switch
over to the EVM (Error Vector Magni-
tude) application.

The Modulation — EVM QPSK menu dis-
plays the Error Vector Magnitude (EVM) of
the current slot as a function of time. ®

The output fields below are a subset of the
ones shown in the Overview QPSK appli-
cation.
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Additional Information... Alternative Settings

and Measurements

.... on Step 1

@ statistical quantities &  Chapter 3.

The table in the Overview QPSK menu reports peak and
RMS-averaged values of quantities characterizing the errors
of the modulation vector. In addition, the scalar modulation
results Origin Offset, I/Q Imbalance, Carrier Frequency Error
and Waveform Quality are indicated. The values in the three
columns of the table are calculated as follows:

e The Current column contains the results for the current
slot.

e The Average column contains the currents results refer-
enced to the last statistics cycle.

e The Max./Min. column contains the extreme values of the
current results for all slots measured.

... on Step 2

@ Applications

Applications are different measurements belonging to the
same measurement group. Each application is assigned its
own set of configuration parameters. Therefore, the applica-
tions of a measurement group can be configured individually
and serviced in parallel.

The Modulation menu comprises the eight applications Over-
view QPSK/WCDMA, Error Vector Magnitude
QPSK/WCDMA, Magnitude Error QPSK/WCDMA, Phase Er-
ror QPSK/WCDMA.

® Measurement diagram

The diagrams in the different applications of the Modulation
menu show a measurement curve representing the EVM, the
magnitude error and the phase error of the modulation vector
as a function of time. The measurement curve extends over
the Meas. Length indicated below the diagram. In the Modula-
tion Configuration menu, this parameter can be set to 1 slot
(chip 0 to chip 2559) or to the first quarter of a slot (chip 0 to
chip 639).

The display mode of the curve (Current) is indicated in the
right upper corner of the diagram; it can also be changed in
the configuration menu; see note on Display Mode on p. 2.15.

The measurement menu also contains a red, horizontal line
representing the limit for the measured quantity.

1115.4962.12 2.13

The averaging prescription for the
different results in the table is
explained in detail in Chapter 3.

&  Chapter 4.

If the Overview QPSK measure-
ment fails, make sure that your
signal configuration is QPSK-like.
A composite signal with a DPCCH
plus more than one DPDCH will
result in wrong results

&>  Chapter 5 of CMU200
manual

¥~ Chapter 4.

The principle of Modulation
measurements and the measured
quantities are explained at the
beginning of section Modulation
Measurements.

In the Control tab of the Modula-
tion Configuration menu, it is pos-
sible to remove the grid in the
measurement diagram.
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» Press the Marker/Display softkey and
the Ref. R hotkey to open an input field
for the x-axis value of the reference
marker. ® @

» Press the Marker/Display softkey again.

The labeling of the Marker/Display softkey
changes to Display/Marker. At the same
time, the hotkey bar is changed.

» Press the Meas. Length hotkey and
change the diagram scale to 2560 bits
(1 slot).

Step 4

» Select (press) the EVM QPSK softkey.

» Press the selected EVM QPSK softkey
again to call up the Modulation Configu-
ration menu.

The Control tab of the Modulation Configu-
ration menu defines the scope of the
Modulation measurement. Most settings
are identical with the ones provided in the
Control tab of the Power Configuration
menu. The Display Mode is a parameter
which only affects the measurement
curves:

» Press the ON/OFF key to expand the
menu tables.

» Select Max./Min. in the Display Mode
(Graph) table line of the Error Vector
Magn. QPSK section. @

» Press the ESCAPE key to close the
Modulation Configuration menu and re-
turn to the main menu.

With the Max./Min. display mode the
measurement curve is only changed if the
current measurement result exceeds all
previous results.
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Additional Information...

... on Step 4

@ Softkeys and hotkeys

The functionality of each softkey on the right side is extended
by hotkeys assigned to the softkeys. These hotkeys are dis-
played across the hotkey bar below the diagram when the
softkey is selected.

Some of the softkey/hotkey combinations offer settings that
can be also accessed via configuration menus. For example,
the settings offered by the Analyzer Level softkey are also
provided in the Analyzer tab of the Connection Control menu.
Identical settings overwrite each other; the last value entered
is valid for the whole function group.

The names of the softkeys and hotkeys and their function are
standardized as much as possible; see the list on the right
side.

@ Markers

Markers are a graphical tool used to locate points on a meas-
urement curve and read out their coordinates. A reference
marker and two delta markers may be defined in the Modula-
tion menu.

The reference marker ® measures the absolute level of the

measurement curve, the delta markers ¢ and @ measure
the distance between their position and the reference marker.

...on Step 5

® Display Mode

If the measurement extends over several slots the CMU cal-
culates three different measurement curves one of which can
be selected in the Display Mode panel. The purpose of the
four measurement curves is to give an overview of the range
and arithmetic mean value of the levels detected at any point
on the time axis. In the EVM QPSK application the following
measurement curves can be displayed:

Current Result in the current slot

Max./Min. Maximum or minimum of the results of all slots
measured, whichever has the larger absolute
value

Average Average of the results referenced to the last

statistics cycle

The Statistic Count input field defines how many evaluation
periods form a statistics cycle. The evaluation period for
Modulation measurements is equal to the measurement
length set by means of the Display/Marker — Meas. Length
hotkey.

Alternative Settings
and Measurements

&  Chapter 4.

The Application softkey switches
between the different applications
of a measurement.

The Analyzer Level softkey con-
trols the level in the input signal
path and provides the trigger set-
tings.

The Analyzer Settings softkey
determines the frequency of the
analyzed RF signal.

The Menus softkey provides the
hotkeys to switch over to other
measurement menus.

&  Chapter 4.

In addition to markers, a D-line
can be used to measure a par-
ticular value in the diagram.

&>  Chapter 3.

To refine the statistical evaluation,
a suitable combination of the sta-
tistic count, repetition mode, stop
condition and display mode
should be selected.

The operating principle of the other TX measurements (Spectrum, Code Domain Power) is analogous to
the Power and Modulation measurements. For detailed information on all functions refer to Chapter 4 of

this manual.

1115.4962.12 2.15
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Application Example for P/Slot Table

P/Slot Table is a real-time measurement that was primarily designed for quick evaluation of power steps
of the UE transmitter over a wide dynamic range. The measurement can even be extended beyond the
dynamic range of the CMU provided that the UE signal is repeated. The following example also illus-
trates which steps are required to carry out a general P/Slot Table measurement and how the test set-
tings are adapted to a typical power step measurement.

Measurement
task

Solution

Procedure

1115.4962.12

A WCDMA UE periodically transmits a series of regular power steps, i.e. its output
power changes after every n" slot by a certain amount. The power ramp exceeds
the dynamic range of the CMU. Nevertheless the CMU shall evaluate the entire
power ramp as quickly as possible.

A
p

CMU
dynamic
range

—>

t
The CMU performs 2 subsequent single shot measurements. The Max. Level and
the trigger delay parameters are changed between the 1% and the 2™ measure-
ment.

Max.
Level 2

P Step 1 Step 2

Max.
Level 1

v

? ? Step Delay t

Trigger Trigger

General configuration of the UE and the CMU:

1. Switch on the UE transmitter and provide a trigger signal that is synchronized
with the beginning of the UE power ramp. Note the conditions for the external
trigger signal described in section Trigger (Connection Control — Trigger) on p.
4.180 ff.

2. Apply the trigger signal at pin no. 8 of the AUX3 connector.

3. In the Power menu, press the Analyzer Level — Trigger Source softkey to select
External trigger. If necessary, use the Slot Delay and Delay Offset parameters
in the Analyzer tab of the Connection Control menu and correct the trigger time
to exactly match the beginning of the power ramp.

4. Press Analyzer Settings — RF Channel to adapt the analyzer frequency to the
frequency of the input signal.

5. Select the P/Slot Table application (Application — P/Slot Table).
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6. Press P/Slot Table — Step Width to adapt the step width of the measurement to
the step width (n) of the power ramp.

CMU configuration for step 1:

7. Press Analyzer Level — Max. Level to set the input level to Max. Level 1 (see
figure above).

The CMU measures all power steps up to its Max. Level. Beyond the maximum
level the output table shows invalid results (the table entries are "-"). The invalid
results can be eliminated by reducing the number of measured values (P/Slot Ta-
ble — Step Count). For values that are not measured, the table indicates Off.

CMU configuration for step 2:

8. Press Analyzer Level — Max. Level to set the input level to Max. Level 2 (see
figure above).

9. Set Analyzer Level — Step Delay equal to the number of steps measured before.
The measurement is now delayed by the measurement time of step 1. The CMU

measures all power steps between Max. Level 1 and Max. Level 2. If necessary
the reset of Max. Level and Step Delay can be repeated several times.

CMU and UE Configuration for Receiver Quality Tests

Performing a Receiver Quality test involves 4 steps:
1. The CMU generator (option CMU-K66) provides a WCDMA DL signal to which the UE can synchro-

nize.

2. The UE receives the DL signal and loops back the received data on a specific UL channel.
3. The CMU receives the UL signal from the UE.
4. The CMU calculates the BER test results

The measurement can fail especially if the settings in steps 1 to 3 are incompatible. The following tables
describe a sample test session and can serve as a checklist for the configuration of the CMU and the
UE in Non Signalling mode.

S

o For Receiver Quality measurements the R&S CMU requires an UL slot format 0 as speci-
fied in the standard.

Receiver Quality measurements are largely simplified if performed in Signalling mode; see
section Measurements in Signalling Mode in Chapter 3.

1. CMU Genera-
tor Settings

1115.4962.12

The DL generator signal is configured in the Generator tab of the Connection Con-
trol menu (see section Generator Settings (Connection Control — Generator) on p.
4.143 ff.).

Signal ON » Press the Connect. Control softkey and the Generator hotkey to
open the configuration menu for the RF generator. If necessary,
press Generator again to access the softkey-oriented version of
the Generator tab.

» Select the Generator softkey and press the ON/OFF key to switch
the RF generator on.
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DL channel
type

2. UE Configura- UE receiver
tion settings

Close test
loop

Channel
symmetry

Output
power

1115.4962.12

The default generator signal levels are appropriate for Receiver
Quality tests.

» Press the Generator hotkey to open the table-oriented version of
the tab. Make sure that the generator provides a 3GPP reference
measurement channel: The Dedicated Channel Mode must be set
to 3GPP Reference.

The Receiver Quality measurement can be performed with any data
rate (Reference Channel Type) and any pseudo random bit se-
quence (Channel Data Source DTCH) provided:

» Select the 12.2 kbps Reference Channel Type and a PRBS9
Channel Data Source DTCH.

» Make sure that the UE receiver frequency and the expected
scrambling codes are compatible with the configuration of the DL
generator signal.

By default the generator signal is at a frequency of 2112.4 MHz. The
primary and secondary scrambling code numbers are both 0. The
settings can be changed in the Generator tab of the Connection Con-
trol menu.

» Close the test loop at the UE.

For all Receiver Quality measurements the UE must be set to oper-
ate in test loop 2 mode where it effectively loops back the received
transport block data and CRC bits.

» Configure the UE transmitter to generate a modified 12.2 kbps
reference measurement channel with a transport block size of 260
bit, disabled UL CRC and a TFCI of 2 or 3 (indicating a non-empty
DTCH).

Depending on the required measurement results (and on the capac-
ity of the UE), it is possible to select either symmetric or asymmetric
DL/UL transport block size. In the symmetric case the DL and UL
Reference Channel Type must be the same. In the asymmetric case
the DL and UL Reference Channel Type must still match although
the UL channel represents a modified reference measurement chan-
nel with extended transport block size.

» Select an appropriate UE transmitter output power.

The UE transmitter output power must be adapted in order to exclude
bit errors on the uplink as far as possible. Standard TS 34.121 speci-
fies the uplink TX power for many test cases including BER tests.
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3. CMU Analyzer
Settings

4, Start BER
measurement

1115.4962.12

Table 2-1  Transport block size and CRC bits for different RMC types

Reference Channel Type Transport Block Size Size of CRC
12.2 kbit/s, symmetric UL/DL 244 bit 16 bit

12.2 kbit/s, asymmetric UL/DL 260 bit 0 bit

64 kbit/s, symmetric UL/DL 1280 bit 16 bit

64 kbit/s, asymmetric UL/DL 1296 bit 0 bit

144 kbit/s, symmetric UL/DL 2880 bit 16 bit

144 kbit/s, asymmetric UL/DL 2896 bit 0 bit

384 kbit/s, symmetric UL/DL 3840 bit 16 bit

384 kbit/s, asymmetric UL/DL 3856 bit 0 bit

In order to receive the UL signal correctly, the settings in the Receiver Quality
menu must match the configuration of the UE:

Scrambling > Press the UE Code/Analyzer Settings softkey to set the UL

code Scrambling Code used by the UE.
RF fre- » Press UE Code/Analyzer Settings — RF Channel to set the ana-
quency lyzer frequency equal to the frequency of the UL signal.

Symmetry » Press the BER measurement control softkey to select asymmetric
UL/DL Transport Block Size.

The CMU analyzer is automatically adapted to the actual transport
block size (260 bit for the 12.2 kbps reference measurement chan-
nel, see Table 2-1 above) as soon as symmetric or asymmetric
UL/DL Transport Block Size is selected.

DL/UL tim- The CMU expects the looped-back UL signal to be transmitted 1024

ing chips in offset from the DL signal. A modification of the expected
DL/UL timing can be necessary to compensate for a path delay or a
deviation of the UE from the nominal timing.

» If the CMU issues the warning message Receiver out of synchro-
nization, press the BER — DL/UL Timing hotkey to adjust the
DL/UL timing offset.

The Receiver Quality measurement can be started and stopped using the BER
measurement control softkey.

» Press BER and use the ON/OFF key to start and stop a continuous measure-
ment. To stop the measurement after one cycle and read the results, use the
CONT/HLT key.

Results In the output fields on the left side of the Receiver Quality menu the
CMU displays the measured BER, DBLER and BLER.
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HSDPA ACK Test (with Option R&S CMU-K64)

Performing a HSDPA ACK test in Non Signalling mode involves the following steps:

1. The R&S CMU generator (option R&S CMU-K66) provides a WCDMA DL signal to which the UE
can synchronize. In addition the HSDPA generator (option R&S CMU-K64) provides the specific
HSDPA DL channels.

2. The UE receives and decodes the DL signal and answers via an UL channel that is compatible with
the DL data rate.

3. The R&S CMU receives the UL signal from the UE.
4. The R&S CMU calculates the test results.

The measurement can fail especially if the settings in steps 1 to 3 are incompatible. The following tables
describe a sample test session and can serve as a checklist for the configuration of the CMU and the
UE in Non Signalling mode.

1. CMU genera- The WCDMA and HSDPA DL generator signals are configured in the Generator tab
tor settings of the Connection Control menu (see Chapter 8).

Signal ON 1. Press the Connect. Control softkey and the Generator hotkey to
open the configuration menu for the RF generator. If necessary,
press Generator again to access the softkey-oriented version of
the Generator tab.

2. Select the Generator softkey and press the ON/OFF key to
switch the RF generator on.

The default generator signal levels are appropriate for HSDPA ACK
tests.

DL channel 3. Press the Generator hotkey to open the table-oriented version of

type the tab. Note the Frequency and Primary Scrambling Code set-
tings for the generator signal, because the UE must be config-
ured accordingly.

4. Make sure that the generator provides a 3GPP reference meas-
urement channel (RMC) or a 3GPP DCCH: The Dedicated
Channel Mode must be set either to 3GPP Reference or to 3GPP
DCCH.

The Receiver Quality measurement can be performed with any of the
available data rates (Reference Channel Type / DCCH Channel
Type) and data (Channel Data Source DTCH / TFCI Bits):

5. If you decide to use an RMC, proceed with the settings in section
2a. If you choose a 3GPP DCCH, proceed with the settings in
section 2b.

2a. UE configu- UE receiver 1. In the 3GPP DL Reference Channel section of the Generator tab
ration with RMC settings select the 12.2 kbps Reference Channel Type (other channel
types are also supported; see below).
2. Make sure that the UE receiver frequency and the expected
scrambling codes are compatible with the configuration of the DL
generator signal.

3. Wait until the UE synchronizes to the R&S CMU cell.
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UE trans-
mitter set-
tings

To obtain the HSDPA ACK test results, the CMU doesn’t have to
evaluate any data transmitted on the DL and looped back by the UE
(UL DPDCH). The CMU only decodes the UL DPCCH, which is pos-
sible if the UL slot format is correct (recommended slot format: 0 as
specified in the standard, if a different UL DPCCH slot format is
used, the Slot Format parameter in the UE Code tab of the Connec-
tion Control menu must be adjusted). This means that any UL RMC
can be combined with any possible downlink channel type (RMC,
DCCH).

4.

Configure the UE transmitter to generate a compatible UL RMC
(slot format 0, see above), e.g. a 12.2 kbps UL RMC.

Note the RF Channel Uplink and UL Scrambling Code settings for
the UL signal, because the R&S CMU analyzer must be config-
ured accordingly (see below, CMU analyzer settings).

Select a sufficient UE transmitter output power in order to ex-
clude transmission errors on the uplink.

For an overview of UL and DL RMCs and their slot formats see Table
2-2 below. A schematic test setup is shown in Fig. 2-1 below.

Table 2-2 Slot formats for DL and UL RMCs

2b. UE configu-

ration with 3GPP settings

DCCH

1115.4962.12

RMC Type Slot format, DL Specified slot format, UL
12.2 kbps 11 0
64 kbps 13 0
144 kbps 14 0
384 kbps 15 0
HS-SSCH + HS-DSCH — >
DTCH /DCCH, either DL 3GPP Reference Channel
(e.g. 12.2 kbps) or DL 3GPP DCCH —>
RF Generator TX » RX
uL/DL UE
CMU timing offset under
1024 chips test
HSDPA ACK < e
Measurement «——  DTCH and DCCH with appropriate slot format,
@) @) e.g. 3GPP Reference Channel (12.2 kbps)
<« HS-DPCCH ACK/NACK
Fig. 2-1  Test setup for HSDPA ACK tests
UE receiver 1. In the 3GPP DL DCCH Channel section of the Generator tab

select the 3.4 kbps DCCH Channel Type (other channel types
are also supported; see table below). Select a TFC/ Value and
note the resulting slot format.

Make sure that the UE receiver frequency and the expected
scrambling codes and slot format are compatible with the con-
figuration of the DL generator signal.

Wait until the UE synchronizes to the R&S CMU cell.
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UE trans-
mitter set-

tings

An UL DPCCH that the R&S CMU can demodulate is most easily

provided by generating an UL RMC; see section 2a above.

A schematic test setup is shown in Fig. 2-1 above.

Table 2-3 Slot formats for DL 3GPP DCCHs

SRB 1.7 SRB 2.5 SRB 3.4 SRB 13.6
Slot Format, TFCI =0, 1 1 7 5 9
Slot Format, TFCI = None 0 6 4 8

3. CMU analyzer
settings

1115.4962.12

In order to receive the UL signal correctly, the analyzer settings must match
the configuration of the UE:

Scrambling 1.
code
RF fre- 2.
quency

3.
DL/UL

timing

Press the UE Code/Analyzer Settings softkey to set the UL
Scrambling Code used by the UE.

Press UE Code/Analyzer Settings — RF Channel to set the ana-
lyzer frequency equal to the frequency of the UL signal.

Press Menus — Spectrum and Application — ACLR Filter to check
the received UL signal.

The CMU expects the UL signal to be transmitted 1024 chips in off-
set from the DL signal. A modification of the expected DL/UL timing
can be necessary to compensate for a path delay or a deviation of
the UE from the nominal timing. The following steps are required,
especially if the R&S CMU displays the warning message Receiver
out of synchronization.

4.

Note:

Press the Menu Select front panel key and select Non Signalling
— Modulation — WCDMA Overview.

Check the measured Transmit Time Error. If it is smaller than
approx. 5 chips then skip the next instruction.

Press Menus — Receiver Quality, select the HSDPA ACK applica-
tion (Application — HSDPA ACK), and press HSDPA ACK -
DL/UL Timing. Add the measured Transmit Time Error (with the
indicated sign) to the DL/UL timing offset. Skip the next instruc-
tion.

Press Menus — Receiver Quality and Application — HSDPA ACK
to return to the HSDPA measurement application.

The UL signal timing must not differ from the expected
value by more than 5 chips. Moreover, it must not show
a significant drift.
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4. Start HSDPA  The Receiver Quality measurement can be started and stopped using the HSDPA
ACK measure- ACK measurement control softkey.
ment 1. Press HSDPA ACK — Measure Subframes and select the number of subframes
you wish to measure per measurement cycle.
2. Use the ON/OFF or CONT/HLT key to start and stop a single shot measure-
ment. The measurement is always halted after the selected number of sub-
frames.

Results In the output fields in the left half of the Receiver Quality menu the

CMU displays the data throughput and additional statistical quantities
that assess the receiver quality.
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WCDMA Signalling Measurements

A typical WCDMA UE Signalling measurement session (with Option R&S CMU-K67/-K68/-K69) consists
of the following stages:

1. Selection of the RF connectors; configuration of the RF input path
2. Connection of the UE to the CMU
3. Setup of a radio connection between the CMU and the UE under test, where the CMU mimics a

UTRAN cell.

4. Selection of a measurement menu, start of the measurement and evaluation of the results

Steps 2 and 4 can be carried out in close analogy to Non Signalling measurements; for detailed exam-
ples see the previous section and the reference description in Chapter 4. The following operating se-
quence shows you how to set up a measurement in Signalling mode.

Preconditions

1. To configure
the RF path...

2. To connect
your UE...

3. Tosetupa
radio connec-
tion...

1115.4962.12

For the following we assume that options R&S CMU-K65/-K66 and one of the
options R&S CMU-K67/-K68/-K69 (corresponding to the Operating Band of your
UE) are properly installed on your Universal Radio Communication Tester R&S
CMU 200 and that the instrument is correctly set up and connected to the AC
power supply as described in Chapter 1 of the CMU200/300 operating manual.

1. Switch on the instrument to initiate the startup process and access the Menu
Select menu (see section Preparing a WCDMA UE TX Test on p. 2.2 ff.).

2. Select WCDMA FDD - Signalling and your preferred measurement applica-
tion.
The menu opened depends on the last measurement session.

3. If the Connection Control menu is not opened automatically, press the Con-
nect. Control softkey on top of the right softkey bar. Press the RF (>~ hotkey.

4. Ensure that RF 2 is selected as RF Input and RF Output.

5. Pressthe 1/2 and the Analyzer hotkey and check the analyzer level Mode.

Note: The default analyzer level mode is Auto. In this mode the CMU
automatically adjusts its input path to the received signal level. If
needed you can select a Manual Level appropriate for your UE, de-

pending on the Expected PRACH Power and UE Target Power (see
Connection tab of the Connection Control menu).

6. Pressthe 1/2 and the Connection hotkey. Press the Band Select softkey and
select the Operating Band of your UE. If the title bar of the Connection tab
does not show Signal Off, press the Signal Off softkey.

1. Use a coax cable to connect your UE to the RF 2 front panel output connector
(see section Preparing a WCDMA UE TX Test on p. 2.2 ff.).

2. Make sure that the UE is supplied with the correct operating voltage and
switched on.

1. In the Connection (Signal Off) menu, press the Signal On softkey to switch on
the WCDMA signal for synchronization.

The CMU enters the Signal On state. Your UE is now able to synchronize to the
WCDMA signal of the CMU and to initiate a registration/location update proce-
dure. The CMU reaches the Registered state.

2. Inthe Connection (Registered) menu, press the Connect UE softkey.

The CMU enters the Alerting state as the UE starts ringing.
3. Accept the connection at the UE.
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The CMU enters the Connected state and automatically closes the Connection
Control menu. In this state a dedicated channel (a Signalling Radio Access
Bearer) is allocated between the CMU/UTRAN and the UE and TX measurements
can be performed.

4. Tostarta In the Connected state a dedicated channel between the CMU/UTRAN and the
measurement... UE is established and TX measurements can be performed in analogy to the Non
Signalling mode. Refer to the examples in the previous sections.

Failed If registration fails, check the following items:

Registration? e The UE capabilities must be in accordance with the Requested UE Data set-
tings in the Network tab of the Connection Control menu, in particular with the
authentication and security mode. Registration can fail if authentication or se-
curity is disabled but the UE expects/requires an authentication or security
procedure. It can also fail if authentication or security is enabled but not sup-
ported by the UE.

e The test USIM used must be in accordance with the relevant specifications

(3GPP TS 31.101, 3GPP TS 31.102). An appropriate 3GPP UICC/USIM can
be obtained from Rohde & Schwarz (R&S CRT-Z3, stock no. 1139.1005.02).

Accelerating the Connection

The CMU provides several parameters to define how a connection is set up and to force the UE under
test to a definite operating mode. The following settings will minimize the time required to establish a
connection:

Skip Alerting In the default configuration, the CMU uses a Signalling Radio Access Bearer
(SRAB) to set up and maintain a connection. Each call must be accepted at the
UE before the CMU can enter the Connected state.

The CMU provides an alternative connection scheme where the dedicated chan-
nel is a configurable 3GPP Reference Measurement Channel (RMC) and the UE
under test is forced into its test mode or into a test loop mode. In this scheme the
Alerting state is skipped so there is no need to accept the call.

To force the DUT 1. Proceed as described in the previous section, to configure the RF path and
into its test loop establish a physical connection to the DUT.

mode 2... 2. In the WCDMA 1900 FDD — Signalling function group open the Connection
Control menu. The title bar of the Connection tab shows Signal On.

3. Press the Dedicated Channel softkey and select RMC.

4. Open the BS Signal tab and select RMC Settings — Test Mode = Loop
Mode 2.

5. Open the Network tab, expand the Requested UE Data section, and ensure
that the following settings are active: SRB Reconfiguration: On, Keep RRC
Connection: On, Skip RAB Release: On.

6. In the same Requested UE Data section, reduce the Activation Time Offset
(i.e. the delay used by the RRC for the calculation of the activation time in
peer messages) to the minimum value supported by your UE.

7. Return to the Connection (Signal On) tab and switch on your UE.

After the UE synchronizes to the WCDMA signal of the CMU and initiates a regis-
tration/location update procedure, the CMU reaches the Registered state.

8. Inthe Connection (Registered) menu, press the Connect UE softkey.
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Minimize
requested UE
data

Avoid multiple
registrations

Avoid Connection
Release

Use Fast Packet
Data Connections

Use Combined
Remote Control
Commands

The CMU directly enters the Connected state and automatically closes the Con-
nection Control menu. In this state a Reference Measurement Channel is allo-
cated between the CMU/UTRAN and the UE and the UE is in its test loop mode 2.
This configuration is suitable for RX and TX measurements.

In the default configuration, the CMU requests the UE to transfer its UE Radio
Access Capability information. This data transfer slows down the registration pro-
cess.

If there is no need to check the UE data, open the Network tab of the Connection
Control menu and disable the request of UE data (Requested UE Data — UE Ra-
dio Access Capability = Off).

Changing the cell-specific parameters (e.g. the network parameters MCC,
MNC...) with registered UE causes a delay because the UE must repeat the regis-
tration procedure. To obtain maximum measurement speed, it is recommended to
set all cell-specific parameters while the CMU is in the Signal Off state.

By default, the R&S CMU releases the connection when an attempted reconfigu-
ration of a RAB or physical channel (e.g. change of gain factors, HSDPA set-
tings,...) during the connection fails. The parameter Connection Control — Network
— Requested UE Data — Skip RAB Release can be used to disabled the release of
the connection in order to save time for the following measurement steps.

Similarly the parameter Connection Control — Network — Requested UE Data —
N313 can delay a connection release.

Measurements in HSDPA test mode do not require a circuit-switched connection.
Access to this test mode (signalling state PS: Established, CS: Registered) is
faster than a combined circuit-switched / packet data connection.

An additional circuit-switched connection can be set up nonetheless (Connection
Control — BS Signal — Circuit Switched — RMC Settings — Reference Channel Ty-
pe: 12.2 kbps + HSDPA 34.108 or 12.2 kbps (+ HSDPA)). Use this setting only if
you want to measure in compliance with specification 3GPP TS 34.108. Use the
12.2 kbps (+ HSDPA) reference channel if you want to measure CS channels and
HSDPA channels in different stages.

The R&S CMU provides a wide range of settings for the generated and analyzed
WCDMA channels. In remote control channel configuration is fastest and most
efficient using the following combined commands (see chapter 6 and chapter 8):
SOURce:RFGenerator:PHYSical:LEVe
CONFigure:BSSignal:PHYSical:LEVel
SOURce:HSDPa:PHYSical:LEVel

SOURce:HSPA:PHYSical:LEVel
CONFigure:BSSignal:HSDPa:PHYSical:LEVel
CONFigure:BSSignal:HSDSch[:COMBined] :CANack
CONFigure:HSDPA[:COMBined] : FRCHannel
CONFigure:HSDPA[:COMBined] :CQIChannel
CONFigure:HSDPA[:COMBined] :UDCHannel
CONFigure:UESignal:COMBined:OCHannel
CONFigure:BSSignal:COMBined:OCHannel

ON/Off Time Mask

The On/Off Time Mask application is part of the Power measurement group. The application is to meas-
ure the PRACH preamble power and therefore available in Signalling mode only.

1115.4962.12
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Performing a PRACH preambles are transmitted during registration and connection setup; see
On/Off Time Mask description of random access procedure in Chapter 4, section Network Parame-
measurement ters. The UE must send at least two consecutive preambles with a known distance

so that the CMU can measure the Off power.
To perform a complete On/Off Time Mask measurement, proceed as follows:
1. Open the On/Off Time Mask menu.

2. To ensure that the UE sends more than a single preamble per preamble cycle,
press On/Off Time Mask — Random Access Settings and set Max. Retrans-
mission to a value larger or equal to 2.

3. Press On/Off Time Mask — Measured Preamble to select a measured pream-
ble within the preamble cycle (Measured Preamble must be smaller than Max.
Retransmission).

4. If necessary, open the Connection Control menu and switch the BS signal on

(Connection — Signal On; the Signal On state is indicated by a blinking é
symbol in the title bar of each measurement menu).

5. Switch on the UE.

A first measurement result is obtained when the UE synchronizes to the BS signal
and attempts a registration towards the CMU. The On/Off Time Mask measure-
ment is halted (HLT state).

6. Switch on the measurement again and set up a connection to the UE in order
to obtain a second result.

Advanced » Use UE Signal — Openloop Power Ctrl to define the initial power of the UE at
Settings random access (first preamble power, see p. 4.166 of the operating manual).

» Use On/Off Time Mask — Random Access Set — Step Size to specify the power
step between two consecutive preambles.

» To select a different sequence of frames for the preamble transmission, open
the Network tab of the Connection Control menu and vary the Available Sub-
channels bit sequence in the Random Access Settings — Preamble section. The
available subchannels must be limited to 1, i.e. the bit sequence must consist of
all zeros with a single 1. The 1 may be at any position within the sequence.

Further Hints e Varying the Random Access Settings for the On/Off Time Mask measurement
may cause a subsequent connection setup to fail (e.g. if the UE must transmit
a large numbers of preambles at increasing power without receiving an AICH
from the CMU). The default Random Access Settings are optimized for a con-
nection setup.

e The CMU must be able to measure the first PRACH preamble in the preamble
cycle (as a timing reference), the Measured Preamble and the Next Preamble
using the same analyzer settings. The measurement provides unpredictable
results if the power difference between the Next Preamble and the first pream-
ble (corresponding to the Measured Preamble times the Step Size) exceeds
the dynamic range. You can easily reduce the power difference by selecting a
smaller Measured Preamble or Step Size.

e In autoranging mode (Analyzer Level — Mode: Auto) the preambles are meas-
ured with a high overdrive reserve, which means that the dynamic range of the
measurement is reduced. The accuracy of the Off Power Before and Off
Power After results is not affected. To increase the dynamic range, it is possi-
ble to switch autoranging off (Analyzer Level — Mode: Manual) and define an
appropriate Max. Level.
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Transmit Power Control Tests

The BS Signal tab of the Connection Control menu (Signalling mode) provides pre-configured test set-
ups to account for the requirements of the conformance test specification 3GPP TS 34.121, section
5.4.2. The test setups are labeled A to H and can be activated one after another. They have been de-
signed to induce a power ramp of the following shape:

Measured Maximum output power

N

Max power threshold for test

-10dBm vL\_f |
o 4\ / |
§ Mmipower threshold f01 test b ] i
A B C D! E | F L G.LH.

The actual UE power steps can be evaluated in a P/Slot Table measurement. This measurement also
includes a limit check for each power step.

The test steps A to H must be measured at different TPC step sizes and TPC algorithms. When a test
step is selected, the CMU automatically sets the two parameters according to the test specification:

Test Step TPC Step Size TPC Algorithm
A B,C 1dB Algorithm 2
D,EF 1dB Algorithm 1
G, H 2 dB Algorithm 1
Tip: To customize the TPC pattern measurement you can change the predefined TPC step size

and TPC algorithm for each test step. Press BS Signal Settings — TPC Pattern Config. to
open the TPC Pattern Configuration popup menu, select a TPC Pattern Setup and then ad-
Just the TPC Algorithm and the TPC Step Size.

To obtain the power ramp according to 3GPP TS 34.121, section 5.4.2, proceed as follows:

Start Conditions 1.

Reset the instrument and set up a call to the UE, allocating a 3GPP Reference

Measurement Channel (BS Signal — Circuit Switched — DCH (Dedicated Chn.)
Type: RMC).

The TPC algorithm is set to Algorithm 2, the step size is 1 dB. A TPC pattern type
with Closed Loop power control is active, commanding the UE to transmit at a
specific UL Target Power.

2. To force the initial output power of the UE into the specified range, open the
UE Signal tab of the Connection Control menu and set the UL Target Power to

—-10 dBm.

Close the Connection Control menu and open the P/Slot Table measurement.
Press P/Slot Table — Measure Mode and select the TPC Test Steps mode.

1115.4962.12
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TPC Steps 5. Press BS Signal Settings — TPC Pattern Setup and select Test Step A. Press
Activate Pattern to initiate the measurement.

The measurement result is displayed in the Step table. A Trigger not Found mes-
sage indicates that the instrument waits for the next Activate Pattern trigger.

6. Repeat the P/Slot Table measurement for Test Step B through Test Step H.

Note: When measuring a single test step instead of the whole power ramp,
ensure that the measurement starts at the appropriate initial UE
power.

Advanced » Use Display — Result View: Delta Step to display the difference of the UE power
Settings from one slot to another instead of the absolute power values.
Further Hints e According to the conformance test specification, the power ramp must be

measured using a Reference Measurement Channel (Dedicated Channel:
RMC). A voice channel (Dedicated Channel: Voice) typically causes a discon-
tinuous UE transmitter output power; therefore it is not recommended for
power ramp tests.

e It is recommended to perform P/Slot Table measurements in autoranging
mode (Analyzer Level — Mode: Auto) and using a Signalling trigger (Trigger —
Trigger Source: Signalling). Both settings are used by default.

e A low-loss physical connection between the CMU and the UE under test (low
external input attenuation) generally ensures a stable radio link during the en-
tire power ramp measurement.

Note: A program example for TPC tests is reported in Chapter 7.

Power Setting in Uplink Compressed Mode

The BS Signal tab of the Connection Control menu (Signalling mode) provides a pre-configured test
setup to account for the requirements of the conformance test specification 3GPP TS 34.121, section
5.7. The compressed mode test is handled as a special Measure Mode: UL CM TX Test of the P/Slot
Table measurement application. The R&S CMU commands the UE under test to operate in compressed
mode using one of the compressed mode patterns A or B defined in the specification. An appropriate
TPC pattern (A Rising, A Falling, or B, corresponding to tables 5.7.6, 5.7.7, or 5.7.8 in the specification)
is then synchronized to the expected compressed frames and transmission gap(s) of the UE. During the
test, the UE is commanded to use TPC power control algorithm 1 so that each TPC_cmd results in a UE
power step and the appropriate step size. Schematically, the TPC patterns induce a UE power ramp of
the following shape:

JE Power

R R R R

B | R¥ B
i s
non compressed p compressed non
ChM  frame frame Cha

Mecoweny

tran=mission .
period

gap
g

The actual UE power steps can be evaluated in a P/Slot Table measurement. This measurement also
includes a limit check for each step.
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To perform the compressed mode test according to 3GPP TS 34.121, section 5.7, proceed as follows:

Start Conditions

Test Mode
Settings

Trigger and
Analyzer Settings

1115.4962.12

1. Reset the instrument and set up a call to the UE, allocating a 12,2 kbps 3GPP
Reference Measurement Channel (BS Signal — Circuit Switched — DCH (Dedli-
cated Chn.) Type: RMC).

The RMC connection is set up with the specified gain factors B, = 8 (quantized
amplitude ratio 8/15 = 0,5333) and B4 = 15 (quantized amplitude ratio 15/15 = 1,0);
see overview in the UE Signal tab of the Connection Control menu. The TPC algo-
rithm and step size will be adjusted automatically by selecting the UL CM TX Test
mode and the Pattern Type; see below.

2. Select the Power — P/Slot Table application and the measurement mode P/Sot
Table — Measure Mode — UL CM Test Step.

3. Open the Connection Control — BS Signal tab.

Select Compressed Mode Settings — Pattern Selection: UL CM TX Test Steps.

5. Select Compressed Mode Settings — UL CM TX Test Pattern — Pattern Type:
Pattern A (rising TPC).

6. Select TPS Settings — TPC Pattern Setup: UL CM TX Test Steps to adjust the
TPC settings including the TPC algorithm 1.

Note that the TPC Step Size is set in accordance with the selected Pattern Type:
For the selected pattern A, the step size is 2 dB. For pattern B, a 1 dB step size is
used.

7. Select TPS Settings — Test Step Preconditions: Auto and set the UL Target
Power to —36 dBm.

&

The last step is recommended because it implicitly selects a Closed Loop TPC
pattern type with the appropriate target power, causing the UE to transmit at the
specified output power before the test is started. Alternatively, you can use e.g. test
Set 1 to achieve the correct UE output power settings.

8. Press Trigger — Trigger Source and make sure that one of the following trigger
sources is active: Signalling, Compressed Mode, or Auto.

The three triggers are equivalent and denote a compressed mode trigger as long
as the UL CM TX Test is active.

9. Press Analyzer Lev. — Mode and make sure that autoranging (Auto) is active.

The last step is recommended because the R&S CMU will adjust the input path of
the analyzer to the expected power steps (according to the standard) over the
entire range of measured TPC steps and normally avoid an overflow or underflow.
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Measurement and
Results

Further Hints
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10.

11.
12.

Press the P/Slot Table measurement control softkey and ON | OFF to start the
measurement (—> measurement state RUN).

Press P/Slot Table — Display Mode and select the Absolute Graph view.

Press BS Signal Settings — Activate Pattern. (Alternatively, use Connection
Control — BS Signal — CM Sttings — UL CM TX Test Pattern — Execute).

The measurement result is displayed in the selected result view. Example of an
“Absolute Graph” view:

dBm MaxLevel: + 00 dBm Low noize Freq.Offset: + 0.000 kHz ChanFre. 9612 119224 MHz

Step Size: 2dB Meas. Mode: UL CM Test Step TPC Mode: Algorithm 1

Abszolute

Example of a Delta Step table:

2 4 B 8 10 12 14 16 18 20 22 24 26 25 30 32 34 36 35 40 42 44

Max Level: + 00 cdBm Low noize Freq.Offset: + 0.000 kHz ChanFreg.: 9612 119224 MHz

13.

Step Size: 2 dB UL CM Test Step TPC Mode: Algorithm 1
Step Delta Step
0. 7 -— 19 GAP GAP GAP GAP GAP GAP

5. 15 GAP -10 30 28 28 30 31 30
6.2 29 GAP GAP GAP GAP GAP GAP GAP
2.31-114 -27 28 -28 28 -28 00 -28
n.3 18 -18 18 -18 18 -18 18 -18
0.4 18 -18 18 -18 18 OFF OFF OFF
#©.8 OFF OFF OFF OFF OFF OFF OFF OFF
s6.63 OFF OFF OFF OFF OFF OFF OFF OFF
s4.71 OFF OFF OFF OFF OFF OFF OFF OFF
72.78 OFF OFF OFF OFF OFF OFF OFF OFF
@.87 OFF OFF OFF OFF OFF OFF OFF OFF
.0 OFF OFF OFF OFF OFF OFF OFF OFF
8.9 OFF OFF OFF OFF AllValues in dB

Repeat the measurement using the other pattern types (Pattern A (falling TPC)
and Pattern B).

According to the conformance test specification, the power ramp must be
measured using a Reference Measurement Channel (Dedicated Channel:
RMC). A voice channel (Dedicated Channel: Voice) typically causes a discon-
tinuous UE transmitter output power; therefore it is not recommended for
power ramp tests.

A low-loss physical connection between the CMU and the UE under test (low
external input attenuation) generally ensures a stable radio link during the en-
tire power ramp measurement.

The R&S CMU also performs a limit check for the UE power steps. You can
vary the limits using the Power Configuration — Limits tab. For more informa-
tion refer to the reference chapter 4.

Note: A program example for the UL CM TX Test is reported in Chapter 7.
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Video Echo Tests

The R&S CMU can set up a circuit-switched video call and loop back video data including audio to a UE
offering video communication. To this end a new Dedicated Channel (Type): Video Echo has been in-
troduced in the Connection or in the BS Signal tab of the Connection Control menu. The allocated video
channel provides a symmetric 64 kbps bit rate.

Ch. 1
Ch. 2

WCDMA rop Balnd Receiver Quality

Conhnect
Control

B WCDMAFDD Connection Control [g Signal On
RF Chn. Signal
Dovenink | | 21124 muz|| 10562 | Waiting for o?f [
UE registration
or
RF Chn. | 1922.4 MHZ|| 9612| call from the UE.
Uplink .
R
Power Qutput Ch. Power
UE Power | . Dedicated
330 gm||  -20.0 aBm| Video Echo ¥
Control Mz, allow. UE-Powe. UL Target Power | |_I Channel
Openloop | — —
Power E PRACHLUE-CriPaw.  PRACH Signature
Band
OperatingBand| | ¥
FRACH Expect. Pow. | 4 2 |_I Select
Connection | Handover | UE Signal | BS Signal | Network | AFIRF@" Sync. | Kl - |I

Fig. 2-2 Video echo call selection

Video tests

Image sent
to the CMU

Image looped back
to the mobile
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Video calls may be set up from the UE or from the R&S CMU.

To set up a video call...
From the R&S CMU:

1. Open the Connection tab of the Connection Control menu and
select Dedicated Channel: Video Echo.

2. Connect your UE and wait until the R&S CMU has entered the
Registered state.

3. Press Connect UE and wait until the R&S CMU has entered the
Alerting state.

4. Accept the incoming video call at your mobile and send your
video data to the R&S CMU (automatically or after acknowl-
edgement, depending on the mobile)

5. Observe the sent and the looped back object at your mobile.

From the UE:
1. Connect your UE, wait until the R&S CMU has entered the Reg-
istered state, and set up a video call from the UE.

The R&S CMU automatically recognizes the incoming video call.
There is no need to select Dedicated Channel: Video Echo explic-
itly.

While a video connection is active, the R&S CMU can perform TX
measurements on the received (uplink) signal.
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Phase Discontinuity Measurement

Phase discontinuity is the change in phase between any two adjacent timeslots. The phase discontinuity
is measured in accordance with the definition of the conformance test specification 3GPP TS 34.121:

Performing a Phase Discon(tinuity) is an application of the Modulation measurement group in
Phase Disconti- Signalling mode. The R&S CMU is preconfigured to perform the entire UE Phase
nuity Test Discontinuity test described in the conformance test specification.

Preparations 1. Press MENU SELECT and open the Signalling — Modulation — Phase Discon-

tinuity application.
2. Reset the Signalling function group and set up a connection to your UE.

3. Press UE Signal — UL Target Power and set the target power to the maximum
output power of your UE. Wait until the UE has reached its maximum power.

4. Press BS Signal Settings — TPC Pattern Setup and select: Test Step PhD
Down.

Measurement 5. Press BS Signal Settings — Activate Pattern, observing the measurement re-
sults in the graphical measurement menu. Repeat this step until the UE has
reached its minimum power.

The autoranging capability of the R&S CMU (default setting, Connection Control —
Analyzer Analyzer Level — Mode: Auto) ensures that the analyzer level is adjusted
over the entire output power range of the UE.

6. Press BS Signal Settings — TPC Pattern Setup and select: Test Step PhD Up.

7. Press BS Signal Settings — Activate Pattern, observing the measurement re-
sults in the graphical measurement menu. Repeat this step until the UE has
again reached its maximum power.

o

o The Phase Discontinuity measurement can be performed with arbitrary
TPC patterns and trigger settings. It is recommended to use one of the
following trigger sources: Signalling (default), TPC, or Auto. It is also
recommended to de-activate autoranging and set an appropriate ana-
lyzer manually.

The fixed parameters for the Test Step PhD Up and Test Step PhD
Down pattern setups are displayed in the BS Signal tab of the Connec-
tion Control menu.

Automatic pre- After a preset the preconditions for the Test Step PhD and Test Step PhD Up are

conditions ignored. Precondition can be set (Connection Control — TPC Settings — Test Step
Precondition: Auto) in order to ensure a stable initial power before each test step.
This is recommendable especially if a particular test step is repeated several times.

PRACH Preamble Quality Measurement

The PRACH preamble quality is a measure of the ability of the UE to transmit the PRACH preamble in
accordance with the core requirements so that the Node B can reliably decode the PRACH. The CMU
can measure the PRACH preamble quality in accordance with the initial conditions stated in the confor-
mance test specification 3GPP TS 34.121. The Modulation — PRACH Preamble menu shows the modu-
lation parameters for a single PRACH preamble; among these parameters, the Error Vector Magnitude
(EVM), the Carrier Frequency Error, and the Signature are relevant for the conformance test.
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Performing a
PRACH Pream-
ble Quality Test

PRACH Preamble is an application of the Modulation measurement group in Signal-
ling mode. PRACH preambles are transmitted during registration and connection
setup; see description of random access procedure in Chapter 4.
1. Press MENU SELECT and open the Signalling — Modulation — PRACH Pre-
amble Quality application.

S8l WCDMA ron " wocuation [ 8 5505

% MaxLevel: Auto Low noize Freq.Offset: + 0000 kHz ChantFreg. 9612 /19224 MHz PRACH
Error Yector Magnitude 1=t Preamble Preamble
A
o5 @ - i Off 9 - i Off B i Off
20 curent ]| ppplic. 1
Applic. 2
[15
Trigger
Ana. Lev.
Thip H
1] 00 1000 1500 2000 2500 3000 Fa00 4000 UEAilag;I:tl
Err. Wect. Mag hdagn. Err. Fhase Err.
Peak 1734w -1357%  -990° -2300 dBm| | pggig | yl.
RS 834 % 533 % 365 ° Expected Power | HsDRa |
| -20.23 dBm ;
1162 Origin O fset e g:é:ﬁ::l
Ifi3 Irmbalance 5 5 —_
Cartier Frequency Error 14 Hz Signature Marker
[Alavefarm Quality 0.9932

[ d |D' Rand AICH Menus
e:rselgrihle Iagra?ype :;::eosrg Set ACKl
2. Reset the Signalling function group. Close the Connection Control menu, if it is
opened automatically.

3. In the Modulation menu, press Trigger/Ana. Level — Trigger Source and select
Auto (see section Extended Trigger Settings in Chapter 4).

4. Switch the UE on.

The UE synchronizes to the BS signal and can attempt a registration towards the
R&S CMU. The openloop power results are available after the R&S CMU has re-
ceived the first PRACH preamble from the UE. The measurement state is HLT, the
results are not updated when the CMU receives further RACH preambles.

5. To measure the preamble transmitted when a connection is set up, open the
Connection Control menu, select the Connection tab and press Connect to
UE.

The PRACH Preamble results are updated after the CMU has received the first
PRACH preamble from the UE.

6. To repeat the entire measurement, switch off your UE (to make sure that it
has to register again) and re-start at step 2.

Configuration of Static and random parameters for PRACH quality tests are specified in the confor-

test parameters

1115.4962.12

mance test specification. These parameters can be set as shown in Table 2-4 and
Table 2-5 below.
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Table 2-4  Static test parameters for PRACH quality

Static parameter
(3GPP TS 34.121, Table 5.13.4.1)

R&S CMU Parameter Name

Accessible from
(Connection Control menu)

lor

Output Channel Power

BS Signal — Node B Settings

Nominal CPICH_RSCP

P-CPICH

BS Signal — Downlink Phys. Channel

Primary CPICH TX power

Rep. P-CPICH Power

UE Signal — UE Power Control — Open Loop

UL Interference

UL Interference

UE Signal — UE Power Control — Open Loop

Constant Value

Constant Value

UE Signal — UE Power Control — Open Loop

Expected nominal UE TX power

(PRACH) Exp(ected) Power

No setting value; calculated and displayed e.g.
in the Modulation — PRACH Preamble menu

Preamble Retrans. Max.

Max. Preamble Cycles

Network — Random Access Settings — Preamble

Table 2-5 Random test parameters for PRACH quality

Random parameter
(3GPP TS 34.121, Table 5.13.4.2)

R&S CMU Parameter Name

Accessible from
(Connection Control menu)

Available RACH Sub Channels

Available Subchannels

Network — Random Access Settings — Preamble

Available PRACH Signatures

Available Signatures

Network — Random Access Settings — Preamble

AICH Transmission Timing

AICH Transmission Timing

Network — Random Access Settings — Preamble

EVM Test with HS-DPCCH

The following application example describes a half slot EVM measurement for an UL HSDPA signal
configuration with a half slot timing offset between the UL DPCH and the HS-DPCCH (see standard
3GPP TS 34.121 V7.2.0, test procedure 5.13.1A.4.2). The measurement is carried out in Signalling
mode where the R&S CMU has full control over the UL signal of the UE. The Modulation measurements
in the two half slot periods where the UE is at its maximum and minimum power must be performed in

two consecutive steps.

Connection To prepare the test, you must connect you UE to the R&S CMU and set up a packet

setup switched connection in HSDPA Test Mode. Proceed as described in Chapter 4,
section Packet Switched Connections.

General To obtain results according to the conformance test specification, you have to con-

UE signal set- trol the UL WCDMA signal of your UE appropriately:

tings 1. To ensure a Yz-slot delay between the UL DPCH and the HS-DPCCH, open

the BS Signal tab of the Connection Control menu and select Downlink
Physical Channels — DL DPCH Timing Offset: 6 * 256 chips.

2. To ensure that the periodicity of the ACK/NACK and CQl slots is in accor-
dance with the spec, expand the HSDPA HS-DSCH parameter section and
select CQI Feedback Cycle: 4 ms, CQI Repetition Factor: 1, ACK/NACK
Repetition Factor: 1.

1115.4962.12
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Trigger
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3. Configure an appropriate set of gain factors (Connection Control — UE Sig-
nal — UE Gain Factors) in order to obtain an UE signal power according to
the requirements of the test specification.

The EVM test must be performed at maximum UE power and at —18 dBm UE
power. Once the UE has reached the specified power, power control algorithm 2
and an alternating TPC command sequence is used to keep the power constant.
The UE power can be achieved with predefined TPC settings (Connection Control —
BS Signal — TPC Settings).

1. To command the UE to its maximum power (and keep it at this constant value),
select TPC Pattern Setup: Set 2, then press the Execute button repeatedly.

2. To command the UE to transmit at —18 dBm, select TPC Pattern Setup: Set 1
and Set 1 — UL Target Power: —18 dBm.

Band : Cohnhect
@ WCDMA rop | Modulation - é t
B WCDMAFDD Connection Control |5 PS: C3:  Registered
—Setup |TPC Setting=/TPC Pattern Setup | =
~ TFC Settings
Default Settings
TPZ Algorithm Algorithm 2
TPC Step Size 1 o
Activate Pattern | Execute |
TPC Pattern Setup [ Set1
Test Step Preconditions Manual
Set 1
Fattern Type Closed Loop
LIL Target Powmer =180 dBm
~Set?
Fattern Type Single Pattern+Alternating
Pattemn 111111111 gin
FSet3
Connection | Handowver | UE Signal BS Signal | Network | AFIRF@*' Sync. | Il - I

The measurement is most conveniently performed with a HSDPA trigger, which is
also the Auto trigger source for HSDPA tests (Connection Control — Trigger —
Source: HSDPCCH). The HS-DPCCH trigger event occurs at the beginning of each
UL-DPCH slot during which the R&S CMU expects which the R&S CMU expects an
ACK/NACK slot followed by a CQI slot from the UE. The UE signal settings de-
scribed above generate a signal with a repeat pattern of 12 ms (6 HSDPA sub-
frames). The signal power varies due to the discontinuous HS-DPCCH and the gain
factors for the ACK/NACK and CQl slots. A typical section of the 12 ms pattern with
AACK = ANACK > ACQI is shown below. The example shows that:

e You can trigger a half slot EVM measurement at minimum power (i.e. where the
HS-DPCCH is inactive) using a HS-DPCCH trigger with zero trigger slot delay.

e You can trigger a half slot EVM measurement at maximum power (i.e. during
the ACK/NACK slot of the HS-DPCCH) using a HS-DPCCH trigger plus a trig-
ger slot delay of 1 slot.
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Condensed
EVM measure-
ment procedure
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Max power
UL HS-DPCCH

ACK/NACK

cal
cal

Min. power
«—> «—>

EVM at EVM at
min. power max power

UL DPCH slots
Trigger time | Slot Delay = 1

Fig. 2-3 Trigger settings for half slot EVM measurements

The trigger slot settings can be adjusted to different HS-DPCCH configurations in a
straightforward way. In particular, the slot delay can be increased to obtain EVM half
slot results in the following HSDPA subframes.

Once the R&S CMU has reached the HSDPA Test Mode, and the UE signal is con-
figured as described below, the EMV half slot test can be performed as follows:

1. Select the EVM WCDMA application of the Modulation menu, press the
measurement control softkey and select Meas. Length: 1260 chip (hotkey).

2. Press the Trigger/Ana. Level softkey and use the hotkeys to select Trigger
Source: HSDPCCH, Trigger Slot Delay: 0 Slot.

3. Open the BS Signal tab of the Connection Control menu and command the
UE to its maximum power (see UE Power Control above), then close the
Connection Control menu.

With an UL signal configuration according to Fig. 2-3 above, the measurement

menu shows the EVM in the half slot where the UE transmits at its minimum power.
4. Press the Trigger Slot Delay hotkey again and select a 1 Slot delay.

With an UL signal configuration according to Fig. 2-3 above, the measurement

menu shows the EVM in the half slot where the UE transmits at its maximum
power.

5. Open the BS Signal tab of the Connection Control menu and command the
UE to transmit at —18 dBm power (see UE Power Control above), then
close the Connection Control menu.

6. Repeat the EVM measurement for both slot delays.
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EVM & PhD with HS-DPCCH

The following application example describes an EVM and phase discontinuity measurement for an UL
HSDPA signal configuration with a half slot timing offset between the UL DPCH and the HS-DPCCH
(see standard 3GPP TS 34.121 V7.2.0, test procedure 5.13.1AA). The measurement is carried out in
Signalling mode where the R&S CMU has full control over the UL signal of the UE and where the HS-
DPCCH trigger can synchronize the measurement to the beginning of the specified sequence of 6
HSDPA subframes. The EVM and phase discontinuity results are measured over a time interval of up to
46 slots (92 half slots).

Connection
setup

General
UE signal set-
tings

UE power
control

1115.4962.12

To prepare the test, you must connect you UE to the R&S CMU and set up a packet
switched connection in HSDPA Test Mode. Proceed as described in Chapter 4,
section Packet Switched Connections.

To obtain results according to the conformance test specification, you have to con-
trol the UL WCDMA signal of your UE appropriately:

7. To ensure a Y2-slot delay between the UL DPCH and the HS-DPCCH, open
the BS Signal tab of the Connection Control menu and select Downlink
Physical Channels — DL DPCH Timing Offset: 6 * 256 chips.

8. To ensure that the periodicity of the ACK/NACK and CQl slots is in accor-
dance with the spec, expand the HSDPA HS-DSCH parameter section and
select CQI Feedback Cycle: 4 ms, CQI Repetition Factor: 1, ACK/INACK
Repetition Factor: 1.

9. Configure an appropriate set of gain factors (Connection Control — UE Sig-
nal — UE Gain Factors) and use appropriate TPC settings in order to obtain
an UE signal power according to the requirements of the test specification.

These UE signal settings generate a signal with a repeat pattern of 12 ms
(6 HSDPA subframes). The signal power varies due to the discontinuous HS-
DPCCH and the gain factors for the ACK/NACK and CQl slots.

The EVM test must be performed at maximum UE power and at —18 dBm UE
power. Once the UE has reached the specified power, power control algorithm 2
and an alternating TPC command sequence is used to keep the power constant.
The UE power can be achieved with predefined TPC settings (Connection Control —
BS Signal — TPC Settings).

1. To command the UE to its maximum power (and keep it at this constant value),
select TPC Pattern Setup: Set 2, then press the Execute button repeatedly.

2. To command the UE to transmit at —18 dBm, select TPC Pattern Setup: Set 1
and Set 1 — UL Target Power: —18 dBm.
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Band : Cohnhect
@ WCDMA rop | Modulation - é t
B WCDMA oD Connection Control g ; CS: Registered
—Setup |TPC Setting=/TPC Pattern Setup | =
~ TFC Settings
Default Settings
TPZ Algorithm Algorithm 2
TPC Step Size 1 o
Activate Pattern | Execute |
TPC Pattern Setup Set
Test Step Preconditions Manual
Set 1
Fattern Type Closed Loop
LIL Target Powmer =180 dBm
~Set?
Fattern Type Single Pattern+Alternating
Pattern 1111111111 i
FSet3
Connection | Handowver UE Signal BS Signal | Network | AFIRF '@* | Sync. | Il - I

The measurement is most conveniently performed with a HS-DPCCH trigger, which
is also the Auto trigger source for HSDPA tests (Connection Control — Trigger —
Source: HSDPCCH). The HS-DPCCH trigger event occurs at the beginning of each
UL-DPCH slot during which the R&S CMU expects an ACK/NACK slot followed by a
CQl slot from the UE.

Once the R&S CMU has reached the HSDPA Test Mode, and the UE signal is con-
figured as described below, the EMV and phase discontinuity test can be performed
as follows:

1. Select the EVM WCDMA application of the Modulation menu (see descrip-
tion in Chapter 8), press the measurement control softkey and select Meas.
Length: 13, Section A: 0.5, Section B: 10.5 (hotkey).

2. Press the Trigger/Ana. Level softkey and use the hotkeys to select Trigger
Source: HSDPCCH, Trigger Slot Delay: 0 Slot.

3. Open the BS Signal tab of the Connection Control menu and command the
UE to its maximum power (see UE Power Control above), then close the
Connection Control menu.

The diagrams in the measurement menu show the measured UE power in 26 con-
secutive half slots and the phase discontinuity which is calculated between any ad-
jacent HS-DPCCH slots (13 results). The relevant half slots from the test specifica-
tion are to the right and to the left of the A and B marker lines; the corresponding
EVM and phase discontinuity values are displayed in the EVM and Phase Disc.
tables below the diagrams.

4. Open the BS Signal tab of the Connection Control menu and command the
UE to transmit at —18 dBm power (see UE Power Control above), then
close the Connection Control menu.

All results are now measured at the reduced nominal UE power.
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grams; see description of the EVM & PhD HS-DPCCH application in

Chapter 8.

CQl Reporting Test under Fading Conditions

The following application example outlines the basic steps and preconditions for a CQl reporting test
using a fading environment (see standard 3GPP TS 34.121, section 9.3.2). The measurement is carried
out in Signalling mode where the R&S CMU has full control over the UL signal of the UE.

Connection and
test setup

1115.4962.12

To prepare the test, you must connect you UE to the R&S CMU and set up a packet
switched connection in HSDPA Test Mode. Proceed as described in Chapter 4,
section Packet Switched Connections.

In addition you need an external fading simulator to provide a BS signal with fading
characteristics. The recommended equipment is an R&S ABFS fading simulator or
a R&S SMU signal generator. The R&S CMU baseband signal is routed to the R&S
ABFS/SMU and back through the I/Q-IF Interface (option R&S CMU-B17), provided
that the correct signal routing is set:

» Open the I/Q-IF tab of the Connection Control menu and select I/-IF Interface —
I/Q-IF: Fading.

For more information about the I/Q-IF interface refer to the R&S CMU200/300 op-
erating manual.
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A
v
Fading
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R&S ABFS

Fig. 2-4 Test setup for fading tests

BS signal The conformance test specification 3GPP TS 34.121 specifies the BS signal prop-
settings erties in detail:

1. Use the downlink physical channel levels from TS 34.121, section E.5, to
set up the HSDPA connection and perform the measurement (Connection
Control — BS Signal — Downlink Physical Channels...).

2. To ensure that the periodicity of the ACK/NACK and CQl slots is in accor-
dance with the spec, expand the HSDPA HS-DSCH parameter section and
select CQI Feedback Cycle: 2 ms, CQI Repetition Factor: 1, ACK/NACK
Repetition Factor: 1.

3. Still in the HSDPA HS-DSCH parameter section, select Channel Configura-
tion Type: CQI.

4. Expand the CQI Channel Configuration subsection and configure the CQl
channel as follows: CQI Table Index: Conformance Test, Start Value: 16,
No. of H-ARQ Processes: 2.

Measurement 5. Close the Connection Control menu and select the HSDPA CQI application
settings of the Receiver Quality measurement.

6. Press HSDPA CQI — Test Case: Fading.

7. Start a single shot measurement (default repetition mode).

The CQI reporting test is performed automatically in two stages as described in
chapter 8 of this manual. All results are displayed in the measurement menu.

HEDPA: On
% UE Category: 12
+100

HS-DECH: Cal
Table Config: Confarmance Test
-— i Off g - i Off B -

Chan./Freq. 9612 /19224 MHz
Active CGl: 4 Start: 16
1 Off

a0
a0
it
La=il]
=11
0
30
20
e [1]
il

0

Curr.

2 4 5] g 0 12 4 16 1§ 20 22 24 X6 25 30DTR

4 Median CQI B Meian GGl

2000  Measured Subframes

B Reported cal
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Median CQl

Median CQl + 3

45055 % 2857 % BLER | Pass |
4167 % 1.389 % DTX .
Fadin:
96 T2 Measured Subframes

Test Case

Fig. 2-5 CAQI reporting test results under fading conditions
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Maximum Output Power with HS-DPCCH and E-DCH

The following sections give an overview of typical test settings and procedures, to be used for the “Maxi-
mum Output Power with HS-DPCCH and E-DCH” test described in standard 3GPP TS 34.121, sec-
tion 5.2B.

Parameter Settings in CMU

Starting with the default settings (reset the WCDMA signalling function group), set the following parame-
ters.

e Test mode connection:
RMC 12.2 kbps + HSPA 34.108 with loop mode 1

E Connect
Q Control

E WCDMAFDD Connection Control [& PS: Idle CS: Signal On
—Setup |circuit SwitchedrRMC Settings! |,3
¥ Mode-B Settings
~ Circuit Switched
Default Settings O -
DCH (Dedicated Chn) Type EMC
RMC Settings
Reference Channel Type | 12 2 wops + HSP A 34 108
DL DT ZH Transport Format
DL ResourcesinUse 100 %
UL CRC {Sym. Loop Mode 2) Off
Test Mode Loop Mode 1 RLC TM
Channel Data Source DTCH PRBS9
*oice Settings
F Signaling HAE Settings
* Packet Siwitched

» HSDPA HS-DSCH

Connection UE Signal BS Signal Metwork | AFIRFG" Sync. |.- 2 I

e HS-DSCH settings:
Fixed Reference Channel with H-Set 1
ACK-NACK repetition factor = 3
CQl feedback cycle = 4ms
CQl repetition factor = 2
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@ WCDMA Fop Balnd Receiver Quality - t |g::?::|t
B WCDMAFDD Connection Control [§ PS: [ ] CS: Signal On
—Setup [HsDPA Ha-DSCHI . |
~HSDPA HS-DSCH
Defallt Settings O
Diata Pattern FPRESS I
Force MACK Off
ClFeedback Cycle 4 e
CL Repetition Factor 2
ACKIMACK Repetition Factor 3
LIE Category Selection LE Capability Report
LE Category g
T1 Release Timer 50 ms
Receiver Window Size 2047
Channel Configuration Type Fixed Reference Channel
H-Set Selection | H-Set 1QPSK |
RY Coding Sequence {0,256}
Connection | Handover | UE Signal BS Signal | Hetwork | AFIRFG" Synhc. | KN : I

e HSUPA-specific signalling settings:

E-TFCI table index =0
E-DCH minimum set E-TFCI
PLnon-max = 0.84

=9

Max. number channelisation codes = 2xsf4
Initial Serving Grant Value = Off

<75 WCDMA Fop *™ Recaiver cuaity BT | Ty |gg:g;;t
E WCDMAFDD Connection Control [& PS: Idle CS: Signal On
—Setup E |@
[-HsUPa [l
DefaLit Settings [l [Compress]
E-DiZH Physical Layer Category -
E-THC Table nds:x 0
H-4RGQ Redundancy Wersions Always RV 0
Winimum Set E-TFC] 9
Happy Bit Delay Condition 00 e
Puncturing Limit PLnon-rmiax 084
Waximum Channelisation Code 2usF4
~Initial Service Grant
Yalue Off
Type Primary
~HAB H-ARG Profils
H-ARQ Power Offset 0 o
e Mumber of Retransmissions 7 =
Connection Handowver UE Signal BS Signal Network | AF/RF Gb | Sync. | El - I

e Gain Factors:
Beta values and Absolute Grant values (derived from TS 34.121 Annex C):

Subtest Bc Bd AACK ANACK ACQI AE-DPCCH
1 10 15 8 8 8 6
2 6 15 8 8 8 8
3 15 9 8 8 8 8
4 2 15 8 8 8 5
5 14 15 8 8 8 7
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Note that Bc and Bd are set in the line RMC Uplink 12.2'!
Screenshot of Bc, Bd, AACK, ANACK and ACQI for subtest 1:

Band - . =
@ WCDMA oD aln Receiver Quality -dgt |E‘;2?:;t

B WCDMAFrDD Connection Control g PS: Attached CS:|  Registered
—oetup IUE Gain Factors |'6
|'lJEl3aW1Factors [ Rd AACK  aNACK  acal | |
- m Compress|

Uplink: 122 10 15

Uplink 64 5 15

Uplink 144 4 15

Uplink 384 4 15

\oice 1 15
* Yideo
Y Packet Data

1M 15 8 8 3

Default Settings O

»HSUPA

Cnnneclinnl Handover UE Signal BS Signal Metwork | AFIRFG" Sync. |- 2 I

e HSUPA Gain Factors

Subtest AE-DPCCH

| |W|IN|—~
~N|O1|0|0| O

¢ HSUPA Reference E-TFCls:

Subtest 1,2,4,5
Number of Ref. E- | 5
TFCls
Reference E-TFCI | 11 67 71 75 81
Ref. E-TFCI PO 4 18 23 26 27
Subtest 3
Number of Ref. E- | 2
TFCls
Reference E-TFCI | 11 92
Ref. E-TFCI PO 4 18

Screenshot for AE-DPCCH and Reference E-TFCls for subtest 1:
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<15 WCDMA Fop ™" Receiver ouaiity [ |gg:g;;t
B WCDMAFDD Connection Control [§ PS: [ ] CS: Signal On
—Setup [HSUPAHSUPA Gain Factars |,3
Happy Bit Delay Condition 00 me
Functuring Limit PLnon-rmiax 0.34
Waxirmum Channelisation Cocde 2ySF4
~Initial Service Grant
Value Off
Type Frimary
~RAEH-ARQ Profile
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e HSUPA-specific generator parameters:

Subtest AG Value
1 20
2 12
3 15
4 17
5 21
Band : : = t Connect
@ WCDMA FDD Receiver Quality - Q Control
B WCDMAFrDD Connection Control g PS: Idle CS: Signal On
—Setup |HSUPAJE-AGCHIAG Pattern/AG Value |,3
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¥ E-RGCH/E-HICH
= Diownlink: Physical Channels
Connection | Handowver | UE Signal BS Signal | Network | AF/RF Gb | Sync. | El - I

e Power and Channel Level settings (from TS 34.121 Annex E):
Set Level Reference to Output Channel Power
Set Output Channel Power to -86 dBm

1115.4962.12 2.45 E-13



WCDMA Signalling Measurements

CMU-K56...

-K96

Band Connect
@ WCDMA FDD Receiver Quality - t |Control
B WCDMAFDD Connection Control [§ [ ] Signal On
—Setup I'\'ode—B Settings |§
|' Mode-B Settings Charinel Freguency: Uplink || I
RF Channel Downlink — Band [1] 10562 21124 MHz 922 4 iz (Sompress]
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RHITH Separation 190000 wmHr =
Primary Scramblng Code 9
Lewel Reference Cutput Channel Power {lor)
Cutput Channel Power {lor) - 260 dem
OCNS (R39) 177 B
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* Circuit Switched
¥ Packet Sinitched
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» HSUPA
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Set the following levels in the Downlink Physical Channels section:
(note that the value for S-CCPCH and AICH are not specified for the test and could also

be chosen to a different value, these channels are only used for connection setup)

Channel Level
P-CPICH -10
S-CPICH Off
P-SCH -15
S-SCH -15
P-CCPCH -12
S-CCPCH -12
PICH -15
AICH -12
DPDCH -10
HS-SCCH -8
HS-PDSCH -3
E-AGCH -20
E-RGCH/E-HICH -20
E-RGCH Active Off
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Test Procedure

When performing the test procedure according to standard 3GPP TS 34.121, subclause 5.2B.4.2, plea-
se notice the following additional information:

1) Set the parameters for a certain subtest according to the values described for 5.2B in TS 34.121, e.g.
Absolute Grant according to Table C.11.1.3.

2) Set up test mode connection by pressing Connect UE (CS) in the Connection tab.

3) In order to set the UE power to a desired value (at least 5 dB lower than maximum output power), use
the UL Closed Loop Power Control functionality in CMU with an UL Target Power, see screenshot:
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@ WCDMA Fop Balnd Receiver Quality -QQ |g::?::|t

B WCDMAFDD Connection Control [§ PS: [ ] CS: Signal On
—Setup [TPC SettingsiTPC Pattern Setup |,3
= TRZ Settings
Defallt Settings O
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TRC Step Size 1 oR
Activate Pattern [Exscute ]
TPC Pattem Setup | Set
Test Step Preconditions fanual

Set
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4) In order to give one TPC_cmd = +1, use the TPC pattern type ‘Single Pattern + Alternating’ with a
pattern of ‘11111’ (Set 2 in the screenshot). In order to activate the TPC command, set the TPC Pattern
Setup to Set 2 and press ‘Activate Pattern’.

5) In order to give one TPC_cmd = —1, use the TPC pattern type ‘Single Pattern + Alternating’ with a
pattern of ‘00000’ (Set 3 in the screenshot). In order to activate the TPC command, set the TPC Pattern
Setup to Set 3 and press ‘Activate Pattern’.

@ WCDMA Fop Balnd Receiver Quality - t |g::?::|t
B WCDMAFDD Connection Control [§ PS: [ ] CS: Signal On
—Setup [TPC SettingsiSet 3iPattern Type |,3
TPC Algarithm Algorithm 2
TRC Step Size U
Activate Pattern Execute |
TRC Pattem Setup Set3
Test Step Preconditions Manual
~Set]
Fattem Type Closed Loop
LI Target Power 00 dEm
~Set2
Pattern Type Single Pattern+Alternating
Pattern 11111 pin
Pattern Type | Single Pattern+Alternating I~
Pattern 00000 i
Connection | Handover | UE Signal BS Signal | Hetwork | AFIRF G’l Synhc. | KN : I

6) For measuring the E-TFCI transmitted by the UE, use the E-AGCH measurement with measurement
type ‘General Histogram’ (see Chapter 8).

The target E-TFCls according to table C.11.1.3 for each subtest are:

Subtest Target E-TFCI
75
67
92
71
81

A|B|WIN|—~
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The target E-TFCI should be measured during step 3) and 4) of the test procedure.
@ WCDMA rFop Balnd Receiver Quality g::?::lt
Mz Level: Auto Lows hioise Freq.Offset: + 0000 kHz  ChandFreg. 9612 119224 MHz RHSUPP.
u
sioon @ - i ot |1 i ot B - o HE-AGCH 4
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Ropetiton | et e i

In the above screenshot, the target E-TFCI 75 is measured. When the UE power is increased further
according to step 4) of the test procedure, a point is reached when the UE decreases the transmitted E-
TFCI, for example down to E-TFCI 71 (the value may vary depending on the UE power) as shown in the
following measurement:

Band . . Connect
483 WCDMA Fop ™ Recsiver Quaity o
Max Level: Auto Lot noise Freq.Offset: + 0000 kHz  ChandFreg: 9612 /19224 MHz HSUPA
+o00 B — Lot [ — i off |2 i ot E-AGCH
[-ao0
kaoo )
700 Applic. 1
rE00 Applic. 2
k500
400 Analyzer
300
200 Level
k100
2t} .

0 0 29 30 40 &0 B0 70 80 B0 00 190 120 UE Signal
Detected Events OF __AnaSet |
E=TIRE] 7 BTG == [E=IREl === BT == ETRE) == ETe) == E=TfRe) === el = BS Sig Ll
| £60 - -—= - -—= - -—= - HSDPA

HSLPA
I 5810 Measured Subframe N
BS Signal
| 560 Detected E-TFCI Events Settings
Marker
RF RF RF TestStep | TPC Pattern| TPCPattern| Activate Menus
Channel| _ Fregquenc: Freq.Offset] Precond. Config. Setuyj Pattern|

At this point, step 5) of the test procedure 5.2B.4.2 in TS 34.121 has to be done.

7) The UE power can be measured by means of a general Power measurement of the R&S CMU e.g.
‘Off Power’.
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Measurement Wizard

The measurement wizard provides predefined BS Signal settings for HSDPA and HSUPA tests in Sig-
nalling mode. In general, selecting the predefined settings represents the simplest and fastest way of

configuring the instrument. Moreover all settings can be further refined after the wizard has prepared a
basic measurement configuration.

Practical use 1. To call up the wizard, enter the WCDMA FDD Signalling test mode and press

the CTRL key on the front panel of your R&S CMU.

to prepare settings for ...

G
HSDP A Max. Throughput

... press Enter
or ESC for leaving without changes

2. Press ENTER to start the wizard and configure the CMU or ESCAPE to close
without changing any instrument settings.

The actions and settings performed by the wizard are listed in Table 2-6 below.

Tip: The wizard functions are also accessible from the Presettings (Ctrl Key)
section in the Menu Select menu. Selecting the HSDPA Max. Through-
put presettings is equivalent to pressing the ENTER key in the wizard

menu.
B Menu Select
— Selection |36 UMTS User Equipment/WCDMA FDD/Sigraling!. . }5 Hotkeys - Set 1
» Basic Functions » Modulation - RF =
X AnalyzerfGenerator
3G UMTS User Equipment * Spectrum +
[ + WCDMAFDD [ ~CodeDomanFomer - ... AUDIO o)
+CDF Auto AnalyzeriGenerator
+CDP Manual —_—
+CDP Rhoduto WCDMA UE FDD
Power
+CDP Rhohanual Maximum
~CDP Time WCDMA UE FDD
+HS-DPCCH Time Mask Modulation
+CDP Relative WCDMA Overview
* Recelver Quality +

v Presettings (Ctri-key] + ..
[ ~HSDPAMax Throughput |
» Audio D oce

Enter

Menu HotKkeys HotKkeys HotKkeys Hotkey
Select Set 1 Set 2 Set 3 Assign.
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HSDPA Max. Throughput

The purpose of the HSDPA Max. Throughput wizard is to establish a valid BS signal configuration for a
given UE category which ensures a maximum throughput for HSDPA tests, both in HSDPA test mode
and for HSDPA data application tests. The wizard uses the UE Category value in the BS Signal tab of
the Connection Control menu (BS Signal — HSDPA HS-DSCH — UE Category) and adjusts the parame-
ters listed in Table 2-6.

xi=

o Depending on the BS Signal — HSDPA HS-DSCH — UE Category Selection parameter, you
can set the UE category value manually or update it upon registration of your UE under test
(BS Signal — HSDPA HS-DSCH — UE Category Selection: UE Capability Report). You
should start the wizard after the correct UE category has been set. You can use the wizard
in all signalling states, however, with automatic update of the UE category, the Regis-
tered/Attached state should be reached before the wizard is started.

Table 2-6 Predefined settings of the measurement wizard

BS Signal Parameter Value

Packet Data

Data Rate HSDPA / 384 kbps uplink
HSDPA HS-DSCH

T1 Release Timer 200 ms

Channel Configuration Type User Defined

User Defined Channel

MAC-d PDU Size Control Manual
MAC-d PDU Size 656
No of H-ARQ Processes 6

Inter TTI Distance

Transport Block Size Index
No. of Phys. Channel Codes
Modulation

Downlink Physical Channels
DPDCH Level Config
DPDCH Channel code
HS-SCCH#1 Level
HS-SCCH Channel code

HS-PDSCH
Level (All Active Codes)
1% Used Chan. Code

E-AGCH
E-AGCH
E-AGCH Chan. Code

E-RGCH/E-HICH

Depending on UE category, according to Minimum Inter TTI
Distance in Table 5.1a (from 3GPP TS 25.306 V7.5.0)

48 for UE cat. 1 to 8, 11,12; 44 for UE cat. 9; 62 for UE Cat. 10
Maximum number of HS-DSCH codes received in Table 5.1a
16 QAM for UE cat. 1 to 10, QPSK for UE cat. 11, 12

5.0dB

2
3.0dB
6

+10.0 dB
1

—-6.0dB

E-RGCH/E-HICH Chan. Code 7

Selected measurement application Receiver Quality —- HSDPA ACK (continuous mode)

The following table lists the HS-DSCH physical layer categories according to the conformance test
specification 3GPP TS 25.306 V7.5.0, Table 5.1a, and the maximum possible throughput obtained with
the R/S CMU 200.
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Table 2-7 FDD HS-DSCH physical layer categories and maximum possible throughput

HS-DSCH Maximum Mini- Maximum number of Total Supported Max.poss.
category number of mum bits of an HS-DSCH | number of | modulations | Throughput
HS-DSCH | inter-TTI transport block soft chan- | without MIMO with R&S
codes interval received within nel bits operation CMU 200
received an HS-DSCH TTI in kbps
Category 1 5 3 7298 19200 524.167
Category 2 5 3 7298 28800 791.333
Category 3 5 2 7298 28800 1187.000
Category 4 5 2 7298 38400 1581.000
Category 5 5 1 7298 57600 3649.000
Category 6 5 1 7298 67200 QPSK, 16QAM 3649.000
Category 7 10 1 14411 115200 7205.500
Category 8 10 1 14411 134400 7205.500
Category 9 15 1 20251 172800 10125.500
Category 10 15 1 27952 172800 13976.000
Category 11 5 2 3630 14400 QPSK 590.500
Category 12 5 1 3630 28800 1815.000

Remote control: PROCedure:WIZard:ACTion HDMax

HSUPA Max. Throughput

The purpose of the HSUPA Max. Throughput wizard is to establish a valid BS signal configuration for a
given E-DCH physical layer category which ensures a maximum throughput for HSUPA tests, both in
HSUPA test mode and for HSUPA data application tests. The wizard uses the E-DCH Physical Layer
Category value signalled by the UE under test (displayed under UE Signal — HSUPA — E-DCH Physical
Layer Category) and adjusts the parameters listed in Table 2-8.

Table 2-8 Predefined settings of the measurement wizard

BS Signal Parameter Value
Packet Switched
DCH (Dedicated Chn.) Type HSUPA Test Mode
Packet Data
Data Rate 384 kbps Downlink / HSUPA
HSUPA Test Mode
Radiobearer Setup SRB 3.4 kbps + HSPA
HSUPA
TTI Mode Minimum value according to the UE E-DCH physical layer
category: 10 ms for categories 1, 3, 5; 2 ms for categories 2, 4, 6
AG Pattern
AG Index 31
Selected measurement application Receiver Quality — HSUPA E-HICH (continuous mode)

The following table lists the E-DCH physical layer categories according to the conformance test specifi-
cation 3GPP TS 25.306 V7.5.0, Table 5.1g, and the maximum possible throughput obtained with the
R/S CMU 200.
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Table 2-9 FDD HS-DSCH physical layer categories and maximum possible throughput

HS-DSCH |Maximum |Minimum | Support for 10 ms [Maximum number | Maximum

category number | spread- and 2 ms TTI E- of bits of an E- number of Max.poss.
of E-DCH (ing factor DCH DCH transport bits of an E- Throughput
codes block transmitted | DCH trans- with R&S
transmit- within a 10 ms E- port block CMU 200
ted DCH TTI transmitted .
withina2ms | nkbps

E-DCH TTI
Category 1 1 SF4 10 ms TTI only 7110 - 695.900
Category 2 2 SF4 10 msand 2 ms TTI 14484 2798 1399.000
Category 3 2 SF4 10 ms TTI only 14484 - 1445.300
Category 4 2 SF2 10 msand 2 ms TTI 20000 5772 2886.000
Category 5 2 SF2 10 ms TTI only 20000 - 2000.000
Category 6 4 SF2 10 msand 2 ms TTI 20000 11484 5742.000

Remote control: PROCedure:WIZard:ACTion HUMax

HSPA Max. Throughput

The purpose of the HSPA Max. Throughput wizard is to establish a valid BS signal configuration for a
given UE category and E-DCH physical layer category which ensures a maximum throughput for
HSDPA and HSUPA tests, both in test mode and for data application tests. The wizard is a combination
of the HSDPA Max. Throughput wizard and the HSUPA Max. Throughput wizard. The wizard uses the
UE Category value in the BS Signal tab of the Connection Control menu (BS Signal - HSDPA HS-DSCH
— UE Category) and the E-DCH Physical Layer Category value signalled by the UE under test (displayed
under UE Signal — HSUPA — E-DCH Physical Layer Category) and adjusts the parameters listed in
Table 2-10.

Table 2-10 Predefined settings of the measurement wizard

BS Signal Parameter Value

Packet Switched
DCH (Dedicated Chn.) Type HSUPA Test Mode
HSUPA Test Mode

Radiobearer Setup SRB 3.4 kbps + HSPA

Packet Data

Data Rate HSDPA / HSUPA
HSDPA HS-DSCH
200 ms

T1 Release Timer

Channel Configuration Type User Defined

User Defined Channel
MAC-d PDU Size Control Manual
MAC-d PDU Size 656

No of H-ARQ Processes 6
Inter TTI Distance Depending on UE category, according to Minimum Inter TTI

Distance in Table 5.1a (from 3GPP TS 25.306 V7.5.0)

48 for UE cat. 1 to 8, 11,12; 44 for UE cat. 9; 62 for UE Cat. 10
Maximum number of HS-DSCH codes received in Table 5.1a
16 QAM for UE cat. 1 to 10, QPSK for UE cat. 11, 12

Transport Block Size Index
No. of Phys. Channel Codes
Modulation
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HSUPA
TTI Mode

AG Pattern
AG Index

Selected measurement application

BS Signal Parameter Value
Downlink Physical Channels
DPDCH Level Config 5.0dB
DPDCH Channel code 2
HS-SCCH#1 Level 3.0dB
HS-SCCH Channel code 6
HS-PDSCH
Level (All Active Codes) +10.0 dB
1% Used Chan. Code 1
E-AGCH
E-AGCH Chan. Code 2
E-RGCH/E-HICH
E-RGCH/E-HICH Chan. Code 7

Minimum value according to the UE E-DCH physical layer

category: 10 ms for categories 1, 3, 5; 2 ms for categories 2, 4, 6

31

Receiver Quality — RLC BLER

Remote control: PROCedure:WIZard:ACTion HSMax

HSDPA

The purpose of the HSDPA wizard is to establish a valid BS signal configuration for tests requiring a
fixed reference channel with a % slot offset between the UL DPCH and the HS-DPCCH. A typical exam-
ple is the CDP Relative measurement described in chapter 8. The wizard adjusts the parameters listed

in Table 2-11.

Table 2-11 Predefined settings of the measurement wizard

Parameters

Value

BS Signal - HSDPA HS-DSCH
Channel Configuration Type

Fixed Reference Channel
H-Set Selection

BS Signal — Downlink Physical Channels
DL DPCH Timing Offset

UE Signal — UE Gain Factors
HSDPA / HSUPA

Trigger
Source

Selected measurement application

Fixed Reference Channel

H-Set 1 QPSK

6 [*256 chip]

Aack = Anack = 7, Acal = 7

HS-DPCCH

Code Domain Power — CDP Relative

Remote control: PROCedure:WIZard:ACTion HDMSettings
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3 Manual Control

This chapter gives a brief survey of the operating concept and structure of the user interface for
WCDMA UE tests. The CMU was designed for maximum operating convenience and flexibility. All in-
strument functions are grouped together in menus; each of them provides a number of related configu-
ration settings or displays a group of measured quantities. All menus show a similar structure so that
many settings, once defined, can be used in several menu groups. Switchover between the different
menu groups is possible at any time.

In the following, the different measurement modes and measured quantities are discussed. Settings and
measurement parameters frequently encountered are explained from a general point of view.

The formal aspects of measurement control are discussed in more detail in chapter 5 (Remote Control —
Basics) and in chapter 5 of the CMU200/300 operating manual.

Menu Structure

The menus used to control WCDMA UE measurements can be arranged in different ways. From a func-
tional point of view, they form the following groups:

e The two test modes Signalling and Non Signalling
¢ General configurations (Connection Control),

e Measurement groups (Power, Modulation, Spectrum, Code Domain Power, Receiver Quality) and
configurations specific to these measurement groups (Power Configuration, Modulation Configura-
tion, Spectrum Configuration, Code Domain Power Configuration, Receiver Quality Configuration).

In a formal sense, the CMU uses main menus, popup menus, graphical measurement menus and dia-
log windows of various size. This aspect is discussed in chapter 3 of the operating manual for the CMU
basic unit.

Test Mode

WCDMA UE measurements are performed in one of the two modes Signalling or Non Signalling. The
Non Signalling mode is typically used for module tests or test of UEs in a special "test mode". The Sig-
nalling mode serves to measure the UE performance under realistic operating conditions where the
CMU mimics an UTRAN cell.

Definition The term signalling denotes all actions that are necessary to establish, control
and terminate a communication between the Node B (CMU) and the UE. The
signalling messages conveyed allow the UE and the network to discuss the
management of issues either related to the user or concerning technical aspects
of the communication.

Non Signalling In Non Signalling mode, the CMU analyzes the channel coded and modulated

TX Test Mode uplink WCDMA signal transmitted by the device under test. To conform to 3GPP
WCDMA specifications, this signal must have definite properties with respect to
its power, modulation, frequency, spectrum and code domain power. No signal-
ling parameters are transferred, and no call connection is set up, so that test
times are reduced considerably. The test signal may be inside or outside the
designated WCDMA channel range.
The TX tests provided in this test mode are listed in section Measurement
Groups on p. 3.4.
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Non Signalling
Synchronized Mode

Signalling Mode

Symbols for
Signalling Mode
and State

Ciruit switched con-
nections

Packet data connec-
tions

Other symbols

1115.4962.12

With option CMU-K66, WCMDA (3GPP/FDD, DL) Generator, the CMU can gen-
erate a WCDMA downlink signal to which the UE can synchronize. The genera-
tor signal can be used to transfer data to the UE, e.g. a Transmit Power Control
(TCP) command pattern that instructs the UE to perform power steps.

If option CMU-B68/CMU-U68, Layer 1 Board for WCDMA, is fitted in addition,
the CMU is able to perform Receiver Quality tests based on a comparison of the
data transferred to the UE and the data looped back.

All TX and RX tests are listed in section Measurement Groups on p. 3.4.

In Signalling mode, the CMU transmits a downlink WCDMA signal (BS Signal) to
which the mobile phone can synchronize. When it receives this signal, the UE
can initiate a registration to the UTRAN/CMU, after which a connection may be
set up from either side.

The CMU is able to configure a broad range of network parameters, to vary the
settings for the different channels in its WCDMA downlink signal, and to check
parameters like the UE radio access capability. In addition the CMU can estab-
lish an packet switched connection for HSDPA tests or WCDMA Application
Tests.

All TX and RX tests provided in this test mode are listed in section Measurement
Groups on p. 3.4.

The test mode and state is indicated to the left of the operating mode in each
main menu and graphical measurement menu (see chapter 3 of CMU200/300
operating manual). The following symbols occur the WCDMA UE function
groups:

Non signalling mode, TX tests

Signalling mode, Signal Off

= Signalling mode, Signal On (icon blinks)
= Signalling mode, Registered

Signalling mode, Alerting

g Signalling mode, Connected
- The connection setup for packet switched connections is shown by
Q an analogous series of symbols.

In Non Signalling mode, HSDPA and HSUPA indicate that the cor-
responding options are available so that the R&S CMU supports
HSDPA or HSUPA measurements.

In Signalling mode, CM ON on a green background indicates that
the UE operates in compressed mode. HSDPA on a green back-
ground indicates that the R&S CMU has entered the HSDPA Test
Mode.
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Configurations

The CMU offers a wide range of settings for the RF signal generators and analyzers, the signal inputs
and outputs signalling procedures, reference frequency, RF input path, trigger, and the individual meas-
urements. Configurations may apply to the whole function group (Connection Control, signalling parame-
ters) or to a particular measurement.

Connection The Connect. Control softkey is located to the right of the title bar in each meas-
Control urement menu. It opens a popup menu with several tabs controlling

e The RF analyzer settings (Analyzer in Non Signalling, UE Signal in Signalling
mode) and the properties of the WCDMA signal from the UE that can be ana-
lyzed (UE Code)

e The properties of the RF generator signal (Generator/BS Signal, with option
CMU-K66, WCDMA (3GPP/FDD, DL) Generator only)

e The RF connectors to be used and the external attenuation (RF Input/Output)
e The reference signal and the system clock (Sync.)

e The trigger settings (Trigger)

e The routing of the 1/Q and IF signals (I/Q-IF, with option CMU-B17 only)

¢ In Signalling mode (with option CMU-K67/-K68/-K69), all actions changing the
CMU's signalling state (Connection)

¢ In Signalling mode, parameters of the network and the mobile station under
test (Network)

¢ In Signalling mode, parameters to control the display (Misc.)

All settings made in the Connect. Control menu are valid for the whole function
group. Many of them can be accessed and overwritten, however, by means of
the softkeys and hotkeys offered in the measurement menus.

Configuration A popup menu offering specific settings is assigned to each measurement group
of measurements (Power, Modulation, Spectrum, Code Domain Power, Receiver Quality). The
following general parameters can be defined in separate tabs:

e The repetition mode, stop condition, statistic count and display mode for the
measurement (Control)

e Tolerances for the measured quantities (Limits, Limit Lines)

These settings are explained in more detail below (see section General Settings
on page 3.9). For measurement-specific settings provided in the measurement
configuration menus refer to Chapter 4.

Configuration via The softkeys and associated hotkeys in the measurement menus provide the

hotkeys most important configurations for the current measurement; see chapter 4 and
chapter 3 of the CMU200/300 operating manual. Settings may via hotkeys su-
persede the corresponding settings made in the configuration menus.
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Measurement results are indicated in two different ways:

e Discrete values and parameters are displayed in output fields, lists and tables. In remote control,

these results are referred to as scalars.

e Traces are displayed in a Cartesian coordinate system, the time or frequency forming the x-axis
scale. Relatively small sets of test points are generally viewed in a bar graph. In remote control, re-

sults of this type are referred to as arrays.

While the measurement is running in repetition mode Continuous (see page 3.9), the results are con-
stantly updated. An overview of the measurements is given in the table below.

Table 3-1  Measurement groups in Signalling and Non Signalling mode
Non Signalling Signalling
Power Power

Application Max. Power/Min. Power/Off Power
Measurement of the peak and RMS-averaged transmitter output
power in different operating modes of the WCDMA UE.

Application Inner Loop TPC:
Test of the inner loop Transmit Power Control (TPC).

Application P/Slot Table
Quick evaluation of power steps of the UE transmitter over a
wide dynamic range.

Application R&S Smart Alignment (option R&S CMU-K47)
Quick evaluation of power steps of the UE transmitter over a
wide dynamic range and frequency range.

A statistical evaluation and a limit check is performed for the
measured quantities (exception: P/Slot Table).

Application Max. Power/Min. Power/Off Power
Measurement of the peak and RMS-averaged transmitter
output power in different operating modes of the WCDMA
UE.

Application Inner Loop TPC:
Test of the inner loop Transmit Power Control (TPC).

Application P/Slot Table

Quick evaluation of power steps of the UE transmitter
over a wide dynamic range. Power ramp measurements
according to the conformance test specification 3GPP TS
34.121 including limit check can be performed.

Application On/Off Time Mask
UE power during the UE’s random access procedure.

A statistical evaluation and a limit check is performed for
the measured quantities.

Modulation

Measurement of the error vector magnitude, magnitude error or
phase error derived from the modulation vector as a function of
time. Scalar modulation quantities such as the frequency error,
average and RMS phase error, 1/Q imbalance, 1/Q origin offset,
waveform quality, as well as statistical results (peak and RMS
values) and the results of the limit check are indicated in addi-
tion. Single QPSK modulated signals or 3GPP standard uplink
WCDMA signals with a chip rate of 3.84 Mcps and channel cod-
ing can be analyzed. For the latter, the peak code domain error
is also available.

Application Overview QPSK/WCDMA
Table showing a statistical evaluation of modulation parameters
for QPSK and WCDMA signals.

Application EVM QPSK/WCDMA

Diagram showing the error vector magnitude (EVM) within the
burst as a function of time plus a statistical evaluation of the
modulation parameters.

Application Magn. Error QPSK/WCDMA

Diagram showing the magnitude error within the burst as a func-
tion of time plus a statistical evaluation of the modulation pa-
rameters.

Modulation

Measurement of the error vector magnitude, magnitude
error or phase error derived from the modulation vector
as a function of time. Scalar modulation quantities such
as the frequency error, average and RMS phase error, 1/Q
imbalance, 1/Q origin offset, waveform quality, as well as
statistical results (peak and RMS values) and the results
of the limit check are indicated in addition. Single QPSK
modulated signals or 3GPP standard uplink WCDMA sig-
nals with a chip rate of 3.84 Mcps and channel coding
can be analyzed. For the latter, the peak code domain
error is also available.

Application Overview QPSK/WCDMA
Table showing a statistical evaluation of modulation pa-
rameters for QPSK and WCDMA signals.

Application EVM QPSK/WCDMA

Diagram showing the error vector magnitude (EVM) within
the burst as a function of time plus a statistical evaluation
of the modulation parameters.

Application Magn. Error QPSK/WCDMA

Diagram showing the magnitude error within the burst as
a function of time plus a statistical evaluation of the
modulation parameters.
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Non Signalling

Signalling

Application Phase Error QPSK/WCDMA

Diagram showing the phase error within the burst as a function
of time plus a statistical evaluation of the modulation parame-
ters.

A statistical evaluation and a limit check is performed for the
measured quantities.

Application I/Q analyzer QPSK/WCDMA
Analysis of the UE signal in the 1/Q plane: Constellation dia-
gram, vector diagram and eye pattern.

Application Phase Discontinuity
Change in phase between any two adjacent timeslots.

Application EVM & PhD with HS-DPCCH
Change in phase due to the presence of a HS-DPCCH, EVM
and frequency error evaluation.

Application Phase Error QPSK/WCDMA

Diagram showing the phase error within the burst as a
function of time plus a statistical evaluation of the modu-
lation parameters.

A statistical evaluation and a limit check is performed for
the measured quantities.

Application I/Q analyzer QPSK/WCDMA
Analysis of the UE signal in the 1/Q plane: Constellation
diagram, vector diagram and eye pattern.

Application PRACH Preamble

PRACH preamble quality; ability of the UE to transmit the
PRACH preamble in accordance with the core require-
ments.

Application Phase Discontinuity
Change in phase between any two adjacent timeslots.
Application EVM & PhD with HS-DPCCH

Change in phase due to the presence of a HS-DPCCH,
EVM and frequency error evaluation.

Spectrum

Measurement of the adjacent channel leakage power ratio
(ACLR) at definite off-carrier frequencies (application ACLR Fil-
ter), or as a continuous function of the frequency (application
ACLR FFT/OBW). From the measurement curve in the ACLR
FFT/OBW application, the occupied bandwidth (OBW) is de-
rived. The off-carrier power can be measured with different filter
characteristics to obtain the spectrum emissions. Statistical
evaluations and a limit check are performed in addition.

Spectrum

Measurement of the adjacent channel leakage power ratio
(ACLR) at definite off-carrier frequencies (application
ACLR Filter), or as a continuous function of the frequency
(application ACLR FFT/OBW). From the measurement
curve in the ACLR FFT/OBW application, the occupied
bandwidth (OBW) is derived. The off-carrier power can be
measured with different filter characteristics to obtain the
spectrum emissions. Statistical evaluations and a limit
check are performed in addition.

Code Domain Power

Measurement of the code domain power or of the rho factor of
the code domain channels (DCP/Code Auto or DCP/Code Rho
Auto representation) or of the physical channels (DCP/Code
Manual or DCP/Code Rho Manual representation). Statistical
evaluations and a limit check are provided in addition.

With option R&S CMU-K64, HSDPA 3.6 Mbps, the power ad rho
factor of the HS-DPCCH can be measured in addition.

With option R&S CMU-K56, HSUPA 5.76 Mbps, the power ad
rho factor of the E-DPCCH and the E-DPDCHs can be meas-
ured in addition.

Application CDP vs. Time
Code power and the gain factors for all UL channels including
HSDPA and HSUPA channels.

Application HS-DPCCH Time Mask
Code power and power steps of the UL channels over a 4-slot
period.

Receiver Quality

Measurement of quantities assessing the quality and perform-
ance of the UE receiver (Bit Error Rate, Block Error Rate, Data
Block Error Rate and related quantities) in synchronized mode,
where the CMU provides a data stream transferred on the DL
channel and the UE loops back the received data in different
transport block formats. Blind Transport Format Detection, sta-
tistical evaluations and a limit check are provided in addition.

Code Domain Power

Measurement of the code domain power or of the rho fac-
tor of the code domain channels (DCP/Code Auto or
DCP/Code Rho Auto representation) or of the physical
channels (DCP/Code Manual or DCP/Code Rho Manual
representation). Statistical evaluations and a limit check
are provided in addition.

With option R&S CMU-K64, HSDPA 3.6 Mbps, the power
ad rho factor of the HS-DPCCH can be measured in addi-
tion.

Application CDP vs. Time
Code power and the gain factors for all UL channels in-
cluding HSDPA and HSUPA channels.

Application HS-DPCCH Time Mask
Code power and power steps of the UL channels over a
4-slot period.

Receiver Quality

Measurement of quantities assessing the quality and per-
formance of the UE receiver (Bit Error Rate, Block Error
Rate, Data Block Error Rate and related quantities) in
synchronized mode, where the CMU provides a data
stream transferred on the DL channel and the UE loops
back the received data in different transport block for-
mats. Blind Transport Format Detection, the UE Reports,
statistical evaluations, statistical (confidence) testing, and
a limit check are provided in addition.
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Non Signalling

Signalling

Application HSDPA ACK (with option R&S CMU-K64)

Transmission of the HSDPA downlink signals configured in the
BS Signal tab of the Connection Control menu and evaluation of

the demodulation of the HS-DSCH and the data throughput.

Application HSDPA CQI (with option R&S CMU-K64)

Allocation of a HSDPA CQll test channel to the UE and test of

the accuracy of CQI reporting under AWGN or fading condi-
tions.

Application HSDPA ACK (with option R&S CMU-K64)
Transmission of the HSDPA downlink signals configured
in the BS Signal tab of the Connection Control menu and
evaluation of the demodulation of the HS-DSCH and the
data throughput.

Application HSDPA CQI (with option R&S CMU-K64)
Allocation of a HSDPA CQl test channel to the UE and
test of the accuracy of CQl reporting under AWGN or fad-
ing conditions.

Application HS-DPCCH Logging (with option R&S CMU-K64)
Evaluation of the ACK/NACK messages and reported CQl val-
ues that the UE returns in a sequence of 120 consecutive HS-
DPCCH subframes (24 WCDMA frames).

Application HS-DPCCH Logging (with opt. R&S CMU-
K64)

Evaluation of the ACK/NACK messages and reported CQl
values that the UE returns in a sequence of 120 consecu-
tive HS-DPCCH subframes (24 WCDMA frames).

Application RLC BLER (with option R&S CMU-K96)
Measurement of the PDU/SDU throughput and the
downlink Block Error Rate including statistical evaluation
for WCDMA Application Testing.

A graphical overview of the menus is given at the end of this chapter.

Measurements in Signalling Mode

The scope and functionality of the Signalling measurement applications is the same as in Non Signalling
mode. In Signalling tests the CMU maintains a connection to the DUT and is able to transmit and re-
ceive signalling information and data, using the settings defined in the Connection Control menu, in par-
ticular the uplink and downlink signal settings from the UE Signal and BS Signal tabs. A typical example
is given below.

i Connect
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Modulation
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i
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DPDCHCC Mode: Auto CCt1 o ce2 CC3:3  CC43  CCa2  CCR2 DPDCHCC Mode: Auta cofd o CC21 CCx:3 0 CC43 CCR2 CCE2
w25 B 101t 0. — o B — i off w5 B - 1om 9. - o B - Joff
Current Appli- Current Appli-
cation = cation
+15
Analyzer .
Lev. ’ [+ Trigger
- Trigg. Ana Lev.
+5
i e s v i i UEA(H_;;,,S‘; UEASigRI
na Se
Current Average s [ Mty Current Awerage s ! in
Err st Magn—[F‘eak 37w 399 % 43% | 2 Generator Ermvect Magn—[ Feak 37w 198 w 43% | ERRIES Signal
RS 16 % 158 % 16% Siot Namper | [EC] RIS 16 % 158 % 16% Siot rumber | [
1@ Orgin Offset -644T a8 -6225 a8 -60.79 uB 2106 dBm | tor 1Q orign Offsst -6447 4 -6225a8 -6079 uB 2106 dbm [ pg gional
Cartier Frequency Error T Hz 1 Hz T Hz LEFovier Settings Cartier Freguency Error 7 Hz 1Hz 7 Hz UEFavEr Settings
Pesk CodeDom Emor | - 4450 a8 -4458 uB  -44.43 a8 I— Peak CoceDom Error | - 4450 B - 4458 g -44.43 w8 I—
Statistic Count Mark Statistic Count
arker Marker
0.00 % 0.00 %

Qut of Tolerance Out of Tolerance

Menus Menus

Lewvel | DPCHCh. Pow.Offs. | Dedicated 3GPP DL
Code DPCCH Ch. Mode Refer. Ch.

The exchange of data in Signalling mode generally simplifies the measurements, because a connection
can be set up, maintained or released using the default signal configuration and because there is no
need to configure the CMU and the DUT separately.

Level |

Comparison of Non Signalling and Signalling measurement menu

All TX measurements (Power, Modulation, Spectrum, Code Domain Power) can be made irrespective of
the Dedicated Channel Type and the Test Mode (see Chapter 4). To perform a Receiver Quality meas-
urement, an RMC connection must be set up and the UE must be in its Loop mode 1 RLC TM or Loop
mode 2.
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The table below gives an overview the measurement applications in Signalling mode and the differences
between the two test modes. For a general overview of the measurement functionality in both test
modes see Chapter 3, section Measurement Groups.

Table 3-2 Measurements in Signalling mode

Measurement

Behavior in Signalling mode
(if different from Non Signalling mode)

Power:

Max Power

Min Power

Off Power
Inner Loop TPC

No need to adjust the TPC Mode (TPC algorithm) and the Step Size at the CMU: Both pa-
rame1ters are directly taken from signalling; see Connection Control — BS Signal — TPC Set-
tings .

Modulation:

Overview QPSK
EVM QPSK

Phase Error QPSK
Magn. Error QPSK
1/Q Analyzer QPSK

Overview WCDMA
EVM WCDMA

Phase Error WCDMA
Magn. Error WCDMA
1/Q Analyzer WCDMA

PRACH

PHDisc
EVM &PhD with HS-DPCCH

No need to set the UE Code parameters Multiple Signal and Sym. Rate/Chan. Code. The
parameters are implicitly included in the dedicated channel settings.

The UL Scrambling Code that the UE shall use can be set in the UE Signal tab and doesn’t
have to be configured at the UE.

Not available in Non Signalling mode.

Spectrum

ACLR Filter
ACLR FFT/OBW
Emission Mask

Code Domain Power

CDP/Code Auto
CDP/Code Rho Auto
CDP/Code Manual
CDP/Code Rho Manual

No need to set the UE Code parameters Multiple Signal, Sym. Rate/Chan. Code, DPDCH
Sym. Rate. The parameters are implicitly included in the dedicated channel settings.

The UL Scrambling Code that the UE shall use can be set in the UE Signal tab and doesn’t
have to be configured at the UE.

Receiver Quality
BER

Connection Info displayed in the Settings table in the measurement menu.

No need to set the DL/UL Timing parameter: UE is synchronized to the BS Signal when a
connection is established.

UL CRC (Sym. Loop Mode 2) in the BS Signal tab (see Chapter 4) replaces the DL/UL Trans-
port Block Size in the Receiver Quality Configuration menu: UL CRC (Sym. Loop Mode 2) =
Off sets an asymmetric UL/DL transport block size and enables the BLER measurement. In
addition, it is possible to perform Receiver Quality tests with different RMCs in the downlink
and the uplink.

CMU checks whether the Loop Mode 1 or 2 is active. If this is not true an error message is
generated.

1 The Non Signalling command CONFigure:POWer:ILTPc:CONTrol: TPCControl <ProfileLength>, <StepSize>, <TPCMode> is replaced by CONFig-
ure:POWer:ILTPc:CONTrol:PLENgth <ProfileLength> in Signalling; see remote control documentation.

2 In Non Signalling mode the Code Domain Power measurement is based on the UE Code settings from the Connection Control menu. In Signalling mode the UE code
settings are taken from the 3.4 kbps radio bearer used to establish and maintain the connection between the CMU and the UE under test.

1115.4962.12
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Measurement Behavior in Signalling mode
(if different from Non Signalling mode)
Note: To make a Receiver Quality measurement in Signalling mode it is sufficient to
set the following parameters:
» Select a RMC as Dedicated Channel Type (see Chapter 4, Connection Con-
trol — Connection) and set the Test Mode (Connection Control — BS Signal —
... RMC Settings — Test Mode) to either Loop Mode 1 RLC TM or Loop
Mode 2.
» To enable the BLER measurement, select UL CRC = Off (Connection Con-
trol — BS Signal — ... RMC Settings — UL CRC).
If desired, change the Channel Data Source DTCH (Connection Control — BS
Signal — ... RMC Settings — Channel Data Source DTCH) or modify other signal
settings.
UE Report Not available in Non Signalling mode.
BTFD tests
(FDR and UL TFCI Faults)
HSDPA tests
RLC BLER

Important hints concerning the Signalling measurements:

Modulation

Spectrum

1115.4962.12

The QPSK applications in the Modulation measurement group provide a fast analy-
sis of signals with undisturbed QPSK modulation characteristics (e.g. a single
DPCCH, a single DPDCH, or a combination of a DPCCH with one DPDCH). The
measurement requires an uplink signal with equal gain factors in its | and Q com-
ponent. The gain factors can be adjusted by the UTRAN/CMU. They are equal if the
Dedicated Channel Type (Connection Control — Connection) is set to Sign. RAB —
Cell DCCH.

Note: The standard 3GPP Reference Measurement Channels (Dedicated
Channel Type = RMC) are specified with unequal gain factors for the
DPCCH and DPDCH, so the QPSK modulation analysis on RMCs is
bound to fail and the Modulation ... WCDMA applications must be
used.

The Spectrum measurement provides the RF spectrum emissions in the frequency
domain. While measuring on off-channel frequencies the CMU may not be able to
receive signalling data from the UE. This does not affect the measurement results
but can cause the analyzer to temporarily ignore actions initiated from the DUT.
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Special Parameter Settings

Some of the measurements require a special signal configuration or operating mode of the R&S CMU.
The conditions for each measurement are described in the reference chapters Chapter 4 and Chapter 8
(for HSDPA) of this manual. The following table gives an overview.

Table 3-3 Measurements in Signalling mode
Measurement Parameters Conditions
General Trigger Source Some measurements require a particular trigger source; see table Trig-

ger settings for WCDMA TX measurements in Chapter 4.

Spectrum

(all applications)

HS-DPCCH Trigger If Spectrum measurements are performed with HS-DPCCH trigger, the
CQl Feedback Cycle CQI Feedback Cycle must not be switched off (see section HS-DPCCH
Trigger in Chapter 4).

CDP (all applications)

Spectrum Emission Mask | HSDPA gain factors The gain factors should be equal for accurate SEM results (see section
AACK, ANACK, and HS-DPCCH Trigger in Chapter 4).
ACQl

Modulation WCDMA Slot Delay Offset The trigger Slot Delay Offet has no impact on the measurement results;

they are always slot-aligned (see section Trigger Offsets for TX Meas-
urements in Chapter 4).

General Settings

A number of settings can be made in several of the configuration menus assigned to the measurement
groups. In combination, these settings define the scope of the measurement, i.e. the number of
slots/evaluation periods measured and the results displayed. The following brief overview is intended to
avoid confusion of terms.

Application

Statistic Count

1115.4962.12

Applications are different measurements belonging to the same measurement
group. They effectively split up a measurement group into various related sub-
groups which can be configured separately.

They are selected via the Application softkey in the measurement menus.

The term statistic count denotes the integer number of slots/evaluation periods
which form one measurement cycle. Together with the repetition mode and the
stop condition, the statistic count determines when exactly the measurement is
stopped.

The statistic count is set in the Control tab of the configuration popup-menus
assigned to the four measurement groups Power, Modulation, Spectrum, and
Code Domain Power.
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Repetition Mode

Stop Condition

Display Mode

1115.4962.12

The repetition mode defines when a measurement that is not stopped by a limit
failure (see stop condition On Limit Failure below) will be terminated. Two modes
are available for all measurements:

Single Shot The measurement is stopped after one statistic count.

Continuous The measurement is continued until explicitly terminated by the
user; the results are periodically updated.

A third repetition mode is available with remote control:

Counting Repeated single shot measurement with a fixed number of sta-
tistic counts. The calculation of average, minimum and maxi-
mum curves (see Display Mode below) starts again from the be-
ginning after each measurement cycle.

The repetition mode is set in the Control tab of the configuration popup-menus
assigned to the four measurement groups Power, Modulation, Spectrum and
Code Domain Power.

Note: In contrast to other measurement settings, thee repetition modes in
manual and remote control are independent and do not overwrite
each other. In most measurements, the default repetition mode in
manual control is Continuous (observe results over an extended pe-
riod of time), the default mode in remote control is Single Shot (per-
form one measurement and retrieve results).

A stop condition can be set for most measurements:

None The measurement is performed according to its repetition
mode, irrespective of the measurement results and the limits
set.

On Limit Failure The measurement is stopped as soon as one of the limits is
exceeded, irrespective of the repetition mode set. If no limit
failure occurs, it is performed according to its repetition mode.

The stop condition is set in the Control tab of the configuration popup-menus
assigned to the measurement groups.

In graphical measurement diagrams, the display mode defines which of the
measured and calculated curves is displayed if the measurement extends over
several slots/evaluation periods. In general, curves are evaluated at a set of
fixed, equidistant test points (samples). After n slots/evaluation periods, n meas-
urement results per test point have been taken.

Current The current slot, i.e. the last result for all test points, is displayed.

Minimum At each test point, the minimum value of all slots/evaluation pe-
riods measured is displayed.

Maximum At each test point, the maximum value of all slots/evaluation
periods measured is displayed.

Max./Min. At each test point, the extreme value of all slots/evaluation peri-

ods measured is displayed, i.e. the maximum or minimum,
whichever has a larger absolute value.

Average At each test point, a suitably defined average over all
slots/evaluation periods measured is displayed; see section
Averaging and Statistical Evaluation below.

The display mode is set in the Control tab of the configuration popup-menus

assigned to the measurement groups Modulation, Spectrum, and Code Domain

Power.
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Averaging and Statistical Evaluation

In WCDMA transmitter tests, the test parameters are typically evaluated with a basic evaluation period
(measurement length) corresponding to one transmit slot comprising 2560 chip periods or an integer
fraction of it. Continuous measurements may extend over many consecutive slots/evaluation periods;
the wealth of information obtained in such a measurement is further processed and output as average
and statistical quantities.

Calculation of Average Values

Average values can be taken in two steps:

1. A test parameter is averaged over one slot (or an integer fraction of it termed the measurement
length) to yield the Current result.

2. The Current result is averaged once again over several consecutive slots/evaluation periods to yield
Average quantities.

The settings used to obtain the different types of results are explained in section General Settings on
p. 3.9 (see display mode). The formulas applied for step 1 and 2 are described below.

Current results Assume that a test parameter Par has been measured at N test points covering
the whole measurement length (e.g. the slot). The RMS average of Par is de-
fined by the following equation:

, N
Par(RMS) = % Z| Par(n) |2 (Equation 3-1).
n=1

Equation 3-1 is used to average all power parameters, e.g. the UE Power (RMS)
displayed in all measurement menus, and all quantities derived from power pa-
rameters, e.g. the ACLR provided in the Spectrum menu. It is also for the calcu-
lation of the Phase Error (RMS) in the Modulation menu. The values EVM (RMS)
and Magn. Error (RMS) in the Modulation menu are obtained by dividing the
RMS-averaged magnitude of the error vector and the RMS-averaged magnitude
error by the magnitude of the RMS-averaged ideal modulation vector. All three
quantities are RMS-averaged according to Equation 3-1.

Average results: The Average curves in the Modulation and Spectrum menus are obtained as
measurement follows:
curves

Let ¢ be the number of slots/evaluation periods forming one statistics cycle (one
statistic count) and assume that n slots/evaluation periods have been measured
since the start of the measurement. In calculating the Average curve, the follow-
ing two situations are distinguished:

n<c Single shot measurement or continuous measurement during the
first statistics cycle: At each test point, Average curve no. n is
calculated from Average curve no. n — 1 and Current curve no. n

according to the following recurrence:

Avg(n) =— ! Avg(n—1)+ lCurr(n) (n=1,...,¢) (Equation 3-2).
n n

The Average curve represents the arithmetic mean value over all

n slots/evaluation periods measured.

n>c Continuous measurement after the first statistics cycle: At each
test point, Average curve no. n is calculated from Average curve
no. n — 1 and Current curve no. n according to

n
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Average results:
scalar values

1115.4962.12

Avg(n) = CT_IAvg(n -1 +%Curr(n) (n>c) (Equation 3-3).

The formulas hold for n = 1 where the average curve becomes equal to the cur-
rent curve (statistics off).

Scalar quantities and the results displayed in bar graphs are generally averaged
in analogy to Average curves using Equation 3-2 and Equation 3-3. Please note
the following two exceptions:

For RMS-averaged Current values that were obtained by means of Equation 3-1,
Equation 3-2 is replaced by an RMS-type averaging prescription:

Aveg(n) rus =\/nT_l|Avg(n D pass| +%|Curr(n)RMS|2 (n=1,...,c) (Equation 3-4).

and an analogous formula with constant weighting factors (c — 1)/c, 1/c replaces
Equation 3-3. Equation 3-4 is used to average the quantities Err. Vect. Magn.
(RMS), Phase Error (RMS) and Magn. Error (RMS) in the Modulation menu over
several slots/evaluation periods.

For Current values that are expressed in logarithmic units (dB or dBm), averag-
ing is done before logarithmation so that Equation 3-2 is replaced by the follow-
ing averaging rule:

Avg(n) 4y = 10_10g(n_—110/wg(n-1),,3/10 +llocm(n),,3/10j (n=1....c) (Equation 3-5).

n n

and an analogous formula replaces Equation 3-3. Equation 3-5 is used to aver-
age the quantities Origin Offset, I/Q Imbalance and Peak Code Domain Error in
the Modulation menu as well as the ACLR in the Spectrum menu and the Code
Domain Power in the Code Domain Power measurement menu.
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Calculation of Statistical Values

Besides the Average procedures described in the previous section, the CMU provides the statistics
functions Minimum, Maximum and Max./Min. For a test parameter which is measured at N test points,
the following definitions apply:

The Maximum is the largest of the N measurement values.
The Minimum is the smallest of the N measurement values.

The Max./Min. value is either the Maximum or the Minimum, whichever has the larger absolute value.
In other words, it is the Maximum of the absolute value times the sign of the test parameter at the
maximum point. The Max./Min. function is applied to parameters with alternating sign that must be
confined to a symmetric range centered around zero, e.g. the phase error of the modulation vector.

If a test parameter is measured over several slots/evaluation periods, the statistics functions can be
combined in analogy to the different averages described in section Calculation of Average Values
above:

1.

The test parameter Par is averaged (either RMS-average or arithmetic mean value) or maximized
over one slot (or an integer fraction of it termed the measurement length) to yield the Current results
denoted Par (Average), Par (RMS), Par (Peak).

The Current results are once again averaged, maximized or minimized over several consecutive
slots/evaluation periods to yield Average, Maximum, Minimum, Max./Min. results.

An overview of the statistical values determined in the WCDMA measurement menus together with the
formulas used for averaging is given below.
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Table 3-4 Statistical values in WCDMA measurements
Meas. menu Application Slot with c test points N consecutive slots
Power Maximum Power UE Power (Peak): Current UE Power (Peak): Average (Equation 3-5)
UE Power (Peak): Maximum
UE Power (RMS): Current UE Power (RMS): Average (Equation 3-5)
(Equation 3-1) UE Power (RMS): Maximum
UE Power (RMS): Minimum
Minimum Power UE Power (Peak): Current UE Power (Peak): Average (Equation 3-5)
Off Power UE Power (Peak): Maximum
UE Power (RMS): Current UE Power (RMS): Average (Equation 3-5)
(Equation 3-1) UE Power (RMS): Maximum
P/Slot Table/ UE Power (RMS): Current No statistical evaluation
Inner Loop TPC (Equation 3-1)
Modulation Overview QPSK Err. Vect. Magn. (Peak): Current | Err. Vect. Magn. (Peak): Average (Equation 3-4)
Err. Vect. Magn. (Peak): Max./Min.
(each of the other Err. Vect. Magn. (RMS): Current | Err. Vect. Magn. (RMS): Average (Equation 3-4)
QPSK applications (Equation 3-1) Err. Vect. Magn. (RMS): Max./Min.
offers a subset of Magn. Error (Peak): Current Magn. Error (Peak): Average (Equation 3-4)
the Overview QPSK Magn. Error (Peak): Max./Min.
parameters) Magn. Error (RMS): Current Magn. Error (RMS): Average (Equation 3-4)
(Equation 3-1) Magn. Error (RMS): Max./Min.
Phase Error (Peak): Current Phase Error (Peak): Average (Equation 3-4)
Phase Error (Peak): Max./Min.
Phase Error (RMS): Current Phase Error (RMS): Average (Equation 3-4)
(Equation 3-1) Phase Error (RMS): Max./Min.
1/Q Origin Offset: Current 1/Q Origin Offset: Average (Equation 3-5)
1/Q Origin Offset: Max./Min.
1/Q Imbalance: Current I/Q Imbalance: Average (Equation 3-5)
(Equation 3-1) 1/Q Imbalance: Max./Min.
Carrier Frequency Error: Current | Carrier Freq. Error: Average (Equation 3-2)
Carrier Frequency Error: Max./Min.
Waveform Quality: Current Waveform Quality: Average (Equation 3-2)
Waveform Quality: Max./Min.
Overview WCDMA all parameters of the Overview
QPSK application. In addition:
(each of the other
WCDMA applica- Peak Code Dom. Error: Current | Peak Code Dom. Error: Average (Equation 3-5)
tions offers a subset Peak Code Domain Error: Max./Min.
of the Overview Transmit Time Error: Current Transmit Time Error: Average (Equation 3-2)
QPSK parameters) Transmit Time Error: Max./Min.
Spectrum ACLR Filter ACLR (Peak): Current ACLR (Peak): Maximum

ACLR (RMS): Current
(Equation 3-1)

ACLR (RMS): Average (Equation 3-5)
ACLR (RMS): Maximum

ACLR FFT/OBW

ACLR (RMS): Current

OBW: Current

ACLR (RMS): Average (Equation 3-5)
ACLR (RMS): Maximum

OBW: Average (Equation 3-2)

OBW: Maximum

Emission Mask

ACLR (RMS): Current

ACLR (RMS): Average (Equation 3-5)
ACLR (RMS): Maximum

Code Domain
Power

CDP/Code Manual
(application
CDP/Code Auto
offers a subset of
the parameters)

Code Domain Power (RMS):
Current

Code Dom. P. (RMS): Average (Equation 3-5)
Code Domain Power (RMS): Maximum
Code Domain Power (RMS): Minimum

CDP/Code Rho
Manual

(application
CDP/Code Rho
Auto offers a subset
of the parameters)

CD-p (RMS): Current

CD-p (RMS): Average (Equation 3-2)
CD-p (RMS): Maximum
CD-p (RMS): Minimum
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4 Functions and their Application

This chapter provides detailed information on the measurement and configuration menus defined in the
WCDMA UE function groups. It is organized like a typical measurement session including the following
stages:

1.  Measurement menus (Power, Modulation, Spectrum, Code Domain Power, Receiver Quality):
purpose and principle of the measurements and relation to conformance test specifications,
description of measurement results, specific measurement configurations. The measurements
are largely analogous in Non Signalling and Signalling mode. Menu examples are taken from
Non Signalling mode; differences between both modes are pointed out through the text.

2. Global configurations in Non Signalling mode (Connection Control)
3. Measurements and global configurations in Signalling mode (Connection Control)

This reference chapter is thus organized according to the provided measurements and configurations
(see graphical overview at the end of chapter 3). In contrast to chapter 6, Remote Control - Commands,
general measurement configurations are relegated to the end of each section. The description of each
softkey, select or input field is followed by the corresponding remote-control commands. Similarly, the
description of the commands in chapter 6 also contains the corresponding menus of the user interface.

Each menu and each panel is briefly described first and then illustrated together with its call button. The
menu functions are explained in the following way:

Softkey Short function definition

Designation of  Definition of field function.
select/input

field Further description of the field: purpose, interaction with other settings, notes...

Parameter 1 Description of parameter 1
Parameter 2 Description of parameter 2
Further description of the parameters: purpose, interaction with other settings,
notes...
Remote control Remote-control command (long form) Parameterl | Parameter?2

For all numerical values, including their ranges and default settings, please refer to the description of the
remote-control commands in chapter 6.

The description of the operating concept is to be found in chapter 3 of the operating manual for the
CMU200/CMU300 basic instrument. Besides, a description of measurement control and the essential
settings and an overview of the most important menus is given at the end of chapter 3 in the present
WCDMA manual. A comprehensive index listing important keywords and the proper names of all
menus, dialog elements and softkeys is appended to the end of this manual.
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Power Measurements

The menu group Power comprises the functions for measuring the power of the received RF carrier
signal and testing the inner loop power control. The results are displayed in the measurement menu
Power, the popup menu Power Configuration is used for configuration of the measurements.

WCDMA Power
Control

Maximum Power

Minimum Power

OFF Power

Inner Loop TPC

P/Slot Table

On/Off Time Mask

1115.4962.12

In CDMA networks, control of the UE transmitter power is essential to ensure stable
transmission and an efficient radio resource management within the system. Generally
speaking, an output power of the UE transmitter that is too low decreases the coverage area
while an excess output power may cause interference to other channels or systems. Both
effects decrease the system capacity.

The Power measurement group is used to determine the peak output power of the UE (UE
Power (Peak)), i.e. the Peak Envelope Power (PEP) of the WCDMA signal and the output
power averaged over the transmit slot (UE Power (RMS)). The PEP is usually a few dB
higher than the RMS-averaged WCDMA signal power; the level difference is termed crest
factor. Both the UE Power (Peak) and the UE Power (RMS) can be measured under various
operating conditions of the UE and the tester. The operating conditions correspond to the
five power Applications that can be selected on the CMU:

In the Maximum Power application, the tester commands the UE to transmit at its maximum
power control level by continuously sending Up power control commands to the UE. When
the maximum power control level is reached, the UE output power is measured and
averaged over the whole transmit slot (666.7 ps).

The Maximum Power is measured with a wide-band filter with a bandwidth >5 MHz.

In the Minimum Power application, the tester commands the UE to transmit at its minimum
power control level by continuously sending Down power control commands to the UE.
When the minimum power control level is reached, the UE output power is measured and
averaged over the whole transmit slot (666.7 ps).

The Minimum Power is measured with a wide-band filter with a bandwidth >5 MHz.

In the OFF Power application, the UE transmitter is set to the transmit OFF power state
where it does not transmit except during uplink compressed mode. The OFF power (leakage
power) is measured as the maximum power within the transmit channel bandwidth while the
transmitter is off (i.e. excluding any transitory periods). This power is averaged over the
whole transmit slot (666.7 ps).

The OFF Power measurement is performed on the carrier frequency of the transmit channel
with a filter that has a RRC filter response with a roll-off o = 0.22 and a bandwidth equal to
the chip rate (3.84 MHz).

In the Inner Loop TPC application, the UE transmitter is set to change its output power with
a step size of 1 dB, 2 dB, or 3 dB (3 dB in Non Signalling mode only). Depending on the
transmit power control algorithm used, power steps may occur after each slot or after groups
of 5 slots only. The UE power level is averaged over the transmit slot minus a guard period
of 25 us at the beginning and at the end of the slot and the power step error is measured in
a variable number of consecutive slots. A limit check on the power step errors taking into
account the minimum and the maximum power thresholds is performed in addition.

The Inner Loop TPC measurement is performed on the carrier frequency of the transmit
channel with a wide-band filter with a bandwidth >5 MHz.

In the P/Slot Table application, the RMS UE transmitter power can be measured in up to 100
consecutive or equidistant slots. P/Slot Table is a real-time measurement that was primarily
designed for quick evaluation of power steps of the UE transmitter over a wide dynamic
range (see also the application example reported in Chapter 2).

The P/Slot Table measurement is performed on the carrier frequency of the transmit channel
with a wide-band filter. The accuracy of all Power measurements is quoted in the data sheet.

The On/Off Time Mask measurement provides the UE power during the UE’s random
access procedure. The measurement can be used to analyze any of the PRACH preambles
transmitted when the UE initiates a registration or when a connection is set up and calculate
the power steps between consecutive preambles.
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Openloop Power

NPOWer

R&S Smart
Alignment

Important Note 1:

Important Note 2:

Important Note 3:

Important Note 4:
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The On/Off Time Mask measurement not available in Non Signalling mode. For an
application example refer to Chapter 2.

The openloop power measurement provides the power of the first PRACH preamble
transmitted when the UE initiates a registration or when a connection is set up. The
openloop power measurement is not available in Non Signalling mode and not treated as an
application of the Power menu. It is controlled in the Connection tab of the Connection
Control menu; see section Connection — RF Channel and Power.

An additional fast power measurement is available in remote control; see description of
NPOWer commands in Chapter 6.

R&S Smart Alignment (option R&S CMU-K47) is a supplementary software option extending
the WCDMA UE network test options. The option has been designed for fast UE transmitter
and receiver adjustments (TX and RX calibrations) in Non Signalling mode over a wide
range of channels and powers. To enable parallel UE transmitter and receiver tests, the
R&S CMU can simultaneously change its generator and analyzer settings after equal time
periods (step widths) of 3 to 60 slots.

Option R&S Smart Alignment is described in Chapter 9 of this manual.

OFF Power

At present, the CMU is not able to command the UE to enter its transmit OFF state.
This must be reached by other means before selecting a Power application.

Maximum Power, Minimum Power

By default, the CMU changes its TPC pattern to command the UE to transmit at
maximum or minimum power as soon as the corresponding power application is
initiated. Alternatively, it is possible to deactivate automatic power setting in order to
set the UE power manually;, see TPC parameter in section Measurement Control
(Power Configuration — Control) on p. 4.23. It is also possible to change the TPC
pattern sent to the UE while the power application is active, e.g. to test the drift of the
UE transmitter.

Inner Loop TPC

To achieve correct Inner Loop TPC results, it is necessary to stimulate the UE to
perform power steps, to adjust the CMU test settings to the UE signal and to use an
appropriate trigger. Possible test setups are listed in section Test Scenarios for Inner
Loop TPC on p. 4.3.

P/Slot Table
The P/Slot Table measurement requires an external trigger with a correct timing; see
Fig. 4-11 on p. 4.32. Ideally the UE provides an external trigger signal that is
correlated to its power steps to be measured. If no such external trigger is available
the measurement can be performed with the internal frame trigger provided by the
DL generator.
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Test Scenarios for Inner Loop TPC

An Inner Loop TPC measurement can be performed in different ways. The following scenarios are
intended as a short introduction; all test settings are explained in detail in the following sections.

Scenario 1: Independent UE under test
Trigger

5
B
£
H
H
§
H
H
H

The UE receives a TPC command pattern (to
be set internally or by external means) and is
stimulated to perform power steps, obeying
the rules described below. The CMU test
settings are set to comply with the expected
RF signal from the UE (TPC command
pattern, TPC Mode, Step Size).

ClaneeaERE®
P
=
c

0
0
0
0
0
0
0
0
0

f

e If the TPC Mode at the CMU is set to Off, the TPC command pattern may be arbitrary (unknown) but
the UE must change its power after each slot. The measurement can be performed in Free Run
mode, or an External trigger from the UE can be used.

e If the TPC Mode is set to Algorithm 1 or Algorithm 2, the UE must provide a TPC command pattern
that is periodic in time and a periodic external trigger signal (Trigger Source = External).

External trigger settings:

The figure below illustrates the way a measurement is performed and the trigger timing. The dark
shaded area corresponds to the measured and displayed time range (section A, integer number of
slots). The light shaded area shows the time elapsed until the start of the next measurement cycle
(including section B, if it is activated).

An external trigger can be set as follows:
TPC

commands o The trigger signal must be related to both
e e N the periodic UE signal and the start of the

- — measurement (section A).
Trigger t e The CMU is capable of compensating for a
l“‘gge’de'ay L possible delay between the trigger time in
o O > the UE signal and the start of section A;
UE power t see Trigger Delay in section Trigger

(Connection Control — Trigger) on p. 4.180.

Note the Rules for UE power steps and TPC
commands below.

v

Scenario 2: Synchronization via RF Generator (with Option CMU-K66)

The CMU's internal RF  generator
synchronizes the UE under test and triggers
the measurement (Trigger Source = Internal).
It also transfers the TPC command pattern to
the UE. The internal trigger signal is a TPC
trigger: The trigger time coincides with the
beginning of the TPC profile of the UL signal
(see description of internal trigger in section
Trigger (Connection Control — Trigger) on p.

O
=
c

- aesEsesEE®

0
0
0
0
0
0
0
0
U

-
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4.180. The UE is stimulated to perform power
steps, using the TPC command pattern
received and obeying the rules described
below. The CMU test settings are set to
comply with the expected RF signal from the
UE (TPC Mode, Step Size).

e Use of TPC Mode = Off at the CMU is possible but typically used in test scenario 1 where no TPC
command pattern is transferred.

e TPC Mode = Algorithm 1 or Algorithm 2 is set at the CMU and at the UE. In contrast to scenario 1, no
external trigger is required.

Note: In the Inner Loop TPC measurement with internal trigger, the timing is exclusively
determined by the TPC trigger time and the trigger delay parameters (Slot Delay + Delay
Offset). In contrast to other measurements the CMU does not perform a correlation
analysis to exactly pin down the beginning of the UL slot (see Fig. 4-72 on p. 4.170). The
accuracy of the (corrected) trigger time must be «25 us to ensure that the measurement
range is actually confined to the central domain of the slot (see Fig. 4-10 on p. 4.31).

Synchronized Inner Loop TPC measurements can be performed in Non Signalling and in
Signalling mode.

Rules for UE power steps and TPC commands

The UE test settings must not conflict with the measurement settings and algorithms of the CMU. The
following few rules will help to avoid trouble, especially if the UE under test is operated according to test
scenario 1 or if section B is switched on.

1. In the TPC Mode = Algorithm 1 setting the

CMU expects the TPC command pattern

to be symmetric in time and inverted in

Segien (2 Nextsection A: sections A and B of the test diagram. The
inv. sec. A user def. . . .. .

resulting power ramp is symmetric in time.

! LI > The section A and section B patterns must

0123456789]0123456789 Slot no.

UE power ! follow each other without a time gap.

TPC
commands

Section A:
user def.

(Let the total number of TPC commands
per section be N (N = 7 or 10). Then a
TPC command 1 in slot no. n of section A
: implies a TPC command 0 in slot no. N —n
1234567691012345678910 Step - in sec’u_on B anq vice versa. Th|_s condition
can be ignored if section B is switched off.)

2. In the TPC Mode = Algorithm 2 setting the
output power can be changed after each
5™ slot only. The number of commands in

iscts'zgi\ 5;5:32?"0" A the TPC command pattern must be a
o ’ multiple of 5. The start of each pattern
> must be aligned to slot 0, 5, or 10 of any
Stot no. frame. To obtain a symmetric UE power
ramp from a symmetric TPC pattern, one

of the following conditions must be met:

TPC
commands

Section A:
user def.

0123456789i0123456789

UE power

e Section A and B contain 10 power steps
each (see figure on the left side).

1234567891012345678910 Step no. e The TPC command pattern is such that
the UE power is constant over both
sections (0 dB power steps only).

?
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3. In the TPC Mode = Algorithm 1 or Algorithm 2 settings the TPC command pattern used by the UE
must be repeated periodically in time if the measurement is to be made in Continuous mode. An
alternative is a measurement with a single TPC pattern transferred to the UE (TPC Pattern Type =
Single Pattern + All 0/Single Pattern + All 1/Single Pattern +Alternating; see Table 4-27 on p. 4.244)
and (preferably) section B switched off.

4. The TPC command pattern may be longer than the number of slots measured, however, the
residual part of the pattern must not effectively change the UE output power between the last slot
measured and the first slot of the next measurement cycle. Otherwise subsequent measurements
will be performed at increasing or decreasing power levels.

Measurement Menu (Power)

The Power measurement menu shows the results of the Power measurement.

e The measurement control softkey Maximum Power (which changes to Minimum Power, OFF Power
etc., depending on the power measurement application selected) controls the Power measurement,
indicates its status (RUN | HLT | OFF), and opens the configuration menu Power Configuration. The
hotkeys associated with the measurement control softkey define the scope of the Power
measurement.

e The other softkeys to the right of the test diagram are combined with various hotkeys (e.g. the
hotkeys RF Channel, RF Frequency, and RF Frequ. Offset are associated with the softkey Analyzer
Settings). If a softkey is selected and an associated hotkey pressed, a popup window will appear
which indicates the current setting and enables an entry.

The measurement menu Power can be accessed from any other measurement menu of the WCDMA
UE function group using the Power hotkey. It can be opened also from the Menu Select main menu
(with the associated key at the front of the instrument).

™
=]
=  Menu Select
Nt Lpval B30ARM Nonmal Frag Oftat - 103878 k-2 Chan iFreq 12351232 56 WHT

L

. Connect

Control
ppl Connect
& H tion Appli iy:v);t:um conrd Cannsct
© Analyzer — 'giaximum il | e
Y. 1 ppli- ower i Control
28 M pnatyzer | cation - ya)umum Connect
nalyzer || Lev. r,q, = AP{}"- [Povwer i Control
i g cation 5
Cunrart e [ Hinirun D R cton | Appli- 1_Power Maximum
wepmeies | 1009 aom  -13.06 abm - 13.05 dom enerator || Settings MEEL! Analyzer | cation Appli- Power
LE Poerges) 745@m  11.30am  11.30 amm evel Analyzer | L&¥. gy | yoioer | cation :
i Generator | Settings L Appli-
enerator || Level Gl “¢% T | ey | cation
m_ ! Settings Generator | KU Analyzer | Lev. 1, sratvaer |
szt Coun i Generator | Level e 9% | Analyzer
33.45 % i Settings o Een"i’at‘" % | Analyzer | LeV. gy
AT - enerator | Level Settings
§ Settings 9 Analyzer
I : [ Generator | i Generator | Settings
Revstition | S iion S ot SIS | Gonerator | Level e
Menus Settings Level

Maximum Minimum off Inner loop PISlot
Power inerl inerl TPCl Table; Generator

Setti
Max.Levell Mode | Attenuation ko= | oL ngs Gene_rator
‘ RF RF Menus Settings

RF
Channel| _Frequency| Freq.Offset;

Level DPCHCh. | Pow. Offs. | Dedicated | 3GPP DL Menus
Code; DPCCH|  Ch.Mode|  Refer. Ch.|

| RF

RF RF TRC Repeat Menus
Channell Frequency| Fraq.of'sell e Fa“"'"| Pm'ilel leteml
Code Dom. | Receiver
| | Power Moumauonl Specuuml inerl

Quality|

Fig. 4-1 Measurement menu Power

1115.4962.12 4.6 E-13



CMU-K56...-K96 Power Measurements

Test Settings

The basic settings for the Power measurement are directly accessible from the measurement menu via
softkey/hotkey combinations. If a softkey is selected and an associated hotkey is pressed, a popup
window will appear which indicates the current setting and enables an entry.

Example:

Analyzer
Settings

RF
Channe

The Analyzer Settings softkey displays a hotkey bar including the hotkey RF
Channel.

The RF Channel hotkey defines the WCDMA channel number of the analyzed RF
signal.

B RF Channel Input windows indicate the current parameter value (in
951 this case: the WCDMA channel number of the analyzed
RF signal) or a list of possible settings. Parameters are

changed by

e Overwriting/incrementing numerical values (for
numeric parameters)

e Selecting from the list of parameters (for select
parameters)

Many of the basic settings are also accessible from the Power Configuration popup menu. They are
explained in more detail in the Measurement Configurations (Power Configuration) section on page
4.23. All softkeys and hotkeys in the Maximum Power application are shown in Fig. 4-1 above.

Maximum
Power

Measurement
configuration

1115.4962.12

The Maximum Power softkey controls the maximum power measurement and
indicates its status (RUN | HLT | OFF). This softkey changes to Minimum Power or
OFF Power, or Inner Loop TPC, depending on the power measurement application
selected; see Application softkey below.

The measurement status can be changed after softkey selection (pressing once) by
means of the ON/OFF key or the CONT/HALT key. The status of the measurement
is unaffected upon switchover to other menus controlling a Power measurement;
however, a running measurement is restarted.

Remote control
INITiate:POWer:<Application>
ABORt :POWer:<Application>
STOP:POWer:<Application>
CONTinue:POWer:<Application>

Pressing the Maximum Power softkey twice opens the popup menu Power
Configuration (see page 4.23). Besides, hotkeys defining the scope of the
measurement are associated with the Maximum Power softkey. The settings are
also provided in the Control tab of the Power Control menu and described in section
Measurement Control (Power Configuration — Control) on page 4.23). Some of them
are not available for all applications.
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Application

Maximum
Power

Minimum
Power

OFF Power

Inner Loop
TPC

P/Slot
Table

On/Off
Time Mask

Analyzer
Level Trigg.
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The Application softkey sets the operating condition of the UE where the Power
measurement is performed. For a detailed description see background information
in section Power Measurements on p. 4.2.

The alternative measurements (applications) are displayed in different
measurement menus. When an application is selected, the corresponding
measurement menu is called up. The configuration settings for all applications,
however, are listed in a common popup menu (see p. 4.23).

The Maximum Power hotkey selects the measurement of the maximum power the
UE is able to transmit.

Remote control
The Maximum Power application is selected by the keyword :MAXimum in the 3"
level of the POWer commands, €.9. CONFigure: POWer :MAXimum. . .

The Minimum Power hotkey selects the measurement of the minimum power the
UE is able to transmit.

Remote control
The Minimum Power application is selected by the keyword :MINimum in the 3"
level of the POWer commands, €.g. CONFigure:POWer :MINimum. . .

The OFF Power hotkey selects the measurement of the maximum output transmit
power within the channel bandwidth when the transmitter is OFF.

Remote control
The OFF Power application is selected by the keyword : OFF in the 3" level of the
POWer commands, e.g. CONFigure:POWer:0OFF. . .

The Inner Loop TPC hotkey selects the Inner loop Transmit Power Control
measurement.

Remote control
The Inner Loop TPC application is selected by the keyword : ILTPc in the 3" level
of the POWer commands, e.g. CONFigure:POWer:ILTPc. ..

The P/Slot Table hotkey selects the measurement of the RMS power of the UE in
up to 100 slots, displayed in a table.

Remote control
The P/Slot Table application is selected by the keyword : XSLot in the 3" level of
the POWer commands, e.9. CONFigure:POWer:XSLot. ..

The On/Off Time Mask hotkey selects the measurement of the UE power during the
UE’s random access procedure.

Remote control
The On/Off Time Mask application is selected by the keyword : ONOF£ in the 3
level of the POWer commands, €.g. CONFigure:POWer:ONOFEf. ..

The Analyzer Level/Trigger toggle softkey controls the level in the RF input signal
path and provides the trigger settings for the Power measurement. Pressing this
softkey repeatedly toggles between the input level and the trigger settings

The input level settings are described in more detail in section Analyzer Settings
(Connection Control — Analyzer) on p. 4.139.; the trigger settings in section Trigger
(Connection Control — Trigger) on p. 4.180.
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The Analyzer Settings softkey determines the frequency of the RF signal analyzed.
The RF Channel and RF Frequency settings override each other according to the
definition of the WCDMA channels. The analyzer settings and the WCDMA channel
structure are described in more detail in section Analyzer Settings (Connection
Control — Analyzer) on p. 4.139.

The UE Code softkey defines properties of the multiple uplink WCDMA signal that
the CMU analyzes to test the Inner Loop TPC. This softkey is available only if
application Inner Loop TPC is selected.

For a description of the WCDMA signal see background information in section
WCDMA Measurements (Modulation — WCDMA) on page 4.54 f. More UE Code
settings are accessible via the UE Code tab of the Connection Control menu; see
section Uplink Signal (Connection Control — UE Code) on p. 4.167. The Inner Loop
TPC measurement fails if the input signal does not conform to the UE Code
settings.

If pressed once again, the selected UE Code softkey changes to the Analyzer
Settings softkey, see above.

The Generator Level softkey (with option CMU-K66, WCDMA (3GPP/FDD, DL)
Generator, only) configures the downlink Dedicated Physical Channel (DPCH) in the
RF generator signal and sets the levels of all physical channels including the OCNS
and AWGN contributions. The generator settings are described in more detail in
section Generator Settings (Connection Control — Generator) on p. 4.143.

The Generator Settings softkey (with option CMU-K66, WCDMA (3GPP/FDD, DL)
Generator, only) determines the frequency of the generated RF carrier signal and
the TPC pattern. The generator settings are described in more detail in section
Generator Settings (Connection Control — Generator) on p. 4.143. TPC Pattern
Config. opens a popup menu to define the Transmit Power Control (TPC)
information transmitted on the DPCH.

The Marker/Display softkey positions up to 3 markers in the test diagram and
displays their values.

If pressed once again, the selected Marker/Display softkey changes to the
Display/Marker softkey, see below. Both softkeys are only available in the Inner loop
TPC application where a two graphical diagrams are displayed.

Markers The markers are graphical tools for marking points on the
measurement curve and for numerical output of measured values. The
measurement menu Power provides a reference marker and two
additional absolute markers for each of the two diagrams.

The coordinates of the three markers are indicated in the format
Ordinate value (absolute or relative power) / abscissa value (slot no.)
in a parameter line above the test diagram. The position of the
reference marker is expressed in absolute units (absolute power in
dBm, relative power in the lower diagram in dB and time in bits), the
delta marker by absolute or relative values (relative power in dB or
time differences from the reference marker).

The hotkey Ref. R switches the reference marker on or off (use the ON/OFF key).

The reference marker is represented by the symbol '3 in the test diagram. The
marker position (abscissa) is defined in the input field Ref. Marker R. The marker is
switched off in the default setting (Off). The marker value represents the
measurement result at the marker position. The position of all markers can be
varied using the roll-key.
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Remote control
No command, screen configuration only.

The Abs. 1 (2) hotkeys switch marker 1 (2) on or off (use the ON/OFF key). The

marker 1 (2) is represented by the symbol U (9) in the test diagram. If configured
as an absolute marker, it is equivalent to the reference marker.

The toggle switch Marker pops up when the hotkey is pressed for the second time.
It defines whether the position of marker 1 is measured and indicated in absolute
units or relative to the reference marker. Selecting relative changes the hotkey
labeling into Rel. 1 (2).

Remote control
No command, screen configuration only.

The UE P. / Error toggle switch activates the marker settings for either the upper
(UE Power) or the lower (Power Step) diagram.

Remote control
No command, screen configuration only.

The Display/Marker softkey scales the axes and provides further display
configurations for the Inner Loop TPC diagrams. It is activated by pressing the
Marker/Display softkey twice. If pressed once again, the selected Display/Marker
softkey changes back to the Marker/Display softkey, see above.

All Display/Marker settings are explained in more detail in section Measurement
Control (Power Configuration — Control) on p. 4.23.

The Menus softkey displays the hotkey bar for changing to the other measurement
groups. Pressing a hotkey directly opens the main measurement menu within the
corresponding measurement group.
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Measurement Results

The values shown in the Power measurement menu can be divided into three groups:
e Settings
e Single measurement results (referred to as scalar values in remote control; see Chapters 5 and 6)

e Curves and bar graphs plotted in diagrams as a function of time (referred to as arrays in remote
control)

The measurement menus for the three applications Max. Power, Min. Power, and Off Power are
analogous. They show scalar UE power results but no graphical diagram. The Inner Loop TPC and
ON/Off Time Mask menus contain diagrams to show the UE power and the power steps in a sequence
of slots or preambles. The P/Slot Table menu contains a table to display the (scalar) RMS powers in up
to 100 slots.

Maximum Power, Minimum Power, Off Power

The three measurement menus for the applications Maximum Power, Minimum Power, and OFF Power
contain a parameter line, an output table, and two additional output fields. Except for the minimum of the
UE Power (RMS), the results in the three applications are analogous.

Parameter line Max Level: Auta Marmal FreqOffset + 0000 kHz  ChanJFred: 9512 / 19224 MHz
Current Average dasirmum hdinirnum
LIE Powver (Peak) 2742 ¢Bm 27.38 dBm  27.95 uBm
Output table LEPower RMS) | 21.01dBm 2101 dBm 2102 dBm  20.99 dBm

10
Output fields Statistic Count
0.00 %
Qut of Tolerance

Fig. 4-2 Display of results (Maximum Power)

Test settings The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in a
parameter line across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Attenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

Chan./Freq. RF channel measured and associated nominal carrier frequency
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The output fields below the table contain the following settings:

Statistic Count  Number of slots per statistics cycle as set in the Control tab of the
Power Configuration menu; see p. 4.23. The colored bar
indicates the relative progress of the measurement within the
statistics cycle.

Remote control
Settings are read out using the query corresponding to the setting command (setting
command with appended question mark).

The quantities in the output table are measured for consecutive slots. The results of
the current slot are entered in the first table column. From the Current results, the
Average referenced to a statistics cycle (see averaging rules in Chapter 3, section
General Settings) and the Maximum and Minimum of all values determined in the
current measurement is calculated. The Current results are measured as follows:

UE Power (Peak) Maximum output power of the UE transmitter within the transmit
slot

UE Power (RMS) Output power of the UE transmitter averaged over the whole
transmit slot (666.7 us)

The measurements are done with the filter settings quoted in section Power
Measurements on p. 4.2.

Note: A Minimum value that is clearly distinct from the noise floor can be
expected for Maximum Power measurements only. In the Maximum
Power test, both upper and lower limits are specified in 3GPP. Excess
power causes the increase of interference to other code channels, and
less power causes the degradation of the own code channel. In the two
other applications, a small power is desirable, so no lower limits are
specified and the Minimum column of the output table is omitted.

In addition, the following scalar result is indicated:

Out of Tolerance Relative number of slots that are out of the tolerances defined by
the limits.

A red output field and an arrow pointing upwards or downwards indicates that the
measurement result exceeds the upper or lower limit set in the Limits tab of the
Power Configuration menu, see p. 4.33.

Remote control

READ[:SCALar] : POWer<Application>?

CALCulate[:SCALar] :POWer<Application>:MATChing:LIMit?
FETCh[:SCALar] :POWer<Application>?
SAMPle[:SCALar] : POWer<Application>?
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Inner Loop TPC

The results in the Inner Loop TPC measurement menu are displayed in two parameter lines, two
diagrams, and various output fields.

Parameter line

Output table

Output fields

Maix Level: Auto Low dist. Freq.Cffset: + 0000 kHz ChanFrec. 10000 f 20000 MHz
dBmStep Size: 1dB TPC Mode: Algorithm 1
§:- 433 dBm / Slot0 |1 - i ot |2 i ot LIE Power
45 Current
E_'_,_,—'_'_'_'_'_,_,i “_|_‘—|_|_|_|_|_|_|;
o 1 2 3 4 5 6 7 & 9 MW 0 1 2 3 4 5 6 7 & 9 10
el ] g ;
+3 : 104 dB JSlot1->2 A 1 Off - 1 Off Step Size
+2 Current
+1— —_— — — —
-0 e e e
-3
L I I I I I I I I I 1 L I I I I I I I I I 1
_ ———— TPC_omd W rormal B dacThe. T Win Thr.
StepSizeErr. +i-1 0
A, 0.00 a8 S
Mtz | 0.11 dB S 571 dBm
= Mz, LIE Powver
Section A | 0.04 ¢B 434
) I = 4. dBm
Section B |- 0.04 dB Wi, LIE Parwer

Fig. 4-3 Display of results (Inner Loop TPC)

Test Settings/
Scalar results

1% parameter line

2" parameter
line

Upper diagram:
UE Power
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Scalar measurement results and settings are indicated in the two parameter lines
above the test diagram and in the output table below.

The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in a
parameter line across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Afttenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

Chan./Freq. RF channel measured and associated nominal carrier frequency

The second parameter line contains Inner Loop TPC test settings defined in the
configuration menu (see section Measurement Control (Power Configuration —
Control) on p. 4.23):

Step Size Transmitter output power step size (inner loop power step)
TPC Mode Algorithm for processing TPC commands

Remote control
Settings are read out using the query corresponding to the setting command (setting
command with appended question mark).

The upper diagram in the Inner Loop TPC measurement menu contains two
sections (termed A and B). In each section, the average transmitter output power of
the UE is displayed in 8 or 11 consecutive slots, depending on the Profile Length
settings (slot no. 0 to n where n is the Profile Length; see p. 4.26). The UE power is
averaged over the measured slots, not including the transient duration, which is
from 25 us before the slot boundary to 25 s after the slot boundary.

The measurement in section B can be switched on or off to meet the particular
requirements of a measurement task (see Section B Analysis on p. 4.27, note in
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Lower diagram:
Power Step
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particular the trigger conditions for section B). Unless the TPC Mode is set to Off or
only a single shot measurement is made, the TPC command pattern determining
the UE power steps (see Step Control on p. 4.29) must be periodic and repeat
without gaps. Although section B is measured in a second cycle, it is expected to be
directly adjacent to section A. The TPC commands in section A and B must be
symmetric. The symmetry of the diagram depends on the power control algorithm;
for details refer to section Test Scenarios for Inner Loop TPC on p. 4.3.

i : i ; Next section A:
UE power Section A: §ect|on B:
user def. inv. sec. A user def.
>
01234567890123456789
Slot no.
Power
steps
1 MM [ 1M >
| | ) I | LIT v
1234567891012345678910
Step no.
Measurement
Section A (1" cycle) G—P
Section B (2™ cycle) < >

Fig. 4-4 Display of UE power and power steps

In the UE power diagram, the last slot (slot no. 7 or 10) of section A in the first
measurement cycle corresponds to the first slot (slot no. 0) of section B in the
second cycle. Up to the delay between the first (section A) and the second (section
B) measurement cycle, both sections are measured and displayed with a 1-slot
overlap. The UE power in the overlapping slot must be identical unless the UE
shows a power drift between the first and the second cycle. The time scale of a
measurement with Profile Length = 10 Slots is shown in Fig. 4-4 above. The
repetition of the overlapping slot ensures a consistent representation of the UE
power, the power steps (lower diagram) and their symmetry in both diagram
sections.

The y-axis scale of the diagram is automatically adapted to the input power range.
The results are in absolute (dBm) units.

Remote control
READ:ARRay:POWer:ILTPc:UEPower:CURRent?
FETCh:ARRay:POWer:ILTPc:UEPower:CURRent?
SAMPle:ARRay:POWer:ILTPc:UEPower:CURRent?

The lower diagram in the Inner Loop TPC measurement menu contains two
sections (termed A and B). In each section, one of the quantities selected via Step
Analysis (Power Step, Abs. Power Step, or Power Step Error; see p. 4.27) is
displayed in 7 or 10 consecutive slots, depending on the Profile Length settings (see
p. 4.26). To obtain the power steps, the UE power of the original slot is subtracted
from the UE power of the target slot. The UE powers are measured according to the
rules described above for the upper diagram.

The measurement in section B can be switched on or off to meet the particular
requirements of a measurement task (see Section B Analysis on p. 4.27). The
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symmetry of the diagram depends on the displayed quantities and the power control
algorithm; for details refer to section Test Scenarios for Inner Loop TPC on p. 4.3.

The y-axis scale of the diagram is automatically adapted to the range of input
values. The results are in relative (dB) units.

Remote control
READ:ARRay:POWer:ILTPc:STEP:CURRent?
FETCh:ARRay:POWer:ILTPc:STEP:CURRent?
SAMPle:ARRay:POWer:ILTPc:STEP:CURRent?

The pairs of horizontal red lines in the diagram represent the power step tolerances
set in the Limits tab of the configuration menu; see section Tolerance Values
(Power Configuration — Limits) on p. 4.33. If a limit is exceeded, the corresponding
section of the bar across the bottom of the diagram turns red.

The legend (normal, Max. Thr., Min. Thr.) below the diagram refers to the Max.
Threshold and Min. Threshold values set in the Limits tab:

¢ A hatched blue bar indicates that the current power step increases the UE power
to a value above the Max. Threshold. The lower power step error limit is no
longer valid so the lower limit line is erased.

¢ A white bar indicates that the current power step decreases the UE power to a
value below the Min. Threshold. The upper power step error limit is no longer
valid so the upper limit line is erased.

e A solid blue bar is displayed in all other cases. In particular, if the final UE power
is in the range between Min. Threshold and Max. Threshold, both the lower and
the upper power step error limits are checked.

Note: The Step Analysis parameter (see p. 4.27) determines the displayed
quantity and the diagram but does not affect the limit check. If Abs.
Power Steps are displayed, a sign error (e.qg. a power step of —1 dB
following a TPC_cmd value of +1) does not show in the diagram (Abs.
Power Step = + 1 dB and therefore below the default limit line), but is
indicated in the bar across the bottom of the diagram.

Remote control
CALCulate:ARRay:POWer:ILTPc:STEP:CURRent :MATCHing:LIMit?
CALCulate:ARRay:POWer:ILTPc:THReshold:CURRent :MATChing:LIMit?

The output table below the diagram lists the Power Step Error as a function of the
transmitter output power Step Size and as an average over half of the diagram
width. This quantity is equal to the error in the inner loop power step, i.e. the
difference between the average output power of the target slot and the average
output power of the original slot. The nominal power step is equal to TPC_cmd
times the Step Size (see also Step Analysis softkey on p. 4.27). TPC _cmd is
derived from the TPC command settings transmitted to the UE (Step Control)
according to the test algorithm (TPC Mode); see section Measurement Control
(Power Configuration — Control) on p. 4.23.

Avg. Power Step Error averaged over the (7 or 10, 14 or 20) power
steps shown in sections A and B (if activated) of the lower
diagram

Min./Max. Extreme value (minimum or maximum, whichever has the larger

absolute value) of the power steps shown in sections A and B (if
activated) of the lower diagram

Section A Accumulated power difference, i.e. the difference between the
UE powers in the last and the first slot in section A of the upper
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diagram

Section B Accumulated power difference, i.e. the difference between the
UE powers in the last and the first slot in section B of the upper
diagram

The Section A and Section B results provide the power step errors after 7 or 10
equal power steps; see Table 4-5 on p. 4.34. The UE powers are measured
according to the rules described above for the upper diagram.

Note: In the TPC Modes Off and Algorithm 1, TPC_cmd can not be equal to
zero. The corresponding output fields show invalid results ("---"). In the
Off mode, where the intermediate power steps are generally not known
in advance, the Section A and Section B results are also marked
invalid.

The two output fields in the lower right part of the menu indicate the maximum
output power (Max. UE Power) and the minimum output power (Min. UE Power) of
the UE transmitter within the current measurement. Both values are averaged over
a slot, not including the transient duration. This means that the output values
correspond to the highest and the lowest power level indicated in the upper (UE
Power) diagram.

In general, a red output field and an arrow pointing upwards or downwards indicates
that the measurement result exceeds the upper or lower limit set in the Limits tab of
the Power Configuration menu, see p. 4.33. The standard specifies two different
types of limits for inner loop TPC power steps:

e The Step individual limits are indicated in the lower diagram; see above. No limit
is specified and no limit check is performed for the Avg. and Min./Max. values.

o The Step Section A/B limits hold for the Section A and Section B values. The limit
check requires that the UE performs 7 or 10 equal power steps in each section
(all TPC_cmd values equal to -1, 0, or +1; see Table 4-5 on p. 4.34) and that the
UE power does not exceed the Max. Threshold or the Min. Threshold. If one of
these condition is not met, no limit check will be performed.

Remote control

READ[ :SCALar] : POWer:ILTPc:CURRent?

CALCulate[:SCALar] :POWer:ILTPc:CURRent :MATChing:LIMit?
FETCh[:SCALar] :POWer:ILTPc:CURRent?
SAMPle[:SCALar] : POWer:ILTPc:CURRent?
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P/Slot Table

The P/Slot Table menu shows the average UE transmitter output power in up to 100 slots. The results
can be displayed in a table or in a graph (2D chart).

Parameter lines

Output table

Additional output
fields

Max Lewel: - 10.0 dBm Low noise FrecyOffset- + 0000 kHz Chan/Freq: 9612 /1922 4 MHz
Step Size: 1dB TPC Test Step TPC Pattern: Test Step E TPZ Mode: Algorithm 1

Step Absolute
0. 7 225 215 202 190 180 167 165 144
B.15 133 120 11.0 104 96 8.7 1.8 6.6
.23 686 45 3.4 23 1.3 03 =06 =19
.31 -29 -39 -49 -569 -89 -78 -89 -S86
2.9 -106 -114 -124 -135 -143 -183 -185 -173
0. 47 -185 -196 -205 -2416 -227 -235 -247 -25%
48.. 65 -2687 -276 -284 -286 -304 -312 -3256 -333
6. 63 -345 -354 -362 -371 -382 -352 -401 -41.0
B4. 71 —418 -427 -439 -448 -457 -466 -475 -483
72.78 =492 =501 =510 =518 =524 =533 -542 =545
B0. 87 =544 =545 =544 =545 =544 =545 =545 -54.4
BE. 95 -544 -544 -545 -545 -545 -545 -544 -544
565.. 98 -544 -544 -544 -544 All Values in dBm

Type
Pattern

Single Pattern+Al D
£00000000000D00D0000N0 i | | 09us | 12

M. Acc. Error Inclex

Fig. 4-5 Display of results (P/Slot Table)

Test settings

Results
(output tables)
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The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in two
parameter lines across the top of the measurement menu. The first parameter line
is identical to the first parameter line of the test diagram in the Maximum Power
application (see p. 4.11); the second line shows the Transmit Power Control (TPC)
settings defined via Generator Settings (in Non Signalling mode) or BS Signal
Settings (in Signalling mode). In addition the TPC pattern type and the pattern are
shown below the output table.

The P/Slot Table application measures the average UE transmitter output power in
up to 100 slots which may be consecutive or separated by up to 14 intermediate
(skipped) slots. The average is taken over a section of the slot or over the whole
slot minus 25 us at the beginning an at the end of the slot.

The settings can be defined via hotkeys or in the Control tab of the Power
Configuration menu; see p. 4.23. In this tab it is also possible to set the Display
Mode in order to specify whether the table shows absolute powers or the differences
between consecutive steps (in the latter configuration, the first result is not available
and the Absolute Power of the first slot is displayed below the table).

The table displays up to 100 results at the same time (see Step Count parameter in
section Measurement Control (Power Configuration — Control) on p. 4.23). If the
Step Count is set to a number < 100, the table shows Off for all results that are not
measured. To be consistent with the numbering of the timeslots within a frame, the
Step count in the table starts from 0. Note, however, that the slots to be measured
are exclusively determined by the trigger conditions (see description of the Step
Delay parameter on p. 4.31).

The CMU provides different measurement modes (P/Slot Table — Meas. Mode) for
manual or automatic adjustment of the input level range; see Measure Mode on p.
4.29. The result in slot no. 0 is invalid if a negative trigger delay is set; see Step
Delay parameter on p. 4.31.

Note 1: The measurement results are obtained and displayed in real time. With
a WCDMA frame period of 10 ms, the time to measure 100
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Results
(graphs)

dBm MaxLevel + 00 dBm Low noise  FreqOffset: + 0000 kHz  ChanJFre: 9612 (19224 MHZ B Maxlevel + 00 dBm Lowndise  FreqOffset +0.000 kHz  ChanJ/Freg: 8612 /19224 MHz
Step Size: 1dB Meas. Mads: TPC Test Step TPC Mode: Algorithm 1 Step Size: 108 Meas. Mode: TRC Test Step TPC Macde: Algotithe 1

consecutive slots is 1/15 seconds. In Continuous measurements
(Repetition = Continuous), this results in a high update rate of the table.

Note 2: The P/Slot Table measurement requires an external trigger with a
correct timing; see Fig. 4-11 on p. 4.32. Ideally the UE provides an
external trigger signal that is correlated to its power steps to be
measured. If no such external trigger is available the measurement can
be performed with the internal frame trigger provided by the DL
generator.

Note 3: In Signalling mode, two additional measurement modes TPC Test Step
and UL CM Test Step are available. The first mode makes the P/Slot
Table measurement suitable for power ramp measurements according
to the conformance test specification 3GPP TS 34.121, section 5.4.2.
The second mode is suited for the Power setting in compressed mode
test, 3GPP TS 34.121, section 5.7. For detailed information refer to the
measurement examples in Chapter 2. The additional measurement
modes can be activated via P/Slot Table — Measure Mode or in the
configuration menu; see Measure Mode on p. 4.29. See also UL CM
Test Step on p. 4.19.

Remote control

READ[:SCALar] : POWer : XSLOT : CURRent? etc.

]:
READ[:SCALar] :POWer:XSLOT:ABSolute? efc.
READ[:SCALar] :POWer:XSLOT:DELTa? eftc.
READ[:SCALar] : POWer :XSLOT :MAERror? efc.

The P/Slot Table application provides an alternative representation where the
powers or power steps are displayed in a 2D chart (graph). The graphical display
can be switched on by means of the Display Mode function (press P/Slot Table —
Display Mode or open the Control tab of the Power Configuration menu).

The tables and the graphs (2D charts) show the same results.

+5

Absolute +5 Delta Step

+4
+4
+3
+3
+2

[

o 5 10 15 20 25 30 35 40 45 50 55 B0 65 70 75 &80 &5 90 95

=)

5 M0 15 20 25 30 35 40 45 S0 55 B0 BS 70 7S 80 35 90 95

TPC Pattern Setup_| Test Step E

TPC Pattern Setup | Test Step E

Type  |Single Pattern+Al 0
Pattern

0000000000000000000000 pin Maxt. Acc. Error Indes Pattern | 0000000000000000000000 iy Max. Ace. Errar Inctex Absolute Power

-15w| 5 Type  |Single Pattern+AllD | -15w | 5] 22.1 dBm

Results
(additional
output fields)
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Below the Step table, the following measurement results are displayed:

Max. Acc. Error Maximum of the sum of all errors in any 10 consecutive slots. To
obtain this result, the CMU moves a 10-slot wide evaluation
window across the entire table and calculates the accumulated
error at each window position.

Index Position of the slot range where the max. accumulated error
occurred: First slot of the evaluation window where the
accumulated error reached its maximum.

In test steps B and C, where 50 1s and 50 Os are transmitted to the UE, the Max.
Acc. Erroris the sum of all 50 slots; the Index is always zero.
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Limit Check

Absolute Power Absolute Power in dBm of the first slot measured. This value is
available in the Delta display mode where the table shows the
differences between consecutive steps (P/Slot Table — Display
Mode).

In general, a red output field and an arrow pointing upwards or downwards indicates
that the measurement result exceeds the upper or lower limit set in the Limits tab of
the Power Configuration menu, see p. 4.33.

Remote control

CALCulate[:SCALar] :POWer:XSLot:DELTa:MATChing:LIMit?
CALCulate:ARRay:POWer:XSLot:DELTa:MATChing:LIMit?
CALCulate[:SCALar] :POWer:XSLot :MAERror:MATChing:LIMit?

UL CM Test Step

The UL CM Test Step measurement mode is suited for the Power setting in compressed mode test,
3GPP TS 34.121, section 5.7. A measurement example is reported in Chapter 2. Some of the
information in the measurement menus is specific to the UL CM Test Step mode.

Parameter lines

Output table

Additional output
fields

Mz Level: + 0.0 cdBm Law noise Freq.Offset: + 0.000 kHz ChanFreg. 9612 /19224 MHz

Step Size: 2 dB UL CM Test Step TPC Mode: Algorithm 1
Step Delta Step
0. 7 -— 19 GAP GAP GAP GAP GAP GAP

5. 15 GAP -10 30 28 28 30 31 30
6.2 29 GAP GAP GAP GAP GAP GAP GAP
2.31-114 -27 28 -28 28 -28 00 -28
n.3 18 -18 18 -18 18 -18 18 -18
0.4 18 -18 18 -18 18 OFF OFF OFF
#©.8 OFF OFF OFF OFF OFF OFF OFF OFF
s6.63 OFF OFF OFF OFF OFF OFF OFF OFF
s4.71 OFF OFF OFF OFF OFF OFF OFF OFF
72.78 OFF OFF OFF OFF OFF OFF OFF OFF
@.87 OFF OFF OFF OFF OFF OFF OFF OFF
.0 OFF OFF OFF OFF OFF OFF OFF OFF
8.9 OFF OFF OFF OFF AllValues in B

TPC Pattern Setup | LIL OM T Test Stepd| =
Type  |Sinole Pattern+ AT IO -— I -— I -175 uBm
Pattern |01-——— 11111 Delta Step | Ace. Error Inche: Absolute Power

Fig. 4-6 Display of results (P/Slot Table, UL CM Test Step)

Results (tables) The output tables show the measured power steps over the entire TPC pattern

1115.4962.12

length. The CM (test) patterns A (rising and falling) extend over 45 slots; pattern B
extends over 60 slots. Besides the measurement is performed with a % slot Power
Measurement Width, a 1 slot Step Width, and a 0 slot Step Delay. Beyond the
pattern length, nothing is measured (OFF).

If the measurement fails (e.g. because one of the preconditions listed in Chapter 2
was not fulfilled), the table shows invalid results (“---"). The first delta step is
necessarily invalid, because no previous slot is available for comparison.

Compressed mode transmission gaps are displayed as follows:

¢ In the Delta Step table, GAP is displayed. The first slot after the gap contains the
initial power step, which is the power step compared to the last slot before the
gap.

e In the Absolute table, the actual measured power is displayed. Gaps are
characterized by very low UE power values.

The Max. Accumulated Error is the maximum of the sum of all errors in the
Recovery Period comprising the 7 rising of falling power steps after each gap. This
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Results
(graphs)

dE  MaxLevek + 0.0 dEm
Step Size: 2 dB

+20

Lownoize  Freqotffset + 0000 kHz  Chan/Freq: 9612 /19224 MHz dBm MaxLevel + 0.0 dBm Lownoise  FreqOffset: + 0000 kHz  ChanJFreq: 9512 /19224 MHz
Meas. Made: UL CM Test Step TPC Mode: Algarithm 1 Step Size: 2dE Meas. Mode: UL CM Test Step TP Mode: Algorithm 1

value is available for CM patterns A only. Index denotes the position of the first slot
of the Recovery Period; it has the fixed value of 9. Absolute Power is the power at
the beginning of the measurement (slot no. 1).

Remote control

READ[:SCALar] : POWer :XSLOT:CURRent? etc.
READ[:SCALar] : POWer:XSLOT:ABSolute? eftc.
READ[:SCALar] : POWer:XSLOT:DELTa? etc.
READ[:SCALar] : POWer : XSLOT :MAERror? etc.

Tables and graphs show the same results. Again the Delta Step and the Absolute
graphs differ in the way they show compressed mode transmission gaps:

¢ In the Delta Step Graph, the measurement curve is interrupted during the gap.
The first slot after the gap contains the power step compared to the last slot
before the gap.

e In the Absolute Graph, the actual measured power is displayed. Gaps are
characterized by very low UE power values.

+18
+16
+14
+12
+10
+8

+6

L
3 H—
-2

Delta Step +20 Abzolute

0 2 4 B 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 0 2 4 6 8 10 12 14 16 18 20 2 24 26 26 30 32 34 36 38 40 42 44

TPC Patter Setup |LIL CM TX Test Steps

TP Pattern Setup |LIL G T Test Steps)

Limit Check

1115.4962.12

EILTEEI = Result View

Pattern |01-——- 111111 Delta Step Graph| AeEor — Index — Absolute Pawer

_— I _— I -18.4 dBm Type |Single Pattem+ AT R
Pattern |01-----— 111111 Acc. Error Iholes
Absolute Graph

In general, a red output field and an arrow pointing upwards or downwards indicates
that the measurement result exceeds the upper or lower limit set in the Limits tab of
the Power Configuration menu, see p. 4.33.

Remote control

CALCulate[:SCALar] :POWer:XSLot:DELTa:MATChing:LIMit?
CALCulate:ARRay:POWer:XSLot:DELTa:MATChing:LIMit?
CALCulate[:SCALar] :POWer:XSLot :MAERror:MATChing:LIMit?
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Power Measurements

On/Off Time Mask

The results in the On/Off Time Mask measurement menu are displayed in two parameter lines, a
diagram, and various output fields.

Parameter lines

Output table

Output fields

dEm Maxlevel Auto Low roige FreqOffget: + 0.000 kHz ChaniFreq: 9512 /19224 MHz

- 1o e I ol B
— o : : : - : p—
2 -
o
Lo
-2,154 -1,000 ~96 086 1,000 2,000 3000 4000 4192 5000 B560
Chip
etPRACH—] | -260 dgm| | -2752 em | 1
Expected Power |JE On-Pomier Signature
MextPRACH— | -5871dBm | -— | -58.18 dBm
O Power Before Power Step Off Pawer Aftes

Fig. 4-7 Display of results (Inner Loop TPC)

1% parameter line The essential analyzer settings (as set via the Analyzer Level softkey described on

2" parameter
line

Diagram

1115.4962.12

p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in a
parameter line across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Afttenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

Chan./Freq. RF channel measured and associated nominal carrier frequency

Remote control
Settings are read out using the query corresponding to the setting command (setting
command with appended question mark).

The second parameter line contains the following marker values:

g Measurement result and time of reference marker

U Measurement result and time of delta marker 1 (setting absolute)
or difference from reference marker (setting relative)

9 Measurement result and time of delta marker 2 (setting absolute)
or difference from reference marker (setting relative)

The measurement curve in the diagram shows the power (in dBm) of the n"

PRACH preamble measured during registration or connection setup where n is set

via On/Off Time Mask — Measured Preamble. The preamble power is plotted as a

function of time (in chip periods). The entire preamble has a nominal length of 4096

chips.

Note: On/Off Time Mask is a single-shot measurement. It enters the HLT

state as soon as all measurement results have been acquired.

Remote control
READ:ARRay:POWer :ONOFf : CURRent?
FETCh:ARRay:POWer:ONOFf:CURRent?
SAMPle:ARRay:POWer:ONOFf:CURRent?
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Output fields

1115.4962.12

Below the diagram the CMU displays two rows of output fields. The upper row
contains the following results from the n"™ PRACH preamble (Measured Preamble):

Expected Power Expected n" preamble power
UE On Power Average power of the n"™ PRACH preamble
Signature Measured signature of the n"™ PRACH preamble

For a detailed description of the parameters above refer to section Connection — RF
Channel and Power on p. 4.204.

The lower row of output fields contains results from the Next PRACH preamble. To
obtain these results the UE must send a (n + 1)® PRACH preamble and the
periodicity of the preambles must be known (see Fig. 4-8 and application example
in Chapter 2).

Off Power Before  Average UE transmitter off power measured in a 1-slot wide
interval ending 25 ms before the beginning of the (n + 1)St
PRACH preamble from the UE.

Power Step Measured difference between the average power of the (n +
1) and the n" preamble. The measured Power Step should be
close to the nominal Step Size which belongs to the Random
Access Settings (On/Off Time Mask — Random Access Set). It
is positive because the preambles are transmitted at increasing
power.

Off Power After Average UE transmitter off power measured in a 1-slot wide
interval starting 25 ms after the end of the (n + 1)St PRACH
preamble from the UE.

p 4 Measured Preamble Next Preamble End of preamble cycle
(n=2) (n=3) (Max. Retransmission = 4)

| l
l

Power

Step _I

v

<+—> <+ > t
UE On Off Power Off Power
Power Before After

Fig. 4-8 On/Off Time Mask results

Remote control

READ[:SCALar] : POWer :ONOFf : CURRent?
FETCh[:SCALar] : POWer:ONOFf : CURRent?
SAMPle[:SCALar] : POWer :ONOFf : CURRent?
CALCulate[:SCALar] : POWer :ONOFf :CURRent :MATChing:LIMit?
CALCulate[:SCALar] : POWer:ONOFf:CURRent :ALL:MATChing:LIMit?
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Measurement Configurations (Power Configuration)

The popup menu Power Configuration contains two tabs to determine the parameters that control the
power measurement and to define the tolerance limits.

The popup menu Power Configuration is activated by pressing the softkey at the top right in the
graphical measurement menu Power twice. It is possible to change between the tabs by pressing the
associated hotkeys.

Measurement Control (Power Configuration — Control)

The Control tab controls the power measurement by determining
e The Repetition mode
e The Stop Condition for the measurement (not for P/Slot Table measurements)

e The number of slots/evaluation periods forming a statistics cycle (Statistic Count, not for Inner Loop
TPC and P/Slot Table measurements)

The following settings configure the Inner Loop TPC measurement:
¢ Display of a Grid in the graphical diagrams

e Parameters defining the scope of the Inner Loop TPC measurement (Profile Length, Step Size,
Section B Analysis), the power control algorithm (TPC Mode), and the type of results (Step Analysis)

e The TPC command sequence (Step Control)

The following settings configure the P/Slot Table measurement:
e The Repetition mode

e Use of the P/Slot Table as a general measurement or in its configuration for TPC test steps
(Measurement Mode)

¢ Display of absolute powers or relative power stept (Display Mode).

e The measurement time for a single measurement step (Power Meas. Width)

e The number of slots elapsed between two consecutive measurements (Step Width)
e The number of slots measured (Step Count)

e A delay time (number of slots) between the trigger time and the start of the measurement (Step
Delay)

The following settings configure the On/Off Time Mask measurement:

e Display of a Grid in the graphical diagram

e The number of the measured preamble within the preamble cycle (Measured Preamble)
¢ A type of measurement results (Measured Iltem)

1115.4962.12 4.23 E-13
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Fig. 4-9

CMU-K56...-K96
B Power Configuration WCDMAFDD g2
Control Limits
— Setup |MasrnumPaover/ Repetiion |
Defautt Al Sefings
 hlapdmurm Fosr
Diefault Settings
Repetition Continuous
Stop Condition MNone
Statistic Count 10 -
~ hinirmum Potvisr
Diefault Settings
Repetition Continuous
Stop Condition MNone
Statistic Count 10
~ OFF Pawer
Diefault Settings

Power Configuration — Control

The settings can be defined separately for the different applications of the Power measurement group.

Default Settings

The Default All Settings switch assigns default values to all settings in the Control
tab (the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual applications are provided.

Remote control

DEFault:POWer<Application>:CONTrol ON | OFF etc.

The following statistical settings are not available for the On/Off Time Mask application.

Repetition

1115.4962.12

The Repetition field determines the repetition mode of the measurement:

Single Shot Single shot measurement: the measurement is stopped after a
statistics cycle (or after a stop condition is met, see below). A
stopped measurement is indicated by the status display HLT in
the Power softkey.

Unless otherwise stated, a statistics cycle corresponds to the
number of slots/evaluation periods set under Statistic Count.

Continuous measurement: The CMU continues the measurement
until it is terminated explicitly (or until the stop condition for the
measurement is met, see below). The measurement results are
valid after one statistics cycle; however, the measurement is
continued, and the output is continuously updated. An ongoing
measurement is indicated by the status display RUN in the Power
softkey.

Continuous

Single shot should be selected if only a single measurement result is required under
fixed conditions. The continuous measurement is suitable for monitoring the
evolution of a measured quantity in time, e.g. for adjustments.

Note: In remote mode, the counting measurement (counting mode) is
available as a further measurement mode with a defined number of

measurement cycles to be performed, see chapter 6 of this manual.

Remote control
CONFigure:POWer<Application>:CONTrol:REPetition
CONTinuous | SINGleshot | 1 10000, <StopCondition>,
<Stepmode> etc.
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Stop Condition

Statistic Count

The Stop Condition field defines a stop condition for the measurement:

None Continue measurement irrespective of the results of the limit
check

On Limit Failure Stop measurement as soon as the limit check fails (one of the
tolerances is exceeded)

Remote control
CONFigure:POWer<Application>:CONTrol:REPetition
<Repetition>, SONerror | NONE, <Stepmode> etc.

The input field Statistic Count defines the number of slots that form a statistics
cycle. The settings 7 and OFF (press ON/OFF key) are equivalent. A statistics cycle
is equal to the duration of single shot measurements; see Repetition Mode above.

The Inner Loop TPC measurement always extends over a definite number of slots
that is given by the Profile Length, the TPC Mode, and the Section B Analysis
settings (see Table 4-1 on p. 4.28). No additional Statistic Count needs to be set.

Remote control
CONFigure:POWer<Application>:CONTrol:STATistics
1 ... 1000 | NONE

The following Power Control parameter is available for the Maximum Power and Minimum Power

application.

TPC

Qualifies whether the CMU commands the UE transmitter to transmit at its
minimum or maximum power.

Automatic After activating the Maximum Power or Minimum Power
application, the CMU sends a constant sequence of Up or Down
TPC bits to the UE so that it keeps transmitting at its maximum or
minimum power. The Up or Down bits replace the previous TPC
pattern.

Manual After activating the Maximum Power or Minimum Power
application, the downlink TPC pattern is not changed.

In both power control modes, it is possible to change the TPC pattern while the
measurement is running, e.g. to test a drift of the UE transmitter. The changed
pattern remains valid after the end of the Maximum Power or Minimum Power
measurement (see also Table 4-29 on p. 4.245).

Remote control
CONFigure:POWer<Application>:TPControl
AUTO | MANual

The following TPC Settings are valid for /Inner Loop TPC measurements only.

Note: Unless otherwise stated, all TPC parameters can be set independently. However, in view of
the limit specifications, only a limited number of combinations really makes sense. These
combinations are listed in Table 4-4 on p. 4.34 and in Table 4-5 on p. 4.34.

Grid

1115.4962.12

Grid switches the grid in the graphical test diagram on or off. By default, the grid is
switched on.

Remote control
No command, display configuration only.
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Profile Length

Step Size

TPC Mode

1115.4962.12

The Profile Length parameter selects the number of power steps to be measured
and displayed in each diagram section (section A and B, corresponding to the left
and the right side of the graphical diagrams). Evaluation of a power step and of the
Power Step Error involves the comparison of an original and a target slot, so the
number of results in the upper (UE Power) diagram exceeds the number of results
in the lower (Power Step) diagram by one (see also section Inner Loop TPC on p.
4.13).

7 Slots The measurement extends over 8 slots for each diagram section.
The upper (UE Power) diagram shows 8 slots; the lower diagram
(Power Step) shows 7 steps per section.

10 Slots The measurement extends over 11 slots for each diagram
section. The upper (UE Power) diagram shows 11 slots; the
lower diagram (Power Step) shows 10 steps per section.

The profile length settings are in accordance with the specified average TPC
tolerances; see Table 4-5on p. 4.34.

Remote Control
CONFigure:POWer:ILTPc:CONTrol:TPCControl
<ProfilelLength>, <StepSize>, <TPCMode>

The Step Size parameter selects the relative power difference between two
consecutive measured slots that the UE transmitter shall use. Step sizes of 1 dB, 2
dB, and 3 dB can be set.

The nominal inner loop Power Step, i.e. the difference between the average output
power of the original slot and the average output power of the target slot, is equal to
TPC_cmd times the Step Size. TPC _cmd is derived from the TPC command
settings transmitted to the UE (Step Control, see below) according to the power
control algorithm (TPC Mode, see below). The step size has an impact on the
transmitter power control tolerances; see section Tolerance Values (Power
Configuration — Limits) on p. 4.33.

Note: A step size of 0 dB is not available, however, constant UE power levels
can be achieved by selecting power control Algorithm 2; see below.

The Step Size doesn’t have to be set in Signalling mode, where the
value is taken from signalling; see Connection Control — BS Signal —
TPC Settings. The maximum step size in Signalling mode is 2 dB. In
Non Signalling mode the Step Size overwrites the corresponding
parameter in the Generator tab of the Connection Control menu.

Remote Control
CONFigure:POWer:ILTPc:CONTrol:TPCControl
<Profilelength>, <StepSize>, <TPCMode>

The TPC Mode parameter selects the inner loop Transmit Power Control algorithm
for the UE transmitter.

oOff The UE is in a test mode where it performs power steps of + Step
Size (see above), but with a generally unknown TPC command
sequence (see paragraph on Step Control on p. 4.29). 0-dB steps
can not be evaluated correctly. The measurement can be
performed in Free Run or External trigger mode. This TPC mode
is particularly useful if the internal RF generator CMU-K66 is not
available and if it is not intended or possible to set a TPC
command sequence at the UE; see section Test Scenarios for
Inner Loop TPC on p. 4.3.
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Step Analysis

Section B
Analysis

1115.4962.12

Algorithm 1 The UE is power-controlled according to Algorithm 1 for
processing TPC commands, specified in standard 3GPP TS
25.214: One TPC command is received in each slot. If the
received TPC command is equal to 1 (0), then the power control
parameter TPC_cmd for that slot is +1 (—1). This implies that the
UE transmitter output power changes after each slot.

Algorithm 2 The UE is power-controlled according to Algorithm 2 for
processing TPC commands, specified in standard 3GPP TS
25.214; One TPC command is received in each slot. The slots
are grouped into sets of 5 slots, aligned to the frame boundaries,
so that there is no overlap between different sets of 5 slots. If the
received TPC command is equal to 1 (0) in all 5 slots of a set,
then the power control parameter TPC_cmd for the 5™ slot is +1
(=1). Otherwise TPC_cmd for the 5™ slot is 0. This implies that
the UE transmitter output power only changes if the same TPC
command is received in a complete set of 5 slots.

Algorithm 2 requires either a 10-slot Profile Length or an UE
power that is constant over both diagram sections; see section
Test Scenarios for Inner Loop TPC on p. 4.3.

The sequence of TPC commands for Algorithm 1 and Algorithm 2 is defined in the
Step Control section; see p. 4.29. Both algorithms require a trigger (external or
internal; no Free Run measurement).

Note: The TPC Mode doesn'’t have to be set in Signalling mode; where the
value is taken from signalling; see Connection Control — BS Signal —
TPC Settings. In Non Signalling mode the TPC mode overwrites the
corresponding parameter in the Generator tab of the Connection
Control menu.

Remote Control
CONFigure:POWer:ILTPc:CONTrol:TPCControl
<ProfilelLength>, <StepSize>, <TPCMode>

The Step Analysis parameter selects the quantity to be displayed in the lower
(Power Step) diagram:

Power Step Difference of the UE power in two consecutive measured slots,
P(Slot,) — P(Slot,_;).

Abs. Power Step Absolute value of Power Step. The diagram is re-scaled to show
only positive values, but with a higher resolution.

Power Step Error Error of the Power Step: Power Step minus the Step Size
commanded at the UE transmitter; see previous softkey.

The quantities in the output fields below the diagram and the limit check are not
affected. For more information on the measurement results see section Inner Loop
TPCon p. 4.13.

Remote Control
CONFigure:POWer:ILTPc:CONTrol:SANalysis PST | PSTA | PSTE

The Section B Analysis parameter switches the measurement in the second profile
length (see Profile Length softkey on p. 4.26) On or Off. Switching off section B
accelerates the measurement and leaves the right half of the diagrams empty.

The TPC command sequence in sections A and B must be symmetric as explained
in section Inner Loop TPC on p. 4.13. The Section B Analysis setting is therefore
not available if the TPC Mode is set to Off (measurement with unknown TPC
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command sequence, see above).

The CMU needs two consecutive trigger events to measure sections A and B,
respectively. If section B is switched on and no second trigger event is received,
only the section A results are available and the statistical results are based on
section A alone.

The trigger condition must be observed in particular if the inner loop TPC is
measured with a single TPC pattern transferred to the UE (Internal or Signalling
trigger and TPC Pattern Type = Single Pattern + All 0/Single Pattern + All 1/Single
Pattern +Alternating; see Table 4-27 on p. 4.244). In this case, pressing Repeat
Pattern sends a single TPC pattern and simultaneously generates a trigger event.
The section B results are available after Repeat Pattern is pressed for the second
time. At the same time, all statistical results are updated.

The two symmetric sections A and B correspond to typical inner loop TPC
measurement tasks:

Example 1:  Set the UE to power control Algorithm 1, transmit a sequence of 10
TPC commands with the value 1, then transmit a sequence of 10
TPC commands with the value 0.

—> Activate Section B Analysis.

Example 2:  Set the UE to power control Algorithm 1, transmit a sequence of 10
TPC commands with the value 1 while the UE operates at the
maximum power threshold.

—> Deactivate Section B Analysis.

Remote Control
CONFigure:POWer:ILTPc:CONTrol:BSECtion ON | OFF

An overview of the Inner Loop TPC control parameters and the resulting measurement duration is given

below.
Table 4-1

Inner Loop TPC measurement settings and duration

TPC Mode Profile Length Section B Analysis Measurement length
Off 7 Slots (always Off) 8 slots
Off 10 Slots (always Off) 11 slots
Algorithm 1/2° 7 Slots Off 8 slots
Algorithm 1/2 10 Slots Off 11 slots
Algorithm 1/2" 7 Slots On 2*8 slots
1 slot overlap, see Fig. 4-4
Algorithm 1/2 10 Slots On 2*10 slots
1 slot overlap, see Fig. 4-4

1 Algorithm 2 is compatible with a 7-slot profile length if no power steps occur over the whole measurement length.

1115.4962.12

4.28 E-13




CMU-K56...-K96 Power Measurements

Step Control —
Section A

The Step Control — Section A defines the TPC command values for the 10 power
steps that can be displayed in section A. If a 7-slot Profile Length is selected, the
last three values are ignored. The TPC command values for section B are derived
from the section A values according to the following condition: a TPC command 1 in
slot no. n of section A implies a TPC command 0 in slot no. 10 — n in section B and
vice versa.

The TPC commands for Algorithm 1 and Algorithm 2 are set independently. The
values determine the TPC_cmd parameters and the UE transmitter output power
steps between the measured slots; see paragraph on the TPC Mode above. The
TPC command values are not used if TPC Mode is set to Off.

Remote Control
CONFigure:POWer:ILTPc:CONTrol:TPCProfile:ALG<nr>

The following settings are valid for P/Slot Table measurements only.

Measure
Mode

1115.4962.12

The Measure Mode defines whether the input level range for P/Slot Table is
adjusted manually or automatically. Three different Measure Modes are available:

Ref. Lev. Switch Off The P/Slot Table measurement is performed with constant
input level range; see Table 4-2 below. In Signalling mode,
autoranging (Analyzer Level — Mode: Auto) can be used.

Ref. Lev. Switch Auto If necessary the CMU automatically re-adjusts its input level
range during the P/Slot Table measurement so that the
entire dynamic range of the UE can be measured in a single
shot; see Table 4-2 below.

TPC Test Step Special test mode for power ramp measurements according

to the conformance test specification 3GPP TS 34.121. In
TPC Test Steps mode,

e The Step Settings are not valid.
e The measurement width is V% slot.

e Each measurement sequence is initiated by a TPC
trigger (BS Signal Settings — Activate Pattern), see
below.

o After Activate Pattern, the selected TPC pattern (typically:
a Test Step A ... G setup) is measured only once; the
result remains valid until the next measurement
sequence is initiated.

The TPC Test Steps should be measured with a good RF
connection between the CMU and the UE under test.

UL CM Test Step Test mode for power measurements according to the
conformance test specification 3GPP TS 34.121, section
5.7, Power setting in uplink compressed mode.

The measurement mode UL CM Test Step is available in Signalling mode only. For
detailed information refer to the measurement examples in Chapter 2.

Remote Control
CONFigure:POWer:XSLot:CONTrol :MMODe <Mode>

4.29 E-13



Power Measurements

CMU-K56...-K96

Table 4-2 Comparison of P/Slot Table measurement modes

Measurement Mode

Ref. Lev. Switch Off

Ref. Lev. Switch Auto

Typical application

UE test steps over a smaller,
known dynamic range.
Low UE output power range.

UE test steps over a wide dynamic range, good RF
connection between the CMU and the UE under test.

autoranging

Auto)

(Analyzer Level — Mode:

Level for each single shot P/Slot
Table measurement is determined
automatically according to the UE
power in the first slot. This Max.
Level is valid for the entire single
shot.

Behavior with manual
Max. Level setting

(Analyzer Level — Mode:

The Max. Level is valid for the
entire measurement.
If possible, the Max. Level should

Test modes Non Signalling (no autoranging), Non Signalling,
Signalling Signalling (Connected state only)
Behavior with Only in Signalling mode: The Max. No difference between autoranging and manual Max.

Level setting. To avoid overflow or underflow, the
manual Max. Level should be set in accordance with the
expected UE power in the first measured slot.

If necessary, the Max. Level is re-adjusted during a
single shot P/Slot Table measurement to extend the
dynamic range.

Note: Avoid power steps >5 dB because they can cause
an overflow or underflow of the input path. If a large
power step (>10 dB) marks the start of the measured

Manual) be settt%apprls )I( 20| QBt:b?vetthe power ramp (e.g. to provide an IF trigger event), the first
ei(pec ed peak fevelin the firs slot should be skipped by means of an appropriate Step
step. Delay or Slot Delay.

Display Mode Specifies whether the table in the P/Slot Table menu shows absolute powers or the

differences between consecutive steps ans selects the graphical representation.
The tables and the graphs (2D charts) show the same results.

Absolute
Delta Step

Absolute slot powers in dBm, displayed in a table.
Power steps in dB, displayed in a table. The first result is not

available because each result requires two consecutive absolute
powers. Instead the Absolute Power of the first slot is displayed

below the table.

Absolute Graph  Absolute slot powers in dBm, displayed in a 2D chart

Delta Step Graph Power steps in dB, displayed in a 2D chart. The first result is not
available because each result requires two consecutive absolute
powers. Instead the Absolute Power of the first slot is displayed

below the graph.

Remote Control
No explicit command for switchover; the absolute and delta results are retrieved
using the READ[ : SCALar] : POWer:XSLot :ABSolute? and
READ[:SCALar] : POWer:XSLot : DELTa? commands, respectively.

1115.4962.12
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Power Meas.
Width

Step Count

Step Width

Step Delay

1115.4962.12

The Power Meas. Width parameter selects the measurement time for a single
measurement step. The power in a slot can be measured and averaged over Y4, %2
or 1 slot. A Power Measurement Width of 1 slot is available only if the Step Width
(see below) is larger than 1 slot.

The measurement width is in accordance with the test specification for Maximum
Power, Minimum Power, and OFF Power measurements: The measurement range
is restricted to the useful part of the slot, excluding a guard period of 25 us (96 chip
periods) at the beginning and at the end of the slot. A measurement width of 1 slot
therefore corresponds to 666.7 us — 2*25 us = 616.7 us. The other two settings
correspond to integer fractions of the total slot length of 666.7 ps (333.3 us and
167.7 us).

| |
: — ; Power Meas. Width = 0.25 slot
| |
: } Power Meas. Width = 0.50 slot
Slot boundary |
: : Power Meas. Width = 1.00 slot
[ 8.
> >
25 us 25 us
Guard Period Guard Period

Fig. 4-10 Power measurement width

Remote Control
CONFigure:POWer:XSLot:CONTrol:PMWidth <Width>

The Step Count parameter selects the number of slots measured.

Remote Control
CONFigure:POWer:XSLot:CONTrol:SCOunt <StepCount>

The Step Width parameter selects the number of slots skipped between two
consecutive measurements. With a step width of 1 (slot), each slot is measured.

The step width can be used to select particular slots where the UE is expected to
change its ouput power. With a Step Width of 15 the CMU measures a particular
slot in each frame: the measurement is frame-periodic.

Remote Control
CONFigure:POWer:XSLot:CONTrol:SWIDth <StepWidth>

The Step Delay parameter selects a delay time between the trigger time and the
start of the measurement. Step Delay is defined in multiples of the Step Width (see
above): a step delay of 2 at a step width of 5 means an actual delay of 2*5 slots =
10 slots. The P/Slot Table measurement must be performed with an external trigger
fed in via pin no. 8 of the AUX 3 connector. The Step Delay is added to the trigger
delay (Slot Delay + Delay Offset) defined in the Trigger tab of the Connection
Control menu (see section Trigger (Connection Control — Trigger) on p. 4.180).
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Trigger time Beginning
(External of measured
trigger) slot T
. L L v i | : St ] ] [
- e Delay Offset

— Slot Delay + Step Delay
Fig. 4-11  Trigger delay and step delay for P/Slot Table measurement

The external trigger time ideally coincides with the slot boundary of the UL WCDMA
signal. In this case Slot Delay and Delay Offset can be set to 0 and the Step Delay
simply defines an offset between the trigger time and the measured slot. As
explained above (see Fig. 4-10) the P/Slot Table measurement always starts 25 us
after the beginning of the measured slot.

Note: In the P/Slot Table measurement with external trigger, the timing is
exclusively determined by the external trigger time and the ftrigger
delay parameters (Slot Delay + Delay Offset). In contrast to other
measurements the CMU does not perform a correlation analysis to
exactly pin down the beginning of the UL slot (see Fig. 4-72 on p.
4.170). The accuracy of the (corrected) trigger time must be «25 us to
ensure that the measurement range is actually confined to the central
domain of the slot (see Fig. 4-10 on p. 4.31).

If the sum of all trigger delay parameters is negative (i.e. Slot Delay =
Step Delay = 0 and Delay Offset < 0 so that the beginning of the
measured slot precedes the real trigger time) the CMU skips the first
slot (slot no. O in the result table) and shows an invalid "-" result.
Otherwise, the measurement immediately starts at the corrected
trigger time.

Remote Control
CONFigure:POWer:XSLot:CONTrol:SDELay <StepDelay>

The following settings are valid for On/Off Time Mask measurements only.

Measured
Preamble

Measured Item

1115.4962.12

Preamble within the preamble cycle that is measured and displayed in the On/Off
Time Mask measurement menu (the number n in the description of the
measurement menu). The selected value must be compatible with the length of the
preamble cycle, i.e. it must be smaller than Max. Retransmission, where Max.
Retransmission is set in the Network tab of the Connection Control menu.

Remote Control
CONFigure:POWer:ONOFf:CONTrol:MPReamble <Preamble No>

Defines whether the On/Off Time Mask measurement provides the Off Power
Before and the Off Power After the next preamble (Power On/IOff) or the Power
Step from the measured preamble to the next preamble (Power On/Step).

Remote Control
CONFigure:POWer:ONOFf:CONTrol:MITem <Item>
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Tolerance Values (Power Configuration — Limits)

The Limits tab defines tolerance values for all peak and average UE output power results and for the
power control steps that can be obtained in the Power measurement. For an explanation of the four
applications Maximum Power, Minimum Power, OFF Power, and Inner Loop TPC refer to the beginning
of section Power Measurements on p. 4.2.

Conformance
requirements

Maximum Power

Minimum Power

OFF Power

Inner Loop TPC

P/Slot Table

1115.4962.12

In CDMA networks, power control is essential to ensure stable transmission and an efficient
radio resource management within the system. Generally speaking, an output power of the
UE transmitter that is too low decreases the coverage area while an excess output power
may cause interference to other channels or systems. Both effects decrease the system
capacity. The power tolerances are reported in standard 3GPP TS 25.101.

WCDMA user equipment is divided into four power classes. In the standard, the maximum
output power of the UE transmitter (averaged over the transmit slot) and its tolerance is
defined according to the power class of the UE as shown in Table 4-3 below.

Table 4-3 Power classes and maximum output power

Power Class Maximum Output Power (Rated Value) Tolerance
1 +33 dBm +1/-3dB
2 +27 dBm +1/-3 dB
3 +24 dBm +1/-3dB
4 +21 dBm +2 dB

According to the standard, the minimum output power of the UE transmitter must be below
—50 dBm.

According to the standard, the OFF Power (i.e. the maximum output transmit power within
the channel bandwidth when the UE transmitter is OFF) must be below —56 dBm.

According to the standard, the Transmitter Power Control (TPC) tolerances are divided into
two sets. The first set refers to individual power steps and depends on the step size. The
values are quoted in Table 4-4 below. The values in Table 4-4 hold in the UE transmitter
output power range between the minimum power threshold of —-50 dBm (see Minimum
Power above) and the maximum power threshold depending on the power class (e.g. +21
dBm — 2 dB = +19 dBm for devices with power class 4; see Table 4-3 above). For UE
transmitter output powers above the maximum threshold, the lower limits are not applicable.
For UE transmitter output powers below the minimum threshold, the upper limits are not
applicable.

The second set of tolerances refers to either 7 or 10 equal TPC_cmd values. Again these
average tolerance values depend on the step size; see Table 4-5 below. The values in
Table 4-5 hold in the UE transmitter output power range between the minimum and the
maximum power threshold.

The default limit values have been chosen in accordance with the test requirements for the
TPC test steps A to H listed in standard 3GPP TS 34.121. The CM Steps and their limits are
specified in section 5.7 of this standard.
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Table 4-4 Inner loop individual TPC tolerance
Step Size / dB Max. Power Step Error / dB TPC_cmd Values Typical CMU Settings
0 +0.5 TPC_cmd =0 Arbitrary Step Size
TPC Mode = Algorithm 2
Profile Length = 10 Steps
(or 7 steps and constant UE power)
1 +0.5 TPC_cmd =+1 Step Size =1dB
TPC Mode = Algorithm 1 or 2
Profile Length = 10 Steps
2 +1.0 TPC_cmd =+1 Step Size =2 dB
TPC Mode = Algorithm 1 (or 2)
Profile Length = 10 Steps
3 1.5 TPC_cmd=+1 Step Size =3 dB
TPC Mode = Algorithm 1 (or 2)
Profile Length = 7 Steps
UE compressed mode power control
Table 4-5 Inner loop average TPC tolerance
Step Size / dB Max. Power Step Error Max. Power Step Error TPC_cmd Values | CMU Settings
after 7 Steps / dB after 10 Steps / dB
0 +1.0 see below TPC_cmd =0 Arbitrary Step Size
TPC Mode = Algorithm 2
Profile Length = 7 Steps
and constant UE power
0 see above +1.0 TPC_cmd =0 Arbitrary Step Size
TPC Mode = Algorithm 2
Profile Length = 10 Steps
and constant UE power
1 not applicable +2.0 TPC_cmd =+1 Step Size =1 dB
TPC Mode = Algorithm 1
Profile Length = 10 Steps
with equal TPC commands
2 not applicable +4.0 TPC_cmd =+1 Step Size =2 dB
TPC Mode = Algorithm 1
Profile Length = 10 Steps
with equal TPC commands
3 +5.0 not applicable TPC_cmd =+1 Step Size = 3 dB

TPC Mode = Algorithm 1
Profile Length = 7 Steps

with equal TPC commands
UE compressed mode power
control

1115.4962.12
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& Power Configuration WCDMA FDD 8
Control Limits
— Se‘tup I"" imum Power/ Average/EPower(Peak) |

Default & Settings | [

~ Waimum Fower
Default Settings | ]
* Current&iasiin absolute limit upper limit lower limit

UEPomer(Peak) | +2700 gm +200 a8 -200 @
UEPower(RMS) | + 2100 aem +200 a8 -200 oB
¥ Average absolute limit upper limit lower limit
UEPwer(Peak) +200 06 -200 @
UEPower(RMS) | + 2100 am +200 a8 -200 a6
~ Minimum Poter
Default Settings
¥ Current@Man
UEPomer(Peak) | - 4400 dem

Fig. 4-12 Power Configuration — Limits

Default Settings

Maximum Power

Minimum Power/
OFF Power
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The Default All Settings switch assigns default values to all settings in the Control
tab (the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual applications are provided.

Remote control
DEFault:POWer<Application>:LIMit ON | OFF etc.

The table section Maximum Power defines upper and lower limits for the peak and
average UE output power determined under the conditions of a Maximum Power
measurement. Two different sets of limit values can be defined:

Current & Max./Min. Common limits for the Current, the Minimum and the
Maximum results (see description of output table in section
Measurement Results on p. 4.11)

Average Limits for the Average results

The tolerances for each result are specified by a rated maximum output power
(rated value, in dBm) and an upper and a lower limit value (upper limit, lower limit),
which is defined relative to the rated value (in dB). The limit check passes if the
measurement result is in the range [rated value + lower limit, rated value + upper
limit]; see also Table 4-3 on p. 4.33.

Remote control

CONFigure:POWer:MAXimum:CMMax:LIMit [:SCALar] :ASYMmetric:
UPPer:VALue <Upper Limit Peak>,<Upper Limit RMS>

CONFigure:POWer:MAXimum:CMMax:LIMit [:SCALar] :ASYMmetric:
LOWer:VALue

CONFigure:POWer:MAXimum:CMMax:LIMit [:SCALar] :ASYMmetric:
RVALue

analogous commands for AVERage instead of CMMax.

The table sections Minimum Power and OFF Power define absolute upper limits for
the peak and average UE output power determined under the conditions of a
Minimum Power and OFF Power measurement. Two different limit values are
provided for the Current & Max. and for Average results (in contrast to the Maximum
Power measurement, the Minimum results don't make sense).

The limit check passes if the measurement result is below the specified limit.
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Inner Loop TPC

1115.4962.12

Remote control

CONFigure:POWer :MINimum:CMAX:LIMit[:SCALar] :SYMMetric
[ :COMBined] : VALue
CONFigure:POWer:MINimum:AVERage:LIMit [:SCALar] :SYMMetric
[ :COMBined] : VALue
analogous commands for OFF instead of MINimum.

The table section Inner Loop TPC defines symmetric limits for the UE output power
steps that the UE transmitter uses for inner loop power control and a minimum and
maximum threshold limiting the power control range; see explanations at the
beginning of this section. The Limit Info diagram visualizes how the limit check is
handled above Max. Threshold, in the power control range and below Min.

Threshold.
Max. Threshold

Min. Threshold

Step individual

Step Section A/B

Remote control

Upper limit of the power control range. By default, Max.
Threshold is defined as the lowest permissible output power for
the UE power class (e.g. +21 dBm — 2 dB = +19 dBm for devices
with power class 4; see Table 4-3 above). In the output power
range above Max. Threshold, the lower individual power step
limits (Step individual) in Table 4-4 and all average power step
limits in Table 4-5 are ignored.

Lower limit of the power control range. By default, Min. Threshold
is defined as =50 dBm; see Minimum Power above). In the output
power range below Min. Threshold, the upper individual power
step limits (Step Section A/B) in Table 4-4 and all average power
step limits in Table 4-5 are ignored.

Symmetric power step limits for individual power steps; see Table
4-4 above. The individual limits and limit check results are
indicated in the lower diagram. Beyond the Min. Threshold and
the Max. Threshold, the limits are no longer evaluated
symmetrically.

Symmetric power step limits for either 7 or 10 equal TPC_cmd
values; see Table 4-5 above. The section A/B limit check results
are indicated in the Section A and Section B output fields below
the diagrams. These limits are not valid beyond the Min.
Threshold and the Max. Threshold.

CONFigure:POWer:ILTPc:THReshold:CURRent:LIMit[:SCALar]
:ASYMmetric[:COMBined] :VALue
<MaxThreshold Limit Current>, <MinThreshold Limit Current>
CONFigure:POWer:ILTPc:STEP:CURRent:LIMit[:SCALar]
:SYMMetric[:COMBined] :VALue
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P/Slot Table

On/Off
Time Mask

1115.4962.12

In the Limits tab of the Power Configuration menu it is possible to specify limits for
the P/Slot Table measurement. The limits are analogous to the Inner Loop TPC
limits described above. They are only available in Signalling mode.

Step Dependent Symmetric power step limits for individual power steps

Step Accumulate Symmetric power step limits for 10 and 50 equal TPC_cmd
values.

The CM Steps limits are used if the measurement mode UL CM Test Step is active.
A schematic diagram characterizes the position of the individual power steps within
the CM pattern. For each power step type, it is possible to specify an expected step
size (the actual step size is calculated by the UE from the CM parameters and
synchronously transmitted TPC pattern) and a symmetric limit. CM step limits that
are marked invalid are not defined in the conformance test specification and not
evaluated. The actual positions of the power steps within the CM test patterns A
(rising and falling TPC) and B are shown above the expected power steps, in the
lines "Slot Numbers", which denote each first and last slot of each power step and
the recovery period, respectively. The slot numbers cannot be edited.

The table contains a minimum set of values for all pattern types. Note the following
peculiarities:

e The non CM / CM power step and limit associated with pattern B also applies to
the CM / non CM transition with inverse sign.

e The default accumulated power step is equal to 7 times the limit for the single
recovery steps. For test purposes it is possible to select a different value.

Remote control
CONFigure:POWer:XSLot:THReshold:DELTa:LIMit[:SCALar]:
ASYMmetric[:COMBined] :VALue
CONFigure:POWer:XSLot:STEP:DELTa:LIMit[:SCALar]:
SYMMetric[:COMBined] :VALue
CONFigure:POWer:XSLot:STEP:DELTa:LIMit:ENABle
DEFault:POWer:XSLot:LIMit
CONFigure:POWer:XSLot:CMSTeps:EXPected[:SCALar] :VALue
CONFigure:POWer:XSLot:CMSTeps:LIMit[:SCALar]
:SYMMetric[:COMBined] :VALue

The limits defined in section On/Off Time Mask apply to the On/Off Time Mask
application and do not overwrite analogous limits in the other Power applications.

Open Loop Limit Maximum difference between the PRACH UE-On Power and the
Expected PRACH Power.

Max. Power Limit Rated value and tolerance for the PRACH UE-On Power if it is
measured near the maximum UE transmitter output power.

Off Power Limit  Maximum of the measured Off Power Before and the Off Power
After. The limit check for this value is performed before and after
each measured preambile.

PRACH PowStep Maximum deviation of the measured Power Step (i.e. the
difference between the average power of the (n + 1)* and the n"
preamble) from the selected Step Size (On/Off Time Mask —
Random Access Set).

The output fields in the On/Off Time Mask menu turn red if one of the limits is
exceeded.

Remote control
CONFigure:POWer:ONOFf:CURRent:LIMit
DEFault:POWer:ONOFf:LIMit
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Modulation Measurements

The menu group Modulation measures the modulation accuracy of the RF signal from the UE.
Modulation accuracy is the ability of the UE transmitter to generate an ideal QPSK-modulated signal.
Several graphical measurement menus are provided to display the measurement results. The popup
menu Modulation Configuration is used for configuration of the measurements.

The characteristics of the modulation measurement, the measured quantities and the measurement
menus depend largely on the signal configuration selected by means of the Application — QPSK /
WCDMA hotkey in the Modulation measurement menu:

e The QPSK? mode is used to measure the QPSK modulated signal with a chip rate of 3.84 Mcps.
Examples of valid signals are a single DPCCH signal, a single DPDCH signal or a combination of a
DPCCH with one DPDCH (see Fig. 4-15 on p. 4.42) and equal gain factors: The DPCCH and the
DPDCH are summed to a complex-valued signal with a constellation diagram that is still QPSK-like).
The channelization code, scrambling code and the symbol rate are irrelevant to the measurement.
This mode is faster than the WCDMA mode and is useful to adjust the modulator of the UE
transmitter (see description in section QPSK Measurements (Modulation — QPSK) on p. 4.44).

e The WCDMA mode is used to measure the WCDMA signal, i.e. a 3GPP standard uplink signal with a
chip rate of 3.84 Mcps and channel coding (see description in section WCDMA Measurements
(Modulation — WCDMA) on p. 4.54).

For the sake of clarity, the two signal configurations are explained separately throughout the remainder
of the Modulation Measurements section.

In addition to the QPSK... and WCDMA... applications, the following Modulation measurement
applications are available:

¢ Phase discontinuity (PHDisc) provides the change in phase between any two adjacent timeslots. The
phase discontinuity is measured in accordance with the definition of the conformance test
specification 3GPP TS 34.121 (see section Phase Discontinuity Measurement on p. 4.64). The
PHDisc application is available in Non Signalling and in Signalling mode.

e The PRACH preamble quality is a measure of the ability of the UE to transmit the PRACH preamble
in accordance with the core requirements so that the Node B can reliably decode the PRACH. The
CMU can measure the PRACH preamble quality in accordance with the initial conditions stated in the
conformance test specification 3GPP TS 34.121 (see section PRACH Preamble Quality
Measurement on p. 4.62). This application is available in Signalling mode only.

e EVM & PhD HS-DPCCH provides the change in phase due to the transmission of the HS-DPCCH
and an evaluation of the corresponding EVM and frequency error values. This application covers the
EVM and Phase Discontinuity with HS-DPCCH conformance test (see standard 3GPP TS 34.121
V7.2.0, test procedure 5.13.1AA) and is described in chapter 8, HSDPA Options. The PHDisc
application is available in Non Signalling and in Signalling mode.

Measurement of Modulation Parameters

The purpose of this section is to illustrate the meaning of the physical parameters determined in the
Modulation measurement. For a discussion of the different averaging procedures involved please refer
to Chapter 3.

Definition of measured quantities:

According to the Terminal Conformance Specification TS 34.121, the quality of the modulated uplink WCDMA
signal is primarily assessed by its Error Vector Magnitude (EVM) and Peak Code Domain Error (PCDE). The EVM
quantifies the modulation quality of the composite signal, the PCDE quantifies the modulation quality of the
individual code channels in a considered code domain. The combination of both parameters ensures that the
entire WCDMA signal as well as all code channels satisfy the requirements of the conformance specification.

2 The modulation scheme used in the uplink is actually a modified QPSK scheme that is often referred to as HPSK modulation (Hybrid Phase Shift Keying).
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The measurement of both parameters is based on a comparison between the modulation vector Z in the I/Q-plane,
measured over the complete slot or a fraction of it (termed the Measurement Length in the CMU), and an ideal,
calculated reference signal R’; see 13 below. The modulation parameters of the conformance specification are
defined as follows:

Error Vector Magnitude,

EVM (RMS) RMS value of the error vector E = R’ — Z divided by the RMS value of the reference
signal R’, expressed in percent.
PCDE Maximum Code Domain Error for all codes in a considered code domain at a specific

spreading factor. The Code Domain Error for every code corresponds to the projection
of the EVM onto that code. The PCDE is expressed in dB.

The CMU not only provides the EVM (RMS) value but also the (positive definite) normalized error vector EVM =
E/R’ over the whole measurement range. In addition to this time-dependent EVM, the comparison of Z and R’
yields two additional non-redundant quantities; see 13 below:

Phase Error Difference in phase between the measured and the ideal modulated signal vector.
Magnitude Error Difference between the magnitudes of the measured and the ideal modulated signal
vector.

The EVM, phase error and magnitude error can be displayed in three separate graphical measurement menus. In
addition, the CMU provides a statistical evaluation of all three quantities.

The frequency accuracy is assessed by means of the following parameter:

Carrier Frequency Error Difference of the measured UE modulated carrier frequency from the expected
(nominal) frequency.

In addition to the previous parameters, specified in standard TS 34.121, the CMU provides the following results:

1/Q Origin Offset Origin offset in the 1/Q constellation diagram reflecting a DC offset in the baseband
signal (see Fig. 4-14 on page 4.41 and Equation 4-1). The origin offset corresponds to a
RF carrier feedthrough in spectral representation.

I/Q Imbalance Amplitude difference between the in-phase (I) to the quadrature (Q) components of the
measured signal, normalized and logarithmized (see Fig. 4-14 on page 4.41 and
Equation 4-2). The 1/Q imbalance corresponds to an unwanted signal in the opposite
sideband in spectral representation.

Waveform Quality Normalized correlated power between the actual and the ideal waveform.

A limit check is provided for all three error curves and all scalar results.

In annex B of standard TS 34.121, the different steps to obtain the Modulation parameters are outlined
as follows:

1. Acquire the signal Z and calculate The actual modulation vector of the output signal of the
the reference signal R UE under test is measured over a complete slot and
stored as Z, using a matched filter (an RRC filter with a
roll-off o = 0.22 and a bandwidth equal to the chip
rate). A reference signal R with variable timing, RF
carrier frequency fc,r and power (gain factors; see Fig.
4-15 on p. 442 and Fig. 4-16 on p. 4.43), is
constructed mathematically and filtered by the same
matched filter.

2. Derive the Code Domain Power The timing, carrier frequency fc,r and power of the
and Frequency Error reference signal R is varied in order to achieve best fit
with the measured signal Z, i.e. to minimize the RMS
value of the difference Z — R. This yields the measured
values of the Frequency Error, the Code Domain
Power (see section Code Domain  Power
Measurements on p. 4.94) and the varied reference
signal R’.
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3. Calculate the EVM, Phase Error and
Magnitude Error as a function of
time

Error vector,
Q E=Z-R'

Ideal modulation /

vector, R'

Real (measured) modulation
vector, Z

Ap

I
Fig. 4-13 Modulation errors in the
I/Q vector diagram

4. Calculate the EVM (RMS) and PCDE

The error vector E = Z — R’ is calculated as an array at
each sample in the measurement interval. From E and
Z the following arrays can be calculated:

|E|=|Z-R’| Magnitude of the error vector,
calculated at each sample in the
measurement interval.

A Phase error
|Z]-|R’| Magnitude error

The Modulation measurement diagrams show the
relative magnitude error and the relative EVM, i.e. the
quantities defined above divided by the magnitude of
the ideal modulation vector | R’|.

Note: The test functionality of the CMU is
beyond the requirements of the standard
where nothing regarding the phase error
and magnitude error is specified.

The EVM (RMS) is calculated as the ratio of the RMS
value of E to the RMS value of R’ in percent, i.e.

EVM = RMS (E) / RMS (R) * 100%

The Peak Code Domain Error (PCDE) is calculated as
follows:

The error vector E = Z — R’ is descrambled and
projected onto all code channels of a specific
spreading factor SF. For each of the resulting
projected error vectors E¢ (k = 0 to SF — 1), the RMS
value is calculated. The PCDE is calculated as the
ratio of the maximum of the RMS values of E, to the
RMS value of R’ in dB, i.e.

PCDE = 20 * log [max, RMS (Ey) / RMS (R")] dB

In addition to the previous parameters, CMU provides the Origin Offset, the I/Q Imbalance and the

Waveform Quality:

1115.4962.12
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Fig. 4-14 Modulation errors in the I/Q constellation diagram
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Fig. 4-14 is an idealized representation of the modulation errors where the effects of
a pure origin offset (left diagram) and of a pure 1/Q imbalance (right diagram) are
completely disentangled. The 1/Q offset in dB is the logarithmic ratio of the 1/Q offset
vector (i.e. the estimated DC-offset of the measured signal) to the average offset-
corrected signal vector:

[1/Q offset vector |

Origin Offset = 20log -
| Offset - corrected signal vector | gys

(Equation 4-1).

In Equation 4-1, | Offset - corrected signal vector | rys denotes the magnitude of the
offset-corrected signal vector that is RMS-averaged over all samples.

In the UE Code tab of the Connection Control menu (see section UE Code on p.
4.140), two alternative Analysis Modes can be set:

In the analysis With Origin Offset, which conforms to 3GPP specifications, the
modulation vectors R and Z in Fig. 4-19 are measured from the origin of the 1/Q
plane, so the results for the EVM, phase error and magnitude error include a
possible origin offset.

In the analysis Without Origin Offset, the modulation vectors R and Z in Fig. 4-19
are measured from the coordinates of the 1/Q offset vector, so the origin offset is
subtracted out in the EVM, phase error and magnitude error results.

Note: The I/Q imbalance is always calculated without origin offset regardless
of the Analysis Mode set (see Fig. 4-14). Conversely, the waveform

quality is always calculated with origin offset.

The 1/Q imbalance in dB is equal to the difference between the estimated | and Q
amplitudes of the measured signal, which are normalized and logarithmized as
follows:

[<I>-<Q>|

I/Q Imbalance = 201log
[<I>+<Q>|

(Equation 4-2).

The waveform quality or p factor is a measure for the modulation accuracy and
corresponds to the normalized correlated power between the actual waveform and
the ideal waveform sampled at the constellation points. According to standard
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TIA/EIA/SP-4583, it is defined as:
| 2R Z, [
K

, 2 2
IR 2IZ |
k k
where Ry is the k™ sample of the ideal signal, Z is the k™ sample of the measured
signal (both in complex representation) and the sums run over all samples. For an

ideal transmitter (Z, = R for all k), the waveform quality is equal to 1. For real
transmitters, the waveform quality is a positive real number smaller than 1.

(Equation 4-3),

Waveform Quality =

Uplink WCDMA Signal

As a prerequisite to the WCDMA modulation measurement, the CMU commands the UE to transmit an
uplink WCDMA signal. Its properties are as defined in 3G TS 25.213, Spreading and modulation (FDD):

The WCDMA signal is composed of one control channel (DPCCH) and n data channels (DPDCH), where n is
between 0 and 6. The symbols of all channels are first spread to the chip rate by the channelization codes c,
weighted by gain factors  and summed to form a complex-valued stream of chips. This complex-valued signal is
then scrambled by a long or short scrambling code and finally QPSK modulated. For a WCDMA signal consisting
of the DPCCH plus one DPDCH, the different spreading and modulation stages are shown in see Fig. 4-15 below.

Channelization Weighting
codes factors

Scrambling
CsF,sFi4 Bd | code
DPDCH; X
. QPSK modulation
Cas6.0 3.84 Mcps
DPCCH

Fig. 4-15 Uplink WCDMA signal with up to 1 data channel

The channelization codes are defined in terms of the spreading factors SF and an index k ranging from 0 to
SF — 1. The spreading factor relates the chip rate of the total WCDMA signal to the symbol rate of the individual
channel: SF (Channel) x Symbol rate (Channel) = 3.84 Mcps.

According to the standard, the DPCCH is always spread with code cs60, corresponding to a symbol rate of
15 kbps. In the signal configuration of Fig. 4-15, where one DPDCH is transmitted, spreading factors of 4, 8, 16,
32, 64, 128 or 256 may be used, and the corresponding DPDCH channelization codes are csr srs. The CMU sets
the spreading factor implicitly as the symbol rate for the first DPDCH can be selected. With several DPDCHs,
DPDCH, is spread by csx, where k = 1ifn e {1, 2}, k=3 if n € {3, 4}, and k = 2 if n € {5, 6}. The corresponding
signal configuration is shown in Fig. 4-16 below.

The CMU is able to analyze standard WCDMA signals with an arbitrary number of DPDCHs and arbitrary
channelization codes.
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C
DPCCH ¢ Pe

Fig. 4-16 Uplink WCDMA signal with up to 6 data channels

Scrambling
code

QPSK modulation
3.84 Mcps

The weighting factors are equal for all transmitted DPDCHSs, so they essentially determine the DPCCH/DPDCH

power ratio.

The scrambling code is a complex-valued sequence of either long or short type that is distinguished by its

scrambling code number. The CMU supports long codes only.

The uplink HSDPA and HSUPA channels are spread in an analogous way; see Chapter 8.

1115.4962.12
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QPSK Measurements (Modulation — QPSK)

If the QPSK signal configuration is selected (see Application softkey in section Test Seftings on page
4.44), the graphical measurement menu Modulation displays quantities characterizing the modulation
accuracy of a single QPSK-modulated signal with a chip rate of 3.84 Mcps.

e The measurement control softkey Overview QPSK (which changes to EVM QPSK, Magn. Error
QPSK, Phase Error QPSK, or I/Q Analyz. QPSK if the corresponding application is selected) controls
the measurement, indicates its status (RUN | HLT | OFF) and opens the configuration menu
Modulation Configuration (press twice). The hotkeys associated with the measurement control
softkey define the scope of the Modulation measurement.

e The other softkeys to the right of the test diagram are combined with various hotkeys. The
softkey/hotkey combinations provide test settings and switch over between different measurements.
The entry of values is described in section Measurement Menu (Power) on page 4.6.

The measurement menu Modulation can be accessed from any other measurement menu of the
WCDMA UE function group using the Modulation hotkey. It can be opened also from the Menu Select
main menu (with the associated key at the front of the instrument).

WCDMA FoD Modulation LI | Conmect o
onnec

Appll - % Max Lavel: Auto Low noise FreqOffset: + 0000 kHz Chan./Freq: 9612 /18224 MHz R EVM Control
u Connect
O 4

catlon —’ w25 B 1 0ft [ — JOff B - foft EVM Control Connect
OPSK ] | [ ik Control
= cation " [EVM Connect
s APPIL- [ EVM Control
o Analyzer | [lly] Aopl Connect
Lev. poll- PSR Control
Trige cation EVM ontrol
Analyzer Appi- apsK Connect
0 chip| | Analyzer | Lev. gy analyzer | HEwm Control
100 200 300 400 00 600 Settings Y Appli- QPSK Connect
Current Average Mas i, A"i".Y?e" ‘ Lev. 1.y g Analyzer | cation EVM Control
Eetlanrek 1% 1341w -3 640 Chip| | Generator | Settings Analyzer || Lev. 10 dppii[Hapsk
Settings Aopli-

Analyzer | cation EVM
v S [fapsk
|

Lev. 1igq

RS 1975  1198% 494 weasLonan | Level | or
4 Origin Offsat -282648 -2278de -2506 B -8035 aBm | | sanerator | Level
Settings

Analyzer
Analyzer | Lev. 15

e (1
i nalyzer || cation
CarerFreuecyErior | 2031 w2 3575w -2544 wr USRS Generator | Sl e [ Lev. Appii
10 Generator | Level e Sett;;gs Trigg Analyzer || cation
Statistic Count i
IO | Marker |Sett|ngs Generator || Level Analyzer [ Lev. 7y
Settings Settings
Level

| 37285 Dispiay
Out of Tolerance Marker Generator
Menus Dispisy Settings
Marker

Stop Display Statistic Generator | Settings |
Liesiiae Condition Mode Gount ki Generator | Level Analyzer
- M Display Setti Generatorl Settings
Overview [[EVM Magn. Error | Phase Error| I7Q Analyz. Ex=zwcoma| MONUS Mark ettings
QPSK; QPSK QPSK; OPSK| QPSK; [ larker Generator | (L]
| | . Menus = Settings Generator
Max. Level Mode. Attenuation Maerer‘ ngeramrl Level
R R R Merus i || settings ~ |
Channel| _Frequency| Freq.Offset, Marker Generator
Displ: o
Level | DPCHCh. | Pow.Offs. | Dedicated | 36PPDL Menus oy Settings
Code; DPCCH| Ch. Mode Refer. Ch.

RE RE RF T™C Repeat Menus i
Channel| _Frequency| Freq.0ffset) TPCPattern Profile Pattern| Marker
Menus Display
ret @ ﬁ s 9 ﬁ s, @ ﬁ D-Line ﬁ
N Code Dom. Receiver
‘ Power | Modulation  Spectrum | Dom. | e
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Fig. 4-17 Measurement menu Modulation — EVM QPSK

Test Settings

The Analyzer Level, Analyzer Settings and Menus test settings are identical with those in the Power
menu (see section Test Settings on page 4.7). The following softkeys and hotkeys differ from the Power
measurement:

The Overview QPSK softkey controls the QPSK modulation measurement and
indicates its status (RUN | HLT | OFF).

This status can be changed after softkey selection (pressing once) by means of the
ON/OFF key or the CONT/HALT key. The status of the measurement is unaffected
upon switchover to other menus controlling a Modulation measurement, however, a
running measurement is restarted.

Overview
QPSK

Remote control
INITiate:MODulation:OVERview:QPSK
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ABORt :MODulation:OVERview:QPSK
STOP:MODulation:OVERview:QPSK
CONTinue:MODulation:OVERview:QPSK efc.

Pressing the Overview QPSK softkey twice opens the popup menu Modulation
Configuration (see page 4.64). Besides, the hotkeys Repetition, Stop Condition, and
Statistic Count defining the scope of the measurement are associated with the
Overview QPSK softkey. The function of these hotkeys is explained in the Power
menu section (see section Test settings on page 4.7); they are identical with the
parameters set in the Control tab of the Modulation Configuration menu (see page
4.64).

The Application softkey selects the measurement application and the signal
configuration.

The alternative diagrams (applications) are displayed in different measurement
menus. When an application is selected, the corresponding measurement menu is
called up. The configuration settings for all applications, however, are listed in a
common popup menu (see p. 4.64).

The Overview QPSK hotkey selects all scalar modulation results to be displayed.
For an explanation of the measured quantities see section Measurement of
Modulation Parameters on page 4.38.

Remote control
No explicit switchover command. All Overview QPSK measurements are identified
by the 3'/4" level keywords . . .OVERview:QPSK. ..

The EVM QPSK hotkey selects the magnitude of the error vector to be displayed.
The error vector connects the measured signal from the UE and the ideal signal
vector at the symbol points, see explanation in section Measurement of Modulation
Parameters on page 4.38. The diagram shows the relative magnitude (in percent),
i.e. the ratio of the magnitude of the error vector to the magnitude of the ideal signal
vector.

Remote control
No exdplicit switchover command. All EVM QPSK measurements are identified by
the 3°/4™ level keywords . . .EVMagnitude:QPSK. . .

The Magnitude Error QPSK hotkey selects the magnitude error of the modulation
vector to be displayed.

The magnitude error is the difference in magnitude between the measured signal
from the UE and an ideal signal waveform at the symbol points, see explanation in
section Measurement of Modulation Parameters on page 4.38. The diagram shows
the relative magnitude error (in percent), i.e. the ratio of the absolute magnitude
error to the magnitude of the ideal signal vector.

Remote control
No explicit switchover command. All Magn. Error QPSK measurements are
identified by the 3"/4" level keywords . . .MERRor : OPSK. . .

The Phase Error QPSK hotkey selects the phase error of the modulation vector to
be displayed.

The phase error is the difference in phase between the measured signal from the
UE and an ideal signal waveform at the symbol points (in deg), see explanation in
section Measurement of Modulation Parameters on page 4.38.
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Remote control
No explicit switchover command. All Phase Error QPSK measurements are
identified by the 3"/4" level keywords . . . PERRor : OPSK. . .

The I/Q Analyz. QPSK hotkey selects the diagrams to display the modulation vector
in the 1/Q plane (constellation diagram, vector diagram) and the | and Q amplitude
vs. time (I Phase, Q Phase, | Phase & Q Phase).

The diagram type is selected via Display — Waveform or in the configuration menu;
see section Measurement Control (Modulation Configuration — Control) on page
4.67. This application is available in Non Signalling mode only.

Remote control
No explicit switchover command. All I/Q Analyz QPSK measurements are identified
by the 3'/4" level keywords . . .TQANalyzer:QPSK. ..

The QPSK WCDMA hotkey toggles between QPSK mode and WCDMA signal
configuration.

The current signal configuration is marked in inverse video (white typeface on a
dark background). Selecting another signal configuration also changes the
Modulation measurement menu; see section WCDMA Measurements (Modulation
— WCDMA) on page 4.54.

Remote control
QPSK and WCDMA signals are identified by the keywords : QPSK and
:WCDMa : DPCH in the command headers, respectively.

The Marker/Display softkey positions up to 3 markers and a D-line in the test
diagram and displays their values.

If pressed once again, the selected Marker/Display softkey changes to the
Display/Marker softkey, see below. Both softkeys are not available in the Overview
application where no measurement curve is displayed.

Markers The markers are graphical tools for marking points on the

measurement curve and for numerical output of measured values. The
measurement menu Modulation provides a reference marker and two
further markers that permit to measure distances (delta marker 1 and
2).
The coordinates of the three markers are indicated in the format
Ordinate value (EVM or magnitude error or phase error)/abscissa
value (time) in a parameter line above the test diagram. The position
of the reference marker is expressed in absolute units (EVM and
magnitude error in percent, phase error in deg, and time/abscissa
value in chip periods), the delta marker can be defined by absolute or
relative values (e.g. time differences from the reference marker).

D-line The D-line is a horizontal line that can be positioned to mark or read
out an arbitrary level in the test diagram.
The hotkey Ref. R switches the reference marker on or off (use the ON/OFF key).

The reference marker is represented by the symbol '3 in the test diagram. The
marker position (abscissa) is defined in the input field Ref. Marker R. The marker is
switched off in the default setting (Off). The marker value is given by the
measurement curve at the marker position.

The position of all markers can be varied using the roll-key.
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Remote control
No command, screen configuration only.

The Rel. 1 hotkey switches the delta marker 1 on or off (use the ON/OFF key).

The delta marker 1 is represented by the symbol U in the test diagram. The
marker position (abscissa) is defined in the input field Rel. Marker 1. The marker is
switched off in the default setting (Off). The marker value is given by the
measurement curve at the marker position.

The toggle switch Rel 1 Config pops up when the hotkey is pressed for the second
time. It defines whether the position of delta marker 1 is measured and indicated in
absolute units or relative to the reference marker.

Remote control
No command, screen configuration only.

The Rel. 2 hotkey switches the delta marker 2 on or off (use the ON/OFF key).
Functions and remote control are analogous to delta marker 1.

The D-Line hotkey switches the D-line in the test diagram on or off.

The D-line is a horizontal, colored auxiliary line in the test diagram and is used for
marking an ordinate value or for measuring differences. The ordinate value is
determined in the input field D-Line and indicated on the D-line. The permissible
value range is the diagram area, the default setting is Off.

Remote control
No command, screen configuration only.

The Display/Marker softkey selects the x-axis range for the graphical display. It is
activated by pressing the Marker/Display softkey twice. If pressed once again, the
selected Display/Marker softkey changes back to the Marker/Display softkey, see
above.

All Display settings are also provided in the configuration menu; see section
Measurement Control (Modulation Configuration — Control) on page 4.67.
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Measurement Results

The values shown in the Modulation measurement menus can be divided into three groups:

e Setting values

e Scalar measurement results (single values)

e Arrays (curves plotted as a function of time)

The measurement menu for the Overview application shows all scalar results but no curve. The
measurement menus for the EVM, Magn. Err. and Phase Err. applications are analogous to each other
and show the phase error, the (relative) magnitude error or the (relative) error vector magnitude as a
function of time and the corresponding peak and effective values. The range and unit of the y-axis is
adjusted to the measured quantity. The I/Q Analyzer application provides a graphical analysis of the
modulation vector in the 1/Q plane.

Scalar Results (Overview)

The measurement menu for the application Overview QPSK shows all scalar results. Most of the values
are displayed in tabular form:

Parameter line

Output table
and additional fields

Maix Level: Auto Mormal Freq.Cffset: + 0.000 kHz ChanFreg. 9612 / 19224 MHz
Current Average hda § hdin
Err\ect. Magn.—[ Peak 32 % 322 % 34 %
RMS 15 % 149 % 15 %
Magn. Error —[ Peak -30% 307 % -34 %
RMS 12 % 120 % 12 %
Phase Errar Peak -15° 154 ° -17°
_[RMS 05° 051° 05°
1§ Qrigin Offset -6924 48 -6623d8 -66.23 uB
1ic Ibalance -3658de -3653d8 -36.22 uB Meas. Length
Cartier Freguency Errar 0 Hz 0 Hz -5 Hz I 6.24 uBm
Iitavefarm Quality 09998 099978 0.9998 USraer
Statistic Ct
0.00 =%
Qut of Tolerance

Fig. 4-18 Display of results (Modulation — Overview QPSK)

Parameter line

Output table

1115.4962.12

The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in a
parameter line across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Afttenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

Chan./Freq. RF channel measured and associated nominal carrier frequency

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

The scalar values in the output table are explained in section Measurement of

Modulation Parameters on p. 4.38. They are calculated for all evaluation periods
measured and displayed in the Current column. From the Current results the
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Limit Check

Additional fields

average referenced to a statistics cycle (Average, see averaging rules in Chapter 3,
section General Settings) and the extreme value over all evaluation periods
measured during the ongoing measurement (Max/Min) is calculated. Peak and
RMS values are taken over the whole Meas. Length, see below. For a discussion of
the different averaging rules used refer to Chapter 3.

A red output field and an arrow pointing upwards or downwards indicates that the
measurement result exceeds the upper or lower limit set in the Limits tab of the
Modulation configuration menu, see section Tolerance Values (Modulation
Configuration — Limits) on p. 4.70.

Four output fields to the right of output table indicate the following results and
settings:

Meas. Length Number of chips measured and used to calculate average and
peak values as set in the Control tab of the Modulation
Configuration menu, see section Measurement Control
(Modulation Configuration — Control) on p. 4.67.

UE Power Average power in the current evaluation period (irrespective of
the display mode selected and of the curve in the other QPSK
applications).

Statistic Count  Number of evaluation periods per statistics cycle. The colored
bar indicates the relative measurement progress in the statistics
cycle.

Out of Tolerance Percentage of evaluation periods where the tolerances are
exceeded.

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

READ[:SCALar] :MODulation:0OVERview:QPSK? etc.
CALCulate[:SCALar] :MODulation:OVERview:QPSK:
MATChing:LIMit?

Test Diagrams (EVM, Phase Error, Magn. Error)

The graphical measurement menus for the three applications EVM QPSK, Magn. Error QPSK, and
Phase Error QPSK are analogous. The results are indicated in two parameter lines, the test diagram,
and a tabular overview below:

1115.4962.12
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Parameter lines

Test diagram

Output fields

and table

% Maix Level: Auto Mormal Freq.Cffset: + 0000 kHz ChantFreg. 9612 / 19224 MHz

i ot g — i ot |2 i ot

Current

w25 B

+20

+13

Current Average hda § Min
Errvect Magn.—[ Peak 34 % 326 % 37 % | 2560 chips|
RMS 15 % 148 % 15 % Meas. Length
1@ Crigin Offset -6924 s -6924a8 -6623 a8 | 6.20 dBm
Cartier Freguency Errar 111 Hz 13 He 119 Hz LSAgE
10
Statistic Count
0.00 %

Qut of Tolerance

Fig. 4-19 Display of results (Modulation — EVM / Phase Error / Magn. Error QPSK)

Settings/
Scalar results

1% parameter line

2" parameter
line

Output table/
Additional fields

Measurement
curves (arrays)
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Scalar measurement results and settings are indicated in the two parameter lines
above the test diagram and in the output table below.

The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in a
parameter line across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Attenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

Chan./Freq. RF channel measured and associated nominal carrier frequency

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

The second parameter line contains the following marker values:

@
!

9

Measurement result and time of reference marker

Measurement result and time of delta marker 1 (setting absolute)
or difference from reference marker (setting relative)

Measurement result and time of delta marker 2 (setting absolute)
or difference from reference marker (setting relative)

The output table shows a subset of the results provided in the Overview application;
see section Scalar Results (Overview) on page 4.48. The four output fields to the
right of the output table are also provided in the Overview application.

The continuous curve in the test diagram shows the measured quantity as a
function of time (in chip periods). The curve depends on the display mode (Current,
Max./Min., Average) that can be set in the Control tab of the configuration menu
(see section Measurement Control (Modulation Configuration — Control) on p.
4.67 f). The display mode is indicated in the upper right corner of the diagram.

The measurement curve extends over the Meas. Length indicated in the output field

4.50 E-13



CMU-K56...-K96

Modulation Measurements

below, one slot comprising 2560 chips. The curve is derived from equidistant
measurement points with a 1-chip spacing. The y-axis range is fixed for any of the
three measured quantities (applications):

0 % to +25 % for the error vector magnitude

—20 % to +20 % for the magnitude error

—20 deg to +20 deg  for the phase error

The red, horizontal lines in the test diagram mark the tolerance range of the

measured quantities as set in the Limits tab of the Modulation Configuration menu
(see p. 4.70).

Remote control
READ:ARRay:MODulation:EVMagnitude:QPSK:CURRent? efc.

Display of the Modulation Vector (I/Q Analyzer)

The I/Q Analyz. QPSK application provides five different graphical menus to display and analyze the
modulation vector of the received QPSK signal. The diagram type is selected via Display — Waveform or
in the configuration menu; see section Measurement Control (Modulation Configuration — Control) on
page 4.67. This application is available in Non Signalling mode only.

a) Representation in the 1/Q Plane

The Constellation and the Vector diagram both show the basic properties of the QPSK modulation
vector in the I/Q plane. The menus display a parameter line, the actual test diagram, and six output
fields for the standard modulation parameters.

@ Phase Rotation: 0*
+2.00

+1.50

+1.00

+0.50

+0.00 ﬁ:

-0.50
-1.00

-1.50

=200

-150  -100  -0.50 4000 +050 4100  +150  |Phase

Measurement Length: 640 Chin @ thaaxa Rotatior: 0 ® Measurement Length: 540 Chip
+2
69 % 6.7 %
Err. Vect Magn (RMS) Ert. Wect. Magn. (RMS)
52 % 5.0 %
hfagn. Errar (RMS) Magn. Error (RMS)
e 26° 28 °
i Phase Error (RMS) Phase Error (RMS}
- 10.69 uBm I - 10.65 dBm
LIEFower LIEFwer
-57.27 uB | -57.69 ae
13 Origin Offset 13 Origin Offset
-61.36 aB | -6465
12 Imbalance -150 -100 -050 +000 +050 +100 +150 |Phase 1/ Imbalance

Fig. 4-20 Display of results (Modulation — 1/Q Analyzer — Constellation/Vector)

Settings/
Scalar results

Parameter line

1115.4962.12

Settings and scalar measurement results are indicated in the parameter line above
the test diagram and in the output table on the right side.

The display settings (as set via the Display softkey or in the configuration menu; see

section Measurement Control (Modulation Configuration — Control) on p. 4.67) are

indicated in a parameter line across the top of the diagram:

Rotation The default setting for the rotation angle for 1/Q representation
(Rotation = 0°) corresponds to the standard WCDMA QPSK
modulation scheme where the constellation points are located on
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Output fields

Diagrams

Constellation
diagram

Vector diagram

Settings

1115.4962.12

the | and Q axes of the diagrams. A rotation by 45° corresponds
to an alternative convention for the initial phase reference; see
description of diagram below.

Meas. Length Time interval (number of consecutive chips) to be measured per
single shot, equal to the number of points in the constellation
diagram (640 chips or 2560 chips, corresponding to 1 complete
WCDMA slot).

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

The output table shows the most important scalar modulation parameters; see
section Measurement of Modulation Parameters on p. 4.38. The I/Q Imbalance is a
measure of the I/Q asymmetry of the diagram and therefore depends on the
Rotation angle. The value for a rotation of 0° corresponds to the I/Q Imbalance
displayed in the Overview application.

Remote control
READ[:SCALar] :MODulation:IQANalyzer:QPSK? etc.

The constellation and vector diagrams trace the QPSK modulation vector in the
normalized 1/Q plane over a definite time interval. The normalized | amplitude <I>
scales the horizontal axis, the normalized Q amplitude <Q> scales the vertical axis.
The phase angle is given by

¢ =arctan(< 0 >/ <1 >)

and the normalization is chosen so that the signal amplitude at the constellation
points averaged over the measurement length is equal to 1.
The two diagrams differ in the way the result is displayed.

In the Constellation diagram the modulation vector is only traced at the constellation
points; the diagram shows a dot for each chip symbol. The constellation diagram of
an ideal QPSK-modulated signal contains 4 constellation points with distance 1 from
the origin and relative angles of n/2. Large variations of the symbol point positions in
the constellation diagram indicate a poor signal quality; see Fig. 4-13 on p. 4.40.

In the QPSK application the symbol mapping between the logic data and the
constellation points is not evaluated. As a consequence the overall phase of the
diagram is random; a logic symbol may correspond to any of the four constellation
points.

Note: Due to the complex scrambling codes, even a single DPDCH or
DPCCH generates a pattern with 4 constellation points.

In the Vector diagram the modulation vector is traced with an oversampling factor of
4; the diagram shows a continuous curve. The vector diagram shows that the QPSK
modulation scheme allows transitions between each pair of constellation points.

A single shot measurement extends over the Measurement Length indicated in the
parameter line above the diagram. The number of points in the constellation
diagram after one single shot is equal to the measurement length in chips (each
chip is mapped onto one QPSK constellation point). To customize the graphical
representation it is possible to zoom the diagrams, keeping the origin at fixed
position, and to display or remove the grid. Moreover, a fixed offset may be added
to the phase angles (Rotation); see section Measurement Control (Modulation
Configuration — Control) on p. 4.67.
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Remote control
READ:ARRay:MODulation:IQANalyzer:QPSK:IPHase?

READ:ARRay:MODulation:IQANalyzer:QPSK:QPHase? efc.

b) Representation of the Amplitudes vs. Time

The | Phase, the Q Phase, and the | Phase & Q Phase diagrams show the normalized amplitudes of the
I and Q components of the modulation vector as a function of time (eye diagrams). The menus display a
parameter line and the actual test diagrams. All diagrams are Cartesian diagrams, the time forming the

X-axis.

| Phase: Rotation: 0 #
+2.00

Measurement Length: 640 Chip IPE-EQSSD Rotation: 0 = Measurement Length: 640 Chip

+1.50

B Waveform Type

oo 05

10 5] | Phase

Fig. 4-21 Display of results (Modulation — I/Q Analyzer — | Phase / Q Phase)

Settings

Diagram

1115.4962.12

The parameter line above the test diagram displays the same settings as the
constellation and vector diagrams; see section Representation in the I/Q Plane on
p. 4.51.

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

The | Phase, the Q Phase, and the | Phase & Q Phase diagrams trace the
normalized | and Q amplitudes as a function of time. Diagrams of this type are often
referred to as eye diagrams. The horizontal axis covers a fixed 2-chip time interval,
starting at the time of a constellation point, whereas the total duration of a single
shot measurement is given by the Measurement Length. The measurement curve
restarts at the left diagram edge after each 2-chip period so that the complete
diagram for a measurement length of 640 chips (2560 chips) contains 320 (1280)
superimposed curves.

The number of nodes on the vertical axis of the | or Q eye diagram is equal to the
number of different | or Q amplitudes in the constellation diagram. The number of
eyes is equal to the number of nodes minus one. Smeared-out nodes and small eye
apertures indicate a poor signal quality.

The | Phase and Q Phase diagrams are analogous; the combined | Phase & Q
Phase diagram displays the / Phase diagram on top of the Q Phase diagram.

To customize the graphical representation it is possible to zoom the diagrams in
vertical direction, keeping the zero-amplitude reference at fixed position, and to
display or remove the grid. Moreover, a fixed offset may be added to the phase
angles (Rotation); see section Measurement Control (Modulation Configuration —
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Control) on p. 4.67. A rotation angle of 0° corresponds to the scenario in Fig. 4-21
with 3 nodes on the vertical axis. The number of nodes is reduced to 2 (and the
number of eyes to 1) if a rotation angle of 45° is selected.

Remote control
READ:ARRay:MODulation:IQANalyzer:QPSK:IPHase?

READ:ARRay:MODulation:IQANalyzer:QPSK:QPHase? efc.

WCDMA Measurements (Modulation - WCDMA)

If the WCDMA signal configuration is selected (see Application softkey in section Test Settings on page
4.44), the graphical measurement menu Modulation displays quantities characterizing the modulation
accuracy of a 3GPP standard uplink signal with a chip rate of 3.84 Mcps and channel coding.

e The measurement control softkey Overview WCDMA (which changes to EVM WCDMA, Magn. Error
WCDMA, Phase Error WCDMA, or I/Q Analyz. WCDMA if the corresponding application is selected)
controls the measurement, indicates its status (RUN | HLT | OFF) and opens the configuration menu
Modulation Configuration (press twice). The hotkeys associated with the measurement control
softkey define the scope of the Modulation measurement.

e The other softkeys to the right of the test diagram are combined with various hotkeys. The
softkey/hotkey combinations provide test settings and switch over between different measurements.
The entry of values is described in section Measurement Menu (Power) on page 4.6.

The measurement menu Modulation can be accessed from any other measurement menu of the
WCDMA UE function group using the Modulation hotkey. It can be opened also from the Menu Select
main menu (with the associated key at the front of the instrument).

G

O In the Modulation WCDMA applications (Overview WCDMA, EVM WCDMA, Magn. Error
WCDMA, Phase Error WCDMA), the R&S CMU can assess the modulation accuracy of a
WCDMA uplink signal over full slot or half slot periods. The measurement interval is
controlled by the Measurement Length parameter described on p. 4.67. The feature is
available in Non-Signalling and in Signalling mode. An application example for the half slot
measurement is given in Chapter 2, section EVM Test with HS-DPCCH.
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Fig. 4-22 Measurement menu Modulation — EVM WCDMA
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Test Settings

The Analyzer Level, Analyzer Settings and Menus test settings are identical with those in the Power
menu (see section Test Settings on page 4.7). The Overview WCDMA measurement control softkey
and the Marker and Display softkeys behave like in the QPSK signal configuration; see section Test
Settings on page 4.44. The following softkeys and hotkeys differ from the Modulation — QPSK
measurement:

The Application softkey selects the measurement application and the signal

Application configuration.

The alternative diagrams (applications) are displayed in different measurement
menus. When an application is selected, the corresponding measurement menu is
called up. The configuration settings for all applications, however, are listed in a
common popup menu (see p. 4.64).

Overview The Overview WCDMA hotkey selects all scalar modulation results to be displayed.
WCDMA For an explanation of the measured quantities see section Measurement of
Modulation Parameters on page 4.38.

Remote control

No explicit switchover command. All Overview WCDMA measurements are

identified by the 3"/4"/5™ level keywords . . .OVERview:WCDMa:DPCH. . .
EVM The EVM WCDMA hotkey selects the magnitude of the error vector to be displayed.
WCDMA The error vector connects the measured signal from the UE and the ideal signal
vector at the symbol points, see explanation in section Measurement of Modulation
Parameters on page 4.38. The diagram shows the relative magnitude (in percent),
i.e. the ratio of the magnitude of the error vector to the magnitude of the ideal signal
vector.

Remote control
No exdplicit switchover command. All EVM WCDMA measurements are identified by

the 3°/4™ level keywords . . .EVMagnitude : WCDMa : DPCH. . .
Phase Err. The Phase Error WCDMA hotkey selects the phase error of the modulation vector
WCDMA to be displayed.

The phase error is the difference in phase between the measured signal from the
UE and an ideal signal waveform at the symbol points, see explanation in section
Measurement of Modulation Parameters on page 4.38.

Remote control
No explicit switchover command. All Phase Error WCDMA measurements are
identified by the 3'/4" level keywords . . . PERRor : WCDMa : DPCH. . .

Magn. Err. The Magnitude Error WCDMA hotkey selects the magnitude error of the modulation
WCDMA vector to be displayed.

The magnitude error is the difference in magnitude between the measured signal
from the UE and an ideal signal waveform at the symbol points, see explanation in
section Measurement of Modulation Parameters on page 4.38. The diagram shows
the relative magnitude error (in percent), i.e. the ratio of the absolute magnitude
error to the magnitude of the ideal signal vector.

Remote control

No explicit switchover command. All Magn. Error WCDMA measurements are
identified by the 3'/4" level keywords . . .MERRor : WCDMa : DPCH. . .
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1/Q Analyz.
WCDMA

QPSK
WCDMA

UE Code
Ana. Set.

Multiple
Signal
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The I/Q Analyz. WCDMA hotkey selects the diagrams to display the modulation
vector in the 1/Q plane (constellation diagram, vector diagram) and the phase of the
| and Q component (I Phase, Q Phase, | Phase & Q Phase).

The diagram type is selected via Display — Waveform or in the configuration menu;
see section Measurement Control (Modulation Configuration — Control) on page
4.67.

Remote control
No explicit switchover command. All I/Q Analyz WCDMA measurements are
identified by the 3"/4™ level keywords . . . IQANalyzer:WCDMa. . .

The QPSK WCDMA hotkey toggles between QPSK or WCDMA signal
configuration.

The current signal configuration is marked in inverse video (white typeface on a
dark background). Selecting another signal configuration also changes the
Modulation measurement menu; see section Measurement of Modulation
Parameters on page 4.38.

Remote control
QPSK and WCDMA modulation is selected by the keywords : QPSK and :WCDMA in
the command headers, respectively.

The UE Code softkey defines the properties of the multiple uplink WCDMA signal
that the CMU is able to analyze. For a description of the WCDMA signal see
background information in section WCDMA Measurements (Modulation — WCDMA)
on page 4.54 f. Most of the UE Code settings are also accessible via the UE Code
tab of the Connection Control menu p. 4.140. The measurement fails if the input
signal does not conform to the UE Code settings.

If pressed once again, the selected UE Code softkey changes to the Analyzer
Settings softkey, see section Test Settings on page 4.7.

Note: In Signalling mode, there is no need to set the UE Code parameters
Multiple Signal and Sym. Rate/Chan. Code. The parameters are
implicitly included in the dedicated channel settings. The UL
Scrambling Code that the UE shall use can be set in the UE Signal tab
and doesn’t have to be configured at the UE.

The hotkey Multiple Signal selects the physical channels that contribute to the
multiple uplink WCDMA signal.

DPCCH Signal consists of one single Dedicated Physical Control
Channel

DPCCH+DPDCH1,...n Signal consists of one DPCCH to which n Dedicated
Physical Data Channels are added. n can vary between 1
and 6 so that it is possible to superimpose up to 7 signals
as shown in Fig. 4-16 on p. 4.43.

This setting is ignored if the DPDCH CC Mode is set to Auto.

Remote control
CONFigure:UECode:DPDCh:MANual :MSIGnal <Channels>
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The UL Scramb. Code hotkey selects the number of the long code that is used to
scramble the WCDMA signal. The scrambling code number must be in the range 0
to FFFFFF (hex), corresponding to 0 to 16777215 decimal.

If the input signal does not conform to the Scrambling Code settings the
measurement fails and the CMU displays the warning message Scrambling code or
Slot Format does not match input signal.

Remote control
CONFigure:UECode:DPCH:SCODe <Code>

The DPDCH CC Mode hotkey selects one of the following DPDCH channelization
code modes:

Auto The CMU analyzes the signal from the WCDMA UE and
searches for the DPDCH channelization codes. The conditions
for the code search are defined in the Auto Settings section in
the UE Code tab of the Connection Control menu; see p. 4.140.:
They comprise the symbol rate and a power threshold to
distinguish the DPDCH from unwanted noise.

The code search also works with more than one data channel
where the symbol rate is known to be 960 kbps: The CMU
detects all DPDCHs with a power above the threshold.

If the DPDCH symbol rate set must be larger or equal than the
actual symbol rate of the measured signal, otherwise the
measurement will fail.

Manual The CMU analyzes the signal from the WCDMA UE under the
assumption that the symbol rates, channelization codes and
multiple signal configuration are as set in the Manual Settings
section in the UE Code tab of the Connection Control menu; see
p. 4.140. The Manual Settings are equivalent to the hotkeys
Multiple Signal and Sym. Rate Chan. Code.

The measurement speed in Manual mode is higher than in Auto mode. Auto mode
can be used if the channelization code of the signal to be analyzed is unknown.

Remote control
CONFigure:MODulation:WCDMa:DPCH:CONTrol :CCMode
MANual | AUTomatic

The Symbol Rate hotkey calls up a list of the symbol rate and channelization code
for the DPCCH and each of the six CPDCHs that can contribute to the multiple
WCDMA signal. If a DPCCH+DPDCH1 multiple signal is analyzed, the symbol rate
of the data channel DPDCH1 can be set; the channelization code will be
automatically adapted according to the rules in the 3GPP standard. For other
multiple signal configurations, symbol rates and channelization codes are fixed.

The Sym. Rate settings are ignored if the DPDCH CC Mode is set to Auto; see
above.

Remote control
CONFigure:UECode:DPDCh:MANual : DPDChl : SRCCode <Rate>,<Code>
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Measurement Results

The values shown in the Modulation measurement menus can be divided into three groups:

e Setting values

e Scalar measurement results (single values)

e Arrays (curves plotted as a function of time)

The measurement menu for the Overview application shows all scalar results but no curve. The
measurement menus for the EVM, Magn. Err. and Phase Err. applications are analogous to each other
and show the phase error, the (relative) magnitude error or the (relative) error vector magnitude as a
function of time and the corresponding peak and effective values. The range and unit of the y-axis is

adjusted to the measured quantity. The I/Q Analyzer application provides a graphical analysis of the the
modulation vector in the 1/Q plane.

Scalar Results (Overview)

The measurement menu for the application Overview WCDMA shows all scalar results. Most of the
values are indicated in tabular form:

Parameter |ines Mz Level: Auto Low noize Freq.Offset: + 0.000 kHz ChanFreg. 9612 /19224 MHz
Multiple Sighal: DPCCH+DPDCH SR1: 960
Scr. Code: 0 CC Mode: Manual  CC1:1
Current Average hdaz i,
Err.\ect. Magn.—[ Peak -92 % 1756 % 104 =%
RMS 58 % 16.98 % 18.6 %
Magn. Error —[ Peak =193 % -1219 % 11 %
RMS TA% 1594 % 18.0 %
Phase Errar Peak 72° -15.14° 14°
_[RMS 96 ° 731° 10°
Output table 1/ Origin Offset -5608 48 -3575d8 -46.24 uB |—12
and additional fields i@imbalance -1244 8 -8765d8 -6.36uB Slot Murnber
Cartier Frequency Errar T2 Hz 1744 Hz -55 Hz Im
Waveform Quality 09847 096424 0.9019 LEPower
Peak Code Dom. Error | -58.80 a8, - 10.87 uB| -88.62 uB
PCDE Code | 68 | 92 Stateti Count
Tranemit TreEer | 9194 cnp -~ 120.69 cnp| 23096 cnp. | 8018
Out of Tolerance

Fig. 4-23 Display of results (Modulation — Overview WCDMA)

Parameter lines The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in a
parameter line across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Afttenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

Chan./Freq. RF channel measured and associated nominal carrier frequency

The two lines below indicate the properties of the measurement and of the analyzed
WCDMA signal as defined by means of the UE Code softkey (see p. 4.56) and/or
the UE Code tab of the Connection Control menu; p. 4.140.:

Multiple Signal ~ Physical channels that contribute to the WCDMA signal

Sync. Mode Synchronization between the WCDMA signal and the CMU: All
Slots

1115.4962.12 4.58 E-13



CMU-K56...-K96 Modulation Measurements

Output table

Limit Check

Additional fields

1115.4962.12

Scr. Code Scrambling code number of the WCDMA signal
DPDCH CC Mode Manual or automatic detection of the channelization code
CCn Channelization codes of the data channels DPDCH; to DPDCHg

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

The scalar values in the output table are explained in section Measurement of
Modulation Parameters on p. 4.38. In addition to the values in the QPSK application
(see section Scalar Results (Overview) on page 4.38., the following values are
displayed:

Peak Code Domain Error The maximum EVM of all code channels.

PCDE Code Code number with the largest code domain error.

Transmit Time Error Deviation (in units of chip periods and rounded to %4 chip
values) from the nominal DL/UL timing offset of 1024
chips. Negative values mean that the uplink signal
arrives early.

Note: The transmit time error is measured relative to the timing of the DL
signal generated by the R&S CMU. The DL timing is only available if
Internal trigger or an appropriate external trigger signal is used. With
Free Run trigger, no transmit time error results can be obtained.

A red output field and an arrow pointing upwards or downwards indicates that the
measurement result exceeds the upper or lower limit set in the Limits tab of the
Modulation configuration menu, see p. 4.70.

In a half slot measurement (Measurement Length: 1280 Chips), the Modulation
parameters are measured over the entire Measurement Length, however, the 25 us
transient periods at the end of each DPCH slot or DPCH half slot where the mean
power is expected to change are not taken into account for the limit check. This rule
is in accordance with the conformance test specifications for EVM tests with HS-
DPCCH; see application example in Chapter 2.

Four output fields to the right of output table indicate the following results and
settings:

Slot Number Number of the measured slot of the captured signal within the 10
ms frame and in the range 0 to 14. The CMU detects the slot
number from the pilot bits in the captured signal. 4.767.

UE Power Average power in the current evaluation period (irrespective of
the display mode selected and of the curve in the other WCDMA
applications).

Statistic Count  Number of evaluation periods per statistics cycle. The colored
bar indicates the relative measurement progress in the statistics
cycle.

Out of Tolerance Percentage of evaluation periods where the tolerance limits are
exceeded.

Remote control

The settings are read out using the query corresponding to the setting command

(setting command with appended question mark).

READ[:SCALar] :MODulation:0OVERview:WCDMa:DPCH? etc.

READ[:SCALar] :MODulation:OVERview:WCDMa:DPCH:CMMax: PCDE? etc.

CALCulate[:SCALar] :MODulation:OVERview:WCDMa :DPCH:
MATChing:LIMit?
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Test Diagrams (EVM, Phase Error, Magn. Error)

The graphical measurement menus for the three applications EVM WCDMA, Magn. Error WCDMA, and
Phase Error WCDMA are analogous. The results are indicated in a parameter line, the test diagram,
and a tabular overview below:

Parameter line

Test diagram

Output fields

and table

% MencLevel: Auto Marmal
Multiple Signal: DPCCH+DPDCH 1.2,3.4,5

Freq.Cffset: + 0000 kHz
Sync. Mode: All Slots
CCA CC2

1 Off

ChanfFreq.: 9612 f 19224 MHz
Sor. Code: O
DPDCHCC Mode: Auto CC4: 3

o5 @ - i o

CC3:3 Qe 2

FOft

Current

CCE: 2

(N Ll FEUPYFTY RTTPRTE PTYR 0 (OFT R PPPRTTTR BITR TN PPRY SOPR OFTICTN O N TR T i L ) e
0 00 1,000 1,500 2,000 2,500
Current Average hda § hdin
Errvect. Magn.—[ Peak 37 % 398 % 43% | 8

RMS 16 % 158 % 16 % Siot Number

1@ Crigin Offset -6447 s -6225d8 -6079ap | 2105 dBm
Cartier Freguency Errar T Hz 1Hz T Hz LSAEE
Peak Code Dom. Error | - 4450 a8 -4458 a8 -44.43 uB e L
Statistic Count

0.00 %

Qut of Tolerance

Fig. 4-24 Display of results (Modulation — EVM / Phase Error / Magn. Error WCDMA)

Settings/
Scalar results

Output table/
Additional fields

Curves (arrays)

Limit Check
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The parameter lines above the graphical diagram are identical to the ones shown in
the Overview application; see section Scalar Results (Overview) on page 4.58.

The output table shows a subset of the results provided in the Overview application;
see section Scalar Results (Overview) on page 4.58. The four output fields to the
right of the output table are also provided in the Overview application.

The graphical diagram is analogous to the diagram in the QPSK application, see
section Test Diagrams (EVM, Phase Error, Magn. Error) on page 4.49. The curve
refers to the multiple WCDMA signal measured.

Remote control
READ:ARRay:MODulation:EVMagnitude:WCDMa:DPCH:CURRent? efc.

A red output field and an arrow pointing upwards or downwards indicates that the
measurement result exceeds the upper or lower limit set in the Limits tab of the
Modulation configuration menu, see p. 4.70.

In a half slot measurement (Measurement Length: 1280 Chips), the Modulation
parameters are measured over the entire Measurement Length, however, the 25 us
transient periods at the end of each DPCH slot or DPCH half slot where the mean
power is expected to change are not taken into account for the limit check. This rule
is in accordance with the conformance test specifications for EVM tests with HS-
DPCCH; see application example in Chapter 2.
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Display of the Modulation Vector (I/Q Analyzer)

The I/Q Analyz. WCDMA application provides five different graphical menus to display and analyze the
modulation vector of the received WCDMA signal. The diagram type is selected via Display — Waveform
or in the configuration menu; see section Measurement Control (Modulation Configuration — Control) on
page 4.67. This application is available in Non Signalling mode only.

c) Representation in the 1/Q Plane

The Constellation and the Vector diagram both show the basic properties of the WCDMA modulation
vector in the I/Q plane. The menus display the actual test diagram and seven output fields for the slot
number and the essential modulation parameters. The example below shows a WCDMA signal
configuration with 1 DPCCH and 2 DPDCHs, all with equal amplitude.

@ Phase
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Fig. 4-25 Display of results (Modulation — 1/Q Analyzer — Constellation/Vector)

Settings/
Scalar results

Diagram
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The scalar modulation parameters indicated in the output fields on the right side are
analogous to the I/Q Analyz. QPSK menus; see section Representation in the I/Q
Plane on p. 4.51. The slot number is indicated in addition. In contrast to the QPSK
menus no parameter line is displayed, because the overall phase of the diagram
and the measurement length are fixed. This means that the I/Q Imbalance is also
unambiguous; it corresponds to the value displayed in the Overview application.

Remote control

READ[:SCALar] :MODulation:IQANalyzer:WCDMa? etc.

The constellation and vector diagrams are analogous the diagrams for single
QPSK-modulated signals, however, more constellation points occur if several
signals with different power contribute to the analyzed WCDMA signal. The example
in Fig. 4-25 shows a WCDMA signal configuration with 1 DPCCH and 2 DPDCHs,
all with equal amplitude. In contrast to the QPSK application, the WCDMA
measurement does evaluate the symbol mapping between the logic data and the
constellation points. This means that the phase ambiguity of the diagrams is
resolved; no additional rotation angle is provided.

Remote control
READ:ARRay:MODulation:IQANalyzer:WCDMa:IPHase?

READ:ARRay:MODulation:IQANalyzer:WCDMa:QPHase? etc.
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d) Representation of the Amplitudes vs. Time

The | Phase, the Q Phase, and the | Phase & Q Phase diagrams show the normalized amplitudes of the
I and Q components of the modulation vector as a function of time (eye diagrams). All diagrams are
Cartesian diagrams, the time forming the x-axis.

| Phase
+2.00

+1.50

-2.00 Chip
20

-200 Chip =200
oo 05 10 15 20

Chip
o

Fig. 4-26 Display of results (Modulation — 1/Q Analyzer — | Phase / Q Phase)

Diagram The | Phase, the Q Phase, and the | Phase & Q Phase diagrams are analogous to
the diagrams for single QPSK-modulated signals, however, more nodes and eyes
occur as several signals with different power contribute to the analyzed WCDMA
signal and the constellation diagram becomes more complex.

Remote control
READ:ARRay:MODulation:IQANalyzer:WCDMa: IPHase?
READ:ARRay:MODulation:IQANalyzer:WCDMa:QPHase? etc.

PRACH Preamble Quality Measurement

The PRACH preamble quality is a measure of the ability of the UE to transmit the PRACH preamble in
accordance with the core requirements so that the Node B can reliably decode the PRACH. The CMU
can measure the PRACH preamble quality in accordance with the initial conditions stated in the
conformance test specification 3GPP TS 34.121. The Modulation — PRACH Preamble menu shows the
modulation parameters for a single PRACH preamble; among these parameters, the Error Vector
Magnitude (EVM), the Carrier Frequency Error, and the Signature are relevant for the conformance test.

xi=

o An application example for PRACH preamble quality tests is reported in Chapter 2.
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PRACH Preamble Quality Measurement Results

The graphical measurement menu for the PRACH Preamble Quality application contains three
parameter lines, a test diagram, and a tabular overview below:

MENU
SELECT '

Fig. 4-27

Test settings

Diagram:

EVM /

Phase Error /
Magnitude Error

Output values

Limit Check
(Scalar Results)

1115.4962.12

Band . Connect
C"-ZI WCDMA rpp ™ Modulation H e
% MaxLevel: Auto Low noize Freq.Offset: + 0000 kHz ChantFreg. 9612 /19224 MHz PRACH
Error Yector Magnitude 1=t Preamble p bl
reamble y
o5 @ - i Off 9 - i Off B i Off
20 curent ]| ppplic. 1
Applic. 2
[15
Trigger
Ana. Lev.
+00 Iip i
1] 00 1000 1500 2000 2500 3000 Fa00 4000 UEAilag;I:tl
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BE 8.34 % 5.33 % 365 ° SR A HEEE
| -20.23 dBm ;
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i@ Imbalance -30.70 ue |—5 _—
Cartier Frequency Error 14 Hz Signature Marker
[Alavefarm Quality 0.9932
Measured Diagram Random AICH | Menus
Preamble Type Access Set ACK

Display of results (Modulation — PRACH Preamble Quality)

The parameter lines show the essential test settings and the marker values.

The diagram shows the Error Vector Mag. (EVM) over the whole PRACH preamble
length of 4096 chips. Alternatively, it is possible to switch over to the Magnitude
Error or to the Phase Error (PRACH Preamble — Diagram Type). The diagram
scales are fixed.

Remote control
READ:ARRay:MODulation:PRACh:EVMagnitude?
READ:ARRay:MODulation:PRACh:MERROr?

READ:ARRay:MODulation:PRACh:PERRor? etc.

Below the diagram, the menu shows the current values of the peak and RMS Error
Vector Magnitude, the Magnitude Error, and the Phase Error for the selected
preamble (1 of 5; see Measured Preamble parameter in section Measurement
Control (Modulation Configuration — Control) on page 4.67). Together with the
modulation parameters below, these quantities are also displayed in other
applications of the Modulation menu (e.g. Overview). They are described in section
Modulation Measurements on p. 4.38.

The Expected Power, the UE-On Power, and the Signature are described in section
Connection — RF Channel and Power on p. 4.204.

In general, a red output field and an arrow pointing upwards or downwards indicates
that the measurement result exceeds the upper or lower limit set in the Limits tab of
the Modulation Configuration menu.
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Note: The limit check is calculated according to the conformance test
specification: The results in the transient periods at the beginning and
at the end of the slot (25 us or 96 chips) are not taken into account.

Remote control
CALCulate[:SCALar] :MODulation:PRACh:MATChing:LIMit?

Phase Discontinuity Measurement

Phase discontinuity is the change in phase between any two adjacent timeslots. The phase discontinuity
is measured in accordance with the definition of the conformance test specification 3GPP TS 34.121:

The phase error is determined by minimizing the error vector in each slot as described in section
Measurement of Modulation Parameters on p. 4.38. This phase error curve can be displayed using one
of the Modulation — Phase Error applications.

A linear best-fit to the phase error curve in each slot (excluding the 25 us transient periods on either side
of the timeslot boundaries) and an extrapolation onto the slot boundaries yields an estimate of the phase
error at the beginning and at the end of each slot. The phase discontinuity is defined as the difference
between the extrapolated phase at the end of the timeslot preceding the slot boundary and the
extrapolated phase at the start of the timeslot following the slot boundary.

o The Phase Discontinuity measurement is available in Non Signalling and in Signalling
mode. The special TPC patterns for phase discontinuity measurements are only available
in Signalling mode. An application example for a phase discontinuity measurement is
reported in Chapter 2.

Phase Discontinuity Measurement Results

The graphical measurement menu for the Phase Discontinuity application contains three parameter
lines, two test diagrams, and a tabular overview below:

Ch. 1 Band . t Connect
S| WCDMA rFop ™ Moduiation [l Somnec
SELECT

dBm MaxLevel: Auto Low noize Freq.Cffset: + 0000 kHz ChantFreg. 9612 /19224 MHz Phase

Step Size: 1dB TPC Mode: Algarithm 1 Di t
R oo P — oo B - i off UER Iscont. 4
40 Current
Applic. 2
-5 Applic. 1
-10
[ B 10 15 20 25 30 3 40 Trigger
|F - oo v - oo B - i 0ff PHD A, Lew.
50 |Current
0 UE Signal
AnaSet.
-50
.............................................. BS Sig. Lyl.
H=DPA
Maximum Phase Disc. Count M normal B L+ 300° e
Phase Disc. -B2° [s:600° 0 |TPC Pattem Setup | Test Step PhD Lip BS Signal
® i i Settings

Freq, Err. _ 2+ B00 Type Single Pattern+Alternating

IS 58 Hz| -2 onpe 01 pattern |5 % 111110000 iy —

EWh [

2- 30008 900 % Minirnurm Dist. = + 30.0° Marker

= lﬁ I 0.71 uBm I -8.71 dBm iy

== 200dBm - hias. LIE Powver hiir. IJE Protwrer
o~ | st | Di | Meas. Menus
Repetition Dcpondition |agrar_||'_| e Length

Fig. 4-28 Display of results (Modulation — Phase Discontinuity)
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Test settings

Upper diagram:
UE Power

Lower diagram:
Phase disc. etc.

Limit Check
(lower diagram)

1115.4962.12

The parameter lines show the essential test settings and the marker values.

The upper diagram shows the measured UE power in up to 46 consecutive slots
(corresponding to up to 5*9 = 45 power steps), corresponding to the last TPC
pattern sent to the UE (see measurement example in Chapter 2). The measurement
results are updated each time a new pattern is sent (Activate Pattern).

To select the number of measured slots, use the Phase Discont. — Meas. Length
hotkey.

The measured UE power is averaged as described in section Power Measurements
on p. 4.2). The y-axis scale can be changed using the Display — UE Power Scale Y
softkey.

Remote control
READ:ARRay:MODulation:PHDiscont:UEPower? etc.

The lower diagram shows the phase discontinuity at the measured power steps.
The modulation parameters Error Vector Mag. (EVM) and Frequency Error (see
section Measurement of Modulation Parameters on p. 4.38) are relevant for the limit
check according to the conformance specification; therefore it is possible to switch
over between the Phase Discont. and these quantities (Phase Discon. — Diagram
Type). The y-axis scales of the diagrams can be changed using the Display —
<Diag. Type> Scale Y softkey.

The bars in the Error Vector Mag. and Phase Discont. are either solid or hatched:

e In the Error Vector Mag. diagram a solid (hatched) blue bar represents a slot
where the UE power is above (below) the Threshold EVM defined in the Limits
tab of the Modulation Configuration menu.

¢ In the Phase Discon. diagram a solid (hatched) blue bar represents a step where
the Static (Dynamic) limit defined in the configuration menu was the crucial factor
for the limit check. More specifically, a hatched bar means that the slot belongs to
a group of 4 slots after a slot where the dynamic (but not the static) limit was
exceeded and that the slot does not exceed the static limit. All other slots are
solid.

The Threshold EVM and Dynamic limits are both relevant for the test requirement;
see below.

Remote control
READ:ARRay:MODulation:PHDiscont:PHDiscont?
READ:ARRay:MODulation:PHDiscont:EVMagnitude?

READ:ARRay:MODulation:PHDiscont:CFERror? etc.

The limit check indication in the lower diagram depends on the diagram type:

e The symmetric red limit lines in the Frequency Error diagram represent the
tolerances for the Carrier Frequency Error.

e The red limit line in the Error Vector Magn. diagram represents the upper limit for
the Error Vector Magn.

e For solid bars in the Phase Discont. diagram, the symmetric red limit lines
represent the Static Phase Discontinuity limits. A measured phase discontinuity
above the static limit always fails in passing the limit check. If a phase
discontinuity is between the dynamic and the static limit, the next four steps must
fall below the dynamic limit to pass the limit check.

e For hatched bars in the Phase Discont. diagram, the symmetric red limit lines
represent the Dynamic Phase Discontinuity limits.

4.65 E-13



Modulation Measurements CMU-K56...-K96

If a limit is exceeded in a particular slot or step, the corresponding section of the bar
across the bottom of the diagram turns red. All limits can be changed in the
configuration menu; see section Tolerance Values (Modulation Configuration —
Limits) on p. 4.70.

Remote control
CALCulate:ARRay:MODulation:PHDiscont:PHDiscont:MATChing:LIMit?
CALCulate:ARRay:MODulation:PHDiscont:PHDiscont:CONDition:LIMit?
CALCulate:ARRay:MODulation:PHDiscont:EVMagnitude:MATChing:LIMit?
CALCulate:ARRay:MODulation:PHDiscont:EVMagnitude:CONDition:LIMit?
CALCulate:ARRay:MODulation:PHDiscont:CFERror:MATChing:LIMit?

Output values Below the diagrams, the menu shows the legend for the bars in the lower diagram,
an overview of the current Transmit Power Control settings, and the following
measurement results:

Phase Disc. Maximum of the measured phase discontinuity
Freq. Err. Maximum frequency error
EVM Maximum EVM in all slots and steps. A distinction is made

between the slots with a UE power above or below the
Threshold EVM defined in the Limits tab of the Modulation
Configuration menu.

Phase Disc. Count Number of steps with a phase discontinuity above the static
limit and with a phase discontinuity between the dynamic and
the static limit.

Minimum Dist. Minimum distance between 2 consecutive steps where the
phase discontinuity exceeds the dynamic limit. The test
requirement in the conformance test specification implies that
this value must be 5 or larger. An invalid result “---* indicates
that the dynamic limit wasn’t exceeded more than once.

Max./Min. UE PowerMaximum and minimum of the measured UE power (see
description of the upper diagram above).

Limit Check In general, a red output field and an arrow pointing upwards or downwards indicates

(Scalar Results) that the measurement result exceeds the upper or lower limit set in the Limits tab of
the Modulation Configuration menu, see section Tolerance Values (Modulation
Configuration — Limits) on p. 4.70. The EVM in slots with a UE power below the
Threshold EVM is not limit-checked.

Remote control
CALCulate[:SCALar] :MODulation:PHDiscont:MATChing:LIMit?

Measurement Configurations (Modulation Configuration)

The popup menu Modulation Configuration. contains two tabs to determine the parameters of the
Modulation measurement including the error tolerances.

The popup menu Modulation Configuration is activated by pressing the measurement control softkey
(labeled Overview QPSK, EVM QPSK, ... depending on the signal configuration and application
selected) in the top right of the graphical measurement menu Modulation twice. By pressing the
associated hotkeys, it is possible to change between the tabs.
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Measurement Control (Modulation Configuration — Control)

The Control tab controls the Modulation measurement by defining

e The Repetition mode
e The Stop Condition for the measurement (except for the I/Q Analyzer applications)

e The measurement curve displayed (Display Mode, not for applications Overview QPSK and Overview
WCDMA and the I/Q Analyzer applications)

e The number of slots/evaluation periods forming a statistics cycle (Statistic Count, except for the I/Q
Analyzer applications)

e The number of chips measured and displayed in the graphical diagrams (Measurement Length)

e The Channelization Code Mode (for WCDMA signal configuration only)

e The display settings for the I/Q Analyzer (Rotation, Zoom, Waveform Type)
e The Diagram Type for the Phase Discontinuity measurement (use the hotkey to set the Meas.

Length)

Besides, it influences the graphical measurement menus by adding or removing the Grid.

Overview
E‘\EW&:DMA —»>

BOETIE T

B Modulation Configuration WCDMA FDD g
Control Limits
— Setup IOverview QPSK | =
Defallt &l Settings
[~ Overview QPSK |
Diefault Settings cornpress]
Repetition Continuous
Stop Condition Maone
Statistic Count 10
Measurement Length 2560 chips
~ Error Yector Magn QPSIK
Default Settings
Repetition Continuous
Stop Condition Maone
Statistic Count 10
Display Mode (Graph) Current

Fig. 4-29 Modulation Configuration — Control

The settings can be defined separately for the different applications of the Modulation measurement
group. Most functions comply with those of the Control tab of the Power Configuration menu (see page
4.23). In the remote-control commands, the keywords POWer:<Pow Application> are to be
replaced by MODulation:<Mod Application>. The following parameters are specific to the
Modulation measurement:

Default Settings

Measurement
Length

1115.4962.12

The Default All Settings switch assigns default values to all settings in the Control
tab (the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual signal configurations are
provided.

Remote control

DEFault:MODulation:OVERview:QPSK:CONTrol ON | OFF etc.

The Measurement Length parameter selects the time interval (half slot or slot) for
each single shot modulation measurement. The time range in the graphical
diagrams is adjusted to the selected Measurement Length. The following values are
provided in the modulation applications except Phase Discontinuity:

2560 Chips The measurement extends over the complete DPCH slot
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Display Mode

Channelization
Code Mode

1115.4962.12

comprising 2560 chips.

640 Chips The measurement extends over the first quarter of the DPCH slot
(QPSK applications only).

1280 Chips The measurement extends over the first half of the DPCH slot
(WCDMA applications only; see application example in
Chapter 2).

A short measurement length reduces the number of samples acquired and the
measurement time. The beginning of the WCDMA slot is determined by detecting
the pilot bits in the DPCCH. This means that the position of the measured time
interval within the DPCH slot is fixed (in the Code Domain Power measurement, this
position can be modified by the trigger settings).

In the Phase Discontinuity application, a measurement length between 1 and 46
slots can be set (Phase Discont. — Meas. Length hotkey).

Remote control
CONFigure:MODulation:<Applic>:QPSK:CONTrol:MLENgth
640 | 2560
CONFigure:MODulation:<Applic>:WCDMa:DPCH:CONTrol:MLENgth
1280 | 2560 where
<Applic> = OVERview | EVMagnitude | PERRor | MERRor |
IQANalyzer
CONFigure:MODulation:PHDiscont: CONTrol:MLENgth

The Display Mode hotkey selects one of the following display modes for the
measurement curve:

Current Measured value for current evaluation period

Max./Min. Extreme value of a number of evaluation periods
(maximum or minimum, whichever has the larger absolute
value)

Average Average value of a number of evaluation periods,

referenced to a statistics cycle

The basic evaluation period can be set to either an entire slot or the first quarter of a
slot; see Measurement Length above and Chapter 3.The calculation of the
measurement curves and the rules for averaging is also described in Chapter 3,
section General Settings. No Display Mode is available in the Overview...
applications where no measurement curve is displayed.

Remote control

No display mode set explicitly, the three measurement curves are accessible via:
FETCh:ARRay:MODulation:EVMagnitude:QPSK:CURRent?
FETCh:ARRay:MODulation:EVMagnitude:QPSK:MMAX?

FETCh:ARRay:MODulation:EVMagnitude:QPSK:AVERage? etc.

The Channelization Code function defines whether the CMU analyzes the received
WDCMA signal and searches for the channelization codes (Auto) or whether the
channelization codes are assumed to be known (Manual). It is equivalent to the
DPDCH CC Mode softkey described on p. 4.57.

Remote control
CONFigure:MODulation:WCDMa:DPCH:CONTrol :CCMode
MANual | AUTomatic
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The following parameters are valid for the I/Q Analyzer measurements only:

Rotation

Zoom

Waveform Type

Rotation defines the initial phase reference (¢ = 0) in the Correlation and Vector
diagram of the QPSK applications:

0° The diagrams are rotated so that the constellation points are
located on the | and Q axes (standard WCDMA QPSK
convention).

45° The diagrams are rotated so that the constellation points are

located on the angle bisectors between the | and Q axes.

In the QPSK application the symbol mapping between the logic data and the
constellation points is not evaluated. As a consequence the overall phase of the
diagram is random; a logic symbol may correspond to any of the four constellation
points. In the WCDMA application, where the symbol mapping is evaluated and the
position of the constellation points is fixed, no rotation angle is provided.

The rotation angle also has an impact on the eye diagrams; see section
Representation of the Amplitudes vs. Time on p. 4.54.

Remote control
CONFigure:MODulation:IQANalyzer:QPSK:CONTrol:ROTation 0 | 1

Zoom magnifies the diagram with an equal factor in horizontal and vertical direction,
leaving the center (i.e. the intersection between the | and Q axis) at fixed position:

Normal The normalized | and Q amplitudes range between —2 and +2.

Factor n The normalized | and Q amplitudes range between -2/n and
+2/n, where n = 2, 5, 10, 20.

Remote control
no command, display configuration only.

Waveform Type selects the diagram type:

Correlation Correlation diagram; see section Representation in the I/Q Plane
on p. 4.51.

Vector Vector diagram; see section Representation in the I/Q Plane on
p. 4.51.

| Phase Eye diagram of the | amplitude; see section Representation of the
Amplitudes vs. Time on p. 4.54.

Q Phase Eye diagram of the Q amplitude; see section Representation of

the Amplitudes vs. Time on p. 4.54.

| Phase & Q Ph. Eye diagrams of the | and Q amplitude in a single diagram; see
section Representation of the Amplitudes vs. Time on p. 4.54.

Remote control
no command, display configuration only.

The following parameters are valid for the PRACH Preamble measurement only:

Measured
Preamble

1115.4962.12

Preamble number (1St to 5th) to be analyzed in the PRACH Preamble measurement.
The Measured Preamble has an impact on the Expected Power displayed in the
measurement menu. See also description of the Random Access Settings in section
Network Parameters on p. 4.262.
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Diagram Type

Remote control
CONFigure:MODulation:PRACh:CONTrol:MPReamble

Diagram Type selects the measured quantity for the PRACH Preamble
measurement menu.

Remote control

No switchover command; the different quantities are retrieved via
READ:ARRay:MODulation:PRACh:PHDiscont?
READ:ARRay:MODulation:PRACh:EVMagnitude?

READ:ARRay:MODulation:PRACh:CFERror? efc.

The following parameter is valid for the Phase Discontinuity (PHDisc) measurement only:

Diagram Type

Diagram Type selects the measured quantity for the lower diagram in the Phase
Discontinuity measurement menu. The Phase Discont(inuity), the Error Vector Mag.
(EVM) and the Frequency Error are relevant for the limit check according to the
conformance specification.

Remote control

No switchover command; the different quantities are retrieved via
READ:ARRay:MODulation:PHDiscont:PHDiscont?
READ:ARRay:MODulation:PHDiscont:EVMagnitude?

READ:ARRay:MODulation:PHDiscont:CFERror? etc.

Tolerance Values (Modulation Configuration — Limits)

The Limits tab defines upper and lower error limits for the parameters of the Modulation measurement.

Conformance
requirements

PRACH Preamble

1115.4962.12

A poor modulation accuracy of the UE transmitter increases the transmission errors in the
uplink channel of the WCDMA network.

The Error Vector Magnitude (EVM) is the critical quantity to assess the modulation accuracy
of a WCDMA UE. According to the 3GPP standard, the EVM measured at UE output powers
> -20 dBm and under normal operating conditions shall not exceed 17.5 %. In addition, the
Peak Code Domain Error, which is the maximum EVM of all code channels, shall not
exceed —15 dB. The frequency error shall not exceed +0.1 ppm.

According to the conformance test specification 3GPP TS 34.121 the following requirements
hold for the modulation parameters in the PRACH Preamble test:

e The EVM (RMS) shall not exceed 17.5%.

e The Carrier Frequency Error shall not exceed £(0.1 ppm + 10 Hz), corresponding
to +210 Hz at a carrier frequency of 2 GHz.
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Phase
discontinuity

Overview
E‘EW&:DMA —»>

BEEIE T

According to the conformance test specification 3GPP TS 34.121 the following requirements
hold for the Phase Discontinuity test:

e The EVM of every measured slot which is above —20 dBm (Threshold EVM) shall
not exceed the Error Vector Magn. Limit of 17.5%.

e The Carrier Frequency Error shall not exceed 0.1 ppm (corresponding to 200 Hz at
a carrier frequency of 2 GHz).

e The Phase Discontinuity between any two adjacent slots shall be below the Static
limit of 60 degrees. If the measured phase discontinuity in a slot is greater than the
Dynamic limit of 30 degrees and less than the Static limit of 60 degrees, then the
next four slots shall be less than or equal to the Dynamic limit of 30 degrees.

(o] The Phase Discontinuity criterion only makes sense if the Static limit
exceeds the Dynamic limit.

B Modulation Configuration WCDMA FDD g8
Control Limits
— Setup | Madulzion QPSS Current & MaMins. | —
Defautt Al Sefings
~ hodulation QPSK
Defaut Setings
~ Current & bz Min
Emor Wector Wagn. (Peak) +17.5% -
Eror Wector Magn. (RMS) +17.5%
Ilagnituce Ermor (Peak) +17.5%
Ilagnituce Emor (RS) +17.5%
Fhase Emor (Peak) +100°
Phase Emor (RiS) +100°
i Origin Cifset - 2504dB
11Q Imbalance -15.0de
Camier Frequency Emor * 200 1z

Fig. 4-30 Modulation Configuration — Limits

Default Settings

Modulation
QPSK

1115.4962.12

The Default All Settings switch assigns default values to all settings in the Limits tab
(the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual signal configurations are
provided.

Remote control
DEFault:MODulation:OEMP:QPSK:LIMit ON | OFF
DEFault:MODulation:OEMP:WCDMa:DPCH:LIMit ON | OFF

The Modulation QPSK table section defines upper limits for the different modulation
parameters in single channel signal configuration (application QPSK).

Current & Max./Min. Common limits for the Current scalar results and for the
Minimum/Maximum scalar results

Average Limits for the Average measurement scalar results
The meaning of the error limits is the same for the Current or Minimum/Maximum
(Current & Max.) and the Average results. The modulation parameters are
explained in section Measurement of Modulation Parameters on p. 4.38.

The Phase Error (Peak) and the Frequency Error are quantities with alternating
sign; the corresponding limits are symmetric to the origin (i.e. the absolute value of
both quantities must fall below the specified positive limit).
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Modulation
WCDMA (DPCH)

PRACH
Preamble

Phase
Discontinuity
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Remote control

CONFigure:MODulation:0EMP:QPSK:CMMax:LIMit: [SCALar]:
SYMMetric: [COMBined] :VALue

CONFigure:MODulation:0EMP:QPSK:AVERage:LIMit: [SCALar]:
SYMMetric: [COMBined] :VALue

The Modulation WCDMA (DPCH) table section defines upper limits for the different
modulation parameters in multiple channel signal configuration (application
WCDMA). Most of the settings are analogous to the Modulation QPSK section, see
above.

Compared to the QPSK measurement, the allowed range of WCDMA carrier
Frequency Error limits is smaller. Moreover, a limit for the Peak Code Domain Error
is provided.

Remote control

CONFigure:MODulation:OEMP:WCDMa:DPCH:CMMax:LIMit: [SCALar]:
SYMMetric: [COMBined] :VALue

CONFigure:MODulation:OEMP:WCDMa:DPCH:AVERage:LIMit: [SCALar] :
SYMMetric: [COMBined] :VALue

The PRACH Preamble) section defines the limits for the PRACH preamble quality
test, see background information above.

Remote control
CONFigure:MODulation:PRACh:LIMit: [SCALar]:
SYMMetric: [COMBined] :VALue

The Phase Discontinuity) section defines the limits for the phase discontinuity test,
see background information above.

The limit check for the Phase Discontinuity, Error Vector Magnitude, and Carrier
Frequency Error can be disabled separately. Disabling the Threshold EVM means
that the EVM limit is always checked, irrespective of the measured UE power in the
slot.

Remote control
CONFigure:MODulation:PHDiscont:LIMit: [SCALar]:
SYMMetric: [COMBined] :VALue
CONFigure:MODulation:PHDiscont:LIMit: [SCALar]:
SYMMetric: [COMBined] :ENABle
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Spectrum Measurements

The menu group Spectrum comprises the functions for measurement of the output RF spectrum
emissions that are plotted in the frequency domain. The measurement results are displayed in the
graphical measurement menu Spectrum, the popup menu Spectrum Configuration is used for
configuration of the measurements.

The Spectrum measurement serves to measure the amount of energy that spills outside the designated radio
channel. An excess amount of off-carrier power increases the interference with adjacent channels and decreases
the system capacity. The off-carrier power can be assessed by several different parameters:

ACLR The Adjacent Channel Leakage power Ratio (ACLR) measured by the CMU is the ratio of the
power measured in an adjacent channel (Adjacent Channel Power, ACP) to the transmitted
carrier power, expressed in dB. This definition differs from the 3GPP specification by a minus
sign but is in line with other systems like GSM and TDMA.

oBW The Occupied Bandwidth (OBW) is the width of a frequency range around the assigned
channel frequency containing 99% of the total integrated power of the transmitted spectrum.

Emission Mask The Spectrum Emission Mask is a template to limit the out-of-band emissions in a frequency
range between 2.5 MHz and 12.5 MHz away from the UE center carrier frequency.

Fig. 4-31 below illustrates the different quantities that can be obtained in the Spectrum measurement. Fig. 4-31

dB
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Carrier| power
0 vl oo
r ¥
10 ( \
- 20|
- 30|
Spectrum | emission — ~—
_ a0l —mask | (relative) L —| \ ]
- 50 /
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- 70|
- 80|
OBW
-90
-10.0 MHz -5.0 MHz OBW 0.0MHz OBW 5.0 MHz 10.0 MHz
Ch.-2 Ch-1 low Cho up Ch1 Ch. +2

Fig. 4-31 Test parameters in the Spectrum measurement

To determine the ACLR and OBW, the CMU applies one of the following measurement methods:

ACLR According to the standard, the Adjacent Channel Leakage power Ratio (ACLR) is measured
at maximum output power of the UE and with an RRC filter that has a roll-off o = 0.22 and a
bandwidth equal to the chip rate. The measurement is carried out at the nominal carrier
freguency, at +5 MHz from the nominal frequency (13t adjacent channels), and at +10 MHz

adjacent channels or alternate channels). To activate this measurement method, the
ACLR Filter application must be selected.

The CMU provides an alternative measurement method for the ACLR where the signal
power is first measured as a function of time at constant frequencies using a filter of definite
bandwidth and then transformed to the frequency domain by means of a Fast Fourier
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Transform (FFT). After resampling in the frequency domain with an appropriate resolution,
the FFT provides a spectral curve representing the current transmit power in a 25 MHz wide
frequency range centered around the carrier frequency.

The resampled FFT curve is weighted with an RRC filter response, integrated in the
frequency domain and divided by the power at the carrier frequency. This is done
numerically on a point by point basis. This second filter stage yields a curve representing the
ACLR which is smoothed and rescaled compared to the original FFT curve. The filtered
ACLR curve is suitable to derive average and statistical quantities. To activate the FFT
measurement method, the ACLR FFT/OBW application must be selected.

According to the standard, the Occupied Bandwidth (OBW) is measured at maximum output
power of the UE, over a frequency span of 10 MHz and using a resolution filter of Gaussian
shape with a bandwidth of less than 30 kHz. The CMU uses the FFT method to determine
the OBW. From the spectral curve, the lower and upper OBW limit frequencies below and
above which 0.5% of the total integrated power is transmitted are calculated. The OBW is
then the difference between the upper and lower limit frequency. To obtain the OBW values,
the ACLR FFT/OBW application must be selected.

According to the standard, the spectrum emission of the UE is measured at maximum
output power of the UE, in a frequency range between 2.5 MHz and 12.5 MHz away from the
UE center carrier frequency and using a resolution filter of Gaussian shape with a bandwidth
of 30 kHz (for frequencies between 2.515 MHz and 3.485 MHz from the carrier) or 1 MHz
(for frequencies between 4 MHz and 12 MHz). All measured spectrum emission values are
represented relative to the UE output power measured in a 3.84 MHz bandwidth (reference
power).

Again, the CMU uses the FFT method to determine the spectrum emission. It is possible to
use the same spectral curve as for the ACLR and OBW measurement, however, to account
for the narrow-band Gaussian filter specified in the standard, the curve is resampled with a
finer resolution. This improves the accuracy but increases the measurement time. Spectrum
measurements will therefore be faster if there is no need to calculate the spectrum
emissions. The filtered curve is displayed in three diagrams showing the frequency ranges
where the bandwidth of the specified resolution filter is constant. To obtain the spectrum
emission values, the Emission Mask application must be selected.

A Spectrum measurement in Signalling mode with a Closed Loop TPC pattern causes a strong increase
of the UE output power while the CMU measures at off-carrier frequencies. To prevent this behavior, all
Spectrum measurements are performed as follows (see also ; see Table 4-29 on p. 4.245):

o If a Spectrum measurement is switched ON while a Closed Loop pattern is active, this pattern is
suspended and replaced by an Alternating 0,1 pattern. Alternating 0,1 is indicated in the BS Signal
tab of the Connection Control menu. Closed Loop is re-activated the end of the Spectrum

measurement.

o All other TPC patterns are left unchanged when a Spectrum measurement is switched on.

e While the Spectrum measurement is running, the TPC pattern can be changed, and it is even
possible to activate a Closed Loop pattern. The changed patterns remain valid after the end of the
Spectrum measurement.

1115.4962.12

Important Note: TPC Settings, Autoranging

Observe the TPC Pattern settings when performing Spectrum measurements. In
particular, keep in mind that activating Closed Loop in a running Spectrum
measurement is likely to cause undesirable changes of the UE power. To measure
the ACLR and OBW at maximum transmitter output power of the UE as stipulated in
the conformance test specification, use an All 1 TPC pattern.

ACLR measurements should be performed with autoranging switched off (Analyzer
Level — Mode: Manual).
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Measurement Menu (Spectrum)

The graphical measurement menu Spectrum displays the measurement results for the output RF
spectrum emissions.

e The measurement control softkey ACLR Filter (which changes to ACLR FFT/OBW or Emission Mask
if one of these applications is selected) controls the measurement, indicates its status (RUN | HLT |
OFF) and opens the configuration menu Specfrum Configuration. The hotkeys associated with the
measurement control softkey define the scope of the Spectrum measurement.

e The softkeys Application, Analyzer Level, Analyzer Settings, Marker and Menus to the right of the test
diagram are combined with various hotkeys. The softkey/hotkey combinations provide test settings
and switch over between different measurements. The entry of values is described in section
Measurement Menu (Power) on page 4.6.

The measurement menu Specfrum can be accessed from any other measurement menu of the
WCDMA UE function group using the Spectrum hotkey. It can be opened also from the Menu Select
main menu (with the associated key at the front of the instrument).
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Fig. 4-32 Measurement menu Spectrum

Test Settings

The Analyzer Level, Analyzer Settings, Marker (for application ACLR FFT/OBW), and Menus test
settings are identical with those in the Power menu (see section Test Settings on page 4.7). The
following softkeys and hotkeys differ from the Power measurement:

The ACLR Filter softkey (which changes to OBW or Emission Mask if one of these
applications is selected) controls the Spectrum measurement and indicates its
status (RUN | HLT | OFF).

This status can be changed after softkey selection (pressing once) by means of the
ON/OFF key or the CONT/HALT key. The status of the measurement is unaffected
upon switchover to other menus controlling a Spectrum measurement, however, a
running measurement is restarted.

ACLR
Filter

Remote control
INITiate:SPECtrum:MFILter
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ABORt :SPECtrum:MFILter
STOP:SPECtrum:MFILter

CONTinue:SPECtrum:MFILter etc.

Pressing the ACLR Filter softkey twice opens the popup menu Spectrum
Configuration (see page 4.64). Besides, the hotkeys Repetition, Stop Condition, and
Statistic Count defining the scope of the measurement are associated with the
ACLR Filter softkey. The function of these hotkeys is explained in the Power menu
section (see section Test Seftings on page 4.7); they are identical with the
parameters set in the Control tab of the Spectrum Configuration menu (see section
Measurement Control (Spectrum Configuration — Control) on page 4.84). The
Display Mode hotkey, which is available in the ACLR FFT/OBW application, is also
provided in the Control tab.

The ACLR Filter and ACLR FFT/OBW hotkey bars contain an additional hotkey:

The Application softkey selects the measurement method for the Spectrum
measurement and the type of measurement parameters. For a detailed description
see background information in section Spectrum Measurements on p. 4.73.

The alternative applications call up different measurement menus. The
configuration settings for all Spectrum applications, however, are listed in a
common popup menu (see p. 4.82).

The ACLR Filter hotkey selects the measurement of the Adjacent Channel Leakage
power Ratio (ACLR) using the direct filter method. This measurement method
yields ACLR values at five distinct frequencies (at the carrier frequency, at +5 MHz
and at +10 MHz from the carrier frequency).

Remote control
The ACLR Filter application is selected by the keyword :MFILter inthe 3" level of
the Spectrum commands, e.g. CONFigure:SPECtrum:MFILter. ..

The ACLR FFT/OBW hotkey selects the measurement of the Adjacent Channel
Leakage power Ratio (ACLR) and of the Occupied Bandwidth (OBW) using the
Fast Fourier Transform (FFT) method. This measurement method yields the ACLR
as a continuous curve in the a 25 MHz wide frequency range centered around the
carrier frequency.

Remote control
The ACLR FFT/OBW application is selected by the keyword :MFEFT in the 3" level
of the Spectrum commands, e.g. CONFigure:SPECtrum:MFFT. . .

The Emission Mask hotkey selects the measurement of the spectrum emissions
using the Fast Fourier Transform (FFT) method.

Remote control
The Emission Mask application is selected by the keyword : EMASk in the 3" level
of the Spectrum commands, e.g. CONFigure:SPECtrum:EMASK. . .

The Analyzer Level softkey controls the level in the RF input signal path and
provides the trigger settings for the Spectrum measurement.

Compared to the Power measurement, the Analyzer Level hotkey bar contains an
addtional hotkey:
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High
Dynamic

The High Dynamic hotkey sets the RF input path in such a way that the dynamic
range of the Specfrum measurement is maximized. The setting is valid for all
applications of the Spectrum measurement group. It does not overwrite the
Attenuation setting that remains valid for all other measurement groups. The
Afttenuation setting is also used as long as High Dynamic is switched off.

Remote control
CONFigure:SPECtrum:CONTrol:HDYNamic ON | OFF

Measurement Results

The Spectrum menu group contains three separate measurement menus corresponding to the three
applications ACLR Filter, ACLR FFT/OBW and Emission Mask. These menus contain different test

diagrams.

ACLR Filter Measurement

In the ACLR Filter measurement, the (peak and effective) Adjacent Channel Leakage power Ratio
ACLR at five distinct frequencies (at the carrier frequency, at £5 MHz and at £10 MHz from the carrier
frequency) is displayed. The results and the corresponding measurement settings are indicated in two
parameter lines, the test diagram (bar graph) and a tabular overview:

Parameter lines

Bar graph and
Output fields

Output tables

dBEm  Max. Level: Auto Mormal RF ChanRF Freq.: 9612 f 19224 MHz
RF Freq. Offzet: + 0000 kHz
:;; Current
+10
+0
10 Meas. Length
20 4 4 I 9.07 uBm
-30 4 4 4 4 LIE Powver
o '
-50 ”l Hl Hl ”l Statistic Count
- -1 0 1 2 Ch IW
Qut of Tolerance
- 1000 MHz - 500 hHz 0 hiHz +4800 MHz  + 1000 hHz
-493 -477 +165 d8m -477 -496  ACLR Curr (Peak I
-513 -50.1 +88 d8m -500 -51.1 ACLR Curr (RS}
-514 -50.1 Al -499 -51.3 ACLR Avo (RMS)
-464 | -444 | VS -449 | -472  ACLRMax (Peak)
-512 -499 dB -498 -511  ACLR Max (RMS)

Fig. 4-33  Display of results (ACLR Filter)

Parameter lines The essential analyzer settings (as set via the Analyzer Level softkey described on

1115.4962.12

p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in two
parameter lines across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Attenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

RF Chan./Freq. RF channel measured and associated nominal carrier frequency
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To the right of the diagram, the following results and settings are displayed:

Meas. Length Time interval measured (number of consecutive chips) as set in
the Control tab of the configuration menu, see section
Measurement Control (Spectrum Configuration — Control) on p.
4.84.

UE Power Average (RMS) power in the current evaluation period. This value
is measured with a a wide band filter, so it should be slightly
higher than the ACLR Curr. (RMS) value of Ch. 0 indicated in the
first table below the diagram. The UE Power measurement can
be switched off to accelerate the ACLR Filter measurement; see
section Measurement Control (Spectrum Configuration — Control)
on p. 4.84.

Statistic Count  Number of evaluation periods per statistics cycle. The colored bar
indicates the relative measurement progress in the statistics
cycle.

Out of Tolerance Percentage of evaluation periods where the tolerance limits are
exceeded.

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

The bar graph shows the current ACLR Peak (solid bars) and ACLR RMS values
(contour bars) in channels no. -2 to +2 (see output table below). The values are
measured with an RRC filter that has a roll-off o = 0.22 and a bandwidth equal to
the chip rate. The red triangles indicate the upper relative limits for both quantities
as set in the Spectrum Configuration — Limits menu (see section Tolerance Values
for ACLR and OBW (Spectrum Configuration — Limits) on p. 4.90).

The values in the output tables are measured with an RRC filter that has a roll-off
a = 0.22 and a bandwidth equal to the chip rate. The upper output table contains the
following scalar values:

ACLR Peak/RMS Peak and average power in the current evaluation period and in
channels no. —2 to +2. The central values (carrier powers) are
always expressed in absolute units (dBm). The adjacent channel
results can be expressed either in absolute units (adjacent
channel powers in dBm) or in relative units (ACLR in dB); see
Display Unit parameter on p. 4.85.

The ACLR Peak and ACLR RMS values are calculated for all evaluation periods

measured and displayed in the upper output table.

The lower output table contains the average values referenced to a statistics cycle
(Average, see averaging rules in Chapter 3, section General Settings) and the peak
values of all evaluation periods measured (Maximum), calculated from the Current
results in the upper output table:

ACLR Avg. (RMS)  Average of all ACLR RMS values referenced to the last
statistics cycle

ACLR Max. (Peak) Maximum of all ACLR Peak values in the measurement
(=maximum power ever measured)

ACLR Max. (RMS)  Maximum of all ACLR RMS values in the measurement

These statistical results can be expressed either in absolute (dBm) or in relative
units (dB); see Display Unit parameter on p. 4.85. The relative powers are
calculated first for all evaluation periods. From these Current relative powers, the
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Limit Check

statistical results are derived:

(RM. Ch.n

ACLR Avg. (RMS)CS" = ACLR Avg. (Curr-(RMS),,))"" = ACLR Avg| S RMS)
Curr.(RMS)™™

Ch.n

ACLR Masx. (Peak)"" = ACLR Max. (Curr.(Peak),,)"" = ACLR Max. %eak)m
Curr.(Peak)™

(RM. Ch.n
ACLR Max. (RMS)S"" = ACLR Max. (Curr(RMS), ;)" = ACLR Max{CW(RS)J

Curr(RMS) "0

Remote control

READ[:SCALar] :SPECtrum:MFILter:RELative?
FETCh[:SCALar] :SPECtrum:MFILter:RELative?
SAMPle[:SCALar] :SPECtrum:MFILter:RELative? etc.

The following commands retrieve additional power values:
READ[:SCALar] :SPECtrum:MFILter:EXTended:ABSolute? etc.

A red output field indicates that the measurement result exceeds the upper relative
limits set in the Limits tab of the Spectrum configuration menu, and that the absolute
power in the channel is above the absolute limit set, see section Tolerance Values
for ACLR and OBW (Spectrum Configuration — Limits) on p. 4.90.

Remote control
CALCulate[:SCALar] : SPECtrum:MFILter:MATChing:LIMits?

ACLR FFT/OBW Measurement

In the ACLR FFT/OBW measurement, the Adjacent Channel Leakage power Ratio ACLR determined by
means of the FFT method is plotted as a function of the frequency. A statistical evaluation of the ACLR
at different frequencies and of the Occupied Bandwidth (OBW) is displayed in addition. The results and
the corresponding measurement settings are indicated in three parameter lines, the test diagram and a
tabular overview below:

Parameter lines

Test diagram

Output table

dB MaxLevel: Auto Low noise Chan/Freg. 9612 /19224 MHz
Freg.Offset: + 0000 kHz [1 1 Off OBW1: - 207 MHz
w10 B - ; off | 21— ; off OBWr: 211 MHz 20.000 kHz
40 1 [Current | “Resolut. Bandwidth
Meas. Length
4 =+ | 19.92 dém
pm LIE Power
Statistic Count
| 0.00 =%
Out of Tolerance
a +1 +2 Ch
- 1000 MHz - 500 MHz 0 MHz +600 MHz  +1000 MHz OBl
-605 -441 +197 dBm -454 -598 4.18 MHz Curr.
-60.8 -439 +197 dBm -454 -59.7 4.16 MHz Avo
-605 -437 -452 -59.4 4.19 MHz Max.
All Values in dB

Fig. 4-34 Display of results (ACLR FFT/OBW)
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Scalar measurement results and settings are indicated in the three parameter lines
above the test diagram and in the output table below.

The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in the
first and second parameter lines across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Afttenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

Chan./Freq. RF channel measured and associated nominal carrier frequency

The second and third parameter lines contain the following marker values and
results:

g Measurement result and frequency (distance from the carrier) of
reference marker

U Measurement result and frequency of delta marker 1 (setting
absolute) or difference from reference marker (setting relative)

(2 Measurement result and frequency of delta marker 2 (setting
absolute) or difference from reference marker (setting relative)

OBW left Lower limit frequency of the Occupied Bandwidth (OBW)

calculation: 0.5% of the total integrated power of the spectrum is
transmitted in the range below this frequency.

OBW right Upper limit frequency of the Occupied Bandwidth (OBW)
calculation: 0.5% of the total integrated power of the spectrum is
transmitted in the range above this frequency.

To the right of the diagram, the following settings are displayed:

Resol. Bandwidth Fixed bandwidth of the resolution filter used to obtain the spectral
FFT curve displayed in the diagram from the Fast Fourier
Transform data.

Meas. Length Time interval measured (number of consecutive chips) as set in
the Control tab of the configuration menu, see section
Measurement Control (Spectrum Configuration — Control) on p.
4.84.

UE Power Average power in the current evaluation period, irrespective of
the display mode set. This value is measured with a wide band
filter, so it should be slightly higher than the Curr. value of Ch. 0
indicated in the center of the table below the diagram.

Statistic Count  Number of evaluation periods per statistics cycle. The colored bar
indicates the relative measurement progress in the statistics
cycle.

Out of Tolerance Percentage of evaluation periods where the tolerance limits are
exceeded.

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

The lower (blue) continuous curve in the test diagram shows the spectral FFT curve
in a 25 MHz wide frequency range centered around the nominal carrier frequency.
The display mode for the curve is always Current, irrespective of the display mode
set. The curve is calculated by means of the FFT method described in section
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Spectrum Measurements on p. 4.73. The fixed y-axis range extends from —80 dB to
+10 dB relative to the power at 0 MHz measured with a 3.84 MHz RRC filter (Ref.
Power).

The bars in the diagram correspond to the ACLR values in the output table below.

If the option OBW Line Display is activated in the Control tab of the configuration
menu, the limits OBW left and OBW right are also indicated as two vertical red lines
left and right from the carrier frequency.

Remote control
READ:ARRay:SPECtrum:MFFT: :WESPectrum: CURRent?
FETCh:ARRay:SPECtrum:MFFT: :WFSPectrum: CURRent?

SAMPle:ARRay:SPECtrum:MFFT: :WFSPectrum:CURRent? efc.

The output table below the diagram shows the ACLR calculated from the FFT curve
by applying a numerical RRC filter and the Occupied Bandwidth (OBW). The ACLR
is normalized to the Ref. Power by definition, i.e. its central (0 MHz) value is 0 dB.
The OBW is the difference between the OBW left and OBW right values shown in
the parameter lines above the diagram.

The values are calculated for all evaluation periods measured and displayed in the
upper table row (Curr.). From these Current results the average values referenced
to a statistics cycle (Avg., see averaging rules in Chapter 3, section General
Settings) and the peak values of all evaluation periods measured (Max.) are
calculated.

The central values (carrier powers) are always expressed in absolute units (dBm).
The adjacent channel results can be expressed either in absolute units (adjacent
channel powers in dBm) or in units relative to the carrier powers (ACLR in dB); see
Display Unit parameter on p. 4.85.

Remote control
READ[:SCALar] : SPECtrum:MFFT:RELative?
FETCh[:SCALar] : SPECtrum:MFFT:RELative?
SAMPle[:SCALar] : SPECtrum:MFFT:RELative?

A red output field indicates that the measurement result exceeds the upper relative
limits set in the Limits tab of the Spectrum configuration menu, and that the absolute
power in the channel is above the absolute limit set, see section Tolerance Values
for ACLR and OBW (Spectrum Configuration — Limits) on p. 4.90.

Remote control
CALCulate[:SCALar] : SPECtrum:MFFT:MATChing:LIMits?
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Emission Mask Measurement

In the Emission Mask measurement, the spectrum emissions are plotted in three diagrams showing the
frequency ranges where the bandwidth of the Gaussian resolution filter used to derive the result from
the FFT curve is constant. The margin relative to the limit lines and a statistical evaluation of the
reference power is displayed in addition. The results and the corresponding measurement settings are
indicated in two parameter lines, the three test diagrams and several output fields below:

Parameter lines

Test diagrams

Margin display

Output fields

dB MaxLevel Auto Low noise FreqOffset: + 0.000 kHz Chan.Frec.: 9612 /1922.4 MHI
@0 B i 0ff P JOft B. - i ot
Current
-10
-20
-30
40
50
-60 [ I
-70
-80
-a0 MHz
-12000 -8500  -7.500 -4.000 -2515 2515 4000 7500 8500 12000
T T 1 L T T 1
I I I I I I
[-11.1-110 -110 - 132 Meenctourent [ 424 -102 -106 -109
Current AVErage EX. /M.
Ref.Power] -172 dBm -167 dBm  -16.2 dBm
Statistic Gount
LIE Puwerl -16.90 dBm  Out of Tn\Eranl:E:I 000 %

Fig. 4-35 Display of results (Spectrum Emission Mask)

Settings/
Results

1% parameter line

2" parameter
line
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Scalar measurement results and settings are indicated in the parameter lines above
the test diagram and in the output table below.

The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in the
first parameter line across the top of the measurement menu:

Max. Level
Attenuation

Freq. Offset

Chan./Freq.

Maximum expected input level in dBm

Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Frequency offset with respect to the nominal WCDMA channel
frequency

RF channel measured and associated nominal carrier frequency

The second parameter line contains the following marker values and results:

@
v
2

Measurement result and frequency (distance from the carrier) of
reference marker

Measurement result and frequency of delta marker 1 (setting
absolute) or difference from reference marker (setting relative)

Measurement result and frequency of delta marker 2 (setting
absolute) or difference from reference marker (setting relative)

Remote control

The settings

are read out using the query corresponding to the setting command

(setting command with appended question mark).
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The blue curves in the three diagrams show the spectrum emissions in three
frequency ranges:

e Left diagram: frequencies between -12 MHz and —4 MHz from the carrier,
obtained with a 1 MHz Gaussian filter

e Central diagram: frequencies between —-3.485 MHz and +3.485 MHz from the
carrier, obtained with a 30 kHz Gaussian filter

¢ Right diagram: frequencies between +4 MHz and +12 MHz from the carrier,
obtained with a 1 MHz Gaussian filter

The display mode (Current, Maximum, Average) for the curves is indicated in the
upper right corner of the diagram. It can be set in the Control tab of the
configuration menu, see section Measurement Control (Spectrum Configuration —
Control) on p. 4.84. The curve is calculated as described in section Spectrum
Measurements on p. 4.73. The fixed y-axis range extends from —90 dB to +0 dB
relative to the Ref. Power.

The red curves in the test diagram show the emission mask (limit lines) which can
be set in the Limit Lines tab of the configuration menu, see section Emission Mask
(Spectrum Configuration — Limit Lines) on p. 4.87.

Remote control
READ:ARRay:SPECtrum:EMASk:CURRent,
FETCh:ARRay:SPECtrum:EMASk:CURRent,

SAMPle:ARRay:SPECtrum:EMASk:CURRent efc.

The two bars below the diagram are divided into several sections corresponding to
the fixed limit line areas defined in the standard. If the curve exceeds the limits in an
area, the corresponding section of the bars turns red.

Remote control

CALCulate:ARRay:SPECtrum:EMASk:CURRent :MATCHing:LIMit?
CALCulate:ARRay:SPECtrum:EMASk:AVERage :MATCHing:LIMit?
CALCulate:ARRay:SPECtrum:EMASk:MAXimum:MATCHing:LIMit?

The margin values are displayed across the bottom of the diagram.

Definition: The margin is the maximum of all distances between the measurement
curve and the limit line within a limit line area. Suppose thati=1to N
numbers the measurement points (x; y;) in a limit line area, then:

Margin = max”, [ y, —limit line (x,) ]
A negative margin indicates a passed limit check (the smaller the
margin, the closer the measurement curve gets to the limit line). A
positive margin indicates a failed limit check.

The margin values are calculated from the displayed measurement curve so they
depend on the Display Mode (Current, Average, Maximum).

Remote control
READ[ :SCALar] : SPECtrum:EMASk:CURRent :MARGin? eftc.

Below the diagram, the following settings are displayed:

Ref. Power UE output power measured in a 3.84 MHz bandwidth (reference
power). The three output fields show the Current, Average and
Maximum results. The spectrum emission curve is calculated as
the ratio of the Current, Average or Maximum off-carrier power to
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the Current, Average or Maximum reference power.

UE Power Average power in the current evaluation period. This value is
measured with a wide band filter, so it should be slightly higher
than the Current value of the Ref. Power.

Statistic Count  Number of evaluation periods per statistics cycle. The colored bar
indicates the relative measurement progress in the statistics
cycle.

Out of Tolerance Percentage of evaluation periods where the tolerance limits are
exceeded.

Remote control
READ[:SCALar] : SPECtrum:EMASK?
FETCh[:SCALar] : SPECtrum:EMASk?
SAMPle[:SCALar] : SPECtrum: EMASK?

Measurement Configurations (Spectrum)

The popup menu Spectrum Configuration contains three tabs to define the parameters of the Spectrum
measurement including the error tolerances.

The popup menu Spectrum Configuration is called up by pressing the measurement control softkey in
the top right of the graphical measurement menu Spectrum twice (this softkey reads ACLR Filter or
ACLR FFT/OBW, depending on the selected application). By pressing the associated hotkeys, it is
possible to change between the tabs.

Measurement Control (Spectrum Configuration — Control)

The Control tab controls the Spectrum measurement by defining

e The Repetition mode

e The Stop Condition for the measurement

e The measurement curve displayed (Display Mode, for application ACLR FFT/OBW)
e The number of slots/evaluation periods forming a statistics cycle (Statistic Count)

e The unit for the ACLR values displayed in tables (Display Unit)

e The number of chips measured (Measurement Length)

Besides, it influences the graphical measurement menus by adding or removing the Grid and the OBW
line (OBW Line Display; for application ACLR FFT/OBW).
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ﬁﬁncm
Filter —-»>

B Spectrum Configuration weoma Fo e
Control Limit Lines Limits Meas. X
—Setup |Default Al Settings | =
Default Al Settings | [ |

~ ACLR Filter
Default Settings |
Repetition Continuous
Stop Condition Maone
Statistic Count 10
UE Power Measurem, | Off B
Display Lnit dB
Grid On
Measurement Length | 2560 chips
~ ACLRFFT/CBIA
Default Settings
Repetition Continuous

Fig. 4-36 Spectrum Configuration — Control

The settings can be defined separately for the different applications of the Spectrum measurement
group. Most functions comply with those of the Control tab of the Power Configuration menu (see page
4.23). In the remote-control commands, the keywords POWer:<Pow Application> are to be
replaced by SPECtrum:<Spec Application>. The following parameters are specific to the
Spectrum measurement:

Default Settings

UE Power

Measurem.

Display Unit

1115.4962.12

The Default All Settings switch assigns default values to all settings in the Control
tab (the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual applications are provided.

Remote control
DEFault:SPECtrum:<Spec Application>:CONTrol ON | OFF

The UE Power Measurem. switches the measurement of the UE Power in the ACLR
Filter application on or off. If the measurement is switched off, the UE Power output
field shows an invalid result "---" but the whole ACLR Filter measurement is faster.

Remote control
CONFigure:SPECtrum:MFILter:CONTrol:UEPMeasure ON | OFF

The Display Unit parameter selects the display unit for scalar ACLR results. It is
possible to select absolute (dBm) or relative units (dB). Switchover to relative units
affects the ACLR results for the adjacent channels displayed in the tables below the
ACLR Filter and ACLR FFT/OBW diagrams. The diagram scales are not affected.
The calculation of relative statistical values is explained in sections ACLR Filter
Measurement on p. 4.77 and ACLR FFT/OBW Measurement on p. 4.79.

Remote control

no explicit switchover command; relative and absolute results can be retrieved with
a keyword RELative or ABSolute annexed to the measurement results commands,
e.g.

READ[:SCALar] :SPECtrum:MFILter:ABSolute?
READ[:SCALar] : SPECtrum:MFILter:RELative? etc.
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Measurement
Length

Display Mode

OBW Line
Display
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The Measurement Length parameter selects a time interval (number of consecutive
chips) to be measured. The following values are provided:

2560 Chips The measurement extends over the complete WCDMA slot
comprising 2560 chips.

1280 Chips The measurement extends over half of the WCMDA slot.

640 Chips The measurement extends over a quarter of the WCMDA slot.

320 Chips The measurement extends over an eighth of the WCMDA slot.

A short measurement length reduces the measurement time. The position of the
time interval measured within the slot is generally not critical for the Spectrum
results; it depends on the trigger settings:

¢ Inthe Free Run trigger setting, the position is random.

e In the External or Internal trigger setting, the position is determined by the
external trigger time.

Note that this differs from the Modulation measurement where the Measurement
Length always starts at the beginning of the slot.

Note: In the ACLR FFT/OBW and Emission Mask applications, the actual
measurement length is longer than the selected number of chips.
Measurement length settings of 320 chips, 640 chips, 1280 chips, and
2560 chips correspond to actual measurement lengths of 512, 1024,
2048, and 4096 chips, respectively.

Remote control
CONFigure:SPECtrum:<Spec Application>:CONTrol:MLENgth
<No_chips>

The Display Mode hotkey selects one of the following display modes for the
measurement curve in the ACLR FFT/OBW diagram:

Current Measured value for current evaluation period
Maximum Maximum of a number of evaluation periods
Average Average value of a number of evaluation periods,

referenced to a statistics cycle

The calculation of the measurement curves and the rules for averaging is described
in Chapter 3, section General Settings. No Display Mode is available in the ACLR
Filter application where no measurement curve is displayed.

Remote control

No display mode set explicitly, the three measurement curves are accessible via:
FETCh:ARRay:SPECtrum:<Spec Application>:CURRent?
FETCh:ARRay:SPECtrum:<Spec Application>:MAXimum?

FETCh:ARRay:SPECtrum:<Spec Application>:AVERage? etc.

The OBW Line Display switches the indication of the limit frequencies OBW left and
OBW right in the ACLR FFT/OBW diagram on or off. The two values are indicated
by two vertical red lines. The frequency difference OBW right — OBW left is equal to
the Occupied Bandwidth (OBW).

Remote control
No remote configuration, screen configuration only.
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Emission Mask (Spectrum Configuration — Limit Lines)

The Limit Lines tab defines relative and absolute upper limits for the spectrum emissions.

Conformance
requirements

The energy that spills outside the designated radio channel increases the interference with
adjacent channels and decreases the system capacity.

According to the 3GPP standard, the amount of unwanted off-carrier energy is assessed by
the Occupied Bandwidth (OBW) and the out-of-band emissions (excluding spurious
emissions) that are specified in terms of a spectrum emission mask and the Adjacent
Channel Leakage power Ratio (ACLR). The OBW and ACLR limits are defined in the Limits
tab; see section Tolerance Values for ACLR and OBW (Spectrum Configuration — Limits) on
p. 4.90. The spectrum emission mask is specified as follows:

Table 4-6 3GPP spectrum emission mask

Frequency offset Minimum Additional requirement Measurement
from carrier Af requirement") for band I, IV, V, X bandwidth
2.5 MHz to 3.5 MHz -35.0 dBc - 15*(Af/MHz — 2.5) dBc -15dBm 30 kHz'

3.5 MHz to 7.5 MHz -35.0 dBc - 1*(Af/MHz — 3.5) dBc -13 dBm 1 MHZ?

7.5 MHz to 8.5 MHz -39.0 dBc - 10*(Af/MHz — 7.5) dBc -13 dBm 1 MHZ?

8.5 MHz to 12.5 MHz -49.0 dBc -13 dBm 1 MHZ

Note 1:

Note 2:

Note 3:

Note 4

1115.4962.12

The first and last measurement position with a 30 kHz filter is 2.515 MHz and
3.485 MHz.

The first and last measurement position with a 1 MHz filter is 4 MHz and 12 MHz.

The limit specifications in Table 4-6 above only apply if the power in the measured
frequency range exceeds the absolute limit of —50.0 dBm referenced to a 3.84 MHz
filter. This implies that the absolute spectrum emissions must be:

e above -50.0dBm+10- log,o(ﬁj dB~-55.8dBm where they are

measured with a 1 MHz filter,
0.03

e above —-50.0dBm+10-log,,|—
3.84

) dB~-71.1dBm where they are

measured with a 30 kHz filter.
Signals with smaller powers always pass the entire limit check.
The minimum requirements listed in the table differ from the test requirements in

standard 3GPP TS 34.121. Test requirement allow for an additional measurement
uncertainty.
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ACLR
Filter
=l

The complete spectrum emission mask is (for band Il) shown in Fig. 4-37 below.

Rel. power/dB dBm
-10 - 10
Additionpl requirement band| Il 20
~20(@bsolutk) )
- 30 -30
Spectrum | emission | —1 —

40 mask | (relative) \ I _40
- 50 -50
-_ -

- 60 -60
1 MHz 1 MHz
-70 ——t — -70

Spectrum| emission ﬁ ﬁ
mask [(absolute H H
-80 10.0 5.0 . 2 - 80
o 12.0... 7T 3485, 0.0 2515, 50 4.0.. 100 Df/MHz
-4.0 -2.515 3.485 12.0

Fig. 4-37 Spectrum emission mask

B Spectrum Configuration
Control Limit Lines Limits Meas. X
— Setup |Default Al Settings |
[+]
Default Al Settings |
~ Emission Mask
Default Settings
~ LimitLine Info
H 5 IH - H
q EE C |
s B £ £ B &
¥ Current & Max
~ relative Limit Enable
Lirnit & - 49000 ¢ Lirit A-D
Limit B - 49000 @
| irriit - 29000 o=

Fig. 4-38 Spectrum Configuration — Limits

Default Settings

Limit Line Info

Current & Max.
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The Default All Settings switch assigns default values to all settings in the Limit
Lines tab (the default values are quoted in the command description in chapter 6 of
this manual). In addition, default switches for the individual applications are
provided.

Remote control

DEFault:SPECtrum:EMASk:LIMit:LINE ON | OFF

The Limit Line Info diagram shows a preview of the spectrum emission mask that
represents a simplified version of Fig. 4-37. According to the specification, the
relative limit lines consist of several line sections with different slopes. In the CMU
the line sections are defined by the coordinates of their start and end points labeled
A to F. In contrast, the absolute limit lines of the CMU are defined by three values
corresponding to the filter bandwidths 3.84 MHz, 1 MHz and 30 kHz (sections G).

The Current & Max table section defines relative and absolute limits for the Current
and for the Maximum spectrum emission curve. All limits are symmetric to the
carrier frequency.
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The upper relative Limits are given by the start and end points of the individual line
sections. These points are located at fixed frequencies:

Limit A Start point of section 1, corresponding to a frequency of +12 MHz
from the carrier

Limit B End point of section 1 and start point of section 2, corresponding
to a frequency of £8.5 MHz from the carrier

Limit C End point of section 2 and start point of section 3, corresponding
to a frequency of £7.5 MHz from the carrier

Limit D End point of section 3 corresponding to a frequency of +4 MHz
from the carrier

Limit E Start point of section 4, corresponding to a frequency of
+3.845 MHz from the carrier

Limit F End point of section 4 corresponding to a frequency of
+2.515 MHz from the carrier

Enable Switches the relative limit check in sections 1 to 3 (1 MHz filter,

Limit A-D) or in section 4 (30 kHz filter, Limit E-F) including the
absolute limit check G and H on or off

The absolute Limit G is defined by the 3.84 MHz reference value. From this value,
the 1 MHz and 30 kHz limits are calculated according to the formulas of Note 3 on
p. 4.87.

Limit G, 3.84 MHz Reference value for the absolute limit for the UE carrier
frequency measured with a 3.84 MHz RRC filter. This value is
used to calculate all absolute limits of the spectrum emission
mask. It is not correlated to the absolute level that can be set in
the Limits tab; see section Tolerance Values for ACLR and OBW
(Spectrum Configuration — Limits) on p. 4.90.

Limit G, 1 MHz  Absolute limit for the spectrum emission in the frequency domain
where it is measured with a 1 MHz Gaussian filter, corresponding
to the current 3.84 MHz reference value (not editable, grayed).

Limit G, 30 kHz  Absolute limit for the spectrum emission in the frequency domain
where it is measured with a 30kHz Gaussian filter,
corresponding to the current 3.84 MHz reference value (not
editable, grayed).

Enable Switches the absolute limit check of limit G on or off

The absolute Limit H is defined in the 1 MHz and 30 kHz frequency domains. This
limit corresponds to the Additional requirement for bands II... in Table 4-6 and is not
used in all frequency bands. If a measurement result exceeds the absolute limit H,
the domain is out of tolerance, irrespective of the result of the relative limit check.

Note: In realistic test scenarios, the limit G is always smaller than the limit H.
Results smaller than G are passed, results larger than H are failed.
Remote control
CONFigure:SPECtrum:EMASk:RELative:CMAX:LIMit:LINE:SYMmetric:
[COMBined] :VALue
CONFigure:SPECtrum:EMASk:ABSolute:CMAX:LIMit:LINE:SYMmetric:
[COMBined] : VALue
CONFigure:SPECtrum:EMASk:ADDition:CMAX:LIMit:LINE
:SYMMetric: [COMBined] : VALue
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Priority and Under normal operating conditions, the relative limit check represents the critical
indication of limit  criterion because the absolute check is a secondary condition which a WCDMA UE
checks is very likely to fulfil. Consequently, the CMU deactivates the absolute limit check if

the relative limit check is entirely switched off. In the measurement diagram, the
absolute limit lines are indicated only if both the relative and the absolute limit
checks are active.

Average The Average table section diagram defines relative and absolute limits for the
Average spectrum emission curve. The settings are analogous to the Current &
Max. settings described above.

Remote control
CONFigure:SPECtrum:EMASk:RELative:AVERage:LIMit:LINE:
SYMmetric: [COMBined] :VALueCONFigure: SPECtrum:EMASk:AB
Solute:AVERage:LIMit:LINE:
SYMmetric: [COMBined] :VALue
CONFigure:SPECtrum:EMASk:ADDition:AVERage:LIMit:LINE
:SYMMetric: [COMBined] : VALue

Tolerance Values for ACLR and OBW (Spectrum Configuration — Limits)

The tab Limits defines upper limits for the parameters of the Spectrum measurement.

Conformance The energy that spills outside the designated radio channel increases the interference with
requirements adjacent channels and decreases the system capacity.

According to the 3GPP standard, the amount of unwanted off-carrier energy is assessed by
the Occupied Bandwidth (OBW) and the out of band emission (excluding spurious
emissions) that are specified in terms of a spectrum emission mask and Adjacent Channel
Leakage power Ratio (ACLR). The spectrum emission mask is defined in the Limit Lines
tab; see section Emission Mask (Spectrum Configuration — Limit Lines) on p. 4.87. The
OBW and ACLR limits are specified as follows:

For both power class 3 and power class 4 UE, the ACLR shall not exceed —33 dB at
frequencies +5 MHz from the carrier (channels +1) and —43 dB at frequencies +10 MHz from
the carrier (channels +2)3. The limits must be met if the adjacent channel power is larger
than =50 dBm (absolute limit); they must hold even in the presence of switching transients.

For the OBW, an upper limit of 5 MHz based on a chip rate of 3.84 MHz is specified.

B Spectrum Configuration WCDMA FOD
Control Limit Lines Limits Meas. X
|EEJACLR
Filter —» — Setup |ACLR Filter | =
= Defauit Al Settings
[~ ACLR Filter |
Diefault Settings cornpress]
v Level(rel) (Peak) Current (RMS)  Average (RMS) Enabile
Channel -2 -A430 e -430 e -430 o6
Channel -1 -330 8 -330 9 -330 o6
Channel +1 -330 8 -330 9 -330 o6
Channel +2 -A430 e -430 e -430 o6
~Level(abs) (Pesk) Current (RMS)  Average (RMS) Enable|
al Channels - 500 gBm - 500 dBm - 00 dBm
*ACLR FFT/OBIA
Default Settings
v Level(rel) Current Average  Enable

Fig. 4-39 Spectrum Configuration — Limits

3 To keep our results in line with networks like GSM and TDMA, we define the ACLR and the limits with a relative minus sign compared to the 3GPP standard. The role of
upper and lower limits is accordingly interchanged.
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Default Settings

ACLR Filter

ACLR FFT/OBW
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The Default All Settings switch assigns default values to all settings in the Limits tab
(the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual applications are provided.

Remote control
DEFault:SPECtrum:MFILter:LIMit <Enable>
DEFault:SPECtrum:MFFT:LIMit <Enable>

The ACLR Filter table section defines upper limits for the ACLR measured with the
direct filter method. The following relative values Level (rel.) can be set for channels
+1 (at £5 MHz from the carrier) and +2 (at £10 MHz from the carrier):

Curr.&Max (Peak) Upper limit for the peak ACLR of the current evaluation period
(first table row in the upper table of the ACLR Filter menu)

Curr.&Max (RMS) Upper limit for the effective ACLR of the current evaluation period
(second table row in the upper table of the ACLR Filter menu)

Upper limit for the average of all Current (RMS) values
referenced to the last statistics cycle (first table row in the lower
table of the ACLR Filter menu)

Switches the limit check in the corresponding channel on or off

Average (RMS)

Enable

The absolute limits Level (abs.) are the powers in dBm below which no relative limit
check needs to be performed. Common absolute limits for all channels can be set in
the All channels table section.

Remote control

CONFigure:SPECtrum:

ASYMmetric:

CONFigure:SPECtrum:

ASYMmetric:

CONFigure:SPECtrum:

ASYMmetric:

CONFigure:SPECtrum:

ASYMmetric:

CONFigure:SPECtrum:

ASYMmetric:

CONFigure:SPECtrum:

ASYMmetric:

CONFigure:SPECtrum:

ASYMmetric:

CONFigure:SPECtrum:

ASYMmetric:

MFILter:RPEak:CURRent:LIMit[:SCALar]:
UPPer:CHANnel<nr>:VALue <ACLR Limit>
MFILter:RRMS:CURRent:LIMit[:SCALar]:
UPPer:CHANnel<nr>:VALue <ACLR Limit>
MFILter:RRMS:AVERage:LIMit[:SEALar]:
UPPer:CHANnel<nr>:VALue <ACLR Limit>
MFILter:RELative:LIMit[:SCALar]:
UPPer:CHANnel<nr>:Enable <Enable>
MFILter:APEak:CURRent:LIMit[:SCALar]:
UPPer:VALue <ACLR Limit>
MFILter:ARMS:CURRent:LIMit[:SCALar]:
UPPer:VALue <ACLR Limit>
MFILter:ARMS:AVERgge:LIMit[:SCALar]:
UPPer:VALue <ACLR Limit>
MFILter:ABSolute:LIMit[:SCALar]:
UPPer:Enable <Enable>

The ACLR FFT/OBW table section defines upper limits for the ACLR measured with
the FFT method and for the OBW. The following relative values Level (rel.) can be
set for the ACLR in channels £1 (at £5 MHz from the carrier) and £2 (at £10 MHz
from the carrier) and for the OBW:

Curr.&Max Upper limit for the ACLR or OBW of the current slot (first table
row in the output table of the ACLR FFT/OBW menu)

Average Upper limit for the average of all Current values referenced to the
last statistics cycle (second table row in the output table of the
ACLR FFT/OBW menu)

Enable Switches the limit check in the corresponding channel (or for

OBW) on or off

The absolute limits Level (abs.) are the powers in dBm below which no relative limit
check needs to be performed. Common absolute limits for all channels can be set in
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the All channels table section.

Remote control
CONFigure:SPECtrum:MFFT:RELative:CMAX:LIMit[:SCALar]:
ASYMmetric:UPPer:CHANnel<nr>:VALue <ACLR Limit>
CONFigure:SPECtrum:MFFT:RELative:AVERage:LIMit[:§CALar]:
ASYMmetric:UPPer:CHANnel<nr>:VALue <ACLR Limit>
CONFigure:SPECtrum:MFFT:RELative:LIMit[:SCALar]:KSYMmetric:UP
Per: CHANnel<nr>:Enable <Enable>
CONFigure:SPECtrum:MFFT:ABSolute:CMAX:LIMit[:SCALar]:
ASYMmetric:UPPer: VALue <ACLR Limit>
CONFigure:SPECtrum:MFFT:ABSolute:AVERage:LIMit[:SCALar]:
ASYMmetric:UPPer: VALue <ACLR Limit>
CONFigure:SPECtrum:MFFT:ABSolute:LIMit [:SCALar]:
ASYMmetric:UPPer:Enable <Enable>

Priority and Under normal operating conditions, the relative limit check represents the critical
indication of limit  criterion because the absolute check is a secondary condition which a WCDMA UE
checks is very likely to fulfil. Consequently, the CMU deactivates the absolute limit check if

the relative limit check is switched off. The limit markers in the ACLR Filter
measurement diagram show the relative limit check.

Selection of Measurement Points (Spectrum Configuration — Meas. X)

The tab Meas. X determines at which channels/frequencies a ACLR Filter measurement is performed.

B Spectrum Configuration

Control Limit Lines Limits Meas. X
ACLR | :
Filter > — Setup |Detauit All Settings | =
=l

Defauit Al Settings |
~ ACLR Filter
Default Settings
~Measure Points Enable
Channel -2
Channel -1
Channel +1
Channel +2

Fig. 4-40 Spectrum Configuration — Meas. X

Default Settings The Default All Settings switch assigns default values to all settings in the Meas. X
tab (the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual applications (at present, the
ACLR Filter application) are provided.

Remote control
DEFault:SPECtrum:MFILter:MEASx <Enable>
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Measure Points
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The Measure Points table section enables (Enable box checked) or disables the
spectrum measurement on individual channels. Channels +1 (at £5 MHz from the
carrier) and £2 (at £+10 MHz from the carrier) can be selected. A reduction of the
measurement points enhances the measurement speed.

Remote control
CONFigure:SPECtrum:MFILter :MEASx:CHANnel<nr>:ENABle <Enable>
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Code Domain Power Measurements

The menu group Code Domain Power comprises the functions for measurement of the relative power
and the waveform quality (p factor) in the individual code or physical channels of an uplink WCDMA
signal. The measurement results are displayed in the graphical measurement menu Code Domain
Power, the popup menu Code Domain Power Configuration is used for configuration of the
measurements.

The Code Domain Power measurement serves to assess the average power and the modulation accuracy in each
code channel. This is done by means of two different quantities:

CDP The Code Domain Power (CDP) is the ratio of the power in an individual code channel to the
power of the composite WCDMA signal, expressed in dB.

CD-p The CD-p factor is the correlated power (p factor) of an individual channel divided by the total
power of the composite WCDMA signal. It is calculated in analogy to the waveform quality for
the whole signal (see Equation 4-3 on p. 4.42), but with the measured signal vector Zy
replaced by the measured signal vector in the code channels.

The waveform quality for the whole signal approaches 1 as the signal approaches the ideal
signal. Analogously, the CD-p factor, which is a measure for the modulation accuracy of an
individual code channel signal, approaches 1/<number of code channels> as the code
channel signal approaches the ideally modulated signal. For an ideal WCDMA uplink signal
comprising 1 DPCCH plus 6 DPDCHs, the CD-p factor of all physical channels is 1/7 ~ 0.142.

The quantities CDP and CD-p can be displayed in two alternative ways:

e In the code channel representation (applications CDP ... Auto), the CDP and CD-p factor of the | and Q signal
are displayed in two separate bar graphs as a function of the channelization code. The channelization codes
are determined assuming a symbol rate and power threshold as set in the Auto Settings section in the UE
Code tab of the Connection Control menu.

e In the physical channel representation (applications CDP ... Manual), the CDP and CD-p factor are displayed
in a single bar graph as a function of the physical channels contributing to the WCDMA signal (DPCCH,
DPDCH1,..., DPDCHS6). The symbol rates and channelization codes must be set in the Manual Settings
section in the UE Code tab of the Connection Control menu.

For WCDMA standard uplink signals, both representations are equivalent as the 1/Q phase and the channelization
code uniquely defines the physical channel and vice versa; see Fig. 4-16 on p. 4.43. The measurement speed in
Manual mode, however, is higher than in Auto mode. On the other hand, the Auto measurements represent the
more universal applications. They can be used if the channelization codes or the symbol rate of the analyzed
signal are unknown, e.g. because the signal configuration does not conform to 3GPP specifications or because
the UE transmitter uses non-standard channelization codes.

A limit check is provided in the physical channel representation only, because it is more conveniently visualized in
the corresponding diagram.

©  The R&S CMU provides the following additional CDP applications:

CDP vs. Time The CDP vs. Time measurement provides the code power and the gain factors for all UL
channels. See section CDP vs. Time Measurement on p. 4.95.

HS-DPCCH The HS-DPCCH Time Mask measurement provides the code power of the UL channels over

Time Mask a 4-slot period. The main purpose of this measurement is to assess the steps of the UL
transmission power due to the transmission of ACK/NACK or CQI over the HS-DPCCH. For
a detailed description refer to Chapter 8.

HS-DPCCH CDP The HS-DPCCH CDP measurement is integrated in the CDP/Code Manual and CDP/Code

Rho Manual applications. The measurement requires option R&S CMU-K64, HSDPA 3.6
Mbps. For a detailed description refer to Chapter 8.
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HSUPA CDP The CDP measurement of the UL HSUPA channels (E-DPCCH and E-DPDCH1 to E-
DPDCH4) is integrated in the CDP/Code Manual and CDP/Code Rho Manual applications.
The measurement requires option R&S CMU-K56, HSUPA. For a detailed description refer
to Chapter 8.

CDP vs. Time Measurement

The CDP vs. Time measurement provides the code power and the gain factors for all UL channels. The

measurement is available in Non Signalling and in Signalling mode.

e The code power is measured on the DPCCH, on all DPDCHs (DPDCH 1 to DPDCHB®, if present),
and the HS-DPCCH, E-DPCCH, and E-DPDCH channels (if one is active).

e The gain factors determining the relative strength of the code channels are also measured for the
DPCCH, all DPDCHs, and the HS-DPCCH, E-DPCCH, and E-DPDCH channels.

G

o The CDP vs. Time measurement requires the hardware option R&S CMU-U65Var04.
Measuring the HSDPA and HSUPA uplink channels requires the software options R&S
CMU-K64 and R&S CMU-K65, respectively. For a description of HSDPA and HSUPA CDP
measurement results refer to Chapter 8.

=

O A program example for a CDP vs. Time measurement is reported in Chapter 7.
Measurement The measurement can extend over a duration of up to 47 slots or 3 frames plus
procedure and one slot before and one slot afterwards. The R&S CMU 200 acquires 10 values
purpose in each slot, which corresponds to a measurement time of 256 chips or 1

symbol length of the fixed rate (SF = 256) HS-DPCCH or E-DPCCH (see also
sections HSDPA Code Domain Power and HSUPA Code Domain Power in
Chapter 8). This means that a single shot measurement yields up to 470 results
for the code powers or beta values in each channel.

The CDP vs. Time measurement is intended for monitoring the power of the
uplink channels for an extended period of time. E.g. a direct comparison
between the total UE power and the HS-DPCCH power shows how the UE
power varies depending on the transmission of ACK/NACK and CQl over the
HS-DPCCH. Requirements for the transmit power of the composite DPCCH +
DPDCH + HS-DPCCH signal are specified in standard 3GPP TS 34.121,
section 5.7A.

The CDP vs. Time measurement can be used as well to verify to which degree
of accuracy the actual gain factors of the UL channels comply with the gain
factors signalled to the UE; see section UE Signal.

Channel detection A channel is considered to be active if its signal power, averaged over a slot,
exceeds the Threshold value defined in the UE Code or UE Signal tab of the
Connection Control menu (UE Code — DPDCH Settings — Auto Settings —
Threshold in Non Signalling mode or UE Signal — Measurement Settings —
Threshold in Signalling mode). The R&S CMU provides no power results and
gain factors for inactive channels; the READ.. /FETCh../SAMPle.. commands
return NAN values. The following exceptions apply:

e The DPCCH is assumed to be always active. lts measured power and gain
factor is always indicated (no NAN values), irrespective of the threshold.

e In Signalling mode or in Non Signalling mode with the setting DPDCH CC
Mode: Auto, the DPDCH 1 is also assumed to be active.

1115.4962.12 4.95 E-13



Code Domain Power Measurements CMU-K56...-K96

Calculation of
gain factors

Measurement
settings
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¢ In Non Signalling mode with the setting DPDCH CC Mode: Manual, all
DPDCHs selected manually are assumed to be active.

The gain factors are calculated from the measured powers in each 256-chip
interval. They are normalized as follows:

e The strongest of all active DPCCH and DPDCH channels is assigned a gain
factor of 15.

o All other gain factors B, are calculated from the power ratio of the channels
relative to the strongest DPCCH/DPDCH channel (value P, in dB):

Bony =15 * 10MPg, / 20 dB)

e The HS-DPCCH can be stronger than the strongest DPCCH/DPDCH,
therefore its gain factor can be larger than 15.

Normalization means that only the ratios between the gain factors are actually
measured. The signalled values for the gain factors and the corresponding
power ratios are listed in Table 4-7 below.

o If desired the normalization can be changed using a different Power
Reference Beta Fact. (see p. 4.111).

The CDP vs. Time measurement is most conveniently triggered via a frame
trigger. This trigger source is automatically activated if an Auto trigger is set and
the measurement is initiated. In Signalling mode, it is also possible to use a
Change of TFC trigger (see description of trigger sources in the Trigger section
on p. 4.273).

In Signalling mode, the measurement can be performed for all Dedicated
Channel types. The UL gain factors must be set before a connection is
established. The Change of TFC trigger requires a Dedicated Channel type
where the UE actually changes the Transport Format Combination, e.g. a Voice
call. Moreover it is recommended to use the DPCCH power as a reference for
the UL target power (Connection Control — UE Signal — UE Power Control — UL
Target Power — Reference: DPCCH Power).
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Table 4-7 Signalled values for gain factors and channel powers

Signalled values | Quantized Relative Power Signalled values Quantized Relative Power

for Bcand B4 amplitude Pch= 20 * log(p) for Aack, Anack, amp. ratios Pch=20 *log(A)
ratios . and Acaiand Aeppcch | Ans =Pns/ Be
Ba Aec = Bec! Be

15 15/15 0dB - - -

14 14/15 -0.6dB - - -

13 13/15 -1.2dB - - -

12 12/15 -1.9dB - - -

11 11/15 -2.7dB - - -

10 10/15 -3.5dB - - -

9 9/15 —4.4dB - - -

8 8/15 -5.5dB 8 30/15 +6.0 dB

7 7/15 -6.6 dB 7 24/15 +4.1 dB

6 6/15 -8.0dB 6 19/15 +2.1dB

5 5/15 -9.5dB 5 15/15 0dB

4 4/15 -11.5dB 4 12/15 -1.9dB

3 3/15 -13.9dB 3 9/15 —4.4 dB

2 2/15 -17.5dB 2 8/15 -5.5dB

1 1/15 -23.5dB 1 6/15 -8.0dB

0 (not used) — (Switch off) 0 5/15 -9.5dB

Signalled values | Quantized Relative Power Signalled values Quantized Relative Power

for Ae-pppcH amplitude Pch= 20 *log(A) for Ae-pppcH amplitude Pch= 20 *log(A)
ratios ratios

Aed = Bed, kl Bc“

Aeq = Bed, k! Be

29 168/15 +21.0dB 14 30/15 +6.0 dB
28 150/15 +20.0 dB 13 27115 +5.1dB
27 134/15 +19.0dB 12 24/15 +4.1 dB
26 119/15 +18.0 dB 11 2115 +2.9dB
25 106/15 +17.0dB 10 19/15 +2.1dB
24 95/15 +16.0 dB 9 17/15 +1.1dB
23 84/15 +15.0 dB 8 15/15 0.0dB

22 75/15 +14.0 dB 7 13/15 -1.2dB
21 67/15 +13.0dB 6 12/15 -1.9dB
20 60/15 +12.0dB 5 11/15 —2.7dB
19 53/15 +11.0dB 4 9/15 —4.4dB
18 47/15 +9.9dB 3 8/15 -5.5dB
17 42/15 +8.9 dB 2 7115 —6.6 dB
16 38/15 +8.1dB 1 6/15 -8.0dB
15 34/15 +7.1dB 0 5/15 —-9.5dB

4 The index k numbers the four E-DPDCH channels E-DPDCH; to E-DPDCH,.
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The result for the different code channel powers obtained in a CDP vs. Time measurement in HSDPA
test mode are shown below.

[ F— o SR 1 F— o B 1 Off LE-Power [dEi)]
Current
11
" T T
-13 Sy,
0 100 200 300 400
! Fp— o] SR 1 F— ioff B 1 Off DPCCH [dE]
-1 Current
-2
S O R S i o RN o s
-3
Sy,
0 100 200 300 400
R foff g - I { Off DPDCH 1 [dE]
-4 Current
P e T b e
-G
Sy,
0 100 200 300 400
2 B - o] SR 1 Fp— o B 1 Off HS-DPCCH [dE]
Current
-3
T 1 L e e
-
Sy,
0 100 200 300 400
Fig. 4-41 CDP vs. Time — measurement example

Measurement Menu (Code Domain Power)

The graphical measurement menu Code Domain Power displays the results of the code domain power

and waveform quality measurement.

e The measurement control softkey CDP/Code Auto (which changes to CDP/Code Manual, CDP/Code
Rho Auto etc. if one of the other applications is selected) controls the measurement, indicates its
status (RUN | HLT | OFF) and opens the configuration menu Code Domain Power Configuration. The
hotkeys associated with the measurement control softkey define the scope of the Code Domain
Power measurement.

o The softkeys Application, Analyzer Level, UE Code/Analyzer Set., Marker and Menus to the right of
the test diagram are combined with various hotkeys. The softkey/hotkey combinations provide test
settings and switch over between different measurements. The entry of values is described in section
Measurement Menu (Power) on page 4.6.
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The measurement menu Code Domain Power can be accessed from any other measurement menu of
the WCDMA UE function group using the Code Domain Power hotkey. It can be opened also from the
Menu Select main menu (with the associated key at the front of the instrument).

i Connect
e WCDMA Fob Code Domain Power Eé t Control |————

= Connect
Menu Select 9B MaxLevel Auto Hormal FreqOtfset: + 0000 Kz ChanJfren: 3512/ 19224 vz || EYmESTSNNl C ontrol
DPDCH Syrmiaol Rate: 960 ksps u ode Connect
Threshold: - 3 dB ccr1 ce21 cczz cces cos3 coe— U Control 3
0 B ioft — i oft |- - i oft I-Signal CDP/Code Connect
-1 (el Appli- Auto I COPICode || Control
20 i
-0 = Fmo— CDPICod gon?eclt
y ode || Control
an tnalyzer cation Applic Auto | Connect
- ; &0 Tig | g || cation CDPICode | Control
nalyzer i Connect
a B — roft 9 — ot g - ror Q@-Signal Lev. - Appli- Auto
Current UECode | L6 T | cation iCDPrCodel Control
Anaget Appli- Auto
UE Code i | i CDPiCode
f:::lrator AnaSet. — na.lyzer catin Appli- Auto
Generator || anaset Analyzer | cation i
0 . Generator | Level LeY. 1y pomL
Settings Generator Analyzer | cation
14 ErrVeciiagn- RIS 16 % Generator| Level Lev. gy
Siot humi i Generator | UECode Analyzer
ot urrber 1 Origin Offset | = 63.22 B Marker | SIS || o ator (| evel Anetet VECode | &¥ T
6.2u'.fE :Bm Carier Free, Error 142 Hz o | Settings Generator |~ anaset,
ower larker Generator | Level UE Code
- Display Menus —I Settings Generator AnaSet
(Repellien Spread.Fact, | Marker Level = 7
CDPiCode  CDPiCode | CDPiCode | CDPiCod Menus i Slenaton
“ato Manual - RhoAuto] Rho Manual Marker Settings Generator | Level
Maz:. Level| Mode | Attenuation g Marker Settings AT
| T Symana]_Tresos s Maror _lsef“"ﬂ*
RF RE RF TPC R Menus
‘ MI | Frau.onsetl 1S Pa"”“l Profilel e'mr?;ueml Marker
e Menus
| et @ ot @ o @ i = ose

. Code Dom.  Receiver
Power | Mndulzlmnl Speclmml Power ‘Quality

Fig. 4-42 Measurement menu Code Domain Power

Test Settings

The Analyzer Level test settings and the Menus functions are identical with those in the Power menu
(see section Test Settings on page 4.7). The same holds for the Marker functions. In the CDP/Code
Auto and CDP Rho Auto applications, where the | and Q signal components are displayed in two
separate diagrams, two marker sets are available. They are activated by pressing the /-Sig Q-Sig toggle
switch.

The following softkeys and hotkeys differ from the other measurements:

The CDP/Code Auto softkey controls the Code Domain Power measurement of the
WCDMA signal with automatic search of the channelization codes and indicates its
status (RUN | HLT | OFF).

This status can be changed after softkey selection (pressing once) by means of the
ON/OFF key or the CONT/HALT key. The status of the measurement is unaffected
upon switchover to other menus controlling a Code Domain Power measurement;
however, a running measurement is restarted.

CDP/Code
Auto

Remote control
INITiate:CDPower:AUTomatic
ABORt :CDPower:AUTomatic
STOP:CDPower:AUTomatic
CONTinue:CDPower:AUTomatic etc.
FETCh:CDPower:AUTomatic:STATus?

Measurement
configuration

Pressing the CDP/Code Auto softkey twice opens the popup menu Code Domain
Power Configuration (see page 4.64). Besides, the hotkeys Repetition and Display
Spread.Fact. defining the scope of the measurement are associated with the
CDP/Code Auto softkey. These hotkeys are identical with the parameters set in the
Control tab of the Code Domain Power Configuration menu (see section
Measurement Control (Code Domain Power Configuration — Control) on page 4.84).
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Application

CDP/Code
Auto

CDP/Code
Manual

CDP/Code
Rho Auto

CDP/Code
Rho Manual

CDP/Time
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The Display Mode hotkey, which is available in the CDP ... Manual applications, is
also provided in the Control tab.

The Application softkey selects the measurement method for the Code Domain
Power measurement and the type of measurement parameters. For a detailed
description see background information in section Code Domain Power
Measurements on p. 4.94.

The alternative applications call up different measurement menus containing bar
graphs and various output fields; see section Measurement Results on p. 4.102.
The configuration settings for all Code Domain Power applications, however, are
listed in a common popup menu (see section Measurement Configurations (Code
Domain Power) on p. 4.109).

The CDP/Code Auto measurement provides the Code Domain Power (CDP) of all
code channels. This measurement method yields the relative WCDMA transmit
power at up to 256 different channelization codes.

Remote control

The CDP/Code Auto application is selected by the keywords
:CDPower:AUTomatic inthe 2" and 3" level of the Code Domain Power
commands, e.g. CONFigure:CDPower:AUTomatic. ..

The CDP/Code Manual measurement provides the power in the dedicated physical
channels which contribute to the uplink WDCMA signal analyzed. This
measurement method yields the relative WCDMA transmit power in one DPCCH
and up to 6 DPDCHs.

Remote control
The CDP/Code Auto application is selected by the keywords : CDPower : MANual

in the 2™ and 3™ level of the Code Domain Power commands, e.g.
CONFigure:CDPower:MANual. ..

The CDP/Code Rho Auto measurement provides the normalized correlated power
(p factor) of all code channels. This measurement method yields the p factor at up
to 256 different channelization codes.

Remote control

The CDP/Code Rho Auto application is selected by the keywords

:CDPower : RAUTomatic inthe 2" and 3" level of the Code Domain Power
commands, e.g. CONFigure:CDPower :RAUTomatic. ..

The CDP/Code Rho Manual measurement provides the normalized correlated
power (p factor) in the dedicated physical channels contributing to the uplink
WDCMA signal analyzed. This measurement method yields the p factor in one
DPCCH and up to 6 DPDCHs.

Remote control

The CDP/Code Rho Auto application is selected by the keywords
:CDPower:RMANual in the 2™ and 3™ level of the Code Domain Power
commands, e.g. CONFigure:CDPower :RMANual. ..

The CDP/Time measurement provides the code power and the gain factors for all
UL channels.

Remote control
The CDP/Time application is selected by the keywords : CDPower: TIME in the 2
and 3" level of the Code Domain Power commands, e.g.
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HS-DPCCH
Time Mask

UE Code
Ana. Set.

UL Scramb.
Code

CONFigure:CDPower:TIME. ..

The HS-DPCCH Time Mask measurement is described in Chapter 8.

The UE Code softkey defines the properties of the multiple uplink WCDMA signal
that the CMU is able to analyze. For a description of the WCDMA signal see
background information in section WCDMA Measurements (Modulation — WCDMA)
on page 4.54 f. The UE Code settings are also accessible via the UE Code tab of
the Connection Control menu; see section Uplink Signal (Connection Control — UE
Code) on p. 4.167.

The hotkeys associated with the UE Code softkeys depend on the selected
application:

e In the CDP ... Auto applications, the WCDMA signal is analyzed in the
channelization code domain. The CMU searches for the DPDCH channelization
codes assuming a definite scrambling code, DPDCH symbol rate, and power
threshold. In this mode, the UL Scrambling Code, DPDCH Symbol Rate and
Threshold hotkeys are available.

¢ Inthe CDP ... Manual applications, the WCDMA signal is analyzed in the physical
channel domain. The CMU analyzes the signal from the WCDMA UE assuming
definite symbol rates and channelization codes. In this mode, the Multiple Signal
configuration, the UL Scrambling Code and the symbol rate and channelization
codes (Sym. Rate Chan. Code) can be set.

If pressed once again, the selected UE Code softkey changes to the Analyzer
Settings softkey, see section Test Settings on page 4.7.

Note: In Signalling mode, there is no need to set the UE Code parameters
Multiple Signal, DPDCH CC Mode, Sym. Rate/Chan. Code. The
parameters are implicitly included in the dedicated channel settings.
The UL Scrambling Code that the UE shall use can be set in the UE
Signal tab and doesn't have to be configured at the UE.

The UL Scramb. Code hotkey selects the number of the long code that is used to
scramble the WCDMA signal. The scrambling code number must be in the range 0
to FFFFFF (hex), corresponding to 0 to 16777215 decimal. The measurement fails
if the input signal does not conform to the Scrambling Code settings.

The scrambling code setting is valid for both the CDP ... Auto and the CDP ...
Manual applications.

Remote control
CONFigure:UECode:DPCH:SCODe <Code>

The following hotkeys are not available (and the settings are ignored) in the CDP ... Auto applications;
see above, UE Code softkey.

Multiple
Signal

1115.4962.12

The hotkey Multiple Signal selects the physical channels that contribute to the

multiple uplink WCDMA signal.

DPCCH Signal consists of one single Dedicated Physical Control
Channel

DPCCH+DPDCH1,...n Signal consists of one DPCCH to which n Dedicated
Physical Data Channels are added. n can vary between 1
and 6 so that it is possible to superimpose up to 7 signals
as shown in Fig. 4-16 on p. 4.43.
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Remote control
CONFigure:UECode:DPDCh:MANual :MSIGnal <Channels>

Sym. Rate The Sym. Rate Chan. Code hotkey calls up a list of the symbol rate and

Ehanieode channelization code for the DPCCH and each of the six CPDCHs that can
contribute to the multiple WCDMA signal. If a DPCCH+DPDCH1 multiple signal is
analyzed, the symbol rate of the data channel DPDCH1 can be set. The
channelization code will be automatically adapted according to the rules in the
3GPP standard. For other multiple signal configurations, symbol rates and
channelization codes are fixed.

Remote control
CONFigure:UECode:DPDCh:MANual : DPDChl: SRCCode <Rate>,<Code>

The following hotkeys are not available (and the settings are ignored) in the CDP ... Manual applications;
see above, UE Code softkey. They are explained in more detail in section Uplink Signal (Connection
Control — UE Code) on p. 4.167.

DPDCH The DPDCH Symbol Rate hotkey selects the symbol rate of the DPDCH.
Sym. Rate

Remote control
CONFigure:UECode:DPDCh:AUTO: SRATe <Rate>

Threshold The Threshold hotkey defines a mimimum signal strength of each DPDCH, in the
WCDMA signal to be detected in the automatic channelization code search.

Remote control
CONFigure:UECode:DPDCh:AUTO: THReshold <Threshold>

Measurement Results

The Code Domain Power menu group contains four separate measurement menus corresponding to
the four applications CDP/Code Auto, CDP/Code Manual, CDP/Code Rho Auto and CDP/Code Rho
Manual. The menus in the two Auto applications are analogous to each other but differ from the Manual
menus.

CDP/Code Auto and CDP/Code Rho Auto

In the CDP/Code Auto (CDP/Code Rho Auto) measurement, the relative transmit power (normalized
correlated power or p factor) is projected onto all code channels of the WCDMA signal. The results and
the corresponding measurement settings are indicated in four parameter lines, two test diagrams (one
bar graph for the | and Q signal component) and several output fields:
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Parameter lines

I-Signal bar graph

Q-Signal bar graph

Output fields

dE e Level: Auto Marmal
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I 6.27 dBm Cartier Freq. Error 142 Hz
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Fig. 4-43 Display of results (CDP/Code Auto)

Parameter lines

4™ parameter line

Bar graphs
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The essential analyzer settings (as set via the Analyzer Level softkey described on
p. 4.8 and the Analyzer Settings softkey described on p. 4.9) are indicated in a
parameter line across the top of the measurement menu:

Max. Level Maximum expected input level in dBm

Afttenuation Setting for the internal attenuation of the input level (Normal, Low
Noise, Low Distortion)

Freq. Offset Frequency offset with respect to the nominal WCDMA channel
frequency

Chan./Freq. RF channel measured and associated nominal carrier frequency

The two lines below indicate the properties of the measurement and of the analyzed
WCDMA signal as defined by means of the UE Code softkey (see p. 4.56) and/or in
the UE Code tab of the Connection Control menu; see section Uplink Signal
(Connection Control — UE Code) on p. 4.167.:

Multiple Signal ~ Physical channels that contribute to the WCDMA signal

Sync. Mode Synchronization between the WCDMA signal and the CMU: All
Slots Scr. Code Scrambling code number of the WCDMA signal
CCn Channelization codes of the data channels DPDCH; to DPDCHg

The fourth parameter line contains the following marker values and results:

R
v

9

Measurement result and code channel of reference marker

Measurement result and channel of delta marker 1 (setting
absolute) or difference from reference marker (setting relative)

Measurement result and channel of delta marker 2 (setting
absolute) or difference from reference marker (setting relative)

Remote control
The settings are read out using the query corresponding to the setting command
(setting command with appended question mark).

The bar graphs in the CDP/Code Auto (CDP/Code Rho Auto) measurement menu
show the relative WCDMA transmit power (normalized correlated power or p factor)
of the current slot, projected to the individual code channels of the WCDMA signal.
The number of code channels and thus the width of the individual bars and the x-
axis scale can vary between 4 and 256 (in powers of 2), depending on the Display
Spreading Factor selected in the Control tab of the configuration menu (see section
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Measurement Control (Code Domain Power Configuration — Control) on p. 4.109.
The results for the | and Q components of the signal are displayed in two separate
diagrams.

The values are measured with an RRC filter that has a roll-off o = 0.22 and a
bandwidth equal to the chip rate. The y-axis scale of the diagrams is fixed: The
results for the CDP/Code Auto measurement are expressed in dB units relative to
the total power of the multiple WCDMA signal, also measured with an RRC filter.
The p factors determined in the CDP/Code Rho Auto application are dimensionless
numbers that can vary between 0 and 1/<number of code channels>. No limit check
is performed.

For a standard uplink WCDMA signal, the DPCCH is always assigned to
channelization code 0 (actually C,s6,) of the Q-signal. This code is not used by any
data channel, so it is possible to represent the DPCCH plus the data channels in a
common bar graph irrespective of the Display Spreading Factor and the actual
spreading factor of the analyzed signal. Fig. 4-43 above shows a standard uplink
WCDMA signal with one DPCCH plus 5 DPDCHs.

Remote control
READ:ARRay:CDPower:AUTomatic:ISIGnal:CURRent?

READ:ARRay:CDPower:RAUTomatic:ISIGnal:CURRent? etc.

Output fields Below the diagram, the following timing, power and modulation parameters are
displayed:
Slot Number Number of the measured slot of the captured signal within the
10 ms frame and in the range 0 to 14.
UE Power Average power in the current evaluation period, irrespective of

the display mode set.

The modulation parameters displayed in the output fields on the right side are
explained in section Measurement of Modulation Parameters on p. 4.38. They are
also displayed and monitored in the CDP... measurement menus to show a possible
relation between the modulation accuracy and the code domain parameters (e.qg.
poor modulation accuracy may result in noise or non-orthogonal components that
are detected as fictitious channels).

Err. Vect. Magn. Error Vector Magnitude (EVM) RMS averaged over the current
slot

I/Q Origin Offset Origin offset in the 1/Q constellation diagram
Carrier Freq. Err. Difference between measured and expected (nominal) signal
frequency

The modulation parameters are not limit-checked.

Remote control
READ([:SCALar] :CDPower:AUTomatic?
READ[:SCALar] :CDPower:RAUTomatic?

CDP/Code Manual and CDP/Code Rho Manual

In the CDP/Code Manual (CDP/Code Rho Manual) measurement, the relative transmit power
(normalized correlated power or p factor) is projected onto all physical channels (DPCCH plus up to 6
DPDCHs) contributing to the uplink WDCMA signal. The results and the corresponding measurement
settings are indicated in four parameter lines, the test diagram, an output table and several output fields:
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Parameter lines

Test diagram

Output table

Output fields

dB MaxLevel: Auto Mormal Freq.Cffset: + 0000 kHz ChantFreg. 9612 / 19224 MHz
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Fig. 4-44 Display of results (CDP/Code Manual)

Parameter lines The test settings and results (marker values) displayed in the four parameter lines

Bar graph

Limit Check

1115.4962.12

are analogous to settings and results in the CDP/Code Auto (CDP/Code Rho Auto)
menus; see section CDP/Code Auto and CDP/Code Rho Auto on p. 4.102.

The bar graph in the CDP/Code Manual (CDP/Code Rho Manual) measurement
menu shows the relative WCDMA transmit power (normalized correlated power or
p factor) projected to all dedicated physical channels (DPCCH plus up to 6
DPDCHs) contributing to the uplink WDCMA signal. The values depend on the
display mode (Current, Average, Maximum or Minimum) that can be set in the
Control tab of the configuration menu (see section Measurement Control (Code
Domain Power Configuration — Control) on p. 4.109. The display mode is indicated
in the upper right corner of the diagram.

The x-axis is fixed: It is labeled by the Dedicated Physical Control Channel
(DPCCH) and the Dedicated Physical Data Channels no. 1 to 6 (DPDCH1 to
DPDCHS®). If the WCDMA signal contains less than 6 data channels (see Multiple
Signal softkey on p. 4.101), the corresponding bars are omitted.

The values are measured with an RRC filter that has a roll-off a = 0.22 and a
bandwidth equal to the chip rate. The y-axis scale of the diagram is fixed: The
results for the CDP/Code Manual measurement are expressed in dB units relative
to the total power of the multiple WCDMA signal measured with the same RRC
filter. The pfactors determined in the CDP/Code Rho Manual application are
dimensionless numbers that can vary between 0 and 1/<number of physical
channels>.

Remote control
READ:ARRay:CDPower:MANual:CURRent? ,
READ:ARRay:CDPower:MANual : AVERage?
READ:ARRay:CDPower :MANual :MAXimum?

READ:ARRay:CDPower :MANual :MINimum? etc.

The pairs of horizontal red lines in the diagram represent the limit lines set in the
Limits tab of the configuration menu; see section Tolerance Values (Code Domain
Power Configuration — Limits) on p. 4.111.

Remote control
CALCulate:ARRay:CDPower:MANual:CURRent :MATChing:LIMit?
CALCulate:ARRay:CDPower:MANual :AVERage:MATChing:LIMit?
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Output table

Limit Check

Output fields

CDP vs. Time

The output table below the diagram shows the relative transmit power (or the
p factor, depending on the application) in all dedicated physical channels (DPCCH
plus up to 6 DPDCHSs) contributing to the uplink WDCMA signal.

The values are calculated for all measured channels in the current slot and
displayed in the upper table row (Curr.). From these Current results the average
values referenced to a statistics cycle (Avg., see averaging rules in Chapter 3,
section General Settings) and the maximum and minimum values of all slots
measured (Max., Min.) are calculated.

All remarks concerning the physical units of the bar graphs remain valid: The
CDP/Code Manual results are expressed in dB units, the p factors determined in the
CDP/Code Rho Manual application are dimensionless numbers.

Remote control
READ[:SCALar] :CDPower :MANual?

READ[:SCALar] :CDPower :RMANual? etc.

A red output field indicates that the measurement result exceeds the upper limit set
in the Limits tab of the Code Domain Power configuration menu, see section
Tolerance Values for ACLR and OBW (Spectrum Configuration — Limits) on p. 4.90.

Remote control
CALCulate:ARRay:CDPower:MANual:CURRent :MATChing:LIMit? eftc.

The slot number, power and modulation parameters below the diagram are
equivalent to the parameters in the CDP/Code Auto (CDP/Code Rho Auto) menus;
see section CDP/Code Auto and CDP/Code Rho Auto on p. 4.102. The following
additional statistical quantities are displayed:

Statistic Count  Number of slots per statistics cycle. The colored bar indicates the
relative measurement progress in the statistics cycle.

Out of Tolerance Percentage of slots where the tolerance limits are exceeded.

Remote control
READ[:SCALar] :CDPower:MANual?

READ[:SCALar] :CDPower :RMANual? etc.

In the CDP / Time menu, the code power for all UL channels is shown in two diagrams. The measured
gain factors for the individual channels are displayed below.

O For a description of HSDPA and HSUPA CDP measurement results refer to Chapter 8.
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Parameter lines

Upper diagram

Lower diagram

Output fields

Fig. 4-45

Maix Level: Auto Low noize Freq.Offset: + 0000 kHz ChanFreg. 9750 /19500 MHz
Multiple Sighal: DPCCH+DPDCH 1 SR1: 960
Scr. Code: 0 CCA
Bo= ot QB — jott B i ot UE-Power [cBim
Current
11
P VOO O O O I o B N
-13 Sy,
0 100 200 300 400
B — ot QB — jott B i ot DPCCH [dB
-1 Current
i o s ot S s S Vo R
-3
Sy,
0 100 200 300 400
Beta Factors Be [ES] BHz FPowver Referance
cur.Max| 15.000 | 10.698 | 7.609 (CDP__ [Total Power
) Beta Factor
cur.Min| 15.000 | 1056456 | 7.428

Display of results (CDP vs. Time)

Parameter lines The test settings and results (marker values) displayed in the four parameter lines

Diagrams

1115.4962.12

are analogous to the settings and results in the CDP/Code Auto (CDP/Code Rho
Auto) menus; see section CDP/Code Auto and CDP/Code Rho Auto on p. 4.102.

The diagrams in the CDP vs. Time measurement menu show the absolute UE
Power (the sum of all UL channels in dBm) and the relative powers of the DPCCH
and the DPDCHs. HS-DPCCH, E-DPCCH and E-DPDCH channels can be
displayed in addition; see Chapter 8. The results are measured as described in
section CDP vs. Time Measurement on p. 4.95. The hotkeys associated with the
measurement control softkey provide the following measurement settings:

e Channel selection for the upper and for the lower diagram (Diagram Type)

e Power Reference for the relative channel powers. The relative powers can be
referenced to either the UE power (sum of all channels) or to the DPCCH
power. Both power references are always measured over the entire
measurement length.

e The Measurement Length in multiples of 10 symbol periods.

These measurement settings are also accessible from the Control tab of the
Connection Control menu; see section Measurement Control (Code Domain Power
Configuration — Control) on p. 4.109. Both diagrams can be scaled independently
using the hotkeys associated with the Display/Marker softkey:

UE-Fower UE-Power DPCCH DPCCH
Scale X Scale Y Scale X Scale Y

UE Power Scale Y and DPCCH Scale Y define the scale span; the upper edge of
the diagram is automatically adjusted according to the maximum power across the
evaluation period.

The following result was obtained by zooming in on a time range of 100 symbols
and appropriate level ranges.
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Output fields

1115.4962.12

19 Current
-20
-21
SYIT,
0 20 40 B0 80
R foff Q- fott B - { off HS-DPCCH [dE]
= Current
-5
-
-10
-12 Sy,
0 20 40 B0 80

Remote control
READ:ARRay:CDPower:TIME: UEPower? etc.
READ:ARRay:CDPower:TIME:DPCCH:CPOWer? eftc.
READ:ARRay:CDPower:TIME:DPDCH<nr>:CPOWer? etc.
READ:ARRay:CDPower:TIME:HSDPcch:CPOWer? etc.

The following commands retrieve the maximum and minimum code powers of all
channels:
READ[:SCALar] :CDPower: TIME:CPOWer? efc.

The output fields below the diagram show the minimum and maximum gain factors
that the R&S CMU determined across the entire measurement range. The gain
factors define the relative strength of the uplink channels (see standard TS 25.213),
they are calculated and normalized as described in section CDP vs. Time
Measurement on p. 4.95.

e [ is the gain factor for the DPCCH; its signalled value is an integer number
between 0 and 15.

e [4 is the common gain factor for the data channels DPDCH, to DPDCHg; its
signalled value is an integer number between 1 and 15.

In Signalling mode the R&S CMU can also configure the gain factors. For a detailed
description refer to section Gain Factors for the UE Signal in this chapter.

Remote control
READ[:SCALar] :CDPower:TIME :BFACtor? etc.

The following commands retrieve the gain factors across the entire measurement
range:

READ:ARRay:CDPower:TIME:DPCCH:BFACtor? efc.
READ:ARRay:CDPower:TIME:DPDCH<nr>:BFACtor? etc.
READ:ARRay:CDPower:TIME:HSDPcch:BFACtor? etc.
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Measurement Configurations (Code Domain Power)

The popup menu Code Domain Power Configuration contains two tabs that define the parameters of the
CDP measurement including the error tolerances.

The popup menu Code Domain Power Configuration is called up by pressing the measurement control
softkey in the top right of the graphical measurement menu Code Domain Power twice (this softkey
reads CDP/Code Auto etc., depending on the selected application). By pressing the associated hotkeys,
it is possible to change between the tabs.

Measurement Control (Code Domain Power Configuration — Control)

The Control tab controls the Code Domain Power measurement by defining

e The number of code channels displayed (Display Spreading Factor, for CDP/Code Auto and
CDP/Code Rho Auto measurements)

¢ The Repetition mode

e The measurement curve displayed (Display Mode, for applications CDP/Code Manual and CDP/Code
Rho Manual)) and the Power Reference (for application CDP/Code Manual)

e The Stop Condition and the number of slots/evaluation periods forming a statistics cycle (Statistic
Count, for applications CDP/Code Manual and CDP/Code Rho Manual)

¢ Specific settings fort the CDP/Time application.

Besides, it influences the graphical measurement menus by adding or removing the Grid (for
applications CDP/Code Auto and CDP/Code Rho Auto).

B Code Domain Power Configuration weoma Fop [ g
CDPICode - Control Limits
Auto —Setup |Defaut All Settings | =
Default Al Settings |
~ CDP/Code Auto
Default Settings
Display Spreading Factor Auto
Repetition Continuous
Grid On
~ COP/Cade Manual
Default Settings
Repetition Continuous
Stop Condition Maone =
Statistic Count 10
Display Mode Current
Power Reference UE Power

Fig. 4-46 Code Domain Power Configuration — Control

The settings can be defined separately for the different applications of the Code Domain Power
measurement group. Most functions comply with those of the Control tab of the Power Configuration
menu (see page 4.23). In the remote-control commands, the keywords POWer:<Pow Application>
are to be replaced by CDPower:<CDP Application>. The following parameters are specific to the
Code Domain Power measurement:
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Default Settings

Display
Spreading
Factor

Display Mode

Power Reference

1115.4962.12

The Default All Settings switch assigns default values to all settings in the Control
tab (the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual applications are provided.

Remote control
DEFault:CDPower:<CDP_Application>:CONTrol ON | OFF

The Display Spreading Factor field selects the number of code channels within the
WCDMA signal that are displayed in the CDP/Code Auto and CDP/Code Rho Auto
diagrams.

Auto The CMU analyzes the uplink signal from the WCDMA UE,
determines its DPDCH symbol rate and derives the spreading
factor (= chip rate / symbol rate). It projects the signal onto all
possible channelization codes, calculates and displays the
results.

SF Change to the arbitrary spreading factor from the DPDCH symbol
rate (= chip rate/ spreading factor) in the range between 4 and
256 and in powers of 2.

The CDP/Code...Auto measurements will also work if the actual spreading factor of
the displayed signal (see section WCDMA Measurements (Modulation — WCDMA)
on p. 4.54) differs from the Display Spreading Factor set.

Remote control
CONFigure:CDPower:<CDP_Auto Application>:CONTrol:DSFactor
AUTomatic | 4 | 8 | 16 | 32 | 64 | 128 | 256

If the display spreading factor is determined automatically, it is possible to query the
actual display spreading factor using
CONFigure:CDPower:<CDP_Auto Application>:CONTrol:DSFactor:AUT

Mode?. The response is equal to the length of the output arrays of
READ:ARRay:CDPower:AUTomatic:ISIGnal:CURRent? efc.

The Display Mode hotkey selects one of the following display modes for the CDP ...
Manual diagrams:

Current Measured value for current slot

Minimum Minimum of a number of slots

Maximum Maximum of a number of slots

Average Average value of a number of slots, referenced to a

statistics cycle

The calculation of the measurement curves and the rules for averaging is described
in Chapter 3, section General Settings. No Display Mode is available in the CDP ...
Auto diagrams.

Remote control

No display mode set explicitly, the four measurement curves are accessible via:
READ:ARRay:CDPower:MANual : CURRent?
READ:ARRay:CDPower:MANual : AVERage?
READ:ARRay:CDPower :MANual :MAXimum?

READ:ARRay:CDPower :MANual :MINimum? etc.

The code powers in the CDP/Code Manual diagrams are always displayed in dB,
either relative to the UE Power (the sum of all UL channels displayed in the
measurement menu) or relative to the DPCCH Power.
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Note that the DPCCH is always active so that both the UE power and the DPCCH
Power are always available.

Remote control
CONFigure:CDPower:MANual :CONTrol:PREFerence:CDP
TPOWer | DPCCh
The following parameters are CDP vs. Time-specific.

Power The power of the DPCCH, DPDCH 1, and HS-DPDCH code channels is always
Reference CDP  displayed in dB, either relative to the UE Power (the sum of all UL channels
displayed in the measurement menu) or relative to the DPCCH Power.

Note that the DPCCH is always active so that both the UE power and the DPCCH
Power are always available.

Remote control
CONFigure:CDPower:TIME:CONTrol:PREFerence:CDP TPOWer | DPCCh

Power Selects the normalization rule for all gain factors. In Auto mode the gain factors are
Reference calculated and normalized as described on p. 4.96.
Beta Fact.

If the gain factors are normalized to the weaker channel (DPCCH or DPDCH) then
the gain factor of the stronger channel is above 15.

Remote control
Gain factors are always normalized to the strongest channel (Auto mode).

Upper / Lower Selects the absolute UE Power or the relative powers of the DPCCH, DPDCH 1,
Diagram Type and HS-DPDCH code channels for the diagrams in the measurement menu.

Remote control
CONFigure:CDPower:TIME:CONTrol:PREFerence:BFACtor
AUTO | DPCCh | DPDCh

Measure Length Number of symbols measured. The measure length can be varied in multiples of 10
symbols corresponding to one WCDMA slot; see description of the measurement
process in section CDP vs. Time Measurement on p. 4.95.

Remote control

Tolerance Values (Code Domain Power Configuration — Limits)

The tab Limits defines upper and lower limits for the code domain power and the code domain p factor.
The limits are defined for the physical channel representation (applications CDP/Code Manual and
CDP/Code Rho Manual). However, this doesn't mean a restriction because of the correspondence
between physical channels and code channels.

CDP limits To be detected by the 3GPP Node B, the signal level in every physical and code channel
contributing to the WCDMA signal must exceed a certain minimum threshold. In addition,
the code domain power is defined relative to the total power of the signal, so none of the
individual CDP contributions can be larger than 0 dB.

For realistic WCDMA signals, the code domain power is therefore restricted to a range of
values that can be defined by an upper and lower limit.
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CDP Rho limits

CDPICode
Auto —-»>

As shown in section Code Domain Power Measurements on p. 4.94, the CD-p factor is
equivalent to the CDP for a WCDMA signal with ideal modulation characteristics:

CDP,  =10-1 CD

ideal Oglo( ptdeal) : (Equation 4)
For signals with reasonable modulation accuracy, CDP and the CD-p factor will still be
closely related. This means that it makes sense to impose upper and lower limits to the CD-

p factors of the individual physical channels that are derived from the CDP limits according
to Equation 4.

& Code Domain Power Configuration WCDMA FDD 8
Control Limits
— Setup IPDPICUde Marisl | =
Defallt &l Settings
[~ COPiCode Manual |
Diefault Settings cornpress]
~ Limit Yalues Cur. & hMaeMin. Win. P. Max. P.
OPCCH -400 ¢ -200 @ =
DPDCH A1 -400 @ -200 @
DPOCH2 -400 @ -200 @
DPDCH3 -400 @ -200 @
CPOCH4 -400 @ -200 @
DPDCHS -400 @ -200 @
DPOCHB -400 @ -200 @
~Limit Yalues Average Win. P. Max. P.
DPCCH -400 @ -200 @

Fig. 4-47 Code Domain Power Configuration — Limits

Default Settings

CDP/Code
Manual

1115.4962.12

The Default All Settings switch assigns default values to all settings in the Limits tab
(the default values are quoted in the command description in chapter 6 of this
manual). In addition, default switches for the individual applications are provided.

Remote control
DEFault:CDPower:MANual:LIMit <Mode>
DEFault:CDPower:RMANual:LIMit <Mode>

The CDP/Code Manual table section defines upper and lower limits for the code
domain power. Separate values can be defined for the Current, Maximum and
Minimum (Curr.&Max./Min.) and for Average results. The following values can be
set for all physical channels that may contribute to the WCDMA signal:

Min. P. Lower limit for the CDP in dB
Max. P. Upper limit for the CDP in dB

Remote control

CONFigure:CDPower:MANual:CMMax:LIMit:POINt:ASYMmetric:
UPPer:CHANnel<nr> <CDP Limit>

CONFigure:CDPower :MANual:CMMax:LIMit:POINt:ASYMmetric:
LOWer:CHANnel<nr> <CDP Limit>

CONFigure:CCDPower :MANual:AVERage:LIMit:POINt :ASYMmetric:
UPPer:CHANnel<nr> <CDP Limit>

CONFigure:CDPower :MANual :AVERage:LIMit:POINt :ASYMmetric:
LOWer :CHANnel<nr> <CDP Limit>

4.112 E-13



CMU-K56...-K96 Code Domain Power Measurements

CDP/Code Rho
Manual

1115.4962.12

The CDP/Code Rho Manual table section defines upper and lower limits for the CD-
p factor. Separate values can be defined for the Current, Maximum and Minimum
(Curr.&Max./Min.) and for Average results. The following values can be set for all
physical channels that may contribute to the WCDMA signal:

Min. Rho Lower limit for the p factor

Max. Rho Upper limit for the p factor

Remote control
CONFigure:CDPower:RMANual:CMMax:LIMit:POINt:ASYMmetric:

UPPer:CHANnel<nr> <CD-p Limit>
CONFigure:CDPower:RMANual:CMMax:LIMit:POINt:ASYMmetric:
LOWer:CHANnel<nr> <CD-p Limit>
CONFigure:CDPower:RMANual :AVERage:LIMit :POINt:ASYMmetric:
UPPer:CHANnel<nr> <CD-p Limit>
CONFigure:CDPower:RMANual :AVERage:LIMit:POINt:ASYMmetric:
LOWer:CHANnel<nr> <CD-p Limit>
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Receiver Quality Measurements

The menu group Receiver Quality (with option CMU-K66, WCDMA (3GPP/FDD, DL) Generator, and
CMU-B68/CMU-U6G8, Layer 1 Board for WCDMA) tests the transmission performance on the complete
signal path from the CMU to the UE under test and back. To this end the UE is set to test loop operation
where it returns the received data blocks back to the tester. The measurement is especially suitable to
assess the characteristics and the performance of the UE receiver at low RF power levels. UE test loops
and bit error rates for conformance tests are specified in standard TS 34.109.

The popup menu Receiver Quality Configuration is used to configure the measurements; the
measurement results and the most important test settings are indicated in the main menu Receiver
Quality.

Principle of the The Receiver Quality measurement is based on a comparison of the output signal of the

BER and BLER CMU with the signal received and decoded by the UE under test. To this end, the UE must

measurement return the received signal to the CMU in loop back mode. Because of the higher signal level,
transmission errors produced on the way back (from the UE to the CMU) can usually be
neglected.

Standard TS 34.109 specifies the functional behavior of the UE in two different test loop
modes and defines scenarios for receiver quality tests (see Table 4-8 below). The CMU
uses a method of measurement that provides the BER and BLER results (plus an additional
DBLER, see below) in parallel (exception: See RLC BLER below). The WCDMA
(3GPP/FDD, DL) Generator (option CMU-K66) provides a reference measurement channel
(RMC) with variable information bit rate (Reference Channel Type) and test data pattern
(Channel Data Source). The UE must be set to operate in test loop mode 2 and with either
symmetric or asymmetric DL/UL block size. The method of measurement corresponds to the
scenario in the shaded cell in Table 4-8.

Note: In Non Signalling mode, the CMU can receive data only if the uplink TFCI sent
by the UE indicates a non-empty DTCH. The CMU expects the TFCI
assignment in Table 4-14 on p. 4.159, i.e. a TFCI of 2 or 3. The Receiver
Quality measurement fails if the UE uses another TFCI, even though the
looped-back uplink signal may be correct.

In Signalling mode, the TFCI assignment in the downlink and uplink is
identical, so the CMU automatically receives a valid TFCI.

UE Report A second Receiver Quality application displays a selection of measurement results provided
by the UE and transferred in the UE measurement report message, including the information
about detected WCDMA or GSM neighbor cells. This UE Report application requires a
connection between the R&S CMU and the UE and is available in Signalling test mode only.

HSDPA Tests The three applications HSDPA ACK, HSDPA CQI, and HS-DPCCH Logging require option
R&S CMU-K64, HSDPA 3.6 Mbps. For a detailed description refer to Chapter 8.
RLC BLER The application RLC BLER requires option R&S CMU-K96, WCDMA Application Testing.

For a detailed description refer to Chapter 9.

A similar BLER measurement may be performed with an RMC that is transmitted in RLC
acknowledged mode; see Connection Control — Network — Circuit Switched — RMC Settings
— RLC Mode (Sym. Loop Mode 1). Bit error rate (BER) tests are not possible with this signal
configuration.

Statistical Testing Bit error rate tests are based on the assumption of statistical independence of the single bit
error events: The probability of a bit error is equal for each received bit. The exact bit error
rate is given by the limit of the ratio <bit errors>/<no. of received bits>, where the number of
received bits tends to infinity. As test times are limited, any real bit error rate test necessarily
provides an approximation to the exact bit error rate.

The CMU is not only capable of measuring (approximate) bit error rates for a fixed number
of received bits but can also use the preliminary results to predict a confidence interval for
the exact bit error rate. Confidence BER tests can reduce test times considerably. For more
information and application examples see section Statistical Receiver Quality Tests on p.
4.120.
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Receiver Quality Measurements

S

o For Receiver Quality measurements the R&S CMU requires an UL slot format 0 as
specified in the standard. A comprehensive measurement example for Receiver Quality
tests in Non Signalling mode is reported in Chapter 2. Receiver Quality measurements are
considerably simplified in Signalling mode; see Measurements in Signalling Mode in
Chapter 3.

Table 4-8 UE test loop modes according to TS 34.109

Test loop mode 1

Test loop mode 2

Loopback point

Above layer 2

Effectively on transport layer (higher layers in
Transparent Mode)

Data looped back

RLC/PDCP SDUs

Transport block data and CRC bits

Block size

DL block size = UL block size (symmetric) or
DL block size # UL block size (asymmetric)

UL transport block > DL transport block + DL CRC
(otherwise UL transport block truncated)

Specified test
scenarios

BER test in RLC Transparent Mode (TM) and on
12.2 kbps 3GPP reference measurement channel
at symmetric DL/UL block size

—> Receiver characteristics

BLER test in RLC Acknowledged Mode (AM) and
on 64, 144 or 384 kbps ref. measurement channel
at symmetric or asymmetric DL/UL block size

BLER test on 12.2, 64, 144 or 384 kbps 3GPP
reference measurement channel at symmetric or
asymmetric DL/UL block size, but with

UL transport block > DL transport block + DL CRC
—> Receiver performance

Test scenario used by the CMU for BER, BLER,
and DBLER tests.

—> Receiver performance

Definition of bit
and block error
rates

Relation
between BER,

1115.4962.12

The Bit Error Rate (BER, sometimes also termed Bit Error Ratio) is the ratio of bit
errors in the data part of the transport block to the total number of transferred data
bits in percent:

BER = Data bit errors / total number of data bits * 100%

The BER can be obtained with any (symmetric or asymmetric) DL/UL transport
block configuration; see section Test Loops for BER, BLER and DBLER Tests on p.
4.116.

The Block Error Rate (BLER, sometimes also termed Block Error Ratio) is the ratio
of data blocks that contain bit errors in their data or CRC field to the total number of
transferred blocks in percent:

BLER = Blocks with erroneous data or CRC fields / total number of blocks * 100%

To obtain the BLER on the CMU, the UE must use an asymmetric DL/UL transport
block configuration; see section Test Loops for BER, BLER and DBLER Tests on p.
4.116.

The Data Block Error Rate (DBLER) is the ratio of data blocks that contain bit errors
in their data field (excluding the CRC) to the total number of transferred blocks in
percent:

DBLER = Blocks with erroneous data fields / total number of blocks * 100%

The DBLER can be obtained with any (symmetric or asymmetric) DL/UL transport
block configuration; see section Test Loops for BER, BLER and DBLER Tests on p.
4.116. It is generally a good approximation to the BLER; see below.

The BER, BLER and DBLER are independent quantities characterizing the quality of
the UE receiver. It is instructive, however, to consider a simple stochastic model

4.115 E-13




Receiver Quality Measurements CMU-K56...-K96

BLER and where the BLER and DBLER are both determined by the BER and the transport
DBLER block size. This model relies on the following approximations:

1. The probability for a bit error is the same for all bits in a transport block,
including the CRC; it is therefore equal to the BER.

2. Additional effects due to channel coding and imperfect interleaving are
negligible.

Consider a transport block with k data bits and (n — k) CRC bits so that the total
number of bits in the block is n. The BLER and DBLER can be calculated as

follows:
BLER = 1 - <Probability that all bits are correct>
= 1 — <Probability that 1 bit is correct>" = 1 — (1 — BER)"
DBLER = 1 — <Probability that all bits are correct>

1 — <Probability that 1 bit is correct>* = 1 — (1 — BER)"

Conclusions and In this approximation it is obvious that BLER > DBLER for 0 < BER < 1 and that

Example DBLER = BLER = 0 for BER = 0 and DBLER = BLER = 1 for BER = 1. The relation
between the three quantities for the transport block size of the 12.2 kbps 3GPP
reference measurement channel (n = 260, k = 244) is plotted in Fig. 4-48 below.

1

— StandardBLER
09} |— DBLER i
—— StandardBELER-DBLER
0sr B
07 r B
0B B
o
woak B
m
0.4 B
03r B
02r B
01r B
D L ! —'—'_l_'_'_'l—\_\_‘_r‘—‘——
4.5 -4 -35 -3 2.5 -2 -1.5

log BER
Fig. 4-48 Approximate relation between BER, BLER and DBLER

Test Loops for BER, BLER and DBLER Tests

The Block Error Rate (BLER) and the Data Block Error Rate (DBLER) can both be obtained with test
loop scenario 2 of the UE but with a different DL/UL transport block configuration (parameter DL/UL
Transport Block Size on p. 4.135).

1. Symmetric DL/UL transport blocks (—> DBLER, BER)

The DBLER can also be obtained in a simplified test loop configuration with symmetric (equal) DL/UL
block size. The UL CRC is enabled, so the UE attaches a new (correct) UL CRC to the UL transport
block. This means that the simple CRC check doesn't provide any reliable information on the BLER.
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UE Test Loop Mode 2 Function

Alternative: Discard DL CRC', calculate new UL CRC
UE Internal DL Data', DL CRC' according to received DL Data’
BLER - - | g
Measurement | ¢ T I > |
UE Receiver | UE Transmitter |
A A l
A\
DL uL
L1 DL Data (244 bit) CRC DL Data’ (244 bit) CRC L1
(16 bit) (16 bit) (UL CRC enabled)
DL Transport UL Transport Block
Block (244 bit) (244 bit)

Fig. 4-49 Symmetric DL/UL transport block size for a 12.2 kbps reference meas. channel

To determine the Data Block Error Rate (DBLER) the CMU checks whether the UE had to change the
CRC; i.e. whether the CRC of the retransmitted DL Data' (= UL CRC) is equal to the DL CRC, and
divides the number of detected data block errors by the total number of transferred blocks. In addition
the CMU compares the data bits retransmitted to the original data bits to obtain the BER. Alternatively,
the two results plus the BLER can be obtained in an additional UE internal BLER measurement.

2. Asymmetric DL/UL transport blocks (—> BLER, DBLER, BER)

The test loop and DL/UL transport block configuration for the BLER measurement is described in
standard TS 34.109. The UE must use an asymmetric DL/UL block size. The UL transport size must be
bigger or equal to the sum of DL transport block size and humber of CRC bits. The UL CRC is disabled.
The DL CRC' (including a possible error produced in the UE receiver) is incorporated into the UL
transport block and received by the tester.

UE Test Loop Mode 2 Function

Alternative: Fill UL transport block with 260 bit sequence,
UE Internal DL Data', DL CRC' don't calculate UL CRC
BLER D B ———————=cccosonsoosoos [ — >
Measurement | €----1-"""—- I i > |
UE Receiver | UE Transmitter |
A A l
v
DL DL
L1 DL Data (244 bit) CRC DL Data' (244 bit) CRC' L1 )
(16 bit) (16 bit) (UL CRC dlsabled)
< >
DL Transport UL Transport Block
Block (244 bit) (260 bit)

Fig. 4-50 Asymmetric DL/UL transport block size for a 12.2 kbps reference meas. channel

To determine the Block Error Rate (BLER) the CMU checks whether the received and retransmitted DL
CRC' matches the retransmitted DL Data' and divides the number of detected block errors by the total
number of transferred blocks. In addition the CMU directly compares the data bits retransmitted to the
original data bits to obtain the BER and DBLER. Alternatively, all results can be obtained in an additional
UE internal BLER measurement.
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3. Asymmetric RMC data rate (—> DBLER, BER)

Receiver Quality tests at high data rates are to ensure that the UE receiver performance does not
deteriorate under stress conditions. With asymmetric RMCs, the BER and DBLER can be measured
even if the UE does not support high data rates in the uplink.

The number of information bits per RMC transport block increases with the data rate. Assume that the
DL data rate corresponds to N + n information bits per block, the smaller UL data rate to N information
bits per block. Out of the N + n received bits, the UE loops back N bits plus a new UL CRC. Based on
the UL information bits, the Receiver Quality test results are calculated as follows:

e The Bit Error Rate (BER) is the ratio of the number of bit errors in the retransmitted data bits divided
by the total number of retransmitted bits. Assuming statistical independence of the bit errors this ratio
is equal to the BER of all DL bits.

e The Data Block Error Rate (DBLER) is calculated as the ratio of the number of UL data blocks with bit
errors to the total number of transferred blocks. The smaller UL block size means that this result is a
lower limit for the DBLER that would be obtained by evaluating all N + n received DL bits.

UE in Loop Mode 1 RLC TM or Loop Mode 2

Alternative: Discard DL CRC', calculate new UL CRC
UE Internal DL Data', DL CRC' according to received DL Data'
BLER D R e T | -
Measurement |€4---"7-==---- T I > |
UE Receiver | UE Transmitter |
A A
l v
DL UL
L1 DL Data (N bit) DL Data CRC DL Data' (N bit) CRC L1
n bit (N bit) (N'; bit)
) DL Transport - UL Transport Block
Block (N + n bit) (N bit)

Fig. 4-51 BER and DBLER measurement with asymmetric RMCs

Preconditions Receiver Quality tests with asym