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Overview

PESQ Value and MOS Value

1 Overview

Recent mobile test methods could not evaluate the quality of data reduced speech
signals with different coded and decoded signals. The Perceptual Evaluation of
Speech Quality (PESQ) provides the solution for this measuring problem. WCDMA
PESQ is an add-on tool for CMUgo for automatic measurement of the PESQ for
WCDMA mobile phones according to recommendation ITU-T P.862 featuring
selectable fading profiles and variable Additional White Gaussian Noise (AWGN). It
features selectable fading profiles for up to 40 paths and variable Additional White
Gaussian Noise (AWGN) for realistic receiving.

The following abbreviations are used in the following text for R&S® test equipment:

e The R&S® CMU200 Universal Radio Communication Tester is referred to as CMU.

e The R&S® SMU200A Vector Signal Generator is referred to as SMU.

e The R&S® AMU200A Baseband Signal Generator and Fading Simulator is
referred to as AMU.

e The R&S® UPV Audio Analyzer is referred to as UPV.

o R&S® refers to Rohde & Schwarz GmbH und Co KG

2 Introduction to PESQ

The “Perceptual Evaluation of Speech Quality” (PESQ) measurement method, which
was published by the International Telecommunications Union in 2001 as
recommendation ITU-T P.862, enables measurements to be made on speech signals
that are transmitted at low bit rates using high compression psychoacoustic coding
methods. PESQ employs an algorithm that enables these signals to be evaluated by
comparing them with reference signals. The R&S UPV supports this measuring
method, with the software licensed by Opticom GmbH in Erlangen (Germany).

A common feature of all psychoacoustic coding methods is that they utilize the
properties of human hearing to clip the transmitted signal so that the portions of the
signal that would in any case not be perceived are removed from the signal. Speech
can be compressed more easily as other types of signals, since it occupies
considerably less band-width. When speech compression is used, it is necessary to be
able to determine objectively, with the aid of psychoacoustic measuring methods,
whether the speech transmission technique produces unacceptable degrading of the
perceiving speech quality.

PESQ was developed using a large number of recordings containing sentences
spoken by a variety of speakers in a variety of languages. The recordings were made
using several different speech encoders with different levels of quality and with typical
network transmission disturbances. In a series of listening tests, an adequate number
of test listeners classified these examples on a speech quality scale ranging from 1
(bad) to 5 (excellent).
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Introduction to PESQ

PESQ Value and MOS Value

The goal in the development of PESQ was a method for determining an objective
measurement that correlates very well with the listening test results, based on
comparing the original, non-degraded speech signal (the reference signal) with the
degraded signal (the measured signal). To perform a PESQ measurement, the
reference signal must be connected to the input of the system under test and the
measurement signal must be taken from the output of the system under test (see Fig.

1).

reference level input auditory
signal align [] fitter [ transform
time align l prediction of
_ system and disturbance | cognitive . perceived
under test equalize processing modeling speech
T 1 quality
degraded level input auditory identify bad
signal align ™ fiter [ transform intervals

T |

realign bad intervals

Fig. 1 Algorithm of PESQ Measurement in UPV

In Fig. 2 the R&S instruments involved in the PESQ measurement setup for a downlink
and their function is shown. The UPV provides the reference audio speech signal, the
CMU modulates the baseband signal to RF which has been interfered by the SMU /
AMU with fading and AWGN. The mobile phone demodulates the RF signal and
supplies the degraded audio signal (system under test). The UPV performs the PESQ
measurement which determines the speech quality of the mobile phone receiver.

System Under Test

|.> Fading AWGN |4 SMU/
| AMU

Enco-
N . P
Al der \
Baseband
Infout CMU
SPEECH Earphone
Reference
Sl Ny \
Gene- Degraded
rator 2§ VAnalyzer 1 Signal
Ref UPV

Fig. 2 PESQ Measurement with R&S Instruments
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Introduction to PESQ

2.1

PESQ Value and MOS Value

The setup for an uplink measurement is similar, but reversed. The reference signal is
provided from the UPV into the mobile phone’s microphone input. The mobile
modulates the baseband signal to RF. The CMU demodulates the RF signal and
supplies the audio signal to the UPV for the PESQ measurement.

PESQ Value and MOS Value

Over the course of time, the ITU has developed several different methods for
calculating objective measurements from the average values of the listening test
results. This calculation is performed by using a mapping function such as the example
shown below.

P.862 Algorithm's Mapping Function

Mapped P.862
3]
(&)}

P.862

Fig. 3 P.862 Algorithm's Mapping Function

The average values from the listening tests are plotted on the Y axis, and the
associated PESQ values in accordance with ITU P862.1 are shown on the X axis. This
constraint will help ensure that MOS-LQO scores will be comparable for all
implementations of ITU P.862.

The R&S UPV implements the three most important standards which differ only slightly
from each other and have been approved by the ITU:

Oe
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Introduction to PESQ

PESQ Value and MOS Value

e ITU P.862: The measured value is the “PESQ Score” or the “PESQ MOS” (Mean
Opinion Score). The range of values extends from -0.5 (worst) to +4.5 (best). In
addition, measurements can be made with reference to the speech component or
the silence component of the signal. The latter is particularly interesting because it
shows how well the codec replaces background noise.

e |TU P.862.1: The measured value is the “MOS-LQON?” (listening quality objective
narrowband). The range of values extends from—0.5 (worst) to +4.5 (best). The
following chapters describe the manual and automatic measurement with the
included CMUgo test item WCDMAPesq.dll based on this measurement standard.

Analyzer Function =8| =
Function PESG -

Accordingto  [MOS PEE2A -

Fig. 4 UPV PESQ Version

e |TU P.862.2: This is the wideband extension of P.862. The measured value is the
“‘MOS-LQOW” (listening quality objective wideband). The range of values extends
from—0.5 (worst) to +4.5 (best). Note that measurements obtained using this option
cannot be compared with results obtained in accordance with P.862 or P.862.1.

In Addition to the overall results, the measurements can be made by calculating PESQ
values for the active speech intervals or for the silence intervals of the signal. The latter
is of particular interest because it shows how well the codec may substitute
background noise.

Note that for wideband PESQ the PESQ score is not used, but only the mapped MOS-
LQO. In Order to use common terms in both narrow- and wideband mode, it is strongly
recommended to always use the PESQ-LQO, which is mapped either by
Recommendation P.862.1 for narrowband or by P.862.2 for wideband speech.

The R&S® UPV audio analyzer uses the short forms "PESQ" for PESQ and "MOS" for
MOS-LQO.

Oe
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PESQ Measurement According to ITU P.862.1

Hardware Configuration

3 PESQ Measurement According to ITU
P.862.1

3.1 Hardware Configuration

For manual and automatic PESQ (MOS LQO) measurement of the uplink or downlink
signal featuring fading and AWGN the hardware (R&S®CMU, R&S®SMU or R&S®AMU,
and R&S®UPV) must be configured as follows:

{ B a
1/Q In \ g 1/Q Out

cccccc

1/Q Out

Fig. 5 Hardware Configuration

CMU 1/Q Output (I/Q connector) > SMU / AMU 1/Q Input
SMU / AMU 1/Q Output > CMU 1/Q Input (I/Q connector)
CMU RF2 output €<-> mobile phone RF connector

UPV GENERATOR2 - CMU SPEECH connector input
Mobile earphone output > UPV ANALYZER1 input

Oe
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PESQ Measurement According to ITU P.862.1

Hardware Configuration

CMU SPEECH connector output > UPV ANALZER2 input

A mobile phone can be connected to the UPV either with an acoustic coupler or by
cutting off the earphone of a regular headset and reconnecting it to an XLR male plug.

Software Requirement

The UPV requires option UPV-K61 PESQ measurements. PESQ measurements
require the CMU-B85 coder and decoder to be calibrated first by the UPV (See pages
13 and 14 for details). The macros DECODER.EXE and ENCODER_PESQ.EXE must be
installed with the included file CMUCAL_PESQ.MsI which needs to be copied to the
UPV via USB Stick or LAN and executed on the UPV. In order to run the macros the
Universal Sequence Controller option UPV-K1 needs to be installed on the UPV. In
order to run CMUgo the Remote Control option UPV-K4 needs to be installed on the
UPV.

Oe
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PESQ Measurement According to ITU P.862.1

Flowchart of the PESQ Measurement

3.2 Flowchart of the PESQ Measurement

The following flowchart shows the necessary steps to perform a PESQ measurement

for WCDMA.

WCDMA call

N|
»

CoDec
Cal?

| | Calibrate CMU decoder | | See page 14

v

Calibrate CMU encoder &
mobile phone output

See page 15

N|
v
| Set fading profile & AWGN on SMU | See page 16

l

N SMU BB
Cal?

Calibrate SMU baseband input / output | See page 20

»
A

A
| |
~

Y

Perform PESQ Measurement and store
result

Calculate and display PESQ min, max,
average and standard deviation

Another
test?

| Release call |

Test End

Fig. 6 WCDMA PESQ Measurement
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PESQ Measurement According to ITU P.862.1

Manual PESQ Measurement

3.3 Manual PESQ Measurement

3.31

The following section shows in detail the necessary steps to perform a PESQ
measurement manually. In order to ensure repeatability of measurement results it is
recommended to preset all instruments involved (CMU, SMU / AMU, UPV).

WCDMA Call Setup

First establish a WCDMA call.

1. Set the desired call parameters on the CMU, e.g. WCDMA RF channel and
power.
2. Register and establish the call
Band : g t Connhect
WCDMA FDD | Receiver Quality Control
B WCDMAFDD Connection Control J&° P5: CS:| Connected
Circuit Switched - Voice .
Reem | [ 21440 mue| 10720 | RIS
| Disconnect the UE
RF Chn by pressing t[he ]
- "Disconnect UE (CS)" .
Uplink | 1954.0 muz|| 9770| = Unregister
Downlink Disconnect

-50.6 dBm

Power Bt Ch, B (lon) UE (CS)

Packet Switched - HSDFA Test Mode

gE Ptowler | 33.0 dBm| | -20.0 dBm| Waiting for SE?S;;:t
& bz, allow, UE-Powe. UL Target Power attach from the UE.
p Dedicated
SO E | — | — | Voice 8|
LIE On-Power Signature _
- Band
| Operating Band /| - goject
Expected Power
Connection | Handover | UE Signal | BS Signal | Network | AFIRF (3 | Sync. HEl - |

Fig. 7 WCDMA Call Setup
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PESQ Measurement According to ITU P.862.1

Manual PESQ Measurement

3.3.2 WCDMA PESQ Measurement

1. Turn CMU-B17 TX Path to BypAss w. I/Q IF OUT. and RX Path to BYPASS.
This ensures that the call will not be lost if the SMU / AMU is set to a non
proper state, e.g. baseband input turned OFF, AWGN level too high etc. The
CMU baseband output level must be attenuated by 3 dB to avoid peak
distortion at the SMU / AMUU baseband input.

Band : L Connect
@ WCDMA FDD Modulation - é |Control
& WCDMArDD Connection Control [ PS: Signal Off CS:|  Registered
—Setup—— [Wa-F Interface/T% Path |'6
~fQ-IF Interface
o] Default Settings ]
i } [fQ-F user defined
“ R Path Bypass
_ 7 TX Path | Byp.w. liGIF oUT |
IF OUT «
| FQ-IF Lesvel rims =110 o6
Ref Level IF =50 dEm
Ref LevellQ(@500 | 70 e
110 QUT + —_ [/Q-IF Attenuation 30 am
I
RF unit
Trigyger a-IF | Analyzer | Misc. | 1

Fig. 8 CMU-B17 RX/TX Bypass

Remote-control command:
CONF:IQIF:TXP BYIQ // feed IQ to SMU/AMU BB input
IQIF:ATT 3.0 // I/Q-IF attenuation

Rohde & Schwarz 1MA137 12



PESQ Measurement According to ITU P.862.1

Manual PESQ Measurement

Select RF2 input, RF2 output on CMU. Enter the cable loss to the mobile e.g.

0.7 dB.

RF Connectar Setup
RF 2 0UT RF 2 FF 1

G

+0.0da8 +0.7 a8 +0.0 dB

Dutput

Output

RF 4 [N RF 2 RF 1

>

+00d8 +07 a8 +00 uB

Input

Fig. 9 CMU RF Connector Setup

Remote-control command:
INP RF2;0UTP RF2

Input

RF

Ext. Att.

RF

Ext. Att.

Oe

Rohde & Schwarz 1MA137 13



PESQ Measurement According to ITU P.862.1

Manual PESQ Measurement

For the first measurement perform a decoder calibration since it is instrument
specific. The decoder output is measured for a digital full-scale signal applied
to the speech decoder.

Speech D T
“  Encoder[*] < GENERATOR 2
A | \
! ]
' ]
\
Digital Full CMU UPV
Scale
SPEECH
Connector

Fig. 10 Signal Path for Decoder Calibration

Set Voice Coder to DECODER CAL on the CMU.

Band ' . c t
DMA rop *™ Receiver Quality -ggt ‘Cgﬂ?ﬁ;

B WCDMAFrDD Connection Control B PS: CS: Sighal On

_Setup |Circuit Switched!Yoice Settings/. ..

¥ Mode-B Settings
~ Circuit Switched
Default Settings Ol
DCH (Dedicated Chn) Type Yaoice
F RMC Settings
—=

&

Yoice Solrce [ Decoder Cal
» Adaptive MUt Rate (NB AWR)
» Signaling RAB Settings
» Packet Siwitched
» HSDPA HS-DSCH
» HSLPA
¥ Diownlinks Physical Channels
r TRPC Settings
r Compressed Mode Settings

Connectionl Handowver | UE Signal BS Signal Network | AFIRF@" Sync. |.- 2 I

Fig. 11 Decoder Calibration

Remote-control command:
CONF:BSS:DCH:VOIC:SOUR DCAL

Start the decoder calibration on the UPV with the menu SEQUENCE = EXECUTE
MACRO - DECODERCAL.EXE.

Remote-control commands:

SYST:PROG:EXEC 'C:\\Program Files\\
Rohde&Schwarz\\CMUCal PESQ\\DecoderCal.exe'

SYST:MEM:STR1? // Continue when 'OK'

Oe
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PESQ Measurement According to ITU P.862.1

4.

Manual PESQ Measurement

It is necessary to perform a encoder calibration the first time since it is
instrument specific. It measures the encoder input voltage which is required for
a digital full-scale signal at the speech encoder.

GENERATOR 2

ANALYZER 2

Loop CMU upPv

SPEECH
Connector

Fig. 12 Signal Path for Encoder Calibration

Set the Voice Coder to ENCODER CAL on the CMU.

Band . . C t
@ WCDMA oD aln Receiver Quality - t ‘Cg:?::l

B WCDMAFrDD Connection Control B PS: CS: Sighal On

_Setup |Circuit Switched!Yoice Settings/. .. | o

¥ Mode-B Settings

~ Circuit Switched
Default Settings Ol
DCH (Dedicated Chn) Type Yaoice

F RMC Settings
i - i S

Yoice Solrce [ Encoder Cal
» Adaptive MUt Rate (NB AWR)
» Signaling RAB Settings
» Packet Siwitched
» HSDPA HS-DSCH
» HSLPA
¥ Diownlinks Physical Channels
r TRPC Settings
r Compressed Mode Settings

Connectionl Handowver | UE Signal BS Signal Network | AFIRF@" Sync. |.- 2 I

Fig. 13 Encoder Calibration

Remote-control command:
CONF:BSS:DCH:VOIC:SOUR ECAL

Start the encoder calibration on the UPV with the menu SEQUENCE - EXECUTE
MACRO > CMUCAL_PESQ.EXE.

Remote-control commands:

SYST:PROG:EXEC 'C:\\Program Files\\
Rohde&Schwarz\\CMUCal PESQ\\EncoderCal PESQ.exe'
SYST:MEM:STR1? // Continue when 'OK'

Oe
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PESQ Measurement According to ITU P.862.1

Manual PESQ Measurement

Route SMU / AMU baseband input to path A or B (if available).

' Basehand Input Settings... l

Frequency Offset
0.00 Hz
Path Gain

0.0 dB
Signal Routing
v/ route to path A ]

Fig. 14 SMU / AMU Baseband Input A

Remote-control command:
BBIN:ROUT A

Route SMU baseband output to path A (if available).

Impairments
1 Impairments (Digital Baseband)...
AWGH

AWGN...

170 Ot

Settings...
',,x 1/Q Out from A i

Fig. 15 SMU / AMU Baseband Output A

Remote-control command:
BB:IQ0O:SOUR A

Oe

Rohde & Schwarz 1MA137 16



PESQ Measurement According to ITU P.862.1

Manual PESQ Measurement

Turn the SMU / AMU fading simulator ON and select a fading profile e.g. 3GPP
CAse 1 (UE/BS).

Freq [ 2.112 400 000 00 otz || v ore per [ 10.00 a8m Lov [ 10.00[eem |

I REMOTE || A: ALC-Auto Info I
[ Fading A SIS
State on [
setToDetaut | saveRecol.. | [standard | 36PP Case 1 (WEBS) M |
“General Settings ;
Configuration [ Fine Delay 50MHz | speedunit | kmih Bl
Common Speed For All Paths 1 Keep Constant ]Speed _J
Signal Dedicated To [ RF Output -] virualRF [ 1.00000000000 [GHz |
Restart Event [ﬁmn _J Restart | |
Ignore RF Changes < 5% ™ on Frequency Hop. Mode IO‘H _J
Path Settings
Path Table... ] Path Detlay Wizard... | Coupled Parameters... I Insertion Loss Configuration... I
o
T it
[
S GaussDAB 3
93 Gauss Doppier SITTET
- Gauss (.08 fd) VM Rice
% 0 Gauss (0.1 fd)
u [ [} L} i Ll [} 1
000 010 G20 63 040 0S0  080 070 0B 080 100 Delay | us
Fading A

Fig. 16 Fading Simulator Configuration

Remote-control commands:
FSIM:ILOS:MODE NORM
FSIM ON

FSIM:STAN G3UEC1

Oe
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PESQ Measurement According to ITU P.862.1

Manual PESQ Measurement

10. Turn the SMU / AMU AWGN ON and set the parameters as defined in the
Recommendation ITU-T P.862.

[ Awe settings A =G|
State On | 2
Mode Iﬂﬂﬂfﬁﬁé Noise J
System Bandwidth I 3.840 ﬂ'l MHz J
Minimum Noise/System Bandwidth Ratio | 1.0
Moise Bandwidth 38400 MHz
Display Mode | RF +]
— Moise Level Configuration And Output Results
ISEI Noise Level Via m
Reference Mode |'£m‘-riiar J
Bit Rate [ 100.000 000 [kbps |
Carrier/Noise Ratio I 10.00 |tlE J i
Eb/NO | 2584 |d8 |
Carrier Level I 10.00 |tIEE~m J
Neise Leve! (System Bandwidth) | 0.00 [dBm | |~|

Fig. 17 AWGN Settings

Remote-control commands:
AWGN:STAT ON

AWGN:BWID 3.84 MHZ
AWGN:BWID:RAT 1

AWGN: POW:MODE CN
AWGN : POW:RMOD CARR
AWGN:POW:CARR -60.0
AWGN:CNR 10.0
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PESQ Measurement According to ITU P.862.1

1.

12.

13.

Manual PESQ Measurement

Calculate the SMU / AMU insertion loss by subtracting the base-band output
level from the baseband input level. The baseband insertion loss can be
compensated with the CMU RF level. If using the AMU, an alternative method
is to slightly increase the output level to remove the insertion loss.

Turn SMU / AMU baseband input ON.

Fig. 18 SMU / AMU Baseband Input ON

Remote-control command:
SOUR:BBIN:STAT ON

Perform SMU / AMU Auto Level Set (baseband input calibration) at the
beginning of the test sequence. The WCDMA output signal level is specified at
0.5Vp = 0.0 dBfs = +7.0 dBm for 50 Ohm resistance. Tolerances are
instrument- and cable-specific.

Remote-control command:
BBIN:ALEV:EXEC

. SMU / AMU baseband input level > 6.76 dBm
Baseband Input Settings E] =]
Mode IAnaIug Input j
/0 Swap [~ On
Baseband Input Level
Measurement Period I 2 I s j

Crest Factor | 0.44|dB  ~|
PEP | 0.21| dBFS |
Level | 6.76| dBm |

Fig. 19 SMU / AMU Baseband Input Level

Remote-control command:
BBIN:POW:RMS?

Oe
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PESQ Measurement According to ITU P.862.1

Manual PESQ Measurement

. SMU / AMU baseband output level can be found in the 1/Q
impairments menu > -13.77 dBfs = -6.77 dBm referred to 0.5Vp and

50 Ohms.

' va impairments A (Digital Baseband) =@ |
1/Q Impairments

State Off |

| Offset 0.00| % -
0.00| % -

0.000 | dB -

0.00| deg |

Q Offset

Gain Imbhalance

Quadrature Offset

[v Optimize Internal 'O Impairments For BF Output

Optimization Mode Ifast j
Baseband Signal Level

Crest Factor 13.79 dB

Peak Level 0.02 dBFS

Signal Level (RMS]) -13.77 dBFS

Fig. 20 SMU / AMU Baseband Output Level

Remote-control command:
BB:POW:RMS?

14. Compensate SMU / AMU insertion and cable loss with the CMU RF External

Attenuation Output control.
- SOUR:CORR:LOSS:OUTP2 14.23 (= Cable Loss - Baseband Output
Level + Baseband Input Level = 0.7 dB + 6.77 dBm + 6.76 dBm).

15. Enter cable loss for mobile uplink (TX) with CMU RF External Attenuation Input
control (e.g. 0.7 dB, see Fig. 9).

Remote-control command:
SOUR:CORR:LOSS:INP2 0.7

Oe Rohde & Schwarz 1MA137 20



PESQ Measurement According to ITU P.862.1

16.

17.

Manual PESQ Measurement

Turn CMU-B17 Fading ON to loop the baseband signal from the CMU to the
SMU / AMU input.

Setup —|IJ‘Q = IF Interface /|G - IF

i - F Interface
Default Settings | [
Q-1 Fading Path |

Fig. 21 CMU Fading Path ON

Remote-control command:
CONF:IQIF:RXTX FPAT

Perform a PESQ measurement on the UPV (the parameters were already set
by the decoder / encoder calibration, p.16).

Remote-control commands:
INIT:CONT OFF; *WAI // Trigger measurement
SENSe :DATA? // Read PESQ value

The MOS sample count defines how many measurements must be taken so
you should keep track of all the results. The actual PESQ value according to
Recommendation ITU-T P.862 is the resulting average. It is also convenient to
determine the minimum, maximum and standard deviation of a test.

Oe
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PESQ Measurement According to ITU P.862.1

Automatic PESQ Measurement with CMUgo

3.4 Automatic PESQ Measurement with CMUgo

The R&S software tool CMUgo allows you to generate custom test sequences for the
CMU plus one or more additional R&S instruments such as generators, analyzers,
power meters, step attenuators. It offers automatic instrument configuration, test and
documentation. The test results can be saved in several typical file formats, allowing
post-processing with e.g. Excel, MatLAB etc.

CMUgo Installation and Configuration

CMUgo v1.9.8 (or later), the WCDMAPesq measurement DLL and the demo sequence
WCDMA PESQ Demo can be downloaded from http://www.rohde-
schwarz.com/appnote/1MA137.html. Please install CMUgo first and then unzip the
updated DLLs to the CMUgo directory. Before performing the sequence WCDMA
PESQ DeEmo.seQ define the CMU, SMU / AMU and UPV GPIB addresses in CMUgo

first.

1. The CMU address is defined by selecting the menu CONFIGURATION - REMOTE
PORT. Select the PRIMARY ADDRESS (default 20), check the ACTIVATE box and
press OK.
x|

— Remate port [R5232]

0K |
& T 1 ) nok 2 ) Cok 3 ) COK & = I

arcel |
LN i ) Cok 6 ) COk 7 ) COK 8

[Eantigure. .. I

—|EEE 488.2

v &ctivate & Mational Instruments Controller Card IBoardInde:-tD vI
" Agilent Controller Card [SICL) Ihpib

|2D Searching |

Frimary Adress

— Timeout [gec.]

EX

Fig. 22 CMUgo Configure Remote Port

Oe
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PESQ Measurement According to ITU P.862.1

Automatic PESQ Measurement with CMUgo

2. The SMU / AMU is defined in the menu CONFIGURATION - AUXILIARY GPIB

PORT 1. Set the DEVICE NAME (SMU / AMU), PRIMARY ADDRESS, check ENABLE
Port and press OK.

Augiliary GPIB Port 1 8] x|

— Device Mame

B

— Primary Addreze————— Secondany Addresz
a

—EOT Mode EOS Character

|
i 1]

— Tirmneout

Ok

E00

Cancel
Enable Port v

Fig. 23 Auxiliary GPIB Port 1

3. The UPV is defined in the menu Configuration > AUXILIARY GPIB PORT 2. Set

the DEVICE NAME (UPV), PRIMARY ADDRESS, check ENABLE PORT and press
OK.

For better compatibility with future CMUgo versions we recommend you to check the
menu item OPTIONS - SAVE CONFIGURATION AND REPORT AS XML FILE.
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PESQ Measurement According to ITU P.862.1

Automatic PESQ Measurement with CMUgo

3.4.1 Configuring and Starting the PESQ Measurement Sequence

Load the included measurement sequence with CONFIGURATION > CONFIGURE TESTS
- LOAD SEQUENCE... > WCDMA PESQ DEMO.SEQ.

| Bailable

| Ttem | Selected

WCDMA BER Search

WEDMA Call Release

WCDMA Call Setup

WEDMA Call Testset

WEDMA Echotest

w/CDM& Fading SMU

WEDMA Find Attenuation

WEDMA Handover

WEDMA Modulatest

WEDMA Out OF Syne

WCDMA Dut-of-band Blocking 1 [SMU/SMIT)
batd Blacking 2 [SMB

) ent

WwWEDMA Phase Discontinutit

WD A Testpatterns 4. H

WwiCOktA UE Add. R Spur, Emizsions Band |

WCDMA LUE Add. B Spur. Emizsions Band ||

WCDkA UE Add. R Spur, Emigzions Band Il

WwCDA UE Add. R Spur. Emizzions Band 1V

WCDA LE Add. R Spur, Emizzions Band [+

WCDMA UE Add. B Spur. Emizsions Band W

WEDMA UE &dd. B Sour. Emizsions B and W

S|

=| _F]

|WEDMA_PESE!_DEMD.SEQ

Load Sequence I

Save Sequence .,

Basic |nitializing

WEDMA Call Setup

WEDMA PESH Measuremient
WEDMA PESH Measurement
WEDMA PESH Measurement
WICDMA Call Release

Test End

] O LT) e £ PO

Fropertiess .

Duplicate el [f=m

Fig. 24 CMUgo Sequence

larflos =10 4B
lorfloc = 0 dB
lorfloe = -2dB

Oe
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Automatic PESQ Measurement with CMUgo

The sequence consists of following functions

BAsIC IINITIALIZING — This function is necessary to define the required CMU function
groups, e.g. WCDMA 1900 FDD (signaling), etc. The CMU groups are controlled via
the secondary GPIB address (SAD). Basic Initializing automatically detects or defines
according secondary addresses required automatically.

—&ctive function groups
[T RF

™ GSM 400

[ GEMEE0

™ G5Ma00

™ G5M 1800

™ G5M 1300

™ 15136 BOD

[ 151351300

[ IS-COMA Celiular
[ 15:COMA PES Band

[ 15-COM& 2000 450 MHz

[ 15-CDMa 2000 Cellular Band
I™ 15-COMA 2000 PCS Band
™ |S-COMA 2000 (MT 2K Band
V¥ DM 7900 FOE

[ Eluetooth

[~ amMPs _
[ Audio Dezelect Al
[~ 1xExDO Select Al

[ Extemnal 10 MHz Referenca
v Shaw ChU Feport Screen

[ Skip the Reset (Be aware of possible malfinetion)

lir}
[x

1

Cancel

Fig. 25 Basic Initializing

Oe
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Automatic PESQ Measurement with CMUgo

WCDMA CALL SETUP — This function registers the phone and establishes a call. The
example is for a US Cellular (BCO) network, the RF level is set to -50.6 dBm.

x|
~Band |~ Channel Corfig i
[Operating Band| > (MU Defoull Code  Levelld] |~
FF Downlink Channel [ o720 | | PLPICH: 10 Cancel
Frequernicy (MHz} | 21l | | PSCH: 15
FF Uplink Channel [ 70 | | 55CH: 15
| Frequency (MHz} | 1951 | | PCCPCH: 15
Duplex Space (MHz) | 190 | | SCOPCH: F ] 2 15
FF Level (dBm} | S06 PICH: F 2 83
AICH; w 83
I | | DPOCH: v 103
- Call Setup ;
I\-’me ﬂ
" Call from Mobile = Call from CML DPCCH/ DPOCH Oftset: l ]
Addibionsl Cal Setup T
Keep ARAC Connection I
Wakt Before Calling [Sec | I 1 SRB Flsconfiguiation [
. Antach / Detach I3
Masarmum Time (Sec.| |_30
Forced Paging L
AMR | Addtional Settings |
A ) Analyzet Settings
Input Atterwiation [dB} | 05 Manisal Lavel (dBm) | 0
Output Attenuation (dB ) | 05
IV Manusal Level follow: Channel Configuration
CMU Cannector: C RFl & AF2 | | ¥ Autoranging
I Open Loop Power Measurament Measurement Settings [|

Fig. 26 WCDMA Call Setup

Wait one second before calling to make sure the mobile doesn't miss the call. The
CHANNEL Configuration complies to TS 34.121 WCDMA performance testing. Set the
loss of the cable between UE and CMU as Input- and Output Attenuation.
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Automatic PESQ Measurement with CMUgo

Then set the correct AMR CONFIGURATION (SELECTION H in our example).

AMR Configuration _@.l x|

—AMB A WEBAMB Selechion-
o H

¥ 47500
| I [ e
I e
[ Biktine
[ 7 Akt
[T 7 o5kt
[ 020 ke
220 hpe

[~ ‘Wideband SMA '

Fig. 27 AMR Configuration

Rohde & Schwarz 1MA137 27
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Automatic PESQ Measurement with CMUgo

WCDMA PESQ MEASUREMENT — Sets the SMU / AMU fading profile, AWGN level
(Eb/No), compensates the insertion loss and performs a PESQ measurement.

&
e —DC_H Farameter: ~ TCH Parameters———————————————
1 = : Propagation Condition ISGPP Caze 1 [UE] j RF Charnnel [ jorn
lar / loz: [ 0 Bahd Selact m
loc &0 dBm =
DPEH_Ecdlor 10| g [|[ratattistens R
ChU Cable Loss DL 05 de:

IPstrurients: CMU200, SMU200,

- PESQA Measurement:

‘CMU Cable Lass UL 05 dB

AUZ00; UPY Bownlink MOS Sample Size I 3
CODEL: Calibration v et MliE e
BBin  BBout
FESQ Min I 2 Caibiate @ [ 23 [ 58
Show Detailed Fesults: i
— Auilian GPIB Port 1 (Fading Simulatar]
Presst |  GMU
- Diescription —Auxilians GPIE Port 2 {Audio Analyzer)—
| lor/loz =10 dB Frasst: | UPyY

ok i Cancal |

Fig. 28 WCDMA PESQ Measurement

Following parameters can be varied:

PROPAGATION CONDITION — Selects the WCDMA fading profile (default 3GPP
Case 1 (UE)). The selection NONE turns fading OFF.

Ior/ loc — Signal (lor) to Noise (loc) SNR ratio.

DOWNLINK MOS SAMPLE Size — Number of samples taken for PESQ
measurement. Typical values according to the Recommendation ITU-T P.862
are 40, 75, 150, 200. Each sample takes approximately 15 seconds.

CoDEC CALIBRATION — UPV calibrates the CMU Decoder/Encoder path when
checked. This needs to be performed in the prescribed CMU calibration cycle.
The complete calibration process takes approximately 30 seconds.

PESQ MIN — Lower Pass/Fail limit of the average PESQ value.

SHow DETAILED RESULTS — Additionally shows all measured PESQ values as
defined in MOS Sample Size besides the Mean, Min, Max and standard
deviation.

CMU CABLE Loss DL — The downlink cable loss of the RF cable from the CMU
to the mobile.

CMU CABLE Loss UL — The uplink cable loss of the RF cable from the mobile
to the CMU. The DL and UL values are usually the same except when a
directional coupler is used for example.

Oe
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Automatic PESQ Measurement with CMUgo

CALIBRATION — Calibrates the SMU / AMU baseband input. This automatically
adapts the wanted signal to the AWGN level and only required when the
network is changed (see WCDMA Call Setup).

AUXILIARY GPIB PORT 1 (FADING SIMULATOR) — This is the symbolic name of
the fading simulator, e.g. SMU / AMU. It must match the CMUgo menu
CONFIGURATION - AUXILIARY GPIB PORT 1.

AUXILIARY GPIB PORT 2 (AuDIO ANALYZER) — This is the symbolic name of the
audio analyzer, e.g. UPV. It must match the CMUgo menu CONFIGURATION >
AUXILIARY GPIB PORT 2.

WCDMA CALL RELEASE — Releases the call and unregisters the phone and is
necessary for setting the CMU and phone into a defined initial condition.

Call Release Configuration ﬁl E]

—Tiie
{+ Releass fromi hMokile

" Release from Testeet ChL

¥ Free all CMU resources

- Call Release

M asimum Time [32c.] | 20
Ok I Cancel

Fig. 29 WCDMA Call Release

Oe
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3.4.2

Automatic PESQ Measurement with CMUgo

TEST END — Must be located at the end of every test sequence (*.seq) to free CPU
memory and resources.

Configure Test End _@ _EI

v Statt Autosave Proceduies
[ Count MANs as falled tests

I™ Dialog closes automatically

after [Sec): |—3

Fig. 30 Test End

Storage and Further Processing of Measurement Data

When the example sequence has been performed correctly, the following message will
be displayed when the SHOwW REPORT SCREEN box in the BASIC INITIALIZING function
has been checked.

Froceed

Fig. 31 Info Dialog

Oe
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Automatic PESQ Measurement with CMUgo

After pressing Proceed the measurement report is visible.

Measurement Report Suwesscimanz

Operator: noRake Fredtag, 13 Febenar 20039 16:35:42
CMU Ident: Rohde&Sehwarz, CMU 200-1100.0008.02, 102652,1/5.03
Options: 0,817, B2 ari4, B52 Yarl4, B33V ar 14, BS54 ar4, BEE arl4, BB, COPROC_FULL BA3, BAS, BAY, 895, PCMCIA

WDD GO0, LG, K 14, K20 K21, K22 K23, K42, K43, K40, K47, KO3, K54, K56, KE0, KE1, KB2, K63, K64 K65, KEE,KE7

KBS, K9, K83, K84, KA5, K56, KE5 K96, K839, K549, K559, K 869, FMRE, Intel Celeron, 256 MB

rb]
Sequence: -——

Test Hame and Condition Lower Limit |[Upper Limit | Measured Value | PiF |

Operating Band | Chanpel DU AQ72000770, RF Level -50 6 dBrm, Ateniation (infO0t) 0.5/ 0.5 B
FLCRICH. -10.00 @B, P-SCH: -15.00 ¢, S-5CH: -15.00 dB, AFCCPCH: -15.00 ¢, S-CCPCH: -15.00 o8
PICH: -8.30 ¢/B, AICH -8 30 ¢B, DPOCH {Code §): -10.30 ¢B, DPCCHIDPDCH Offset 0.00 oA
MCC 1, MNC 1, LAC 1 CaliTipe Signaifing RAS Celf DCH 1.7 kbps, AMR Profite H
JMSE 00101012 3456063, Serial Nomber: 35154 700-055160-8

Call to Mobile: [ I | passed | W |
s Loss=15 3548 jorfioc=10.0008 joc=60.00dBrm Prop Cond=G3UECT OPCH Ecflor=10.0048
PESQ Min/Max/Stdlev 3.27 3.46 0.08
[ I | 3.27
[ 1|0 | 3.38
[ I | 3.46
PESQ Measurement jowioc = 10 ¢8 2.00 | — 3.37 v
Ins loss=1212d8 loioc=0 0048 Joc=60 008 Prop Copd=GIUEC] DPCH Ecfior=10.00d8
PESQ Min/Max/Stdlev 207 313 0.16
[ I | 313
[ I | 2.84
[ 1|0 | 277
PESQ Measurement iosioc = 0 8 2.00 /) 291 v
Ins loss=20 1248 lorioc=>2.0048 Joc=860.000Em Prop. Copd=GE3UECT DPCH Ecflor=10.0048
PESD Min/Max/ShiDewv 213 2.46 0.14
[ 1|0 | 213
[ I | 23
[ 1|0 | 2.46
PESQ Measurement ioios = -2 o5 2.00 /) 2.30 v
Call Release Test: [ I | passed W

M5 Serial Humber: 35154700-058160-8

Result: 5 Tests passed /0 Tests failed

(Exgcition Time: 291 2 Seconds)

Fig. 32 CMUgo Measurement Report
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Automatic PESQ Measurement with CMUgo

The report can be stored in the in the proprietary CMUgo format (*.mdf) with FILE >
SAVE or exported, for example to Excel format with FILE - EXPORT DATA - TO
EXCEL....

Measurement Report

Date & Time: Freitag, 13. Februar 2009 16:33:42

Operatar; noname

CMU [dent: Rohde&Schwarz, ChLU 200-1100.0008.02 102652 5.03
Cptions: 0,817 B21arld BEXarld BS3varl4 BsdWarld BSEWar

WODCA00 099 K14 120 K21 k22 123 K42 K4S K45 147
KEG KBY kG35 KB4 KBS KBE KEE K6 a5 K849 Kaag ki
ratx

SEfUENCE: ---

Test Mame and Condition Laweer Limit | Upper Limit  Measured Yalue Unit| P/F

Operating Bakd |, Channel DLUL Q72007 70, RF Leve! -50.6 dBm, Altenuation (I Out) 0.5 0.5 &8

FPLCRICH: 10000 ofB, AASCH: -15.00 ¢, 5-SCH -15.00 o8, AACCPCH: -15.00 o8, S-COPCH: -15.00 ob

PIGH: -850 6B, AIGH -5.30 ¢B, DPOCH (Code B): -10.30 dB, DPCCHDPOCH Offset (.00 ¢F

MG 1, MNG 1, LAC 1 CaliType Signaliing RAB Cell DCH 1.7 kbps, AMR Brofite H

AWSE QR 10 23436063, Serial Mumber: 35134 FO0-038160-5

Call to Mobile: Passed
ins.loss=153808 jorloc=10.0008 joc=80.004Bm Prop. Cond=G3UECT DPCH Eofior=10.0048
PESO Min/MaxsStdDey 326753402 345901592 0078530233
32675354018

3380215168
3459019184
FESQ Measurement lorfloc = 10 dB 2 3,3889 2279 Fassed

Fig. 33 Excel Sheet

The *.xIs file is perfectly suited for further processing of the data with another Excel
sheet or any Windows Application capable of copy and paste import. Simply mark the
column containing the single PESQ measurements and drag and drop it to your
desired application.
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5 Additional Information

Please send your comments and suggestions regarding this application note to

TM-Applications@rohde-schwarz.com

Visit the CMUgo website at

http://www2.rohde-
schwarz.com/en/products/test and measurement/product categories/mobile ra
dio/CMU200-|-Software-|-24-|-2674.html

or as a registered user in GLORIS the CMU Customer Web at

https://extranet.rohde-schwarz.com/
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6 Ordering Information

Radio Communication Tester

CMU200 1100.0008.02

CMU-B17 IQ/IF analogue interface 1100.6906.02

CMU-B21 Universal Signaling Unit 1100.5200.54

CMU-B56 HW option: 3GPP Signalling 1150.1850.54
Module

CMU-B68 HW-option: layer 1-board 1149.9809.02

CMU-Kxx Bands 1...12 available

SW option: WCDMA-Signaling

Vector Signal Generator

SMU200A 1141.2005.02
SMU-B13 Baseband Main Module 1141.8003.04
SMU-B14 Fading Simulator 1160.1800.02
SMU-B15 Fading Simulator ext. (optional) 1160.2288.02
SMU-B17 Analog baseband input 1142.2880.02
SMU-K62 AWGN 1159.8511.02

Baseband Signal Generator

AMU200A 1402.4090.02
AMU-B13 Baseband Main Module 1141.8003.04
AMU-B14 Fading Simulator 1160.5600.02
AMU-B15 Fading Simulator ext. (optional) 1160.5700.02
AMU-B17 Analog Baseband Input 1142.5900.02
AMU-K62 AWGN 1159.7202.02

Audio Analyzer

UPv (0 Hz - 250 kHz) 1146.2003.02
Or

UPV66 (0 Hz - 250 kHz) 1146.2003.66
UPV-K1 Universal Sequence Controller 1401.7009.02
UPV-K4 Remote Control 1401.9001.02
UPV-K61 Software f. PESQ Measurements | 1401.7309.02

For additional information see the Rohde & Schwarz website www.rohde-schwarz.com
or contact your local representative.
Note: Not all options are described in detail. The use of the R&S®SMATE Vector

Generator is also possible.

Oe
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About Rohde & Schwarz

Rohde & Schwarz is an independent group
of companies specializing in electronics. It is
a leading supplier of solutions in the fields of
test and measurement, broadcasting,
radiomonitoring and radiolocation, as well as
secure communications. Established 75
years ago, Rohde & Schwarz has a global
presence and a dedicated service network
in over 70 countries. Company headquarters
are in Munich, Germany.

Regional contact

Europe, Africa, Middle East

+49 1805 12 42 42* or +49 89 4129 137 74
customersupport@rohde-schwarz.com

North America
1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com

Latin America
+1-410-910-7988
customersupport.la@rohde-schwarz.com

Asia/Pacific
+65 65 13 04 88
customersupport.asia@rohde-schwarz.com

Certified Quality System

1ISO 9001

DQS REG MO 1954 QM

Certified Environmental Systermn

ISO 14001

DAS REG MO 1954 UM

This application note and the supplied
programs may only be used subject to the
conditions of use set forth in the download
area of the Rohde & Schwarz website.
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