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1 Overview
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3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

The signal strength and quality of signals received by 3GPP User Equip-
ment (UE) is influenced by effects resulting from the movement of the UE,
and the overlay of numerous delayed signals caused by reflections. The
phenomenon is called fading and is classified in profiles such as Fine De-
lay, Moving Propagation and Birth-Death Progagation Fading. This applica-
tion note describes how to connect an R&S"CMU200 Radio Communica-
tion Tester with 1Q-IF interface option R&S®CMU-B17 to an R&S®SMU Sig-
nal Generator for generating 3GPP signals suitable for tests under fading
conditions according to the test specification TS 34.121 for performance
tests. It also describes the according CMUGo! function
WCDMA_Fading_SMU for automatic baseband calibration and BLER
measurement.

CMUGO! can be downloaded free of charge from the R&S website.

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

CMU200 R&S®CMU200 Universal Radio Communication Tester
SMU R&S®SMU200A Vector Signal Generator
AMU R&S®AMU200A Fading Simulator
NRP-Z11, R&S®NRP-211, R&S®NRP-221, etc. Power Sensors
NRP-Z21, etc.
NRP R&S®NRP Power Meter
NRVD R&S®NRVD Power Meter
NRVS R&S®NRVS Power Meter
R&S Rohde & Schwarz GmbH und Co. KG
3 Rohde & Schwarz
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3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

2 Introduction to 3GPP Fading

1MA81

There are basicly two factors that affect the quality of a received 3GPP sig-
nal. A signal from the base station (Node B) usually makes its way to the
UE via multiple paths. For test purposes, a variety of profiles simulate real-
world fading:

e Pure Doppler which simulates direct transmission paths for which
Doppler shift is occuring due to movement of the UE.

e Rayleigh Fading simulates a radio hop which arises as a result of
scatter caused by obstacles in the signal path (buildings, etc.).

| [T—~

Y,

Fig. 1 Multi-path Fading

Delay variations (whether sudden or slow) become important with fast
modulation standards such as 3GPP. Therefore two further propagation
conditions were introduced in order to simulate the full range of influences
affecting the receiver.

e Moving Propagation

e Birth Death Propagation

Since a UE only can decode the signal on one specific RF frequency at a
time, the modulated signals on other frequencies simply appear as noise.
The quality of the received signal is affected by the ratio of the signal power
to the surrounding traffic noise level (Signal/Noise Ratio). This effect is
simulated by including some Additive White Gaussian Noise (AWGN) to the
signal.

4 Rohde & Schwarz
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Fig. 2 Faded 3GPP signal + AWGN (lor/loc = 12dB)

The test specification for 3GPP User Equipment (TS 34.121) contains nu-
merous test cases in order to guarantee wide ranging functionality. The fad-
ing or propagation conditions are classified as:

e STATIC PROPAGATION — For a UE located at a fixed point the re-
ceived signal is merely overlayed by surrounding traffic noise
(AWGN).

e  MULTI-PATH FADING PROPAGATION (Fine Delay) — This simulates the
effect that occurs when a UE is moving with a certain speed. The
test specification 3GPP TS 34.121 defines 6 different cases that
cover typical situations, e.g. pedestrian (3 km/h), cars (50 km/h)
and trains (250 km/h). The signal is additionally overlayed by sur-
rounding traffic noise.

e MOVING PROPAGATION (Moving Delay) — Simulates the gradual
change of one moving path to a reference path which occurs while
driving on a flat countryside with no other dramatic landscape
changes such as entering a forest. The signal is additionally over-
layed by surrounding traffic noise.

e BIRTH-DEATH PROPAGATION — Is the sudden cancellation of the di-
rect path leaving only one reflected path left. This situation may oc-
cur when turning around a corner and leaving the basestation’s line
of sight. The signal is additionally overlayed by surrounding traffic
noise.

The SMU requires both fading options SMU-B14 and SMU-B15 to simulate
these effects according to the test specification 3GPP TS 34.121.

1MA81 5 Rohde & Schwarz
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3 3GPP Fading with CMU200 and SMU

Test Setup

The specification TS 34.121 prescribes the following test setup variations
for performance tests under fading conditions. For the static propagation
test AWGN is added to the signal.

UE under Test

RX/TX

Fig. 3 Connection for Static Propagation Test

In the multi-path fading propagation test the signal is faded first, then
AWGN is added to the faded signal.

AWGN
Generator ATT3
ior

|
T i| ATTL HFadingSimuIatorH HYB

IOC

UE under Test

RX/TX

Fig. 4 Connection for Multi-path Fading Propagation Test

1MA81 6 Rohde & Schwarz
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3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

The same effect is achieved by simulating fading and AWGN in the base
band layer inside the SMU.

"
L
/ 1 ) M .. gl
f | : i At o
/ % Toc ! | AWGN | AWGNL, - k1
H : “““
[ ] 1 “
e 1 ‘0’ ! ¢“‘ IO
P, | SMU "~ ¥
K ' ‘Av v N
. R4
CMU- g | e . ¥ | cmu- CMU
B17 2 simul i + | B17 P RF P yUE
IQOut | 1 ator | W, ' IQ In Gen
“ I
! 1
1

) N
Insertion Loss ~ lor s,

Fig. 5 Baseband Fading

The 3GPP baseband signal generated by the CMU200 is fed to the SMU IQ
baseband input via the CMU-B17 IQ/IF option. The manipulated BB signal
is returned to the CMU which modulates it to RF.

CLEEE |
B ED )

| e

SMU

Fig. 6 Test setup
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3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

The CMU 1Q out signal exceeds the SMU 0 dBfs (= 0.5Vp) limit und must
therefore be attenuated accordingly with the 1/Q-IF-Levelrms control. This
control allows an attenuation range of 0...20 dB.

@ WCDMA Fob Balnd Receiver Quality - t ‘g::?:;t
E WCDMAFDD Connection Control [ PS: CS: Sighal On
—Setup————[VGIF Interfaceiia-IF Level s |'6
~IfQ-F Interface
DigLital t;nit Default Settings
i } [fQ-IF R¥ITH Bypass
o R Fath Bypass
| 7 TxFath Bypass
| [/CQ-IF Lewel rms -6.8 o8
Ref LevellF =50 dem
Ref LevellQ@50Q2) | 70 e
PR [/O-IF Attenuation 00 e
KA
LT
RF unit
Trigger 1Q-IF Analyzer Misc. 1

Fig. 7 1/Q-IF Level rms

The SMU can determine the level of the baseband input and automatically
adjust it to Up = 0,5V which corresponds to AWGN level. This enables a
very precise Tor/loc setting. The attenuation caused by the external 3 dB at-
tenuators, the SMU baseband insertion loss and the RF cable loss must be
compensated with the CMU RF level. The following section explains the
steps necessary to perform this manually.

1MA81 8 Rohde & Schwarz



3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

BLER Measurement Preparation

In order to obtain precise BLER results two calibration steps must be per-
formed prior to the actual measurement.

¢ Manual measurement of the RF cable loss between the CMU RF2
output and the UE at various relevant frequencies.

e Manual or automatic calibration of the SMU Baseband Insertion
Loss which is necessary to adjust the signal level (lor) to the
AWGN level (loc). The automatic calibration is performed in the the
CMUGO! function WCDMA_Fading_SMU.

When the cable and insertion losses are known it is possible to calculate
the CMU output level compensation (EXTernal ATTenuation OUTPut) in
order to obtain the prescribed UE input power.

RF Cable Loss

The loss of the RF cable between the CMU to the UE can be determined
with an R&S power meter NRP, NRP-zx, NRVS or NRVD.

1. Connect the power meter (e.g. NRP-Z11) instead of the UE to the ca-
ble.

SCLTIITIILL)

Fig. 8 Measure Cable Loss

Reset CMU with RESET = ALL.

3. Press MENU SELECT - BAsIC FUNCTIONS - RF = ANALYZER /| GENERA-
TOR on CMU. [BILD]

4. Press CONNECT. CONTROL on CMU.

1MA81 9 Rohde & Schwarz



3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

5. Generate a CW signal on the CMU with RF LEVEL = -10.0 dBm (Pnom)
and FREQUENCY - e.g. 2112.4 MHz.

h. y
Cl Y RF Analyzer / Generator % h ”

B RF Connection Control 8% RF Generator On

’ - off[Y 2112.4000000 Mz

3500 Mz,

Fig. 9 CMU Configuration for Cable Loss Measurement

6. Zero the power meter.

B2 Power Viewer
File Wiew Resolution Options Help
) ROHDE&SCHWARZ  POWERVIEWER

Zeroing

Offset Averaging

Cay Gy

Walue f B Length

=il

Frequency fHz
[ 2120

Fig. 10 Zero power sensor

7. Enter NRP-Zx correction frequency (e.g. 2.11e9 Hz).
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8. Perform measurement (Pmeas).

(Epowerviewer a8 x

File Wiew Resolution Options Help

) ROHDE&SCHWARZ  POWER VIEWER

11.000

100058

Offset Averaging
G G (=

Freguency fHz “alue / dB Lencth

|2.11e9 ID.DDD | 64 ( 2pply )

Fig. 11 Power Measurement

9. The resulting cable loss is the difference between the measured power
(Pmeas = -11.0 dBm) and the CMU nominal level (Pnom =-10.0 dBm).

Cable Loss=P, —P =-10.0dBm +11.0dBm=1.0dB

nom meas

The Cable Loss must be memorized for later use.
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SMU Baseband Insertion Loss

This section shows how to calibrate the SMU baseband input (BB Input)
manually. The same steps are performed automatically in the CMUGO!
function WCDMA_FADING_SMU descibed in chapter 4.

1. Select the 3GPP signalling mode on the CMU with MENU SELECT - 3G
UMTS USER EQUIPMENT > WCDMA FDD - SIGNALLING - RECEIVER
QUALITY > BER.

Connect
Control
B Menu Select
— Selection [33 LUMTS User Equipment/WCDMA FOD{Signaling/Receiver Qualr. . }3 Hotkeys - Set 1
» Basic Functions » Mon-Signaling +Power b7 E
. K X AnalyzeriGenerator
¥ 3G UMTS User Equiprment ~ Signalling -+ Moculation
* INCDMAFDD » Power . - WCDMA UE FDD
* Bluetooth ¥ Modulation + Power
. . Maxi
» GSMMobile Station » Spectrum 5 G
¥ M T-2000 Mobile Station » Code DomainPower — + .. :gg:‘l‘;igﬁ FDD
» TDMA Mobile Station ~Receiver Quality + WCDMA Overview
| -+BER | Bluetoott
+LE Report AnaGen
Bluetooth
Overview
BER
GSM 400
AnalyzeriGenerator
PJit Normal GMSK
Enter
Menu HotKkeys HotKkeys | HotKkeys | Hotkey
Select Set 1 Set 2/ Set 3 Assign.|

Fig. 12 Select 3G BER Mode
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3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

2. Set the RF parameters to realistic values, e.g.

e RF Chn. Downlink > 10562 (= 2112.4 MHz)
e Downlink Power - -60.0 dBm

¢ Dedicated Channel > RMC

e Band Select > Operating Band |

<t WCDMA FoD Balnd Modulation

E WCDMAFDD Connection Control Jg PS: Signal Off CS: Signal On

’
’ 19224 whz 9612

’

’
0
] [ [ RMC]Y
OperatingBand | |¥| ’

I 1
Fig. 13 CMU RF Parameters

3. Route the CMU I/Q signal to the baseband output with CONNECT CON-
TROL > 2 - l/Q-IF INTERFACE - 1/Q-IF > FADING.

E WCDMAFDD Connection Control Jg PS: Signal Off CS: Signal On

T# path _" .' Bypass

Q) INFOUT
- 6.8 oEFs

Fig. 14 1/Q-IF Setting
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3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

4. Turn SMU BB INPUT = ON.

o
out

Baseband A Fading A [AWGN/AMP A

config... ||__, | config...
I~ On I” On
St Del IMp

Fig. 15 Correction configuration

5. Perform BB INPUT - CONFIG... > BASEBAND INPUT SETTINGS - AUTO
LEVEL SET in SMU to determine CMU IQ output level.

% Baseband Input Settings =) .

Mode |ﬂma|ug Input j

I/Q Swap [~ On

I/Q Skew (Q Delay) | 0.000 |ns ~|

Baseband Input Level

Crest Factor | 11.05 [dB  ~|

Peak Level | 0.76 | dBfs ~|

Signal Monitoring
MO OVERLOAD i

Fig. 16 BB Auto Level Set

The BB input level is calculated as

BBrms = PeakLevel — CrestFacto r = 0,76dBfs —11,05dB = —10,29dBfs

This value must be stored for later use. This procedure can also be per-
formed automatically in the CMUGo! function WCDMA_Fading_SMU
by checking the BB INPUT CALIBRATION button (see section 4 — 3G Fad-
ing Test with CMUGO!).

Note: The OVERLOAD LED (red) may eventually appear but does
not affect the measurement results.

1MA81 14 Rohde & Schwarz
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6. Enter the FADING A - CONFIG... Fading Settings menu and select:

e STATE - ON

e STANDARD > 3GPP CAsE 1 (UE/BS)

e Signal dedicated to > BASEBAND OUTPUT
e VIRTUAL RF - 2.1124 GHz

| B3 Fading & =]
IStale on I
Set To Default | Save/Recall.._ | Standard I 3GPP Case 1 (UE/BS) j
General Settings
Configuration IFine Delay 50MHz j
Signal dedicated to | Baseband Output ~|  virtual RF [ 211240000000 |GHz ~|
Common Speed for all Paths i Speed Unit I km/h j
Restart Event IAutu j Restart |
Ignore RF changes < 5% [~ on Frequency Hop. Mode IOff j
Path Setting:
Path Table__. | Path Delay Wizard__. | Coupled Parameters___ | Insertion Loss Configuration._ .. |
static Path
| Rayleigh |
delay
fus

Fig. 17 Fading Menu

7. Enter the AWGN/IMP A - CONFIG... 2> I/Q IMPAIRMENTS (DIGITAL BASE-

BAND)... menu and determine the Signal Level (RMS).

B 10 Impairments A (Digital Baseband) S |
1/Q Impairments

IStatE Off I

| Offset 0.00 | % |
0.00 | % |

0.000 | dB |

0.00 |deg |

aQ Offset

Gain Imhbalance

Quadrature Offset

[+ Optimize Internal YQ Impairments For RF Qutput

Basehand Signal Level
Crest Factor 27.35 dB
Peak Level 0.01 dBfs
Signal Level (RMS) -27.34 dBfs

Fig. 18 1/Q Impairments Menu

The difference between BBRMs (see formula on page 13) and the
SIGNAL LEVEL (RMS) is the baseband insertion loss of the SMU. The

15 Rohde & Schwarz
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sum of the RF CABLE Loss, SMU BASEBAND INSERTION Loss and 3 dB

external input attenuators must be compensated with the CMU EXTer-
nal ATTenuation OUTPUT control.

Ext.Outp.Att = BbRms — SignalLevelRms + 3dB + CableLoss

=-10,29 dBfs+ 27.34dBfs+ 3dB +1,0dB
=2105dB

B WCDMAFDD Connection Control [§ PS:

Signal Off CSs: Signal On

Fig. 19 CMU External Attenuation Output

16 Rohde & Schwarz
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8. Enter the AWGN/IMP A - CONFIG... > AWGN... menu and select (dif-
fering from default):

AWGH Settings A =] '
Mode | Additive Noise x|~
System Bandwidth | 38400 [MHz ~|
Minimum HNoise/System Bandwidth Ratio | 15
Noise Bandwidth 6.200 0 MHz

Noise Level Configuration
Set Noise Level Via | CiN =
Reference Mode | Hoise j
Bit Rate |  100.000 000 |Kkbps ~|
Carrier/Noise Ratio 000 [dB |
Eh/NO 15.84 [dB -]

Noise Level {System Bandwidth) 60.00 [dBm |

!
|
Carrier Level | $0.00 [dBm |
!
|

Noise Level (Total Bandwidth) 54.66 [dBm - |

ICarrier+Nuise Level I 56.99 IdBm II

Carrier+Noise PEP | 35.59 |dBm -] <

Fig. 20 AWGN Menu
e STATE > ON
e MiNiMmumM NOISE/SYSTEM BANDWIDTH RATIO - 1.5
o REFERENCE MODE - NOISE (as defined in TS 34.121)

o CARRIER/NOISE RATIO > 0.00 dB. This allows easy comparison
since lor = loc = lor + loc - 3.01 dB.

e NOISE LEVEL (SYSTEM BANDWIDTH) - -60 dBm

When entering a realistic value for loc (e.g. NOISE LEVEL —> -60.00
dBm) the total output power lo (CARRIER + NOISE LEVEL) will display
the correct value. lo is calculated with following formula:

forldB loc/dB

lo=10* log(10%° +10%0)

After all compensation measures have been taken lo is the expected
power fed to the UE.

1MA81 17 Rohde & Schwarz
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9. The resulting CMU RF channel power may optionally be checked with a
spectrum analyser, e.g. FSQ8 in Fast ACP mode.

00

50
100

HEE

TEEE
A

=

Fig. 21 lo Measurement with FSQ

Note: For a steady FSQ power readout the SPEED parameter in
the SMU Fading Path Table may be set to the maximum
value (817.5 km/h). Be sure to reset it for BLER measure-

ments.
=% Fading A: Path Table StandardFine Delay f
1 1
1 2
State 0ff Off
Profile Rayleigh Rayleigh Rayleigh Rayleigh
Path Loss jdB 0.00 0.00 0.00 0.00
Basic Delay jus 0.00 0.00 0.00 0.00
Additional Delay/us _ |o_o00 00 0.000 00 0.000 00 0.000 00
Resulling Delay fus _ |0.000 00 0.000 00 0.000 00 0.000 00
F | Power Ratio /dB
é‘ const Phase /deg 0.0 0.0 0.0 0.0
T || Speed kmh 817.5 817.5 817.5 817.5
Freq. Ratio ||],|]|] 0.00 0.00 0.00

Fig. 22 Fading Path Table

The noise level loc may be easily measured by disconnecting the
baseband input cables from the SMU.

18 Rohde & Schwarz
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Use following settings on the analyzer:

e FREQUENCY - 2112.4 MHz

e Press MEAS > CHAN PWR AcP > CP/ ACP STANDARD > WCDMA
3GPP FwbD

e Enter SWEEP > SWEEP TIME > 58

e Press MEAS > CHAN PWR AcpP > CP/ AcP CONFIG > NoO. OF ADJ.
CHAN 2 0

e Press MEAS > CHAN PWR Acp - CP/ Acp CONFIG > FAST Acp >
ON

With the CMU OUTPUT CHANNEL POWER set to -60 dBm the expected
total output power lo is -56,99 dBm (see figure below).

@

Ref -20 dBm Att 5 dB SWI 5 s
[ I
-0 [+
I B -
o I
-0
—- 70
—- 80
| -90
—- 100
—-110
Center 2.1124 GHz 500 ns/
Tx Channel W-CDMA 3GPP FWD
Bandwi dt h 3.84 Mz Power -46.99 dBm

Fig. 23 FSx ACP Measurement
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4 CMUGo! Multi-path Fading Propagation Example Test 2a, Case 1

1MA81

CMUGO! is a software platform for easily creating automated test routines
with a CMU and various R&S test equipment required for GSM, CDMA200
or 3GPP tests. This section shows the steps necessary to perform a BLER
measurement according to 7.3 MULTI-PATH FADING PROPAGATION TEST 2A,
CASE1.

A detailed description of the WCDMA CALL SETUP and WCDMA FADING
SMU functions is given in chapter 5. The demo sequence
3GUEFADTST.SEQ included in CMUGo! note contains all performance tests
listed in the test specification TS 34.121.

Defining SMU GPIB Address

In order to use the SMU in CMUGoO! click on the menu item CONFIGURATION
- AUXILIARY GPIB PORT 1:. Set the DEVICE NAME to SMU, make sure you
have the correct PRIMARY ADDRESS and check ENABLE PORT.

44 CMUgo -

File  Measurements | Configuration ‘Window  Help
E_’* E | .,_ . Measurement Repark

Directaties. ...

Configure Tests

Rernoke Pork

Buxiliary R3232 Pork
v Auxiliary GPIE Port 15 SMU
Buciliary GPIE Pork 2

Fig. 24 AUX GPIB Port 1

Ausxiliary GPIB Port 1 =1

— Device Mame

[5MU
— Primary Address Secondary Addrezs
IEE IIZI
—EOT Mode EQS Character——————————
|1 IEI
— Timneot
Ok
O ok |
Cancel |
Enable Paort v

Fig. 25 SMU GPIB Address
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Configuring a BLER Test Sequence

A test sequence can be generated in CMUGo! by using a mouse to drag
and drop a function from the AVAILABLE to the SELECTED list. A BLER
measurement (e.g. 7.3 Multi-path Test 2a, Case 1) requires at least follow-
ing steps.

[ =]

| ltem | Selected | Description

B azic Initializing -
Skl 3G Bazeband Calibration

WwCDkA Call Setup

WCDkMA UE Fading .3 Multi-path Test 2a, Caze 1

WCDMA Call Release

Test End

m e B OO ) )

Fig. 26 BLER Test Sequence

e BaAsIC INITIALIZING — Selects the required function group, e.g. WCDMA
1900 FDD and initializes the CMU accordingly. The RF function group
must also be switched ON.

8l x
—Active function group:
¥ R
[~ G5M 400
[~ G5SM 850 Cancel |
[~ G5M 900
[~ GSM 1800
[~ GSM 1900
[~ 15136 800
[ 15135 1300

[~ I5-COM Cellular

[~ IS-COM& PCS Band

[~ 15-COM 2000 450 MHz

™ 15-COMA 2000 Cellular Band
I 15-COMé 2000 PCS Band
™ 15-COM# 2000 IMT 2K Band
¥ WCDbA 1900 FOD

[T Blustooth

[~ &MPS

[~ Audio

[~ 1xEvDO

[” External 10 MHz Reference
[~ Show CMU Repart Screen
[~ Skip the Reset [Be aware of possible malfunction)

Fig. 27 Basic Initializing
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WCDMA CALL SETUP — Performs the call. The yellow marked CHANNEL
CONFIGURATION parameters P-CPICH, P-SCH, S-SCH, P-CCPCH,
PICH and Data Information Rate are configured in this menu (see
Chapter 5). The other test specific parameters are set in the succeed-
ing WCDMA UE FADING functions.

Call Setup Configuration i @I ﬂ
—Band i Channel Configuration
- 0K
I | Oiperating Band | = [CMU Defaut [Code  [Level [dB) %
RF Downlink Channek: 10562 P-CPICH: I 0 el
Frequency [MHz): 21124 P-5CH: [ a5
RF Uplink Channel 9613 5-5CH: 45
g2y (1] TH2ZE | | PCCPCH ==
Duplex Space [MHz]: 190 S-CCPCH e ) 53
RF Level [dBrm) 06 PICH: i ) 150
AICH: 7l 5 e
DPDCH: i 3 0.3
—Call Setup
|RMC 122 kbps DLAIL =l
" Call from Mobils DPCCH/ DPDCH Offset: I 0
& Call from CMU
‘wait Before Calling [Sec.
D g Addtional Call Setup T
Maximum Time [Sec.) an Keep RAC Connection W
AMR | Additional Setfings |
Altenuations | [AnalyzerSettings
Input Attenuation (dB) 0 || Manual Level [dBm] I—g
Dutput Attenuation [dB]): 0
V¥ Manual Level follows Channel Configuration
CMU Connectar: © RF1 RF2 ¥ Autoranging

Fig. 28 WCDMA Call Setup

WCDMA FADING SMU - This function allows to enter a test case as
specified in TS 34.121 (performance tests 7.2 static propagation, 7.3
multi-path fading propagation, 7.4 moving propagation and 7.5 birth-
death propagation). By selecting a TEST NUMBER the parameters
lor/loc, loc, DPCH_ECc/IoR and BLER LimIT are preset with the appro-
priate value. When the SMU BASEBAND INPUT CALIBRATION checkbox is
ON the SMU determines the baseband input RMS level. This function
needs to be turned ON only in the first test after the WCDMA CALL
SETUP. Select RF Channel and enter the cable loss.

a x
s ~DCHP. h TCH P.
Test Mumber | 7.3 Mult-path  2a [Caze 1] 'l RF Channel w
lorfloc T UserDef 96 dB Band Select [(p Bard | =
loc -B0
—dBm — Attenuations
Information Data Fate 64 khps i — &
Instruments: SkLL CMU200 DPCH_Ec/lar —'13-3d8 able Loss
Cable Loss LIL 1 dB
— BLER Setting:
ELER Limit 10%  |-5MU Baseband Input
Mumber of Transpart Blacks 2000 ¥ Calibration
— Description
| 7.3Multipath Test 2a, Case 1 [ ok | coce

Fig. 29 WCDMA Fading SMU
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¢ WCDMA CALL RELEASE — This command releases the call.

Call Release Configuration ] | a8 x|

— Type

" Release from Mabils
¥ Releaze from Testzet ChU

W Free all CHU resources

— LCall Releaze

b amimurn Time [zec.] I 20

Fig. 30 WCDMA Call Release

e TEST END — Is necessary for all test sequences and closes unused han-
dles and frees unused memory.

contigure Testena TR

W Start Autozave Procedures

[ Dialog clozes automatically

after [Sec]: I 3
k. I Cancel |

Fig. 31 Test End
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Running the Test Sequence

Load the example Test 2a, Case 1 with CONFIGURATION > CONFIGURE
TESTS - LOAD SEQUENCE... > T2AC1.SEQ.

Start the sequence by selecting MEASUREMENTS > START from the
menu, pressing CTRL-F5 or clicking on the green arrow.

% CMUgo -
File | Measurements Configuration

I Ctrh+FS |
Crl+6

Shop

Fause ChE|+FEF
Step Ctrl+F&

Demo Maode

Fig. 32 Start Test Sequence

& CMUgo -

File Measurements Configuration

S E|b WY

After approx. 30s you will be prompted to switch ON the mobile for reg-

istration.

vessage E

Fleasze zwitch vour mobile on |

Fig. 33 Switch Mobile On

After turning the mobile ON the message will disappear as soon as the

mobile has been registered.
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e After approx. 80 seconds the test is completed and a measurement re-
port window appears.

R &l -|g/x|

File Measurements Configuration ‘Window Help

SHPENS T LS ERW| =[#]

Measurement Report Suossscmanz

Operator: naname Dignstag, 20. Dezember 2005 13:43:22
CMU Ident: Rohde&Schwarz, CIMU 200-1100.0005.02, 102652, 1°5.50¢
Options: O B17,821Varld, B52Varld, B53Var 14, B54\/ar 14, B56\ ar 14,866, COPROC_FULL B53, 855,858,845, PCMCIA

WADDCH00, U8, KO, K20, K2 K22 K23, K24, K28, K27 K28, K29 K42, Kd3 Kdd K45 K47 K48, K53,K61, K62 K63
KB4, KBS, K66, KET, K65 K69, K80, K81, K82, K83, K A4, K85, K86, KET, KE6, K02, K96, FMRE, intel Celeron TIM)
256 MB
e
Sequence: -
Test Hame and Condition Lower Limit [Upper Limit | Measured Value | PiF |
Cperating Band |, Channe! DLUL 1056279613, RF Level -50.6 dBm, Aftenvation (iw0Out) 0.07 0.0 &8
FLCRICH: 10000 o8, ALECH. -15.00 ¢B, S-SCH: -15.00 ¢, APCCPCH. -12.00 ¢B, S-CCPCH: -5.30 4B
PUCH: -15.00 o8, AICH -3.30 dB, DPDCH (Cade 6):-10.30 ¢B, DPCCHDPDCH Offset 0.00 o8
MCC 1, MNC 1, LAC 1 CaliType RMC 64 kbps DLAUL, Test Loap Mode 2
SHEE 00101012 3456063, Serial Number. 351547000551800

Call to Mobile: 1L ] passed
BLER Measurement 7.3 Muitipath Test 2a, Case 1 [ 1| 10.00% 340 %
Call Release Test: [ 1L | passed

MS Serial Humber: 351547000581600

Result: 3 Tests passed /0 Tests failed

(Exgcution T.l';ne.' 81.9 Seconds)

Ready [oLe | I
Fig. 34 Measurement Report

CMUGO! considers the CALL TO MoOBILE, BLER MEASUREMENT and
CALL RELEASE as tests and includes them accordingly in the result line.
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BLER vs. lor/loc Characteristic

An easy method for comparing different UEs with each other is a BLER
characteristic with variable Tor/loc. The following test sequence T2AC1
CHAR.SEQ based on 7.3 Multi-path fading, Test 2a, Case 1, was performed
with decreasing for/loc (12 dB to 0 dB) and constant loc = -60dBm.

4 8| -lo|x|
File Measurements Configuration ‘Window Help
EH(FENS W LR &R =l 2|
=]
Measurement Report &uesscivane
Operator: noname Maontag, 14. Novembper 2005 11:13:55
CMU Ident: Rohde&Schwarz, CIMU 200-1100.0008.02, 102652, 1¥3.80
Options: @817, 821 arl 4,832 Var 14, B33 ar1 4,834 ar 14, BI6 Yar 1 4, 866, COPROC_FULL, BA3, 643, B55 B3, PCMCIA
WODICH00, L9, KO, K20, K20, K20 K25, K24 K26, K27, K8 K29,K42, K43, K44 K45, K47, K48, K55 K61, K62, K63
KE4 KG3, K66 KGT, K68 K69 K80,K80, K82 K83 K84, K85, K86, K87, K88 K92, K96, FMRE, Intel Celeran( TH)
256 M8
bt
Sequence: -
Test Hame and Condition Lower Limit |Upper Limit | Measured Yalue | PF |
Operating Band i, Channe! DLAUL 105629615, RF Leve! -90.4 dfm, Alttenuation (ifOut) 0.0/ 0.0 dB
FLCRICH: 210,00 of, ALECH: -15.00 o, S-5CH: -15.00 o, A-CCPCH: -12.00 oB, &= CCPCH: -5.30 o8
FICH: -153.00 o8, AICH -8.30 o8, DPOCH (Code B): -10.30 o8, DPCCHORPDCH Offset 0.00 o8
MCC 1, MNC 1, LAC 1 CaiiType RMC B4 kbps DAL, Test Loop Mode 2
ISE Q1001 23456083, Serial Number: 351547000581600
Call to Mobile: [ ][ | passed
BLER Measurement 7.3 Test 23, Case 1 lasos = 12.068 [ I 10.00% 0.70 %
BLER Measurement 7.3 Test 23, Case 1 Jaslioc = 11.008 [ Il 10,00 % 115 %
BLER Measurement 7.3 Test 23, Casze 1 jarioc = 10.008 [ I 1000% 1.60 %
BLER Measurement 7.3 Test 28, Case { jowoc = 9.0d8 [ I 10.00% 2.55 %
BLER Measurement 7.3 Test 23, Case 1 ja¥ioc = &.008 [ Il 10.00 % 3.10%
BLER Measurement 7.3 Test 22, Case | jotioc = 7.008 [ I 10.00% 4.60 % _I
BLER Measurement 7.5 Test 72, Case { jotloc = 6.008 [ 1l 10,00 % 6.65 %
BLER Measurement 7.3 Test 23, Casze 1 jarioc = 5.008 [ I 1000% 9.50 %
BLER Measurement 7.3 Test 2a, Case | faifos = 4.008 [ 1 10.00 % 1285 %
BLER Measurement 7.3 Test 23, Case 1 jarioc = 3008 [ Il 10.00 % 17.85 %
BLER Measurement 7.3 Test 22, Case | lawfos = 2.0¢8 [ I 10.00% 23.60 %
BLER Measurement 7.5 Test 2a, Case 1 jarioc = {.008 [ 1l 10,00 % 29.25
BLER Measurement 7.3 Test 22, Case 1 fosfoc = 0.008 [ I 10.00% 36.40 %
BLER Measurement 7.3 Test 24, Case 1 fotloc = -1.0¢8 [ Il 10,00 % HAH
BLER Measurement 7.3 Test 23, Case 1 jarioc = -2.008 [ 1 10.00% not performed
Call Release Test: [ 1([ 1| not performed
Result:
(Execation Time: 0.0 Seconds)
[
Ready [roE | [ o [ iz g
Fig. 35 BLER vs. lor/loc
26 Rohde & Schwarz



1MA81

3GPP Receiver Tests under Fading Conditions with CMU200 / SMU

The curve has a non-linear chararacteristic and becomes rather steep with
increasing lor / loc. This region suites best for curve comparison.

50,0
BLER /

40,0
35,0
30,0
250
20,0
15,0
10,0

50

0,0

lorfloc | dB
0,00 2,00 400 6,00 8,00 10,00 12,00

Fig. 36 BLER vs. for/loc
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5 Using TS 34.121 Parameters in CMUGo!

1MA81

The receiver characteristics of the Dedicated Channel (DCH) in different
multi-path fading environments are determined by the BLock Error Ratio
(BLER) values. This section is also based on 7.3 MULTI-PATH TEST 2A, CASE
1 and shows which parameters from the test specification TS 34.121 are
relevant and how they are used in the CMUGOo! functions WCDMA CALL
SETUP and WCDMA FADING SMU.

WCDMA Call Setup

The DOWNLINK PHYSICAL CHANNEL levels and the test dependant
INFORMATION DATA RATE are configured in the CMUGo! function WCDMA
CALL SETUP and marked yellow. The non-marked parameters may be left in
default state since they are test dependant and will be overriden in the suc-
ceeding WCDMA UE FADING command(s).

a x
—Band r Channel Configuration—————————————————————
Ok
I | Gperating Band | =] [CHU Default [Code  |Level (8] |:
RF Downlink Channel 10562 P-CFICH: a0 Cancel
Frequency [MHz] 21124 P-5CH 15
RF Uplink Channel: 9613 5-5CH 15
Frequency [MHz] 19226 P-CCPCH B
Duplex Space [MHz): 190 5-CCPCH W ) 53
RF Level [dBm]: 06 FICH: F = 50
AICH: i 3 e
DPDCH: v 3 0.3
~CallSetugp——————
RMC 12.2 kbps DLAIL j
€ Call from Makile DPFCCH/ DFDCH Offset: ]
@ Call from CHMU
Wait Before Calling [Sec.
el Gl i) 0 Additional Call Setup [
taximum Time [Sec.] a0 Keep RRC Connection v
AMA ... | Additional Settings |
Attenuations 1 | Analyzer Setting:
Input Attenuation [dB): 0| | Manual Level [dBm): I—n
Output Attenuation [dB]: 0
¥ Marwal Level follows Channel Configuration
CMU Connector " RF1 ' RFZ2 ¥ Autoranging

Fig. 37 WCDMA Call Setup
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In the following list taken from TS 34.121 the according levels are marked
and apply for performance tests 7.1 Static Propagation, 7.2 Multi-path Fad-
ing Propagation, 7.3 Moving Propagation and 7.4 Birth-Death propagation .

Table E.3.3: Downlink Physical Channels transmitted during a connection

Physical Power Note
Channel
P-CPICH P-CPICH_Ec/lor =-10 dB Use of P-CPICH or S-CPICH as

phase reference is specified for each
requirement and is also set by higher
layer signalling.

S-CPICH S-CPICH Ec/lor =-10dB When S-CPICH is the phase refer-

- ence in a test condition, the phase of
S-CPICH shall be 180 degrees offset
from the phase of P-CPICH. When S-
CPICH is not the phase reference, it
is not transmitted.

P-CCPCH P-CCPCH_Ec/lor =-12 dB
SCH SCH Ec/lor =_12dB | This power shall be divided equally
- between Primary and Secondary

Synchronous channels

PICH PICH_Ec/lor =-15dB

DPCH Test dependent power When S-CPICH is the phase refer-
ence in a test condition, the phase of
DPCH shall be 180 degrees offset
from the phase of
P-CPICH.

OCNS Necessary power so that OCNS interference consists of 16

total transmit power spectral | dedicated data channels as specified

density of Node B (lor) adds | in table E.3.6.

to one

NOTE: For dynamic power correction required to compensate for the presence of transient
channels, e.g. control channels, a subset of the DPCH channels may be used.

Table 7.3.1.11: DCH parameters in multi-path fading propagation conditions (Case 1)

Parameter Test1 | Test2 | Test3 | Test4 Unit
Phase reference P-CPICH
ior/loc 9‘6 dB
1, -60 dBm /3,84
MHz
Information Data 12,2 64 144 384 kbps
Rate

INFORMATION DATA RATE is the data rate of the signal (e.g. 64 kbps for Test
2a, Case 1). It is test dependedant, but must be configured before estab-
lishing a call. This means that a call must be released and re-established
before performing a test case with a different Information Data Rate.
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WCDMA Fading SMU

The test dependant DCH parameters for the test 7.3 DEMODULATION OF
DCH IN MULTI-PATH FADING PROPAGATION CONDITIONS TEST 2A , CASE 1 are
configured in the function WCDMA FADING SMU.

8 x
— - ~DCHP ‘ TCHP.
Test Number]?.S Multi-path  2a [Case 1] j RF Channel W
lor / loc = WserDef 9E dB Band Select [0p. Band | vl
| -E0
o —dBm — Alttenuations
Information D ata Rate 54 kbps —1
. — Cable Loss DL dB
Instruments: SMLU, CMU200 DPCH_Eclar 138 8 able Loss
Cable Loss UL 1 dB
— BLER Setting:
BLEF Limit 10% |-SMU Baseband Input
Murnber of Transpart Blocks 2000 v Calibration
— Description
I 7.3 Multi-path Test 2a, Caze 1 ITI e

Fig. 38 WCDMA Fading SMU (Test 2a, Case 1)

The DCH parameters are taken from following TS 34.121 table.

Table 7.3.1.11: DCH parameters in multi-path fading propagation conditions (Case 1)

Parameter Test1 | Test2 | Test3 | Test4 Unit
Phase reference P-CPICH
ior/loc 9’6 dB
I, -60 dBm /3,84
MHz
Information Data 12,2 64 144 384 kbps
Rate

PHASE REFERENCE — The CMU200 currently supports only P-CPICH and
therefore cannot perform tests involving S-CPICH (e.g. 7.3.1.17 / 7.3.1.18).

for/loc is the Signal to Noise Ratio (SNR) between the WCDMA Output
Channel Power for and the AWGN signal level loc. (e.g. 9.6 dB for Test
2a, Case 1). The CMU Output Channel Power is equivalent to for and is
calculated as:

A

=/, + 5"’ =-60,0dBm + 9,6 dB = - 50,4 dBm

A

or oc
oc

loc is the absolute level of the AWGN interferer (e.g. -60dBm for Test 2a,
Case 1) at 3.84 MHz system bandwidth.
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Table 7.3.1.12: DCH requirements in multi-path fading propagation conditions (Case 1)

DPCH _E,
Test Number EEE— BLER
IOV

1 -14,9 dB 107
-13,8dB 10

2 =2
9,9 dB 10
-10,5 dB 107"

3 =2
—6,7 dB 10
-6,2 dB 107"

4 =2
-2,1dB 10

DPCH_ECc/IoR — is the ratio of the Dedicated Physical Channel to the signal
level IOR (e.g. -13.8dB for Test 2a, Case 1).

BLER LimiT — is the specified maximum measured Block Error Rate (e.g
10" = 10% for Test 2a, Case 1).

TEST NUMBER — Selects the test according to TS 34.121, e.g. 7.3 Multi-path
Test 5, Case 2 and sets the parameters Ior/loc (S/N ratio), loc (AWGN
level), DPCH_ECcI/IOR and also the BLER LIMIT. The fading path parameters
are also automatically confgured according to the table below.

Table D.2.2.1: Propagation conditions for multi-path fading environments

Case 1, Case 2, Case 3,
speed 3km/h speed 3 km/h speed 120 km/h
Relative | Average | Relative | Average | Relative | Average
Delay Power Delay Power Delay Power
[ns] [dB] [ns] [dB] [ns] [dB]

0 0 0 0 0 0
976 -10 976 0 260 -3
20000 0 521 -6

781 -9

UsER DEF — Indicator that becomes checked as soon as one of the parame-
ters lor/loc, loc, DPCH_EC/IoR or BLER LIMIT is changed. This indicates
that the test is no longer specified by TS34.121 but user defined.

INFORMATION DATA RATE — Indicator that shows the INFORMATION DATA RATE
of the selected Test Number e.g. 64 kbps. It must match the Information
Data Rate of the preceeding WCDMA CALL SETUP. And cannot be changed
during an established call.

NUMBER OF TRANSPORT BLOCKS — Number of blocks that are taken into ac-
count for BLER measurement. A higher number results in better averaging.
Range 1...50000.

CABLE Loss DL — Cable loss of the DownLink channel. It is calculated as
CABLE Loss DL = Pnom - Pmeas =-10,0 Bm + 11,0 dBm = 1,0 dBm

CABLE Loss UL — Cable loss of the UpLink channel. It is equal to CABLE
Loss DL in case the same cable for DL and UL is used.
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6 Additional Information

Please contact TM-Applications@rsd.rohde-schwarz.com for comments
and further suggestions.

7 Ordering information

Communication Tester

CMU 200 1100.0008.02

CMU-B17 IQ-IF Interface 1100.6906.02

CMU-U65 Measurement DSP for WCDMA / 1100.7402.02
CDMA200 - upgrade kit

CMU-B68 Layer-1 Board (3GPP/FDD,DL+UL) 1149.9809.02

CMU-B56 3GPP Signalling Unit 1150.1850.14

CMU-B21 Univ.Signalling Unit (3GPP Hardw.) 1100.5200.14

CMU-PK60 Softw.Package-3GPP/FDD/UE, TX- 1159.3355.02
Test Gen. Band 1+2+3+4+5+6

CMU-Z10 Antenna Coupler 1150.0801.02

CMU-Z11 Shielded Chamber for Mobile Sta- 1150.1008.02

tions

Vector Signal Generator

SMU200A (300 kHz to 2.2 GHz) 1125.5555.02
SMU-B14 Fading simulator 6 path, mandatory 1085.4002.02
SMU-B15 2nd Fading simulator, mandatory 1085.4402.02
SMU-B17 Baseband Inputs 1142.2880.02
SMU-K62 AWGN 1159.8511.02
Power Meter

NRP Power Meter 1143.8500.02
NRP-Z11 Power Sensor 1138.3004.02
NRP-Z21 Power Sensor 1137.6000.02
NRP-z22 Power Sensor 1137.7506.02
NRP-Z23 Power Sensor 1137.8002.02
NRP-Z24 Power Sensor 1137.8502.02

Signal Analyzer

FSQ3 (20 Hz to 3.6 GHz) 1155.5001.03

ROHDE & SCHWARZ

ROHDE & SCHWARZ GmbH & Co. KG * Miihldorfstrae 15 - D-81671 Miinchen * P.O.B 80 14 69 * D-81614 Miinchen -
Telephone +49 89 4129 -0 ° Fax +49 89 4129 - 13777 " Internet: http://www.rohde-schwarz.com

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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