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Cadlibration and Verification of
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Application Note 1MA131

Rohde & Schwarz offers complete non signalling & signalling based Production Test Solutions for WiMAX
Chipsets: From “single box” test solutions, using the R&S® CMW270 WiMAX Communication Tester, to
traditional multi-instrument setups, using the R&S® SMJ100A Signal Generator together with the R&S® FSL
Spectrum Analyser, Rohde&Schwarz provides a time and cost effective test solution. The implementation of
chipset specific Auto Test Software enables automatic Rx/Tx measurements and the realisation of a fast

calibration routine.
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The following abbreviations are used in this Application Note for Rohde &
Schwarz test equipment:

e The R&S®SMJ100A vector signal generator is referred to as the R&S
SMJ.

e The R&S®CMW 270 WIMAX Communication Tester is referred to as
the R&S CMW.

e The R&S®FSL3/6 spectrum analyzers are referred to as the R&S FSL.
e The R&S®CMWrun software is referred to as the CMWrun.

The R&S logo, Rohde & Schwarz, and R&S are registered trademarks of
Rohde & Schwarz GmbH & Co. KG and its subsidiaries.

The R&S logo, Rohde & Schwarz, and R&S are registered trademarks of
Rohde & Schwarz GmbH & Co. KG and its subsidiaries.
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In this document Rohde & Schwarz is introducing two cost and time efficient
solutions for WIMAX chipset production lines: From a “single box” test
solution, using the CMW270, to multi-instrument setup, using the Signal
Generator SMJ100A together with the Spectrum Analyser FSL.

All instruments, which can be used, have integrated WiMAX personalities
complying to the 802.16e-2005 standard. Through our cooperation with the
chipset manufacturer, the Test Software (CMWrun) is customized to the
chipset and enables our customers the realisation of fast calibration and
verification routines with automatic Rx/Tx measurements.

Test Features

Calibration Measurement

Supports GCT’s Reference
Calibration Tests

e RSSI parameters
e TX Output power

e Flexible settings of
frequencies (separated in
static and variable part)

Verification Measurement

Supports GCT’s Reference
Verification Tests

RSSI

CINR

Constellation Error (EVM)
Tx Output Power
Spectrum Mask

Flexible setting of
frequencies and test depth

Benefits

significantly

subsidiary.

e Stability, repeatability and measurement speed is improved

e The test Software is customized to the requirements of the
specific chipset to speedup test processes.

e Flexible signal generation by utilizing integrated WiMAX
personality for quick adoption to new measurement task.

e Cost efficient solutions - please check pricing with the local R&S

Rohde & Schwarz
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2 Test Setups

Two different test setups are available.

CMW 270

The CMW270 Mobile WIMAX Communication Tester combines signal
analysis and signal generation in a single instrument. For time optimized RF
calibration in non-signaling mode, the CMW270 provides fast transmitter
measurements and a versatile arbitrary waveform generator for receiver
testing.

R&S CMWZ270

RF Chipset
= [Device Under Test)

e
A

LAN JIEEE 488.2 PCMCIA fUSB / LAN

PC with Automatic Test Software
{CMWrun)

Fig. 1 - R&S Test Setup with CMW270 and CMWTrun

Rohde&Schwarz’s solution provides a manageable test setup: The Device
under Test (DUT) can be connected via USB or LAN to a notebook or PC.
The CMW270 can be easily integrated into production lines by remote
control via LAN or USB and IEEE 488.2 (GPIB).

The software CMWrun is designed as a Sequencer for different Software
Tests with R&S instruments. It is also used to control the R&S Test Solution
for WiMAX Radio Conformance Testing.

1MA131_le 4 Rohde & Schwarz
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FSL & SMJ100A

The alternative setup is based on Spectrum Analyzer FSL and the Signal
Generator SMJ100A which can be remote-controlled via |IEEE 488.2
(GPIB) or LAN. Figure 2 shows the principal test setup. For generating the
signals the arbitrary waveform generator or the WiMAX option for the SMJ
can be used. Also for the FSL the WiIMAX option has to be available.

R&S FSL
i
i Chipzet
R&S Trigger - Coupler  a——m (Device Under Test)
SMJ 100A Reference
A
RF

LAN / IEEE 488 2 LANfUSB

PC with Automatic Test Software
{CMWrun)

Fig. 2 - R&S Test Setup with the SMJ100A and FSL

3 Hardware and Software Requirements

Test & Measurement Instruments

e CMW270 WIMAX Communication Tester
or

e Signal Generator SMJ100A together with the Spectrum Analyzer
FSL

1MA131_le 5 Rohde & Schwarz
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PC Hardware Requirements for Test Setups with CMWrun

Minimum Recommended
CcPU Intel® Pentium M Intel® Core™2 Duo Processor
Prozessor 1,4 GHz 2 GHz
RAM 512 MByte 1024 MByte
Hard disc 100 MByte free hard disc space
Monitor XGA colour monitor, resolution 1024x768 or better
Remote GBIP, LAN or USB
Control
DUT . .
Control Depending on the device

PC Software Requirements for CMWrun

oS Windows XP32 Bit incl. Service Pack 2

oS Administration rights
add-ons Microsoft NET Framework 2.0 or higher

VISA R&S VISA or different VISA solution

4 Example: Testing GCT GDM 7205 with the CMW270

In cooperation with GCT Rohde&Schwarz offers a customized chipset test
solution for the GCT GDM 7205 WiMAX chipset.

In the following you find in detail the system settings for our test solution,
the calibration and verification measurement and the approach for TX- and
RX- measurements. This Application Note is focused on the CMW270. If
support in testing the GCT GDM 7205 with the SMJ100A and the FSL is
needed please contact your local Rohde & Schwarz Application or Sales
Engineer.

Fig. 3 - R&S Test Setup (CMW270)

1MA131_le 6 Rohde & Schwarz
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CMW270 - The all-in-one solution for IEEE 802.16e WiMAX
mobile station testing

¢ WIMAX mobile station testing in accordance with the IEEE
802.16e standard and the system profiles of the WiMAX Forum

¢ Non-signalling mode for time optimized RF alignment

e Signal analyzer for transmitter measurements and versatile
arbitrary waveform generator for receiver testing

e Base station emulation for RF verification with WiMAX real-time
signalling

e RF generator and RF power meter for additional general-purpose
measurement

5 Installation Instructions

1MA131_le

For the use of the Automated Test Software CMWrun together with the
CMW270 for WIMAX chipset testing please follow the installation sequence
on your local computer as per particulars given below:

1. Microsoft .NET Framework 2.0

2. R&S CMWrun

3. CMWrun will automatically install R&S VISA, if no VISA installed
4. GCT WiBro Protocol Driver

For further installation information and support please contact your local
Rohde & Schwarz Application Engineer.

7 Rohde & Schwarz
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6 System Settings

1MA131_le

This chapter describes the configuration of the GCT GDM 7205 chip with
CMW270 and CMWrun.

R&S®CMWrun

g%uns &SCHWARZ

GCT WiBro Connection Manager for Manual control for GCT device.

GCT WiBro Connection Manager v1.51

Satting Shatus

Help GCT WiBro DM Messaze.

GCT WiBro Connection manager,

22:17:11:933] Device Init Start
221171111923] ReqCallBack
22:17:11:948] Find WiBiro Modernit

[22:17:11:948] [MNDISIMTU size is 1500 bytes

22:17:11;964] +ReadEapThreadStart
22:17:111964] SCStatusCheck Thread start
22:17:11:964] [MDISReadThread create Ok
2211711119807 PKMInit

22:17:11:995] SCardStateThread: SCard emply

[22:17:12:026] -ReadEapThraadStart
[22:17:12:026] +RcvEapThread
[22:17:12:042] Iniit Succesd
[22:17:12:08%] DeviceInit end
[22:17:12:933] SetRAlp
[22:17:18:448] [Mull]-=[ OukOfZane]

22:17:11:933] GCT WiBro Connection Manager w151
22:17:111933] [NDIS JNdisQueryOID: Invalid handle

22:17:11:948] [MDIS gseSreMac Addr[0][ 13][21] 10T e T7d]

[22:17:11:964] [NDISNdisIndicateThread create OK

22:17:12:011] [API]We have no EAP-AKA parameters(Emulator]

Exit ‘

E

Drebug Screen

Command
|

Open SCR ‘ RUM SCR

Fig. 4 - GCT WiBro Connection Manager (WCM Tool) with DM
console

8 Rohde & Schwarz
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Instrument Settings

After connecting the measurement devices via LAN or GPIB according to
the test setup and starting CMWrun, the connection to the measurement
equipment has to be configured in the SCPI-Connection menu of CMWrun.
This connection will remain established in subsequent test cases and tests.

CMWrun basic settings

CMWrun is based on a modular structure. Hence it is easy to configure the
settings for a specific device under test.

Ewamples
4 Standard
4% GCTWiMAXPhpsicalT est.dl
ITH GCTwikAsPhyzicalT est
a8y GCTWiMARRFAlgnment dl
iTh GETwWikd2xRFAlgnment
Wit T stz

Fig. 5 - Delivered and used libraries

The GCTWIMAXRFAIlignment.dll is the main component of the customized
automated test. In this library Rohde & Schwarz implemented the specific
parameters and settings for the GCT chipset calibration and verification
measurement according to [1].

The control of the chipset is done via the Wibro DM Tool (based on Telnet)
which is provided in CMWrun via the module TelnetLib.dll. Additionally
needed is SettingsFileEditor.dll for modifying the calibration file.

9 Rohde & Schwarz
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Wibro DM Tool (GCT Chipset configuration Tool)

This picture shows order of progressing boot-up device. If you want to see
this message, you should type ‘q’ on the input line.

a x
EVUT_SCAM_CHMPLT: Bx8 Bx182 0:36818cc1 B:FFFfffbo BRFFFFFFfC ;J

EUT_SLEEP: Bz22783e

Rate T#=8k bps, Rx=8k bps, HRRErr=8

PER MAP=(1,1)/2088, Burst=@/8, PDU=-08/2, Tot=(1378,1378)/9400,08/0

Link Cell=0z150150({Fff541a43), BSID=818283018cc1, FA=1, ST=STBY//BCS/FCS
PC Power=8{8,08),8, NI=-8,-126, Ofs5=8,8(0), Mode=CL(@)

uL : Time=-588, Perm=8, Schz=8, BR=8,8(8,8)

DL CINR=-4,-4, AGC=08x2b,08x2f, Fo=-48({-44,-37), RSS5I=-74,-71, #5L=0,1
HO Drop=8/8(8), P={8x0,8215), L=8(8), 3T=A, RGH=(8,8,08)

Queue

BGS (015,292 ,-77),({Bx54 ,153,-78),(0=1a,77,-88), (056 ,8,-8B7)

Burst: DL={ 3 UL={ }
MOB_NBR_ADU_RCUD

HOB_NBR_ADU_RCUD

MOB_NBR_ADU_RCUD

CHD_WAKEUP:

CHD_START SCAM: Bx3

EUT _SCAM CHPLT: Bx@ B8x182 Bx3810cci BRFFFFFFD6 BREFFFFFFC
EUT SLEEP: Bx22f6F6

Rate T=#=8k bps, Rx=8k bps, HR=Err=8

PER MAP={6,6)/288, Burst=8/8, PDU=8/2, Tot={1384,1384)/9688,08/8

Link Cell=0x158158({ff541a43), BSID=818283818cc1, FA=1, ST=STBY//BCS/FCS
PC Power=8{8,8) ,8, NI=8,-126, Ofs=8,8(A), Hode=CL (@)

UL : Time=-588, Perm=8, Schz=8, BR=8,8(08,8)

DL CINR=-4,-4, AGC=08x2b,Ax2e, Fo=-37(-44,-38), RSSI=-74,-71, #HSL=0,1
HO Drop=8/8(8), P={8x0,8215), L=8(8), 3T=8, RGH=(8,8,8)

Queue

BCS (Bx54,2082,-78),(0x15,283,-78),(0x1a,85,-79),(08x43,9,-83)

Burst: DL={ } UL={ }

CHD_WAKEUP :

CHD_START_SCAM: 8x3

EUT_SCAM CHPLT: 8x8 8x102 8x3018cc1 OxfFffffbé BxFFFffffc
EUT_SLEEP: Bx2375ae

D>

ST

iNetwurkEntry :! Command | Download Image Parameter setting | Exit I

Fig. 6 - DM console in the GCT WiBro Connection Manager (WCM Tool)

1MA131_le 10 Rohde & Schwarz
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GLT WiBro Parameters I g

WiBro Information Board configuration Temperature Characteristics
Yalue | Mame & | Yalue | Hame - Walue | Mame I -
F20F Magic F20f Magic 720F Magic
2 Wersion 2 Version 2z Wersion b
0 CRC 1] QRC ] CRC
001321106c7d MAC address 0140 RF ctel polarity #0 0 Waild
0 Band sl code =1 | oo RF ctel polarity #1 * of:23_ADC_idd0]
0 FA list size 0} RF Tx Biss kil of23_ADC jdd 1]
0 Fa list #0 (kHz) 0 RF MT Ofs #1 4 ofs23_ADC_id¥[2]
0 Fa let #1 [kHz) ] RF MT OF: #2 e U ofs23_ADC_ide[3]
0 Falist #2 (kHz) ] LI Lewel Trans 4 ofs23_ADC_idd4]
0 Fa et #2 [kHz) 0000 LED{0] @ ofs23_ADC_idv[5]
0 Fa lst 44 (kHz) 0o LED[1] 2 ofsz3_ADC_id[5]
0 Fa list #5 (kHz) M ] LED[7] = 55 ofs23_ADC_idd7]
1] | » ¢ \ 5 ofs23_ADC i3] v
RF calibration RF calibration |rs o0 hd Temperature Characteristics [ram v
Yalue Marne & | Walue | Hame - Yalue | Marne I -
FaOf Magic 1 valid 1 Waild
Z Wersion 2336000 freq(kHz) 2336000 Freq(kHz)
0 RC [} ssi_ofs0_{ x® ofs23_CF[0]
1 walid 1] rssi_ofsi_2 24 ofs23_CF[1]
0 DCC offset i ] rssi_ofsi) 3 e} ofs23_CF[z] b
0 D offset g 1] rssi_ofsl 1 7 ofs23_CF[3]
0 R imb =~ [ vesi_ofsl 2 2 of23 CF[4]
0 R qimb 0 rssi_ofsl 3 2 of23_CF[5]
0 PAGS th vl o te_res 19 ofs23_CF[6]
4 | | » 1] cint_ofsl 19 ofs23_CF[7]
0 cine_ofsl 18 of23_CF[3]
1] tpwr _valid 17 of23_CF[4]
0 te_tpwr 1% of23_CF10]
0 ok 1 ofs23_CF[11]
1] cparall 14 ofs23_CF[12]
1] cparal 13 of:23_CF13]
] cpara? b |8 of23_CF[14]
1] cparad i ofs23_CF[15]
] cparad 10 ofs23_CF[18]
1] cparas 9 ofs23_CF17]
1] cparsh ] of:23_CF[18]
0 cpars? ud 8 ofs23_CF13]
« | » 5 of23_CF[20] -
Load Fram File | Save ToFile | Load TC dats | Save TC data | Dawnlazd | Close |
|NetwurkEmry j Command | Dawnload Image | Patameter setting | Exit |

Fig. 7 - GCT WiBro Connection Manager (WCM Tool) Parameter
Information

You can see, check and modify DUT’s hardware options by clicking the
parameter setting option. For example, you can change the temperature
characteristics.

Download Image (Kernel, FS, ZI

Image Type IKer’nel Image ;i

| File

Cownload Cloze

This picture shows when you click Download Image. You can use this
option when you want to update DUT’s firmware.

1MA131_le 11 Rohde & Schwarz
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Below you find several command words so that you can run and see some
of DUT’s information on the Wibro DM. The Wibro DM is based on the
Telnet mode.

e (: you can see bhoot-up progress and some of progressing
information.

e Cfg band: this shows Frequency’s information.
For example...
DM> cfg band
Usage: cfg band [Bandwidth_MHZz]

Band=8.75M, FFT=1024, TTG=218, RTG=186, #UL=15, #DL=27,
UL-SCH=35, Fs=10.0, Frame=12500, Sym=288

e Sf: you can see all of frequencies and FA supported by DUTSs. Also,
you can add frequencies missing on that screen.

Usage: sf [chan_idx freq_kHZz]
e Test: you can test rx/tx giving some CID information.
DM> test iut-rx 0x1234
IUT-Rx mode: CID=0x1234, Drop=0
DM> test iut-tx 0 0 100
IUT-Tx mode: pattern=0, length=0, CID=0x64

7 Calibration and Verification
Calibration routines are required to calibrate and balance the internal
components of the DUT.

Following WIMAX settings (as recommended by GCT) will be used in
calibration and verification:

e Bandwitdh: 10 MHz

e Framelength: 5 ms

e FFT size: 1024

e Guard period: 1/8

e Uplink:
o0 Number of symbols: 15 (w/o control region)
o Slot count: 175
0 QPSK % (2= Coding)

1MA131_le 12 Rohde & Schwarz
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Calibration

According to [1] the calibration is separated in static and a variable part. In
the static part RX and TX deviations are measured over many frequencies,
in the variable part the gain changes over a less amount of frequencies.

IQ Calibration

In the first step an 1Q calibration is necessary. This is done automatically by
the DUT. Additionally a calibration file is generated in the device and also
copied via USB to the controlling PC.

Calibration of the Tx characteristics

Tx Power calibration ensures that the DUT transmits the defined power
levels after the calibration. The CMW270 is configured to measure the
power of the signal. The expected levels of the measurements are
configured in CMWTrun. In the static part the power is measured via
demodulation of the WiMAX signal, in the variable part a CW signal (‘tone’)
transmitted by the DUT is measured. The TX output power of the DUT is
compared to the target power followed by an adjustment if necessary. The
correction values are stored in a calibration file on the controlling PC.

Calibration of the Rx characteristics

The CMW270 generates a specified continuous Wimax waveform at a
defined frequency. The DUT measures the power and reports it to the
control software. Both are compared. In case of any differences the
software store the respective correction value into the calibration file.

Testplan

The routines described above are chipset specific. Therefore it is necessary
to create a specific Testplan for each device under test. The Testplan
contains the main functionality. You can easily set up our test plan by
selecting the desired test module provided by Rohde & Schwarz. For an
example of calibration and verification measurements in a Testplan please
refer to the next figure.

GCTWiMAXPhysicall est x]

P pun | Idle | & parameters

GCT'WikddPhyzicalT est
a1 GCTWiAXPhysicalT est
Feceiver_taximumT olerable_5_1
'Iiz Receiver_Sensitivity 5 2
Feceiver_RSSI_5 6
Feceiver_CINR_5 7
'Iiz Feceiver_AdjacentChannelRejection_5 8
TE| Receiver_MonAdjacentChannelRejection_5 3
'EE Feceiver_MaximumlnputSignal 5 10
'EE Tranzmitter_SpectralFlatness 64
TE] Tranzmitter_R elativeConstellationErmror_E_5
'Iiz Tranzmit_Synchronization_&_E
'nz Tranzmitter_Spectraltazk_E_7
TE| Tranzmit_ConductedS puriousE miszions_E_8
TE| Tranzmitter_DynamicRange 69

Fig. 8 - Creation of a new Testplan

13 Rohde & Schwarz
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Properties can be used to parameterize the Testplan. It is possible to edit
the properties in the CMWrun by double-clicking the appropriate test.

Properties
H H H “ H H » o
To edit the properties double-click on the “GCTWiMAXPysicalTest” in the
testplan.
Properties =
| Goneral | ASS1 ffset | GINA Ofset | 19 Diset | T« G Diet
Lot WIMAX Profie: [ 1B_5M =
Test Frequenccy 0 2532000/
Test Frequenccy 1 2546000 External Connection
Test Frequencey 2 2585000 =
RF Rauting @ RF1 COM
Test Frequenccy 3 25532500| =
) RF2 COM
Test Frequenccy 4 2560000
Test Fi 5 2583500
i ke Input attenuation (dB): 18.0
Test Frequencecy B 2550000 a0
e Clutpui ath tion(dB Pty
Test Frequencecy 7 2562500 ulpt attenuation(2E]
Test Frequenccy 8 2Bd1500. [] Estemnal Atteruatoin Table
Estemaltitten 2 3G tet
Test Contral Flash Cantrol
Physzical Syne time-out (ms]: 3000 @ Clear All RF BLOCK
Test ieport interval time (ms): 500 ) Update RF BLOCK.
Wait befor Phpsical Spne (mel: 300
[ok ][ #eb ][ Cencel

Fig. 9 - Properties of the Calibration Measurement

Test Freguencies

Here you can enter up to nine test frequencies in the range 2300000
KHz...2700000 kHz. The reference frequency can see on the GCT
Connection Mager (WCM). The calibration is divided in a static and a
variable part where you can select the wanted frequency indices. The
default setting is recommended by GCT.

WiMAX Profile

Here you can enter which WiMAX profile shall be used.

Test Control

Test setup for Physical Sync. Time-out, Test report interval time on the
DUT side, Wait time before the try to physical sync.

1. Physical sync time: this option means that DUT’s sync time to connect

2. Test report interval time: this option can set each test interval time

3. Wait for Physical Sync: this means when DUT is connected successfully

1MA131_le 14 Rohde & Schwarz



Chipset Production Testing— GCT GDM 7205

External Attenuation

Depending on the test setup and the physical connection between the DUT
and the CMW?270, the external attenuation has to be configured. In the test
setup the CMW is used as signal generator and signal analyzer. The
measured attenuations for both signal directions have to be configured.

Calibration settings
Calibration setup for each item, RSSI, CINR, 1Q offset, Tx Gain Offset.

Verification with test mode (non signaling)
The verification consists of two parts: RX Verification and TX Verification.

Common for both parts is the setup of the frequencies and the external
attenuation.

Test Freguencies

Here you can enter up to eight test frequencies in the range 2300000
kHz...2700000 kHz.

External Attenuation

Depending on the test setup and the established connection between the
DUT and the CMW?270, the attenuation has to be configured. In the test
setup the CMW is used as signal generator and signal analyser. The
measured attenuation for both functionalities has to be configured.

WIiMAX Profile

Here you can enter which WiMAX profile shall be used.

Test Control

Test setup for Physical Sync. Time-out, Test report interval time on the
DUT side, Wait time before the try to physical sync.

Test settings

Test setup for each item, Rx test, Sensitivity test, Flatness & constellation,
Spectrum and dynamic test.

RX Verification

The following tests verify the receiver calibration. To perform these tests,
the signal generator of the CMW270 is controlled by CMWrun to transmit a
specific test signal with dedicated frequencyl/level settings. The level error
and CINR will be measured by the device and reported back to the
CMWrun.

1MA131_le 15 Rohde & Schwarz
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|Properties

b awimum Tolerable setting b azimum Input zetting

Test Vector: 720_CTC_OPSK_12wy|  TestVector 7201_CTC_QPSK_12we

Test Level (dBm): 0.4 Test Level [dBm]: -30._0

Test duration [sec): 60 Measurament delay [ms): 2000

[7] Receiver Sensitivity meazurement enable Test Limit [%): 0.0

Test Level (dBm): -85.0

M easurerent delay [ma): 1000

Test Limit [+-dBm]: 0.0

CIMNF zetting RS5| zetting

Test Wector LevelldB) Test Vectar 7201_CTC_QPSK_34.we

[E 1C1 20 _CTC_OPSK_3dwy

T2 Test Start Level (dBm]: | -SIZI.D_

M TC3 Test Step Level [dB): -20.0
Test Stop Lewvel (dBm): -40.0

Test Level [dBm): -B5.0 ; Y
Measurement delay [ms]; 15800

teazurement delay [mz): R00 Test Limit [+dBm: 5

Al L 2 [¥] B2 Measurement enable

| 0k ] | Apply | | Cancel

Fig. 10 - Properties of verification RX

Rx Level

You can enter four RX levels and also select which level shall be measured
on which frequency. The measurement will also be done on the second RX
connector of the DUT (RX1).

Rx Sensitivity

You can select the frequencies for the sensitivity measurement. The
measurement can be either done on the fixed downlink level of test level
dBm or with ‘Limit Search’ in a range from test level to when the
measurement PER was out of limit in level step size. For sensitivity test
GCT provide 8 different testvector files (ARB files). QPSK1/2, QPSK3/4,
16QAM1/2, 16QAM3/4, 64QAM1L/2, 64QAM2/3, 64QAM3/4, 64QAMS5/6

CINR Level
You can enter the test settings for CINR, 3 test cases are supported.

For each test case, enter the the name of the testvector file (ARB file) and
test.

16 Rohde & Schwarz
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Tx Verification

| Properties

 Physical seting [ P test seting [ Sensiivy seting | ACR set cctum setir 41>
Tx test zetting Demadulation setting
Target Power zetling [dBm]: 230
Test Level [dBm]: -B5.0 1D Cell: 2
teazurement delay [mz) 500 1L Ctl. Rangs 3
Constellation setting Frame Length: 12
Test case Test vector Test Limit Slat Length, 140
[¥] QPsK.1/2 7201_UL_QPSK_12w -1z20
[C] OPSK 3/ 7201_UL_QPSK_34.mv 180
] 160AM 1/2 F201_UL_160AM_12.wy -205
[C] 1504M 324 F201_UL_1B0AM_34.my -24.0

Flatness setting
Spectrum flatness [+-dB +Muszed/d ~ +1 =20 20
+MNused/d ~ +- Nused/2 -4.0 20
[¥] Difference measurement enable

difference lirit [+-dB] 0.4

Synchronization zetting
Frequency offget (ppm): 0.0z

Measurement limit [+-Hz) 200

| 0K ]l Apply || Cancel

Fig. 11 - Properties of Verification Tx

The purpose of this test is to verify the accuracy of the Tx calibration on one
absolute and a relative power measurement over the Tx range. For both
parts you can select the frequencies separately.

The relative measurement is taken in 1 dB steps from -20 dB gain up to
+23 dB gain. After the measurement a post processing is done where the
relative errors of particular steps ( -5 dB, 0 dB, 5 dB,) are calculated and
displayed. These limits are:

e Delta=1dB: 0.5dB
e Delta=2dB: 1.0dB
e Delta=3dB: 15dB
e celse: 20dB

You can also enter the Tx limits for the absolute power measurement and
the EVM.

Demodulation setting

You can enter the test parameter for WiMAX demodulation. For example ID
Cell, UL Ctrl. Range, Frame Length, Slot Length.
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Verification signaling

Test depth will be significantly improved by verification under signaling
conditions, thus also verifying higher layer inter-working in a real world
scenario in order to guarantee a positive end-user experience by assuring
immediate and successfull connection to the WiMAX network.

Realtime signalling allows testing the full functionality of a mobile station like
in mobile WiMAX network operation, i.e.:

e Receiver sensitivity (PER)
¢ WIiMAX signalling test
o Initial ranging
o Network registration
o Periodic ranging
o Data transfer (MAC)
e Channel Reporting
0 CINR (carrier to interference and noise ratio)

0 RSSI (receive signal strength indicator)

For customers using the R&S CMW270, a dedicated signalling HW/SW
option as well as a module for CMWrun is available, making cost and
resource intensive maintenance and adaptation of “Golden Sample Base
Stations” within the production lines obsolete.

4 WiMAX Signaling

Path: RF Output (Tx)/RF Routing

: General Settings

- Frequency 25000000000 GHz =
-~ Bandwidth 10 ¥ MHz
E| RF Input (Rx}
F Routing Path: RF-Rx1 = Connector: RF1 COM =
i *~Expected Peak Envelope Power 0.00 dBm DUT Info
E-RF Output (Tx}
#~RF Routing Path: RF-Tx1 = Connector: RF1 COM =
“-Tx Power Data Carrier —60.000 PER
Results
| = MS Channel
&+{DUT Info | Report
iMAC Address Result G
MAC Version Result 1
UL Transport CID e
DL Transport CID e
ARQ Support True Message
i~Time Adjustment Result 0.000 Pz Lagger
L. Carrier Freq Error Result 0.000 Hz |
E-PER WiMAX
-MS Channel Report Signaling

I

Config...

Fig. 12 — Operator interface of the R&S CMW-KS700 option for WiMAX
signaling tests
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Verification with signaling automatically works with all chipsets, as the
communication is specified by the IEEE802.16e standard. As there’s no
special adaptation to the individual chipset necessary, this application note
mainly discusses the non-signaling verification. Please ask your local
Rohde & Schwarz representative for a signalling demonstration.

8 Measurement Report

1MA131_le

CMWrun provides a measurement report for each Testplan. For the
verification it shows the measured parameters in a table layout with limit
checking.

Test description | Min.-LL| Max.-UL| Result\.l’alue| U||il| Status
Receiver CINR test, Test Frequency: 2304500KHz
Receiver CINR - measured Test Level = -85.0d8m | 24| | 28| dBm | Passed
Test description | Min.-LL| Mnx.-UL| ResuItVaIue| Un'rt| Status
Receiver CINR test, Test Frequency: 2313500KHz
Receiver CINR - red Test Level =-65.006m [ 24] = 28] dBm|Passed
Test description | Min.-LL| Max.-UL| ResuItVaIue| U||il| Status
Receiver CINR test, Test Frequency: 2322500KHz
Receiver CINR - measured Test Level =-85.0d8m | 24 | | 28 | dBm | Passed
Test description [ MiniLL] MaxUL| ResuftValue] Unit| Status
Receiver RSSItest, Test Frequency: 2304500KHz
Receiver RSSI - Rx1 measured Test Level = -80dBm -85 -74 -749| dBm|Passed
Receiver RSSI - Bx2 measured Test Level = -80dBm -85 -75 -79| dBm|Passed
Receiver RSSI - Rx1 measured Test Level = -60dBm -B& -548 -68| dBm|Passed
Receiver RSSI - Rx2 measured Test Level = -60dBm -65 =55 -61| dBm|Passed
Receiver RSSI - Rx1 measured Test Lovel = -40dBm -45 -38 -38| dBm|Passed
Receiver RSSI - Bx2 measured Test Level = -40dBm -45 23D -40| dBm|Passed
Test description MinLL Max/UL| ResultValue| Unit| Status
Receiver RSSItest, Test Frequency: 2313500KHz
Receiver RSSI - Rx1 measured Test Level = -80dBm -85 -74 -749| dBm|Passed
Receiver RSSI - Rx2 measured Test Level = -80dBm -85 -75 -79| dBm|Passed
Receiver RSSI - Rx1 measured Test Level = -60dBm -B5 -55 -58| dBm|Passed
Receiver RSSI - Rx2 measured Test Level = -G0dBm -65 =55 -61| dBm|Passed
Receiver RSSI - Rx1 measured Test Level =-40dBm -45 -35 -38| dBm|Passed
Receiver RSSI - Bx2 measured Test Level = -40dBm -45 -35 -40| dBm|Passed
Test description MinLL Max/UUL| ResultValue| Unit| Status
Receiver RSSItest, Test Frequency: 2322500KHz
Receiver RSSI - Rx1 measured Test Level = -8008m -84 -74 -749| dBm|FPassed
Receiver RSSI - Rx2 measured Test Level = -80dBm -85 -75 -78| dBm|Passed
Receiver RSSI - Rx1 measured Test Level = -60d8m 65 -54 -58| dBm|Passed
Receiver RSSI - Bx2 measured Test Level = -60dBm -65 =55 -60| dBm|Passed
Receiver RSSI - Rx1 measured Test Level = -20dBm -45 -34 -38| dBm|Passed
Receiver RSSI - Bx2 measwured Test Level = -40dBm -45 23D -40| dBm|Passed

Fig. 13 - Report Rx verification

Test description [ Min/LL] MaxUL] ResultValue] Unit] Status
Receiver Sensitivity test, Test Frequency: 2304500KHz, MCS = OPSK 172
Receiver Sensitivity Test Level =-34.56d8m —] 10.0] 0] %[Passed
Test description | MinLL| MaxUL| ResuftValue] Unit| Status
Receiver Sensitivity test, Test Frequency: 2313500KHz, MCS = OPSK 1.2
Receiver Sensitivity 7est Leve/ = -84.56d8m = 10.0] 2] w%[Passed
Test description | MiniLL| MaxUL| ResultValue] Unit| Status
Receiver Sensitivity test, Test Frequency: 2322500KHz, MCS = OPSK 172
Receiver Sensitivity Test Level =-34.56d8m [ —] 10.0] 2] ®[Passed
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Test description | MiniLL] Max/UL] ResultValue] Unit] Status

Receiver Maximum Input test, Test Frequency: 2304500KHz
Input - m ed PER Test Level=-30.0d8m [ =] 10.0] 0] %[Passed
Test description | MiniLL| Max/UL| ResuftValue| Unit| Status

Receiver Maxi Input test, Test Frequency: 2313500KHz
Maximum Input - measured PER Test Levil =-30.0cd8m [ =] 10.0] 0] %[Passed
Test description | Min/LL| MaxUL| ResultValue| Unit] Status

Receiver Maximum Input test, Test Frequency: 2322500KHz
Maxi Input - measured PER Test Level =-30.0d8m [ ] 10.0] 0]  %[Passed

Fig. 14 — Report Rx verification: Sensitivity

Test description [ Min/LL MaxUL] ResultValue] Unit] Status
Transmitter Dynamic Range, Test Frequency: 2304500KHz
Maxium out power Target power: 23d8m 21 24 21.12| dBm|Passed
Dynamic range start Target powear: -20cd8m -208( dBm|Passed
Relative - Target power: -19dBm, Measured power: -
-19.9dBm dieita power: -0.93q8 o 13 JRBEZ) 8| RaseRd
Relative - Target power: -18dBm, Measured power: 7
~19.04Bm deita power: -0. 598 = e i T
Relative - Target power: -17dBm, Measured power: % %
-1B.04BIM dleita power: -1, 04cA 2 08 L0 o Rdsged
Relative - Target power: -16dBm, Measured power: z
17.10Bm daita power: -0.9008 iz 8 | gl e
Relative - Target power: -15dBm, Measured power: i
16.2dBmn defta powsr: -0.5908 0.3 0.5 0103  dB|Passed
Relative - Target power: -14dBm, Measured power: =
_15.4dBm delta power: -0, 738 0.5 0.5 0.268| dB|Passed
Relative - Target power: -13dBm, Measured power: _ _
-14.3dBm dieita power: -1.1508 - . et G ey
Relative - Target power: -12dBm, Measured power: -
-13.3dBm dieita power: -0.9068 0 L L i e
Relative - Target power: -11dBm, Measured power: &
-12.50Bm dieita power: -0.578 o8 03 S R
Relative - Target power: -10dBm, Measured power: % %
-11.4dBm dieita power: 10968 o i s ] hesees
Relative - Target power: -2dBm, Measured power: -10.5dBm =
dietta power: -0.00cE 0.5 0.5 0.095 dB|Passed
Relative - Target power: -8dBm, Measured power: -9.66dBm =
delta powsr: -0. 5608 0.5 0.5 0.133 dB |Passed
Relative - Target power: -7dBm, Measured power: -8.34dBm i i
delta powsr: -1 3108 0.5 0.5 0.31 dB |Passed
Relative - Target power: -6dBm, Measured power: -7.46dBm =
delta power: -0 5708 0.5 0.5 0127 dB |Passed

Fig. 15 - Report Tx absolute and Tx relative

Test description | Min.-LL| Max.-UL| Result\.l’alue| Unit| Status
Transmitter Relative C llation Error, Test Frequency: 2304500KHz
Relative Constellation Error - data and pilots Target power: s & =
92 0B 100 12 31.384 dB |Passed
Maximum Owutput Power 7Target power: 25.0d8m 21 24 21.227| dBm|Passed
Test description Min/LL Max/UUL| ResultValue| Unit| Status
Transmitter Relative Constellation Error, Test Frequency: 2313500KHz
Relative Constellation Error - data and pilots Target power: I % K
59 0ctBm 100 12 31.624 dB |Passed
Maximum Output Power Target power. 23 0dBm 21 24 21.272| dBm|Passed
Test description MinLL Max/AUUL| ResultValue| Unit
Transmitter Relative C llation Error, Test Frequency: 2322500KHz
Relative Constellation Error - data and pilots Target power: E % j
92 0ciBr 100 12 31.683 dB |Passed
Maximum Cwtput Power 7Target power: 23.0dBm 21 24 21.314| dBm|Passed

Fig. 16 - Report Tx Constellation Error and Flatness
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Test description MaxUL[ ResultValue] Unit] Status

Spectral Fi Test Frequency: 2304500KHz

Flateness Cuter upper 2.0 073 dB |Passed
Flateness Quter iower 20 -0.56 dB|Passed
Flateness /nhet uppar: 2.0 0.23 dB |Passed
Flateness Inner fower 2.0 0.23 dB | Passed
Test description Max/UL| ResultValue| Unit| Status
Spectral F , Test Frequency: 2313500KHz
1 Flateness Cuter upper -4 2.0 0.76 dB|Passed
Flateness Quter iower -4.0 2.0 -0.57 dB |Passed
Flateness /nner upper: -2.0 2.0 0.21 dB |Passed
Spectrum Flateness inner iower -2.0 2.0 0.21 dB |Passed
Test description [ Min/LL] MaxUL] ResultValue[ Unit[Status
Tr: i Spectral Fi Test Frequency: 2322500KHz
Physical syic. error Test Level: -55.0dBm [ —] ] - - .

Fig. 17 - Report Tx Spectral Flatness
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Literature
[1] GCT Semiconductors

[2] The IEEE 802.16 Working Group on Broadband Wireless Access
Standards

http://www.ieee802.org/16

[3] Rohde & Schwarz: Application Note: 1MA96: WiMAX - General
information about the standard 802.16

http://www.rohde-schwarz.com/appnote/1MA96

This application note is one of three papers dealing with the WIiMAX
standard, covering the theoretical aspects of WiMAX. It gives a detailed
overview of the basic concepts of WIMAX (FFT, OFDM, frame structures,
etc) and explains the physical standard parts of IEEE 802.16 standards
802.16-2004, corrl and 802.16e.

[4] Rohde & Schwarz: Application Note: 1MA97: WIiMAX - Generating
and analyzing 802.16-2004 and 802.16e-2005 signals

http://www.rohde-schwarz.com/appnote/1IMA97

This Application Note gives an introduction to measurements of WiMAX
signals according to standards 80216-2004 and 802.16e-2005. It describes
all kinds of signal generation from simple signals to multiple-zone signals,
also under multipath environment (fading), and covers all signal
measurements from power and spectrum analysis, crest factor and CCDF
measurement down to bit pattern analysis and modulation measurements.

[5] Rohde & Schwarz: Application Note: 1EF57: WiMAX: 802.16-2004,
802.16e, WiBRO Introduction to WiMAX Measurements

http://www.rohde-schwarz.com/appnote/1EF57

The new WIMAX radio technology - worldwide interoperability for
microwave access - is based on wireless transmission methods defined by
the IEEE 802.16 standard. WIMAX has been developed to replace
broadband cable networks such as DSL and to enable mobile broadband
wireless access. Rohde & Schwarz offers a complete test solution for
WIMAX applications by combining its Signal Generator R&S SMU200A and
Signal Analyzer R&S FSQ plus the appropriate options.

RuS WIMAX OFDM is a 10 minutes video on WIMAX OFDM
measurements.

Additional Information

This application note is updated from time to time. Please visit the website
1MA131 in order to download the latest versions.

Please send any comments or suggestions about this application note to
TM-Applications@rohde-schwarz.com.
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Ordering Information

WiIMAX Communication Tester

= Base unit with following accessories: power 1201.0002K75
i 2 cord, operating manual, documentation on
: 2 CD ROM

R&S® CMW270

R&S® CMW-B110A Arbitrary waveform generator, H110A 1202.5508.02
R&S® CMW-B690A Basic OCXO module, H690A 1202.5908.02
R&S® CMW-B690B Highly stable OCXO module, H690B 1202.6004.02
R&S® CMW-B612A IEEE bus interface module, H612A 1202.5608.02

CMWrun software
R&S® CMW-KTO057 (1) CMWrun WiMAX 1203.4205.02
. Ready to use solution for R&S
CMW270 mobile WiMAX signaling
e  Framework  for non-signaling
chipset calibration and verification

applications.
e Please contact your local Rohde &
Schwarz representative for

information on the individual

chipset implementations (not part

of delivery).
(1) Software licencing based on key code for instrument R&S® CMW270 or based on
flexible external USB smart card reader. For licensing using a external hardware dongle

please order the smart card reader R&S® CMWPC.
r&s® cmwec CMWPC smartcard for CMWPC 1201.0002K50

Vector Signal Generator

R&S® SMU200A 1141.2005.02
R&S® SMU-B10 Baseband with ARB (64 Msamples) 1141.7007.02
R&S® SMU-B13 Baseband Main Module 1141.8003.02
R&S® SMU-K49 Software: 802.16 1161.0366.02
R&S® SMJ100A 1403.4507.02
R&S® SMJ-B10 Baseband with ARB (64 Msamples) 1403.8902.02
Signal analyzer, spectrum analyzer, and options

R&S® FSQ3 20 Hz to 3.6 GHz 1155.5001.03
R&S® FSQ8 20 Hz to 8 GHz 1155.5001.08
R&S® FSQ26 20 Hz to 26.5 GHz 1155.5001.26
R&S® FSL3 9 kHz to 3 GHz 1300.2502.03
R&S® FSL6 9 kHz to 6 GHz 1300.2502.06
R&S®FS-K93 Software 802.16 1302.0736.02

ROHDE & SCHWARZ

ROHDE & SCHWARZ GmbH & Co. KG * Muhldorfstrale 15 - D-81671 Munchen * Postfach 80 14 69 * D-81614 Munchen -
Tel (089) 4129 -0 * Fax (089) 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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