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1. WLAN 802.11a/b/g/n/ac/ax
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|IEEE 802.11ax X FRAEMFE LIt (High-Efficiency Wireless, HEW) .
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Standard 802.11ax

Frequency band 24 GHz, 5 GHz

Channel width 20 MHz, 40 MHz, 80 MHz, or 160 MHz

Transmission OFDM, OFDMA

scheme

Burst type High efficiency single user PSDU (HE SU PPDU), one or more PSDUs to one or more users (HE MU PPDU), HE trigger-based single

user PSDU (HE TB PPDU)

Guard interval 08ups, 16ps, or32ps

MU-MIMO Downlink and uplink

Modulation Modulation type, coding rate

BPSK. 1/2, BPSK, 1/2 DCM
QPSK, 1/2, QPSK, 1/2 DCM
QPSK, 314

16-QAM, 1/2, 16-QAM, 1/2 DCM
16-QAM, 34, 16-QAM, 3/4 DCM
64-QAM, 2/3

64-QAM, 3/4

64-QAM, 5/6

256-QAM, 3/4

256-QAM, 5/6

1024-Q0AM, 3/4

1024-QAM, 5/6

Payload length 16 to 1024 symbols
Subcarrier spacing | 78.125 kHz
Symbol time 12.8 ps
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WLAN 802.11ax: Multi-User MIMO (MU-MIMO)
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Beamforming concept: antenna array required. Beamforming concept: antenna array required.
Beamforming + spatial multiplexing can be Various uplink signals are separated due to
combined different DoA and coding

All signals are transmitted synchronously 4 All signals need to arrive at AP synchronously !

5 1lax MU-MIMO
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CMW500 37 #F:

v" AccessPoint Emulation for Test of 11ax-Stations

v" AccessNode Emulation for Test of 11ax-AP

v" Up to 160 MHz bandwidth

v" SingleUser DL/UL HE-SU

v" MultiUser Downlink HE-MU

v" Uplink HE-TB

v" Power Control by Trigger Frame

v' Support of e2e/Application/Performance Measurements

v" Message Analysis by CMWmars
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rigger Source

|wiLaN Sigt: HE_TB Trigger

-Trigger Slope
‘Trigger Threshold
-Trigger Timeout
Limits

u ;-"-Genemtor Shortcut
e

IF Power

WLAN Sig1: RXFrameTrigger
WLAN S5ig2: HE_TB Trigger
WLAN Sig2: RXFrameTrigger
WLAN Sig3: HE_TB Trigger
WLAN Sig3: R)(FrameTngger
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[ % WLAN TX Measurement1 - V3.7.30 - Base ¥ 2.7.22 - Multi Evaluation ===
Freq: 5210.00MHz Reflvi: 35.000Bm Std.802.11ax ‘BOMHZ
TX Measurement (Scalar) Signal Fields Info
LTF Size 2x LTF (6.4 us) =
Burst Type HE_TRIG
Spatial Streams 1
Space Time Streams 1
Burst Rate [%] = -
Statistics Current Average Max StdDev
Burst Power [dBm] 9.96 9.98 10.12 0.02
Peak Power [dBm] 2.21 21.20 21.44 0.10
Crest Factor [dB] 132 1.23 1.5 0.10
EVM All Carriers [dB] -39.44 —38.99 —38.32 0.20,
EVM Data Carriers [dB] -39.43 —38.97 -38.31 0.20
EVM Pilot Carriers [dB] -40.02 -39.49 -38.72 0.26
Center Frequency Error [Hz] —16.52 —6.93 8438 25.44
Symbol Clock Error [ppm] —0.046 —0.029 —0.141 0.030
Timing Error [us] 0.076
1Q Offset [dB] -67.97 —69.75 —64.93 356
DC Povver [dBm] -58.01 -59.78 —54.95 356
Gain Imbalance [dB] 0.00 0.00 0.00 0.00]
Quadrature Error [] 0.00 0.00 0.00 o.mi
| Statistic Count Out of Tolerance:
100 £ 100 0.00 %

@ Connection Status: g Associated
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Mt H B EZR AT (DUT) BRS (TXD AR (RXD 55tk i

TXMK: DUT KEHEEE S, CMW FRELE, fFR X B AR br

RX JRX: PER MK /E CMW H R & 81 458 2 2 FZ2E 1) package, DUT SRAS I 31 4

K115 package error rate = (total package —good package)/ total package;

RSSI M 2 CMW K & 55 /e 5B )£ 4L package, DUT KRG 5 HIR/N, EEGIEL

% RSSI,

221 C

v

KA RX BERS TINS5 A HERR

MW JEE SR
11ax Jll & R 32 HF CMW TRX160 {X 3%, BISZRF CMW100 V06, LLK& CMW500
MUA i3
JEfF4 TX K, Measurement Required options:
"802.11n" requires R&S CMW-KM651

"802.11ac" requires R&S CMW-KM651 and R&S CMW-KM656

"802.11ax" (R&S CMW with TRX160 only) requires R&S CMW-KM651, R&S CMW-KM656, and
R&S CMW-KM657

"802.11p" requires R&S CMW-KM655
{54 RX X, Generator Required options:
"802.11ax" (R&S CMW with TRX160) requires CMW-KW®650 and KW657

B T B R ) KV

Vo TR E 11ax MIMO K, 75 ZE N & KM653.

Receive Mode
Allows you to select a receive mode.

The available receive modes depend on the selected IEEE 802.11 standard, as summarized in the following table:

IEEE 802.11 standard
Receive mode big alg n ac ax p
SISO v v v v e v
Composite MIMO - - v s - -
(R&S CMW-KME52)
Switched MIMO - - v A ar -
(R&S CMW-KMB53)

" Available on R&S CMWA100 only
2 Available on R&S CMW with TRX160 only

K 8 1lax Switch MIMO Jilist ik {2



2.2.2 1lax IEHES TX iz

Stepl: EES TX IR, BILEF O A EHH 4, @ik COM M4 LAN HiE:
DUT, &l ke ERMAMES, K2 HEE K accessMtool 5 H#i1] TX & 415 5 I #EAE,
S5 log B XARR ORI TX (59,

8 accessMiool EIE@

Eile Setting Miew Station Help

| Manual RX |Report Generator I Power Meter Spectrum Analyzer | EMLFCC Test

Dut setting

Band Bradwidth Sideband Channel Modulation Rate Antenna AntSel
A 20 * NOME * 38 w HENSS + HEONS51 « 1 -

Test Mode Dut number Packet Type STF Mode PwrCtrl Mode q dBm Index Packetlength  PacketIFS
TX ethé pkt_engine SISO dose loop 40 : 1500 30

cpltf
1xHE-LTF + 0.8us GI -

= Tx
est, pkt duty (36): -1 ==> -1: disable pkt duty, =0: endble pkt duty

Rx Counters
rxdfrmmeast 0 rxdimeast a rxdtocast a

rxmgmcast o rxbadfcs 1] rustrt 1]

Manual WL command (interactive mode)

Clear List

rxbadtcs 6448 rxfrmioolong 0 rxtrmtooshrt 12 rxanyerr 0 ~
rxf0ovfl O reflovfl O rxhlovfl 0 pmgovfi 0

rxctiucast O rurtsucast O rxctsucast 0 rxackucast 0 rxbadk 0

rxbeaconmbss 0 rxdtucastmbss O rkmgucastmbss 0

rxbeaconobss 0 rxdtucastobss 0 rxdtocast 2354 rxmgocast 0

rxctlocast 107 rurtsocast O rxctsocast 0

rxctimcast 0 rxdtmcast 14338 rumgmcast 45

K9 BCM #5##il DUT K5 TX 55

Step2: R EACKR, FTIFAGRAH, EH WLAM Multi-Evaluation, #H WLAN TX
Measurement L1



GPRF GPRF WLAN
Measure® Generat® Multi Ev:®

10 CMW Multi-windows == 5L1i

1 |WLAN TX Measurement - V3.7.33 - Base V 3.7.60 - Multi Evaluation =18 |
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11 CMW WLAN TX Measurement FLii

Step3: HEATINAACE, P RIGECE v BAITJT £ 5 HA T M Config #4241

v

v

fic®: Standard, bandwidth, center frequency

BoE SO, WIHEThE, £#i:. Routing, expected normal power, attenuation
fic & Trigger: Source 4% If trigger, If Min GAP fic & % 5us

i & Measurement MK H , FTIF7FHFZ AN item

i & Measurement control



[ WLAN TX Measursmant - V3.7.33 - Base \V 3.7.60 - Multi Evaluation
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@ WLAN TX Measurement - X3.7.40.29 - Base V 3.7.80 - Multi Evaluation
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> WLAN Multi Evaluation - Configuration

Path: User Margin
-~ Standard ¥ Receive Mode: SISO v =
-~Band Width 20MHz =
- Scenario StandAlone (Non Signaling) hd
-RF Routing Connector: 1.1 ¥ Converter: 1.RFRX1
~External Attenuation (Input) 1.50 dB
~Band / Center Channel 5GHz ~|36Ch
~Side Channel(s) 36 Ch
~Center Frequency 5180.0000000 MHz ~
Expected Nominal Power 35.00 dBm Ref.Level: 35.00 dBm
~-User Margin [0.00 dB]
~Mixer Level Offset 10.00 dB
Frequency Offset 0.00 Hz -
14 B E Input signal 2%
(% WLAN Multi Evaluation - Configuration ® - - S|
Path: TriggerTrigger IF Min GAP
~~Center Frequency 5180.0000000 MHz ~ j
Expected Nominal Power 35.00 dBm Ref.Level: 35.00 dBm
~~User Margin 0.00 dB
—Mixer Level Offset 10.00 dB
- Frequency Offset 0.00 Hz
E-Input Signal Std: 802.11 ac Receive Mode: SISO
[-Measurement Control Repetition: SingleShot
2-Trigger
-Trigger Source IF Power -
Trigger Slope RisingEdge ~
-Trigger Threshold -30.000 dB
i~ Trigger Timeout ¥ 1000 ms
“{Trigger IF Min GAP 5.00 ps |
R-1 imits ﬂ

15 [ & Trigger fil k2%

(% WLAN Multi Evaluation - Configuration . - - B |
Path: Measurement Control/Modulation/Channel Estimation
Standard ¥ Receive Mode: SIS0 hd ﬂ
~-Band Width 20MHz A
~-Burst Type Mixed
EI-Evaluation Length
i--Measured Chips [DS55) 1000 Chip Skip Preamble and Header: ¥
~Measured Symbols (OFDM) 1377 Sym
Modulation Filter All hd
-1Q Swap O
E-Measurement Control
-Repetition Single Shot ¥
- Stop Condition None -
--Measure On Exception O
O-Modulation
-Statistic Count 3
3
2
v
”Payload hd
FFT Demodulation Offset Auto hd i
DSSS Tx Filter Estimation ¥ Taps: 11
DSSS EVM Method Standard 2007 ~
- Skip OFDM Symbols Head: 0 Sym Tail: 0 Sym j

K 16 HBLE Measurement Modulation %k

Step4: A8 S A7 LA Muti Evaluation 441, £ ON 7l



Eﬁ‘ﬁ% LAN TX Meastrement - V3733 - Base \ 37.60 - Mult Evaluation
Error Vector Magnituds oo
=Vl Symacl

i

Bl

Trananss Spectrum Mask CULI [ Pewer va. Time [T
aleE T —— [aBm
= i

Pho0 50 U 0 00 0 M0 20 M0 | 5 0 & 0 15 X B 0 3 S0 &5 5 S & 8

1130 EVM RS [oE] 4137 Freq Err M ~403181_Ciock En_[ppe]

18 Measurement Result TX Measurement (Scalar) i



2.2.3 11ax JHFS RX illidt
RX MIHBE{UZRAE ARB R FRGHEEA/IVIREAYIRTZ 4, DUT R A&iK, RX UIHITE EE™MIN:

2.2.3.1 PER Uizt

v DUTIRER, FIFHEK, reset WEELEE

v ECESER, ARBIKZNME, i%#% Single Mode %&57 1000 packages

v DUT #&ll good packages #i&, it+H& PER
2.2.3.2 RSS| &2 F izl

v BEEECREEIFINR

v DUTIREMR, FIFHRIK

v EESER, ARBIRSE, 15%#E continue Mode &5

% General Purpose RF Generator - ¥2.7.22 - Base V 3.7.80 (== m

Generator
Path: Routing
Scenario StandAl =
{Rouling ||Connecl$1.1-1.8 V‘ 'Dnvener: 1.RFTX1
Ext. Att. (Output) 1.40 dB
&-Connectors Used FDCorr
~1.1 O ARB
12
=3 O
14 r List Config.
~1.5 r
~1.6 r
-1 r
~1.8 r b
Frequency 5180.0000000 |MHz ™| Baseband Offset: 0.0000000 MHz
N \
K19 FCE Generator S 45 & 5 it
% General Purpose RF Generator - V3.7.22 - Base V 3.7.80 =
Generator
Path: Baseband Mode
Scenario StandAlone -
Routing Connector: 1.1-1.8 ¥ Converter: 1.RFTX1
Ext. Att. (Output) 1.40 dB
E-Connectors
~~Frequency Hz |~ | Baseband Offset: 0.0000000 MHz
--Level (RMS) Peak Envelope Power: —80.00 dBm
Digital Gain 0.00 dB
~-List Mode Off »
~IBaseband Mode ||arB M
-Baseband Configuration
Dual Tone
=-ARB
Frequency Offset 0.0000000 MHz ~
Repetition | Single h Cycles: 1000 Additional Samples: 0
ARB File Name C:\ProgramData\Rohde—Schwarz\CMW\Data\waveformiuserlib_for_11ax\}
i~Date 2018—11-08;00:08:05
i-Version
~Required Options KW65T and KW650
+~Clock Rate 60000.000 kHz 1
T, W 7anan oo T —




20 itE ARB Z25%

v’ DUT faill s B~ 25 3

& accessMtool o] @ |-

File Setting View Station Help

| Manual Tx/Rx |ReportGeneramr| Power Meter | Spectrum Analyzer | EMI:FCC Test

Dut setting

Band Bnadwidth Sideband Channel Modulation Rate Antenna AntSel
A 20 ~ NOME - 3 - HENSS » HEONSS1 - 1 -

Test Mode Dut number Packet Type STF Mode PwrCtrl Mode q dBm Index Packetlength  Packet IFS
R eths pkt_engine SISO cdose loop 40 : 1500 30

cpltf
IxHE-LTF +0.8us GI -

Tx
est. pkt duty (%%): -1 === -1: disable pkt duty, >0: endble pkt duty
Rx Counters

rxdfrmmecast 0 rxdtmcast 1000 rxdtocast 0

rxmgmeast 1] rxbadfcs 0 rustrt 1000

Manual WL command(jinteractive mode)

[ Clear List |

rxbadfcs 6440 rxtrmtoolong O rxtrmtooshrt 12 rxanyerr 0 ~
rcfDovfl O rxflovfl O rxhlovfl 0 pmgovfl 0

ructucast O rartsucast O ructsucast 0 rxackucast 0 rxback 0

rxbeaconmbss 0 rxdtucastmbss 0 rymgucastmbss 0

21 BCM Tool t il (= =

2.2.4 11ax UisACHISEIN
WML, BCEDGRIMNAT, FERNRSE R, BT ] AT R B %2 2%
firmware [ EL R P, BT

C:\Program Files\Rohde-Schwarz\CMW\3.7\Docu (3.7 NiA(E E, TREE ZER)

2.2.4.1 FeE 11ax MiziklR

/1 Initial System-reset *xxrrrhkirikitkhk ko PE—
*RST; *OPC?
*CLS; *OPC?

kkkkkkkkkkkkkkkkkkkkkkkkkhhkkhkkkkkkhkkkhkkhkkkkhkkkhkkkhkkhkkkkhkkkkhkkkkkkhkk

/I Define signal routing, perform RF and analyzer settings for a WLAN

kkkkkkkkkkkkkkhkkkhkkkhkkkhkkkhkkkkkkkkkkkhkkkkhkkkkhkkkhkkhkkkkhkkkkhkkhkkkkkk



ROUTe:WLAN:MEAS:SCENario:SALone RA1, RX1
CONFigure:WLAN:MEAS:RFSettings:EATTenuation 1.4
CONFigure:WLAN:MEAS:RFSettings:FREQuency:BAND B5Ghz
CONFigure:WLAN:MEAS:RFSettings:FREQuency 5180E+6
CONFigure:WLAN:MEAS:RFSettings:ENPower 35

CONFigure:WLAN:MEAS:RFSettings:UMARgin 0

*% *kkkkkkhhhhhhhhkkkkxk *% *kkkkkkkkkk *kkkkkkk

// Define input signal settings for IEEE 802.11ax:

Il Select standard, receive mode, burst type, bandwidth and I/Q swap.
P
CONFigure:WLAN:MEAS:RFSettings:UMARgin 0
CONFigure:WLAN:MEAS:ISIGnal:STANdard HEOFdm
CONFigure:WLAN:MEAS:ISIGnal:RMODe SISO
CONFigure:WLAN:MEAS:ISIGnal:BWIDth BW20
CONFigure:WLAN:MEAS:MEValuation:SCOunt:MODulation 3
CONFigure:WLAN:MEAS:MEValuation:SCOunt:PVTime 3
CONFigure:WLAN:MEAS:MEValuation:SCOunt:TSMask 3
CONFigure:WLAN:MEAS:MEValuation:COMPensation: TRACking:PHASe ON
CONFigure:WLAN:MEAS:MEValuation:COMPensation: TRACking: TIMing ON
CONFigure:WLAN:MEAS:MEValuation:COMPensation: TRACking:LEVel ON

CONFigure:WLAN:MEAS:MEValuation:COMPensation:CESTimation PAYL

kkkkkkkkkkkkkkkkkkkkhkkkkkhkkkkkkkkhkhkhhkhkhhkhkkkkkhkhkhhhhhhhhkkkkkkkrkdkx

Il Set trigger source, timeout, trigger level, trigger gap.

kkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkkkkkhkhkhhhhhkhhkhkkkkkkhkhkhhhhhhhhkkkkkkkrkdkx

TRIGger:WLAN:MEAS:MEValuation:SOURce 'IF Power
TRIGger:WLAN:MEAS:MEValuation:TOUT 1
TRIGger:WLAN:MEAS:MEValuation:THReshold -25

TRIGger:WLAN:MEAS:MEValuation:MGAP 0.00001

2.2.4.2 3XHY 11ax fiksE R




/I After configuring the measurement for 802.11ax,

/I Start single-shot measurement and return first results.
kkkkkkkkkkkkkkkkkkkkkkkhkhhkhhhkkhkkkkkkkhhhhhhhhhkhkkhkkkkkkhkkhkhhhhhhhkhikxx
CONFigure:WLAN:MEAS:MEValuation:REPetition SINGleshot

INIT:WLAN:MEAS:MEValuation

*kkkkkkkhkkx *kkkkkkkkhhhhhhk *kkkkkkkkkkkkkhhkhhhhhhhhkkkkkkiik

// Query MOdU'atIOﬂ and Spectrum *kkkkkkhkkhhhhkhkhkkkkkhkhhhhhhhhhhrkkkkkhkhkhkhhhhhhhhhrrkkkkrkhhhhhhhiiix

FETCh:WLAN:MEAS:MEValuation:TSMask:AVERage?
FETCh:WLAN:MEAS:MEValuation:MODulation:AVERage?
AT T CMW100 fif IEEE 802.11ax MIRNAIAEE 7%, lid 11ax & 7 M= 1.
R 5 CMW K g5, S8R 11ax 7 i BB ORUACH DU REDE I, CMW100 2 — & £ i
PR, BERT A TP FEAEE M6, ar DO 2 A=, 8 4 TRX XU L H,
S Z, A LT BERBN

3. ING

BB To AR HOR K SR e, AR T i 5 BRI . Dy T AR M e SE A
dh,  FEIGE T S IR R e . AT e I, R EERE SR SE 2 (I [, A
M, FRATH BELES AW BOE R GG 2, DA MR s AR s = i e R i R AL, o
% 18 5 it BLIR 2> 5] ) CMW270/500/CMW100 32 #F WLAN 802.11a/b/g/n/ac/ax %5 % Fihx
#E, LRSS MAEGE MR, B WLAN S0 F R . 28 iF 2 R DL A 7= IR & 55 AN B
B

4. EMER

£z CMW270 8% CMW500

N A 1
Eii:pu et 44 iger
Wideband Radio Communication Tester Base unit with following accessories: CMW270 1201.0002K75

power cord, operating manual (quick start guide),

Wideband Radio Communication Tester Base unit with following accessories: CMW500 1201.0002K50

power cord, operating manual (quick start guide),



WLAN |EEE 802.11a/b/g basic signaling (SL)
WLAN IEEE 802.11n, basic signaling (SL)
WLAN 802.11 ac, basic signaling (SL)
WLAN IEEE 802.11ax AP EMULATION (SL)
WLAN IEEE 802.11ax STA Emulation (SL)

WLAN IEEE 802.11a/b/g advanced signaling(SL)

WLAN IEEE 802.11a/b/g, TX measurement (SL)

WLAN IEEE 802.11n SISO, TX measurement(SL)

WLAN |EEE 802.11 MIMO, composite TX measurement (SL)
WLAN IEEE 802.11, True MIMO Tx measurement (SL)
WLAN |EEE 802.11p, TX measurement (SL)

WLAN IEEE 802.11ac SISO, Tx measurement(SL)

WLAN |EEE 802.11ax SISO Tx measurements(SL)

Wireless technologies, RF testing bundle (SL)

WLAN call box bundle (SL)

Communications Manufacturing Test Set

R&S®CMW100, WLAN 802.11 abgn ac, TX measurements (SL)

WLAN |EEE 802.11 MIMO, composite TX measurement (SL)
WLAN IEEE 802.11 MIMO, switched TX measurement (SL)
WLAN IEEE 802.11, True MIMO Tx measurement (SL)
WLAN IEEE 802.11p, TX measurement (SL)

WLAN |EEE 802.11ax SISO Tx measurements (SL)

|IEEE 802.11abgnjp, enable WinlQSIM2 waveforms for ARB (SL)

WLAN IEEE 802.11ac, enables WinlQSIM2 waveforms for ARB (SL)

WLAN |EEE 802.11ax, enable WinlQSIM2 waveforms for ARB (SL)

& 1 CMWS500 jlllizt, WLAN 54

CMW-KS650

CMW-KS651

CMW-KS656

CMW-KS657

CMW-KS658

CMW-KS660

CMW-KM650

CMW-KM651

CMW-KM652

CMW-KM654

CMW-KM655

CMW-KM656

CMW-KM657

CMW-PK60

CMW-PKG65

CMW100KO06

CMW-PKM651

CMW-KM652

CMW-KM653

CMW-KM654

CMW-KM655

CMW-KM657

CMW-KW650

CMW-KW656

CMW-KW657

1207.5858.02

1207.5706.02

1209.2210.02

1211.0828.02

1211.4469.02

1207.5906.02

1203.1658.02

1203.9159.02

1203.9207.02

1211.1447.02

1208.7702.02

1208.6106.02

1211.0786.02

1207.6502.02

1208.4755.02

1201.0002K06

1210.7287.02

1203.9207.02

1207.7709.02

1211.1447.02

1208.7702.02

1211.0786.02

1203.1258.02

1207.9001.02

1211.0805.02



5. WLAN 802.11ad

BEE R BETHL. AT B R i S 35 P e 2R A O R e, AT i i < AR A
AR, Bt 2T RIS, X TR HER) A T AE BOAR AT I A K
J&, —METERIEE B b AT i o A AR AR A |IEEE 802.11ad M AE, iZH R AR
N WiGig.

802.11ad /2ir KX IEEE WLAN SRt — R artE B8, B E XTI T 60 GHz %
Kk TAEME, 12 87 802.11n TAETE 2.4GHz 1%, 5GHz #iE%, 802.11ac T./ET 5GHz #i
B, i 60 GHz MBI A th 5GHz B AR5 LA -1 TR %

802.11ad MIH AR IHAARIAE LS JL 7 18I :

v R

11ad PRUEFEIE iR 0 3] 7 Gbps, 4R 1lac il il 8x8 MIMO. 256 QAM
W LA Az 160 MHz 77 58 LA A A A%, (H 11ad XFHE—N2SH. 64 QAM i
AN T8 5t BE S UM [R)330% H b .
v REE

KU N AT AR KA FE IR RE BRI R, TR EZ N REH T, (ERF 2.4
GHz S R Z AR B AT LA gH 32 B 2 [ RZ6 T, KIARR £ 38 Beamforming
RSP T AEEE, AR AN & R TAER A BT, RIS E A &

v AKE IE
10us MIFEIRES (R CA AT RS, JUT-RI L A RIS, T 2 B S ZE SR AU B
RIS (VR) TS 53 1L 52 (AR) o
WiGig/802.11ad B AR Hr/ 2N, WL @igiidng k. PC L& Y
ML VR SLZE4E ) P B A 1S Intel. Sl =2, &imik&BE TP-Link
Talon AD7200 % Hi 8%, #/K E7450/7470 &0 A%,

802.11ad & LA LRI &, 1H 60 GHz MBS iAo, AW, e | H kg ke
VPR AR, R R D 10n/ac 3R, 4R TC4% 1 =45 WLAN 7= 5



5.1 802.11ad HBARIE

511 (SiE5HE

802.11ad LAET 60 GHz(57 GHz — 66 GHz)ISM #iEk, %4tz X T UAMEiE,
AMBIETE 2.16 GHz, EAZNYMEEAAM A LA REEH, K Rf 2 51518(60.48
GHz)&FRIEH, FOVEHE NBINMEIE S

57 ~ 66 GHz

I}
{ 60.48 GHz 62.64 GHz ssocHz |
CF =58.32 GHz

Europe Union

USA, Canada, Korea -

CHINA
JAPAN

22  4¥k WLAN 802.11ad #iZ43Hic

512 YIEE

802.11ad Hh ST PURAEEZ 72,  LOE RN F A PR ST, W h#e ki 20 AR
T DIFE UM 2 e A o 11ad WA —E T SCRP IR T 20, X B #H YR =
(SC PHY)HIH LA AP #](SC PHY) P2 il 25k, OFDM FMIKTI#E SC A2 vl ik 77 =,
Harii Lt i L #5 A 3CFF OFDM 72X, RIS br b et 26 2 sl i il SC LA
fE MCS12 i} 1] 4.6 Gbps.

| PHY | MCS | Modulation | IDEALRAWBITRATE

1..1 /2 DBPSK
2 QPSK 385 ~ 4620 Mbps
/2 16-QAM

Single carrier(SC)

Low-Power SC PHY 25...31 /2 DBPSK
(optional) /2 QPSK 625.6 ~ 2503 Mbps

% 2 WLAN Y3 2

PL_E T B ER 2 d AR [E] iz i), 45 T Preamble, Header, Data A1 TRN
PB4y



| Preamble |

Ti?:i:g Channel Configurable T%?:ﬁgaflér
Field Sl length Beamforming

23 802.11ad i 7 =
5.1.3 Preamble
A AR T RIIGME SAEEM T, AT Ira sz A, Tl )
WRA, PRREM, a1 EEMNT .
5.1.3.1 Header
BAMEEAEARPEL, BERGEICEREZEER, faRfmm TR, 3
P DL SRR AT
5.1.3.2 Data
B 53 P T4 S g A R 1) i 1) B 1E P 7 30
5.1.3.3TRN
JE T RS, AR, H Ttk Beamforming % &

5.2 MiHFER
v I RS R (Transmit Mask)
v R 25 2 (Center Frequency Tolerance)
755 %€ I} i 22 (Symbol clock tolerance)
ARt #& (Transmit Center Frequency leakage)
TR B EFHRAR BV [E] (Transmit Rampup and Rampdown)

AN[E MCS N EVM Fl R & 2k

AR NEENEN

5.3 A& MiKG 3R
802.11ad ¥ & HL4E 1 24 BB & A il & RFIC & F, WiE @ 1) QCAB6335 Fhirith
F Al QCAG310 B ATits 4 A . BB O A A AR A X 4, 18 A B8 S FRE SRR



RFIC 385 Fr IR 22 K BURF P PR 1
—id, DA R

KL RFIC F]H] AIP(Antenna in Package)$s A3 5 7F
it OTA(Over The Air) 7 20HEAT SR -

5.3.1 BBIC g

BBIC {5 SCR A ) B R S B A B, B4% 1 RXRT TX P EED

5.3.2 BBIC RX iz
R&S SMW200A H.RAMESZFF 2GHz 7 %6 [ 1Q Farth, W1 H A AESCHE 1X GHz Hi
fE5%H, W2 DUT 1 1Q s b4 A ZEsk. SMW200A B R4k T WiGig/802.11ad 155

FAETIRE, O AKFT AN S L R A] SN AR R S

BB/IF |

RF

K 24 SMW200A =23 BBIC Ui

SMW200A ] 11ad {5 5774 Fif < % Control PHY/SC PHY, MCS, Code Rate,
Header, FCS VLN fEiEdmtD il R iaE i S0k T RyG % &, FE% 7 (# T BBIC 3L ZH:UK

B UF B R B
|EEE B02.11ad WLAN A: PPDU Configuration — x
Modulation and Coding Sct

FACS 2 - Data Rate 4 620.0Mbps
Modulation 2-16QAM {

Channel Coding n Code Rate 5354 ‘[
Scrambler } Scrambler Init (hex) o1

|EEE 802.11ad WLAN A: PPDU Configuration

Data Settings

PN 9

l 262 1u7”
Header Seffings
Preamble/Header Active {/]on Training Length n‘
Packet Type _J Beam Tracking Request [[Jon
Tumaround [ on LastRssI NIA |




K 25 SMW200A ] 11ad 155 72 4= ¥ B FL i
5.3.3  BBIC TX iz
FEHC 4 GHz 5 98 Frin I 2% R&S RT02044, #iit 51550 #1{X R&S FSW67 35
B KT 5.5 GHz (9 11ad {55 ;W BBIC A& FF4iifs S, M2 Hims 24 1Q
W, WS EHAREOUR 1Q &R B R A AT .

BB/IF j

K] 26 FSW67 + RTO2044 4341 802.11ad H4iif5 5

5.3.4 RFIC Ui

RFIC 23 7 11ad 15 5 WG AR, DU IS 2 BEFEAH 8 7= A A2 16 B R 218
256 () Beamforming {55, 5ERER FIPESME S UK, FMETE 60GHZ KI5 B AL
7 R P T AR TR o
5.3.5 LOMEENR

AR AR PR R B HLR A SIS 5 B ARSI M b, ARl 5 5 &
ARG T2k S A S AN T B R ], Rl R o AR IR A M B A A e
Ro AHZ, RS AP FIBA TR 6 GHz LU FIRBUH L A BUR 2 E, %%
Bl &, AR 11ac & H) 5.9 GHz AJRH#EAT 10 5443 5) 60 GHz A4Rk(5 S, MR
%1k 2010g(60/5.9) ) 20 dB. [Hith, FEZEKBAMBE LIS Lettn, A5 U0 B # ) AH
G SR 1 7w = P et 7 4




27 AhigE 10 F54505 A AR AL 26
R&S BT H CWER LE ASIC &), A& m i 7 Hr{ FSW67 /£ 60GHz #ii%,
10 kHz #ifw b A £-112 dBe/Hz [IFHERRE /1, £ 1 MHz Sifls 4k 58 7] 15-128 dBc/Hz, 2 T
i _F & 60 GHz RFIC(t1 Hittite HMC6300 1MHz #ifki-93dBc/Hz) i AH i 75 5K,
FSW67 A &% [ & IR IE A I SR

R&S®FSW-K40: Phase noise sensitivity (typical values) without noise correction
Input level > 0 dBm, operating mode “averaged”, with R&S®FSW-B4 OCXO precision frequency reference option
Input Frequency offset, values in dBc (1 Hz)
frequency 1Hz 10 Hz 100 Hz 1kHz 10 kHz 100 kHz 1 MHz 10 MHz
100 MHz =90 =110 =125 =137 =143 =144 -151,5 -158
500 MHz =77 -97 -118 -135 —141 -142 -150,5 -157
1GHz =71 -91 -112 -130 -138 —140 —149,5 -156
2GHz —65 -85 —-104 -123 -130 -130 —145 -158
10 GHz -51 -71 —94 -117 -128 -129 —144 -156
25 GHz —43 -63 —86 -109 -120 -122 -136 -148
140 GHz -39 -59 -82 —105 =116 -118 =130 -142
60 GHz | [ -35 =55 =78 =101 =112 =114 -128 =140

28 St FSW67 1E 60GHz [ AH il & G
5.3.6 IEFERHNFIUK
M P R BRI TS R BERE T, SRS R B B AN T b [ — AN RER S
FSW67 7£ 60 GHz Jil Bt B #%-155 dBm/Hz [ LRI EE(E, R 7R 1E FSW67 5iilk 73 i ik
I 75 2 B0 i FSW-K30, 454 Noisecom A 7 ] 60GHz M 75 22 Kl sk b 44
NC5115-60G/GT, JoAFA /M3 T A2 28 REAF & 77 i Hh 58 il 802.11ad HUSLI: S &
Homk, Jf H3ZHF WR15 % 5 D83 1.85mm [F1fill TRz 1,

CE-EeEe «0 111 9 o,

1.85mm RF

o]

Spectrum Analyzer
Pre-amp Assembly Input
Noise source | RF Input
Nes115-60s e | o3
1

18] 29 FSW67 [t 60 GHz M 75 22 0




1 & 30 4& FSW67 fEM—2k Wireless HD/11ad {H& Mgt (g 75 2285, JH b 2 £ iy
MRS R, 45 RA/NT 5dB, BT (0 2 B R R RO 2

HOISE & GAIN

RECALL o

STARTUP
RECALL

64.888 GHz 2608.888 NHz/div  (RF) 66.888 GHz

Measurement Complate

. FILE |
| |_SPECTRUN I-I ﬂ RUN SGL ﬂ RUN CONT ] FI% FREQ [RIAGEH
1 81 30 FSW67 (1] 60 GHz M5 R ¥ Tt 1

5.3.7 RFIC TX iz
SMW200A %t 25y 1Q B3t IF 15 54E 8 RFIC TX MR, TR
FSW67 + RTO X} 60GHz Z K155 ¢ ik 2.3 F 15 R S HUAH < 1l i B o

60 GHz range

Kl 31 RFIC TX #B4MIaHE &

5.3.8 RFIC RX i

NT R4 60 GHz MiiBt 2 GHz 4 %Ef) 1llad 5%, HE—HHEA& 2 GHz WHEH
SMW200A, JF#5HIL 60 GHz & R &E FARHigs SZUL00A. SMW #1 SZU 2 [aliEid USB
L+ 1Q REWHHATIER:, —HERLIFS, SZUL00A st AT B &, (ES /4 mE
(K TG SEL BARE SMW FLI _E5E . SMW+SZU A&7 H MCS12 16QAM {55 E
#1KIA-34 dBc KIS+ EVM A, RIE 7 RFIC RX I3RS S0 N o 45 5 i



USB control @

analog 1Q
(single-ended or differential)

1
1
1
:
Internal BW 1
of 2 GHz ¥

fLO o
Slf"IWZDDA, 1x3GHz SZU100A 58 GHz — 65 GHz
Direct setting of mmWave frequency; Upconverter . band
Internal 11ad and 5G options Waveguide
Level detector

32 SMW Fi1 SZU ZE#: K

Rx

: szu
RF " > {Upconverter) o}

RF T

60 GHz range

RF (LO)

K 33 RFIC ] RX #4338 HE

5.3.9 (RigEEHMiS

5.3.9.1 BSFERENR
XF 11ad BEE NG, RS AR R R ZR 1R, X+ MCS12 i il 2 6% 75
X, ESRESHL EVM AR T--21 dBe, WL R BU% = 1--53 dBm.

erv oo | wes | e | samsvy
-8

Ctrl PHY 0 Nl
1 Nl 68
2 -7 66
3 R] 64
4 -10 64
5 -12 62
i} -1 63
SC PHY 7 12 82
8 -13 61
9 -15 59
10 -19 55
il -20 54
12 -1 53

% 3 AN[E MCS i) EVM IR i 5 Bk
SMW+SZU A& AU A5 5 st 5, 1M H A4 100 dB FIRah&VEH, #AThRE
[-90, + 10]dBm, FEEELRUEEPIIA 2 dB, JEHIE A &F MCS S840 T HIF:U R B ik
RX MAERZE W R .



DuUT

Rx
szu

BB/IF [«—» RF (Upconverter)

v

RF
60 GHz range

K 34 & umilede bRk
L TX M E RFIC 1) TX MR, 5% 3.2.3 &=, XBEAFHERR,

DUT . —— '
Tx 1
BBAF |« el RF || —» SR - ou
Taena it 2 B
— .
T RF

60 GHz range

K 35 s R TR BRI

5.3.9.2 BiEXZ OTA izt

AETF 2.4/5 G BB ) WLAN 1345, ZZ oKUK IR ANRORAS AL & 36 70— i T ik
RERRRHR, ToyER AL i 3T & SIEFEIEK, Rl OTA 2 = K es A sl & uii s
HIME— 7 %o

R&S $efit 11ad AIFE KL —uli MM 7 R, BIE 7 RSF RG] E 1 = R&S
ATS1000, RZ5r#raft R&S AMS32, DL KALE 1) &1 R (SMW/SZUIFSW6E7/ZVA67
&), T RMAEIE:

o RIGHIMNABLE R —. MEMRENEETR, —. 2HLFE

o MUl HERA I R LA BE

o HYAKRLE TRP, EIRP, TIS, EiS, EVM 2215t

o AMS32 HfszElir s NF 2y FF 3

o MMEIRIBRFE TR O ARAR AL He)iE,  SRAG PR AR I R



U

36 Mg ATS1000 f gk 5t
6. B4
6 5 Rk 22 1R TR AL 28 i/ EH AR AP AR IR /VR Sk#EINN T 802.11ad HiR, 2 KUK i
Fa A1 OTA SN E SR it A B BIE AR DA S AR P IAARA T ok 1 3Pk, 28 5
FLIRA FI SR A P IR T 58, B 77 802.11ad & M & 1T K 5 .
7. EMER

=EiE SMW200A

ik prin LS 5s
Wideband Baseband Generator with ARB (256 B9 1413.7350.02
Msample),

500 MHz RF bandwidth

Wideband Baseband Main Module, two I/Q pathsto  B13XT 1413.8005.02
RF

100 kHz to 6 GHz B106 1413.0104.02
100 kHz to 20 GHz B120 1413.0404.02
Enhanced Phase Noise Performance and FM/oM SMW-B22 1413.2207.02
Modulator

Baseband Extension to 1 GHz RF bandwidth SMW-K525 1414.6129.02
Baseband Extension to 2 GHz RF bandwidth SMW-K527 1414.6158.02
Wideband differential analog I/Q outputs SMW-K17 1414.2346.02
IEEE 802.11ad SMW-K141 1414.1333.02

1lad T A% 2 EZ50E SZU100A

Ix

iz:pu prir e )

IQ Upconverter, base unit, SZU100A 1425.3003.02
(including combined differential IQ/USB cable)

S



Frequency Option 57 GHz to 66 GHz, WR15
Waveguide-coax-adapter WR15-1.85 mm

S
mE

I FSW, 2Hz ~ 67 GHz

iz:pu

OCXO Precision Frequency Reference
RF Preamplifier, 100 kHz to 67 GHz
LO/IF Connections for external mixers
160 MHz Analysis Bandwidth

2 GHz Analysis Bandwidth

WLAN 802.11ad Measurements

‘

KR RTO2044

iz:pu

4 GHz, 20 Gsample/s, 50/200 Msample, 4 channels

OCXO 10 MHz

Memory Upgrade, 100 Msample per channel
Memory Upgrade, 200 Msample per channel
Memory Upgrade, 400 Msample per channel

% 4 MR 11ad &4

SZU-B1066

pri
FSW-B4
FSW-B24

FSW-B21(optional)
FSW-B160(optional)

FSW-B2000
FSW-K95

pri
RTO2044
RTO-B4
RTO-B101
RTO-B102
RTO-B104

1425.3110.02
1324.0600.00

=

1313.0703.02
1313.0832.66
1313.1100.43
1325.4850.04
1325.4750.02
1313.1639.02

pors

=

1329.7002.44
1304.8305.02
1329.7060.02
1329.7077.02
1329.7083.02

pors





