» SEi5H

RSAVu iR = HIE TR

T)
Tekironix RSAVu 3/6/2007 10:55:53 AM
Frequency: 1.5 GHz Acquisition Length: 1 ms Cancel - Back
Span: 36 MHz Show Views
Input Att: 15dB
Marker: -12.51664 ms OFDM 16QAM Single Multi
-877.991 m =
-287.874 m Overview
Content...
Waveform
Subview
Content...

Constelation

Display
Granh List
-19.98848 ms 1.998848 ms/ =0]%]

Format: Green Field B DEeREE h aaM® v« 0EH O
Mode: HT 40MHz GI: Short T EVM ve Time for Sianal MIMO EVM Resul
Symbol: OFDM 16QAM MCS: 11
Total Packet : 25 , Symbol: 712
EVM(rms): 1.382% -37.1dB
(Peak@ -13.03 ms): 4.905 % -26.1 dB
Mag Error{rms): 0.987 % -40.1 dB
(Peak@ -12.96 ms): 3387% -29.4dB
Phase Error(rms): 0.32 deg
(Peak@ -13.03 ms): 1.316 deg

rms EVM (%)

Origin Offset: -21.839 dB

802.11n (nx1): EVM vs Time

rms EVM (dB)

Packet Index

iz

AXERATHANEG, —NEC++ BELH, 75— MOXERE —F22MIMOBEERELFTIARE
& MATLAB1 RBiELHI, NATEMHBEIE SCPIm€S5 EBW, AtAPFER & AL 2 U5k MIMO
RSAVUIRTRE(E . X LESLFI 0477 802.11n MIMO 2x2 22, A ETRTHNESEFAFT SR ERSAG6114A LK
=5, UBEARMRSAVUBEINEERHIER T — SESTUHHKRS.

" MATLAB =& The MathWorks A &l iE M &R, 1994-2007

Tektron/ix

Enabling Innovation



RSAVu iZf2 2 HliE T
> Bz A

XEERBELGIHIT TRES, 247802.11n MIMO

=T

1. {# F TekVISA ¥ RSAVuU;

2. 7£ RSAVU HiZ & 802.11n MIMO 2x2 I £4E 5 ;

3. BF AR INEE] RSAVU /15

4. £ RSAVU FiBE47904T;

5. FARmEED, M4 MDA FEIKEERESCC)M
STRINSER;

6. % M%] RSAVU HEE;

7. IBLER ) A B H EVM ¥ 5 AR {E LA AR BT B AR
H

MATLAB RiELHIA I T — 5%k, SXTRFIZLEE

BWSHEVMIE, NfifHESNREEEHEEVMAL

1 27 RSAVU #1739 802.11n MIMO 2x2 U & H

REHE, A TARX M ENTFREEER, £ T4

EEETEE, XM E, 5B —164-QAM 2,

RO NEFSBR IR, B AENEEN N

=18, 7 64 MHE EFEAEME SR AIETE

B, 64 MERKEES,

HHTER, DIHETRER,

1. f£ PC ER# RSAVU, FTFZERRED;

2. f£ PC k%% TekVISA v3.0 (ATELR % RSAVU &
ZE);

3. Hizf7802.11n MIMO 2x2 &£ license;

4. H#FTMATLAB Ex, HAEEENMATLAB
license,

BINRAE K C++ FIMATLAB LR T BT, X

— MIMO 25 B RN 2] ILABF RSAVU I HE

MEEL A,
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> B 1. 802.11n MIMO 2x2 B4,

RSAVu i &

£ RSAVU F BB ATER.

1. ERERSAVUSE, L% TekVISA V3.0, INREZR
R IHARAH TekVISA, BBATER % RSAVUEHREL
EEIBARA TekVISA, 7 ReRBshiniEEHlT6e,

2. ER¥ TekVISAJE, =F7RSAVU, =i RSAVUtRR
1=, HIMATERERE, ®F “System”, REE"
Soft Key” 38 F1%3% “Remote Setup --- > Remote
Interface > On”, FTHIZFEIEHITNEE

3. £ Windows fEZ&H H & TekVISA Eir LIZRAzH
&, %1% “Instrument Manager---”, ZEiz {7 TekVISA
Instrument Manager B, 7Eo] R RPNE
B NRE 8. GPIB8:1:INSTR, IRHRES HCHIE
F, AKX il 5 PC _ERIRSAVUIBTE, X
L glIEZmTE, BIAMFRAX MIBE.

—B 7 RSAVU F$THIZIETNRE, o DUEZIEZFTSL61.



C++ RIZLHI

R

8% X4 RSAVU_MIMO_Demo.zip, Bx—4B &
RSAVU_MIMO_Demo, #JiEixX B xS H 3| C Z1R
B3RT, A8 f7C++ 36 (SLHI LB RANRE

ARERILAR), BTN ITHITXMH C\RSAVU_

MIMO_Demo\C\C_RSAVu_Demo.exe, TJIXEzNHE
o BREAFE—BETH C_RSAVU_Demo.cpp
B,

1B1TEHI
WHTHITXHE, SHR—MEFEED, E 28
T EE—RBIHMEH N, SBRER “Starting the
802.11n MIMO measurements in RSAVuU.” , L5 3,
THELASEROT .
1. VISAE &
2. RSARE
3. M\ RSAVU $ZEUN £ £ 2
4. XAETE
5. fbIRLE
VISA &
MWERBHITINEL, KFIFHE—SERERL VISA
R, FTHEIRSAVU BYEE,, B35 Ak visa.h,
X—LBIER T HRENREFEE, visa.h KX H7E
TekVISAZR SRR F iz 25, T 7 fETekVISAF
HEXNEZEER, B5ZHE TekVISA —ELEN
TekVISA A RFH
THEHERTEERSAVIRZR(ABREEN, XEE/
T ENERBEREFEENSHIR ENERRRE).

status = viOpenDefaultRM (&rm );

status = viOpen (rm, "GPIB8::1::INSTR", VI_NULL,
VI_NULL, &vi);

AFBRSAVU ERYEEE, ARSLEIEARLR 1/0 iR
% ViPrintf #1 viQueryf, B ItbF{15c/# F viSetAttribute
R, REEE, BaIXERS.
status = viSetAttribute (vi, VI_ATTR_WR_BUF_OPER_
MODE, VI_FLUSH_ON_ACCESS );

status = viSetAttribute (vi, VI_ATTR_RD_BUF_OPER_
MODE, VI_FLUSH_ON_ACCESS );

RSAVu i&f2 2l R
> Bz AR

> B 2. C++ B R BaIFRE.

RiE, IEBNEEEE N 10MX—BHINIRBE BN
ALK& E 10000, FRBEEZAA 10 FD),

status = viSetAttribute(vi, VI_ATTR_TMO_VALUE, 10000);

AT S RSAVU MYEE, HE&EITIEE RSAVU RiX
SCPI &5

=W,

RSARE
F—FHEILRSAVUIRET 802.11n MIMO 2x2 U E1&
AT, RERME, REEFFIEEESCONE,
SCCNEFEFEHENAERREMEVMIYHIRE, X
R5EHRERERANHEENE,

status = ViPrintf( vi, " INST:SEL \'DEMM2WLAN\"\n" );

status = VviPrintf( vi, :“CONF:M2WLAN\n" );
status = VviPrintf( vi, ":“SENS:M2WLAN:MEAS SCC\n");

T—FZEMBEFAEN MIMO K, B S RSAG114A X
ENES. XEFREXHEZAMIMO_RX1.tig#
MIMO_RX2.tiq 77 TIQ_Files B & T 3353: £—4
MIMO S MEE —/MESZRIIIE,
status = viPrintf( vi, “MMEM:LOAD:RX1
\"C:\W\RSAVU_MIMO_Demo\WTIQ_Files\W\MIMO_RX1.
TIQ\"\n" );
status = viPrintf( vi, “MMEM:LOAD:RX2
\"C:\RSAVU_MIMO_Demo\\\TIQ_Files\W\MIMO_RX2.
TIQ\"\n" );

REBMNIED K EIR R 6.5ms, WX MESH=, 6.
5ms K3k 64 M ABSKE,

status = viPrintf (vi, "SENS:M2WLAN:ANAL:
LENG 6.5E-3\n");
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RSAVu iZf2 2 HliE T
> Bz A

RIG, BREFIEFIRSAVUED T ANMIMOET, 4
64 MDA R SCC N EHIE, BT X—RIEFTH
B RZHBREK, FHEBRNCERBHRRSE 4 2
th, ARERETHEIEEERM10%., KE, TN
HBETAMRIE, SRR 1 OPC,
status = viSetAttribute (vi, VI_ATTR_TMO_
VALUE, 240000);
status = ViPrintf (vi,
while (intOPC != 1) status = viQueryf( vi,
"%d",&intOPC );
status = viSetAttribute(vi, VI_ATTR_TMO_VALUE, 10000);

“SENS:M2WLAN:IMM\n" );
""OPC?An",

M RSAVU iRERME LR

EPNERE, TN 64T HPRBUNEHIE, &
B3 SCPIar <A, SCCMERMELME, FibK
TBIEIR [ By SCARF T &R AT AL B 7 SCC N E{E, A<fl
TEERXAREN REAEVM HTTRE, EEEMN
SCC MEIREHFFT & PRITATH SR

EXFlZzHHX—oN, FHEEORET
“Retrieving 802.11n MIMO results from RSAVu.”, H
F RSAVURM -63 5 0 R34, BULFHAIEIE—4
FRAiPacket RS, EBRIAITERR I M OBIER 631,
EXANESISM -63 2183 0,

int numResults = 64; // Number of packets to

read from RSAVu

// Match RSAVU's packet
index (negative indexing)

int iPacket = —numResults;

for (i=0; i < numResults; ++i)

{
/I Advance to the next packet in RSAVu

iPacket++;

status = ViPrintf( vi, “SENS:M2WLAN:PACK:
NUMB %i\n", iPacket );

/] Retrieve the measurement data

status = viQueryf( vi, "FETCH:M2WLAN? SCC\n",

"%s", buffer );

4 www.tektronix.com/rsa

J

peakEVM_perl[i]

peakEVM_dBJi]

rmsEVM_perl[i]

rmsEVM_dBJ[i]

SC_number_EVM[i]

peak_MError_per[i]

peak_MError_dBl[i]

rms_MError_per[i]

rms_MError_dBJ[i]

SC_number_MError[i]

peak_PError_deqg[i]

rms_PError_deg][i]

SC_number_PError[i]

XHALE

RARNELRKTENEER  HETRITUXAZ
ih, HAERENER,

viClose( vi );
viClose( rm);

AIBER

AENEREBD A— A NS BRR R T ] UL IR
SR, EAREIF,
A3, CRBMAERNKES(RSA HESFFF
). BB LA dB RRHY 64

RSAVU B ZRFEFR

pch = strtok( buffer,

= atof( pch );

pch = strtok( NULL, ","

= atof( pch);

pch = striok( NULL, ","

= atof( pch);

pch = strtok( NULL, ","

= atof( pch);

pch = strtok( NULL, ","

= atoi( pch );

pch = striok( NULL, ","

= atof( pch );

pch = strtok( NULL, ","

= atof( pch );

pch = strtok( NULL, ","

= atof( pch );

pch = strtok( NULL, ","

= atof( pch );

pch = strtok( NULL, ","

= atoi( pch );

pch = striok( NULL, ","

= atof( pch);

pch = striok( NULL, ","

= atof( pch );

pch = striok( NULL, ","

= atoi( pch );

)

BER—MX

N EPIEVM B IR{E



BAEMNEHE. BEDLEHN JB RRrOENDHN

EVMIZHR{E, 7%, A dBRFHFHERLMEEVM

B dB1E, A2 dBENFHIE, RANELEEL

MR, FTIAN BT, REFERNES
GenerateReport (resultsFilename, serial_RSA1, serial_
RSA2, numResults, rmsEVM_per, rmseEVM_dB );

4 AR AR & B8 MIMO_EVM_Results. txt, 270
I

Filename: MIMO_EVM_Results.txt

RSA #1: RSA6114A_B000001

RSA #2: RSA6114A_B000002

Max EVM (%): 1.438987
Mean EVM (%): 0.943646

Max EVM (dB): —36.838865
Mean EVM (dB): —40.503814

Irms | rms

Packet | EVM (%) | EVM (dB)
_____ e
-6310.8068 | -41.86

-6210.8695 | —41.21

-6110.7174 1 -42.88

-6011.0089 | —39.92

(Packets —59 through -6 snipped for brevity)
-510.71851 -42.87

-410.7296 | -42.74

-310.85701-41.34

-210.7453 1 -42.55

-110.84891-41.42

010.68221-43.32

MATLAB 241
MATLAB RIES2615 C++ RELHIEE LM, ERE
BREEMN, Bk, BREFEVMERFEHEMRAES,

RSAVu i&f2 2l R
> Bz AR

CREXARETRER/NEVME, £, EIEFRE
SCCME4EREF#HE—/ MATLAB Xftd, BiE, ©
S B— R HI B EVMIS TR ERERT [8) L i 2%, ¥R
B PR FI & MR =, T2 _EARH PASS/FAILIE R
o o, MATLAB SLfl =AY SCPI tr & E AT
FRABI S, T C++ NBIERINRTRES A aNRIR
FERA, BATERADENERERESSHFZ,
MBSRAEREENFHERENLE S BRI RUERE
BOREMNEN, XWAMRASLINAIIEERRE,

b ry
RR

MATLABSLBIST AR 2 FMRENBZBRT, his
T4, BEsIMATLAB, ABIEEELTRK
RSAVU_MIMO_Demo\MATLAB, =47 MATLAB Bz
MATLAB_RSAVu_Demo.m.

RARS#ZE

BT R REMATLABLGI, E L o] RIS EEH
NRE, APRIURNEMREMNTXHME “User
Setup Parameters” ExH, fileRX1 # fileRX2 H B9 14
AR ER MEEMEAMMOESHXHALE . ZEEIA
BT, XENBEREEEREGFEEN TIQ Files B
Ko

ERMXARENRENZTEFTANIHEH
resultsFilename T &% B, XN EENIZEET BR.
HBINERT, ©I’E AMIMO_EVM_Results, F2F7E
B A H B X AR S CIEBN YT B A txt, AR
EFHTECIEBENMNYT R’RA mat,

RIE, TErsal flrsa2 X FEiEH#EK MIMO K2 AR
WM& RSAHEISHFS S, BFRFEAXMDXM, B
SR B ANXAKRRETNE

®E, TUHEEVM T IRERRECGAMER 2.0), X
T ABEAERTHEVME, R ERX MEFREEVM
HREBIIEZARBIEREIZMN
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RSAVu iZf2 2 HliE T
> Bz A

VISAEE
5C++XHl—, E—FH2REVISAERE, SMET—
¥, BAPEREMITHE GPIB8:1:INSTR E’]Ea‘%,
IR BHIR A 108, TR C++ KhF, X—
MAZFEE, T MATLAB &34 & N{E :l\lxgo
instrVISA = visa( 'tek’, ['GPIB8::1::INSTR'] );
fopen( instrVISA );
set( instrVISA, Timeout', 10.0);

RSA&ZE

RIE, RSAVUERHFIER, MREZFEF, B4
Y1323 802.11n MIMO 2x2 &R, MRRBEEF(—K
BT #HAE B license), FFWFRE . o] PUFE B fprintf
MEFGS, KIEKMRSAVUIREEIE, 5 C++ L4
—, AFREEL, XBEREWT XG5S, MEAEEHE
MR FERREEF G S,

strMode = query( instrVISA,

if length(strMode) < 11 |
strcmp(strMode(1:11),"DEMM2WLAN") == 0,

fprintf( instrVISA, “INSTrument:SELect
‘DEMM2WLAN" );

strMode = query( instrVISA, “INSTrument:SELect?");

"“INSTrument:SELect?" );

if length(strMode) < 11 Il stremp(strMode(1:11),
"DEMM2WLAN") == 0,

% Can't set the proper mode, so time to quit.

fclose(instrVISA);
return;
end
end
e, AX—ERARERNSY, REEFTHORERE
(SCC)M £,

fprintf( instrVISA, ":CONFigure:M2WLAN');

fprintf( instrVISA, "SENSe:M2WLAN:MEASurement
SCConste');

6  www.tektronix.com/rsa

WED £1% BERSAVUFETT802.11n MIMO 2x2434f, ]
IXHNE A MIMO BT o

fprintf( instrVISA, [:MMEMory:LOAD:RX1 "
fullpathRX1 "™ );

fprintf( instrVISA, [:MMEMory:LOAD:RX2 "
fullpathRX2 "' );

5 C++ FBI—#E, DFEME RX X RIE, Bl

BN KEREMK 6.5ms, XERMNHEHHTHI 64
DENKE.

fprintf( instrVISA, :SENSe:M2WLAN:ANALysis:
LENGth 6.5E-3");
RE, LB EARIRERK 425, FEoiT, SFHRE
TR, REIEBREHHREIE 107,
set(instrVISA, Timeout',240.0);
fprintf( instrVISA, "SENSe:M2WLAN:IMMediate' );

Wait4OPC( instrVISA ); % Wait for
operation complete

% Timeout = 4 minutes

set(instrVISA, Timeout',10.0);
FERNEIRETAME, ERFHREBNEER,

M RSAVu HIREUIE 45 R

5C++XLFIF—H, T—FEN E—HHForaesi
D, BRERENTENNESER, BIVEIERE SCC
MEBIEFERFR N SCCHEMT, EMFHENE
EFHEEXNEN 64 MER, MABDLERZA rms
EVM F1H dB &= rms EVM, BT SCC & AX A
FHEARNRBERELER, FHWETRIBIBITFITE,
HKEISCCMENZNER, 5RE—#, BT RSAVU
M -63F| 0 E3|IDHTHI 64 N4, FibiX—Lf) ez
— IR iPacket (&=, TEMEIRITERS i M 1 BI8F)
64 Bf M —63 BIEE| 0, 7E MATLAB FRAH, FRATM 1
BINERITEES, MAR C++ IRAFHIMO TR, A
HAMATLABHI KRB ZSIM 1 FFEA, T C++ MO FF A

% Timeout = 10 seconds



numResults = 64; % Number of packets to read

from RSAVu

% Match RSAVuU's packet
index (negative indexing)

iPacket = —numResults;

for i=1:numResults,
% Advance to the next packet in RSAVu.
iPacket = iPacket + 1;

fprintf( instrVISA, [':SENSe:M2WLAN:PACKet:
NUMBer ' num2str(iPacket)]);
% Retrieve the measurement data for this packet

str_SCC = query( instrVISA, [ “FETCH:
M2WLAN? SCConste'] );

[temp,rem] = strtok(str_SCC,",");

SCC.peakEVM_per(i) = str2num(temp);

[temp,rem] = strtok(rem,",");

SCC.peakEVM_dB(i) = str2num(temp);

[temp,rem] = strtok(rem,",');

SCC.rmsEVM_per(i) = str2num(temp);

[temp,rem] = strtok(rem,",');

SCC.rmsEVM_dB(i) = str2num(temp);

[temp,rem] = strtok(rem,",");

[temp,rem] = strtok(rem,",");

SCC.peak_MError_per(i) = str2num(temp);

[temp,rem] = strtok(rem,",');

SCC.peak_MError_dB(i) = str2num(temp);

[temp,rem] = strtok(rem,",");

SCC.rms_MError_per(i) = str2num(temp);

[temp,rem] = strtok(rem,",");

(
]
(
]
(
]
(
]
SCC.SC_number_EVM(i) = str2num(temp);
]
(
]
(
]
(
]
(

SCC.rms_MError_dB(i) = str2num(temp);

[temp,rem] = strtok(rem,',");

SCC.SC_number_MError(i) = str2num(temp);

[temp,rem] = strtok(rem,',");

SCC.peak_PError_deg(i) = str2num(temp);

[temp,rem] = strtok(rem,",");

SCC.rms_PError_deg(i) = str2num(temp);

[temp,rem] = strtok(rem,",");

SCC.SC_number_PError(i) = str2num(temp);
end

RSAVu it 22 #ll &R

> Rz At AR

) EVM ws Time for Signal MIMO_EVM_Results
2% Pass
( 2
\I\,‘n 1.5
E 1 A [\f‘/\' /_\/\\'\
o \VAWEY| N T
m 0.5
r

0

60 -50 -40 30 20 -10 0

)] Packet index
B
d
(
M 35
\
E

P P AP YA
VAN i M

-60 -50 -40 -30 20 -10 0

> B 3. EVM 77 1R1E 5 2.0% FR#EIZ A EC i 18 12 (B

-3

45

XS
EMRSAVUREFI B EBEIR S, o DIKE R,
fclose( instrVISA );

SR

E—WRERXRENAESCC NEHERET—H
MATLAB #E 4, DEEMNERERKEZR,

% Save all SCC results
into a MAT file

XHZETHRNEHTRE “User Setup Parameters”
RIS ENXHR, BagENY & mat, R, £H—
WA E, RERAREE LS C++ iRAEL, ME—HY
ZHEBRRFEVMENRKENFEIHES, HITERRE
&/NEVME(FHBEEEF dB),

&®iE, SIE— AR, HREVMBARESREZ, 7
BAPASS =l FAILTE M RBISHIET N ST EFR—
MIBER, ABLEHBRTRTL, BEATRR
MRSAVU REH EVM I IR1E. WRAE K&K TR
HlZk , FrBUE B RPASS (&), MRF— 1S4 S8
THRER, FREEBRFAIL (L1 8), B 3 2i@id PR &4
#h 2 S

save(resultsFilename,'SCC');
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R (FENHRLH

LT A X i 12275

k% : 201206
HIE: (86 21) 5031 2000
fEEL (8621) 5899 3156

REREMEL

BCER T R i — B 865
T 2 0232 D-FE
fk4 . 610016

Fi: (86 28) 8620 3028
fZH.: (8628) 8620 3038

HRAEMEL

AL E X AL 545
HERE IH101%E

k% : 100088

FG: (86 10) 6235 1210/1230
fEE. (86 10) 6235 1236

RRARMERL

[ NG
TG4BT 5 B )R 345 %
ik . 710001

Hi% . (86 29) 8723 1794
fEE. (8629) 8721 8549

T LighER
T XA T [ 8415
FITHFANRJE 18151802-06%F
k% . 200040

I (86 21) 6289 6908
fBE: (8621) 6289 7267

RREINMEL

RO B X R #7885

H B KIE)E924%

kg . 430071

i (86 27) 8781 2760/2831
fEEL: (86 27) 8730 5230

REMNAEL
TR AR #4035

TN E B HL K 2807AZ
kg : 510095

HEiE: (86 20) 8732 2008
fEH. (86 20) 87322108

iR EL

TRYITT 2 W XA B AR 50025
FX) R E R KEGL-02%
B4 : 518008

HLIE: (86 755) 8246 0909
fEE. (86755) 8246 1539

RREBHMHEL
TS A HIE33 5
FIFE3501 %

HL3G: (852) 2585 6688
fEH: (852) 2598 6260
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