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Trusted Source \K Antenna Array

Mobile

Channel Model
Interference Source
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WRIEBSETFTHEBIILTEZ T V7 EA.TY, LTE System Toolbox™ & LT, FRASITERL
TECNSDLTERZAERR LTS, 2DY—IbiRy I X ciE RMC (BEEAIEF v%)V). FRC (BEE
BEF v R)V), E-TM (E-UTRATAMETIV) BEDBEEESEZWNELR TER T BzHDT 1)
HBEENTVE T, LLTFOAFITIE 77 EFERLT R7 RMCIEBRD B EERLE T, TDE
Bl<IE50BD R D))V —RT Oy IHhH Y. 64QAMBIAEFERLE I (X2),

Generate PDSCH reference measurement channel (RMC) waveforms. These are specified in TS36.101 Annex A3 for UE performance testing.
Reference channel R7__ v  RMCparameter summary
Number of downlink resource blocks 50
Duplex mode FDD |
Transmit antenna ports 1
issi Port0 x
Transmission scheme | Moiiction G40AM
|| Cellidentity 0 Transmission layers 1
bl RNTI 1 Total info bits per frame per codeword 272944 bits
RV sequence [0012]
I T Codeword input data
|| Rho (dB) 0 2 :
1 Transport info bit stream (codeword 1) \User defined M
OCNG Off )|
N I[1; 0; 0; 1
Number of subframes 10 [1:0:0,11
Il Mumber of codewords 1 I -
I Transport info bit stream (codeword 2) User defined T
PMI set [1] _
| I[1; 0; 0; 1]
Number of HARQ processes 8 !
Windowing (samples) __0
B Waveform output variable __rmcwavefonn
Resource grid output variable rmegrid
RMC configuration output variable rmceonfig
Generate waveform

2. RMCIEFeZ RS 54 723>

MATLABO—FZERALT RRICENLBEEEGTZERTHIELETELT, TOOI—KFT
I, 2 DDE—RMCHEMZEERL. FAEEHRRESEEMTEHENDIVFUAEERLTVOE
I, BESITRHLC 1DDET )7 T0—0 (T T7L—AE10E) 258G REEERLET,
SVALEY MYPDSCH WIEBA V) OHBEFrRIV) DVY—RTOvIIIRvEVTENE
ER

rmcl = 1teRMCDL(‘R.7’); % Use downlink reference measurement chan-
nel configuration

rmcl.TotSubframes = 10;
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rmcl.NCellID = 65;

rmc2 = rmcl;

% Generate random bits to transmit

0

datal

randi([0 1], sum(rmcl.PDSCH.TrBlkSizes), 1);
data2

randi([0 1], sum(rmc2.PDSCH.TrBlkSizes), 1);

Q

% Generate eNodeB settings structure and initial waveforms to
transmit

[txWaveforml, ~, enbl] 1teRMCDLTool(rmcl, datal);

[txWaveform2, ~, enb2] 1teRMCDLTool(rmc2, data2);

21—IV9Fv¥RIVDETIVIE

GRRED2DDERTCHBZTI—I VI FvRIVET)—AR—ANRIBRZETIVELE
9, LTE System Toolboxld. LTEFRA&IC KO CERENSIDDIELET O T 71V (EPARRIRSITEA)
« EVA(JESRERA). ETURRRIZERH)ICEDWT—EDF v RIVETIVERELE T, VAT A
RERADEEEICKY BETO7 7ML T T L—h Ry 7S5 —EKE. MIMOMERI
EETINCEOTEREND/INTA—R—ZIBE CEE T, T TERRLIETOT 7AIV(EVA)I.
BB ENCHANERREDBIERTL Y FERLTVET,

Communications System Toolbox™ I&. AWGN (IGEMKRTA MATVR /A X) LA — SA R%EE
GEMDF v RIVETIVERBELE S, fce MATLABI—REERAT 5L HBDOF vRILET
W ERETBHEEFIRETT,

ae

channell = struct; Channel config structure

channell .NRxAnts = 1;

ae

Number of receive antennas

ae

channell.DopplerFreq = 5.0; Doppler frequency in Hz

channell.SamplingRate =
enbl.SamplingRate;

o°

Input signal sample rate

o°

channell MIMOCorrelation = ‘Low’; Low MIMO correlation

channell.Seed = 513;

o°

Random number generator seed

channell.InitTime = 1; % Fading process time offset
channell.DelayProfile = ‘EVA’; % Channel delay profile
channel2 = channell;

channel2.Seed = 937;

rxWaveforml = lteFadingChannel(channell, txWaveforml);

rxWaveform2 = lteFadingChannel(channel2, txWaveform2);
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Phased Array System Toolbox™ D7) —AN—X/N\NABRET IV EFEBLT CRERET 7 VAR
LEY, TOV—ILRY VRIS BRAGKE. 75 v 2—ETFH 7LAEZ2—7 v N OEE 2—7
v b DORSEBROETIVHABEINTVET, INSDOET IV L—2—2FUFBXUBERE
JHI)ADOEAIERTEEY,

Tl BNV Zy b BB FEOMUEBIIXYZEIZETIEEITNE T, IhoDABEd. BE#fF
HBENAIVAZY MR L USEDAE, FhlE-15EDAEICRSLIICERINTVET, 7 —
ANR—RANNARIBRISBEEEREICEDWCHHEEINE T,

fc = 2.14e9;

FSPL = phased.FreeSpace(‘OperatingFrequency’, fc,’SampleRate’,
enbl.SamplingRate);

rxWaveforml = step(FSPL, rxWaveforml, [1000;1000;0], [0;0;0],
[0;0;0], [0;0;01);

rxWaveform2 = step(FSPL, rxWaveform2, [1000;-1000;0], [0;0;0],
[0;0;0], [0;0;0]);

Z—ART7LAEESNEDETIVIE

TI—ART7 AL RANICERBSN T VT FRFOEETY, 7L E5&42—7 v b
IOEEENDMPF T RIVF—ITEH ETelIMPAD SMS ENfc TRVF—ZIRELE T,

TI—ART7LARE—T VT FDYVATLICH LT BN =B R S THIHIZERATOE
¥, Fles BEFE—LAT TV IDERETT—AR 7 LAICKYRTREICEV &Y,

Phased Array System ToolboxiCld. 7T—A R 77 LADEKEH I aL— 3> BBROSHD7 IV
YRLET TUHAEEINTOVET, HIZIE. Sensor Array Analyzer/” 7 A ERT 5 &, LR OIE
BHEEWSTETI—RAR T LADERGTONTAZFANBDZENTEFT (K 3), Thick. 7
LAZNEERA CRET L. ZTD7 LA %222 — 3> THERT A8DMATLABI— R ZBEf
EMITHIENTELT,

AT AR — )5 — " MathWorks'




FHROBEEEBUIRRATLOET IV

— - T - — 3
4\ Sensor Array Analyzer . . - - - a . e 2 g
File Help el

- =
Q< dd®
F ¥ Array Settings L]
Array Type: |Uniform Linear -
v B P - 5
Element Type: |Isotropic Antenna - 3D Directivity Pattern
' 2.14 GHz No Steering
BackBaffled: [ | 1o |
Number of Elements: 8 z i
; Az 0
Element Spacing: 05 A = Fl 90 | 5 Ml
Signal Frequencies: |2.14e9 Hz -
Propagation Speed: |3e+08 mis -10 5
=)
Steering: D ; |
N ; . 15 £
Taper: None v b 2
b g
| 20 5
F ¥ Visualization Settings a
-25
View: 3D Array Directivity -
Option: | Polar A o
Show Geometry:
35 "
| | ¥ ¥ Array Characteristics n
Array Directivity: 9.03dBiat 0 Az; 0 El 40
Array Span: x=0 m y=490.65 mm z=0 m
Number of Elements: 8

3. Phased Array System Toolbox®Sensor Array Analyzer7” 71

TEEDAITIE. SEDKRFEIFENGTFRERBZFERALTULA (FRRER7 L) ZE7IUE
L&Y, B—DOL72—bNRESL. REDHENSEIICEIET ST HESZNELET,

lambda = physconst(‘LightSpeed’)/fc;
ULA = phased.ULA(8, ‘ElementSpacing’, lambda/2);

Collector = phased.Collector(‘Sensor’, ULA,...
‘OperatingFrequency’, fc);

receivedSignal = step(Collector, [rxWaveforml rxWaveform2],
[45 -45; 0 0]);

ESRMETRERH#EE

TI—ART7 LA ZERTHE E—LT+—IJEDOA (BIRAM) DHEEDBIRETT, E—L7T
#—IVJEFERALISEE. 7 LA RZFICRETZESHEFEDLEIN BEDAEL LDES
IS LTIIRDE S FHESZESA. TOMDESIFFHHE>THETESAE T, el DK
ez 77 )V IUXLPREAFELMHEDED LT DOAEEZRITTHIENTEET, Phased
Array System Toolboxld, ZEDE—LT+—Z>7 7))V X LEDOAKEE )V X L (MUSIC
LESPRITZSE) ZRALTVET,
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ZOHITIE BETTAL (RUIERERSE) ZEALA 7 LA ZFICREZSAZESOH=ZH#
ELET, TDHE E—LRF vV HETIWIVALICEY, TEEEHAETT LAE—LZERF v
VL REESDENDRDREHLIHEZRELET. INSOAEIR. WRESHLUTFH
EEHRRTBEMESNDHEERLTVET,

numSignals = aictest(awgn(receivedSignal*10000, 40));

Beamscan = phased.BeamscanEstimator(‘SensorArray’, ULA,
‘OperatingFrequency’, fc, ‘'‘DOAOutputPort’, true,
‘NumSignals’, numSignals, ‘ScanAngles’, -90:90);

[~, doas] = step(Beamscan, receivedSignal)
doas =

45 -45

E—L74+—3V 7L EIVIERDET

FRAENFEINS. E—LT7+— V7 FERALTRESEZEZHNICOBELE T HEITN
EBRABEILTLIE—LEFEL. ESZ22EL. RERTOESNIBERITLETD,
E—LT7+—I20 &7 LA RF CREINESICENT O E2EHEHE T HTETRIT
TNET, RIETNESLEHF NI EDESRTET BEXLWVEEN SZRETNIESEER
L. B LGUVEBENSREINESEZRIMELET (ullXT7U>7),

LTE System Toolbox(DE#{1teCellSearchld. ZETNIEHICH L TILEERERTL. 7
FARVEIEEE LU AV 2 EHAESLDEEOE—VIRIBICE DWW FET S /LR
ELET, ZDHBAE. L/IVDRSRP (BEFSREEN) ICBEDOVWC FAELOREITNHRLE
NIV ERELE T, RSRPIE. BIEXNRD IV EEIRT BHICE/NMVIZY FNTCERATH
BIBEDIDTY, B demodulateLTESignallILTEY L—LDIAE Y #45E L. RSRPEETE
L. FYRIVIGBEHELE T, oo FaRTL. ZET—2H LT 7V a—T14> 0 LA
V=TV I ER. RSV T TRERERITLE T, INSORKERELT ZEEY
FOWEDEREINE T,

for ii = 1l:length(doas)

% Use beamforming to steer beam to angle of arriving signal

w(:,ii) = sidelobeCanceller(ULA.getElementPosition/lambda,
doas(ii), setdiff(doas, doas(ii)));

ybf(:,ii) = receivedSignal * conj(w(:,ii));

% Identify the most powerful cell received from this angle
searchalg.MaxCellCount = 1;

searchalg.SSSDetection = ‘PostFFT’;

[cellIDs(ii), ~] = lteCellSearch(enbl, ybf(:,ii), searchalgq);
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$ Perform LTE demodulation and RSRP measurement on beam-
formed signal

try [rxData(:,ii) rxRSRPs(ii), rxSymbols(:,ii)] = ...
demodulatelLTESignal(enbl, ybf(:,ii));

catch, end

end

% Compute result without beamforming (for comparison later)
y = sum(receivedSignal,?2);

rxNoBF = demodulateLTESignal(enbl, y);

X RI55 DEIR

FIEIBESETOHRBELRELS. TOBEICEDVTHRESZRIRTEET, T
&, B BROBETH 245 EICRGEVAETRRLE . MEE 7Oy hEERLT 7L
AI\E—VERE LTRSS DRIRABEERTLET (M),

[~, signalSelect] = min(abs(doas - 45));

rxData = rxData(:,signalSelect);
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Communications System Toolbox& DSP System Toolbox™|C KD TR I N AT A HEHELT E
—LT7F—IVIEDORBRESOREIVRIVIAVAZL—3Y (| 5) & BESDREANY
ML (Ee6) Z70Ov FLET,

Constellation =
comm.ConstellationDiagram(‘ShowReferenceConstellation’,
false, ‘ShowGrid’, true);

step(Constellation, rxSymbols(:,signalSelect));

SpectrumAnalyzer = dsp.SpectrumAnalyzer(‘SampleRate’, 15360000,
‘SpectralAverages’, 1,
‘PowerUnits’, ‘dBW/, ‘PlotAsTwoSidedSpectrum’, true, ‘Name’,
‘Received Signals at UE’, ‘ChannelNames’, {‘SOI’,

‘Interferer’}, ‘ShowLegend’ , true);

step(SpectrumAnalyzer, [rxWaveforml rxWaveform2]);

4 Constellation Diagram o || B | &3
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"4 Received Signals at UE

File Tools View Playback Help

B-|Q-[(]d N E N

Frequency (MHz)

Processing RBW=15 kHz Sample Rate=15.36 MHz T=0

6. WRESHIUTFEDREART ML,

VARATLINTD = 2 A0

TIRIBEVATLDEEZ/INT A=V AERIEIBER (B FRYE), DEV IS —DRET
ZlEINfcEY FDE|ETY, Communications System Toolbox(DSystem object’ 8§ L CBER%Z 5
BLEY, ZOBERA M) v I EFEAL T VAT LINTF+ =XV ADREICHITBE— LT+ —3
JTDMREERILLET,

fprintf(‘\nWithout beamforming:\n---------———=———————- \n’);

BERl=comm.ErrorRate;

errorsl = step(BER1, double(rxNoBF), datal(l:length(rxNoBF)));

fprintf([‘Number of bits transmitted = %d’

“\nNumber of bit errors = %d’
‘\nBit error rate = %f\n’], errorsl(3), errorsl(2), errorsl(l));
fprintf(‘\nWith beamforming:\n-------———————---- \n’);

BER2=comm.ErrorRate;

errors2 = step(BER2, double(rxData), datal(l:length(rxData)));
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fprintf([‘Number of bits transmitted = %d’
‘\nNumber of bit errors = %d’
“\nBit error rate = %f\n’], errors2(3), errors2(2), errors2(l));

Without beamforming:
Number of bits transmitted = 242368
Number of bit errors = 81091

Bit error rate = 0.334578

With beamforming:
Number of bits transmitted = 242368
Number of bit errors = 0

Bit error rate = 0.000000
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