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e_J o
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.
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TRESXTHE RFAFERENGENESR

WHITE PAPER —
Modeling RF Power Amplifiers and Increasing
Transmitter Linearity with DPD Using MATLAB

Four Steps to Building Smarter
RF Systems with MATLAB L

F MATLAB WZ BEEFEST TR AT 2L IE &/ MATLAB Z{T5T50LhF M K e 1EH 155
DPD 181% 5128 46 14 /&

FHF#EUS LTE HIRF IR YRR %‘/ﬁ RF FR1GHIIEZHFEIE FF PHY RF ffl/iff/lif@’ﬂ:?%*ﬁﬁ £77 ’ﬂ/7
hE

RIS EAN it

FeiRgENESEENNE
MRERZER, UEFTFEBINEHNEGLRERTAEFHIT. —BEFBRFALEEZIRIT R 71i%, EME
— R ESTNE, LT &R,

FEMEBMNERAESIEHMEBEMNERERATE, AR ARG TIEMFEEERBREERESIKA.
AL EBIERIAEMRERER, UAMAREER, HEF ZHRIETHE.

f#F MATLAB, &8E%:

« AEXBREANH/LIT MATLAB REBBFEEER T AITENES (B 12)
o BIRFERIEE R

o FERTESBMINEHEE (F130 EVM 1 ACLR) 2H7it4E

o [FRAMEDSER over-the-air MR I UEIE T

o LR ARRFEREER] C/Cr+ MIAIFR
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https://www.mathworks.com/help/simrf/examples/rf-receiver-modeling-for-lte-reception.html
https://www.mathworks.com/help/comm/examples/end-to-end-bluetooth-low-energy-phy-simulation-with-rf-impairments-and-corrections.html
https://www.mathworks.com/help/comm/examples/end-to-end-bluetooth-low-energy-phy-simulation-with-rf-impairments-and-corrections.html
https://www.mathworks.com/help/comm/examples/impact-of-an-rf-receiver-on-communication-system-performance.html
https://www.mathworks.com/content/dam/mathworks/white-paper/gated/93104v00_RF_Whitepaper-final.pdf
https://www.mathworks.com/content/dam/mathworks/white-paper/modelling-rf-power-amplifiers-with-dpd-using-matlab-white-paper.pdf
https://www.mathworks.com/content/dam/mathworks/white-paper/modelling-rf-power-amplifiers-with-dpd-using-matlab-white-paper.pdf
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& 12: {&/F Wireless Waveform Generator [iZfHFE/F4 ot it K 7 - LTE (M) A7 802.11ax (B) o

THRESXTF(EE) MATLAB TAFE#TIRENAMVUENEL

A ¥ N

| Wi “/ ke %A N
b ARl
¥ MY AT * * % !

LTE T7TH%H ACLR JIE LTE _E1THEBE EVM FIFRLGTNE  802.11ac L 51 WA &R 1ERISTIZSE
57055t

{&Bh RF (XML LLBH#IT over-the-air il

B R BB TR A RE (MR8, A LIRS E L. SEIREPKIIHIS MATLAB LEBH Simulink #£25

AT over-the-air MK, UTEMERH TR EHEMERERINETES. E5KEE. TRSBIMNER

UERTFEHNR, XMFEFBEREZERTRANREIMERERCIEN, Rm4eiE 7L 8, BT

FHiRo

&8 MATLAB BYREIEM 34 8E 7D, 1ERESSI2 MR AIIRIR R METE R IRAVIRF IR IR R AR R AV TR R) 7R, 53X L m) e

BRSNS REMEX,

MATLAB # Simulink 23— &SRR SDR B KRB Keysight. Rohde & Schwarz. National Instruments.

Anritsu MIEf RF (Y23 ERY RF FSRERFINE D ERILLERRESERRRMNTAEAIEG
(B 13),
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https://www.mathworks.com/help/lte/examples/lte-downlink-adjacent-channel-leakage-power-ratio-aclr-measurement.html
https://www.mathworks.com/help/lte/examples/lte-uplink-evm-and-in-band-emissions-measurements.html
https://www.mathworks.com/help/wlan/examples/802-11ac-transmitter-modulation-accuracy-and-spectral-emission-testing.html
https://www.mathworks.com/help/wlan/examples/802-11ac-transmitter-modulation-accuracy-and-spectral-emission-testing.html
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Supported hardware

Waveforms  Algorithms Mixed-Signal RF Front End Antenna, Antenna arrays

| l

N
oS
DSP = apc >

Spectrum Analyzers

%1’*]/ &‘i"

USRP SDR RTL-SDR

-

Zynq SDR

—
g

& 13: MATLAB # Simulink 3575 1&H—F 5 a1/FHT SDR I RF (XESEE (31T over-the-air Jiito

R : R A SDR BEfFAY LTE DhEEFREN
AR5 & MATLAB. LTE System Toolbox™ #l SDR F-& RiFiEKBMHHAR IR AIA LTE 55850

(%0E 14 FioR) , FES/NXBERES.

RF Signal Capture Baseband Waveform
Analysis
y /
"'3'.‘!6.9 USRP SDR
e MATLAB
“ ) _—
Zyng SDR &
LTE System Toolbox
—
RTL-SDR

& 14: f&/F SDR BEt5 MATLAB #3# LTE 1550 AW I FHEM, HAAXSETHIFE T4 EFE —E R,

. | MathWorks
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SDR FAEAL 100 kHz AH KB ERMRGRENIAE (H—E9) . HROESHBRAIEFHEEE
LTE System Toolbox, HITNKIERIT R, 2 FILUREEEBIR (MIB) MAZESR 1 (SIB 1), 2
HEVNXREXER.

15 P B A2 B IR B 5 S IR AR FD IR 1F. R AT LURHI B PTEsiHAvSRIE, IUERIRS LTE 51
FIREI B, RN AREFRHNEANXBES U ERES], HERLUBIEEENE MATLAB UIERILIME
BARER R ERES.

& LTE Scanner - X
Search for LTE Cel seftings and information from within a chosen frequency range
Search seftings Reference Signal Measurement vs. Frequency
A " USRP - B200/B210 z Sl Celi iDs: 319 401 307 Cell IDs: 401 319 227
| NDLRB: 50 NDLRB: 50 )
LTE band number 20 - o} s
@
LTE band frequency (MHz) 791-821 MHz - 545 |
7 User defined frequencies  [805,807:815,817] ] - ‘ \
Cell information recovery MIB & SIB1 -
254 V\\f AR/ \N\’\/
Reference signal plot type RSRQ L4 1 L L
806 808 810 812 814 816
Plot Spectium Stast Seaich Stop Frequency (MHz)
Status output Choose recovered cell information. 816 MHz - Cell ID. 401 319 227 =
Successiully decoded MIB setlings at 816 MHZ. = Cel settings from MIB decoding Reference signal measurements
HOLRB=50 Frequency: 816 MHz RSRP. 125dBm  RSRQ. -24.2348
Now performing SIB1 recovery DuplexMode: FOD RSSI: 44 46 dBm
Reconfiguning radio hardware to sample at 15 36Ms/s CychicPrefix. Normal
for SIB1 recovery. NDLRB 50 PDSCH setings from DCI Decoding
Capluring new data frames at 15.36Ms/s NCallD 401 319 227 RNTI 65535
Processing caplured frames
Skipping frame 663 (odd frame number does not NSubframe o PRESet 01234507
contain SI81) CellRefP: 2 NLayers: 2
Attempting decoding for frame 664
Succ:ss!%l SiB1 r‘:;:overy | PHICHDuration Normal Modulation QPSK
| one RV 3
Searching 817 MHz Ng
NFrame: 663 TxScheme TxDiversity
Search complate -

B 15: [TE /WX T X FFE 7o

THRE S X TF(ER) RF (NBHNRAFTLBH#ITUXNES

RF Transmit & Receive
RF Signal Capture :“m
) - Instrur Transmit
"-""T"l-é‘a‘é‘.g[l Bt HW Support
Over-the-Air 0O Toolbo [P —
= oo o oozo a0 Faaive
Keysight N9O10A Signal Analyzer
SDR platform
/R T&M NEEELREFIZ ST LTE K &/ T&M (NEEFKEXFISHT LTE &/ 1€/ USRP® E310 L 57FI#UL WLAN
HiEe
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https://www.mathworks.com/help/lte/examples/waveform-generation-and-transmission-using-lte-toolbox-with-test-and-measurement-equipment.html
https://www.mathworks.com/help/lte/examples/waveform-acquisition-and-analysis-using-lte-toolbox-with-test-and-measurement-equipment.html
https://www.mathworks.com/help/wlan/examples/transmission-and-reception-of-an-image-using-wlan-toolbox-and-a-single-usrp-r-e310.html
https://www.mathworks.com/help/wlan/examples/transmission-and-reception-of-an-image-using-wlan-toolbox-and-a-single-usrp-r-e310.html
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TERBEIIMER

&TF FPGA # SoC B9 SDR FEMRE AR TIERIE

FAETRAIGT, EELURITTRA R RN SIERAEER, LKA FPGA M SoC £/ HDL 1 C K8, —Ef&
B TTE MATLAB FIETTHIBZ3AEM over-the-air MIXILIERF RiKIT, MAILGE AR AL IR NIEMHE
RZBYRE = Simulink #&2, FHRIZITEHEDBETRS (B 16) -

sore = oell(l, 3¢ .n.-. Bt s _....-. Ennd e
idGroup = floor (enbiax.HCellID/3): o o
186084 g1

for 1 = 0:2
enb . NCelllID = idGroup*3 + mod(enbMax.NCelllID + 1,3):

il oot

corr{i+1}] = lteDLFm % (enb - led): s

[~.cozz{i+1}] = lteDLframeOffset (enb, downsampled): i
rrii+l} = sum(corz{i+1},2); e HOL Optimans

corz(isl) = sum(corzi{i+l},2): . o

end w0

B 16: EARIREMIR 11375, EoEFFRA ZEH MATLAB; B8 1T A 1€/ VHDL 2 Verilogo
Simulink 2542 7iX—Z1E, XF 1 BEBEBLHNESRENETF,

RSN TREULREN, PC RENERE D FRERKRINIR TS, ZIERIEX RIS,
BN SLIMBYEE NN 382 £ HDL 0 C U8, B 17 2R T MEAEFEE RF B H 342,

Floating-point design / \
Streaming

N MATLAB&SIMULINK Vo

Fixed-point design

v

Simulate with
live signal /0 Testbench —i

User- Pre- RF
Designed | configured >
Algorithms | Algorithms

User-designed
Algorithms

Transceiver

v

v Desktop Design and Simulation k SDR Hardware /
Test implementation K

on SDR hardware

Generate Code

B 17 FEAM BT BRI Y LI 7iiEs BRI HIAM R E 2T, FRECER) SDR 128 B E.2 T
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EZIERIEEIEUTIR:

« LIFI4RF2 SoC £BY FPGA £5¥9F] ARM® QMBS K E#T, ¥ Simulink K9 AZ N IhAE
. EERMAERRN HDL B

o MESERRBI4E R HDL 7 C B3

. EXLBTFE EERMNIRERRKE

FEUSFIRERE, HEMETLWIER SDR R4, IB1TM Simulink A BEH4E AT C F HDL 53, HLE%
EEFERIES,

EFIERT: FPGA 1 ASIC EHAY HDL 1XE3{R &

BEFRANGIHHREFRIENETL, TLTIEIM MR MATLAB A Simulink 5B%) HDL &£ 58, £ T

B4 FPGA fl ASIC 1&1TEY4ERE. R FAhERBERMWEIEZM, S LRFBK. BFMRENETRIESE

B, SR TEREZFRERF A NI S MEE LI,

18 £/R Y LTE OFDM JAHIZSFN MEFHY Simulink HEY (EER) , LA NE AR HDL SCIGAEIRE
(FEB) o KMBFHITINER AL TR IE. PSS 42N, EBTIAEE, FFT 1 SSS 42N, LUEHER N EIBY/NX AR

LTE /NXHRIR. £ LTE REMNE SR ESRWIE TIZEE, HEREL MK Zyng® SDR LIE1THY over-the-air

MR A ER AL I M B NXARIR Z AR B & A IR L FREXFEY HDL XD, AIAFE ] FPGA 3¢ ASIC, A LUEH &

PR BN EHT 4 A HDL AURSXY EZRM T, HER Simulink MIXF & # 1T,
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sfi10_Ent4 (g sfx18_En14 (§

AWGN Channel

sample from LTE
resource grid

LTE_Modulstor_HOL LTE_Detector_HDL

refOutput = lteOFDMModulate (tmconfig, tmgrid) ;

MATLAB
LTE golden reference

‘ rea, ]
N o 4
@ -{ ! resource_gra_aats read_request
tesource_gnd_data

Simulink fixed-point J
Bit-stream architecture cota_oit—slaa_n s sut|—olgana_n can_oua|—aats_in e om",.m

P W
.- . P I ]

OFDU_gata_vaid

i o T
HDL code generation OFDM_input ~ FFT_Shift  Streaming_IFFT  Cyclic_prefix

ENTITY LTE Modulator HDL IS

PORT( clk : IN  std_logie:
reset : IN std_logic;
clk_enable : IN  std_logic:
dataln_re : IN  std_logic_vector(l5 DOWNTO 0);
datalIn_im : IN  std_logic_vector(1l5 DOWNTO 0):
ca_out : QUT std logic;
dataRequest :  ouT  std_logic;
datadut_re : OUT std_logic_vector(22 DOWNTO 0);
dataout_im :  ODT std_logic_vector(22 DOWNTO 0) ;
validout :  QUT  std_logic

)z
END LTE_Modulator_HDL;

BRAETTEATIRE r+1 AR TWE MAdnlatar WAL TR

B 18: [TE F#ZIEFIZEF12TEEHT Simulink BZ (LEF) , U R FIR it FIGIEE#I8 F 7769 HDL LRI TIEE (TAE) o
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TRESXTEEREBIMTIANES

WHITEPAPER l

Deploying LTE Wireless Communications
on FPGAs: A Complete MATLAB and
Simulink Workflow

W dusg.
o before
than

{£ FPGA _FEFZ LTE FE46815

NG
BRAHTEABARABS RN ER EERDTEIST T EMAENQIH, LHTEATREERMEESRAE
KT

RINB L TR2FRAAR Bt IR EN TAFFIR R UEE AR RAE. over-the-air Wik, REF LM
KMo SHTEMILMFHTTIZITAIFIPAELL, FEHFIAE MATLAB FMIEFRAIG I FrR A R BRI IT EE A RA
REM, BAEFAKBEITIERNA 30%, HAERIERE IR AIE 85%, EMIRITNEREZR LD, BFETERE
IR E LRSI RIS B,

HhF ZREPAINIRE, TR LGEIE S MATLAB X EIGIHHTHE. REF LML IESKE IR FHE R
Fime BT MEEMEBBER LA, 15418 mathworks.com/wirelesso

THRBXER MATLAB #ITELIRITHNESESR

o« MATLAB ZF 4815 - Bk

TRRMAEWINFER MATLAB #1748t
o BELEEH MATLAB 74 5G RF - =HIH%R

« InterDigital: ## 5G E2E17 & - ZHIFFR

o BERHLEHEIIFEL - ZHIRR

o BRI BFIEEEI 56 %11 - REIHAR

« NanoSemi #&/5 5G KRB M RF /~dafI7 554F - BPZEH

o BT (L 1E Femtocell ZFZEHIR L IEEE (2:36) - TN

« DigitalGlobe (FE T EHIEHE 15574 - AP ZEH)

o EUI5: €/ HDL Coder 1211 BB it FE (22:44) - FL4R
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https://www.mathworks.com/solutions/wireless-communications.html
https://www.mathworks.com/content/dam/mathworks/case-study/qualcomm-case-study-landscape.pdf
https://www.mathworks.com/content/dam/mathworks/white-paper/convida-interdigital-qa.pdf
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https://www.mathworks.com/company/user_stories/nanosemi-Improves-system-efficiency-for-5g-and-other-rf-products.html
http://www.mathworks.com/videos/bt-optimizes-system-performance-of-femtocell-deployment-100552.html
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http://www.mathworks.com/videos/radio-testbed-design-using-hdl-coder-92636.html
https://www.mathworks.com/content/dam/mathworks/white-paper/gated/fpga-whitepaper.pdf

