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ol ZEAL R G Kb 2 mT AR R RSO AT ). AR
DRI/ O TR IR B /NEE B 1, (HAB 25N
FRUSCHLE 75 RO R RN F AR &
PRSI R . EH T3 P b S AL T R TE BRI LLN A
T beadt,  ELS T ) A /i KRB MIML O =3 i
By, RIA OB IX R 22 R B =2, A H
KRN/ AR TDD A

IR — RO BN R g5 k2, AT LUE
i, STDDFIBFDSZEMAHEL, FEUHLEE R A
BB BT DL e 5 L. ARG S, B

IR BN e /N BE RS [ R, AR A AL A0 3
BERG, AL HEMOK, EFEAWRS HE L
Rk R, MIBFDZEM ¥ AR 5K
Kby B EAR T & .
2.2 IBFDBE T30

IBFD#E— AL RS, A7 1EAH & S LG
FHL MG 5 BB 82 (direct leakage) F1JE Fl 414
SR R E T S . 5@ EIBFDAE,
I RLIBFD 75 2 A R SRR 5 T4 5 B
B S RIS TP, X T8 3520 17 LA ) A0 4R
B, B REREEIBFDE AR K. AT
B IELNAFHZ SN LBE SR, SR T8 T AN
WOk R R B A B TR, EEARER AR
LRRRES T RIS A T bR . BeEiar BTk
MBS, DOk BN E R, At
TR 52 24 P I 384 0

() B A E TP bR T/ F R &
H LR IORAS AL T — AR AT AR B 75 SRR R bk
ZIE, G FDD X T 88 % H 1 75 2 1 9



B1 R, TR AR PR 9
%2 BE— ORI R
W R ST 1 s T
PR N I,
DK T
B%M{ﬁﬁgf%ﬁgfgif TDD TEBSEACAE  ERE AR IR AR §
S B AL D) e ST B
LA H.
.36 TODEH: LT 558 o0 RESBRUCHRE, 59 BACHUBMAIEAGER, f5 oo SRR
B s o ADC Bl B B, WS
S
T AOA. i 55k S R
DDA, BHIET % BT HTAA, WIS oo mirenern . snasisimar oot r ALY
[42] ST TDD B7IININ (1937 SN/ 3 (3871 =N 0 R B MIMO (% 75 1 g
" R L TR AL
e resry BRI R AT, FTRIBER
23 IBFD4A IBEDRAH LTI i i MBS BRI A B e 3 ARl
Vel ) " put AR R
1 IRA. UGS TODUERRUR A Mk P, TRBITL.  BUHBUNGAIRESS, 1k AT H i
RSN WETTRNS) BN Bl T B %
e o E ERR A, TR, o E AR AR
a7,4s) FAERE) SIHLR DD s, A AU S oty
" NS ey TR
‘ E AR
DU GRS HLAL A L T R ey i
ag VR selh o0 e MUk R ECK. TR MIMIO(x1%

LNAGEFENE %

/INBE S i) 7

FEpN FETBE RN BORIERY), SO

I 5

(SAW) S84 [E 52 AN A, N Liempd % AP0
SEH T T v R AR A RT  A S AR BR (Front-
End Mudule, FEM) )% A 3W1 28 18 # LS (Input-
referred third order Intercept Point, IIP3)iA70 dBm
M= e EEBD, W& 108T/R . ZEBDAIZR W],
SCREER RAG RO TAS /D 1 AR R R 5
A . 1ZSOFARR M BRI EBDZEAL FLE

R E BT Sl 22 A 2 PA B3R B 307 B i
BE, AT ERERRZPHBTARA, T EHI &S MR
LR, (EEBDRES f A 4k VT E W 2% i) BH
. MikhaelZE APUH MatlabsZ 8 T EBDAE AL 5
%, fHMatlab¥FSEIL ) 77 RSN B ZE . Ver-
meulenF NP2 REZR T SEI ) H ZIEBD i 75 fif
PESRILTT 58, 183 E H F AL S (National Instru-
ment, NT)2 & {18 FH USRPHR # Xilinx Kintex 731
WnlYmFE 1B 51 (Field Programmable Gate Array,
FPGA)P* i ffjMicroBlaze A% I, FCiE 7 5L
T TR TR BRI EBDILE M 4% B4k 77 &
%7 ZHEBD ML IR S USRPAL &, IR H 44 T]
W FL AR T R B I 4 < 109015 B 1 44E BT
A (A BEAT SN B AL, FTAEL ms A #R 2 AL
fife S, %77 AR B — A ALIBFD A .
SCHR[23) 4 SCHR[52] SEI IR T FEEBDIL I M 4% FH
Uik 77 N FIBFD@ B — RG24, dndi e
K5 EBDIFIE 8 7, #ii NSub-6 GHz. iy
WEUN . RFEEERPEE BB, BENTT 1 A SCHF

i LNA

10 EBD HL S 31 X T 4% H Pk i e 2o

ME, ACFEMEE . SCHR[43,44)E BT S WIBFD
R — AR FHHUSRPAREFPGASEHL |2 T
F13h 4 144 % (Dithered Linear Search, DLS)%® %
(IEBDULHC M 2% FH TR 7 52 o Horh SOk [43] AR i
178 AL IBFD 2SR HORE S B, R & Matlab
A0 E, SCHR[44) S A vE . W BE D RE T TH
AFAEHISCHR (23] [FIFF £ i) o

20194F, SCHR[46]7ELIRIBFD H T-H il E AR
&AL b, Wit TAIRIBED B FIE R E S £
X S ARURE AR B TP B, it 7R TR A 2
SRR R I R A T30 1) A ) 2 ) AR R A
(B E T IAET) . (S FHTEIF 25 EKEBD XS N ks 25
%, 5CEHIBFD H FH0IH BRI TR X E T



10 R

2 %

AT %

A% X 1.0 mPLAMEEA FI(TUUHEER) S
1.5 mZ AN E AR SO B0 (T AR ) o FERELAL
UEE TR BRES 5, By kel B T P0E Bk as it
— AR R AL H T HRREAT I . 5 0CHR[23,44]
FAL, AZSCERIAS IR NSub-6 GHz. HE SER/ N A&
F BRI S S . SCHBR[55) B8 Hh —Fh FH AL E
% S ) e /N5 77 (Least Mean Square, LMS) H i&
SLPER A, B TR R & I ] 2% (Vector Modulator,
VM) IR ESHUE, LAIFAT LI 70 S 2 5 A1
R, RS R ERMER 1) B 5 5K
THEERRAE S, ATAERIR S E TP R .

(2) A BT BR . SCHR[23]H I DISIC
B A7 57 7E S AU EBD 2 Ji5 i3 — P AR 07
FAFEIE S E T, DISICH i FH I EEE S
FIEIA, Rt i1E 5 W= 5 L5 )5 15
HESHE SR . HFPCASZIAIDISICH HX £
A5 E AR AR EAR R R B BOR TN B 5
MG, RN R R UE 5 ks, B
BEFRMELATGES . N THE, HELAE
FPGAHKFI R E TG T E I RIE 5HRK
(ILECIEB) S ENREE S, MXREE S, ik
IR — G 2R 2 L EE S, HMREZES S
A1 25w 3 B bR . X TEE, AR
DiSICHE H At T S5, KB IR aa % .

Hassani%s A\ PO$E H 7 — Pt T 5 1& B8 2%
(FIDISIC BT 75753 FH Matlabf RS2 80, Sl M
572, BEMAE SCHR[44] 38 05 BA T (Hammerstein )
BERL, JR4HDISICHFPGATA LI . %3
Xof )3 FL R R I A 0 1 2 Ve R R 2 M AT A
Horbg BRATHAR S B FIE 5 SR &t g
B, OE B2 PR AR BRI 2 T UE T 2
7y KRHLMSHTAL FE S e B HA 5 5
TENJEI A S SCHR[46) 5T X B I — A ALIBF DI
BT BT, SRADE B B 1EA8 5 S R
U N e W S PCYNAY Y &I N O i TSR B
BREUESEA, KRS T ST TR R 2R
SCHIR[45]44 SCHik [55] 7 Matlab % £ 1 S2 B DiSIC A
SRR TFPGAREI &, WitsEdl /iEk—1k
ARJRZYHL,  EMDEE Bl B3I BE ThRE . DA LA
FOAFAE I 32 B ] 2 5 2 50 2 oK 5 e B B T4
N T7 A K o
2.3 {RPAPREF.S5SMHREPARIT

NT ARV SCRTIR R TE AL B T P APR A K
MPARCRAC T @, A2 MEPAPREIE
BT (A E A PR W55 ) S5 m T REP A B 1T
MWTIESER (27

e, EARPAPRIE R — AL 3 B % 114,
—J7 T, 3CHR[25,26) 555 XTOFDM R 34T 1 1H AL
LT, 20224F, CHR[BTTENRFPAPRLA K T
I FH B A5 AN TR AP RE B 210 I0A B AR B EE L TR
PAPR MIMO-OFDM# & — &by it 55—
JrTH, O LIF MUE & — R A I AL 2 11T
20174F, Meccormick®s A 252943 51 B & 73#T 5 175
B RSP S0 06 IE A FE VS R TE R 2Rz 37 S
FHFEIE A IS A5 (55 MIMOZS 70 K5 7772
TE /MU ST D2 R, B R AEAE (5 5 2l
RFEIRE T W ZITEUEERE PO, 5
IEFEAE ERIEE ThEE . HIA R LA MLEM B
T, 1815 BUE K F L 501 7 fR T+ 42 5% 7R P D8 i
Ao ZSCRRH TV — R Bk A R 2 B U
SCEVE, SRR — A AR A 1) R I8 I R AR T TR
(RLEIEfe e MIE RS H W) . %7152 5%
P3G 0 (— 323 D23 %) e m D R IA &R
GRS, BAERIE . [KPAPRM
BT (B FRJ7 I B K5 BI85 5 DR MR 3R,
FCRIE A2 B e A % () 55 I I 3o o (AR R 5
M) 5 EIE. 8EEWERAMEKR, KMrHEEE
SR, R AE R — i 2] R BR SR E T ) () 38
&, LB enEE, HlEERRIIK, REl
Mbit/s.

Hwk, fEmMREPARIITH, FREMPAL
PRFF mr i Th 2 ) [F) i A8 2R v B . UL Tk
H. HrEmkE. EREIREZPERZMHIPA
LR FARY, WA, 20184, SCHR[59)3ETAE
WHR B AR BT T — 370 GHz & T2k H B
BAPAL . 20194F, SCHR[60) Beit 1 — K A =
KA I 5 A 2R AL IR B TR B, A
P55 AR A6 BA RT3 . 20204, SCHR[61]R 40 nm
TZ, Wit T —#100 GHzE A S EIPAL A .
20224, SCHR[62)3 2 T HF Tk EIMPAZEH,
BRI 5GIC 2R R AL I TQIA 1l 2 BB AP A E
etk BN, 20224, FRER TR R
BN 40 nm T2, ¥ Letitb i A &
FPAT F . 20224, RE K YL 200 [ pA O
M5/6G PAE T, FEH —Fhim EHE SR A P A
Frdadh, mbG T TEA R B N R R AR
LRPEAME R, YN T ARG SRR, R
55 nm T ZE BB ST SEL 1 8 m i 2 4
DiZ 5., b, RERFRHTRY . KRR
2 [ BRSO 7E PR REP AT T A T A N 7T o
24 BHSEHERIR

TSI 1 e S KU A v B R — Rk &
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MRS B R R B

PR e 11

Gt, B0 EREAT AR AR RS R A AR
Jenf I B AT HER R AL, HET T R S
TR I LB (1) A 0.661

WY, ETCRESFEETTH, SCER[6T]IR T T
BT SZHIAM AL G AL S S8R T
%, EWEZARBABLI45 MHz~20 GHzit X}
GIPERAT RIS UE . IR, FER A S IR
AT, BN P R H 7 B T (Simulation
Program with Integrated Circuit Emphasis, SPICE)
R ISR S w3kt INEVR =R Y R SR USRI
i AR E 11 (Metal-Oxide-Semiconductor field
effect transistor model 11, MOS11) AR 44K
e = Bt KU e I8 oo 2 RERR A SRR LN =
PN FEVA T S5 27 AR RS AR B AR . 20224F,
SCHR[68]BIF T 1 32 880 NE it A 22 K R R e /M
SRR AL, X RS AR ME T AR A
BT SRR BGHAT 20T, SR T AT RRIE R
AT BACH) S RO it R 4R R e/ IME 588 R0
HARNSHERBUTVE, iR o 2B RA
ERETRE . e, EARRB @B T, RIFEAE
20224, STHR[69] % 55 A <5 R A A P 2 3 Ak 3 RAONE
i (Metal Oxide Semiconductor Field Effect
Transistor, MOSFET)i# 47 | 298 ~ 6 KK I &2 152,
WHIE 7 A SSEUR M IR /MBS AL, i
TEALE oK ANEL10.25~40 GHzIE Bl B A BT 1)
IR .

SCHR[66) /A T Il — A R R =K AR
BRI Tt e, I4a th H AT U 70 A7 7E 1 i) 2
JuF Y E A TAENLERANTE T, PERERAEAEDG . Bl
B REARIR R, ULEARIR - 38 R 75
KGN, B R BT R AR v s
BT TS, DAL RS A B I B A
R EC WA e i e S i AR AL R EIT
2.5 BRRREMRGMEIIE

T fifR 3 [ — AR A B A T DR A Il R ) s Al
by B FTXS AT KRG IR T E AR
TR AR RV IR B A —E
Wt .

(1)F:At s AT, 20064F, £E%ET
£ 7] B Northrop Grumman /A &) 58 5% 1 FHFE R &
AR E BRI — R R RIRAE, FFEE20194F 58
BL Y Ik AEAE DI RERT . 2009~20124F, X
R [70-72) B 7T REAE SR AE T OF DM 75 i Jl 5 — 1Ak
th R4, wLLTE24 GHz X 2 5593 248 3 47 U 85 )
W RGO A BT, 20174,
= [E T K M ecormickZE N PIE = Y IS = AF

FISCHR 7334 B9 B 6 46 . (Software Defined
Radio, SDR)F&7£3.5 GHzIAE ¥ LEM %4> & H
WETFIEZ R — ML BIE, X2 RS — 1k
1 T B R AR B A B R SR 2. 20194F,
Ravenscroft 5 N™x}3.55 GHz & BBk (Tandem-
Hopped) #7352 ) 75 353845 — A0 R G kAT SL 50 0¥
fli, £ & KB EMAE 5 0505 v kgt B O
(notch), #RJE¥HETOFDMMAE A BT
BB E . 20194, HLARII & 3UK % Sofie
Pollin B BAM 171 25 1 1/l SCHTidk SCER[23] FIBFD —
ARG, Horh SRR [45) v S T IR — R4k 5
RIPLIE PR A FE D BE . 20194F, SCHR[46]1&
R 2 L = A IBF D 8% — A A B i (1) et s2 T .
20214, 3 [E 48 5 ¥ 0 K2 BUTYT 20 12 U K umari
SENFISEH T — b5 54 A\ 2 far i (Single Input
Multiple Output, SIMO)IE(F F 15 — A FH AR B

W92 GHz, SCHLT BLE AT TR IA 5 X000k B T8
5. 20214, SCHR[76]1E 1% 5G NR OFDMJK
T, 1E28 GHz, 400 MHz %8 %} = P BRI B HE 4T
SLAMHLE R, 30FE T 5G OFDME:l (5 i 1E
ARG S R g R AT, A S
— ML RG

b T OFDMAMLFM#E, TEARIEAS 2 HP T
M, 20194, SCEA[7TTMER £ & 218 (Keysight) A
A AR IGUE 124 GHz & IS BE — I &G
X5y 5 H (Generalized Frequency Division Mul-
tiplexing, GFDM)dAE IERZ Z 8 IE, 1557 %
113.92 MHz. AR HFR225:30%22 em /24 K
ANIERRR, BEES1.5~3.7 mo SCHFHIBEE RN
1.316 m, HEESHERN2.171 m/s, F AR
337 m, HKHEEAL1424 m/s,

E A5, fE2AARS, 2020~2021 4L HHR
REHAIRAT SO P8 T 8 AR R R 26 5 W\ R
#4128 GHz 5GIlIER AL SLE RSt . 20224F,
BR[81]3 7R T BT & I OF DM 2 K i i i — 1R AL 16
WG, SRS E MR . M. WA
FERE A, BhAh, SCHER[S1,82) thse Bl T AL iy sk
— L RS, 20224, XuZE AP TR TOFDM
2.4 GHzZ A F*"MIMO SDRMR V&, 7T LAk
N IAEIN GHAT T8 AEALGAIE T TH,  20224F,
J0 S LK 27 AT BAB35T505F 2 i SCHR[78-80) S B FrT e
R RGHAT Y, F s A — k%
WEANZAD— R &, SINTHEIIRE, Wit I
T Z2E(Z &) G R E R R R
WLE V6o FRH T —FP T IR S84 B2 1 B



12 G

o

=]

2 %

AT %

R E I SEl AP GBS JE IR e - S B Rt Bl
— R BN HE R S bR e v RE. 5
TERRANTT ZAHEL,  Prde th B B S KR IS 1
HArEfiimzs. fESARBUZ T, 20194F, AR
BRBEREIE AR BINEST i IR R 1 I — A 1 1
IR SARAE RA M SLIR 2, R, #4717 AT L
G 20224F, 1% BIBAESCHR [88] it — B IR 1
SARBUZR IIRE -

P 1 TG g R IATC A LR S IR, AEWIFT
EEREOTT, WNHETZMARE, CAMET
WiFifZ {5 5 5% (Received Signal Strength,
RSS). 151ERA1(E B (Channel State Information,
CST)MIWiFi= W E RL 5 AR KHF 5 4L 5 FH5E 15
(FE SURFERAE FE ARV ES, Al AL, %
B AR R B A A T R AE — AR U R Y i
b, WIFiEK H #4538 n B 4 a0 3N A S5 BB 1)
13, BN AARSNAE BT I I ME RS AR L, 1
TMRBIA BT AR, SCHR[89-91) 78 [ Br b ¥k $2
BT HER K X W10 28 B B Jf ik A7 6 4 46
WEe BRI RIS SR AR LR
M ARG B 7 5 A B R B AE AR . ZE 77k
Ft, EBH AL SN0, EEE S M E
W VivoA Rl aNIEAE SLie % . R R UK,
TR AHIZ BB S FAHMTES G, 5G-A, 6G 4Bk
WL B AL IR I 45 7 kAT 1 R — A A
PRERIAIE, B0 SRR 0 A3

(2) KHUEMIMO: 5455 R L B MIRMIMO
BEGI R LA L, XA BT 1 2 A) 49 A R 41 R 2k
R4 S 5 BT 5 B R0 & I e KU MIMO
I ) 3= kAR, Rty L TA R H A T BORAL
22104 TR ) 7 ) 23 A7 SR A1 R G 0T DA B ik e ir
HoRMEREE 5, TESub-6 GHz KA, ok Ky o
55, R A 73 A 2R 51 R 26 (MIMOAE 18 ) i3k
ITHHSGAL SR, A F 2 A5 5t 3R 15 i e R RS FE

52 F3E 73 A1 X (Fo /DN X ) KRR MIMOGHE A 5
R AR K, 20224, Sakhnini® AP K
it FH5GRMAEMIMO OF DM 2461 6 5T
WE R MIMOMT A S F A . IS FIEAE Dy g
I S, FEAR 640 5 B [ 1) R 2 1) Jd B 2
g X3, A R B AR 2 e OFDMAZ 5, B AJ X}
B WA SEELEK R kg e o, HOB S ARk
BN EETTERER M T ETEERSEENES
AbFRAETY 55 UL g AR, FHCRLBAIAH AR
BIREOTAE RatERe, RIBRIEET RO R T 7B
T REAE AR BB K ABMIMOIEA(E R4t I H AR
AT, WA RATIEE DR SRR, JFEON T

@B, BT 2 A0 (AERH S o A0 ) BE 51 R 2k 25
FIBEAT 7893 R FH KR MIMO K 2 [ 51 $2 44 11 2 1]
A, HORGEMFBEAMER A Rt R,
Sakhnini% NHE— B0 78 1 Bkl 2 405k B
&

(3) A2z 5Ye B : 75 R MIMO = 55 Bt
BEARISUETT I, 20224F, AN R SHEERIEFEL
F]LE SCRR[96] 3R 78 A 24 I8 0 Th BEAE A R A2 i 21K
FEEMIMOIE(E R FIEARTATHE, K& @i
O HEAT 3D R HI 43 HE 5 N4 mm. 1% SCHE A S2 B 5
B AR 75 485 205 A% b B oK 0 43 R K 2% %
%o FIEFTLRERIA B NG sl 7 —Fh
HER M2 (0.1~10 THz A AR 24 40 B 121 i & — A
W RS, HNATIIE20225E RN T B e =R 5 T
PE T SR Z ThRe R4, WL uME 5 X
INEEHAT ROR B AL, FERTE AN BB R,
PN FH

LA EEE N AMEART . R RE, £3
35 B0 A 7% 1 300 K — PR A B A 36 AE - 5 2R AT 1A
gy, Fa SRS R R R, &3
7 RS RN TR TR A A . S5 G T ORI
F3ATLAE W, BEARIOE S FI3E I AFELEM, OFDM,
GFDM%%, HiB7E #Sub-6 GHz. Z K. Kk
2%, B, TR EFEMHZZ BT . 100 MHz
DL EAIGHZ M KA 68, REFARW [ i g
i (Single Input Single Output, SISO), SIMO,
MIMO. KHEMIMO, Ihfg. HEREFEENIM
WEE . W, WA, SLAM 2DH R E . =K%
RS WA 3D % < R I L o0 Bk A
I TANUBAL. CHNLE T HSARE S . &
EIR I, ARG ThAE AN 2437 5 1 — Ak
RGWAETRBONELZ, HAAE—EREM. i
OV SCRR A A SLAMM A 28 . KA MIMO &
LA IhRE R RAP WA | A& Gud 5 W8 A T 5 ik &
M AT AT, EREIESLILERE AL RS
3 XKREKRE

DL AR F & 2 5 T 5 FHACGRESDR X 4%
WG 5 kA4 . USRPEE, —MFEAC G M i
MatlabBLabVIEW S5 4, 2 LG A 5 245 58
BYRH E 32 T R 38 R — AR A R A 56 - 5 R iR 2
MLy B PR A B T A R AT 75 T — S T s
7] 8
3.1 FEHFERPRXT BANAE E A9 520

TR — R R G, SRIURS B B N 5 45
BN E, s iE (GEE AR R ) S B E Y
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A I — AL RE

BUIR 5 e 8 13

3 BR—AUBINEEEGHEIETS

R PR W BB RSN ATE B0

bl L AN /A

R R R A

5G BSHn [T HERS % Mg 1L TC N LINER (FEE

[46] fﬁﬁi“ OFDM 40 m), S4hH/EMEE . T3k (BB 50~ IBFDAHI, E1 T v it
‘ 110 m, 12 m/s\ +£9 m/s).
24 GHz, FEAMSEBRES L2 RN EE (100 mBAPY ) . o
0T g51 wpz OFPM W3 (-5 m/s, 12 m/s). - HEERM. HaIR3HR
ELA5 31 Mbit /s, &
3.5 GHz, T b s FEfE, 4t T IEWAE — AL B B IR BITE A ROR
[29] 0 MH, M TR R 1 RE LT« QPSKE i Ny
[CREESED)
73 GHz, RV E AN I BARIUEE (4 mPY) s SR EANEL, B2 T SIMON ALK
ol Sy gm,  OFPM W, A FEE RTBA Mo, TR E BRI . A
[ Byt P 2 &b e 5 . .
15 G BTN S PRI R SRS AR RS
paosl % S o B HLBMIMOIE i RGP B R A7,
Sl U VAT AT Th 6 5k Lt
28 GHz, JBIRE — 1k 5GEKEENZ EFAE . A 2B H 3028 337 5 1 2 3 R
(78818 o0 v, OFPM fr, MPE0.9 m, KEFF0.044 m. 2.8 Gbit/s JH1; TDDYH
(81] 27.5 GHz OFDM ZEERINEE . P A AT AL THI ) R B0 I S 30725 B2 5 ) oy B R
186,87] 5.4 GHz, OSFTD(KI- [l 5 3 CHIHLERS kmm S X HISARBUG . ARG, RIDERE I 2 382 4 1 20 U ok — AL 3 1 il 5
’ 560 MHz Chirp S HE20.3 mx0.3 mo e (R INE E W AY) i 52 B KHISARMAA
96 GHz op. FEANSGHEESE R TTANEE: MFE500 m
[93] 100 MH’Z OFDM PLEs ENEAREE /N T0.1 km/h FET-5 G (38 B — AR AL B AIE
(%3%30 km/h) AR NT70.2°0
196] 140 GHz, OFDM, KA MIMO K 24 = K A AT e IR W RS I D E PN Y

8 GHz FMCW AR 3G A%

MIMOE{E AT 1T

Wi SN IR EE T, T REAE AR BRRG,  AS R AU R
WL 8] S A7 b A0 26l A AR B 3 1) e B[]
R 22 B Bl 2 o X PP A 1 S AR R D
([R5 22 ) 72 52 M B e 1 g 1) = B AR Bk b 2 —
FEREAIAL R S . SRR WAL . BUREAIRm L . K
FERL B F5 5 8 i A% S5 ), ™ B A R e 1tk
RE, R EEARR, DA RG S A 1 Y PR A . S5
I ATk [ 20 B R AW AR AL Gl (5 KA A, il
TR A PR B JR  E XoF s ATk R 25 R o vy, 45
X X B RN B SR v 1 R SRl R — R R
i, B, 6GIEIEK—RIk R 500 & LR L 3
WK G, BRI EIE 0.1 nsHIUN & I [F) 5 iR 2
23 B T K E AR 2 . R, RSk i@ K
— AR R A 2 S )X A R B T R 1
I 7
3.2 BAMBEMIMOS =55 TRIIBFD

T — IR R A PR B AR A Ve 7 R R
IBFDZEM,  JHH DARESULS 50 T H0 7 B 5 B B e
H TR B AR N B, 815 BN e R Ok B
P o R K6 G — PR ALK A =K. KR 2%
A WOCSE B, R PRFE R NI N, 7 B A
KAEMIM O Y A MR A 7= 25 R 54w o 56 R e h
[ MR . F TR R 2R L B IBFDE AR 1
WA RBONIGA, SR, BT RELERAE,

KU S E B IBF D K BEMIM OFE 1R K2
& AT AR A — AT IO LA B R 1 i 008 AE AR
A B R AN A MIM O, 75 4 8 K 0 A
MIMO £ 4t HIBF Dy 2K Ik R 4 ELAR N 5 R
TEMT, FFEEXERAMBIMIMOMEE— 4L &
Guit L% 11 IBF DY A AL R 25 FE 36 R H 09
BREAE SRR

IBFDIE & — 4k RG] KB A T H07H B
A7 H TGRS EH TIREREAR, 465
8 YA ) RS T 2% B 2 S B T B v Ok B
P& B PRI B B2, ARARAN 2 v B B R FE AN 1 &
FeBEIIE K o LA SCHR BT IR A4 50 E A IBF Dd &k —
ARG ARSI S NS Sub-6 GHz, £ K=K
WS, HAr RN (100 MHZPA) . SRT,
TE KU 5 w0 KA e S MU I R, H
T HC T 9 AR St S5 Ak B P s A S R R R R
OE7 T AR
3.3 T AMEBEBR— BT

T 17 380 SR — AR A TE AL AR R DI FEYY 52 B %)
=P SR Y eI A D Gl S U N R T L G S i
ITTENNUNEIAL . RThFE . RRAR T, DASCHE
TANEE— R LSARIG 5 LK IBE . HEH
w0, B SCHEREE LR B — AR B A R E AL
AR T S48, HI SO STk [46,93] 72 4 o AL



14 o5 fE

5|
IS

¥k

AT %

VE RSN R B bR AR RN 44, SCHR[87,88] %@
R RESARBRG 5 RGIEE T T ATIAE, @
JER— PR 1 i 5 FE AR [ e 31kl B, FRIETRA
MLE S5t B 08 SR A L A A 36 I A5 S 44K i s oL
SDRAMER, A5 i T A 5 1 BR il 3
FEEAETLAML L, 10 L SDRAE - & 3 A
PR AMLEEAT . B, XFSub-6 GHzAE L
FEUT , AEASCRFZOR LSS mo gL,  H By
WA, AXHF GHzLL B KA o, Hk, KT
KK BHSDRY & — M SREHAT B HVR IR
A, AHEEIR B S ThER, 5mEik E f iR
B. RE, REL ThERRR, DhFEIR40 WAL .
PL_E i) 505 2508 F 7 P SDR P 6 S2 3L 3@ Jsk— 141k
TIATERETEPRINEE 2. R Bl R BUE S48
PR — RTS8 22 b, B 5T and]
S SEHHAIRIFPGA F,  E F I T 7] AL S 1A
FAHESZ BR 1B AR B A & F 7T 58 A SDRAGE - 2 563

Y VAVAN

SRR e el e L AT M VA
4 i

JH AR — A b 7 EL0E 15 A TR Ok 3 FH JJo 28 H A B A
MR, ZA0EL. KA se . A4S BN R ) B R AN
[F) S RE SUR IR — A B R s k. I
& E N AMESG-Advanced, 6G, WiFiZE i@ & —& 1L
P2 48 . WORE VLR MR Bt RGtE
TR B0 5 VR 5 T A WP I FU R, ABATY SR AT
E— 8RR, Br5GMZ4h, JE5G, 6GAEIHIEK
— R AE R IR T & 22 O E B 0T AR 28 R
R EE R RBN T E I RE, R D FE R A
BOK, WKEE IR 5SDRYF &, IBFDH T4
4 AR 1 A 78 733 AR R U MIMO ) 23K
ARt — P86 N TR B KB R HEOR IS Xt
RARBARPRE AT )@, FHFEAEARF PSR
LRI NS, TR TT R . N T IE A A R =
g gk Rs, AR SOBCCHE  FEBLAE . A
W B 5 7 T AR AE R EREAT AR i, S AT
AT BB B I P T R, DA I8 IR — AR A 1 36
“CERAR” RLHRERE “PLsL” .

2 % X u

1] SJUE, WL, e, 5. 5G NRANX IRt —F g
PR A B S [T). HIREE AR, 2023, 63(4): 563-568. doi:
10.20079/j.issn.1001-893x.211224008.

MENG Fanjun, DENG Bingguang, QIN Qihang, et al. A
fast synchronization algorithm based on frequency domain
correlation in 5G NR cell search[J]. Telecommunication

Engineering, 2023, 63(4): 563-568. doi: 10.20079/j.issn.

[9]

1001-893x.211224008.

AT, BN, 25, & XY 556G MECTEZE HH4 )
G R[], WEH S KFFH, 2022, 37(4): 301-310. doi:
10.7682/j.iss1n.2097-1427.2022.04.002.

HAN Songyue, MIAO Kai, LI Yong, et al. Integration
application of blockchain and 5G MEC in military field[J].
Journal of Naval Aviation University, 2022, 37(4): 301-310.
doi: 10.7682/j.issn.2097-1427.2022.04.002.
IMT-2030(6G)HEHEAL. 6G L4 5 R B E A
B A3[R). 2021.

IMT-2030(6G) Promotion Group. 6G network architecture
vision and key technology outlook white paper[R]. 2021.
BEW, RS, MRk, & AREAEE S KEdE. AT
B[] SRS 4k BAARMER, 2020, 38(6): 1-10.
doi: 10.16614/j.gznuj.zrb.2020.06.001.

HU Shengbo, ZHU Mangqin, YANG Lulu, et al. Future
wireless communication, big data and AI[J]. Journal of
Guizhou Normal University: Natural Sciences, 2020, 38(6):
1-10. doi: 10.16614/j.gznuj.zrb.2020.06.001.

FRA, R, XUEE, . 6GARI Mt 56T B 5 4530 E AR
Nl AR EN#[J]. Jok il T2, 2022, 52(11): 1895
1900. doi: 10.3969/j.issn.1003-3106.2022.11.001.

WANG Chaowei, WANG Tianyu, LIU Ting, et al.
Opportunistic data offloading based on RSU deployment
optimization in 6G internet of vehicle[J]. Radio
Engineering, 2022, 52(11): 1895-1900. doi: 10.3969/j.issn.
1003-3106.2022.11.001.

HILHE, &&ER, 55, & MR gOMPHB
OFDMEE Mt 77vE[J]. LR EHA, 2017, 49(5):
149-155. doi: 10.15961/j.jsuese.201601000.

XIAO Shenyang, JIN Zhigang, SU Yishan, et al. An
optimized gOMP algorithm for sparse OFDM channel
estimation[J]. Advanced Engineering Sciences, 2017, 49(5):
149-155. doi: 10.15961/j.jsuese.201601000.

Pesrag, ROCHE, KR, 5. Z/hXMassive MIMO R 4173
A PR BE[T]). P8R BBOR 4R, 2019, 39(2):
354-359. doi: 10.13800/j.cnki.xakjdxxh.2019.0224.

PANG Lihua, WU Wenjie, ZHANG Yang, et al.
Distributed pilot optimizing assignment in multi-cell
Massive MIMO systems[J]. Journal of Xi’an University of
Science and Technology, 2019, 39(2): 354-359. doi: 10.
13800/j.cnki.xakjdxxb.2019.0224.

IMT-2030(6G)HEREAL. 1A R — AL F AT T4 5 [R].
2021.

IMT-2030(6G) Promotion Group. Research report on
integration of sensing and communication technology|[R].
2021.

HUANG Yuhong. Challenges and opportunities of sub-6

GHz integrated sensing and communications for 5G-


https://doi.org/10.20079/j.issn.1001-893x.211224008
https://doi.org/10.20079/j.issn.1001-893x.211224008
https://doi.org/10.20079/j.issn.1001-893x.211224008
https://doi.org/10.20079/j.issn.1001-893x.211224008
https://doi.org/10.20079/j.issn.1001-893x.211224008
https://doi.org/10.20079/j.issn.1001-893x.211224008
https://doi.org/10.20079/j.issn.1001-893x.211224008
https://doi.org/10.7682/j.issn.2097-1427.2022.04.002
https://doi.org/10.7682/j.issn.2097-1427.2022.04.002
https://doi.org/10.7682/j.issn.2097-1427.2022.04.002
https://doi.org/10.7682/j.issn.2097-1427.2022.04.002
https://doi.org/10.7682/j.issn.2097-1427.2022.04.002
https://doi.org/10.7682/j.issn.2097-1427.2022.04.002
https://doi.org/10.16614/j.gznuj.zrb.2020.06.001
https://doi.org/10.16614/j.gznuj.zrb.2020.06.001
https://doi.org/10.3969/j.issn.1003-3106.2022.11.001
https://doi.org/10.3969/j.issn.1003-3106.2022.11.001
https://doi.org/10.3969/j.issn.1003-3106.2022.11.001
https://doi.org/10.3969/j.issn.1003-3106.2022.11.001
https://doi.org/10.3969/j.issn.1003-3106.2022.11.001
https://doi.org/10.3969/j.issn.1003-3106.2022.11.001
https://doi.org/10.3969/j.issn.1003-3106.2022.11.001
https://doi.org/10.15961/j.jsuese.201601000
https://doi.org/10.15961/j.jsuese.201601000
https://doi.org/10.13800/j.cnki.xakjdxxb.2019.0224
https://doi.org/10.13800/j.cnki.xakjdxxb.2019.0224
https://doi.org/10.13800/j.cnki.xakjdxxb.2019.0224

14

PRI i 55

BAE RGN — AR RE BT

BUIR 5 e 8 15

(10]

(11]

(12]

(13]

(14]

(15]

[16]

Advanced and beyond[J]. Chinese Journal of Electronics,
2024, 33(2): 323-325. doi: 10.23919/cje.2023.00.251.

EI8E, AR, 0. G RATHERLE 0GRS SR
A AT H K 2E 244, 2021, 44(4): 1-11. doi: 10.13190/
j-jbupt.2021-081.

YAN Shi, PENG Mugen, and WANG Wenbo. Integration
of communication, sensing and computing: The vision and
key technologies of 6G[J]. Journal of Beijing University of
Posts and Telecommunications, 2021, 44(4): 1-11. doi: 10.
13190/j.jbupt.2021-081.

LIU Fan, CUI Yuanhao, MASOUROS C, et al. Integrated
sensing and communications: Toward dual-functional
wireless networks for 6G and beyond[J]. IEEE Journal on
Selected Areas in Communications, 2022, 40(6):
1728-1767. doi: 10.1109/JSAC.2022.3156632.

FEF, BER, ZHIE, 5 KRFZEERM R EE: 3L
RE R[] EBE5MR, 2022, 43(1): 3-10. doi: 10.11959/j.
issn.1000-436x.2022007.

WEI Zhiqing, FENG Zhiyong, LI Yiheng, et al. Terahertz
joint communication and sensing waveform: Status and
prospect[J]. Journal on Communications, 2022, 43(1):
3-10. doi: 10.11959/j.issn.1000-436x.2022007.

ZHANG J A, LIU Fan, MASOUROS C, et al. An overview
of signal processing techniques for joint communication
and radar sensing[J]. IEEE Journal of Selected Topics in
Signal Processing, 2021, 15(6): 1295-1315. doi: 10.1109/
JSTSP.2021.3113120.

AWK, BIRAR, R, & KRS — A OE
TH5 55 B[], W15 4H), 2022, 43(2): 76-88. doi: 10
11959/j.issn.1000-436x.2022015.

YU Xianbin, LYU Zhidong, LI Lianyi, et al. Waveform
design and signal processing for terahertz integrated
sensing and Journal on
Communications, 2022, 43(2): 76-88. doi: 10.11959/j.issn.
1000-436x.2022015.

AR, FiE, KER, 5. T A 6G R AR BN — R AL 2 B
W ERA[T]. Eﬁkiﬂi, 2023, 39(6): 963-974. doi: 10.
16798 /j.issn.1003-0530.2023.06.002.

LIN Yuewei, WANG Yi, ZHANG Qixun, et al. Overview

communication[J].

of the research on 6G oriented internet of vehicles for
integrated sensing and communication[J]. Journal of Signal
Processing, 2023, 39(6): 963-974. doi: 10.16798/j.issn.1003-
0530.2023.06.002.

LREE, 2, MG, A B2 RR 7RI R R B R A T T 4R
R RY(T). TR, 2023, 45(1): 137-149. doi: 10.
13374/j.issn2095-9389.2022.04.16.003.

MA Zhonggui, LI Zhuo, and LIANG Yanpeng. Overview
and prospect of communication-sensing-computing

integration for autonomous driving in the Internet of

[17]

[18]

[19]

[20]

21]

22]

23]

vehicles[J]. Chinese Journal of Engineering, 2023, 45(1):
137-149. doi: 10.13374/j.issn2095-9389.2022.04.16.003.
Xg, £, HUE. ZHL8 AV FSLAMEARGT i R[]
HHEMNLTHE, 2022, 48(5): 1-10. doi: 10.19678/j.issn.1000-
3428.0062504.
LIU Xin, WANG Zhong, and QIN Mingxing. Research
progress of multi-robot collaborative SLAM technology[J].
Computer Engineering, 2022, 48(5): 1-10. doi: 10.19678/j.
issn.1000-3428.0062504.
FAE, REIHE, SR, — M3 T B0 ORBMPROSACH:
F S TCRR A V-SLAMBLIE (Y], 1530 T K24 B AR
iz, 2023, 42(1): 152-159. doi: 10.16186/j.cnki.1673-9787.
2021040137.
WANG Hongxing, XU Wanlin, and ZHANG Boyang. V-
SLAM algorithm based on improved ORB and PROSAC
feature point matching[J].
University: Natural Science, 2023, 42(1): 152-159. doi: 10.
16186/j.ani.1673—9787.2021040137.

I, BE, 5. T GPUMKHMSAR SN G 5
¥ ~[J}. B R 5T, 2023, 38(6): 1380-1391. doi: 10.
16337/j.1004-9037.2023.06.013.
TAN Yunxin, HUANG Haifeng, LAI Tao, et al. GPU-

Journal of Henan Polytechnic

based real-time imaging algorithm for long-track SAR[J].
Journal of Data Acquisition and Processing, 2023, 38(6):
1380-1391. doi: 10.16337/j41004—9037.2023.06.013.

XA, R, P, 2 3T MO 4 IS AR R £ (]
WACKZ %4 BRALEAR, 2022, 42(3): 306-313. doi: 10.
3969/j.issn.1000-1565.2022.03.013.

LIU Shuaiqi, LEI Yu, PANG Jiao, et al. SAR image
denoising based on generative adversarial networks[J].
Journal of Hebei University: Natural Science Edition, 2022,
42(3): 306-313. doi: 10.3969/j.issn.1000—1565.2022.03.013.
XDCE, BB, ERAE, & RGBS B — A2
BB, BahE{E, 2022, 46(6): 8-16. doi: 10.3969/j.
issn.1006-1010.2022.06.002.

LIU Guangyi, LOU Mengting, WANG Qixing, et al.
Towards 6G: Research on integrated sensing and
communication architecture and key technology[J]. Mobile
Communications, 2022, 46(6): 8-16. doi: 10.3969/j.issn.
1006-1010.2022.06.002.

Mg, R . THA 5. 5GBS BN — AL [T]. 5 REME R
A, 2021, 15(5): 27-33. doi: 10.3969/j.issn.1674-1285.2021.
05.005.

YE Wei and GAO Shuliang. Integrated sensing and
communication towards 5.5G[J]. Information and
Communications Technologies, 2021, 15(5): 27-33. doi: 10.
3969/j.issn.1674-1285.2021.05.005.

HASSANI S A, PARASHAR K, BOURDOUX A, et al.
Doppler radar with in-band full duplex radios[C]. IEEE


https://doi.org/10.23919/cje.2023.00.251
https://doi.org/10.13190/j.jbupt.2021-081
https://doi.org/10.13190/j.jbupt.2021-081
https://doi.org/10.13190/j.jbupt.2021-081
https://doi.org/10.13190/j.jbupt.2021-081
https://doi.org/10.13190/j.jbupt.2021-081
https://doi.org/10.13190/j.jbupt.2021-081
https://doi.org/10.13190/j.jbupt.2021-081
https://doi.org/10.13190/j.jbupt.2021-081
https://doi.org/10.1109/JSAC.2022.3156632
https://doi.org/10.11959/j.issn.1000-436x.2022007
https://doi.org/10.11959/j.issn.1000-436x.2022007
https://doi.org/10.11959/j.issn.1000-436x.2022007
https://doi.org/10.11959/j.issn.1000-436x.2022007
https://doi.org/10.11959/j.issn.1000-436x.2022007
https://doi.org/10.11959/j.issn.1000-436x.2022007
https://doi.org/10.11959/j.issn.1000-436x.2022007
https://doi.org/10.1109/JSTSP.2021.3113120
https://doi.org/10.1109/JSTSP.2021.3113120
https://doi.org/10.11959/j.issn.1000-436x.2022015
https://doi.org/10.11959/j.issn.1000-436x.2022015
https://doi.org/10.11959/j.issn.1000-436x.2022015
https://doi.org/10.11959/j.issn.1000-436x.2022015
https://doi.org/10.11959/j.issn.1000-436x.2022015
https://doi.org/10.11959/j.issn.1000-436x.2022015
https://doi.org/10.11959/j.issn.1000-436x.2022015
https://doi.org/10.11959/j.issn.1000-436x.2022015
https://doi.org/10.16798/j.issn.1003-0530.2023.06.002
https://doi.org/10.16798/j.issn.1003-0530.2023.06.002
https://doi.org/10.16798/j.issn.1003-0530.2023.06.002
https://doi.org/10.16798/j.issn.1003-0530.2023.06.002
https://doi.org/10.16798/j.issn.1003-0530.2023.06.002
https://doi.org/10.16798/j.issn.1003-0530.2023.06.002
https://doi.org/10.16798/j.issn.1003-0530.2023.06.002
https://doi.org/10.13374/j.issn2095-9389.2022.04.16.003
https://doi.org/10.13374/j.issn2095-9389.2022.04.16.003
https://doi.org/10.13374/j.issn2095-9389.2022.04.16.003
https://doi.org/10.13374/j.issn2095-9389.2022.04.16.003
https://doi.org/10.13374/j.issn2095-9389.2022.04.16.003
https://doi.org/10.13374/j.issn2095-9389.2022.04.16.003
https://doi.org/10.13374/j.issn2095-9389.2022.04.16.003
https://doi.org/10.19678/j.issn.1000-3428.0062504
https://doi.org/10.19678/j.issn.1000-3428.0062504
https://doi.org/10.19678/j.issn.1000-3428.0062504
https://doi.org/10.19678/j.issn.1000-3428.0062504
https://doi.org/10.19678/j.issn.1000-3428.0062504
https://doi.org/10.19678/j.issn.1000-3428.0062504
https://doi.org/10.19678/j.issn.1000-3428.0062504
https://doi.org/10.16186/j.cnki.1673-9787.2021040137
https://doi.org/10.16186/j.cnki.1673-9787.2021040137
https://doi.org/10.16186/j.cnki.1673-9787.2021040137
https://doi.org/10.16186/j.cnki.1673-9787.2021040137
https://doi.org/10.16186/j.cnki.1673-9787.2021040137
https://doi.org/10.16186/j.cnki.1673-9787.2021040137
https://doi.org/10.16186/j.cnki.1673-9787.2021040137
https://doi.org/10.16186/j.cnki.1673-9787.2021040137
https://doi.org/10.16337/j.1004-9037.2023.06.013
https://doi.org/10.16337/j.1004-9037.2023.06.013
https://doi.org/10.16337/j.1004-9037.2023.06.013
https://doi.org/10.16337/j.1004-9037.2023.06.013
https://doi.org/10.16337/j.1004-9037.2023.06.013
https://doi.org/10.16337/j.1004-9037.2023.06.013
https://doi.org/10.16337/j.1004-9037.2023.06.013
https://doi.org/10.3969/j.issn.1000-1565.2022.03.013
https://doi.org/10.3969/j.issn.1000-1565.2022.03.013
https://doi.org/10.3969/j.issn.1000-1565.2022.03.013
https://doi.org/10.3969/j.issn.1000-1565.2022.03.013
https://doi.org/10.3969/j.issn.1000-1565.2022.03.013
https://doi.org/10.3969/j.issn.1000-1565.2022.03.013
https://doi.org/10.3969/j.issn.1000-1565.2022.03.013
https://doi.org/10.3969/j.issn.1006-1010.2022.06.002
https://doi.org/10.3969/j.issn.1006-1010.2022.06.002
https://doi.org/10.3969/j.issn.1006-1010.2022.06.002
https://doi.org/10.3969/j.issn.1006-1010.2022.06.002
https://doi.org/10.3969/j.issn.1006-1010.2022.06.002
https://doi.org/10.3969/j.issn.1006-1010.2022.06.002
https://doi.org/10.3969/j.issn.1006-1010.2022.06.002
https://doi.org/10.3969/j.issn.1006-1010.2022.06.002
https://doi.org/10.3969/j.issn.1674-1285.2021.05.005
https://doi.org/10.3969/j.issn.1674-1285.2021.05.005
https://doi.org/10.3969/j.issn.1674-1285.2021.05.005
https://doi.org/10.3969/j.issn.1674-1285.2021.05.005
https://doi.org/10.3969/j.issn.1674-1285.2021.05.005
https://doi.org/10.3969/j.issn.1674-1285.2021.05.005
https://doi.org/10.3969/j.issn.1674-1285.2021.05.005
https://doi.org/10.3969/j.issn.1674-1285.2021.05.005

16

G

o

=]

¥k

AT %

(24]

[25]

[26]

(27]

28]

29]

30]

(31]

INFOCOM 2019 - IEEE Conference on Computer
Communications, Paris, France, 2019: 1945-1953. doi:
10.1109/INFOCOM.2019.8737408.

KL, ZARA, B, & W ia MmN Rk — L gk
HREH]. FIA¥R, 2021, 10(3): 467-484. doi: 10.12000/
JR20113.

LIU Fan, YUAN Weijie, YUAN Jinhong, et al. Radar-
communication spectrum sharing and integration:
Overview and prospect[J]. Journal of Radars, 2021, 10(3):
467-484. doi: 10.12000/JR20113.

R 1EEL5 OFDM R 138 5 — AL S s H R BE 7T (D). [
L], P H TR R, 2017,

HAO Yuexing. Research on the key technology of constant
envelop OFDM radar-communication integration[D].
[Master dissertation], Xidian University, 2017.

WECH, ARk, B, & EEKOFDM & L@ iE — ik
EF W], P2l R, 2019, 53(6): 77-84. doi:
10.7652/xjtuxb201906011.

ZHANG Qiuyue, ZHANG Linrang, GU Yabin, et al. Signal
design of communication integration for radars with
constant envelope OFDM[J]. Journal of Xi’an Jiaotong
University, 2019, 53(6): 77-84. doi: 10.7652/
xjtuxb201906011.

M, YL, KK, AR R R ER S A B ().

B 515 B3R, 2019, 41(3): 739-750. doi: 10.11999/
JEIT180515.

XIAO Bo, HUO Kai, and LIU Yongxiang. Development
and prospect of radar and communication integration[J].
Journal of Electronics & Information Technology, 2019,
41(3): 739-750. doi: 10.11999/JEIT180515.

MCCORMICK P M, BLUNT S D, and METCALF J G.
Simultaneous radar and communications emissions from a
common aperture, part I: Theory[C]. IEEE Radar
Conference (RadarConf), Seattle, USA, 2017: 1685-1690.
doi: 10.1109/RADAR.2017.7944478.

MCCORMICK P M, RAVENSCROFT B, BLUNT S D,
et al. Simultaneous radar and communication emissions
from a common aperture, part II: Experimentation[C].
IEEE Radar Conference (RadarConf), Seattle, USA, 2017:
1697-1702. doi: 10.1109/RADAR.2017.7944480.

IMT-2030 (6G) HEFZH. WS IRH — A H AT SR 5 [R)].
2hiZ. 2022.

IMT-2030 (6G) Promotion Group. Research report on
integrated sensing and communication technology[R]. 2nd
ed. 2022.

BOZORGI F, SEN P, BARRETO A N, et al. RF front-end
challenges for joint communication and radar sensing[C].
1st IEEE International Online Symposium on Joint

Communications and Sensing, Dresden, Germany, 2021:

32]

33]

[34]

[35]

[36]

37]

[38]

[39]

[40]

[41]

[42]

1-6. doi: 10.1109/JCS52304.2021.9376387.

HAN Liang and WU Ke. Radar and radio data fusion
platform for future intelligent transportation system[C].
7th IEEE European Radar Conference, Paris, France,
2010: 65-68.

HAN Liang and WU Ke. Emerging advances in transceiver
technology fusion of wireless communication and radar
sensing systems[C]. IEEE Asia-Pacific Microwave
Conference, Melbourne, Australia, 2011: 951-954.

HAN Liang and WU Ke. Multifunctional transceiver for
future intelligent transportation systems[J]. IEEFE
Transactions on Microwave Theory and Techniques, 2011,
59(7): 1879-1892. doi: 10.1109/TMTT.2011.2138156.
MOGHADDASI J and WU Ke. Improved joint radar-radio
(RadCom) transceiver for future intelligent transportation
platforms and highly mobile high-speed communication
systems[C]. IEEE International Wireless Symposium,
Beijing, China, 2013: 1-4. doi: 10.1109/IEEE-IWS.2013.
6616796.

MOGHADDASI J and WU Ke. Multifunctional transceiver
for future radar sensing and radio communicating data-
fusion platform[J]. IEEE Access, 2016, 4: 818-838. doi: 10.
1109/ACCESS.2016.2530979.

ZHANG Hui, LI Lin, and WU Ke. 24GHz software-defined
radar system for automotive applications[C]. IEEE
European Conference on Wireless Technologies, Munich,
Germany, 2007: 138-141. doi: 10.1109/ECWT.2007.
4403965.

HAN Liang and WU Ke. 24-GHz joint radar and radio
system capable of time-agile wireless sensing and
communication[C]. IEEE MTT-S International Microwave
Symposium, Baltimore, USA, 2011: 1-4. doi: 10.1109/
MWSYM.2011.5972832.

HAN Liang and WU Ke. 24-GHz integrated radio and
radar system capable of time-agile wireless communication
and sensing[J]. IEEE Transactions on Microwave Theory
and Techniques, 2012, 60(3): 619-631. doi: 10.1109/TMTT.
2011.2179552.

HAN Liang and WU Ke. Joint wireless communication and
radar sensing systems-state of the art and future
prospects[J]. IET Microwaves, Antennas & Propagation,
2013, 7(11): 876-885. doi: 10.1049/iet-map.2012.0450.
MOGHADDASI J and WU Ke. Unified radar-
communication (RadCom) multi-port interferometer
transceiver[C]. IEEE European Radar Conference,
Nuremberg, Germany, 2013: 479-482.
MOGHADDASI J and WU Ke. Millimeter-wave
multifunction multiport interferometric receiver for future

wireless systems[J]. IEEE Transactions on Microwave


https://doi.org/10.1109/INFOCOM.2019.8737408
https://doi.org/10.12000/JR20113
https://doi.org/10.12000/JR20113
https://doi.org/10.12000/JR20113
https://doi.org/10.7652/xjtuxb201906011
https://doi.org/10.7652/xjtuxb201906011
https://doi.org/10.7652/xjtuxb201906011
https://doi.org/10.11999/JEIT180515
https://doi.org/10.11999/JEIT180515
https://doi.org/10.11999/JEIT180515
https://doi.org/10.1109/RADAR.2017.7944478
https://doi.org/10.1109/RADAR.2017.7944480
https://doi.org/10.1109/JCS52304.2021.9376387
https://doi.org/10.1109/TMTT.2011.2138156
https://doi.org/10.1109/IEEE-IWS.2013.6616796
https://doi.org/10.1109/IEEE-IWS.2013.6616796
https://doi.org/10.1109/IEEE-IWS.2013.6616796
https://doi.org/10.1109/IEEE-IWS.2013.6616796
https://doi.org/10.1109/ACCESS.2016.2530979
https://doi.org/10.1109/ACCESS.2016.2530979
https://doi.org/10.1109/ECWT.2007.4403965
https://doi.org/10.1109/ECWT.2007.4403965
https://doi.org/10.1109/MWSYM.2011.5972832
https://doi.org/10.1109/MWSYM.2011.5972832
https://doi.org/10.1109/TMTT.2011.2179552
https://doi.org/10.1109/TMTT.2011.2179552
https://doi.org/10.1049/iet-map.2012.0450
https://doi.org/10.1049/iet-map.2012.0450
https://doi.org/10.1049/iet-map.2012.0450

14

MBS

BAE RGN — AR RE BT

BUIR 5 e 8 17

[43]

[44]

45]

[46]

[47]

(48]

49]

[50]

[51]

Theory and Techniques, 2018, 66(3): 1452-1466. doi: 10.
1109/TMTT.2017.2772927.

HASSANI S A, GUEVARA A, PARASHAR K, et al. An
in-band full-duplex transceiver for simultaneous
communication and environmental sensing[C]. IEEE 52nd
Asilomar Conference on Signals, Systems, and Computers,
Pacific Grove, USA, 2018: 1389-1394. doi: 10.1109/ACSSC.
2018.8645165.

HASSANI S A, LAMPU V, PARASHAR K, et al. In-band
full-duplex radar-communication system[J]. IEEE Systems
Journal, 2021, 15(1): 1086-1097. doi: 10.1109/JSYST.2020.
2992689.

HASSANI S A, VAN LIEMPD B, BOURDOUX A, et al.
Joint in-band full-duplex communication and radar
processing[J]. IEEE Systems Journal, 2022, 16(2):
3391-3399. doi: 10.1109/JSYST.2021.3091383.

BARNETO C B, RIIHONEN T, TURUNEN M, et al
Full-duplex OFDM radar with LTE and 5G NR
waveforms: Challenges, solutions, and measurements[J].
IEEE Transactions on Microwave Theory and Techniques,
2019, 67(10): 4042-4054. doi: 10.1109/TMTT.2019.
2930510.

IOTTI L, KRISHNAMURTHY S, LACAILLE G, et al. A
low-power 70-100-GHz mixer-first RX leveraging
frequency-translational feedback[J]. IEEE Journal of Solid-
State Circuits, 2020, 55(8): 2043-2054. doi: 10.1109/JSSC.
2020.2991541.

MOSTAJERAN A, CATHELIN A, and AFSHARI E. A
170-GHz fully integrated single-chip FMCW imaging radar
with 3-D imaging capability[J]. IEEE Journal of Solid-
State Circuits, 2017, 52(10): 2721-2734. doi: 10.1109/JSSC.
2017.2725963.

BARNETO C B, TURUNEN M, LIYANAARACHCHI S
D, et al. High-accuracy radio sensing in 5G new radio
networks: Prospects and self-interference challenge[C].
IEEE 53rd Asilomar Conference on Signals, Systems, and
Computers, Pacific Grove, USA, 2019: 1159-1163. doi:
10.1109/IEEECONF44664.2019.9048786.

VAN LIEMPD B, HERSHBERG B, ARIUMI S, et al. A
+70-dBm IIP3 electrical-balance duplexer for highly
integrated tunable front-ends[J]. IEEE Transactions on
Microwave Theory and Techniques, 2016, 64(12):
4274-4286. doi: 10.1109/TMTT.2016.2613039.

MIKHAEL M, VAN LIEMPD B, CRANINCKX J, et al.
An in-band full-duplex transceiver prototype with an in-
system automated tuning for RF self-interference
cancellation[C]. 1st IEEE International Conference on 5G
for Ubiquitous Connectivity, Akaslompolo, Finland, 2014:
110-115. doi: 10.4108 /icst.5gu.2014.258118.

[52]

[53]

[54]

[55]

[56]

[58]

[59]

VERMEULEN T, VAN LIEMPD B, HERSHBERG B,
et al. Real-time RF self-interference cancellation for in-
band full duplex[C]. IEEE International Symposium on
Dynamic Spectrum Access Networks, Stockholm, Sweden,
2015: 275-276. doi: 10.1109/DySPAN.2015.7343915.

AR, FREERH, 25, 4. A FHHLSH KFPGA 744 I R 4t
i) RACTIEFINLE ). TR 5IRER, 2023, 17(8):
1729-1748. doi: 10.3778/j.issn.1673-9418.2210102.

XU Cheng, GUO Jinyang, LI Chao, et al. Using HLS to
develop FPGA heterogeneous acceleration system:
Problems, optimization methods and opportunities[J].
Journal of Frontiers of Computer Science and Technology,
2023, 17(8): 1729-1748. doi: 10.3778/j.issn.1673-9418.
2210102.

R, TE. BTFFPGARNRAT MR RSB 7
FAE B LRSS AARFREERR, 2022, 14(3): 331-340.
doi: 10.13878/j.cnki.jnuist.2022.03.009.

WU Yuhang and HE Jun. Design of human activity
recognition system based on FPGA[J]. Journal of Nanjing
University of Information Science & Technology: Natural
Science FEdition, 2022, 14(3): 331-340. doi:
10.13878 /j.cnki.jnuist.2022.03.009.

HUUSARI T, CHOI Y S, LIIKKANEN P, et al. Wideband
self-adaptive RF cancellation circuit for full-duplex radio:
Operating principle and measurements[C]. IEEE 81st
Vehicular Technology Conference (VIC Spring), Glasgow,
UK, 2015: 1-7. doi: 10.1109/VTCSpring.2015.7146163.
HASSANI S A, VAN LIEMPD B, BOURDOUX A, et al.
Adaptive filter design for simultaneous in-band full-duplex
communication and radar[C]. IEEE 17th European Radar
Conference, Utrecht, Netherlands, 2021: 5-8. doi:
10.1109/EuR AD48048.2021.00013.

HU Xiaoyan, MASOUROS C, LIU Fan, et al. Low-PAPR
DFRC MIMO-OFDM waveform design for integrated
sensing and communications[C]. IEEE International
Conference on Communications, Seoul, Republic of Korea,
2022: 1599-1604. doi: 10.1109/I1CC45855.2022.9838548.
AR5 2K PTE T IR AT 8] 75 G 1 T B 2 1 Ak £ R
FLD]. [0, ZRE AR, 2022. doi: 10.27014/d.cnki.gdnan.
2022.000237.

REN Le. Research on techniques of millimeter wave
broadband mixing and solid-state power combined
amplifier and linearization[D]. [Ph. D. dissertation],
Southeast University, 2022. doi: 10.27014/d.cnki.gdnau.
2022.000237.

GAVELL M, GRANSTROM G, FAGER C, et al. An E-
band analog predistorter and power amplifier MMIC
chipset[J]. IEEE Microwave and Wireless Components
Letters, 2018, 28(1): 31-33. doi: 10.1109/LMWC.2017.


https://doi.org/10.1109/TMTT.2017.2772927
https://doi.org/10.1109/TMTT.2017.2772927
https://doi.org/10.1109/ACSSC.2018.8645165
https://doi.org/10.1109/ACSSC.2018.8645165
https://doi.org/10.1109/JSYST.2020.2992689
https://doi.org/10.1109/JSYST.2020.2992689
https://doi.org/10.1109/JSYST.2021.3091383
https://doi.org/10.1109/TMTT.2019.2930510
https://doi.org/10.1109/TMTT.2019.2930510
https://doi.org/10.1109/JSSC.2020.2991541
https://doi.org/10.1109/JSSC.2020.2991541
https://doi.org/10.1109/JSSC.2017.2725963
https://doi.org/10.1109/JSSC.2017.2725963
https://doi.org/10.1109/IEEECONF44664.2019.9048786
https://doi.org/10.1109/TMTT.2016.2613039
https://doi.org/10.4108/icst.5gu.2014.258118
https://doi.org/10.1109/DySPAN.2015.7343915
https://doi.org/10.3778/j.issn.1673-9418.2210102
https://doi.org/10.3778/j.issn.1673-9418.2210102
https://doi.org/10.3778/j.issn.1673-9418.2210102
https://doi.org/10.3778/j.issn.1673-9418.2210102
https://doi.org/10.3778/j.issn.1673-9418.2210102
https://doi.org/10.3778/j.issn.1673-9418.2210102
https://doi.org/10.3778/j.issn.1673-9418.2210102
https://doi.org/10.13878/j.cnki.jnuist.2022.03.009
https://doi.org/10.13878/j.cnki.jnuist.2022.03.009
https://doi.org/10.1109/VTCSpring.2015.7146163
https://doi.org/10.1109/EuRAD48048.2021.00013
https://doi.org/10.1109/ICC45855.2022.9838548
https://doi.org/10.27014/d.cnki.gdnau.2022.000237
https://doi.org/10.27014/d.cnki.gdnau.2022.000237
https://doi.org/10.27014/d.cnki.gdnau.2022.000237
https://doi.org/10.27014/d.cnki.gdnau.2022.000237
https://doi.org/10.1109/LMWC.2017.2768519

18

o

=]

¥k

AT %

[60]

[61]

[62]

(63]

[64]

[65]

[66]

[67]

(68]

2768519.

DORVAL R, GRAY R, and KATZ A. A versatile
wideband linearizer/driver amplifier for use with multiple
millimeter-wave TWTAs[C]. IEEE Topical Conference on
RF /Microwave Power Amplifiers for Radio and Wireless
Applications, Orlando, USA, 2019: 1-3.
10.1109/PAWR.2019.8708717.

CHO G, PARK J, and HONG S. A 25.5-dB peak gain F-
band power amplifier with an adaptive built-in
linearizer[J|. IEEE Microwave and Wireless Components
Letters, 2020, 30(1): 106-108. doi: 10.1109/LMWC.2019.
2954217.

OTHMANI M, BOULEJFEN N, BRIHUEGA A, et al
Delta-Sigma modulator-embedded digital predistortion for
5G transmitter linearization[J]. IEEE Transactions on
Communications, 2022, 70(8): 5558-5571. doi: 10.1109/
TCOMM.2022.3184167.

MOSALAM H, XIAO Wenbo, GUI Xiaoyan, et al. A
54-68 GHz power amplifier with improved linearity and
efficiency in 40 nm CMOS[J]. IEEE Transactions on
Circuits and Systems II: Express Briefs, 2022, 69(1):
40-44. doi: 10.1109/TCSII1.2021.3084628.

MA Zonglin, MA Kaixue, WANG Keping, et al. A 28GHz
compact 3-way transformer-based parallel-series Doherty
power amplifier with 20.4%/14.2% PAE at 6-/12-dB power
back-off and 25.5dBm PSAT in 55nm bulk CMOS[C].
IEEE International Solid-State Circuits Conference, San
Francisco, USA, 2022: 320-322. doi: 10.1109/ISSCC42614.
2022.9731564.

TR KR RVIA(D]. WLie ], BRI,
2020. doi: 10.27005/d.cnki.gdzku.2020.001942.

YU Fei. Research of millimeter wave linearizer[D]. [Master
dissertation], University of Electronic Science and
Technology of China, 2020. doi: 10.27005/d.cnki.gdzku.
2020.001942.

A, R, R, & ORI R R B R R
IR EHRK[T). FEEE: EERE:, 2024, 54(1): 68-87.
doi: 10.1360/SSI-2023-0334.

ZHANG Jingzhi, YU Yiming, WU Yunqiu, et al.
Developments and challenges of mm-Wave integrated
circuits on silicon[J]. Scientia Sinica Informationis, 2024,
54(1): 68-87. doi: 10.1360/SS1-2023-0334.

EISENSTADT W R and EO Y. S-parameter-based 1C
interconnect transmission line characterization[J]. IEEE
Transactions on Components, Hybrids, and Manufacturing
Technology, 1992, 15(4): 483-490. doi: 10.1109/33.159877.
RN, ZERPOEE DR BORGE  & L8 ks
BEWFFE[D]. (130, ZRM R, 2022. doi: 10.27014/d.cnki.
gdnau.2022.003568.

WEI Zhennan. Research on power amplifier and high-

doi:

[69]

[70]

[71]

[72]

73]

[74]

[75]

[76]

[77]

[78]

precision modeling of on-chip devices for millimeter-wave
communications[D]. [Ph. D. dissertation|, Southeast
University, 2022. doi: 10.27014/d.cnki.gdnau.2022.003568.
TANG Zhidong, WANG Zewei, GUO Ao, et al. Cryogenic
CMOS RF device modeling for scalable quantum computer
design[J]. IEEE Journal of the Electron Devices Society,
2022, 10: 532-539. doi: 10.1109/JEDS.2022.3186979.
STURM C, ZWICK T, and WIESBECK W. An OFDM
system concept for joint radar and communications
operations[C]. 69th IEEE Vehicular Technology
Conference, Barcelona, Spain, 2009: 1-5. doi: 10.1109/
VETECS.2009.5073387.

STURM C and WIESBECK W. Waveform design and
signal processing aspects for fusion of wireless
communications and radar sensing[J]. Proceedings of the
IEEE, 2011, 99(7): 1236-1259. doi: 10.1109/JPROC.2011.
2131110.

BRAUN M, MULLER M, FUHR M, et al. A USRP-based
testbed for OFDM-based radar and communication
systems[C]. Proceedings of 22nd Virginia Tech Symposium
on Wireless Communications, Blacksburg, USA, 2012: 1-6.
MEALEY T C and DULY A J. BEEMER: A firmware-
tuned, software-defined MIMO radar testbed[C]|. IEEE
International Symposium on Phased Array Systems and
Technology, Waltham, USA, 2016: 1-6. doi: 10.1109/
ARRAY .2016.7832582.

RAVENSCROFT B, MCCORMICK P M, BLUNT §S,
et al. Experimental assessment of tandem-hopped radar
and communications (THoRaCs)[C]. IEEE International
Radar Conference, Toulon, France, 2019: 1-6. doi:
10.1109/RADAR41533.2019.171280.

KUMARI P, MEZGHANI A, and HEATH R W. JCR70:
A low-complexity millimeter-wave proof-of-concept
platform for a fully-digital SIMO joint communication-
radar[J]. IEEE Open Journal of Vehicular Technology,
2021, 2: 218-234. doi: 10.1109/0JVT.2021.3069946.
BARNETO C B, LIYANAARACHCHI S D, HEINO M,
et al. Full duplex radio/radar technology: The enabler for
advanced joint communication and sensing[J]. IEEE
Wireless Communications, 2021, 28(1): 82-88. doi: 10.
1109/MWC.001.2000220.

SANSON J B, CASTANHEIRA D, GAMEIRO A, et al.
Non-orthogonal multicarrier waveform for radar with
communications systems: 24 GHz GFDM RadCom/[J].
IEEFE Access, 2019, 7: 128694-128705. doi: 10.1109/
ACCESS.2019.2940299.

ZHANG Qixun, SUN Huan, WEI Zhiqing, et al. Sensing
and communication integrated system for autonomous
driving vehicles[C]. IEEE INFOCOM 2020 - IEEE

Conference on Computer Communications Workshops,


https://doi.org/10.1109/LMWC.2017.2768519
https://doi.org/10.1109/PAWR.2019.8708717
https://doi.org/10.1109/LMWC.2019.2954217
https://doi.org/10.1109/LMWC.2019.2954217
https://doi.org/10.1109/TCOMM.2022.3184167
https://doi.org/10.1109/TCOMM.2022.3184167
https://doi.org/10.1109/TCSII.2021.3084628
https://doi.org/10.1109/ISSCC42614.2022.9731564
https://doi.org/10.1109/ISSCC42614.2022.9731564
https://doi.org/10.27005/d.cnki.gdzku.2020.001942
https://doi.org/10.27005/d.cnki.gdzku.2020.001942
https://doi.org/10.27005/d.cnki.gdzku.2020.001942
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1360/SSI-2023-0334
https://doi.org/10.1109/33.159877
https://doi.org/10.27014/d.cnki.gdnau.2022.003568
https://doi.org/10.27014/d.cnki.gdnau.2022.003568
https://doi.org/10.27014/d.cnki.gdnau.2022.003568
https://doi.org/10.1109/JEDS.2022.3186979
https://doi.org/10.1109/VETECS.2009.5073387
https://doi.org/10.1109/VETECS.2009.5073387
https://doi.org/10.1109/JPROC.2011.2131110
https://doi.org/10.1109/JPROC.2011.2131110
https://doi.org/10.1109/ARRAY.2016.7832582
https://doi.org/10.1109/ARRAY.2016.7832582
https://doi.org/10.1109/RADAR41533.2019.171280
https://doi.org/10.1109/OJVT.2021.3069946
https://doi.org/10.1109/MWC.001.2000220
https://doi.org/10.1109/MWC.001.2000220
https://doi.org/10.1109/ACCESS.2019.2940299
https://doi.org/10.1109/ACCESS.2019.2940299

14

MBS

BAE RGN — AR RE BT

BUIR 5 e 8 19

[79]

(80]

(81]

(82]

(83]

(84]

(86]

(87]

Toronto, Canada, 2020: 1278-1279. doi: 10.1109/
INFOCOMWKSHPS50562.2020.9162963.

ZHANG Qixun, LI Zhenhao, GAO Xinye, et al.
Performance evaluation of radar and communication
integrated system for autonomous driving vehicles[C].
IEEE INFOCOM 2021 - IEEE Conference on Computer
Communications Workshops, Vancouver, Canada, 2021:
1-2. doi: 10.1109/INFOCOMWKSHPS51825.2021.9484463.
ZHANG Qixun, WANG Xinna, LI Zhenhao, et al. Design
and performance evaluation of joint sensing and
communication integrated system for 5G mmWave enabled
CAVs|J]. IEEE Journal of Selected Topics in Signal
Processing, 2021, 15(6): 1500-1514. doi: 10.1109/JSTSP.
2021.3109666.

Ounline video[EB/OL]. https://www.chaspark.com/#/
coffeeHours/media/809260877825687552.2023.1.

MA Dingyou, SHLEZINGER N, HUANG Tianyao, et al.
Spatial modulation for joint radar-communications
systems: Design, analysis, and hardware prototype[J].
IEEFE Transactions on Vehicular Technology, 2021, 70(3):
2283-2298. doi: 10.1109/TVT.2021.3056408.

XU Tongyang, LIU Fan, MASOUROS C, et al. An
experimental proof of concept for integrated sensing and
communications waveform design[J]. IEEE Open Journal
of the Communications Society, 2022, 3: 1643-1655. doi:
10.1109/0JCOMS.2022.3209641.

ZHANG Qixun and GAO Xinye. Joint communication and
sensing enabled cooperative perception testbed for
connected automated vehicles[C]. IEEE INFOCOM 2022-
IEEE Conference on Computer Communications
Workshops, New York, USA, 2022: 1-2. doi: 10.1109/
INFOCOMWKSHPS54753.2022.9798074.

ZHANG Qixun, SUN Hongzhuo, GAO Xinye, et al. Time-
division ISAC enabled connected automated vehicles
cooperation algorithm design and performance
evaluation[J]. IEEE Journal on Selected Areas in
Communications, 2022, 40(7): 2206-2218. doi: 10.1109/
JSAC.2022.3155506.

WANG Jie, LIANG Xingdong, CHEN Longyong, et al.
Joint wireless communication and high resolution SAR
imaging using airborne MIMO radar system[C|. IEEE
International Geoscience and Remote Sensing Symposium,
Yokohama, Japan, 2019: 2511-2514. doi: 10.1109/
IGARSS.2019.8897826.

WANG Jie, LIANG Xingdong, CHEN Longyong, et al.
First demonstration of joint wireless communication and
high-resolution SAR imaging using airborne MIMO radar
system[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2019, 57(9): 6619-6632. doi: 10.1109/TGRS.2019.
2907561.

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

WANG Jie, LIANG Xingdong, CHEN Longyong, et al.
First demonstration of airborne MIMO SAR system for
multimodal operation[J]. IEFE Transactions on
Geoscience and Remote Sensing, 2022, 60: 5204113. doi:
10.1109/TGRS.2021.3066478.

RSB BT O B R 1 B WL AN 2 P 45 40E AL it
F[D]. WA 3], FRHE K2, 2022. doi: 10.27251/d.cnki.
gnjdc.2022.000400.

TANG Jiazheng. Research on improved WLAN indoor
fingerprint location based on database partition[D].
[Master dissertation], Nanjing University of Posts and
Telecommunications, 2022. doi: 10.27251/d.cnki.gnjdc.
2022.000400.

g, BT CSTEMERHIE K = N E AL EOR D] [ i8],
M RCHREL R, 2022, doi: 10.27251/d.cnki.gnjdc.2022.
000476.

GAO Changman. CSI indoor location technology based on
image features[D]. [Master dissertation], Nanjing
University of Posts and Telecommunications, 2022. doi:
10.27251/d.cnki.gnjdc.2022.000476.

LI Yang, WU Dan, ZHANG Jie, et al. DiverSense:
Maximizing Wi-Fi sensing range leveraging signal
diversity[J]. Proceedings of the ACM on Interactive,
Mobile, Wearable and Ubiquitous Technologies, 2022, 6(2):
94. doi: 10.1145/3536393.

WANG Guanhua, ZOU Yongpan, ZHOU Zimu, et al. We
can hear you with Wi-Fil[C]. Proceedings of the 20th
Annual International Conference on Mobile Computing
and Networking, Maui, USA, 2014: 593-604. doi:
10.1145/2639108.2639112.

WIBEIR, 2, L, A EE R R . REE
RANFRLELAERT]. B shidf, 2022, 46(5): 2-8. doi: 10.3969/
j-issn.1006-1010.2022.05.001.

XU Xiaodong, LI Yan, YE Wei, et al. Application
scenarios, key technologies and network architecture of
integrated sensing and communication[J]. Mobile
Communications, 2022, 46(5): 2-8. doi: 10.3969/j.issn.1006-
1010.2022.05.001.

SAKHNINI A, DE BAST S, GUENACH M, et al. Near-
field coherent radar sensing using a massive MIMO
communication testbed[J]. IEEE Transactions on Wireless
Communications, 2022, 21(8): 6256-6270. doi: 10.1109/
TWC.2022.3148035.

SAKHNINI A, DE BAST S, GUENACH M, et al. An
experimental evaluation of robust near-field radar
localization using a massive MIMO testbed[C]. 2nd IEEE
International Symposium on Joint Communications and
Sensing, Seefeld, Austria, 2022: 1-6. doi: 10.1109/
JCS54387.2022.9743499.

LI Oupeng, HE Jia, ZENG Kun, et al. Integrated sensing


https://doi.org/10.1109/INFOCOMWKSHPS50562.2020.9162963
https://doi.org/10.1109/INFOCOMWKSHPS50562.2020.9162963
https://doi.org/10.1109/INFOCOMWKSHPS51825.2021.9484463
https://doi.org/10.1109/JSTSP.2021.3109666
https://doi.org/10.1109/JSTSP.2021.3109666
https://doi.org/10.1109/TVT.2021.3056408
https://doi.org/10.1109/OJCOMS.2022.3209641
https://doi.org/10.1109/INFOCOMWKSHPS54753.2022.9798074
https://doi.org/10.1109/INFOCOMWKSHPS54753.2022.9798074
https://doi.org/10.1109/JSAC.2022.3155506
https://doi.org/10.1109/JSAC.2022.3155506
https://doi.org/10.1109/IGARSS.2019.8897826
https://doi.org/10.1109/IGARSS.2019.8897826
https://doi.org/10.1109/TGRS.2019.2907561
https://doi.org/10.1109/TGRS.2019.2907561
https://doi.org/10.1109/TGRS.2021.3066478
https://doi.org/10.27251/d.cnki.gnjdc.2022.000400
https://doi.org/10.27251/d.cnki.gnjdc.2022.000400
https://doi.org/10.27251/d.cnki.gnjdc.2022.000400
https://doi.org/10.27251/d.cnki.gnjdc.2022.000400
https://doi.org/10.27251/d.cnki.gnjdc.2022.000476
https://doi.org/10.27251/d.cnki.gnjdc.2022.000476
https://doi.org/10.27251/d.cnki.gnjdc.2022.000476
https://doi.org/10.1145/3536393
https://doi.org/10.1145/2639108.2639112
https://doi.org/10.3969/j.issn.1006-1010.2022.05.001
https://doi.org/10.3969/j.issn.1006-1010.2022.05.001
https://doi.org/10.3969/j.issn.1006-1010.2022.05.001
https://doi.org/10.3969/j.issn.1006-1010.2022.05.001
https://doi.org/10.3969/j.issn.1006-1010.2022.05.001
https://doi.org/10.3969/j.issn.1006-1010.2022.05.001
https://doi.org/10.3969/j.issn.1006-1010.2022.05.001
https://doi.org/10.1109/TWC.2022.3148035
https://doi.org/10.1109/TWC.2022.3148035
https://doi.org/10.1109/JCS54387.2022.9743499
https://doi.org/10.1109/JCS54387.2022.9743499

20 T o5 fF B ¥ Wi 54T %
and communication in 6G a prototype of high resolution Current status and development trends[J]. Journal on
THz sensing on portable device[C]. IEEE Joint European Communications, 2023, 44(11): 43-54. doi: 10.11959/j.issn.
Conference on Networks and Communications and 6G 1000-436x.2023205.
Summit, Porto, Portugal, 2021: 544-549. doi: 10.1109/ [100] FXk, EFgia, miHe, 5. BT ChatGPTHIEA AN TR EEK
EuCNC/6GSummit51104.2021.9482537. RGBT ARIE R[], Ak 55 BT, 2023, 44(6):

[97] TAN D K P, HE Jia, LI Yanchun, et al. Integrated sensing 9-14,28. doi: 10.3969/j.issn.1674-2605.2023.06.002.
and communication in 6G: Motivations, use cases, WANG Huan, WANG Taoye, SHANG Huimin, et al. The
requirements, challenges and future directions[C]. 1st IEEE development of general artificial intelligence based on
International Online Symposium on Joint Communications ChatGPT and its inspiration for Guangdong[J].
and Sensing, Dresden, Germany, 2021: 1-6. doi: 10.1109/ Automation & Information Engineering, 2023, 44(6):
JCS52304.2021.9376324. 9-14,28. doi: 10.3969/j.issn.1674-2605.2023.06.002.

(98] TKHEEG, RN, HEZE, & W R6GH IR MIMOME &
g pdk: BUHR S R[], BEEME, 2022, 46(6): 17-23. e 5, IR, ARSI, M, B 5 A R —
doi: 10.3969/].issn.1006-1010.2022.06.003. 4k, B5G/6GTELEE . FPGAIRARBIAREE,
ZHANG Ruoyu, YUAN Weijie, CUT Yuanhao, et al. KA B, B, BRIV R .
Integrated sensing and communications with massive RER: 5, B BT OB L, AT
MIMO for 6G: Status and prospect[J]. Mobile S
Communications, 2022, 46(6): 17-23. doi: 10.3969/j.issn. FONHE: 5, BIE, WRIUT RIS R — L. RISSE.
100610102022, 06.005. KR B, HdR, BT,

09 Bk, WSS, B, S SR g, N B BB, BUTRDSE S, R %

R R[] A AR, 2023, 44(11): 43-54. doi: 10. e %,
11959/j.issn.1000-436x.2023205. oo 5, MW, BT OIEE AR A

YANG Jie, HUANG Yixuan, DU Tao, et al. Prototype
ST R

o

verification for integrated sensing and communications:

Status and Prospect of Hardware Design on Integrated Sensing and
Communication

LIN Yuewei®®®  ZHANG Qixun®  WEI Zhiqing® LI Xingwang®  LIU Fan®
FAN Shaoshuai®  WANG Yi®
College of Information Science and Technology, Qingdao University of Science and Technology,
Qingdao 266061, China)
State Key Laboratory of Networking and Switching Technology, Beijing University of Posts and

o

2
Telecommunications, Beijing 100876, China)

®(K6y Laboratory of Universal Wireless Communications, Ministry of Education, Beijing University of Posts

and Telecommunications, Beijing 100876, China)
@(School of Physics and FElectronic Information Engineering, Henan Polytechnic University,
Jiaozuo 454003, China)

@(School of Information Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract:

Objective:  The field of cellular mobile communication is advancing toward post-5G (5.5G, Beyond 5G, 5G
Advanced) and 6th Generation (6G) standards. This evolution involves a shift from traditional sub-6 GHz
operating frequency bands to higher frequency ranges, including millimeter wave (mmWave), terahertz (THz),
and even visible light frequencies, which intersect with radar operating bands. Technologies such as Orthogonal
Frequency Division Multiplexing (OFDM) and Multiple Input Multiple Output (MIMO) have gained
widespread application in both wireless communication and radar domains. Given the shared characteristics

and commonalities in signal processing and operating frequency bands between these two fields, “Integrated


https://doi.org/10.1109/EuCNC/6GSummit51104.2021.9482537
https://doi.org/10.1109/EuCNC/6GSummit51104.2021.9482537
https://doi.org/10.1109/JCS52304.2021.9376324
https://doi.org/10.1109/JCS52304.2021.9376324
https://doi.org/10.3969/j.issn.1006-1010.2022.06.003
https://doi.org/10.3969/j.issn.1006-1010.2022.06.003
https://doi.org/10.3969/j.issn.1006-1010.2022.06.003
https://doi.org/10.3969/j.issn.1006-1010.2022.06.003
https://doi.org/10.3969/j.issn.1006-1010.2022.06.003
https://doi.org/10.3969/j.issn.1006-1010.2022.06.003
https://doi.org/10.3969/j.issn.1006-1010.2022.06.003
https://doi.org/10.11959/j.issn.1000-436x.2023205
https://doi.org/10.11959/j.issn.1000-436x.2023205
https://doi.org/10.11959/j.issn.1000-436x.2023205
https://doi.org/10.11959/j.issn.1000-436x.2023205
https://doi.org/10.11959/j.issn.1000-436x.2023205
https://doi.org/10.11959/j.issn.1000-436x.2023205
https://doi.org/10.11959/j.issn.1000-436x.2023205
https://doi.org/10.11959/j.issn.1000-436x.2023205
https://doi.org/10.3969/j.issn.1674-2605.2023.06.002
https://doi.org/10.3969/j.issn.1674-2605.2023.06.002
https://doi.org/10.3969/j.issn.1674-2605.2023.06.002
https://doi.org/10.3969/j.issn.1674-2605.2023.06.002
https://doi.org/10.3969/j.issn.1674-2605.2023.06.002
https://doi.org/10.3969/j.issn.1674-2605.2023.06.002

1 MBS EER R st SRS RS

21

Sensing And Communication (ISAC)” has emerged as a significant research focus in wireless technologies like
5G Advanced (5G-A), 6G, Wireless Fidelity (WiFi), and radar. This development points toward a network
perception paradigm that combines communication, sensing, and computing. The “ISAC” concept aims to
unify wireless communication systems (including cellular and WiFi) with wireless sensing technologies (such as
radar) and even network Artificial Intelligence (AI) computing capabilities into a cohesive framework. By
integrating these elements, the physical layer can share frequencies and Radio Frequency (RF) hardware
resources, leading to several advantages: spectrum conservation, cost reduction, minimized hardware size and
weight, and enhanced communication perception. In this article, the focus of communication perception
integration is primarily on radar communication. ISAC necessitates that both communication and sensing
utilize the same radio frequency band and hardware resources. The diverse characteristics of multiple frequency
bands, along with the varying hardware requirements for communication and sensing, present increased
challenges for ISAC hardware design. Effective hardware design for ISAC systems demands a well-considered
architecture and device design for RF transceivers. Key considerations include the receiver’s continuous signal
sensing, link budget, and noise figure, all of which are sensitive to factors such as system size, weight, power
consumption, and cost. A comprehensive review of relevant literature reveals that while studies on overall
architecture, waveform design, signal processing, and THz technology exist within the ISAC domain, they often
center on theoretical models and software simulation. Hardware design and technical verification methodologies
are sporadically addressed across different studies. Although some literature details specific hardware designs
and validation approaches, these are limited in number compared to the rich body of theoretical and
algorithmic research, indicating a need for more comprehensive and systematic reviews focused specifically on
ISAC hardware design.

Methods:  This paper summarizes the hardware designs, verification technologies, and systemic hardware
verification platforms pertinent to beyond 5G, 6G, and WiFi ISAC systems. Additionally, recent researches on
related hardware designs and verification both domestically and internationally are reviewed. The analysis
addresses the challenges in hardware design, including the conflicting requirements between communication and
sensing systems, In Band Full Duplex (IBFD) Self-Interference Cancellation (SIC), Power Amplifier (PA)
efficiency, and the need for more accurate circuit performance modeling.

Results and Discussions:  Initially, the design of ISAC transceiver architectures from existing research is
summarized and compared. Subsequently, an overview and analysis of current ISAC IBFD self-interference
suppression strategies, low Peak to Average Power Ratio (PAPR) waveforms, high-performance PA designs,
precise device modeling techniques, and systemic hardware verification platforms are presented. Finally, the
paper provides a summary of the findings. Future challenges in ISAC hardware design are discussed, including
the effects of hardware defects on sensing accuracy, ultra-large scale MIMO systems, high-frequency IBFD, and
ISAC hardware designs for Unmanned Aerial Vehicle (UAV) applications. The performance metrics of ISAC
IBFD architectures are compared, while the various ISAC transceiver architectures are outlined. Representative
hardware verification platforms for ISAC systems are presented. The different ISAC transceiver architectures
summarized in this paper are illustrated.

Conclusions:  In recent years, preliminary research has been conducted on integrated air interface architecture,
transceiver hardware design, systematic hardware verification, and demonstration of sensing technologies such
as 5G-A, 6G, and WiFi, both domestically and internationally. However, certain limitations persist. Beyond 5G
networks, post-5G and 6G ISAC hardware verification platforms primarily operate at the link level rather than
at the network system level. This focus on ISAC without the integration of computing functions leads to
increased volume and power consumption costs and a reliance on commercial instruments and SDR platforms.
Furthermore, the IBFD self-interference suppression technology has yet to fully satisfy the demands of future
ultra-large-scale MIMO systems, necessitating further integration with large-scale artificial intelligence model
technologies. In light of impending technological challenges and issues of openness, it is crucial for academia and
industry to collaborate in addressing these challenges and researching viable solutions. To expedite testing
optimization and industrial implementation, practical hardware design transition solutions are required that
balance advancements in high-frequency support, receiver architecture, and networking architecture, facilitating
the efficient realization of the “ideal” of ISAC.

Key words: 6G; Integrated Sensing And Communication (ISAC); In Band Full Duplex (IBFD); Software
defined radio; Radar



	1 引言
	2 研究现状
	2.1 收发信机硬件架构设计
	2.2 IBFD自干扰抑制
	2.3 低PAPR波形与高性能PA设计
	2.4 器件高精确度建模
	2.5 通感硬件系统性验证

	3 未来展望
	3.1 硬件缺陷对感知精度的影响
	3.2 超大规模MIMO与高频段下的IBFD
	3.3 无人机载通感一体化硬件设计

	4 结论
	参考文献

