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Survey on dual-function radar-communication waveform design

TANG Bo™ , WU Wenjun, XIA Xuecheng, WANG Xiongpeng
(College of Electronic Engineering, National University of Defense Technology, Hefei 230037, China)

Abstract; DFRC ( dual-function radar-communication ) is proposed to overcome spectrum conflicts, hardware redundancy, and
electromagnetic compatibility bottlenecks inherent in traditional separated architectures through hardware resource sharing and isomorphic signal
waveform design, whereby the integrated operational effectiveness and battlefield survivability of platforms are significantly enhanced. The evolution
of DFRC technology from its conceptual inception, through architectural advancements, to system implementation was systematically reviewed. The
DFRC waveform design methodologies based on mainstream signal schemes were analyzed emphatically, including linear frequency modulation,
orthogonal frequency division multiplexing, and orthogonal time frequency space. Furthermore, various sensing-centric waveform design criteria
were explored in depth, such as beampattern matching, Cramér-Rao bound minimization, information-theoretical design, and so on. The
engineering roadmap from software-defined radio compatibility verification and airborne multimodal waveform fusion to multi-node and multi-domain
cooperation was summarized, clearly illustrating the theoretical-to-practical transition of DFRC. Through presenting the complete technical evolution
of the DFRC system from the conventional system to multiple-input multiple-output system, and then to the prototype demonstrations, this overview
provides systematic theoretical guidance and practical references for future research and development of DFRC systems.
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Tkl E% 2 (radar and communication
spectrum sharing, RCSS) /E i sE 8 _E A& H b1 i 56
FEROR AR, B TR S R R RO (G2 i R G5 )
FASF & , I 42 THF & 1R AL RE™ . RCSS 2
T 5 DU R S BUAE S . DAME SRS A R G,
FHTA )36 & S MLl 56 il 45 A1 3 S VRS 5 iF
FTHRIN s A S AT | B £ 4 3 24 R T 33
R IREIE SR, B U R B ik &
SR R0 {5 15 5 1Y B J7 2 R W 55 2 7 4E
M @ ik i [E — 1K 4k ( dual-function radar-
communication, DFRC) 7R FR Jhy J&& 501 5 15 — 14 4k
(integrated sensing and communication, ISAC) , #H
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PEAL S A A, 1994 AF T e Y Se it 4L L
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ASAP) "B — R A HE ] K2R )2 18T, B ik 1 i A
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receiver, T/R) R, UL o3 85 [R5 5 X 52 8
B2 i N RS R A A (U K € S 9 S
MG G A HE AL
FHEHLECT- & B AR R 50 4 i 28 M 2 40 4,
1998 ¢, ih R EEM R AE FFRE T %
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“HL MG AR S 2 W B0 R K R ( electronic
maneuvering command and control, EMC2)” i}
R, B T ST U S AR G Ry B
IS BB AME BT, 5 2 0 IR TR R 2 A A
T PSR S L W HE S I A & e — AL
BRELS =R B 5 i g, 2024 4, f 2B
VT BN 5 0F & 1) 22 Zh RESF 431 22 98 ( CROWN) ™ Jii
H SR 58 s BAE LR S LA, SE8L T 735
A Z D RELE B — R G i — IR A
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FARRBIEGE ARG F T
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S e CiiE N UL N EVEN LRI ES IR 35]
PR, G35 — IR fb A R Tk & 1 I A A SBE
X— [N 58 B & 2 d A 2 i th ((multiple-input-
multiple-output, MIMO ) FEFIE AR 5| ATFHIARA
PEBULE . 1994 4F, SE R AR K77 Paulraj #8506
MIMO [ A A ) Bl 15 R g b, R4
BT MIMO JE2R 3 {7 2 50 i Pt % J& ™. 2003
AR R B L op Bk SE 00 2 R X HOR T AR
IR, FE A A IE AT A SRk ST Y O, MIMO
PR R T B3F BROE 0 JERE 1, 76T RO
BT ZRRH . B MIMO A i I AR
G, —SE2 B R B LT MIMO 551 1) 8 34 8
F AL R GE (5 e PRy MIMO 75 3558 f5 — 1K
RS X —M &, WFFE R, i X & 5B
BT T, 2 2R G2 RE S A [) — A3 % 1 P [
IS BRI 5 308 15 W A Zh B8 , 175255 5 P REAS 2
PETt Mo AR GEIOT S AR ) RS MR
1.2.2 ERARTGRMEG A S KR

TERIBIEE — R R G b, R HEOE 75 AR 4
SIS A 1 3 £ B A R PR B A T B A T e
Al 8 ORI, AN AR RS PR R 5
25 R F A, T HLAT SRR R 2R e
JE LI I — AR AL T 5K, OB R U A% i 2 &
AT R

TEREFSC I b AR S 2 (0 25 40 e % 2 ¢
T BF I I (digital beamforming, DBF)
RS AL 5 Ot 1) e AR ) R0 k5 2 0 A% e
S0 RIS R A SR I B SR G A
EJINFEMELLIR 32 , 1 R R 2 [ 5] v ik — (1] it
TR, L H 8 (analog beamforming,
ABF) S5 A5 T 5 AR AR , (H TR 2 — I AL &
Xt ZINREIFATIER TR o 18 & R A ST
H IRAE IR B R JE (hybrid beamforming, HBF) 4%
Fag3 3t /e S AU B 4 AU RS A i M 2%, R4
FERFR A PR RE e 35 ) IR B, RRAIR 3R G2 2 2% 3 R 52
BUSA 7 B Ok SRR MIMO 5 38 £
— R R GEE ] S B SRR
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TR IR TH5 5 S0 0F, 5y e
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i 7% (non-orthogonal multiple access, NOMA) .
al M AR Y ( reconfigurable intelligent

surfaces, RIS) . J& A HL'® % (unmanned aerial
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Fig.1 Deployment of RIS and UAV in DFRC systems
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i 9 T 2 5 BT 5 Th R e B4 Y 0 2L
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F B AN XTI BB ARARAL , DT 7E B it 5
{18 [ B 0 i R A E AR B 7 A
2.1.2 Aafzif4)

ARAL Y i FE DT BE 55 Th AR ) I A BE 4
A TR B TR e 5 s R L
LFM %56 485845 ( phase shift keying, PSK) i 13
U T K ) R AR A i AE S, DL S EE B g
BRI AR e T AU SR B S A
BANSE 0, 5 0 D BEAG E 5 22 H ARy BRAE T . R
HBh KA B 2 4 R — Tl LEM- 22 34
FHAZ % ( multiple phase shift keying, MPSK) i
T 35 A A 15 T 8 St kUG | 04 1 5% I 1L ( peak
side lobe ratio, PSLR) 5455 R 2 [a] AL & &,
TEAA R RE AL 5 PSLR 2544 F S LB A
R MIREE Tl KT 0 A Bl e migh &
i% 2 AH 57 P8 ] ( continuous phase modulation,
CPM) 5 LFM O JE , TR 42 TH IR 25 43 P R 5 12 i
PEREMY A1, 2 B A28 (5 5 A R R S
2.1.3  SRAEIRAH]

3 ] ) 30 3 IR AR AR A B DB iR R 5 R
PESHUTILRE ), & M T 28 R BUdR .
S S o R W N U o me S = RS/
PIEAN e/ NS 4% (minimum  shift keying,
MSK) 85575 5, FEA BRI TE R R 32 T, 3271 2
T A RNE . IS IR AR R 2= oK SO R U S48
th MSK-LFM iy ekt itk J5 58, 15 45 R £ W% P
L% AR E (RET A A TR, ELROR] ek 301 B 4
THE TR S AR B A TR
PEVE S ( non-linear frequency modulation, NLFM )
5 AR AR e, T TR AR 230 1 B 4[]
DAL ARV BE Y o 26 [ 34N 37 K2 3
SRR — PR — IR BT T R,
LTRSS B, R R
BT LEM {55, LA 4850

ST S BT LEM {8 b5 — 5 5
A HL I 98 5 Ik v s 446 1 4, e 2o W 2 AR
ARSI i A T8 (5 15 S, REAE W) 20 3 2 BEAC K
fr B XIS RCE R 5 — IR K. SR
1M, 3207 ZEfE R AR, TEm # mALshg % T4
Sy BB AEPERE T B R8T, HoXMELL S 2 1 P[]
AT o AN, A A 5 3 15 1 BEXE LA B3 [7)
FEFRIRIR, PR, 1% 5 58 32 3 T R {5
FRERAN i A0 B B R AT T I RE ) 25K
B AR B T DU E A5 N 5t
2.2 EF OFDM HEBBERE—HL KR

B F 1E 32 4 43 &2 A (orthogonal frequency-

division multiplexing, OFDM) ()55 ik {5 — &4k
BB T A0 1 DGIAF IO ] S 2 B SE 14 B
Ty, A 2 R, OFDM i ashf 25 it Kl
W ZAIEAT T 8P AL iy, I 51 ATE IR
(cyclic prefix, CP) DL 242 T-PATHE BRAT5 8]
F4f (inter-symbol interference, ISI) , B4 & #¥i ji%
RORMPOIRE PN 0, C o B
G RGBT . R, 2 L HHA T
BRI, SR P RE 2 BIME 5 451 5 2 80k
TR 2y, RGN CP K B 2 MR RS R0, 16 K
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Fig.2 OFDM waveforms
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OFDM I JE i SN P B 2% 32 B B AL 15 5
M2yt 58 OFDM {5 5 B ROR ok 4032 I8l ] 4+
SHIBENUMERE N, S BUL R R S 28 B4 5
AL HAN AR E 1 25 KO, 33— e 1 2 B
OFDM 5 3K JE S Al 10 T B S IR 27 5 i
B, A BT 2 = A7 ) T s — it &
55F 3 A1 ) 5 SNG4, SO AE S 1 B A DGR
PHLCH T BHE K2 38 & # % SR JH Walsh
155 m B GRIBAY T3 ¥ , TEDRAF I8 {5 3 32 44 [ )
Ak T OFDM i JE H R ok B P e . o B e &
Tl K2 Hanzo ##2 4515 36 F % 51 JAHI (index
modulated, IM) OFDM , 38 1< %% B 306 T 25 0% DA
THE T8 D3 FEARE H AR 5 F [l 4271 1
AE SR VERE . Rl e T B R, 7R
MG WAL G M0, RISl R P2 H
5T 0 450 LT AR P B T, Kl 15 R
GE LA SRS AR e A5 5 45 & TR RE
HAFPERERTETEE T 328 T AR BRI . AR r
NN € SN NG i B
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( probabilistic constellation shaping, PCS) Jy %, 18
SO T G 18 i 23 A, S BLURRN 5 {5 1
B Z [B] AP, 33X — 3 A Al AR AR AN ) % B B )
TR SR RGEPERE MW A . — AR R H]
FEEF S AL BREAM R . B mUE B LR
B RAF AR SR — R R IO IE M S R SR
B O S 2 B TR OULIN i A, AT S M5 e 3 £
SR TERE R IR o o E R B R BRI S
B2 mh s 5N )7 (least mean square, LMS)
38 W 8 R B AL B, SR T AR GE N 7 T B
S EME LR Z M 29, RRFPK =3 TR
2F: Mizmizi #0253 1o pe 1k o 18] 55 538 1 RE i
SHERIRSMIC, S T SRR , I A R A
ARSI T RGUAIERE . X — RN B 1Y
SRARGAE R T IR T A1 e
2.2.2 e

OFDM &= [& A i) & 1634 L ( peak to average
power ratio, PAPR) ™ i 9 HAE B 35 4800 v 1Y
SR Ak R G R LG TR A
TAETARZRME X S, ¥ PAPR 2[R R G F 4
RSTRIF R UG R A, R i 5 rE e 5
TS EE . AT LCR S & AL B S OO
RFEAL OFDM {5511 PAPR: 7E AL 3 )5 1 , >R ]
BEFEE MUK (selective mapping, SLM) 3 1% fii
J¥ %] ( partial transmit sequence, PTS) 2825l PAPR
I A Eat R T 52 A AL PAPR' S 78
BB 7T 3l A 51 5 BT O , M3
FLAK PAPR | o 38 5 2 38 5 R A50RH) R 80K 1 Y
OFDM % o b i v ok 2 15 o 78 B2 45 42
Hh IR T B B3 AT T AR 2 S R IR R L
& U5 B4 KR L BIE AR PAPR 55 1)
BRIMPERE . B IS R K2 T g b2 2
AR ALR , BEAK T & S BE 1Y
PAPR, HE 548 PTS Fk R AR E . MR LR
Ry T4 3 1o B P A TR L R A
LSRG g 41, 52 B8 PSLR 5 PAPR 1 fE ] 22
B
2.2.3  FHikFHE B IFET

OFDM ZR G850t 15 2K Bl A5 P 1 338 1 M IR AE T
HIEARL . =il BARy R 28 8k 2 i 1
) Y TE AL, 51 & B ] T4 (inter-carrier
interference , 1CT) , 5 SO o8 B0 32 7% 58 58 5 Wy
A8, TSR H br B A TR B . R T A UEIE
RE OFDM-LFM i85 i I8 D) B AR = 3 H AR UL e
TEPA T AR X KA — L R G IT R
WD,

AL OFDM 175 1K 3l 5 — AL R il 1t 7
PRV IR A S RIS T s, TR
FER ISR 5] I 5 THEFIPERE , I iU
FERE PR R . SR, %7 RS2 IR Tl 1
H1 BEALESCHE 5 |2 AR R 50 55 9 , LA b} 2%
IR SRS (R R, S BUHAE R SRR ARG B
v T A B3 3 7 T i Pk . PR, OFDM
— AT 2E T T IE AL 4k K ZE S5 15 )
e B SSIE I AR5
2.3 ET OTFS EXBE—MLIKE

1EAZ A4S (orthogonal time frequency space,
OTES ) VeIl i 1 455 B 5 A ] THER - £
W68 ( delay-Doppler, DD) B, 4 T LEM BT
B EHEYES OFDM /i SIS AR ™ L AR
I A BR A HL 30 7R e (inverse symplectic
finite Fourier transform, ISFFT)¥{% B 75 M DD
Sofe e Sk 2 I AU o4 A A AR B R M {F I AE DD
Sl A Ay T R A AR, DT A1 ) s 3 3 S T Y
LU IC1 i IS1
2.3.1 OTFS 125 a9 45 %

OTFS {5*51E DD S8 i {5 18 vy i) b7 3% 30 i
Mg 5 B, HEE IR 5 2238 B 0 2R EL ) I
FIARABE B S 3, S8 T3 A5 15 18 5 R R
WG —, FET U, OTFS {5 575 4= 358 v
5 TS B = R, S T L sl AR
OB B 0T He— RO R e DD B RE
e O, S BEN LI T B 2 0N, NI E H AR
R 5 240 1 D H A B e RS B S AR E
FE, FbR A B R 5 3 B R WS Oy DD 3
R E PRI AL i, 225 B MO0 B Shy T UL ) sk
NSE TS B ok BE R S A s =, T 25
FERIF RIS E T4, 4% 1T 5 1CT F TR 1k
B, A AT R 2 B AR ] RN , B2 T2 A
REPRIE R R JECPE RE . IR R A I 55 94 £ R
Viterbo {43255 B IKWTSE T OTFS {55 72 7 B4R
H AL, 2 ) — Tl g 28 DE T 208 e B 0 T A
B bR s S ™
2.3.2  OTFS 135 @ & 69 Pk,

S OTFS 553 i 35, (B HAE S 2 800K
JEI I R GEAT T T A PR A AR W 5T TR
WEZJ&IT. & PAPR [aUEH bz —, B OTFS
BICALLEAR BT, BRI 1 4 568 Dy 3855 5 e B 15
RIMEEES . e, A 22 AR HE K2 Yarovoy
SR T I T ANF A Zak A5 1 05 8K
A JRAEARL OTFS {55, 1% 7 ¥ AR 32 TH IO )
[) I, 4ERF 70057 1Y B R PR RE . JE Rtk
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ERE RS 0T BT T 1E PAPR U A
A AR5 R HL T A S AU R I T o £ R 3 )
PEAT5 A R, (5 LS HL RALUBOR ok B0 M A
B, A, OTFS RG LR T 5POL K
THH B ERGERD, B R = A 4%
24U ST B U L AR S HE SR 3 5
TR S B A 75 5 5 T IR TR M RE 1)
5o+ HHLM IR KA Zegrar B4R HE
FE[A) — OTFS-Chirp I b gy AN [R] FH P 23 B 24
IESCER LR 3 , IF B0 UE T % T8 7 o £ %
A AR AT T S AR SR % BE RGBT
JEB T HAE S AR T 1 FI

BT OTES () — {4k i i i DD I il ¢
IR (EIE RS AL, BT T Mty T i
{55 EATERE . WEFEREE T PAPR i | 451K
TSR BRI 35, R B & s S IR B AL
P ABAT I ARG AR R TR
PIEA LR
2.4 HiFXBRE—MEFULKRE

Bk LEM fix A ,OFDM [ OTFS %55 W, —{&fk
BOEAL, A5 i I 5K E 4 3h 2 Fh B A& 454 B8
PR B8 P R RS S B, X R
TEPOC BT Z Y R T RGE AHE, N
1 /2 ZAEAC N RS T B B A BRI S
2.4.1 o AA

i #5 4 & H ( affine frequency division
multiplexing, AFDM ) {55 T~ B 8 {7 S B 2%
A, L TR A E R E B, HoR AT E
PE LEM 8 2548 , 30 3 0 2 BT A i ) A5 P 455
H R e e RN PR RE . WESE R W, AFDM {5 5 A~
A RE S B A (5 38 A 5 HOm A I , 38 ] 58 =
KBRS HER I, A ok BO7E 7 & R G
T OFDM {555 OTFS {55, % Z & 819 g B A
SORAE L o LSO S AR K 2

2SR U S B O ok TR DI ) AR
I 5 222 Wy RS, RO TE & 25 iR 7 5t 1
IR TS RAFPERE . BB 9Eie R, BT AFDM
) B SRARUAE 5 BT S B e B A i A5 5 9 SRR
BE BT R G aeR ™
2,42 ERZMEREMY> LN

1E A& £k E 8 #t 43 & ) ( orthogonal chirp
division multiplexing, OCDM ) 3 1< B 3 15 £ 45 #x
NIEBE 4 AR 5, 92 B0 3kl {5 D e 4k
B AR AR OFDM 53 4 36 28 3 A 44
M FE , B T aRbt 242 TR T , AN RERE A AL
FEARAE SR R IR RIIE T RG] S %
w15 T RRROE (5 5K
2.4.3 ;L aEEYy AR

J- X B i@ MY # ( generalized adaptive
spreading modulation, GASM ) if 3 Bih — #i — #4477
SRS FERAS 1Y P BRI Y, AL G HOE IR
B HAOTE T LY B SRS H RS
B AW, 15 5 A8 38 N IR R I A AR A AT
YE2% OFDM ., OCDM 4§ Z F I JE (1 T~ LB =X,
GASM 557518 {5 AT FEE 55 SRR B2 5 T 14 46 B
U BAERE , AR OR B N — AL R G T4
— BT

gi b WL IR AE — A (S T R K e
MEET LEM g A B BRI e it i X 2 LA
OFDM iy £ 2 i “ 1 {5 e 25 J8 g~ i =, 153
OTFS KM “fFHEA IS B, Kok, &
AR — AR F T B TR B — B R
Ak, 6] B & W E AL R BEIE 5 R S A TR Rl
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fIC BRI BEAG 15 22, TR b — 25 e 15231
SEAR MIMO 51 38 75 1) Pl B (R S ik . ik
TLL SR, SCrh iR i T TR /MEH R CRB |
PR R B G ML BIE B g, TR E
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S vl A R A, — B DL SR R R i 2 R
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42 4

PR, 45 - il R — R B Bt 2k $ 357

FEA LYK Chafii L4550 1 A 5T (6)
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E)

Vou—Vyr, M=0
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Tab.2 Performance comparison of MIMO DFRC waveform design criteria
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