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Abstract: Because the Terahertz (THz) band is capable of achieving terabit-per-second communication rates
and high-precision sensing, THz Integrated Sensing And Communication (ISAC) has become a key technology
for future wireless systems. We propose a THz ISAC framework based on a delay-Doppler waveform, i.e., the
Orthogonal Delay-Doppler Multiplexing (ODDM) modulation. A more general off-grid ODDM modulation
input/output relationship is derived to eliminate the assumption that channel path delays and Doppler
frequency shifts are integer multiples of their resolutions. For ODDM symbol detection, a time-domain channel
equalizer based on the conjugate gradient method is proposed to optimize the computational complexity.
Compared with orthogonal frequency division multiplexing, ODDM demonstrates higher Doppler robustness
against the Doppler effect. A sensing estimation algorithm is designed to achieve high-precision estimates with
low complexity. The results show that the multi-target estimation accuracy approaches Cramér-Rao Lower
Bounds (CRLB).
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Fig. 1 Channel response of frequency selective channel or doubly selective channel in Time-Frequency (TF) domain and
Delay-Doppler (DD) domain
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(7,0,&) = arg( mln)

S(T, l/) = [AlGll.S, A2G1287~-~,APG1P8} S (CMNXP
(25)
PRIk, 3(24) 7T 7 M
<+,a,a>::arg(nnn r— S (r,v)al? (26)
M Flv EER, BREEE N
1
&= ( T, 1/ (r,v ) Hy (27)

Nia R, S (r,v)G1ES. /[ﬂaﬁ]\ﬁ(%),
G

(+,p)=zng?a§(rHs(sHs) str) o (29)

4.2 ZBRBREEX

ARSCHRH 2 H AR NG Al T R
ATF AN B, ZEE RN T HARE I B,
PR FRAT T T DAl AR 8, BUER e Aol 0 B bRk
B XMIELN, ERIRMETHR, 8RR Ol
i B AR R AT MR T 28 fEWIE it
(FEEmt b, REANAG THE AT B RS B I 45 0

(1) SBIBe: WIgaATh. TESBIM B, A%
i E AR T R B 1 (RO R Ak 1% H AR IR IR 28 70 228
Bk . R, X EAMGTE, SEW TR
LA ER(30) 75 H

’(AlGlls)Hr‘Q
(30)
(71, Vl)(AlGll ) (A1G, 8)

T2 B, BATE AKX (BO)MEITFELNE
PRI S8 A 22 3 8 Rs o @I AT p — 1A H AR
HITFIES, TR SEp N Hir(p > 1)MS%, i
K (31) A

(’TA'l, 171) = arg m.

2

(4,G,8)" (r—z diAiGlis)
(7p, Up) = arg max e

(Tp¥p) (ApGlps)H (ApGlPS)
(31)

(ApGlps)H (r — Z oliApGlps)

i<p

(32)

ap =

(APGZP S)H (APGlp S)

(2) #m2KrBe: KMl CEHRBHP > 2
I, A FREEREE2M Bk, RN H AR
AAERBUEHAR FARKA HASbTHR ST
Bt F2Wr Bod i s AR S SCE RS HE At T, SRR
Bl v 4 RPN N R IEAL R AR B . I 2E
N2 W B A ISR LA A, 50

(,0) = arg{nax( HS(SHS)flSHr> (33)
A B TS W B AR B, AR LR T
S RHTHEN
é::(Sﬁ;mHscﬁﬁ»AJSﬁzer (34)
4.3 BEXEZENR
AKATHT T e H BRI B AR,
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ASCHE 1) 2 HARE RN L AN B

SR BH,  FRATR A E PR A RE )4 S AE
BRI E R E T, B AG s
2% BN O((MN)?) [ A% 2O (M Nlogy (MN)) -
Bltk, HTIFESBMERENOQ), HItE
(4,G1,s)" (A,G, ) IFIEIKEHI O (M Nlogs (MN)),
ML B 3 S 24 19O (M Nloga (M)«

28 BOS K 2 HARKORS A 1F, )75 25
K (28) I AP . 5 EiEx S(S1S) ™ SH k4T it
B, SRENO(MNP? + M2N2P) i, KU
SEBRTFERE,  Je5e kST S A Sty ) B 5 AL B
HERMERE, RUEMEHE, BT Sy e
CMNxP i} 5 NS FI Sy [f) 5 44 BE N O (MN P?)
FOMNP), HFE() SREEMERENO (PP,
Jir A28 fai b Ja M S 2B B Sk i OB R
O (MNP? + P?)

Zx EPmd, BhFE s R RS AR M I
THREIREE, FIRBAREIRENO (M Nlogy (MN) +
MNP? 4 P3).

44 FRETTH

i EP T (Cramér-Rao Lower Bounds,
CRLB) & K T T Z il v+ S P 5E 80— A A
HIPRS, Oz R TSRO Z H
Pttt EE IR YERE, & RIZ AR B B SR 1)
B9 IIRAR, A2 HITHE T84 AR CRLB.
FH T B A P R 5 L B AR I S A 22 5 A% X
A, BRIk, THSACH bR B AE B I CRLB 75 22
THEL B AR N 28 A 22 5 8 40 ff 1) Fisher {5 858 [
(Fisher Information Matrix, FIM)Jf3Ri¥ . & X
0 = [7v;|al; Za], WX R I Fisher 55 55 F (0) (1155
AT I TCR AT E A

2 24 \"oA
Fi’j = ;Re { (30]8) 8023} (35)

:/E‘:EP’ 1< Zv] < 4Pa A= Z:Zl aPAPGlpo G'Qy\jug?%?g
Ji#. F(0)IEFFERXS e RN o ECRLB,
5 RE%ER

AR X 5 3T I A B RS A B L S SR 4T iR
PR B 0 B VR AT B B b, VP AT T
ODDM Fy ik b 7 B IR 7 3@ A5 1B g i 5
e, MAIE A R RERTPR AN A BEX SRR AN R 9 %, BRI
ODDM, OFDM, OTFSH) £ & &tk 4T 7 17
iy, IR, XHFRANERN 2 B AR R TR
i ASCHE R LT ST E

5.1 JRIEEFX TSN 5 RS E A0

HH T ODDM K H HE T 4 7% o B3 AT Bk v %
PR VR P& R ) 52 i AN o] 2208% o EIAPEAL T A [FME
2L (Signal-to-Noise Ratio, SNR) & s K T 4%}
R LRz, A 37518 i 2k T L 9ash
FE )i A 1E CAN 5E 25185 B AR L BEAT ff R
WA, BREEIBARER PRI E S S %
F1. ATCLRBL, BEESNRMIG N, B HCE 1R
LR R BRI TP, KRG REREE MR LL Y
P E, 4AQAMAEAFBE T MR LR R IR
F16QAM.

M4 PUR I, BUNRFERE TR, R
FEAS, MRGERHB G RGO, BER
RR) AT

5855 kD e AR, 5 DR 0 i R 1 e
SRR K. &5 (a) FIEIS (D) PRAL T AN [EE e bL IR
B[R g FE B FNIE B AN TH 5 77 AR 1% 2% (Root Mean
Square Error, RMSE) & HAH W ) CRLB ) 521

*1 HESH
Tab. 1 Simulation paramters
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Fig. 4 Bit error rate of ODDM given different rolling factors
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Fig. 5 Single-target sensing accuracy with different rolling factors
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