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Abstract

Aiming at the insufficient detection performance of existing integrated sensing and communication
(ISAC) waveforms for moving targets, this paper proposes a Doppler-tolerant ISAC waveform design
scheme based on the weighted integrated sidelobe level optimization with p -norm. First, under the
ambiguity function of pulse trains, we derive that the Doppler-tolerant waveform design problem
can be equivalent to designing a single waveform with a low correlation region and low integrated
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sidelobe level. Subject to the constraints, an optimization criterion is established to minimize the p
-norm weighted peak integrated sidelobe level of the integrated waveform, so as to realize the de-
sign of Doppler-tolerant ISAC waveforms. Since the optimization objective is a high-order noncon-
vex problem, a p-WPISL algorithm is proposed to solve it under the majorization-minimization (MM)
framework. Numerical experiments demonstrate that the designed integrated waveform achieves
alower symbol error rate and realizes the fusion of radar and communication functions. Meanwhile,
it can significantly suppress the range autocorrelation sidelobes. The tradeoff between ISL and PSL
can be achieved by adjusting the parameter, Moreover, the optimized waveform maintains low
range sidelobes under different Doppler shifts and exhibits favorable Doppler tolerance for moving
targets.
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1. 51§

BEAE S B R R PO R A WIS SR 1] [2], BRI S TLIE(E — BTN T 6G R E S
Zz—HHEAZHR R3], BT RENAR, ik 58E 2 m RSB, T s
IR, $RH TR T % [4]: BA HIEEMRE A @& — 41k (Integrated Sensing and Communica-
tion, ISAC). L HUBBE—IRMB BT E B/ N =2K[4]-[7]: (1) LLUBERFAFOH—REEE; ) LEH
BN ORI (3) A T — R

PURAE O I — A ABOY i B SOEE R, RSB ADI6e. T I8 O i B B
MUPE, o @ antERE. ARSI — e FEEIMESE R, ML I0EEThEe .
DL IE A RO B — A i = Bl ik A A i 5 =, HRAAEEE BRMEERE ), Bl TiEEER
BAL, AR TEEEBRSER A5, AT — B & Bi@Ed vt g, (EH RN R & im(E G
WS ERIKEANRE S, ReMSAEORRE — 7 PERE RO AT SR N ARAL 55— 5 1tk Al Bl SR e B Re T P (8] X ELHT Y
o, BA BT I — AR TR B 65 [F) B S E A5 5 Bk 2 RIS R 1 R 7 oK

SCHR[OFESE T e RAS AL TH AR T, A2 2 TR A AGHEN], 245G d5 1k 7 1) AR AU 2
FAEAC I, SRARAS B — LT, MIMO R4 3 HB 5L 45 T I8 KRR /1. Bl G ASH T SRk
(915 =R 77 1) AR AL 20 B, SRR 1Ot s T B 77 ZE 56 K5 MIMO 75 1A St B 75 22 0 A 55 1) 25 X 4
W, LAZ P 5 Mk LU SO R B0 KA AR A HE T, 3 ok SRR DA A A 2R 3 — 20 o5 U8 T 1) T B 4 1 2
Ro SCHR[11K 2 H 8B AN — I drt b, @l e — e LR &, DlsMe— e n
TR 5355 M B P AR A A HE I, ATAT SEI— A BB I e Th . STHR[ 12155 FEAE — @ AR &, 5l
NI EEAE B 73 55 I 3~ (WPISL), #§5.Coi it A - s Al e /IMUAIRTE L B . SCHR[13]17E 1 MIMO
TIAMIERRIEES, 5T MM HEZLREEAE EREH T p-MM B3, HIRPAR 73 55 LT (Integrated
Sidelobe Level, ISL)5UEAE 55 H ¥ (Peak Sidelobe Level, PSL), ~F-iAH % ek Hi i) W AE VE REFN 55 1 BE
g LRTIR, H B SCERYE BT — R TER , #RRI A UM 5 T A Z B AN R RE TR, SR L AE %
TR A R K 2 B2 B A N R — . fESEhrig it b HAREH MRS, HE g
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Table 1. FFT/IFFT-Based computation of (25) and eigenvalue upper bound
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Table 2. Solving for 5 via the bisection method
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Table 3. p -WPISL algorithm for solving integrated sensing and communication
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Figure 1. Evolution curves of the PSL versus iteration number

& 1. PSL BEE ROR BB EIL

DOI: 10.12677/aam.2026.1510414 289 N H it e


https://doi.org/10.12677/aam.2026.1510414

4.1.2. BXEFREEFEMENTPIH

NIRFAEA T SHCT — AT TR 00 5 15 B0 5 08 15 8 2 IR PR RE AL G R, U TE S50 2
Z=50,120 5 a, =0.3,0.7 i}, XFEEANFE p EHRAKFF SR FE SR SReER AL E /N, K (E %
T BHRZAF SRR, N, RRBEEDRIEELSE), K24 T SER BEHEICRT 5 RE R M A LU AZ 10 i
28, JELAREMRALI E 6 (QPSK) 7 FIMBCA AL Uk (F 3 15 1 B B

Z=50, amplitude lower bound=0.3 Z=50, amplitude lower bound=0.7

& ]
= =
7} @ o
o e e
-a-p=8, PSL=-160.3 dB =, .
107 ¢ — - 107 4-p=16, PSL=-116.9 dB
4-p=16, PSL=-124.3 dB —o-n=32, PSL=52.1 dB
-¢-p=32, PSL=-53.0 dB p=32, 1 N
109 ----Unmodified QPSK 108 ----Unmodified QPSK
10° L L % 10-9 L i L L \‘.
0 5 10 15 0 5 10 15 20
Instantaneous received E/N, (dB) Instantaneous received E/N, (dB)

Z=120, amplitude lower bound=0.3 Z=120, amplitude lower bound=0.7

SER
SER

1004 [ —o—p=2, PSL=-81.3 dB

-o-p=8, PSL=-58.1 dB
»-p=16, PSL=-50.8 dB
-6-p=32, PSL=-40.2 dB

----Unmodified QPSK

—o—p=2, PSL=-160.6 dB
-a-p=8, PSL=-112.4 dB
4-p=16, PSL=-66.3 dB
-o-p=32, PSL=-42.2 dB
----Unmodified QPSK

L L Il 1 L L L 1
0 H 10 15 20 0 5 10 15 20
Instantaneous received E/N, (dB) Instantaneous received E/N, (dB)

Figure 2. SER versus received symbol SNR for optimized waveforms with different p-values
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Figure 3. Comparison of SER performance between MM-based and LFM integrated waveforms
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