F146 54 W IR AR (P ) Vol. 14No. 4
202548 A Journal of Radars Aug. 2025

BEALIE S 14 H TMIMOIR 5 R AN — A L R F WL TdmAS 12 1+

N Y R TR
VAR FEAATL IRFESHEELATEZRE hF  210096)
D7 AR F Rk BARSEFER EI| 518055 )

W A EHREYUEGEE S, SRR T U b 5 580 S OLE A — AL (ISAC), REWs R E FE(RISACSL I
BRA S NI D RER A DU B P26 . ART, A5 A I BE MLV 2 (A B D et BUBEHLE AR, & s
BEARERE . 9 T IRF AR @ AR TERE, 125U TT 1 BENLIE S — R 2 (5 S A B ik, 32 T 2 A 2 fan i ik —
R (MIMO-ISAC) A Gk Btk & UL it 77 5. BRI S, 25 ot H bRmi SR R Al i, 200 eE X T
BEHLAE 5 N R R L P v f 2 2 7 (ECRB),  Jf4E T R WishartJEFE I 73 E T TECRBRIHI & RIEK, M
PG U T R BEALAE S AT A AL T A G AT 8 PR ISR S O RE B R o BE— 2D, S0l E e T
ECRB#/ MU HE R A 78 A S 22 R 22 HY P (5 5 Al T R A5 S D, I 3RAF 17 T8RN fie D0 T4 B 1 o AL E A
RIRTGRIG BT 5. 55, 200K LR OR B LA BT R B R 5 B — k3R, Ba, SosEd
REATFIGAE T Fre I3 R A R, A S5 SRR W T o AR IER SIS T4 A BE 17 SR BES SCHF RO EE H AR B
FEfbir, [ BE 5 SCOLE B A5 5 MTHRZE S B i RE RS THR 2 1) RIE T

KR EERE R ZRAZRL RS B G54, SR EE

HFESES: TNI5I XHERFRIRAD: A XERS: 2095-283X(2025)04-0781-16
DOI: 10.12000/JR25019 CSTR: 32380.14.JR25019

LA XN, SR, R, BEVUE S 6] T MIMOE(S B — b RGWOR TS T[], Tk 23R (9%
30), 2025, 14(4): 781-796. doi: 10.12000/JR25019.

Reference format: LIU Fan, LU Shihang, and CHEN Zihao. MIMO-ISAC precoding design toward random
signals[J]. Journal of Radars, 2025, 14(4): 781-796. doi: 10.12000/JR25019.

MIMO-ISAC Precoding Design Toward Random Signals

LIU Fan*¥ LU Shihang*®  CHEN Zihao®
®(National Mobile Communications Research Laboratory, School of Information Science and Engineering,
Southeast University, Nanjing 210096, China)
®(Sch00l of System Design and Intelligent Manufacturing, Southern University of Science and Technology,
Shenzhen 518055, China)

Abstract: Integrated Sensing And Communications (ISAC) based on reusing random communication signals
within the existing network architecture may drastically reduce implementation costs, thereby accelerating the
integration of sensing functionalities into current communication networks. However, the randomness of
communication data introduces fluctuations in sensing performance across different signal realizations, leading
to unstable sensing accuracy. To address this issue, we delve into random ISAC signal processing methods and

propose a joint transceiver precoding optimization design for Multiple-Input Multiple-Output ISAC (MIMO-
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ISAC) systems. Specifically, considering target impulse response matrix estimation, we first define the Ergodic
Cramér-Rao Bound (ECRB) as an average sensing performance metric under random signaling. By deriving the
closed-form expression of the ECRB based on the distribution of complex inverse Wishart matrices, we
theoretically reveal the performance loss arising when using random signals for sensing compared to the
conventional deterministic orthogonal signals. Furthermore, we formulate the sensing-optimal subproblem by
minimizing the ECRB and the communication-optimal subproblem of multiantenna multiuser signal estimation
and derive the corresponding sensing-optimal and communication-optimal precoding designs. Subsequently, we
extend the proposed transceiver precoding optimization framework to ISAC scenarios by explicitly constraining
the communication requirements. Finally, through numerous simulations, we validate the effectiveness of the
proposed method. The results demonstrate that the joint transceiver precoding design may allow high-accuracy
target response matrix estimation while enabling flexible trade-offs between communication signal estimation

and target response matrix estimation errors.
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Fig. 1 The illustration of considered MIMO-ISAC systems under random signaling
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