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Abstract: ISAC (integrated sensing and communications) has been identified as one of the six typical
application scenarios of the 6G mobile communication network. This puts higher requirements for the
spatial resolution, anti-interference ability and sensing freedom of the antenna array in the future. To
support the 6G high-performance ISAC, one approach is continue to increase the number of antennas
which will inevitably increase the hardware cost, signal processing complexity, and energy
consumption. On the other hand, sparse MIMO (multiple-input multiple-output) is a potential
alternative. Compared with traditional compact MIMO, sparse MIMO can use the same number of
array elements to achieve a larger aperture, thus providing finer spatial resolution. Therefore, this
paper presents a comprehensive review of ISAC based on sparse MIMO. The basic array architecture of
sparse MIMO is first introduced, and then the advantages including spatial resolution, communication
rate, spatial multiplexing gain, channel capacity and gating lobe, and main challenge of sparse MIMO
based wireless communication are discussed followed by sparse MIMO based wireless sensing. Finally,
the huge potential of sparse MIMO on ISAC is introduced.
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Fig. 2 Far-field beam pattern of traditional compact

and modular ULA(Li et al. , 2023)
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Fig. 3 The near-field beam pattern of compact array

and modular array (Li et al. , 2024a)
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Fig. 4 Near-field sum rate versus SNR P(Wang et al. , 2024a)
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& 6 K [ T S B M = 16 I 7 [ 1 22 [ 51) 45 44
i 45 55 v X 4 %) SRR RIS 15 PR RE . LB P
S BN N S T <o -l | o G |
(0,0 = 3.58°) o LD UEE T AT, Y4 B4 I R B[R]
18 & (7| AR S W 01 e N A i = & S
ERIOBTR ST e

10?

—O0— I 2[4 5] FIRMSE
“A-LEAULARMSE  [11.05
- B AR R | | Y
—>-EmAULA SR | 100 T

RMSE/rad

Fl6 RMSE. HlE#=REEN, (725K (Min etal. , 2024)
Fig. 6 RMSE and data rate versus NV,(Min et al. , 2024)

2.3 THERAERE
LS, 252 Y 5 815 2 2
XFF A5 W b SNR s &t %, AR A W
(DOF) (Heath et al., 2018) ., — & F, DOF H
ok e A5 18 0T LAIR] B S 45 A 2l S7 B0 I i B
DOF # kK, RGEF LML . Miller(2019) 75K
AR A B (EDOF) M4, Hoplh H T UK
& M 1R 28 F 59 MIMO {3 38 %5 & 5 EDOF x



ML G MIMO 34 15 MIMO 7

541 BOE &, 0GR —R1L .
Y A R O
{10&% 10gzNO mir} Horp NOXEXjﬂHS FHEEEL
(=R N e E N PEINN S8 [=}
%FE%%%EM# FE XM AT BRI A 1Y B/ IMEL
0 min

Yuan et al.(2021) 3 F 31 A% AR 2k % (Dyadic Green
function) ¥ {EiE H e C" " 47 a4, HIL, A%
H B BT A

EDOF ~ (u(1)/| ] |
HpH =HH"e C"",

M T X5k A RE R, BEoT B A
B2 I MIMO 7 378 3 X 3R 1) 25 (0] &2 3 25 6 52 3]
— BRI, FEMME (LoS, line of sight) 375 F i
HREMCH 1. SteMi, T ded s ki ik
(AR 2 M AH A RN X S PR MR RE M, X & 326 i AN
2 Wity [ T 85 A AT 9 5 MIMO, IR 58
(14925 181 52 FH 3 25 T BB 2> i 35 1

XFIE Y R PG, ML R
KB, MIMO {5 3& /9 [ B2 AT LL3E & 7 B MIMO
FEF S5 AASHETE . Wang et al.(2024a) BF5Y T 5 H
PR 5% MIMO 3 15 5 Gt 1 38 3 F13E 3 25 1) 52 1 38
i, LA P R AR I A5 3 A0 B MIMO
FAHRA B ERE S, EHASA RE e %

2
’

ST LLL S
tI‘(RZ)’ >N
R - HH", N, >N,

H'H, N, <Ny,

JE{F B A LK % (Bohagen et al., 2005) .

RIS, ARA HEE e WA SR
Il A A P Vw7 S ol N 5792 VA S
whi I X S 5, P AR HR 5 MIMO [T
BN Ny, FE 35 AEH 55 MIMO FETCEUR Ny & X
o 2 s N 2 min( Ny, Ny ) N 2 max (N, Nys)s
Wang et al.(2024a) 5 T 554 F 5T 0, A
A W e Rk, JRUERT T X TR O FOsAE
R4, BEHE TR 2 RRT, i MIMO H]
PLSEHR L 022 2 MIMO B & 1A 300 R EE . eAh,
BRI P Z R A BE B R KT, e WS TR
LI, FETF I, Wang et al.(2024a)#2H T —4
TE 7L 3 M 5 b 5 N Bl A 50 P MIMO il £
FRGEGEH i it JE PR

PP MIMO {5 &40, Y4 UE M L

%Eﬁsﬁ%ﬁ,m%u%ﬁ%ﬁﬂﬁmﬁﬁﬁ

(T PR B S, = 1 1 MIMO., 4
Fz%%ﬁ,%ﬁMmm%%ﬁ%ﬁﬁﬁmE%%
ik . Y B0k {5 M L SNR P T IX Al

BEHE L e ~
2.4 EERE

A W 5T C 20 UE S5 F g K 26 B5 91 A e 07 3 i
MIMO RS {F A% . Amani et al.(2017) 55 T
LA FL 0 K S I 9] A 35 T R0 R 4% 5 91
22K MIMO 3 5 BV FE L 35 o BB & S L AN
FE WL () 42 P R P S AR TR, LRI 4 5]
ANH ) B 51 EL A A A R FLAR K Rl S
R, NF RS HLRMER L Z AR B R EE, ¥
SIRLFES R IE A /AAE L 4 . SR,
Tk T 2 AN R A i R W 1), R 0 e U RE B B
PRAR, RIE B A GE(FE A . Wuetal (2017) 3
THFTAMEFES] | i 2 Pk MRS RN AR B 1R R [ 4]
PRI T BT RIAERES | A B R R 5 RN
BIAE RS, FFRLL T KA MIMO 35 T /) AT
R (FESCIEN, M TS5 R
R, = U i (5 A [ 3100 o] LA 5 /0 B
KRG R 3 il 25 0
2.5 BENFESHERAR

P A Ak b, i R R I B W T ) R T
S BRI, SR, ks S3E
S RE I ) BTy ) () Z AN B R A, kT
TS [F R e i it e . RIS, ZERS (R R
o, WIS EARA 6 IR X 38 {5 P 2
W7 EE A UL, L, X F#is MIMO, % &
HCRETT IR E R T2 i 4 0 A e, B2 AT
His 1 MIMO 3 {5 A 5 B T T I 1) 0 SR Pk K

Wang et al.(2023) £ i 1 245 Hir i 2 4 1 S5k
115 37 U o TR 1 B o3 A B . 4 0.5mA, = i,
n==x1, £2, -, |, WSO E TR
B, BARMIS , 55 n AR 28 37 ik o 1 v g o 21
[ERA, =

Li et al.(2024a) XA A0 4 P47 20 7 i ol D v
AR 73 AT AT T T . TR A R
TP R E (D) A LR IR — A8 N, ]
B Ry T A2 B 0 3 2 5 i MR 9 R K 5 Moot '
1% UL W 91 I o TR R 3l R, S e A 28 % ) A




8 iRz (HARHERR H3E30)

964 4

. sin(0.5wNI'A,) |, o o aE A
7 B Nsin(0.5mTA,) P, BARIME, HmA
MR 326 37 U8t o Pl v g s B,

A, =2 (2)

r

Hrfm=+1, +2, -, «|I'|, &, XFiEik
RER AR, B ib e B i I o A 5 H I 3 i R
El oA ARl Bl (2) o

IRAT I 5 % s i 9 410 30 ST %) AR R ) R 45
TS MR DT 5 o K S i i R A0 A A o
NS B e A B &, DAL AR A5 3k s o B
BBFSE %/ . Wang et al. (2023) 5% T 3 F it
BRS04 B ) A, O L L B 4
UEWTEA KRR = e il e o1 . 1B 7 ik 1 4E
R MEMSI IS HTE0 e - 0,., 0..], X
6, = 10°. 30° Fl1 60° {25 A 4 25 A, AT 53 HT
MAEZEWRAH P Z B8 A, IR BS54 . S8 L,
TR A, BIRESR 2 BB | A, |3 K A
T A, AER S A, BV P A 5 010,
s it B 40 ) v B A A 25 o A AR M HE R . BT
5, M0, = 1070, FHEEREAEPE|A,| <
0.36 YL E . TEXAEREIN, A FIA X b
W 51) 3 ol ™ 1 FH P ) e, i B A A 25 32 3]
HIRE A 52 M) o 3 — AR P T 0 4 A XS P R
wHAWG . TEMIERE -, Wang et al.(2023) 3
o B HE A ELSC U B T AR P AR A
PSR, Y50 5 B4 51 68 08 IS Lt A% 40 s X
P2 ST 4 1) S AF PR E

TESCHT Y T AR, 48 KR 2802 N 157
[ % (UPW, uniform planar wave ) #& 7 ) % 5 [4: 57

B =30°
— =0, =60°
100f
ﬁ .
%’i |7 N
o ol =
= s N
10" ,/ \
| \
l |

-20 -1.5 -10 -05 00 05 1.0 1.5 20
A

0

E7 AR R4 (Wang et al. , 2023)
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