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Abstract: The 6G massive machine type communication urgently requires new multiple access technology to support random access of mas-
sive machine type terminals, and other scenarios in 6G systems also need new multiple access to increase the data rate, reduce transmis-
sion delay and enhance transmission reliability. The standardization process of 5G non—orthogonal multiple access and the properties of vari-
ous non—orthogonal multiple access techniques are reviewed. The experience in the standardization process is then introduced. The perfor-
mance of two new types of multiple access is studied, including sparse interleave division multiple access and unsourced multiple access
based on Reed—Muller code. This study can provide useful references for the scheme selection and the standardization of the 6G multiple
access technology in the future.
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tailored for 6G are proposed. The polar—coded multiple access technique leverages the polarization effect among multiple users to achieve
higher system capacity and access capability. The sourced polar—coded multiple access scheme can meet the high—capacity and high—
reliability transmission requirements of 6G, while the unsourced polar—coded random access scheme enhances the system’s access capabil-
ity. These approaches indicate that polar—coded multiple access technologies can address the ultra—high reliability, high spectral efficiency,
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Abstract: A user—centric massive random access scheme under the context of cell-free massive multiple—input multiple—output (MIMO) ar-
chitecture is investigated. To achieve a scalable architecture, the association between access points (APs) and user equipment (UE) as well
as the clustering method for APs is discussed. Regarding active UE detection (AUD), a class of maximum likelihood (ML)—based schemes is
proposed to obtain active UE set. By adjusting the threshold, detection results with varying accuracies can be achieved. Leveraging the de-
tected user set from AUD, the system employs sparse Bayesian learning based on Dirichlet process (DP-SBL) for channel estimation (CE),
effectively utilizing the spatial clustering characteristics of APs to enhance accuracy. Building on this, a joint AUD and CE algorithm is pro-

posed. Simulation results validate the superiority of the proposed approach in terms of performance.

Keywords: massive random access; cell-free massive MIMO; active UE detection; channel estimation

SIFEBIN: tAEZF, 408 28K, 5. TESAKIEMIMO ey A FERANEA U], PXOBIER, 2024, 30(1): 26-32. DOI: 10.12142/

ZTETJ.202401006

Citation: HU Y F, WANG D M, LIANG C L, et al. Massive random access in cell-free massive MIMO system [J]. ZTE technology journal,

2024, 30(1): 26-32. DOI: 10.12142/ZTETJ.202401006

FUBHLAR RS (mMTC) 2 5G 8% sl {5 £ AR A St Ry

MYz —. TEM Y 3 FfifgE i MTC 45 (MTCD)
(R HBE R L A SCR, WA RO A 5 TE . A ITG R
JFH P X R (4 5 A0 T S22 T A HOSFSE IRAE . AE mMTC 1)
s, RGEAHEAM P BRA RN, XEH TR FEIER
DA PR, DS T IE3C BI85 T Y 7 S0 PR 5 £ 11 42
AR, FERXFPEF RN, 2/ R 04 SR 8 1 7 58
SRR A4, BUHLAT R B A 2 P E B . B
Tk B T IR EAR IR GE R, BT LA A Oy s m] LAFR AR

EEWME: BRERARITL (2020YFB1807200)

26 GBI A
2024283 S 30%5 188 Feb.2024 Vol. 30 No.1

IEZZAEEA (NOMA) ", BT RENLIEE AT b, 54
e S i W PR AL A S TS (PRACH) FN3ETF 4 FH 14 DU %
BFSEREHEA . LTE REMUSRE T B iShEs
Lk . BB AR | JCL H 9 UR R i e ok . ST Tk
FIRFER] (RRC) HoRM, 2t 2 R R B IR At 72, 2
FZM mMTC AR FEE R, I, 3T ToBAUR TR
A LRAK mMTC I 5 AR TR Z —

AR, N TTHBRANX BN, AR il RS
B AL S A00%, SCHRI614 HY T T I 63 ORI ARE 22 4 A 22 i
(MIMO) Z%i. E. BJORNSON 45\ N ol 5 K AR MIMO S
K26 MIMO 2249 T sh A WpES % (DCC) BY—HEEI7,



\\\\\\\\

AT DIRSE DCC T %, R TEGRIREEA . S04
B ATEMESETIE AT R LU P A ol T i Rk, 3t
TG B A HUAE MIMO 2248, M. L. KE ZE4 T X6 07 A9 AR
BEREALEE A T 220710, X 2677 B P 5 BT AT AP AH G
I, EHBEER RSN T ARG R, I AR
APZRV I UEMY, LIS AL B I AR Y
B EBRR B R SRR LT, 2B R4
. B, ASORE— 2B BFE LU P R o (4 JE I 55 R
FEMIMO BEHLEEA T 26

1 REeiRE

TCHE 5 245 [ SRR 2 T S, RIVEIMERE A SR
P (UE) MZERBETT Y REITCGF K. RGN R
TCUE 5 KA MIMO 1, A4~ AP 38 5 F A b 15 RS (S
B (CSD) RANFRECX UE (% . 38 AP 23 BE#R0CHR I 1]
FU, MRS AP R GRS AT PR, ORE 76 B 25 4R 5 8 MTCD
W, S AAE e P RO SO, Ibsh, 25
A X1 JC M 5 KBS MIMO FETERTAG TR RS R . DMERE A BR
SRR, RTE R PMRNE S A B AN AT DL S ) A
PERE, FIRHBEA AT R, fEASCrh, AP LI P
SR I AT R T B R MIMO 284y, RV e 5 G
LHEAM (RAN) 2Ry, im0 (EDU) B
P, HEZ 524 AP, IMEREC G L FERE Ty, JH7E
EDU b #E47 43 A sCHE S/ gy, 52 B0 J0 e 58 R AR MIMO
W2 (0 TR 9 R o sk, LR P R e 5 4 A 2R T
(UCDC) AT S B P Al 1 o3 A S UMEB IR o GniEl
i, B R 4 AR TG e BT T 4R A N 4R B S AP,
EDU., UCDUMICPU, AR & R,

1) APSERUIIE S AUk . BB SRR S D RE ;

2) EDU EZE M5 5B b i fE . ZH Py
ZRARTRI . 2 P2 BRI . BEE S R
FUI6E;

3) UCDU FZSLIIFULE 1) 24 EDU K%K 1 FATEL
AT A IE, W 2A TATEdE R/ R BIA R A EDU, AP
A e i et B A T A 45 D RE 5

4) CPU SZ LA 2 EDU FI UCDU B 803 i % 1 56 2 %5
Bl

FEASC, AT B AT mMTC 5 P s ERH P
R 5 (58 Ak 1T, B0k v 2 i 45 5 A BT e BLAL$E AP A
EDU, F /5 AP I DL M2 EDU 5 AP 4 G 7 v R AR 2
fH S R SR, MG N AR SR e
PSR AP A

FEIEE ARHUE MIMO REYARUEFEALEEN HEFF

2 & TKEL

PRI, RGBT BRSO A 51 A5 (B
EDU), {H5 ZHIXT R B A B AR 1 AP, R, S@at AP
YRR LIE/D Y EDU 23R 2 AP BYAEIN(E 5. Kmeans++
RN R e — BT Z AR AR ik . 4552 EDU B
o, RGME AP E, 1545 AP R L Z [ BE 25 F1iA F]
Fe R AEE B oM

BF DCC PR AN, RELIUE I, ik
UE #6488 AP LASEOCHE . 3XRE UE AT DI i 5 4 )45 38 1% i
G APHRE [ SPOCHR A TS R S 52 5% UE i ¢
B o IRJEOCHOC R G R IEA EDU,

WA ORI BUR AE AR SE I AN Z T 38 5 3R AT
1 UE (07 BARFFAXT A . BeAh, %5 R A
PERMR B, DGR Y HAA M T R, d AP R
SEMIR TGRS AL B SR AT AT Y . R, 7E UEBEHL
AR, & APRCYC LM%, JHH UE B %M AP
AISEEE, DAL A SERE I — B BOARHE . AR SCHTHSE A F 5,
ARTETER, FHIAE T RN TNE, IR
I C 258

3 KRR BR A2

ARSI B R T B A R (S 0E , 28 b AP BRI
B2 A5 S A Y, B0 A — B AR S 0 S [R] A f) g 1) o,
(EMITT 223 03R A -

7 N

UCDU ¢ |JCDU

LEDU
IFANI
AP-UE
FIERER

v HIR
'ﬂ' AP

- ET

AP-UE
FIRER
0 FH E E 8 - &
UE1 UE2 UE3 UE4 UEH UEG6 UE K
AP AR
CPU : PgiMNBETT
EDU S0 FTVETT

AE FRTESEAMIUIEEE

UCDU: P NI DI ETT
UE:FBFP&E

Pro@ERRA | 27
202428 E30%5 18] Feb.2024 Vol. 30 No.1



AREBR FEIEEAHUE MIMO CPEI AU REHIEA
V{[Yb]:vm} = z,ﬁk.b‘Pkﬁof + UzIL, (2)
e, = a,A,,, FRHF KBS DA AP TG BRAFIE KR

RHC LLESERRHER m < (1 M JHSWL, M AP RLH
k. MHATSE, = “YJ:}?%E[YL ~ M(0.E,). 4

0,=6,,. .0 } A 3 1) 55 P MACA 5 1) o ) e e

P, FRATRAS 0, HEATIRIMSRAL T E e ATHI I 0, %)
A STIENEE VS

c(ob) =—i10gp(Y |0 ) =

M A

zlogp([ ] | )=log|Eb‘+tr(EZIEb), (3)
Hrr,
& 1 _i " "
B, =YY = M’;[Yh]hm[n]w o @)

PRI RS B R YISRRE D 2200 0, % Mot
FRIFF RN, B, T 5, B MARMST, A
A0 T R FH PR I 55 SR 1 2

0,1, = argmin c(6,)
{05} tork e (K, ° (5)

n 4T AP FTTER EDU RS, {K, | R %5 n 4> EDU
B FMAP IR UEES, 0, e RV TR, RALKE
FH PRI B A S M 1
S L ARERA P R
B b AP GBI S HEIE Y, , 55 n A EDU KN SCHK UE
) Preamble J¥51] W, W )5 2% o RSB R TP K B £
th., ELUE TR R PGB o, 5 ARUCHL L
S BRI (S, k[0, , > th, | IR BRAL P 42 2
[S:k[6,, > ih, |-

LRI (B = %I,ﬁ’,(()b)l =0.8, = %YAY[’J 1
2: 0 < I, PATRU T £R4F 5
3: BEHLEEERSIK € {|K, |} X070, (955 K A TTH
4: WG =
‘PA( )i_lé/(é/_])i_ Py ‘Pk( ) I‘Pk’

w50, =

W

28 | RG@EREEAR
2024F 28 £ 3055188 Feb. 2024 Vol. 30 No.1

HEFF

7. HHri=i+1;
8. 4k

4 EFDP-SBLAYEEMRITFE

TEAT I, AR EE AT AT R ST . TEARTIE

ERSER R SN0 T, FoATTE i AR e DLt 2= 2] (SBL)
7T ERHE T S 8UE BT, JFRIHT AP Y2 (8] SR 2
R S8 MOk B SN AR . AR 2 7R, S TR B AT I
() AP {538 1) i A ARSI AR i A =X, Kt APL AT AP2 /Y
S EOT LI Ay B0 R — A

AN TR RO g BRI AT AT, A
i Gy FUIE B0 7 46 2 B 0 2 . B A] DLBE S AR
G = DP(1,G,). ARSCRHAWHREEH , H ¢ R IR 58
PR IR 7 AT Rk . GEARFRIR N

¢=27 w3(3), (6)

Hrfr,

w—wH 1—77 (7)

p(mln)=Be(ms 1.m), (8)

()= G, (9)
IR {5490 = Lioo | RLARAR 4011 G, B 15 00 SR 1o 4R

4, Be(x; ab)Fm xRS E R a, b NEEIR. HTEE
PREAE IR AT BEAR IR IFEAS, DI TRA TR A RS 1

UE3 AP
= Ap1AP2
Ve "IV ue I
@1 e L
AP4 L Hn
UE2 | [
UE5 I
UES UES I
& ars Aﬁ’ Hin| ==
ﬁ UE7 —
UE
(a) APS UEA=BBIIENTh (b) BAPBYEERMET
AP AR UE:FBFE&E

AB 2 NEEEAGILEY AP EEBEVESERMEI



\\\\\\\\

BNRBRIEX (X/NTRREHE) . 7RIl b, &
TR SBL S b F P 4538 75 22 RO 1R SE 56 234 i A 73 Afa
B e R, BT 58) DP-SBL AF 8 fti 1551

5 EDU{E S A ET T2

5.1 BREXE REE
R I (AUD) AEIE AR (CE) iyt Rt i

HTEEDU AL TE M. 76 R G0 8 R A WOCHR Z S5, EDUKEAR

WU AP BT OCHR UE RIARZEAR ., A4 UE 251 RN R A9 Hif

SIS, EDUSexT A AP TR PRI, 43543 30

W TG R P AR A RO B TR R P R . B SE R A, i

1945 AP RSB TR IR P A G B 01 AUD S5 5R . 45 AP HLRE

PR RIS A S CERLYL, LRI CE Y 50 14

SEMEET KA TR (DP) B SBLAFIHEA I, He&Hiih

SRR P EEA AR . B R B B 2,

EiE2: EDUBAF 5 b F g

B A5 (Y, bin clustern s

BT TR R PR AR A (S, R i g )

1A B 120145 AP RSB TE R P {S,,.a}iFH*ﬂH%ﬁH(FH
PSS, )

204545 APTRIRI P AE B BOHERFI(S, = |, S, | M{s, =
U,Si.Jo it {S, s R PR & 4 (S, 63 CE
M5

3ol 3 { S, AISCIH PARAS , CE BREHC RIS 4 ) e e
v,

A4 W, B S{Y, Vi A S DP-SBL B E h 1581 (S, Vi
s AR (g . HT{S,} C{S,} RN TEAG TR R
A WATTHE I i (g, | AT 52 B CE.

5.2 BT SICHIBL & K g

5 4.1 2 MBS RIS AR, EDUIMA T #4740
B (SIC) i, FERFUR SIC 1% AR 1 2 2 el 20 i 0 BR
FUEIENUE S, AR E 1 A e, anisl 3
Fino FHEE T HRAN B, 2R RORG It A BTt . BRI
ZAh, FERR SIC LA, R IG TR AUD K B {E th, FRL
W B th,, RS R 4 AT B SR T R R o, A A
SICHIHL, RGNS SBREHLT:. SR, FErAE ik
BRI B A

FEIEE ARHUE MIMO REYARUEFEALEEN HEFF

% 3: EDU LT SIC BB A S Ab B R s

A AEE S (Y, b o b 285 n S SR2E P, SIC R

B Lo R =10

B < K SIC EAC AUD AR B RSB IG IR P 24 {S,

IV CE B SRR B 6 BOH P i i 4 {2, )

120 < I I AT RL 3R 5

20 RIS 1R8I AP IORSHRIRER ™ (S, , | RRLNG I
EftFHF'%%{S,,,,};

3 A APTEIRHI P A BOREEE (S, = (U, S, [ (s, =
U, S0 fe Bt {S, | i BRI P4 4 O {5, A s, |
YRt A3 A% 45 SIC BRI CE A 5

A4: SIE{S, ) ROCHEH PR, CE A H R H R 4 I A
TR W, W R S (Y, A DP-SBL M 78
B {S P HE T (g, ). KPR R SR A R
frid 1) {g, A ih  EVE A AL 3 45 SIC AR ;

5. SICEHRHREES{Y, =Y, - ¥, - C,|. ¥, 35
KW {S, | HORT FIFSIRNE, G, Fk h g, HEFIE RAYSE
M. SICHEIHUR IR 2205 1% 45 AUD B

6: HHIEEh, =a-th, th =B-th, i=i+],HPa<
1, B <1, HHBZREEG

7.2

6 HEME
AR AR B — 2 FR B UEAS S i R MU AL
ATFRILE . FEJoes gpih, UE 5 AP BEHLIb M A /e

EDU

REXFBF
IRRHEIR

|

o SICIEIR

=]

185/ e SitEE
/ *ﬁg’: \ g
e

AUD &R LS=

BWES aitEERER

CEf&R

| TWBrES

AUD SEERAFPRTN EDU: SN THTETT
CE:{=&fhit SIC: BT FHHER

AB3 ETFSICHIEAS AUD R CEAM BRI EE

Pro@ERRA | 29
202428 E30%5 18] Feb.2024 Vol. 30 No.1



FoIES AFUE MIMO CREI AR REH I

\\\\\\\\

AR, R TR TR, IRV AE AR
UE, JfH A7 &SR —a . 44 H ) A9 Preamble J7 51
PR Lid B it AT S EOT W T 1.
AN, AUD MG (DER) A1 CE (90— 173
w22 (NMSE) HPRfr Sk rkme. e ilpoe U

_ 2 ‘&k_ak|
DER = =, (10)

zAzb” 8y &y z
e, (11)

Horr, &, FRm X4 kA UE TSRSG5 S . #5k e (S, ]
M6, =1, FMa, =0, k AMHHHERA 45 H%L
IR PSR U RS, 1.

Fe{Uis.uius. (12)

RS, b A YRS & A UE FrOCHERY AP RS .

P 4 FLA T BRI A SR M AL T SIC A5 SR s 1 A5 5 A
PRPERE . AL, FRATHEE 0 { DP-SBL 5¢ i AUD F1
CEMIriEE X i, IEIHATLUE Y, 78 EDU £ 3/ 1)
BT, (553 n T g b U, Tt F it Tk
TH BR A I G 1 IRAS I AE B A 1T (SB-JAC) BILIR 2R
A TR BRI AE B A5 (JAC) BEmPERERRIL T EDU %k

NMSE = 10log,

gh'.k'

VR HESH

ZH WE
BAXKENE 2.3 km
BERIREFEBE —174 dBm/Hz
REHI 10 MHz
UEHIS 5 000
EERUE BE 300
BT APKEXUEBVEIE 330
T UEREXBIAPEIE 5
UE R EDEK 18 dBm
AUDIECREL L, 5 50
CEAURELT 50
SICIEAIRE I 3
XS RISBUEHRALHE th, 1.6
R B RISEHEISBIE th, 0.5
SICEXERIBBVRI B IETRIBIE th, 150
SICEXBRISEVRIGHISEIE th, 1.0
AREZFH p, [ SEEHE d, HEAR 128.1+37.6log,,(d, )

SIC: BT FHUER
UE:FBFS&E

AP AR
AUD SRR
CE:{ZEfbit

30 RG@EREEAR
2024F 28 £ 3055188 Feb. 2024 Vol. 30 No.1

HEFF
0
A —&—EDU_num=3,joint AUD+CE
_5 \\\ — & —-EDU_num=3,SIC_num=1,SB-JAC
Iy —&—EDU_num=3,DP-SBL
10 S —&—EDU_num=20, joint AUD+CE
- \-& — & ~EDU_num=20,SIC_num=1,SB-JAC

15 x\‘é*EDU num=20,DP-SBL
o i
o A
E -20 oy
g 25 \j&kﬁ\!

40 45 50 b5 60 65 70 75 80
Preamble i3t &
(a) NMSE tb®

10°

—&— EDU_num=3,joint AUD+CE

— & —EDU_num=3,SIC_num=1,SB-JAC
—=—EDU_num=3,DP-SBL
—8—EDU_num=20,joint AUD+CE

107" — & —EDU_num=20,SIC_num=1,SB-JAC

A —&—EDU_num=20,DP-SBL
f

fplEERE

Preamble f9t<E
(b) DERLEE

EDU: SN THTETT

NMSE : [3— L INRE
SB-JAC: EF BT HIERNIEE
EREOURE &G

SIC: BT FHUER

AUD BRI
CE.fZ&fhit

DER M IRE
DP-SBL: B FINFI7o e EaY
AT Y

AB4 ETF SICHEXS RIS S REX S RESH] DP-SBLE A IEBELL IR

BEZHEE. HREHTEDUFCBKH M ERIS L, &
ISR EA RN T, EDU_num=3}, sl DP-SBL
L BF S AL BRPEREC A WU HAR RIS . 1T7E EDU_num=
200, FS AL T 200 A A3, JAC I EMEZLFTRE

AR, U DP-SBL A3 Rl JAC B3 i PR BB R 42200
FHF7E SIC AR R TP A T 38 ] it AR B AR T, Rt
SB-JAC Bk PEREEIL T JAC B, (R X R RERS In 13
HEARE.

&5 7R T REBUE A HRA SRS PEREAY 520 . EDU £t
FT, BAAP B REE R M 16, 32 F164, 7EREEL
WHWZIEOCT, FE TR ISAAE T T PR A PR 2
FETH, I B RE RN 15 B0, R R AL EE A



\\\\\\\\

o
kel
)
%)
>
=
10 20 30 40 50 60 70 80
Preamble I8 E
(a) NMSE (g
107"
— & —M=16, SIC=1,SB-JAC
. —&— M=16, Joint AUD+CE
— & - M=32, SIC=1,SB-JAC
N —£— M=32, Joint AUD+CE
N —& - M=64, SIC=1,SB-JAC
10-2 BN —+4— M=64, Joint AUD+CE
B ROy
0K N
m N
2 AN
= SN
& N
1072 RN =
Ty S
BB =
o=
SErelITgiaoTHe
et S S h
B =
1074 R e ™ 3
10 20 30 40 50 60 70 80
Preamble 13K E

(b) DEREHE

SB-JAC . EFSBTTIERNEKEE
Gl S Sl
SIC. SBTFHER

AUD EERARFPRIN
CE:.{=@&ftt

DER: ffEIRK

NMSE : 53— IR E

ABS5 ETSICHEXGRS  BRIXERIBE AP REAHEL T IERELLR

AUD FI CEPEREARAS 2] T 238, Jf H SIC Ry SR g Re 224k T
BRI A VERE

Pl 6 LA T TG B P B P RE s, o 240 delta
FORIG IR P8 o5 SR T PR 1 L. BB A AP Y
KKy 16, PRFFEAET P EEEAZE, AT LU i
BRI PR EE, REHITERER IS . 458 T RS
JECHTE AR B B T 0 A A A e RE . D5 ELAE R,
SIC SR PERB AL T AR A R fE

7 &£RIE
FEF DU A A B R0 e B KO MIMO 288y, 7R
SCHER T —F KU BEN L A %6 . EILAAAT, ATt

FEIEE ARHUE MIMO REYARUEFEALEEN HEFF

— & — Delta=0.02,SIC=1,SB-JAC
—2— Delta=0.02, Joint AUD+CE
_10 — & —Delta=0.06,SIC=1,SB-JAC
—&— Delta=0.06, Joint AUD+CE
— & - Delta=0.08,SIC=1,SB-JAC
—&— Delta=0.08, Joint AUD+CE
-20 — & —Delta=0.10,SIC=1,SB-JAC
%‘ —a&— Delta=0.10,Joint AUD+CE
w
©
s 30
=z
1Y
-40 ;
-50 _ s
H———Bv_ _
4
-60
10 20 30 40 50 60 70 80
Preamble I8 E
(a) NMSE &
107 — & —Delta=0.02,SIC=1,SB-JA(]
4 —2— Delta=0.02, Joint AUD+CE
E — & —Delta=0.06,SIC=1,SB-JAC|
4 —&— Delta=0.06, Joint AUD+CE
— & - Delta=0.08,SIC=1,SB-JAC|
—&— Delta=0.08,Joint AUD+CE
102 - — & —Delta=0.10,SIC=1,SB-JAC|
v —& Delta=0.10,Joint AUD+CE
b
oK
i
&
107
10

10 20 30 40 50 60 70 80
Preamble I8 E
(b) DERELER

SB-JAC: BT HITTFIEKRNEEE

RIS E
SIC: BT FIUER

AUD BRI
CE.fz&fhit

DER: MpIEERE
NMSE: |3—{LINRE

AE6 BT SICHBXGHRIS PRXGRIBERFRIRE LT IHREER

BT T W %6, 45 AP RIEH UE-AP KBk, eIt
el b, FRAGE T TSR RASRAGIN ) 22 1 2 176 SR A D)
RIS T DP-SBL F A5, Hirp AUD A A
FIERSEIAER, B TSR, AT AR DR A
T R B S B r 4 b . BT DP-SBL Y CE 583 ) L)
FEAY A AP A3 AR (25 [RVREYE 38 FH AR SCUTAIF 93 1 KR
AR AL EAY, AT TGS AUD A CE /Y
RABBENLIE ASG S AR, FERY], ML TG
DP-SBLHE, BEASALREE R (R5 8 Al 1+ NMSE FlTE ER
PR DER, FR51JE EDU Bt &8 AR 00 . 7 BL Al 1,
AT T T SIC BEA AUD FI CEYE, DB B/RI%E
PR LARE— 4R 5 AUD A1 CE fPERE, (HIRIR 238 R 5
IRE AR

B S NIE N | 3]
202428 553055158 Feb. 2024 Vol. 30 No.1



RRER TCIEES KR MIMO BT AU FEALEEN

TEARRTCLMAE T, MTCHF L ffad {5 B £ L.
5 TS HORREE B 2 B mMTC ) W T5 ). % T
RIBLBEHLIE AT SR ARG EAF LR

SEE
[11DAI L L, WANG B C, YUAN Y F, et al. Non—orthogonal multiple
access for B5G: solutions, challenges, opportunities, and future
research trends [J]. IEEE communications magazine, 2015, 53(9):
74-81. DOI: 10.1109/MCOM. 2015.7263349http://dx. doi. org/
10.1109/MCOM.2015.7263349
[2ITAO Y Z, LIU L, LIU S, et al. A survey: several technologies of
non-orthogonal transmission for 5G [J]. China communications,
2015, 12(10): 1-15. DOI: 10.1109/CC.2015.7315054http://dx. doi.
0rg/10.1109/CC.2015.7315054
[BTWANG Y M, REN B, SUN S H, et al. Analysis of non—orthogonal
multiple access for 5G [J]. China communications, 2016, 13(2):
52-66. DOI: 10.1109/CC.2016.7405722http://dx. doi. org/10.1109/
CC.2016.7405722
[4] DAHLMAN E, PARKVALL S, SKOLD J, et al. 3G evolution: HSPA
and LTE for mobile broadband [M]. New York: Academic Press,
2008
[5] CHEN H, ABBAS R, CHENG P, et al. Ultra—reliable low latency
cellular networks: use cases, challenges and approaches [J]. IEEE
communications magazine, 2018, 56(12): 119-125. DOI: 10.1109/
MCOM. 2018.1701178http://dx. doi. org/10.1109/
MCOM.2018.1701178
[6] NGO H Q, ASHIKHMIN A, YANG H, et al. Cell-free massive
MIMO versus small cells [J]. IEEE transactions on wireless
communications, 2017, 16(3): 1834-1850. DOI: 10.1109/
TWC.2017.2655515http://dx.doi.org/10.1109/TWC.2017.2655515
[71BJORNSON E, SANGUINETTI L. Making cell-free massive
MIMO competitive with  MMSE processing and centralized
implementation [J1. IEEE  transactions on wireless
communications, 2020, 19(1): 77-90. DOI: 10.1109/TWC.2019.29
41478http://dx.doi.org/10.1109/TWC.2019.2941478
[8] BJORNSON E, SANGUINETTI L. Scalable cell-free massive
MIMO systems [J]. IEEE transactions on communications, 2020,
68(7): 4247-4261. DOI: 10.1109/TCOMM.2020.298731 Thttp://dx.
doi.org/10.1109/TCOMM.2020.2987311
[9IKE M L, GAO Z, WU Y P, et al. Massive access in cell-free
massive MIMO-based Internet of Things: cloud computing and
edge computing paradigms [J]. IEEE journal on selected areas in
communications, 2021, 39(3): 756-772. DOI:  10.1109/
JSAC.2020.3018807http://dx.doi.org/10.1109/JSAC.2020.3018807
[T01KE M L, GAO Z, WU Y P, et al. Compressive sensing—based
adaptive active user detection and channel estimation: massive
access meets massive MIMO [J]. IEEE transactions on signal
processing, 2020, 68: 764-779. DOI: 10.1109/TSP.2020.296717
5http://dx.doi.org/10.1109/TSP.2020.2967175
[111 GAO Z, DAI L L, WANG Z C, et al. Spatially common sparsity
based adaptive channel estimation and feedback for FDD
massive MIMO [J]. IEEE transactions on signal processing,
2015, 63(23): 6169-6183. DOI: 10.1109/TSP.2015.2463260http:
//dx.doi.org/10.1109/TSP.2015.2463260
[12] NAM J, ADHIKARY A, AHN J Y, et al. Joint spatial division and

32 | RG@EREEAR
2024F 28 £ 3055188 Feb. 2024 Vol. 30 No.1

HEFF

multiplexing: opportunistic beamforming, user grouping and
simplified downlink scheduling [J]. IEEE journal of selected
topics in signal processing, 2014, 8(5): 876—890. DOI: 10.1109/
JSTSP. 2014.2313808http://dx. doi. org/10.1109/
JSTSP.2014.2313808

[13]WANG D M, YOU X H, HUANG Y M, et al. Full-spectrum cell—
free RAN for 6G systems: system design and experimental
results [J]. Science China information sciences, 2023, 66(3):
130305. DOI: 10.1007/s11432-022-3664—xhttp://dx. doi. org/
10.1007/s11432-022-3664—x

[14] BJORNSON E, JALDEN N, BENGTSSON M, et al. Optimality
properties, distributed strategies, and measurement—based
evaluation of coordinated multicell OFDMA transmission [J].
|EEE transactions on signal processing, 2011, 59(12): 6086—
6101. DOI: 10.1109/TSP.2011.2165706http://dx.doi.org/10.1109/
TSP.2011.2165706

£ & & N

REE, FEAZEMIETARE; Z2HAN
BARMWEREAZNENEALSE; K655
2TIME3I; BERFENIRE, BEEH 110,

TR, FEAZHE;, TEARIASNERERS
IBERANTLERRANR,; TeEHIS
SESMB10RI, KERIARER 2IN; 2R
RO 10057,

R, BYENRDBEATSHAL TE;
E2HRINANEERODIBCRECBERLD
BINIAR; ERFEN 205/

AYE, PERNSRRLT. FEAFBEEE
FERXOREE; BRIFZBARDAATELS
BiDBERA. MAHZESMES; E/NMEMR
mAEA, GFRBI0RMER “863”. RHRHKIK.
EREARNFEETEINE, 7 EEE Transactions
ZYHAH ARG 605R, HRES 24,




EREENRERNBUEARA F

I
Bl
d

Al-Enhanced Grant—Free Multiple Access Technologies

F&%/YU Hanxiao, &% #/FE| Zesong
(HREBTAZBERAARLT, PE LR 100081)

(Research Institute of Communication Technology, Beijing Institute of
Technology, Beijing 100081, China)

DOI:10.12142/ZTETJ.202401007

LS HhR I3 http://kns.cnki.net/kems/detail/34.1228.TN.20240227.1008.002.html
MESERERE: 2024-02-27

IBEE]: 2024-01-16

HE: 2ENIUBARRBRCREEVER (oT) ZREOKREERA, ARBNEARAD, OFHFPHRLEVDENER, ZEMAP
HRBIRAFERTFAE0M, —DETERENZURASHFERIUBARAGSRERENZNSHHBFTFOR, S—HEH0Y
BUE—PABA LSRR AREAEEISIHRIAL ], WINANIERHTIN, DEZEREFIEMER, SSBSNENIR TOANRES.
DI T SEIRKBIBEEMESPIUEARAGNT R REDZLATIIR, EERRFEHN EZRFTERARADRN B ABITEH
5, UENERREIURARE.

REEA: RENEN; BEVEK; FERIUBA; AT

Abstract: The grant—free multiple access technology is regarded as a key enabling technology for future massive Internet of Things (loT) sce-
nario. In the grant—free access system, the lack of scheduling information between the user and the base station brings the problems such
as difficulty to identify the active user set and strong interference between users. Hence, the combination of the grant—free multiple access
technology and the non—orthogonal multiple access technology can enhance the user interference elimination capability, and furthermore,
the powerful data feature extraction capability of artificial intelligence technology can be utilized to optimize the transceiver algorithms of the
authorization—free multiple access system, which can effectively reduce the collision probability of the user and enhance the capability of
user identification and collision data recovery. The demand, the development, and the state of art of the multiple access technology in the fu-
ture wireless communication network are summarized. It is pointed out that in the future, it is necessary to expand access technology for all
scenarios and conduct research on the elastic evolution of intelligent technology, in order to support the development of intelligent endog-
enous multiple access technology.
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Abstract: Ultra—massive Machine Type Communication (umMTC) is expected to be a key use case in the 6th Generation wireless networks.
The information—theoretical analysis for unsourced random access in umMTC scenarios is conducted. Thenon—asymptotic achievability and
converse bounds are established on the per—user probability of error for given number of receive antennas, blocklength, payload size, and
transmitting power. Simulation results verify the tightness of our bounds and demonstrate that when the number of users is below a thresh-
old, the multi—user interference can be almost perfectly canceled. The per—user probability of error decreases as the number of receive an-
tennas increases, highlighting the crucial role of MIMO in supporting reliable access for a large number of users. Moreover, it is shown that
in contrast to random access with individual codebooks, random access with a common codebook achieves higher energy efficiency.
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Abstract: A practical massive discrete multi—user multiple=input multiple—output (MU-MIMO) system is studied, which includes massive an-
tennas and users, practical channel coding and decoding, arbitrary input distributions, available channel state information at the receiver, gen-
eral right—unitarily—invariant channel matrices, and the analog—to—digital converter. For massive discrete MU-MIMO systems with ideal and
low-resolution analog—to—digital converters, the low—complexity and information—theoretically optimal receiver and multi—user code design
principles are proposed, respectively, on which practical multi—user low—density parity—check codes (LDPC) are designed. Numerical results
show that the designed multi—user LDPC can achieve a performance gain of up to 2~5 dB over the existing single—user LDPC. They also ad-
dress the issue that single—user codes cannot successfully recover information under poor channel and low-resolution analog—to—digital
converters, and reveal that the direct combinations of existing Bayes—optimal receivers with single—user codes are no longer optimal.
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