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Abstract: The coordinated multi-point (CoMP) transmission technology has the characteristics of reducing co-channel
interference and improving spectral efficiency. For the CoMP technology, user scheduling (US) and beamforming (BF)
design are two fundamental research problems located in the media access control layer and the physical layer, respec-
tively. Under the consideration of user service quality requirements, the joint user US-BF optimization problem was
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US-BF optimization by combining the beam vector analytical solution. The simulation results show that the proposed
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Keywords: cross-layer optimization, graph neural network, coordinated multi-point, user scheduling, beamforming

s HE: 2022-04-20; fEEIBHA: 2022-05-30

EEWE: EXARBEEESEIITE (No.62171474, No.61720106003); 4 A58 538 {5 [F 5% 8 4 5256 = FF IO 78 56 4
PHITH (No.2022D03); OPPO | AR aNE(E A R A A A G HRBIIH (No.CN05202112160224)

Foundation Items: The National Natural Science Foundation of China (N0.62171474, No.61720106003), The Open Research Fund
of National Mobile Communications Research Laboratory of Southeast University (No0.2022D03), OPPO Guangdong Mobile Com-
munication Co., Ltd. Research Fund (No.CN05202112160224)



o 74 o

5
o

R 43 %

0 5l

AR, &R RETHLS W% miE 2 B4 B
M S, Mg ARG . v 1 H Xt
LGOS RS LR oK, TR ML 1HE 2
IR RS /N . SR, 2R % Bk
AN 22 v A8 S Wt R R RS, S e/
DX ] PR [R) AU -0, st/ XA 2 B P T I R X 4
55 1)/ XA 5 B /N XT84 5 P00
I, T2k 5 W 2% ik 2 — i S ik R T PR il R K
PEEAIE R mam g g Akt maEsk, thE
% 15 (CoMP, coordinated multi-point) fEHi{EAN—
PR RCRARACFIA, 18I 2 /N X E 5 o 2H i
— o3 AT N IME S HE R G0 DA AR /N X ) 1 R A4S
S, MM S TCZR N 4 178 5 R S5/ NX I 2 H
Jalio)i 2 a5

CoMP Fi A E B4 7 2 Aol RIBE & R 1% AT,
joint transmission) A1 [F] 1 /3 R (CS/CB,
coordinated scheduling/beamforming). 2 Fff& 4t
M EZEXAET, IT BRI A LA 2 A4~ B
HFEMRS, 1 CS/CB #EX T F—H ~ RaeEsz—14
FEILIIRSSY, B TR, 2 iR
J 2 R DA s R 4 (Rt s B, i, SCiR6) R
HI JT-CoMP #i X 5AFIEXZ Z 4 N (NOMA,
nonorthogonal multiple access) 5 ARM 45 A 177 Xtk
ITH RS DA . SCER[7I8 9 T & T
CS/CB-CoMP £ X ¥ I 77 36 35 Al ie % 3 o A TP
(ZFBF, zero-forcing beamforming) &, PLSZIN R
ANXEHFER 85 2 /N XTG4 . /£ CoMP 4
AR, PR B SR BOY A 73 A T AR U i N
SRR ZE ) 2 ANEAC ], I AT T,
FEATE R AR P R e A, DL R T [
FH P S F 3 AR il

BEE 0 2% B Ae) S AR e 2 R e s AN[A] R 2% J2
2% 15 J2 AR AR O B 3 — 5 1 1 X 4 4 i RN B U
FIRZ . BEFE IG5 B P S R SO s
B ARTT RN E MY EZE) i@, 4,
SCHR[113R T —F2E T CS/CB-CoMP B I &
FH P VR FE 55 3 R RO R, DA SRR 5 B I 45 (1) 16
RS B ERG . SCER12]8) H TR 52 Bl ML R
IEHAR, WFFL T 2T JT-CoMP 5 [1) KUK £ Fai
ANZ 5 (MIMO, multi-input multi-output) FR 4]
KA e R A P R P I, SCHR[13]82 Y 1 2

T T PR A PR B (ZFBF-US,  ze-
ro-forcing beamforming and user scheduling) [ 7% %%
AT, DAREETES N In R P RS
AR JE (SCA-USBF, successive convex approxi-
mation based user scheduling and beamforming) f¥J{f
WS, BRPIE BRI, BIRTE TR
K, MEEEREA L. HhAh, IXEeET AR
W (BAIRED MR EEAOT R A, A
LI BG4 ) 2% BRI RE 23K, 177 HL 4 P 28 B 858
ALY, TEEPISATHEE, KAeH ROF M 2%
i SRR

bEE N LREREROAR, Rl BME ML (GNN,
graph neural network) 7ETCZE {5 & BN M,
B ER 2 I 78N ROF AR IR R o 4% i 8 RepR Ak B
W it 6154 R 4% (D2D, device-to-device)
W2 R R BIR AL I, SCHR[16])25X5] N GNN
KR HAZTE T I P R, 54 MR
INMEINALYY 7% % (WMMSE, weighted minimum
mean square error) DJZEMFLENEARLL, 1B T 1
REAITT BRI A . TR 71T T — i T R
(1) D2D MZEEERE IR, (2B ANE T 205
BRI JNitl, SCHR[181F2H 1 —Mnd T3 i& (518 1
FT GNN H B >JHEZE, Jf HAE D2D W45 1)
% R FEE i) 7R I A T 5 T 6 40 T ) i B E
BRI R S AR 3 . SCER[191HF 5T 1 25 S N 2%
R D) 2R S TR R RO 2 ANMICAL IR, % ] (1)
VAL FH P AR IR RO IRAS TS A ], TR L o 1
AT, T 5 R ) BEARA IR, SCHR[ 191350t
T —FE H T KU 35 10 o 245 18 B S
W28 5, ZEIER TR RER L RE O UL = A T4%
GARACE R . SCER[20187F 78 1 % & A M 4 (L &
RS D3I, 4 7 —FhET GNN
(2 B R R 2 ) BBk, (R B A 5 A
FHIIRSSJH & (QoS, quality of service) F73K. SCHR[21]
BER BAT AR 2RI B £ 1 2 /N X 2 J P 04 83 I 2%
R ThA RO R, it T — A RERS AL i ] B AT
2% >]1) HetGNN (heterogeneous GNN) F57,  FLH
A LA G0 11 TR FE A 28 ) 6% BEARR 149 U1 5 B[] 4 A0
THHERE. ERERNE, £ LRI A
GNN BRI T &AL A T Z RO, 398 2%
FEFH P S 5 R R R RS A TR R, T 2 o
THESy 2 A7 in) AT B8

EHEH RS R ER R FM T, @ddss



%7 4 AT SCSE : JE T BRI 25 RIS P A B2 5 R OB AL S5 <75 -

EATIHE ISR B AR 2%, ASCHREH — AR RE
AL L, TRk /NX 2 F 7 JT-CoMP %% (1)
A P S R SO . TR SRR
B, PR RS T R R A, iR
BA5HAVCE 2 E R R R I . AL EEM
B TAFW T o

1) B Z/NXZHF JT-CoMP M1 FAT
HEBMEBRE R, BERKE/NXH W
FA0AE 5 T M s 0% . Rk, 7R3 2
FH P i /0N 2R 75 SRR 368 3l 5 K R 5 T R 24 TR 3
fili b, AR SO FC R 7 U B S R T BB A AR A
W], DA 288 Rl 2 B KA 9 H A o 1% 1) j A2
— AR R A B RCE T B A A ), A
PASR A -

2) FIH LR ATXHE S S B i B e e,
W JE4E Ak n) R 4R R UL AT BE B B BCE H P
TSP ORI R . AT R B 4 W 2 AT
S50, W2 NXUME RS R R AS I
TR, gk T ZO0e R R h—AE
AL X AR A A, Bl
/B3, GNN ) M-JEEPON #% FF F i 2 5 1
WL EATHERE D) I, 456 IR BUE R T &
3, HE BT ECE B U S R R R Re A
&

3) T IRAEFTIT ) M-JEEPON H 7 (1145 %
e, BHSEGMRAERI TR L. BT
KW, FrieFkRess Il S5 R AR 2 T
MHIHERER I Bhoh, BTt kIRt HE
FEERI T, RIFAETT AR R AH.

1 HRgiai

FRE—NZ/NXZH P AT G KIE T
BERG, HAKE M AEA NARRER S (BS,
base station) 1 K M5 il 55 B R E FH P % #% (UE,
user equipment), 1K 1 fiox. AT RRFTE, &
M={1,2,--- M} BRWAE R G HE £ 5,
K={,2,-,K} 5 8§={,2,--,K"} c K 7 3l £/~ &
MPESHERPE: £ p, =0 RnIMERS I
M4 Pk AT A R, B eC
w, € C"™ 5B FRIR P k BIZEAS 1 1) B 5 #
W, W], =LVkeS . T ERE,
Pk ST E T v AT RN N

K1 Z/AXZ R TR IS KRR LIS A%

yk:Z\/p_lhfw,sl+nk,VkeS (1)

leS
oty s, flm, S BB PT k (5 A 7 1
A, JFHn ~ N (0,07 ) IRANIEE 534 (D),
hk:[h;{,l’h:z""ah/ffM]H N 5 B W =
W, =Dl TN B R, B o
b, eC" Flw,  eC"" 43 FRRHD me M K
?mﬁk%%ﬁﬂiﬁ%ﬁﬂioéa=§wﬁﬁ
:

J kS T EEAT AR

— P
H
Py |hk wk|

Vi = @

) z p1|Ekle|2+l

AR SC AR KA 2 /N X WA 2 8 10 A 5 O H
bR, B TCHR A P R S AR OB LA ), R
25 FE R BE P di /N A SR Sk o e KR G B R
2. Rk, ZIRE DA A R A

max sz
{S.peowi} keS

st. C,:p, >0,VkeS
C,:, <R |w],=1LVkeS

C, :Zpk ||Amwk||§ <P VmeM 3)
keS

Hrp, B, RRWMERG I m e M IIEKR ST
& R, =Ib(+y,) 5r, >0 3 MFERH ke SH
ARG E/NERTR: p, ZonREH R S A
FURATEEBR IR H p, >0 A, FoRPMERGETE
me MAFESE I EBIERE, %N
Li=j=m-1)N,+1,---,mN,

Am“j]:{o;gﬁn -



e 76 A

palll3

R 43 %

Pk ] B (3) B AT — A AR A =R B KA
Hx, LB S KT 0-1 H IS
AU, T R A RN R DR L
KT DR B PR A B AES AR, P,
Petb iR B 3) 2 — AR R A B EOE LA B A
FrOLAG I R DA i ) ISR AR e 22 A ]
Beeiite, BWIRHBEM S S LS. TTHER
i {p, s BIYBE, ARGBORTA R {w, ) BBt K10
FCHR[13], AR RGBS N

max anﬁk

i) 52
st. C,:p, =0,Vke

Cs:r, €{0,1},VkeK

Cy ikt <R |w,], =1.Vk ek

C,: > pAw ], <P, YmeM (5)
kek

HA, k=[K,k,y, ks ki | N JCfRRNAIR, H
TRIHPREERIRE, Bk, =1 RSP k BAEE,
K =0 FORF Pk RYPOARE: R, =1b(1+7,) FonH
ke K I MTHEEER, 7, XK ke K T 75
PRI THREL, B

Py |’_’1wa/¢ |2

i Z p/|’_’kHw/|2+1

SINZ Ui R I & e, A8 JE G ER Ak 17 2R
JER T B A E 1R B P B S B AR N E
WA FEC. 2, KR E=XGS)m
TR 1A & e B U e o S fE, /3 2L A
A (7), B

(6)

k

max Z K, R,
{'\"kst»WA}kE,C

st. C,.C,,C,
C, :Z(Fck —/f,f)go
kek
Co:0<k, <LVkek (7
N T TSR, K AT BERRDUAL i RL(7) e 46
PRI o A 1 RE(®)!),

max min —ZHkRk
4 {"‘"k»quwk} kelC

s.t. Cg,C,
Co:q, =0,VkeK
C ikt < Ek,"wk"2 =LVkekK

C12 :qu < z ﬂ“um (8)

kel meM

o1, A=A, 4, A, } FoRIEGUIHE B g, B
R =1b(1+7,) 4 MEFHMERG A ke K 1
S _EATHERE DR, Hq=lq,. 0 a1 s 7,5
TR ke K MR AT RER (S Tk, BD

— 9 }_lkHwk ’

7k - _L 2 | 2 (9)
l;,cq,|h, wk| +||Awk||2

o, SipE A=Y 4,4, . SHBHALR EERE)
mem

FEWNEMRARSNERAL 2 N5 . Hd, WEMRMK
Hh e KA A [ E I e X (10), B
o 2k
st. Cg,C,
Cy:9, =0,VkeK
C, ik < ﬁk,”wk |, =LvkeK
Ch:) g, <> AP, (10)

kek meM
A B0, RGEEMBRAEW O =
{w}? |k e /c} KT PATHE IR & q WfidTX, B

-1
[mzqﬁﬁﬁj i
) ek
- -1
(mzqmj i

ek 2 (11)
ERE, A 10) 5 Itk i (7))
ANTF) 22 AL AT 1) A8 T 25 R A% B B R R,
BAEBOR & W R R RARR . Hodr, AT
BERRACAL I (), W BRI AL, TAEAR
e @A 10y, W IE R S R - AT EE T
RN A SCRIEE RN, AHEERMTIL. %
JE 48 1] A 2R(8) I AN JE AL BB 43, [ 5E P JE Y
AT (ko g} AV R 1) B W7, 380 VR v B 3

X A, R
Ay = Ay 48,25 (Zpk |4, —Pm] (12)

kex
Hrh, geR VR fEmE I WEHLK,
7o (z)=max{z,0} RIETLHRETERET R
¥, HRALZE TR LRI E T R HEERD
A&, N2 I FATRERR DhA A] Dol i BAT B D)
RS 3P, f)

p=0'1 (13)

(
k




557 W

AT SCSE : JE T BRI 25 RIS P A B2 5 R OB AL S5 <77

Hep, p=[pPr 5P 1" Foom NATHER Dh R 0 &,
1e R RoRYERE N K A — A&, K RorfE
HPES={,2,--- K"} FINH PR 5w KE. HFE
U LN
Elikd
[WLJ= Vi (14)
(B[ k1

2ot R RECAHE A, AT IR R i
[ X (3) » X A DAL il (&) AN ok T 1 B
& S AR ENE R, IR R AR AR D R
W EATHERR Zh R AL

2 BRERPEESERATEEMHEE

A TAEE N b AT XSG 5 Ak i ey e
e, BRI T ATRERR DAL 1) B (3 ) e i y REAU AT
BEHBALAL R R 2C(B), (H 2 H A EARAL R 23 30(10)
PISRE AR A ) L, A DL ELHESK . BORSTHR13]
St 7T Rz B )R T ZFBF-US 5T
BRI, DURIEET SCA-USBF B2, (H
Je& 2 PR SR I A AL SR PR, RIAT & THRRCRAR,
MEEMERAL. EAERENZ, b2 FhETE
YRS A AL SV S A e 0 AR P g S A5
REGEEMG 2, — B IR SIS R AR
th, MR EEPNEITHIE.

NTRAMAR P EEERSER, R
RACAL ] REUR AR I TH ST, A SO Bl B R 22 o 45
ARt 7 — MRS H U B S T AR T ) 4%
(M-JEEPON, multi-cell joint user scheduling and
power allocation network) 17, Jf-25 &% W n) & W
FR AR AT 2, T St — bR FH P 3 B2 5 R
R R A SRS, R SEIUE R AN S5 1 fros . H
H, D={h |ke K} XRrIMERGHLHIELH
BIEREEE, 6 FRK M-JEEPON HRL ) /4% 2
HEE, ®(D,0)={k,q} &~ M-JEEPON #5744t
B TREA D I PR fR R 2 e MRS, AT
BEH YA M) & g, TPOR A S Wil i 20545
o Nk, ASCHAHTE 1 PR DA R
M-JEEPON #5704 () 3t Je I R 55005 o

BE 1 BEH R SEORBUL R e S

1) KERGH P EIEFASEE D= {(h, |k e K} ;

2) KM P EIEREALE D AN U2k A 1)

M-JEEPON #E8Y, it 5C THEA D & FH - W EE
AR EATHERR D) /M L 5EHE @(D,0) = {k.q}» I
QD) THEAR R PR R W

3) L FATEE B Th R R g FH P R )
= W AMR13)IHEAS R FTRE DR M = p, KF
T AT 1 X 4 R R A
2.1 HiEER A Xt B[a)RE

SB[ (8) 1 P E ek [l X (10) & — A
AAZARAERR . T R RE(10)
AR — AN TELRBIRAL F) 8, ASOR L AR T4y
N LIRS C = {C,,C,,,C,} AT HE LR
£C ={C,,C,,} » HH, MTHEEAKREC, &
SRR R FH A 3 o s R LR A s X T A
ATREEL R C, B 5 NS A% B H 3l T4
C, FIZIHAE NIETITUMN BARRE. Akt 5
NSRBI HI T {u,v e RTy CWHBAE), W
JEARAR R RE(10) BRIFR 43 Fks B H b it bR 3R 7R N

»C(’{a%,ua‘/)=_zﬁk§k tur, S (Zﬁk _H;JJ"

kel kel

Wn<(2@ﬁ—ﬁj (15)

kel

Her, 7, =2" 1R k e KK B /N it
JS2 R MG Bl o Y 3k R 24 SRR ] A O AT e
BETMEEELIR . B2, XHOAL IR 0 (8) T 3R
N

max min L(K,q, i,V) (16)

{A.pv} {k.q}

FHRLHE,  XHRAR R g, v} IOSE T TN

u=u+an<{2ﬂ—%j

kel

(17)
V=v+ep, g[z"iki;}( _7kj
kek

Hr, g6, e R IPHIFRIBAE u, v WEFD
Ko AT IHEERR, £ QR (@)l #%
LV AT, HoE SN

A * * * * *
Q:{m(),q():0<fi,ﬁ)<l,q}()BO,Zq,E)g
kel

Z/‘LmRn,VkelC} (18)
meM

Horb, (&, Wy ERREEHSEFE R E, H



R 43 %

<78 . HOAE
R ARGE XA

K/(f*) :F(K’k’l)’q/; :F[qk’ Z ﬂ‘m[)mj

meM
> 4P, (19)
q]((*) _ meM q/;
max{ Z ﬂ,um,Zq,i}
meM kel

Hrt, F(z,f)=max{min{z,0},7},¢ > 0 X[ [0,7] ff)
P RRE BT DL B2 R 4, SRR AL I /= (16)
BN — DML RMA 8. 8N E T
RO, [ E XA (A, pvy . AW R R R
{k,q} RUEOR RIS W, DAERATeRE C feh: 4%
JEANEFARA RIS, [ {k,q) A1 W, FELLIES
BT B A, 1, v} o

ANEF g F kil 2 s 7 A
B & LU SR H AR R 4k, M-JEEPON #%
Rk 2] P Dy A5 TE R g R e 5 H br
BRALIRTI A OC 2R, AW A 28 SR DL ik B
Pl o fEJE B85, WA 4 To 26 W 2% {2 s
M-JEEPON #7Y
22 HIXEELZEMERERR

AT IE I BT — AN o gk P 2% B R R B DL 2
AP DR EIERSE BN IME R, kgl
G A O AR A . R T IR TR N 4
P EER I R T, AT e B R v 2% p8
ZNXBRERIEME R Z %M EEgERS T
M AT &, RGN RE—FdfE
HEER S 2 AT INBER . v T HIATTE, M4
(1 S EE TR GO, E) , Horh v For B3 5

G, ERRENIAES, B RRRHP RS
A BE vl R IR AE R, T IR B P & Al T
PLBERS .

GV T mveY MILE €& 7 A
ﬁ%ﬁ%%,%iﬁ%:W%ﬁwwﬂwu,ﬁ
HueV N Ry BI—Fr4RfET . Wkl 2 s, 2
/N XTI ) 8% 4 B i Dy — A RE AU 2 FH P T
WEEEEEME. GWV,E) I SRR IER AR E
739 S 22 i P P 1R 38 1 R B RE AR S T B R R
fiEo WAk, A BT T BUKEL, GV, E) AR
S5UMERGW I E K A0S, BIRRRIEFE T
HHRENOK’MN,), HO¢) Foridid Big-0 %
TNEGH RIS T R A .

2 ZAXOMERGHN T BN

23 ZMXBEERPEESIhESEER

AR AR RO e R (8) e i BTG 240 TR A A
B H MR AL 1 8 E(16) . ZEXHBAL AL I (16) 1)
WA TR, g i 2 UGE A
{k,q} BERNBSL, dhmaEdNaDiHE w. A9
L # T M-JEEPON BB B ARAE Gt Ab 538 1) 1%
PRI FE . BVt FEd, M-JEEPON #A AW
BB 2 2 B 4 Sk i B i 1) ke, q) . DAY EAR
A R H bR R R o

M-JEEPON &84 A 57 vl LB AER N
T S AR N S I (kL q) S WIS R
H o A — P ()3 R AL 1 B S R 26, M-JEEPON
BB T B BT o) S, HAEAZA
EIGIRE, & EBHE 2 R T A d L
(175 AT 1 R B B R A BN SRR W) & T
41 EfAdh, 55 v £ M-JEEPON 58155 ¢ /&
LR IR A 1 52 B AU 52 SO

gl = G({Mé” (@(/’”,xu,euyv),Vu eN, })

) _ 77D (£=1) (]
% _UH (¢v ’xv’Fnorm(xv’gv ))

Hob, N R Ay B AR R
4 =[k,.q,] e R o 2 v 26 BB ¢ HOHR AL
B, g0 BN e R i, SRR ¢
Bt A i RS RR . 4 A v B R
RN A1 Fn () TR B4 B bR HE (L B
o

(20)

P (8) =l 5
norm v’gv ) "xv"z ||g(()|| (21)
Vol

IR SR AT B ATARE AN, RERS R
HIREAH I 22 5 it R 52, M-JEEPON 77
PR AR frkasE 2% 21 MO () 5 U () 435
PR R BRI IRES TR L B A
RISSHIRIR A Z MRS G() R RRE



557 W

AT SCSE : JE T BRI 25 RIS P A B2 5 R OB AL S5

© 79 o

A, HTICRBE TSN AU S, HiE
I EEA BB, Wimax() 5 mean(-) BEEE. K 3
IR T B RE AL 45K (M-JEEPON A5 42K A
RIAIESRIAEZE) FIIIZRHESE. M-JEEPON 57 42 )£,
THEERE. LMEBHESARREE, DAkE
HT sy AR S SRR B . R,
M-JEEPON #i %! UL H /' {5 18 £ 4 % A
D=1{h, |keK}, HthIo8HMH - BRI FATHERE
P SIS ELSNS D(D,O) = (K, ,q, } KR W,

M-JEEPON #% 7 fy Il hick 2 Jse Al F) 2 6 240 oK
P A% B X8 ) R (16) sk AR, HoEd
JZ AR AR A 2 AL A B 3 AR 1 7 A B B R
M-JEEPON B N 2% 245 0, H R IIZRF B
45 . M-JEEPON #& 8Y [¥1 i)l G FR n B30 2 o
HAREWZMEA LI, 558U G626 R R A i
DifE 3R Bk 2 5 B8 2)3% 7~ M-JEEPON #5714
MR IRJZE , FAETERR SR A B 15 8 B R R
e BRI, DB SHMBE 6)n KR
M-JEEPON #4521 (1] ] 35 F5J2 Rl o) 1) B R 2
— H M-JEEPON 8! 58 i)l 25, wl e % B4 M H
THEIE KPR 2).

B3k 2 M-JEEPON A&7 (i)l gt #2

1) ¥4k M-JEEPON T[] & 254 O .
BIBAESL . UURINZRIREN

2) RIEWGH P EERAD = (D), $ a4
MINGREA D AR FEERE R GOV.E) » A
G R & SR AL T (g0, Vv e V) s

3) JEFRIFEE, INGRIEARREN 1@ N ;

4) PEFITIR, FEAIERKBNGBHEG, ;

5) FANE G ZEERR, il =20)HHT A
AL & A", Vv e VY, IR HAE N T — 215N,
HEFRBHEERZ LiHT @, vveV);

6) N (g, Vve Vy BHRLREZE, KEEG
[ TEL B IR E FL NG (D, 0), (1) iH 5
WA & W

7) it @(D,0) MR & W i+ H (151
HbrsEUE, HEHMNESHE O, FBHIREIE
AR A, 1 v MARIEY

8) M4

9) SMEMALER 7y, B (12). AT)AER
MLIAETS E, W (A, v}

10) fEH 4

11) LREFIIZRE HE ) M-JEEPON B!,

3 AESH

A B S b B ZFBF-US #3:.
SCA-USBF #7551 M-JEEPON B (f1 1t GE TR, 7

BRI
B WLE
() (e)] ¢(L71)
1 1 1 (€)
1
| oM oo - - ) o >
(M) PR G(M") PR R <
| 5 5 | i
¢w> : | 4 b} ¢</,—1 ) : H 2% i
& 2 : R ! Vg T R
0 - » 3 HE ] R [ 2]
el G) | L Ut GMP) | ol o % e
ﬂj ™1 - [ < = S nl I P
= i s e ; 2 fit
H ' ! E =
i : (1) (L-1) H E
1((0) : : ¢K K : E ©
> ] %
(1 H 1 ! L H (&) : -
o G(Mal) 4‘5 o U, 4_2 L G(M:; ) <‘E o Uy 4%
| gve) || e L, 1R X, X, | I
o : {r.q.W}
| ViR | BRI ,
| ShEAL - 1) EEERER {kgW} HEAAL |
: - |
| T (A, 1,0} > WY (kg W} :
2) XA (A, 1.1 :

E 3

B REP AL SR B A ZRAE S



+80 W OE 5

i 43 %

FE/NIUAR R G217y S B 3 F Rk A0 - i B2 S5 R
RTE 5545482 (BFS-USBEF, brute force search for
user scheduling and beamforming) 5% 114 fE ZHE .
N T IR ECEU AP, ARG SRR SO £k
FEAHIR, I B RAIARE A 1~ 2 RT3 %2 O B8 H
b, LCFRIHEER P8O 2% Bk, BRI Ry
SERN R 5 Ry XFF M-JEEPON FE2, Hi)Ilk
FEAR 5 W FE AW AEAH R ) RGBS B e ar A
o MeAh, BRI EIR TR S AR R A e,
DA B VA SR G R RE R I
31 ZNXEEEBES5RGESH

F L8 AN ZAHAD /N X A i 53 2 37 5
Horp & NXE AT A/NX e H EHFE—MIME &
GUHTICGER SR, Bk, PMERSZITEEH
NXEEAM =3, EANNX BRI N2 R
iR HANX AN A =300m . G0l 4 Fos, BE
RGN K AP BENL AR & AHAR N X T M ELX 35
H, HEB N =100m . A SCEPME RSk
me M SUMEXHHF k e K MSIERESHERR N
h =p.h € C™" . Jf, b TR NRIEFEE, TR

b ~CN(0.1,) fIIESIMT: p, € R* FoR KR EERETR

RA, FUBERT 225 SGRR[13]. BOEME RGE P AT A

FHAMRREEETZ, Blop =0’ ke FiL,

Emawm%%wﬁﬁmzmwﬂijw°¢Mh
o

NT R, Gi— e RGP IR MR R E R
Horb B ARSI B

no=ra.kekl,

~ "min >

) wr
Qrmmemr

P X 2d,
B4 Z/AXUMERGHIH T o3

TESELGH, M-JEEPON A& Y 1) 15 11 5 S 2
T Pytorch RE2EE, HFRHFEIEREN
n=1x10"" Adam oAk 38 POV AT W 28 25 B
o MG, BEINGIEXEN 200,
XA &= (A, uvy MEH P KN £1,E,,8, =
1x107° o 4 T ¥F4f M-JEEPON #5271 5 HAh 3% (1)
Pefg, BENAREAKRNN 500, YIZRAEA KN
N 2000, YIZRAEA L N BRE A A EL S HAREA LE
By 4:1. BeAh, WRFRHRUY], Z/NXIMERS
ERNT S 8L 1 PR

*1 ZINXIMERGHIBATESH

RGNS H ZHH
el S M 3
T RBHL N, 8
RGP H K 20
Huli{5 M SNR/AB 10
F P e NEEAR TR 9 i (bit:(s:Hz) ) 2
HRAR SV W SAOHs 5x107

3.2 M-JEEPON & 2U9)I|ZxR B BOUE I o2 #f

AFTERTT M-JEEPON #R7E Il R BE 1 H
b bR BSR4 R 3 T BE USSR O . B, S
KA EIN RS EGEAT U5 H, Wi M-JEEPON
BERYLE Y SR B 1) B b R Bl 26, DL RS W 2 5%
ZIRE C, =1{C,,C,,} MAREE EM L, 45K W
Kl S Fiome MK S AT, B &SRR B3 0,
M-JEEPON #5578 [ [ 5% 2 % G2 4 A W 58 3, 350 fef
HEE TR A A A 0 B B 6E S ) B AR R B ORI
R EMK, FFFEETRERE, XRWAHEE 2
A & .tk Ak, BEE AR B
M-JEEPON 15 8 3% 3 [] £ B0 15 B 98 /N 19 7 )
K&, AR C, MR C MiETH EZEET 0.
B4R 2, M-JEEPON A5 70 I K fig i 2 i
R E R EAREC .. —HHIBLHEN,
R T FR P RE N E s AN 0 B
1, FARVEMRAL FE {,q) MR AR W S BA
R P S /INEZR AR B P, s i R 2
RECH (k,q) F1 W, I EHRREE. ET
3R 73 #r, M-JEEPON #5284 7 Il Z5 ik 72 v g %
ER IR O (EP S R R & R Ky R A8
RAREC,, Bt — D, DU 24
AT



557 W

AT SCSE : JE T BRI 25 RIS P A B2 5 R OB AL S5 -8l -

>®
S

[N}
(=]

. . . x10°
2.5 3.0 35 4.0

Fid RAE/(bit-(s-Hz)™)
S
(]

[35]
(=}

005 10 15 20
JEARIREL
(a) HFrekEih 2
06
Fou —— YHC,
— 4 Cy
gm A
2
0.2
kY
103
0 05 10 15 20 25 30 35 40
ERIREL
(b) 55T th 2k

Bl s ISR B H b ek BOR 2 HUE T BE i 2

33 AEIAPEIAEEELE

AT R W E R G AN [F P 3 KO B
PEREMISZ M . FfkHh, SR H 2 FhScie i 5ok 4Tt
B 1) MBS, AR ZFBF-US &%
SCA-USBF #.7%:. M-JEEPON #: 7% 5 BFS-USBF
SRR Re Z R 2) KM 5, MNHAET 3 Fh
FEMTERER L. BN P I, wE
Uhi{EMELL SNR = 0, My R&EH N =2, HP &
NOHE R OF R n, =1 bit/(sHz) 5 H P %
K €{4,6,8,10} ; fE R 5tF, LA P 3
K €{5,10,20,30} 5 & %t H Ath B\ Z Hudk A7 50 58
5 F . Hor, /NI 5N AN R P 3O Rk A
R 2 fros o %F E BFS-USBF %, M-JEEPON
ALY SCA-USBF Hyk#f RS SCHl 5 HAHH R
FI T BE R PR, fH 48 1 BFS-USBF 594/ 92%),
M ZFBF-US HEN 5 HAE R ERZE. Xt
SCA-USBF &3k, H4R M-JEEPON #Af) R {1
X AR (R {7 T SCA-USBF 5211 93%),
{HRBEE K BB, M-JEEPON #5574 () 1 g 1% ¥
$iL SCA-USBF #ik. Ak, £ 2 FI45 R R
B K B 38 0 B afy R () 2 A 4 B2 38 o 2
M RES R (AR T.

x2 PMRAEGRTIRBFRYNEELER

1E RS 5N, T BFS-USBF Bk 5
BRELE, WAS S5, Hih 3 MEILHZE R
W 3 Fom. MR 3 T LURHL, BE&E K 3,
M-JEEPON #% & 1) R, fH & #7 42 ik I & i
SCA-USBF Bk R, I HIRZART ZFBF-US
Bk FRE, MK =200, ZFBF-US HiER1E
el TAe0E, B2 e Ry (A 22K T Hfth 2 Fhoak
43R . XZFN SCA-USBF #i%5 M-JEEPON
PR B0 T LAk )& 181, 1 ZFBF-US
SELYE D) 2 R P 2 2R R AT 5 2 TR A P 3 4 DA
I 28 R R fe KA, TCVE AR R 25 Al o BhAh,
®3PHERERERB T R —M%R, B
K =10 b}, MET 5740 2 Fi5%, M-JEEPON #i4Y
BIR ARG AR Z T 5y, (H2 B SR~ 3 1
FEF P ECAIF AR IR 2 . 3T Bk, fEAH
it 5N, M-JEEPON A7 55 HL: REAR 4

®3 AAESFERTIRBFRENELER

ZFBF-US SCA-USBF M-JEEPON

R[ Rz R1 Rz Rl RZ

5 31.756 4.664 33.098 4.924 32.196 4.980
10 50.821 8.754 53.245 9.886 53.221 9.608
20 67.523 15.326 74.392 17.224  77.148 14.764
30 68.598 19.928 81.598  20.129 89.140 16.724

BFS-USBF ZFBF-US SCA-USBF M-JEEPON

R] Rz R] Rz Rl Rz Rl RZ

4 12362 3.162 10358 2330 12.096 3.614 11.257 3.032
6 14912 3790 12.536 2.852 14.054 4.040 13.565 3.778
8 16299 4202 13.764 3.168 15219 4392 14952 4.046
10 17.950 4.497 15412 3.602 16.567 4.672 16.510 4.140

34 ARIXRZLBIARMELLLE

ARV B AR R 262 N, X BE R RE 1 52
Wi, S T4 A P AR AT e e SV 52, R
2 Fh K H SIS Stk AT b . HAkh, Sead s B A
SERLEHIN, € {4,6,8,10,12) 5H UK €1{10,20} , 1M
HABSHCRAEAME, SR 0 6 Fix.

B 6 FIH, 2 K AHER, 3K N AT
KR FE M R 5, HEVEM R EHARRT. 4
K =10}, M-JEEPON # R gEf5 {5 5 SCA-USBF
FOFAIE FIPERERIL, JF HULRT RGN B4 K
P AT CABE RS . 24 K =200, RGMEIETLIEL
FriREEATA F Y, M-JEEPON fR7 ) R, {HEEH N,
B FO 3 JOZ T 121 H BT SCA-USBF HiErI45 1,
HHHMERE— BT ZFBF-US &3k, it seig g
FALAT AWM ELH], ZFBF-US 5IE7E N, = 4375
R BT AN 2 FhELIRIA 45 5 . XS TR A ki K 2%
Hokk/b, ZFBF-US HiE A 7 8| — A5 18T R
TP A, MRS5S A8 2 B AR T i
ReRIM. 4 N FHFERS, @ik K HEEBS 3



© 82 b I =T S 543 %
FEAR R E IO AR RS, RN T N, =12 (051 R s
AR, RN Y RA I IR, S8 K 140H 2 N IBERON §

2|

AR, REWCSRE A P AR Tk 86, A A
TS AR . BT FIR R, i
Fh R LR BRE NS 1R = N 2% AR, I H M-JEEPON
FERIAR XS S 4h 2 FhBRE T RER T 22 Rk 25

60

ZFBF-US S
SCA-USBF
50l M-JEEPON —

N
(=}
]

R /(bit-(s'Hz)")
2

3]
(=}

ZFBF-US _
0 SCA-USBF ]
ol M-JEEPON — ]

6 8 1 12
N/
(b) K=20
B 6 BLuiANEREEIAFEE R HAER
3.5 AREMEMRLEIARIIEALLER
ARV WME 2 G0 b 358 3 AN [ 45 M bt 00k
PERE R R . H KM, WOE KUk SNRe
{0,5,10,15,20,25} dB, 1 HAth R G S H BN &
B, BiE R ESRWE 7 s, WE 7 "5,
M-JEEPON #&2f¥) Ry H A2 = T R4 2 FhbE,
JF HEEW 5 SCA-USBF Bk {RFF— M IR .
XfH ZFBF-US #3%, 4 SNR KT 10 dB K,
M-JEEPON #iAY 5 BAERELHS: 24 SNR T 10 dB
i, ZFBE-US %% 5 M-JEEPON i) R, i 2R
W, B ST J5 3 Ry HI) 94%. X ZFBF-US
155 SCA-USBF HiEmLUKIL, BE%E SNR [
T, AT BT G ) Ry, (AR A S 5
o IXRH, RIE R G OE YR oA L Ab vl R i
(3G K, fHiE ZFBF-US HIEIRAG KSR L0 10
() JE B AR, T SCA-USBF B3 MM I i«

120f

R /(bit-(s- Hz)™")
8

0 5 1I0 1.5 2lO 25
SNR/dB

B 7 SSRGS RIS R EAE R

3.6 TERIABPERGRINEELR
RATIRVTME R Gi v F P 5 /Nl 2 75 SR

FAERERIRCIT . BRI, B EASE R RN

RER e €{1,2,3,4,5) bit/(s-Hz), MM RLESH

BIRFFERA L, VR R E 4 Pk, WK 4]

LI F, M-JEEPON BLAL[K) Ry {E ] CATEAR FIK 7inin

H%E P IS EAR AR, JF H SCA-USBF

VI Ry (B FEFEOL T ZFBF-US 8%,

#4 RAPTERNMNERFRARHEELER

ZFBF-US SCA-USBF M-JEEPON

Fmin
R1 Rz R] Rz Rl R2

64.607 15.458  66.953 19.992  73.248 14.718
67.523 15326 74392 17.224  77.148 14.764
71.765 15.174  76.033 14.85 80.955 14.540
77.013 14.998  80.755 14.342 84.051 14.314

(S S S

82.885 14304  84.124 13.272 88.101 13.112

IbAh, 34 ML RWR, UIMERFMED)
M ERS, WK i BERE RS 3 MBI R,
., (HZARL Ry B FEAR e XA riin (E 1Y
NS S8 ME RGBS A B IO P A, X TR
BN T AP, AR TEERSESR R
o (HRZIFAEKRE r B LHRIE RS —EHAW
KIEFIR . IO Z, XRESFHIMER
40 PR 2R TE 3 /2 P e /N o 2 5 SR TG BEAT
fAI—ANH P, AEEIERSH) R EN 0. F:T R
8, M-JEEPON HBY7EA R P fe Nl 28 75 =Rk 3 53¢
FRRERS IS AL R G T A R R I
37 TEIEEMITEEZRELLLE

AT Big-O KRk BiE R E TR
I NTRRTIME, &<k XrHEMIES
I8, N =BN, RR ARG KL Bk,
ZFBF-US 5 FEAFEH P £ iR m &R



557 W

AT SCSE : JE T BRI 25 RIS P A B2 5 R OB AL S5 -83-

2 ANEB4y, Efrﬁﬁ%%f}%ﬁ%wﬂo(w—lé)léﬁ)%n
0(123 + RN + &L, (zeszz)) M 5 E 4R
RRBAES S R BEAFEFATHNIERERE. K
I, ZFBF-US H & Wit H & & E A
o[éz&cﬁu@ +EIL (1€MN2 )] . BFS-USBF &% 1

FEALFE T AT 2 3 A R T AR 2 AN

S, HE kRS RN =O(It2(1€21\7+1€1\7)) Fil

L=O(I (N> + BN+ N)) Ity 5 1ty 5 5y i

2 MR IEAR IR EL. [Fltk, BFS-USBF B3 HI

553 A o(i#(ﬁ g, )j S g
= k(K —k)!

Hh S REAAAETATIRIAR R Z &

SCA-USBF Hik  SAAE X ] K N )= 5 41
JROA 2 AR, HEAE A O(1t (KN + NY))
MO(1t,(KN? + K?)) » Fel I, 5T 535005 2 853
IR AL Kk, SCA-USBF Skt H 2 I
N O(1t,|K*N + N +1t,(KN* + K*)[) - M-JEEPON
AR EALE B FOR AL A B ORI o )
B3 ANy N TR, RSB ELS)
H4EE N (hy e HY 2 E BN Hd, E%
IR E AR O(KPN) » PR [ i (1 5 24
JE O OKN?Y , i B 4 BUBE B it 5 2 2 N

L
o[gzim,j_lhw} PHit, M-JEEPON %Y 5

=1 j=1

. _ _ L |
RN O[KzN +KN? + KDY hijah, ,-] o

T EMH R, AR FE K
SNSERITEEREREL, MHEM RS SH
RERINKE, GRWOE 8 i, Hrp,
BFS-USBF Bk i B 5 4 32 K 52w AR,
ZFBF-US %7k f1 SCA-USBF HiEWRk 2, 1f
M-JEEPON #:5 i5 /)N o 3% /& K 4 BFS-USBF .72
T B ] BT A Al AT H 414, SCA-USBF B Al
BFS-USBF 532 11 3 1F 5 1 85 /2 9% AL 4L 36
4%, 1 M-JEEPON & 8 [f) = BT H T A R AP &
W28 B, (HILSZ K 52 m AR, Hik i m
OB AT A R, MO R R E R, &
F LA 43 #T, M-JEEPON #5828 75 B 1 H S 30 % 7
(RS

20

—e—ZFBF-US

18 H —8— BFS-USBF
—— SCA-USBF
—A— M-JEEPON

Ig(o(n))

10 h
0 ‘/A/A//A/é/é/w
4
6 L 1 1 1 1 L L L
10 20 30 40 50 60 70 8 90 100

K
K8 #ERIHHREREY

4 LERE

A SCAE 2 8 P BN T8 28 75 SRR 3l o Kk
WIRMARZMT, FHAR T Z2/NXUME RS 15k
HHPRES BRI . T RS
WHEERITF R SR, AR SO T4 M 4 BRI AL i)
ARG R, BT 7 —Fh s T A3 (A
GNN [f] M-JEEPON %Y, Ff-45 &l [ s AT 4
IR T — RS R R RN R R B RE AR AL
k. EATTRY, R EAMUE RIUE R4
W B A EMRMERRI, FK WAL
SCA-USBF 5% A1 ZFBF-US 5K H 4
FEo FEJRSEMIR T, Kk — P PR A TG 26 I 2%
BEURALAL 1] R R B A AR T %8, DR BI$E i 4
BRRE R AN RS R H 1.

B3 -

[1] BHUSHAN N, LIJ Y, MALLADI D, et al. Network densification: the
dominant theme for wireless evolution into 5G[J]. IEEE Communica-
tions Magazine, 2014, 52(2): 82-89.

[2] BASSOY S, FAROOQ H, IMRAN M A, et al. Coordinated mul-
ti-point clustering schemes: a survey[J]. IEEE Communications Sur-
veys & Tutorials, 2017, 19(2): 743-764.

[3] 3GPP. Coordinated multi-point operation for LTE physical layer as-
pects, v11.2.0[R]. TR 36.19 R11, 2013.

[4] SOLAIJA M S J, SALMAN H, KIHERO A B, et al. Generalized
coordinated multipoint framework for 5G and beyond[J]. IEEE Access,
2020, 9: 72499-72515.

[5] QAMAR F, DIMYATI K B, HINDIA M N, et al. A comprehensive
review on coordinated multi-point operation for LTE-A[J]. Computer
Networks, 2017, 123: 19-37.

[6] MUHAMMED A J, MA Z, DING Z G, et al. Resource allocation for
energy-efficient NOMA system in coordinated multi-point networks[J].
IEEE Transactions on Vehicular Technology, 2021, 70(2): 1577-1591.

[7] LI M, COLLINGS I B, HANLY S V, et al. Multicell coordinated
scheduling with multiuser zero-forcing beamforming[J]. IEEE Trans-
actions on Wireless Communications, 2016, 15(2): 827-842.

[8] ZHAID S, ZHANG R N, CAI L, et al. Energy-efficient user scheduling



+84 - B OfE

1k

43 %

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

and power allocation for NOMA-based wireless networks with massive
ToT devices[J]. IEEE Internet of Things Journal, 2018, 5(3): 1857-1868.
LIZ D, CHEN W, WU Q Q, et al. Robust beamforming design and time

allocation for IRS-assisted wireless powered communication networks[J].

IEEE Transactions on Communications, 2022, 70(4): 2838-2852.

FU B, XIAO Y, DENG H M, et al. A survey of cross-layer designs in
wireless networks[J]. IEEE Communications Surveys & Tutorials,
2014, 16(1): 110-126.

CHEN Q M, YANG K X, JIANG H, et al. Joint beamforming coordi-
nation and user selection for COMP enabled NR-U networks[J]. IEEE
Internet of Things Journal, 2021, PP(99): 1.

KIM Y, JEONG J, AHN 8§, et al. Energy and delay guaranteed joint
beam and user scheduling policy in 5G CoMP networks[J]. IEEE
Transactions on Wireless Communications, 2022, 21(4): 2742-2756.
HE S W, AN Z Y, ZHU J Y, et al. Cross-layer optimization: joint user
scheduling and beamforming design with QoS support in joint trans-
mission networks[J]. arXiv Preprint, arXiv: 2203.00934, 2022.

HE S W, XIONG S W, OU Y'Y, et al. An overview on the application
of graph neural networks in wireless networks[J]. IEEE Open Journal
of the Communications Society, 2021, 2: 2547-2565.

RESH, BHIRFL N LR R NEE SRR : Bhik 5 92 kI].
JBAE 2R, 2020, 41(9): 190-201.

FU Y S, YANG G K. Application of artificial intelligence in mobile
communication: challenge and practice[J]. Journal on Communica-
tions, 2020, 41(9): 190-201.

SHEN Y F, SHI Y M, ZHANG J, et al. A graph neural network ap-
proach for scalable wireless power control[C]//Proceedings of 2019
IEEE Globecom Workshops. Piscataway: IEEE Press, 2019: 1-6.
LEEM Y, YU G D, LI G Y. Graph embedding-based wireless link
scheduling with few training samples[J]. IEEE Transactions on Wire-
less Communications, 2021, 20(4): 2282-2294.

CHEN T R, ZHANG X R, YOU M L, et al. A GNN-based supervised

learning framework for resource allocation in wireless IoT networks[J].

IEEE Internet of Things Journal, 2022, 9(3): 1712-1724.

SHEN Y F, SHI Y M, ZHANG J, et al. Graph neural networks for scalable
radio resource management: architecture design and theoretical analysis[J].
IEEE Journal on Selected Areas in Communications, 2021, 39(1): 101-115.
ZHANG XY, ZHANG Z M, YANG L X. Joint user association and power
allocation in heterogeneous ultra dense network via semi-supervised repre-
sentation learning[J]. arXiv Preprint, arXiv: 2103.15367, 2021.

GUO J, YANG C Y. Learning power allocation for multi-cell-multi-user
systems with heterogeneous graph neural networks[J]. IEEE Transac-
tions on Wireless Communications, 2022, 21(2): 884-897.

FIORETTO F, MAK T W K, VAN HENTENRYCK P. Predicting AC
optimal power flows: combining deep learning and Lagrangian dual
methods[C]//Proceedings of the AAAI Conference on Artificial Intel-
ligence. Palo Alto: AAAI Press, 2020: 630-637.

HE S W, AN Z Y, ZHU J Y, et al. Beamforming design for multiuser
uRLLC with finite blocklength transmission[J]. IEEE Transactions on
Wireless Communications, 2021, 20(12): 8096-8109.

GILMER J, SCHOENHOLZ S S, RILEY P F, et al. Neural message
passing for quantum chemistry[C]//Proceedings of International Con-
ference on Machine Learning. New York: PMLR, 2017: 1263-1272.
ZHOU K X, HUANG X, LI Y N, et al. Towards deeper graph neural
networks with differentiable group normalization[J]. Advances in
Neural Information Processing Systems, 2020, 33: 4917-4928.
KINGMA D P, BA J. Adam: a method for stochastic optimization[J].
arXiv Preprint, arXiv: 1412.6980, 2014.

[EE R

a3z (1978- O, 5, WML, H
+, FEFREHFR. HLAESIR, FEH
R HNTLME S . e s
AT H R . BN (AloT) FK
BRI BRI AT 5 T AR E S N 4%
AR RSB BRI o

RE (1997- ) , B, Z#HNEN, T
REEM A, B FOR R R 4%
PRSI H R

ZIRF (1988— ) , 5, LRUERA, 1
£, MZIEES 2RSSR E M T
FEIT, BT 17 g T SRR S 1
R HRERALAE .

K& (1974 O , %, WA, W
WS LR AR A B 2, BT T RN
ZHPEE. MEBRE. SEE. K
HZ A2 G,

EKEB (1977- ) , B, IHRITAN, &K
RSP, BRI, TEYIR I
A MIMO TE4iB1E . METLLBEE . ik
TCLIEAE N

KTEFE (1956— ) , B, WEEMEAN, F
E TRERERE L, HeREH. HEES
I, EBHFR TRV RN . BRIER
GiLL ST



	07-220240-U�⁄.pdf

