8 XX 5 XX ] HOE
XXXX FXX A

Journal on Communications

=2 Vol.XX No.XX

XX XXXX

[ [ 4 AT 295 AY Cell-Free A& MIMO L1715 UE-AP
EEM X

AR, BEE, £F, WA, ERk, FLR
CIEEIE R 2 W 2 5 A e bR 4 [ 2 i SRR &, BT 100876)

WE: NREE RN RIS KA HIRZE T Rl K 2 MA LMt 2400 FAT O 5 REFE, 8T
BT TR AR o] S I BEN LIRSS R . FERIA S A M SR &0, ET RS EEMRS T St
T, FER A NBNAS SRS I I 4 226 UM . DA SE 88 HY s AN B 42 R A REFE MR S LA H AR, $2H T RGP 4%
TSI G SRS AL S, AR EBH S B AE BB NERE XA, R IR, HEEREY, Frith
TEBEAR T B AL B 5 R S RERE . T IR RN TE G LR AT S IR R 2

Xk921): Cell-Free FAT: FENLMLRIEE: SiilBf LW, SrumsRus i

FESHES: TP393

AR : A

UE-AP Association Optimization with Statistical Delay
Constraints in Cell-Free Massive MIMO Uplink Transmission

Zhou Fanqin, Chen Siman, Feng Lei, Yang Zhixiang, Wang Xudong, Li Wenjing

State Key Laboratory of Networking and Switching Technology, Beijing University of Posts and Telecommunications, Beijing 100876, China

Abstract: To reduce uplink packet delay and energy consumption under channel fluctuations and finite-blocklength trans-
mission errors, a stochastic service model incorporating ordered gating and decoding reliability was developed for cell-
free massive multiple-input multiple-output systems. A statistical delay bound was derived using stochastic network cal-
culus under sufficient conditions including independence between arrivals and service, and was used as a delay reference
threshold under dynamic policies. A network calculus aided proximal policy optimization algorithm was proposed to
jointly select user equipment—access point associations, bandwidth, and transmit power by minimizing delay excess and
wireless transmission energy consumption. Reductions in delay excess and transmission energy consumption were ob-
served in simulations. The proposed method provides a reference for uplink association and resource optimization sub-
ject to statistical delay constraints.
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{oC{l,-M}:l <o <M}, HFoRpRr—E
AP T4, || RRZTETHAPHE. HiL,
A UE MR RER— A AP, BEM > 2 ik
FEPAAFIH AP B4 UE BIRIESNESE A A -
A, =P xQ,, x{l,--- K|#(21a)

BRG] jE—R N =T (a, 0, k), F
T e Q,p NZEHIEF AP 75 K (Q21b)H
me o, RAAPmETIZTE, BIUEnS AP mE
SRR, CRFEJE YR T 2N E RN DA S k) e R
JCER:

P, = ocjpnmax, Xpn = l{m e a)j},
Vi = k=K [#(210)
G AERAL I ZE (1) & P sk F AR5 B R B &

KRR, AR T —IRA A I T 5 2
TREIEMBEHLEN R, Ar % UB#id 3L 5270 %
B EAT TR RS T, —/ UE 88 0 % 7] g8
S SINR, ISR UE B2 T4, 4 % e ik
AEIRTR ST, AP P B 35 W 25 5 B
BFH. % UESIIESL R s . A3
FH 25 B KR SN TIIRAS , A4 BT K A I S AR
SHRBAARIE, Fi, AMEER. SfEEA R
It LR A5 56 1 10 B 19 28 BB AR . UE n (0 B
e PoP

R (a,a,)=-(1-2)C)(a,a.,)

-ACs(a,a.,)#(22)

Hi, a, a, 5 WERUE n 8 1E & HAh UE (1)
VESEA, AT BUSIT G A 5 B AE . 1 AR 2 1Y)
MERN Ay, =R, (a,(t).a,(t)), & UE{HEH
H SRR RECTHREMH TR S
JoR.

22)H I E e A PAF((150) - (15¢)7E LI 5¢
BTGB IV R o BN HE L IR AF I
B B 2] B0t LB A8 2 A, I ANBA 4R
TE RIS AR 45 11 o 3B B 22 ah 3ot 2 2k B ok 58
FR IR AL CRLFE M B B 8 i R B 0D, T
385 A 10 1) 8 o 2% R 1) T A S R A A
Bl P 3, K A5 3 B 2 R A UE n 24 i i
BRI e R AR . I AE S PR HL A 7 A7 S
R REANR I O e R AL, IR 5 Bk 3 58
B RIHESE TR 6) P e R E I E R A
RIS NS A I AE T . UE - AP SCHL. Th%
Ty i oy Pl SR R B T A R S5 T R A
IR, RO RS T . SRR ) S R A T
BOBNETZI, T RN AR . Bk, RS ST
B S2E 73 47 1) BBl S 1)1 42 BT 25 BA P B ) Rl AT T
B, RIS EH BERETVEA SE PR ITGZk A FF 4 o

B> UE 1) Actor #2150 2X(20) & S 4 1 0
0, XTI G 2, , IFiEE Softmax
Stk — Categorical 5 il :

exp(an)
> en(l,)

HH 1% 20 A KR HF B N aus DHERREAL . AP
FHMA g T F — DR AR, A=
BRI R . 458 % UB ML, SRAERA B AH

q,,(jlo,) = #(23a)
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HAAL, ZRGUECE HRE N -

mo(als) = ﬁqg,,(jn|on) #(23b)

Hrh, 0K R UERIESHINES, o, HAGIR
A s P 2(23b) TR AR R 7R 45 7 Wl R 1)
MR, ARRNUEELETIHMAEG . LS
SeHERR A AP 4. B AP NGB ER: FIRMAS
HARER S UB G IE — 7 98 s AR UE /&2 [+
— s PP AE T BRI S AT AN R B A IR
FRRBERERD, AR KA EE S G By sn] 17
PERERE o AL F 205K B A T 19 04T, AR 2
Fik HAn e 5e s BN e s JEn] RS B E % UE A
e A RO SS

> UE [ Critic UAHORRINFAN, V, (0,,)
I AL T 2 HT % UE SRR L RAE T R, 1% UE Kk
Pramaeih s fp & .. % UE 43l 4, At
SR ZARMANME AN R 5y 2 kT
PPO ¥, 124 UE W& N ry, UE n (155 fFHIEE A
o XN

V(0,0 =Bl D0 7' ruiis| 0., 1#(24)

(24 1 B EE AR 40 UE Skl ,  Hifth UE (38
W T BT 4 AR AR U T 6 A 3R BE . =38 Critic A T
U AAZ A& HAEE AN S 8 W FR A 56 B2 1) Mar-
kov IR#& . 1 Q25 I O NIEBRA Kbk, T, HE
— 4 T A UE WL K S B 0 2 A R [l 4, I
RUBBIMEZ & B Sg 742, SRy

A7 =07%(0,a,,) - Vi°(0,,)#(25)

Critic fliTH A< UE KA R . BT 2% A EE ]
A CARE O 5, SEBR IR0 AR UE /92005 R
B A B Al T 4 3& I % 43 (temporal difference,
TD) i7#%:

5n,r =r,t VV¢MM(0n,z+ 1) - V¢M,d(0n,t)#(26)

XPRFERIE, DR AL T (gen-

eralized advantage estimation, GAE) :
AAn,t = 27:(; 1(})’1GAE )lén,t+ l#(27)

Her, y APTHIHET, A €[0,1TNGAESE, 5
Q)P I ABE A X I s H A BOPLIL S5 I
AoV, RARFERH Critic, HELIEBRAERA
B EEE, KBTI R ARS K A
RS TD 1% Z M GAE VR NI g eh, T AL

BT 1 22 5 5 2280,

SNC g % UE 3 & W22 Jih ik AR F# Ak X
(26) i) r, A& A UE IS 4651, H AR TD
w22 M K (27) B GAE. % Critic 4 481 & 4% UE |5
ik, % Actor 4% (29) ¥ A UE siEME, T
“HR T R SR — AR 2 i — A UE AR Al oh — Sk 37
ST RIS AR

%t UE n, 103 RAEIS 1H 55 W 5 250 . 156 %
MEZR, AW, A —28 R 51~ rH RO SR s
K. [ PPO [T IH S t e SCBY, TR A -

_ Q9n(jn,t|0n,t) #(28)

‘I9”‘0M(jn,z|0n,t)

BT R B R A —— X, ToOELL %

(1) Jacobian 12 IE B 52 J5 IME R H A . :0(23b)XT B

G S EE R LU AE 20 55T & UB ME3R LU i) ofe
N, ANSCSEBRIZ UE M7 38T

Ly(0,) = E,[min{p, A,

nt

clip(p,.1 - 0.1+ )4, 1#(29)

Hr, =02 NPPOHEI 4, LW EFHLMER
R e NI A, UE n B 5 [F 5 2 4515 2% A
GAE 15,

A UE MAME IR 25 53 531 SR 350 75 R 22 400K <

L(¢,)=EL(V, (0,)-G,,)]1#(30)
H, G, =4, + Vy (0,) NN E 1A
UE [E14% H bR, 75 A4S 557 8 e B, AN UE 4
AL B & 1) Actor 5 Critic, 2N
L,=-L(0,)+ cL! ($,)#(31)

H, c MMHEBRAIE. % UENERE S5,
31 FH AR 4 Jm 22 il e 5 %7 4530 UE 1 3L =
WX 2%

WERR, & UEMSLREEIME, RS —it &
FARTH. SINR. ffid g Fm 145 5 1 20k %
HEHEAFIRZS, FF 1A% UE A5 B B R — Wi 5
Kl % UE 3 HEAAEIZE . 115 GAE J-4U4T PPO
R, WAL

Wit S A (12) %8 H I 2E 2 2% 4 D B %
SV, RFH 56 B T 26 N6 B S (1) 1F 8 HE B 1 R Ay i
% UE BRI BN ZE SSAS,  F42 52 B 2 4 S []
THAREFE
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BN & UEHVIHBSH{ 0,9, mRNERRE
K, .o PBKEHEBEEFRE U

W FUEVSERSE{0,.9,)

WUE A %% UE Jh 37 ) Actor — Critic. 4L 28
BUBZAT B, SRR k=0

1) while k <K, do

Dk k+1; EERENLSUERFB, RT
SRFEHNE 5 0 (B M 2% 24

3) for FANMELAZ B 7 do

4) £ UE #% 20 (20) S A UL, 4% 20(23a) 4
SERAEST], TR 1b) Sy B BRI

5) HEEIAT % UE shE & e, 115
TP ARAD R 1HEIR DS, SEHIAS, iR [E % UE 1)
0nee1 G, BINER16). (17)s 22)7 B

6) % UEM H B K151 H ARG XL
M2 MESG T 2K R & AR ES NS NB,

7) end for

8) for 4~ UE K H G247 iR [8)25 do

9) #%A(26)IHHAUEM TD X%, 3

10) #3027+ 54 UE () GAE {1t 4,

1) IHERERG,, = A, + V, (0,);

12) end for

13) for % UE JH U IRBA T Hr do

14) WA UE A7 BUFE,  #%30(28) 1L [Rl — 2831
FOH IR SRR E

15) #%20(29)i1 5 4 UE () PPO #:8Y H 45 5

16) #%50(30) T A UE BIUME 2%

17) 4% 303 1) 5 Hi A% UE (1) Actor 244 0, Fl Critic

ZH ¢,
18) fRFFH AR UE S HAAL
19) end for
20) end while

TG AR ST 2B 52 B R RS % X 2%
ST, P NEHUEMBKKISHEZ M, NN
UEH, HYHRRAER R, U NSRS UE M
BREE SR, B, RIS H I AR UE B 4
s, MRS SHEBUEL T, SR
KA N O(HP,, ), % UEI TD %% 5 GAE it
HITH N O(NH), EHITH N OWUBLP)r Ko
¥ W g U 2R B TT B N O (K ey (HP o+ NH +

FEFAT ST -
4 FESHH
4.1 BSHIKE
A FE L) BESH R R,

=1 FTERESH

K VLA e LA
L R ESURS 200 m
a AR B TE L 3.0 —
C FRARAT R L 1.0 —
o A 75 Ty 107 W

2 UE s KRS T 3% 0.1 w
R, B TR i R 300 Mbps
At B 1.0 ms
7, S 10 )
T PR 200 s
S, LACTROWNGN 0.1-1.0 MB

42 AESH

it L VA LA AR PPO. filAr I 245 16 B 11 20
L it - PFB 2K (network calculus asynchronous
advantage actor-critic, NCA3C) P21, [ ML & A1 TE
W JR A4 PPO FH T EL 51 N SNC I 4 15 511 ) 3L
F, NCA3C HI T HLBUA R SEmG Bl B
FEREHL T BO BTV, o R F 4y 5 F R AR . S
ISR FERE . RUTREFE. MZEZER . - RUBLAN
DA 2 R 57 H 1A NCPPO.

Bl 2, =Bl B kA 3 22 il A AR B 3l B X
NCPPO ZJ7£ 2000 27 Ja R IE YL S, PPO AT NCA3C

FOERS

o Two | wmee | woo 00 swo0
Biam

B2 ASFEEE T O
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