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Abstract: In order to enhance the performance of downlink non-orthogonal multiple access (NOMA )
communication systems assisted by reconfigurable intelligent surfaces ( RIS) in scenarios with
non-uniform user distribution, a distributed user clustering scheme for downlink NOMA assisted by
RIS has been proposed. Firstly, the adaptive geometric distribution (AGD) clustering algorithm is
utilized to cluster users into user clusters (UCs) and match RIS with each UC. Then, the fractional
programming (FP) method is employed to transform non-convex maximization and rate problems into
convex optimization problems. Finally, power allocation (PA) and passive beamforming (PB) are
performed sequentially for users within UCs. Simulation results demonstrate that, compared to spectral
clustering (SPC), K-means, Gaussian mixture model(GMM) clustering schemes and orthogonal mul-
tiple access (OMA ), the AGD scheme yields approximately 7%, 14%, 19% and 42% gains in power-
to-spectral efficiency, while RIS contributes approximately 16%, 19%, 26% and 40% improvements
in spectral efficiency.
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n] M) R fiE 2 10 (RIS, reconfigurable intelli-
gent surface) /& FH LK LT Y R TH , TR
T EL A AT R A R R R R, AR 5 W B B R
B FH AN S PR . ARAL . PR FAOR S5 R T 4
il (Wu et al., 2020; Liaskos et al., 2018), JE 52
F ] A ) TC AL R IR BT, T3 5 {5 5 09 B
J R, 4 O A 25 ) S AR R RE IR AR
TE 6G W25 11 J i vh 32 1)) 12 & 11 (Elmossallamy et
al., 2020; Di Renzo et al., 2020; Bjornson et al.,
2020).

JEIExE 2 hE$#: A (NOMA, non-orthogonal mul-
tiple access) , il & HYRA I, e —B
TR RSS2 A P, SO R A 1 R 28 01
BN P M) H B (Zeng et al., 2018)
NOMA W PERBAR AR B AR T I P (915 30 5 8
1M RIS HAg el P FIEMBE )1, —H S &L
PR R TE B PEREANE 5 m i R a5 . SRR
B, RIS AT 47 248 T+ NOMA 2 45 (1 1 5 IF: [ A%
#&, HARET RISHHBIIEZZ 211 (OMA, orthogonal
multiple access) J5 58, W] LA 35 FEARIL 5 19 & 51 2
K (Mu et al., 2020; Zheng et al., 2020), =& i —
WESE T RIS-NOMA 2 4t ) 1) %43 it (PA, power
allocation) 5% OB B, VARS8 1 ™ A AL F P E
) B CH G IR 55, 20225 2225, 20235 AR,
2023).

b fifi RIS-NOMA ] I % 5 & % 1) 38 15 #R 5%
Wi PR, R E T, DAREE
IREHENER, GBIk REN T 2P
K43 R ASTR] ) B BE (UC, user clustering) , VAL %]
VA R GE G fR PRI R G R AR H Y. RIS 193
BT WA R A, FE RS UC
[F] — % sl I K 1 (PB, passive beamforming) LA 3K
B RMFEE 45, 534 b4 UC 20l i 17 PB,
PERT AR IR ARG R 22, N RIS E T H R
{574 (Zhang et al., 2021), xR RIS UCTH
2%, WHk(Gao et al., 2022) 42 1 F FH K-means "~ FH
PRI, IFFIRBLES 2 ik A U A8 . 46
WERM, REph s 5 uCHus BB, EXT4
M RIS UC %, CHR(Yang etal., 2022) £
— R AW W RS T UC ik, RIRFsETE T4
— 1) T i AL 2 R0 A 7 LTH B UC /] T30 Sk
(Elhattab et al., 2022) $ H{ —Fh 7 XU 55 /19 T 17 &
gir, Fub PSS PR R UC HRg, AL
RIS 35 10 2% F P 38 15 o it o

DAL W5 A X P A A o 3 A s
BB bR E S 5. B RIS-NOMA £ B3I R ok
LML, WFHFEEEH o4, AP {EiE
255 DA S A UC FH P At 55 R R PR 1Y 52
I, ARSCHE T —A P (LOS, line-of-sight) £ %
Bl ENEN S DAk i TE B e R 75- QM e el B
A RIS HBI N 47 NOMA I FH AT (R, 5IAT £
PR EAE N P R0 860, DR T R G
ROR, WAL, A TRAYFE G 5FEENG, &
Hh N R G AT PA 5 PB. AR N A L4 .
(1) Ay fift P RIS-NOMA B 5 [a] L, o SCHik (Kat-
we et al., 2022) # i 9 A & N7 JL AT 23 A (AGD,
adaptive geometric distribution) R JSH L HE 1T A % |
iz J 3| RIS-NOMA B v Jf- 5] A3 2 (SPC,
spectral clustering) . K-means Fl & 7 18 & # 7l
(GMM, Gaussian mixture model) 77 & # 17 X% Ho 43
Bro (2) T Xy 2 L3 n) BUdE DL AR5 A8 fift
HZA B2 am G, TR A R0
AT PAFIPB, K 3CHk (Shen et al., 2018)#& ! 1Y
AT fifp e Ty 4 o) R RO ok T A8 1Y) 43 XK (FP,
fractional programming) /5%, B XS 08 E &
14 o AR5 50 2% ) R e e — SR 9 TR R, DA
M AVFRGE BRI HAT I . BFFEA RE
M T HAUC %5 OMA %, 1AL AGD
Jr ZZReflH P AR AP p A v 2 G g, RIS
T FPZ YAk PA 5 PB ) J5 v e KA i 35 D) 28 4
5 GAFE I A5

1 RGHA

1.1 WX RISHENOMA BEIEHEEY

WmE 1 P, % g3 30 (BS, base station) 55
FAF 9 LOS BE Wi BHAY . 7E BS 21 P 2Z 13 % M
Be RIS #43 AR HLHE (NLOS) 85 8% I 55 K S ™, IF
HAA RGNS oA B H
FIRLEAGECA, &4 H AR N E, =
[, 5] jell, —en K173 gl JH P &
3R LAUC, BHRRISIRS —A~UCHIH (L =
M), 4% UC a2k H4i 7 Z 1t (FDMA, frequency di-
vision multiple access) #1715, UC N % H
NOMA #4715, PMEIE UC [EfFiE1EAS, UCH
fHEIEIESS

K1, G, e CV' Flh,, e C" 54 FR BS
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130 HriliR ke (ARREEMD (h3E30) %63 %5
Bl AU RIS B T 17 NOMA il 5
Fig. 1 Distributed RIS-assisted NOMA downlink communication
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Bk (Katwe et al., 2022) I8 4 hy 3L & .0 1) 5 B,
JFREBER K UCKUR ML, MR TRE, 1k,
%ﬁmﬁﬁﬁwﬂbo=pwﬂ,ﬂmm%ﬂA%

ﬁﬁ@ich%ﬁA@mWwpmmqﬁ}g@

o HET UL 0 0" FF USSR FI , o4 5
Ji LA KNI AT . BBV C, [ A A, =
[0 vy |» 03 A0 B DB P 2 58— UC

“f”»;g$igéucmﬁﬁﬂ

o]~ O
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Vel ™ Fe|
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z‘q‘k .
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1
2, €10, 1} ERE 14 UCEHE 54 m B RIS #EFT
WE, FXRISIEPIER K
20 T 2w
Z=|: : (7)
21 "t ZLm
RIS 5 H UL EE 77 %600 H bR sk 5k Ry
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S.t.
rank(Z) =L, (8a)
zl. m E{O’ 1}’ (8b)
M
zz,_ L=1, (8c)
mL:I
S, =1, (8d)
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s.t. (5a),(5b),(5e), (5f).
RS 3B A AR M R AR AR AL
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4 PiESHr

4.1 KEEEIT

AR AL S IR 22 /N XA ) Fh 2 1) 0 FE AR
A5 R0 7 IR A 0, FrifiE2E A3 dB I IES Sy
fio MEERGEPTABIEL, DI REG /TR
S AEAE A 1k AR AN . A T 5E AGD B H
TNV RE S, WCE P BCRASBERE UC N EOCE B .
R E S RIS 8, (FEAREI10° R R4
B Y 3RS . R QoS 2 o REIE ] T i A 52 3
W%, &Ey.,. =-10dB., BAESEHE 1A,

Rl RGESH

Table 1 System parameters

B8 B/ MHz 20
IR % o*/(dBm-Hz ") -174

FH P R 25

RRIEAUEL 30

2 ()45 R A A 128.1 + 37.6logd +

WS (1 107
H/INSINR / dB -10

UC 4k 4

St A% 4

4.2 BREFRITLE

T2 NAMBEITER BRI 2, WTLEH
AGD HA TS RAR . £INAFRE L
T, O ML, 4 UC VIR (E B 2571
FriE2 . A[LLEH, AGD TR T UCHH P 5iE 2%
SeHR, XAl R AGD Rl fdi ] a] £ R ] B
HAHAT, R G B A X A0S . X 1B AGD 1l 44 3
WRMFIEZES, W/

#2 NBOT%E
Table 2 Variance in number of users
RITTH NBT7 2%
AGD 0.2500
SPC 4.2500
K-means 8. 6667
GMM 20.916 7

4.3 BIRTMESHHT
L B 5 RSO LB KA 0 T
BN, FETH4 P SINR, M B %

3 ST BRI

Table 3  Average standard deviation in channel gains

BT % {F I3 45 bR 22
AGD 11.638 1
SPC 9.660 5
K-means 7.2878
GMM 5.7339

JEOT B R B3 K 3 BB B KR S DR R
PATTHCER N RGN, ffas sk, RV E R
H& B H G 7% ok L Ak ol 22 LR 43 SR ) A
b BmE w2 R, B|7H
P™ =43 dBm, N =250}, HANUCTEAIE L
R RS RCR SRR . S — R ER S
SR ) Sy S N OE TRy S 3 g g
B E N 0.5 x 107, Wik aeless; JEH,
Bifi 5 FH P B i 34 0, WS 7 10 2% AR R A i
Hahno LRI A, SPC. K-means fil GMM H #1A
IS RO, S B UC WA P R
K, BN TSR MEMERE . PA 5 PB TR kAN
BARARE R UE SR IE M R B 2 R i g, AT Rl
ST —AFRE AL, I REE I S FE T A A o AE
SYEWSGEE Z T, dE A B AR AL
fift . T2, BIBSGHE R BEA A T RL R4
PR ZR T KA 1% 25 (6] (Shen et al.,2018) .
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Fig. 7 Spectrum efficiency with different number of users
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