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Abstract: For reconfigurable intelligent surface (RIS)-assisted heterogeneous network slicing, a resource optimization
method with joint resource allocation and phase shift optimization was proposed. A joint optimization problem with dif-
ferent objectives was constructed for different services in heterogeneous networks. For enhanced mobile broadband
(eMBB) services, the resource block allocation, power allocation and RIS phase shift matrix were jointly optimized based
on the alternating optimization algorithm to maximize the total traversal capacity of eMBB users. For ultra-reliable
low-latency communication (URLLC) services, a pre-configured RIS-based heuristic URLLC allocation algorithm was
proposed with the objectives of maximizing the URLLC packet reception rate and minimizing the amount of eMBB rate
loss. Simulation results demonstrate that the proposed algorithm achieves about 99.99% URLLC packet reception rate
using only 80 RISs compared to 95.95% URLLC packet reception rate when no RISs are deployed, while the total eMBB
rate is increased by 86.24%.
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2

st. C= |GRIS,u¢u H s ris + Do

3 (7d)
Lyt =y, 1, Hdy = o AT,
2 2
|GRIS,u¢quNB,RIS + DgNB,u = |vH@ + DgNB,u , Hrp

@ = diag(GRIS,u )HgNB,RIS °
ik, P31

P3.1: max min v"@0"v + D Oy +

v I<u<U ENB.u

vieD .. +|D

gNB,u gNB,u

2

(22)

stlv [P =1Vn

vﬂ

Bems, P31 & — AR TR AR IR
(QCQP, quadratic constrained quadratic program-
ming) [, AT CLREHAEAL TR QCQP. ALK
Yo, B GINMBIAE S, P31 SN

P3.2: max lgzignUVHAuVJr DgNB,ur (23)
st[p,| =Ln=1-N+1

06" (0))]
b A wle-] -

D, 0" 0 )
viAy=t(Aw"), FRV=w", BFEHL
V =0,rank(V)=1. BHTF-1 ZRZIEMNP, F
F 2 EEfAshiE (SDR, semi-definite relaxation)
FASHIZ L. Kk, P3.2 WITRIfLA

. 2
P33:max min tr(AV)+[Dye,|  (24)
S.t. I/n,n :l,n = 13“'9N+1

V=0

EAR, P33 &M (SDP, semi-definite
programming) i, [FIFE(EH] CVX A RCKRE. 18
W, ORAE P33 FIRTFHIEAL v AN -1 410R,
AL e BT AR A1 A
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3.2.3 &4 eMBB A URLLC #) RIS A8 44 &),

RIS MR RE &, & 55 7 URLLC TERE, {HIXH]
RES T E RN eMBB TERE. Rk, FE—FPg—m
RIS MBHIE, ZAHEHFERE AT LLEE = URLLC fit
WTERE, XA/ eMBB MEMHFE. 5 P3 K
L, ERSBRIF RIS ¥eit T — MR AR @), HH
(P2 = W 2% HH BT A 4577 eMBB A1 URLLC H ' i)
GIEME AR . AL, R i) SRR N B K AR R LA
eMBB fil URLLC M P (e /METES 2, BP

P4: rgix 1%23[/ |C|2 (25)
stifxekE
C=C, = Gys @, Hys o + Dy s (259)
if xe{E+1,---,E+U}
C=C, =Gy, P, Hys s + Dy s (25b)
A (7d)

Hep, ZRQsa)Fr M xeE, Bl x A eMBB L
% B 5 08 3 A 4 R 20 (25b) R OR Y
xe{E+1,---,E+U}, Bl x Jy URLLC M55 i 115 18
Hai. P4 HIRAES P3 2L,
3.3 URLLC #ECEIR S R

TEREAS mini-slot JFUAR, EIFAAIRE Fik =
KIACE RIS MFEHIE, R e A &L I A7 2 RIS
P48 . 24 RIS FHFSAERE @™ HTIACE M RIS AHFEHH
Mz —if, e e{d, @, @, ), RANX13)RMHE
P2. AT, M RIS AHREHREREAAE S5, i i A
JSUF R URLLC V55 IR A AR A Ty 2643 T o] s, B

P21: max [f(")-fU7)]  (Q6)
s.t. :(13a)~R(13e) (26a)
il,m :ile”’ (26b)

Horp, Z95905(26b) PRI BT il eMBB B 1 5 55T
73 i URLLC it & 1 IR ACE .

MR AR A (13b) I 4%, 7E mini-slot m 4t, eMBB
P e 43ty URLLC £ B8 KT H RB $E

. L Tt [
I =min| | b,| 1-——||,b, 27
T,

ffis€ URLLC #dlitl [ 1) RB 73 BCHicE Jim, Hede
I BERIEAN

¥R H43%

ke

. e(logZ)lz”’ -1
P = 28
] h, (28)
;H\:EF' ’ hl :% o
(o2

T, P21 AfEfb

P22: max | fi(k") - £, (1})] (29)
LAN N

s.t. (13e), X (13f), H(26b) (29a)

L . &
DR <Y IP, (29b)

=1

~
I

1 e

YT URLLC M55 A 7™ h& BN RE 2K, IRE I
BB BC AT T NI URLLC HE 2 X E
B, M sk A A TR R AT E R R, A
AR HACE AR G R L.

%, NPt URLLC S aEghsR, A%
FEAL e L B U5 8 25441 URLLC. C51 Cyp
Fo) URLLC H P u {58 25, LR 7 HEF o]
RNNC, ={C,,.C,'} o [HE, B ={"",
BN FRox eMBB H FARTE I URLLC k7 Bkl
HIFFHT . Hik, HEBZLHRAQ26b), 1%HIE
B IERAE 1 eMBB H ¥ R IE ALY URLLC
AP we. RSP RIES R eMBB H /7 L
URLLC #4601 SRR R TR A . &
J&, A7 /E eMBB [f] QoS, Xffif URLLC ¥
HE LRSS, B0, URLLC ks £
R 3 A T ETTRCE RIS AE & AR S
TEAD IR X EIEMRT R 28 5 URLLC ¥
L™ MANECE G, B Ts 00 I IR 52 2% FE N
O(L"E).

B3 ETHWRE RIS (5 K=X URLLC 4
Fic vk

1) for @" e{®, P, P, }

2) [*RRDE P2*/

3) LY T o - 1

4) C,=1CY -, Cy  /*[EFHET*/

S BB B TR

6) for/=1:L"

7) ™ =0

8) boolean =0

9) fore=1:FE
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10) FT=[%_dm1 *1 SHRE

‘e s ®
11) if I:]mp <™ then e /NX AR/ m 300
12) I = e B 9E/ MHz 20

& e RB ¥ %/ kHz 180
13) boolean = 1, break I S BT dBm 46
14) else URLLC i/ i K& 51 D%/ dBm 23
15) 1, =" eMBB Jil 'K 2%/ dBm 2
16) ™ =™+ I7¢,(Py) 4> RB 1Ty 12
17) end if URLLC &% [8] 8] i/ ms 0.144 3
18) end for eMBBjJ iﬁﬁﬁﬂ‘ [) [F] B3/ ms 1
75 T %/ dBm -97.5
19) i boolean =1 then URLLC %048 1./ bt 256
>'1,P, eMBB S B {1/ (Mbits ™) I
20) P =<l
1, 4.2 URLLC 7ECSRE&EYMEREVTEAE

o e ASCHET RIS B EIIH R URLLC 4
- e WESUFREEE GO,
23) end for Lt 5] /A ~F- (PF, proportional fair) i & 5H 1% .

24) BEEARM P (D), 1" (@), k" (D")
25) end for

4 MESRSSDH

41 HEXE

AT MATLAB BAEAil T 5 GeAs 2 A ko
) P SRR BCRNERIA R . ASCERE— RIS i
BUE)TCZmzs, Horp—> gNB HBE (LA o DX
B[RS, B8 T A 5 HERR A B RE VR AN
BEREE o ELIRBE R AR IR R 1) R AR 7 7070 B
%jPO =q, (dgNB,e/u )~ A R=q (dgNB,RIS ) (s e/ )%
/E\:qj ’ dgNB,e/u N dgNB,RIS ﬂl dRIS,e/u ﬁj\jﬂﬂjﬂé% gNB-)EHF' N
gNB-RIS 1 RIS-FH T BERRHOEERS . 9, =3.5. 9 =22
g, =28 4352 gNB-FI/'. gNB-RIS Il RIS-H/™
HE RS MG R IRFESE B, U4, o,=-30dB M
o, =—40 dB 737l :& BB EERR MK BE IR AE S5 R 2
AEFIERAR IR, Sy —T5 T, PTrAEIER N R
WA f =\/Zf“’s+ LfNLOS o H:H1, x /& Rician

1+« 1+«

W, frRdors, N ARSI B
BAETRA AT, REZHEET 1. eMBB ) fE# i
XA BENL i, URLLC IS A B i 2 2
¥ 2 1 Poisson 73Aii. HAAHA HSELE WL 1
J7 o

12 B I A AR R TR IR B FH I 5 R B
A H P 387 T8 (1 AR, (R B 1) A 2 A 6 AN [
F P AT VR, 1k B3R SV Re AR PRI I
H .

EA R S AR SR 14 URLLC
PR D R LA R aT SRR, I DL 7
58 URLLC H ) B R 3 T

203 URLLC H PN, BP URLLC K 45 1 2,
F BN R 9% R ) URLLC EdE U, i 3
Fion. BEAE URLLC M55 B3 n, URLLC %
P A 3 R B B BR AR . IX 2 oA BE A B IE R
URLLC %45 (k88 2, Bl At 43 00 vl FH B2 054
U FT A URLLC 34, Hik, NRIE
eMBB [ QoS, —%& URLLC ##Eukinss, &
O RETE YL . 24 URLLC " S b iy (/b
T 20N, ASCHTIR A R EVERSCER[4]) 55512
F|H) URLLC ##E B #Edu A0, ZHMHN
0.12%. {HlE# URLLC F&E 3G (£ F 20 1),
KSR R AL 2 N EIEE R . Y
URLLC H ANy 180 IF, o b Hofth 2 AN 532,
ASCEER URLLC s T 2.18%
A 1.3%. IXAEK N PF i B 59200 i 6 Bl %
(1) eMBB H P47 7, o7 H T % HI ¥ eMBB %%
PBARAR, S8 IEEIE RS 7 EH M URLLC,
SCHR[AVF VA 2 — ok X, BEE R ARIK
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R 43 %

HMmntEfe S E N, MAXHEERETH
WMk & 30 M3 L, R R B
BT[] PN 25 H AR5 A e 4 & B AR 1) R — A 2491 ) —
ANAATRE . HEBENE, RALERELESET RIS
B, A LA#EH] eMBB Al URLLC 7 HI{5 18 %%
IRy =R s o

98.0%

97.5%F
97.0%}

’§ 96.5%}
B 96.0%|
2 955%
9 95.0%
g 94.5% |
94.0%H o zkjc%%‘
03,505 —H— R4 FLI
—O— PR EHE L
93.0% 40 30 120 160 170
URLLCH P A4/ A~

B3 ANfF URLLC 73 Fo s~ 80 eakiiox

ANA) URLLC 43 B S ms (4 I () 52 2% BE L 1] 4 iy
INo ASCHEIEAT H UL RERS E— > mini-slot P
SR ECAESS . T PF O B SR AN SR 4] 5
[BBE% URLLC MEOEme R B, XA Tae
AN /& URLLC W REESR . 454 1K 3 FE 4 Al %,
PF 1 B S92 URLLC $4 A 2 USRI 8] 52 4 F
H b, T SCHR[4] TR FA R URLLC #1301
Bahn, PERERH SRR, IFRERH RGN, ASCEVERT
TR BT A B D, BAA AR A E 48, BRE
eMBB 5 URLLC L1745 M A .

12

10 i 0/___6——”‘0—__&_’_6_—‘
E 0.8
=
=06} | AXHE
—— CRRI41583%
—o— PR L
04f
X
A %ﬁ%
0 0 ) 720 60 170

URLLCH AN/~

Kl 4 AR URLLC 43 Fc 5 i 18] 52 % B

4.3 RIS LB

T REZRANR RIS A FEFEXT URLLC #1eMBB
MEVEREMREE, TBLLT 4 FR. HE1: 1%
ANEFEBAI A RIS A 4ERE &, eMBB 1 URLLC
P IRSS . % 2: 1EHA mini-slot F1, WIERAFLE
URLLC a4, WA RIS AL & &, , 75 W% RIS
fiE & . HHE 3: E8A mini-slot F, WHRATE
URLLC ¥(#ag, MIfEA RIS BLE &), , HNIAEH
RISHCE @) « 4 (RXHE): WWHIL3, &
A mini-slot ', gNB EFREHS & KL URLLC %4
PR AR /ME eMBB 38 45 25 [ M A 40 5
D" (D, D, D, }

Kl 5~ 7 fiik 1 1E 5 FpASE] RIS AHFE A FERL &
NI URLLC #HACR . eMBB B 1) S %R
F1 eMBB J#H LA RIS St oAU R L2k .
SERFW, AWTTRE URLLC i A H0CR A
eMBB I Z ST AL TJ0 RIS 778 Wil 5 Fis,
24 N=80 MF, 5AERE RIS K 95.95%F URLLC %
POBICRMEL, TER 1~J7F 4 [f) URLLC it
PSR 1IEF) 96.89%- 99.79%- 99.80%FH 99.99%

WK 6 iz, J7% 4 1) eMBB 3R [{ A ik %
REFIE 6%LL T o THARTTEH, 4 N>40 M,
eMBB 0 [ sl i 2k FR A T AR 10%, JuH
FEAHRE RIS (155 T eMBB 38 5 1) s 51 2 R ik
16%. [FIFE, fEE 7+, 24 N=80 4Mf, XJELJE RIS
TR, BRI~ F 41 eMBB HREA 43R
BT %1 40.3%. 34.46%. 52.18%H1 86.24%.

R R, RIS HIFHBIA &dEm T A RE .
IXAERA RIS HI4H BT gNB REGSHR I URLLC i &
FIUFERAE, No" @, &), @, ) PIEFEMBE
FERACE RIS, MR- A URLLC $d %
R B KALAT eMBB 38 451 2 Bt /Mo

F—J7, dEE S~E 7 af L RITTE 1A
77 % 2 7€ URLLC #¥i i Al eMBB I S
)RR . I 58 URLLC RSB, 7% 2 IR
T URLLC Lt eMBB H# = L 464%, IX B URLLC
B BRI, eMBB LT L. M, J7
% 1B R eMBB H R ML eMBB A
Bk @), 1T eMBB tb URLLC % &l 5e 4.
X FE T I eMBB 3R SRR R AR URLLC %4
PR M, HE 3R 4 EX BT
R T ELFHFT, TR 4 PR R
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