A Study on a RL-based RIS Control Scheme for Energy Efficiency Enhancement in
Coverage Hole Environments

Kim Jihyung, Kim Junghyuns
ETRI, *Sejong Univ.

ok

Q
JD

B oeRe 54 29 Ade oux EHER) AHE s, A5Y WA FURSY HIH 2
HERH/ADE B B AP FRHE AT ZAAFORD AW Al WS AT AT /Y
AEACAS B Z1E A o] e SNRIE o Fgu) BFNAY $5% EE A% AdE Bgw-4

off rfo oo

€l
1=
2 =rodAME RIS 7 Agd" 4kl 4 S
1

A A S Al=Ee H4 e T sl S o = B _
o 7 ] ] 3]

A5q Wl RURIDES Ao FEAA wbp axy  Gow AT LA ARG wded, s
Ea LA oy skAe = ) &k o EA Ao 1A= RIS 9 =88 ol Flste 9 AMEAL
g3l - Ad B}AE ZRaFgoRN, T4 A5E [ ol Al =Larm 510 %

o o)l = SEAIAlZ] 2= o]l xlqlE o 2] EAstE 9d A SgHI BHES TPEgETh A7)A
Tl"q‘j]o}}ﬂ [sje} ]E T EIZH"IE 7]’\_.1;]' [1] QgL 1 = - 1\ - &
=5 A A A °.ol Al 7 BRE! = AbgAbE A AAIY FelER ds] Ad o5 w2
53], = AAG A 5 X]_l_ dol Ad o] 5ol = 99 Ao X s ASS AR el =
e #gelM RIS £ wg mefor Awds ST ¥0 T o6 mao wabel Asele] =
Sgetn A5 FAL wgSE I xege Fuan  CEA GEE RS EE NS EAE 598 F
o EE & FHdistet= HA 9 RIS Alo] AAE e Aot
o ol 98] EE = 2 (D #e] Fojdr),

2 RIS o A84e TS e s 94 EE = RW, ©)

Asa AojR PEo AnEi= Ay = HAz &8 Pix + Pyt (®) + Peire (®) D
H-8&S wt=A] agsjor gk [2]. As o FSH|7t 4714 RW, o)+ 7IA= ZEan W 9 RIS 94
FER W @AM RIS & @4stele] 9= WEW g9 o o8 AANE AY §F% 7o) doly
o)5o] oleldt ¢4 ¥ §S HAAA B F Ao, ol Abgolnh Put AT £4 Adoln, B pe
8% RIS & W&Asteh= slo] Axd A9 EE & A4 THAFLRD Perr( D) Peire(® )= 242} RIS 9] 917
e3lel A= HAY  MdEe]  Hr.  wepA, TA = Aol AE APl ARYE Ao AH} Az
AAZZE dske g 7o @F RIS ¢ e ol 53 9D Aol FHo) AQF 32 AHYES oug}.
+& HE e EFs A #AE Arte= o3t w2 #AHelA EE & HAHIsr &, &
HAsglete= T4 Alo] QA o] Aot} =i PL-TD3 (Power and Latency Aware TD3)
B =HoM= o]yd = By HAI} A= ZYAYFTE Aorsitt. PL-TD3 ¢ Hx& FHZHo A A
AAs7] e A= AseSDRL)S g "owme € (s0E SFehs slolth o7lA AHe] Aol 7t
Aorsttl, DRL & Bobdst A9 AE AR st dn ’_E}Eﬂ‘iﬂ’ﬂ Fr1de=2 U E —‘—FZ{ ‘E’E}gl K=y
=0 219 s HAS FHWAoT L 4 g Hoistete A9 TS AAst= H, = AHE
ZAes wgole ety FAAom B =S RIS dro wPste dE oudd. celdES] )
PEE 2 Wy W 2ol wes WA HUE st ol AU A 4 x(_ii(CQI_), gl o] E ?_'}5‘%,
goz ¥ R A Ar=Z AASw, o=z Ll AEFW RIS A4S xdete] AA Ad f4S
JMo EE & Agstshs TD3 olo|dE=s Aorgr,  TEAeR AXT F gles pAdn. ofF wEgen

Atate  oo]HEE  AHY  FH we RIS oe]dE= RIS 9 &4 @43t= AT AE g < {0,
AMA oz @A NS stadhe], dotet B 1te =5 {0t HolA HA 94 A4S dEs]
A A A|2=Ee] U] FE&S HA s} $3 Adx m o xFeR HIH = T oa =

Aggtk. AF 71 ;A B e do]HETL

>



70 —=- 40 time-budgeted) =
—4- BS-only &
—$ Propased (PLTD3] "
&0
m S0
=
M
E a0 } Li
5
=
=
o 30
5
&
-
0] . +
10
’

-4 =2 o 2 4
SNR (dB)

% 1.SNR ol w2 oA &&(EE)

EE S & W§ <o) 4% wAS Swetes ofg) 4

ot 8
(2)9} o] AAEH.
e = QEE = APy (@) — AP (®y) — pAt, 2)

20X A HA g2 Ax"e] F BRI duyA
aEolH, o]Fe IFEL A7 Aol HAY, = AY,
ag)a A AR A Azl dig HYEE YERd,
Aetsli= PL-TD3 dlo]dES st& AL w A3t
Exutt dE s & #5sa, A 1 (sooll weEt AE
ar & At Alz="He] AHggth 1 A3E #5H
A ARES FoR () wet BA r s A4k,
el Hol AR (si, ai, ri, seDE FEdo] HH
Agete] dE-zEY AAWS TD3 ¢aglsel wet
JulolEgtt}t. ol g % HAE 5G/6G °]FE4l
Alz='e] Aol ZHAYT oA H&H & 9lom,
ol HES] A #52 7|Ax0o] 7 AEE 7o R
AdE FAHsaL AMEAIEREH CQl & Jruns
#Aeo] s, dF HE&S ABE RS FAHS
Z1A=o] st A Aol AE & F3 RIS Aloj7]el
Adsls Aoz AgdE = o

I AEdH 2 A3} 24

Agksk= 7IMe Aee A¥Hem A SH,
A 59 AG AdElesE dder AEdede
Fsh. ol AlEHelMde AL A
oe]dEZF RIS o AHE oS53 & vE o 4%
HAE adAer sgsteAs Ashs Aot e
AfxEs A2="e F EE ¢ AF Z2A A
wAskelen, 71& 71 et Hlas S At 71
284S s Ae vas 9 e wE
A st Al wd HA3HA0)% RIS & ARESHA &=
BS-only & Hla wiidez dAsln [3]. s
HaE 98l A0 = Aljb ZIWA FAbE AP SRt
Well A =% 39929, BS-only & RIS &£
0E TF A FEE IS AR VEde=

T
uj
=
a4

i %%

(e}
AbgET AlEFeA A3 a9 17 2 9
a8 1 oA AgkstE PL-TD3 &, E3 4l
FEn7F G Ao Hu gigERY §

o oo

S (=)

uA FEE B A4S, AY oSe] RERT
CE A

2g9% 2A4E

g5 QIAEA] E3h= A0 = RIS & 7AHo=
#A38lsle] 938 EE 7} AsHE Ay gz
Adtelrh. w3 a9 2 = Al]F 7IWeol AO Ml EA
He A4 ARE Ul o %e EE & 249Ee BoFEh
ol v £k dalvto ® EAslE DRL FE

Proposed
@ Proposed (PL-TD3) [ ]
14 [ AO (time-budgeted)
A Bs-only

Score (normalized EE)
o

A
|

B5-only

o 10 20 30 an 50 60 To 80
Decision time (ps / slot)

a9 2. 24 Az} oy A 28 (EE)

Tl A3y Bad A0 o Hls] AAzkAdel
S Y8l wEolth AE2FHow, A<k Ee o
& AHee ° agroem gA

BAA =& AL ThsAS HoEh

vl

AA S

o
i
i
rlo
offt

>
N,
2
o O

o
z 2
1o,
o
|
0
S

7

)
R
£ ooy =
us)
Ry
N
0 5T

0
%,
o
ro,
_o‘h
;0
Ruig)
Jm
ol
~
105}
it
X,
B
o
o
fru

2 ox o
ot
O
rr o

o
NG [0
b1 o U
i)
ol
~
A
=
=2

Mo 2 ol folr o o >
o IE
o

20 (2o Kol o 2 ok Ok

2,
s
=
>
L >
N
o,
o
H-{ N
>
2
=
A
o

N
l
%0
o)
=
b
R
N
3%
rr

tlo X & tlo 1l of

%0 . offf ¢

s P
Aozt WAL A FH FA Az o
3.

ACKNOWLEDGMENT
woEee 2025 dE AFEEAREAT)Y Adew

AREFN71997Hd ] Ads wol F3d AFYNo. RS-

2022-11220436, Asd A4 & TA7] 22710

[1] M. Di Renzo et al., "Smart Radio Environments
Empowered by Reconfigurable Intelligent Surfaces: How
It Works, State of Research, and The Road Ahead," IEEE
Journal on Selected Areas in Communications, vol. 38, no.
11, pp. 2450-2525, Nov. 2020.

[2] C. Huang et al., "Reconfigurable Intelligent Surface
Assisted Communications: A Power Consumption Model,"
in Proc. IEEE Global Communications Conference
(GLOBECOM), pp. 1-6, Dec. 2020.

[3] Q. Wu and R. Zhang, “Intelligent Reflecting Surface
Enhanced Wireless Network via Joint Active and Passive
Beamforming,” IEEE  Transactions on  Wireless
Communications, vol. 18, no. 11, pp. 5394~ 5409, Nov.
2019.



