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ABSTRACT

This paper analyzes the critical role of Multi-Connectivity (MC) technology in enhancing the performance of
communication networks. Networks demand high-speed data transmission, ultra-low latency, high reliability, and
continuous connectivity in various environments, drawing significant attention to technologies like MC. MC
enables user equipment to connect to multiple base stations simultaneously, maximizing data transmission
reliability and efficiency. In this paper, the fundamental architecture and key technologies of MC are
thoroughly explained, along with an analysis of the implementation methods of network components within the
3GPP standards and the latest research trends. Additionally, the paper discusses the scalability of MC in 6G
networks, the technical requirements, and challenges for its realization, and proposes ways in which MC can

ensure continuous connectivity and meet the demands of diverse applications

I.ME2 = 235l 9k o)#gh vk gledZe skxly) o

AL 275k glepll Bl 2 ARE 35

SATH o155 714 (SG)Th L olFe] A Al sk 18] B ARl @, of sels /1%, 2k
WAE Tt pAal Al fEeslelde] A4 HASHY, A e AP el e A (mulii

s P ATE TP SRR A0 40 EA185719] 79No., RS-2021-0-00847, 3349) 7 S4Bl 714 A, 50%)3)
A7 EA HEAIN- AL o2 =il Alke] A|9d-S who} 3%l 17-9)(No. RS-2024-00358662, Industry 5.0 A&: 32 <1A] 7|uk
o171% AFE-ES 2 Alol7|E A, 50%)

¢ First Author : Department of Artificial Intelligence Convergence Network, Ajou University, star12191254@ajou.ac.kr, SH33]<d

Corresponding Author : Ajou University Department of Electrical and Computer Engineering, sjung@ajou.ac.kr, £413]<1

* Department of Artificial Intelligence Convergence Network, Ajou University, {syjm0819, junzero0615}@ajou.ac.kr, 43|14
T3 1 202412-309-C-RN Received December 3, 2024; Revised January 2, 2025; Accepted January 17, 2025

1100



=% | Multi-Connectivity®] 7%} Al AT F3

connectivity, MC) % Tt}s8t 7|&E°] 5G v|EH=2]
35 S 918 Bis] QA7 gl o] FelM®
MC+ 4lo] E3igle] dds)e b 583 9L 3}
w, & =ellA= MCell W3l A= Al oA} g
c}.

MCE 5G H|ESZelA 274 dlole] AE 2 A |
] AR~ Alge] L7 oA 228k 93RS 3
o} oIS Eof, Zasd ~EET, A
3 g} 2R o EFE|A|o) A P o)Al 2|4l

o] FgAolrk i} 7]Ee] el VA5 oE
2 o] fEeAlelde] aTAlRE S5
AE AUaL 9lek 53] =l AR o
A, dlole] WE3A), was 7)A]5 Aol
2 AR Qlsl qPgEal dlole] 214-S BAs]
ol3frl. MCE ol2igt EAIE sidshr] $la A=l &
H] (user equipment, UE)7} ¢32] 7]A|=ol] F-A]ol] 12
s Adgke 2y dlole] A2E vhEsieich o)&
=3 M=) FelidS =o)a, o] &4 M)
2 F AHE A Y 9tk el AR AE
< ke g w4 dlofe] A4 qbgdEQl 14e] I
FA2l A olA M ES = A& Fislsict o)A
H MC+= 5G9} 2 541 71420 Ae-s Foleel=
o $83 98 gk

MCe| #7381 2 7] e A olFsAl
3} 7]¢] 3rd Generation Partnership Project (3GPP)
7} FE3ka 9k 3GPP= o554l AlHle] F5S
Aelshs Fa 7R, ool 253 7le AR
At ol & £, LTE (long term evolution)©ilA]
= LTE 7|X=3e] of% Q4S 7Fs3 3= MC
o] Esiwle] dlole] A4 Ade-S sl 5G|
A= ol2gt 7ide] tfS- w3}e] 3GPP Release 15°1
4] 5G NR (new radio)@ LTES Aol AL&sl=
EN-DC (E-UTRA-NR dual connectivity)¢} 7+ MC
7)%0] A=)} Release 16 L 17041= 5G Y| ES
F°] TEAE =o)7] $18 el MC 71550 =
=% er, o]F Bl VIES A dxk= S st
T EZ8Ae Y EY = IS 388 5 9t} Release
18 & 199X+ TS BAs vIE A Alvte].eef A%
ST JNAE T S e QAR S5 Sl
MCe] gAo] ejrElch

E rellAlE MC 7152 71 e, AAl WA,
18]35 5G E 71 o]%e] Al el o] 8- AlelE
A= QA ZARkc) mmgk $1A3F) A MES =7} 3
sk U B3 g6l MC2] AH|2 715 of el o
A =R =] A vheat Rk 274

o
2o

AN
ot

OE, e

__‘T‘_,‘
r

.

1%

19
s
o
o}
i
=

by
ML
fu

M

MC 71&¢] 718 d=]el sl =<3}z, 37ell4] 3GPP
MC & E3FS AR} 444 5G 2 1 0|59
EAl o4 MC &4 AllE B3, sAelxe

[SRRE
sro el AT W APk Ao 2, eael
Azg A

II. Multi-Connectivity®| O}7[EIX 2 1Al J|&

MC+= UE7} EAlel| ofg] 54l 36l A2 =] 7
A B =S A=A F S5 sl AlE o))
RIS, MO desh 212 7] clakt Ha4
AZE Fg3lo]  diversity®} multiplexing 3+
trade-off & 7531 dh= fraddt B4l ZHIHAE
Alggiel 53], & A1 A #x]el §A] (ultra-reliable
low latency communication, URLLC) A|v}2] 2|4
MCE Z§] 2578 10 °~10 7] wi$- =& 4194
3} Fk 7F A 1ms oJake] AR AE 83k o F
Al ]S A3k dl E5elck MC= A=A A
H|7} W= 2 71X, WiFL Al ZR1E, 914 59
olg] VEZ erel vl A4S A3 dlole] <&
= P, T FE s, VENE Al e M 3
=L Al
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Fig. 5. DC architecture from the user plane perspective
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AL shaL gla, oWz 7|A|=e] MN} SNoE
sl IS

MN-2 LTE 7|A]5 (eNB).2-& F=18), == UES}
o] Ao A AlEE Fe)skar LN AR} i dlole
£ 2lglel MN-2 EPC2}] <1445 $18 S1-MME
(S1-control plane)2} S1-U (Sl-user plane) SJE{=o]~
= A3k} wak MN-S SNFRe] 32 913 X2 Qe
Hlo|~E 283}, X2-C (X2-control plane)E 3l SN
Z} Al A1 FE wZs), X2-U (X2-user plane) S £l
AR dlo|el & ARl

SN2 5G NR 7|2 = en-gNBE 2HEabn] ALgx}
el dlolel & Mf3hezA vlEH =2 ol A=
S FARie) il Efle 78] we E = AA
o we} SN S1-U le]do]~E £ EPCe} 24
A=l ARAL FH dloelE AL & Sl TE2E
7H Al5E wskst, X2-UE 4 A4} dlolel &
gt} SN 5G NR 7|2 en-gNBE A-£3}w,
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Fig. 6. DC from control plane

ARSAF e dloJElE Ao EZHn vESHZ0] dlo]
B A)eks ERi) w3l g 2} e vES
= Aol wlg} SN2 S1-U <lejso]~E E3l EPCe}
A AA=e] AR HH dHloleE AEE 4 o=
TE5 ZHETE MR-DC2] Allo] iz} ARgA} w2
2 el 3.2.1, 3.2.2 AolA zpAI3] Adwgieh

3.2.1 Dual ConnectivityollA2]| xMo{Zm
a8 64 E® MR-DC 34 UEE w2 RRC
A S fA51, o]l= MNE E3)] Fo] vEY=9}
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dd Ao s A4 =2 gk MN2| RRC SlE]El=
UE<9] tt] RRC A& 2 #2]sla SN2] RRC <l
EElE 53H o2 253lA|E MN# &3 3)e] UE<}

E3d o gt SNelx 4% RRC PDUE
MN=S- £3) UER g% 3 7] 972 A4 = MN
o] SN9] £7] RRC 4% MCG SRB (SRB1)E £l
UE=R AE3H, o] %2 274 wAA= vlEH = A
Aol wz} MN ==& SNS £ A=)
EN-DCellA}= %7] 17 A] E-UTRA PDCP7} A$-
Hw, o]F% UE9F+= E-UTRA PDCP T+ NR
PDCP % 3sh}E A€isled MCG SRB (SRB1 ¥
SRB2)E TAldlc}. E3] SNo| gNBZ TAE 7%,
UE+ SRB32 %3l SN3} 2% RRC HAR]E S8t

S 2~ 0
ET/\/]\ .

MR-DC< split SRBE §3ll MN¥} SN 22 54|
ol AFF = 9lar o]F B3l FEH ARE A=
HES=Z AR i) wgh A7 A AStolA]
= dlofy] FAAE FA1F o olek 3R]t SNejlA]
A44% RRC PDUE MNZ} SN 22 FA]ol EAls}
o] AFshs 7152 AR A6l A=A =k

CP 21742 MN#} SN Ale]ellA4] X2-C = Xn-C
e so] A5 Eaf o] FoixIck MNS Fo] UES=
9} SI-MME 4= NG-C QlE{Hjo] A~ A7, 27|
A7 E o] v EYZfe] H3AE-E FEA SR
gk wbd SN2 MN3 g#3je] ®Bxz{el 74 =}
)5 b, A o E ARS SR o A
ol& 4= glck oleldt FE= VEN T T84 A
< Al BAS, dlofe] 2152 bearer F-30] EA1
sht). 72t bearer= MN3} SNollA] A2|=w, Y EH =
ol7|e X e} T2 B F AA e vje} t}2A FA= Al
S A8k 7lselth

o, ol

ol

3.2.2 Dual ConnectivityoliM2e| AFSXIHH

MR-DC 7ell4l, 25 7oll4 & <= 9l3%e] UE
T ol| 4] master cell group (MSG) bearer, secondary
cell group (SCG) bearer, 12| split bearere] | 7}

E 1. Dual connectivity®] <37 H}4]
Table 1. Connections type of dual connectivity

MCG Bearer Split Bearer SCGBearer

NRPDCP ‘ ‘ NRPDCP ‘

NRMAC ‘

4

ag 7. DCe| AREA} FH
Fig. 7. DC from user plane

%57} 9lt}h E-UTRAZ} EPCS} <174 EN-DC 3+
|4}= MCG bearer®] 73-§- E-UTRA PDCP = NR
PDCPE A& 02 ARGl 5= gk W, SCG bearer
9} split bearer= &} NR PDCP7} AF4-=It) E-UTRA
PDCP||4] NR PDCP=2] A3} rex= 1 viee] A3
HEHZ 2T AAE 53 o] FoiA|n, d=ewE
XA 23] = WA e E 3 5 9lrh
5GC2} ¢324% MR-DC, NR-DCol|4= =& bearer -f-
#ef|4] NR PDCP7} UH=|A] AM=]w, bearer 7-3-2
vES = ol7|elAe] wuwel Peixlck NGEN-DC
(NR-based next generation dual connectivity)ell4+=
MNell4] E-UTRA RLC/MAC®], SNelA:= NR
RLC/MACe®] A5t} Wb, NE-DC (next generation
dual connectivity)= MNel|4] NR RLC/MAC®], SN¢l|
4] E-UTRA RLC/MAC®] ARE¥ltlh NR-DC
(NR-based dual connectivity)’= MNZ} SN 25 NR-S
AR TEE, NR S48 VEYZ oF|gA & +
gt

Y EY = I 4], ZF bearer= MN = SNoi|A]
359 9o, bearer7| == $1F| wE} AR
2} 39 dlojefe] =] whxje] AA=ck MCG bearer
= MNellA #2]=]w, MNo| N3} 148 A3
SCG bearer+= SNl x2]=]™, SNo| CNZ} 214
& 43k} Split bearer= MN¥} SN Ztel] H]o]€]

DC Configuration Type CN MN SN
EN-DC EPC LTE(eNodeB) LTE(eNodeB)
NGEN-DC 5GC LTE(eNodeB) NR(gNodeB)
NE-DC 5GC NR(gNodeB) LTE(eNodeB)
NR-DC 5GC NR(gNodeB) NR(gNodeB)
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2! 8. Casel 3h+e] PLMNelA 5G
Fig. 8. Casel single PLMN in NR

N

7} 2% A2j=]m, MN-SN AR8A} W lE]Ho]
ALgsle] dlolel S Ag3i) oleldt e tlelRt
E= Aol gl a A=A Sl dlelH A
< A, v ESZ B3-S AA71HAE QoS
B 5 gluE AR

"o,

fr
ofy L rle

3.3 Dual Connectivity2| o1ZHtAl

5G Y| E$]= $H7e|42] DC NR¥} E-UTRA %t
f714 S 3l dlols AE a8} vES= &
A& FHAZI7] $1sl AAE I DCE vlEH =2
T4 WA MN 2 SNO] o3te]] wlet 3 13} 30|
EN-DC, NGEN-DC, NE-DC, NR-DC 4| 7}#] 32
=2 TEEck

3.3.1 EN-DC

EN-DC+= EPCE AH3h= 7 2 7420z,
E-UTRA7} MN2.2 2H53}m] NRe| SNo.& 2HEgh
t}. o] FAellA= MNe| LTE 7]A]3- (eNodeB)o] 1,
SNe| NR 7]#]% (gNodeB)>.2 52}3lc}. LTE7} |
Ef=0] A4S @3, NR2 SCG bearer Hi=
split bearers E3l Hlo|8] AHS R FE3hc)

3.3.2 NEGN-DC

NGEN-DC+ 5GCE AH3h= 7 92 A=,
E-UTRA”7} MN2.Z £x}3l NRo] SNo.2 225}
t}. MN-2 eNodeBe]v, SN gNodeBe|th
NGEN-DC+= LTE 7[4F Y| E2]= gdll4] 5GC2F NR
< A3sle] LTE T4 WES =] 33E #]<dgh.
o]E E3l| 7| LTE qlZe}s &43wA 5G Anl
29| st Agto] 7l53)c)

3.3.3 NE-DC
NE-DCE 5GCE AH3h= 74 14 7422, NR
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é ? Satellite

PLMN 2

gNB

J% 9. Case2 7 7}¢] t}& PLMNelA 5G
Fig. 9. Case2 different PLMNs in NR

o] MN2.&Z 2g3hn] E-UTRAZ} SN 2g3itt. o]
TAdellA= MN©| gNodeBe]1Z, SN©| eNodeB= 52+
g} NE-DC= NR 49| v|E9]= 74el LTES
nepow ghgehe WA, NR 7k wAds vl
ES)2 338 7534 71E LTE AR 283 &

ek

3.3.4 NR-DC

NR-DC= 5GCE AM3H= 74 94 74°2F, NR
o] MN, SN 252 2zglt) MN3} SN 25 gNodeB
2 A=, gk NR 7]4E] V|ES= 74E o)) ¢
A5 Ak

3.4 Release 19 0|2 MC EZF3t &

°]317}2]+= EN-DC, NE-DC, NGEN-DC, NR-DC
9} 782 DC 7|%5°] 3GPP ¥l o3 Aoj=a +
3k o]t 71%5-> E-UTRAS} NRS E3b8 0
2 A8, NR T4 sHg vES= 735
Sl ol 288 2] WAL e S vES
= 370] A EAlIAHA, o v ES =0} A%
WAlS B840 % A|AE] g AR 7ed A
o] 873 glrk. o]2dt 875 F537] $1sl 3GPP
£ release 19914 dualsteer 7]&S Algtaldel>,
Dualsteer-> AH2-A} A=]7}F 5 2] Y|ES Zel| FA]
Adsla EdE Aelela aeAow A 4 9l
&= A% 7]<o|t) Dualsteer+ steering} switch-
ing 7155 A&, non-3GPP <3} 3GPP H45-S
B A ehs g el A o] 7|ee] 8
o1+ uieko 2= & 2] (subscription manage-
ment), 535 A2} (registration procedure), A4l T2
(session management)”} A|A= 2 9lc}. 3GPP= A 7}
2] FA} PRH olaraell 5 A, tieksl
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1 PLMN
Data NW 8 g
UE

a2l 10. Case3 3P}2] PLMNsell4] 5G and LTE
Fig. 10. Case3 single PLMN NR and E-UTRA

PLMN 1

PLMN 2

l

11. Case4 t}2 PLMNsell4 5G and LTE
. 11. Case4 different PLMNs in NR and E-UTRA

Q

HEL]Z A NA dualsteer 715 AA5& AS3P]
el v 7] AldR] 25 Aelst el oial 714
Ade] 2= vle) o] Aej=ck AH), 17 8] PLM
N (public land mobile network)°llX] NR/5GC <&
NE Wasle] &8sh= 739, B4, 23 99 A= o}
£ PLMNG¢IA4] NR/5GC #< F 7S &8sl 45
AR, 18 109 A& t}2 PLMNeA] NR/5GC <}¢
E-UTRA/EPC A4S z38lo] &-83h= 749 JA,
a3 119 Fd3  PLMNelx  NR/5GCe}
E-UTRA/EPC A& Z3lsle] ggsh= 79, w7
© 2 73] 129] PNI-NPN (private network integration
- non-public network)¥} PLMN %< 7} v]§A] A58
M e R 1

3GPP+= ol2]gt Alve].2E 53l dualsteerel] Wit
E38 AFsta . o] 71eg Fal v UES
= el AT RS T, 356
<} beyond 5G H|EHZ2] BAQl 7|em FHHRS
Zo R ofslnl. 53], 91 E3gE vIA vES=
o] B3} 7heAd wdk AEE A 9o, AT 2 914
vEY = 7] 4714 A4S B8 Fa2 Anie]x|e}
Al 4 3RS A(E 5 Q)= TR

ek

t

K

IV. Multi-Connectivity2| OF7[EIR L SHAl J|&

MC:= 5G B o]F2] VE=elr] 28| Ex] 584,

21 12. Case5 PNI-NPN3} PLMN Afolellx] o174
Fig. 12. Case5 PNI-NPN and PLMN access

slaz glek 53], MCE oJ2] 74 dAlx 7]est e
=3 AL Aggroan MEY T T84S Foist

ShaL At 39S BShE o] F03 %S ek
=

MC+= ths 9128 53 3 5847 ES
2 A=A WA = olon), 2laes a2 Al
o] w2} Aol Askd #e] sick 2919 A=
single connectivity (SC)°l| B|s] MC2] AA| WEH =
Aes A o2 st I oS Al7|shaA, ook
3k |3 Al melks A83lel MCrE 74 vlEH =2

4 9 Ft FEl X S IR
gk}, 1 Ay, mE AP FdsH MCE
ARSERE 739 AREALY] o] AkaE = gk vy
MCE= vEZ A 3ol 5 58 FovIs)
Al ZolA Al=AS 73kl gl [7]19] )
A= MC9] 541 455 outage probability 2} Z15-52]
WA AlEAS B4k MCoEF SCret A5 A
< FrHoz A § 9)8-S q15sled AL signal
noise ratio (SNR) 74~ ¥ oA T3l 583} 3l=
7} 3715 SNR ©|5 336l o] EgAolel=
e Il [3019] A= HiElsl2= (THz) 5
Aol P& £33 ARk AMEIRE 7KL Sle
TAIE Az ) o] EAIE s3] flEl, 71A]=e]
Z}Z} Poisson point process 12|37 Thomas cluster
processs 7MEeE wix|E= 2 12 THz ¥
mmWave ©|F U ESZE Agkkt). FE24 71318
(stochastic geometry)2 X313} DCE ARgsl=

— =
N
g,
I
il
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mmwave-THz ©|%& Y| ES =7} tlefst %
AFA FE AASLS Al A °u1%—:l'ﬁli30'.

L

X
w
A
0>4
,[H-
£ oy

=
-
%
&)
oT}
o
o
:0‘\:
.
S
(e}
o
@ |
e
>

Aot olel|, [3119) 04%& 5G NRJJr 4G LTE 7}4
DC #¢ll4 PDCP AAH Azt £AIE #%3)3}e]
dlole] Aejaks AR fAshe WS Akt
t}. PDCP Elo]n] AL 7 Zo A2 dlo]e] &4
=7k v 2 7= S Al ks 2EvkE 5
Higlt) o]el] RLC, MAC LayerollA] ®HAal= x]od 2
Zﬂﬂi gl & wef3le] PDCP Elo|n|E RelEF
o, A=ew 2|ad 7|k EE BER FZ9| gl gk
74]43}3} A]gzﬂo]xq 3 PDCP A= o]
2 WASE wl, A=on] 7] dlofe] Az|so]
uH 24% 71 5G mmWaveo] & %
847 Al AWERAE S537] 98, (32181 A
= 7 BS ZFAIS 7 BlE Afoldl| wet Azl S5
A5E AAY e A&y HE 93 F5 AP
(A-FPD) 7|2 A|gkeIt}. Fade-threshold 7|49k 2
Al37} EA QA 3 o2 WolR| = A4S H7 5
s W@}KF WA AMgSla, B ke F
5 AF vEE ARk AEHe A A, 7l &4

w B rs o

¥ 2. Multi-Connectivityol|4] <1+ wFeka} 1 o3

5 735 9 Ao %l:/wﬂl A-FPD %= 7] =5
AE o] 28] 284S 3 JiAdEE Zls weldh
321 [33]19] ¢3-7-= packet duplication< 5G Y| E ] =10l
A AFEI ARAE s 8l Ak 7oA
W a3l °LS el A = 54]7] AL sk 4
el AeleF EAE 2T 5 glvks wAIE AR
A2 7 A BAE Ao stk Wikt
< A7slsien, o5 F3ll HAIE AR Aol
=22 A=A 2] D4 7F] rade-offE AT,

4.3 NTNZ} TN Z&Ak=hfA MC
5G NINst A& Ao, 715 Ak we dlolg] 4=
7} 38 el TN E%% T ‘”‘:]' NTN-2 w2

A<l w2 AneAE xﬂ%‘} |7 =& g Fe] &
T5]7] wliel] MCS} 328 &-82]9] 7]<%0] T asjc)

[34]9] QA7 7] TNl NTN .% E3gko 2 TN
AMe|A] F507 ls] Ago] AslE= Flel] An]
22 QA5AS BARE = 9l Welth 56 NSA =y}
SpaceX Starlink $]4 =Fd7]5 E3l dlo]e] 315}
MCe} SCE w|agh A¥), Yt Aol A7ke 2F 20.5%
7§AE, 100ms o]3te] A|AE 99.99% AlZ| == Al
332 Bl [35]19] el 5G NTNellA] ARgx}
2e)eks kel ¢35 RSRP A5 7es 7]3?3&
SN 75 ZAA3}a, traffic steering 17

Table 2. Research Directions and Their Impact in Multi-Connectivity

Research Direction

Key Features

Research Impact

Reference

Performance
Analysis of MC

Compares MC to SC
in reliability and
throughput.

Highlights MC’s potential to improve network
stability and adaptability in challenging environments.

[71,[291,[30]

Packet Loss and
Reliability

Proposes PDCP
timer optimization
and adaptive packet
duplication

Ensures reliable data delivery during handovers,
reducing packet loss while balancing latency and
throughput for critical applications

[311,[321,[33]

Integration of NTN
and MC

Integrates TN and
NTN for expanded

Demonstrates that NTN-MC integration can enhance
connectivity in underserved areas and enable reliable
IoT applications

[34],[35],[36]

coverage like HAPs and satellite IoT
Energy Efficiency Develops Advances sustainable network operations by reducing [371.[38]
and Resource energy-efficient energy consumption and enabling efficient IoT [39]’ [ 40]’
Management algorithms for IoT connectivity in constrained environments ’
P DQN- I k effici ing 1
Traffic Management roposes QN based mproves netwolr efficiency by.reducmg at.eflcy and [411.142].
traffic enhancing traffic distribution in smart cities and
and QoS . . . . [43],[44]
steering strategies industrial IoT networks.
Handover Advanc.ed. ha.ndover Adc%resses seamless c.onnectivit.y in .dense al:ld mobile [46],[471.
s optimization environments, reducing service interruptions and
Optimization . o [48],[49]
strategies optimizing handover performance.
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3lo] MNe| SN2 dlo[el& Fullsl= WS 223}
g} 7 7R A= )4de] ks Alve] Lelld, MCE
A3’ 7971 MC v1EAs]E Avie] e tie] 3 AL
SA} AelEe] 14.6% 71N (3619 7= A4
% %14, high altitude platforms(HAPs), 12| cel-
lular communications2] 3xF] Y| EL Foll4] MCE A}
B3] AaLw 357 (e.g., eNB, gNB)2| SH3h 17
Z2F8 A A gl Multi-RAT 5822 direct
air-to-ground, air-to-air, HAPs, #1712 94 71| o}&
A2 EA1E E3l QoSE BASEa, CoMP joint trans-
mission= AREEI} Al EHe|Ad Ay, vl HEE 3
T QoS S7E 2E5%| F5A|1 HAP B CoMP
£ ZH9 MO A} A 2TARE FETE
Rl

4.4 MC 7|gt oljfx] Hzh X X =Xt J[H

2] £84 Sl MCE 883 = girt
5G EN-DC UY|E$]FellX+= CAS} DCE 53l dlolE
Sol WSS WS B9 4 3k Tehd ol
o7 w7} Bk A9 el Al
o} [3719] 97 7]29] static power sharing H}2]
ol o APelx] whe] a4l Als A71E 53k
o] Ad ~feiel UE B 545 aefshA] oot vlE
= Asel Askelvke F=3gle}. o]l joint pow-
er-sharing and carrier aggregation (JPSCA) ¥7=|&
S Agkg}. JPSCAE compound-action actor-critic
dwe]ES g43le] UEL] SCC 2433k} UL power
sharing& FAloll A3l o] Azrp Al
JPSCA Lw2]Z-2 discrete joint power-sharing and

carrier aggregation, activated CCs with equal pow-
er-sharing 59 7]& #AlHo} Y 4wE 28%, Ao
% 16% £°] URLCCS} 72 A<l izt ofZ2|Alo1A
°] QoS £7-5 FEIC. [38]9] A= 7 vlES =
o] AR1E BeA 0w Eg3lo] Al RIAkEE Ex
#2]2] QoSE BA 5= gleS Balrk o] =2 E
o] F vEHIE vASS W 3l A ¢k 2E
< 43810 QoS 8RS St AdS BA
3, dlolE] g vl8-S FolwAE w2 vES=
e Akl vlE B8-S Eolaat get ool
E EulE A3}l DC HES T A2 =
E &840 7 583P7] 918 node admission control
bare|ES Ak A& A AljkEl Rl

AA A BAL AE3)k3 DC VEY =] 214 &

il

X
(<)
42T B W o) Al U g e )
apbabel, mEah, 7o) Eele] £S5 w) Wl o

b

r
N

o ko g3k Hdlo] ot SES Ut A
S, [39]9] A= B A L Bl 2
oAl Al o] B3 AlSE ARl A ARE
7|21 =ell A= 373004 7127 7He] UL A &
w2 Ao} FAIE AP MCR 5G9} 4G HIES]
29 g Q1 Tk AwelA Axsh A
Apele) ek A Rk [4019) A7 UL
AlUz] 2ol UL radio resource?] °l|& HxE A}
3}7] 94l transformer 7|4} self-attention-based UL ra-
dio resource estimation @S A|9kglt} o] mull
5G DC $H4<ll4¢] UL resource |5 HFTE =7
4385, CUBIC, BBR 52 7|& &4} Allo] odarels
I} Fsle] vES A Aes A skl

A

o

4.5 MC 7|8t Ea2iE] 2|2t QOS X3t

MC 330l Eafje)s Alofsli= v Qose] &
Ao Z93k aolck old|, [4119] ITE QoS B
I Ad s 9§ = o} E AT deep g-network
(DQN) 7|4} traffic steering ¥M]-S- A|ekgtcl DQN
de]ES B3l viE = A 2 AR AR
AAZEO R Shgpatar, #A ] Ede g aigich
DQN 437252 g-learning 2 heuristic %1l B]
3 Bt HelEke A 6% 2 10% 7M7), vES
3 38 23% 9 33% HaAA MEYT S F5
< SuisiRh 78] 229 Ale] W W= 4
glo] 52 Wisle} 9] AlF Z2EF (TCP, UDP)2
o33kS- wshA| ¢ttt (4219 A= MR-DC 2HE
o|4] TCP % UDP2] °d&fe] ofZejAlo|Ade] ez
gl ol v Fesithe s BolErh o] F 2l
RLC H|¥ A3 2 MAC SDU =7]Z #h83}o] MN3}
SN 7} EjE FA4 o2 Fullsl= capacity and con-
gestion aware flow control $al2]5S AQksle] EF
2 Z29 Ale] A EAE A3lsla, Ao xolE FHa
P, [43]12] AFE 5G vlEY =4 MR-DCE
3H-8-510] small cells (SCs)2}Fe] EE2]2 AFs 284
< FaAshs WS Akt SCsi dlolE] §8k2
FAE H7F AlgEA o] 3, MN-2 3918 An=]A|
& AlFRic) o] Axi= o]F MR-DCE Z§lsle] 54
A& Fdiglglel. MNF SN& 53] control plane=}
data planeS F|3lo] & A== S Al&3)
™, small cell controllerS =3 Z=F¢-= o] 7|4k
o] o} A5 Aol S AR o5 Eaf I=o
Z dlole] £AS Haslsty VEY T 3848
gt} AlekEl MR-DC 7-2& Aglgk 27} Ao 7h4,
w8 A7k o vk FA 7 7k A -84
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& AL [4419] A St AP Al AR
Hah= B ellA AR )7L o SR e] As
& AA3) DQNOE BHE Aol S 4l 2183 #}
& Y ES T Ad=lel] F8she Wil A

B3l 541 AR 28-5 31X 3}5)aL load balancing
2 kA 3“1;]144]'

O e ox o o

=
=
=

Aol Qg AQ] dAE A8l bl Aol
=710 [45], [46], [47], [48]°] AT 71E Bh= A=
S} Mu)x Fok A7ke] 22 DCE E4-3le] 3l
T onE Aefshs 7S Aljkeil [4519] 7= @
z=ow 2 A4 AL /WAE] 214l smart hand-
over strategy (SHS)E Alokglc) SHS+ =W wjj7)
W2l hysteresis margin¥} time-to-triggerg A A7t
signal to interference plus noise ratio (SINR)ol| =}
el A eon] BlEe} = o Adfls
2 HF A= oW v]ES ERict o] AR} AR 7]
e 71 71 die] AElERs 15% oAk SHAT1aL
HOF % HOPPE 77% °| Z+aA171e1*). (4619 &
T UE 917, SINR, k=& 73} HHE 7[Hke s 4
o] g=on ZAS e]al, MNZ SN zke] = on
5 ¥33le] E2a3 = @WE £o]= double-deep
g-learning LdTE]ES Akl o] dwEEL
Q-Learning, Fuzzy Logic 59| 7|& dae]&Hr} A
eleks 2 15% 38k, An S A7RS F o
40% Z5A1Z0el. [4719] A= A12=5lE Markov
decision processZ Fll#sle] = on] 2 dlojg] &
& A HAsigi} gk A8A 59} 5G 7R
Wxol ujz}l 4G 2 5G 71 dlole] EdlgE 135},
aggressive 2 coward H|o|E] E-3F RS- Agkgiv)
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