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Efficient Congestion Control for Interworking between 5G-System and LTE

Seog-Gyu Kim*

Abstract

In this paper, we propose an efficient congestion control scheme for interworking between 5GS(5G

system) and LTE(Long-Term Evolution), called ECC(Efficient Congestion Control). The proposed

congestion control scheme (ECC) is considered for coexistence of 5GS and legacy LTE systems and

provides a prompt service connectivity based on overriding method while the backoff timer is running

in the UE. Also, we briefly introduce Rel-15 5GS from a congestion control perspective and the

proposed ECC and simulation results for the existing legacy congestion control mechanism and ECC

in the BGS-LTE coexisting environment are presented. Lastly, the

improvement direction is

considered in future 3GPP 5GS phase 2 standard in this paper.
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[. Introduction

F ol 3GPP <A o]F5Al ®s dAlolA 5G Al~ES
Nsle] Rel-15 5GS #lo]2(phase) 1 T8-S Al 45318
t} 5G 0] T B4l 71E 4G ol T EAld HlEiA 3 AR R dlo]
B Af F2 Ao FES BEske 728 7Y, T 9A
2 st A~ MESIE TF A, Al jAZ ZES)
75 YR vl AR ohdek AR AR (e AHE
F3(V2X; Vehicle-to- Everything), 482 (AR; Artificial
Reality). 7P3&A(VR; Virtual Reality)) 55 2#sle] 7|&
ALE AL 53], ARgxl #el A ) 3F% 1Gbps &% A
A2 FHAh A2 A ImsE 502 3 A o] 572
Z1&elt). @Al Al B2 o] 5 EAl ARdREe] 27] 5G o] F
A A AR EiA 71 114 Aol ¢haE Rel-15
5GS #lo]2(phase) 1 7]& 4L 7]HFO. 2 5G o554l A
28l Ag3te] dES vakarl gltk 5G o554l Al
$ 71 4G LTE o]5%4l Alz=gle] H]3|x Aex= 2|
&), Z7)d= A FElR FAEe] 7)E 4G LTE A~
H3 45 A5 FHst 83t 2 R difdr. o],
3GPP Rel-15 5GS #|¢]2(phase) 1 7] 4ol o|fdt 7]
& 4G LTE A &=8l Asdss Adates 7es X6t
A At [1-8]. ¢4, 5G AldldlA = thslar B} B

2utd 7715 (e.g FE=E, HER, A0tE 93], AFERIEY
(I0T; Internet of Things) TH}o]2 F)o] AEH o] Au|27}
AFd Aoz AHE ul, ol w2 Ey 9 s ZF
o oJg vIESA 53Alo] 7]szo] wfg- Fastth 3GPPolA]
= olE Al BAolA tgre] wirEo] dRe| Hloly A%
2 UED dA2~E A= Ag 3 skl BT AS
oJ4+ate] Rel-10 LTE (Long-Term Evolution) ©]%5%5A1 A]
2Elo A 5E oo} A EFAlo] Wekse] tieiM wEs)
A S Kefa) gr}. 7)HA o' YES T T AFsto] kAl

she A9, LAY vREe 45 2 HolE 45L AT A
% e AM AR AT A Wes(em) WA S
ks)

& AbgEHA Ak olfdk Mo T WAYES YEYI}F
% o] Hl-dA AT (NAS
Non-Access Stratum) 2% WA|Xol] EZAAE $3 AH
} tEo] Mo Elo|HE ATl Hu TE AT
WO s o] o] Fato] TR 7= WES A
52 A dAS s @er [9-14].

ol A 3GPP 5G AlZ=E #lo]2x(phase) 1 %73}l A]
2PE 85 7IWhe® 5G A&8l 7] LTE 4% s 84
oA o] E5tAlo] Wtel] thgk /i B 71 AR] T2l A
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Fig. 1. 3GPP 5G System Architecture
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Fig. 2. 3GPP Interworking architecture between 5GS and LTE
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[I. 3GPP 5G system and interworking
architecture

1. 3GPP 5G System(5GS) Architecture

Fig. 12 3GPP 5G Al&8l 72Z WojFr}, 3GPP 5G Al~E
FEoA 71EARD ZH2ke] <lEJE(Entity)E (Fd8] Qokstd
Table 13} Zth 3GPPS] 5G A28l 7|24 0= Alo] W
(control plane)¥} AH&-AF W (user plane) &2 Yol ZIt), |0
HA-L o] FTAE Ao Alo] HHE E=rS ofnlshH, AREAL
He A dlolE] Hby) e TS o)) Fig. 1014
(RANZ A2 AA2 BHNG-RAN : New Generation Radio
Access Network) Z, 71451 2u]sh= Zlo|m, @ (UE; User
Equipment)ollA] Ho]E7} N3 #dHHA~ IAEEL 53
UPF(User Plane Function)¥ DN (Data Network) N6 @3 #
FOEE Fd HF 9N VEY AR AsH o] F AU AR}
ol Al A 1-8]. E3F, Fig. 1o14 AMFS} SMF= 4G LTE
U E Y] F o4 2] MME(Mobility Management Entity)2] ©]&4
e A3 A g o] A7 MER vproll dlEE R,

AMF= o] o5y e 93ks b, SMEE thde] dlo]
H A5S A% A B 98-S gtk 13 56 Al2FE
71EA 02 B0 AMF9F SMFZ} 5dgh el Al Alo] AH|~E
AlesHe AL AYg}. PCR(Policy Control Function)s AFAAk
F}Folu} Ao Aol gk AH P& $3shH, AFE U
58-9] QoS(Quality of Service) A¥-& H$H}. UDM(Unified
Data Management)< 4G LTE®A42] HSS(Home Subscriber
Server) S-S wdsh EIEEA o] 1At RS Aeleh
t}. g 8o, 5G A|=H U ES A &efo| =& A hsh=1], o<}
Hdad ARE A% B2sk= NSSF(Network Slice Selection
Function)¢} % <15S w93 AUSF(Authentication
Service Function) NEJE]= 7~d%]o] itk ghd, whde] zlojsdd
S H9ohs AMFS) SMEE= ©Ee] Hl-dA2 AGNAS) Z2E
2 (N1 #9#lz ¥RAE)E S8 N11 d3ds EIER A&
AAE (RANAM = 7]E 3GPP A2} H]-3GPP A2
(Le. WLAN)E &3 A1 dgith. o]¢} o], 5G Al2®le FA|, T
(UB), 941~ HNG-RAN), o] EGCN)E 4= o] 5G AlH]

~2 AzelA e,

2. Interworking architecture between 5GS and LTE

Fig. 2= 3GPP 5G Al=813 7] LTE Al &=glake] A3 o
T RS HolFEth dwbdo R 3GPP 5G UEY A A$
71 4G VIES] 0] vls] T AmA|7}L A o s 2o g
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e

23 G2 27 FFE Zo2 4 old|, 7|E 4G
LTE Al2="3 5G Al2=8l3e] 45 52 olssal AFgAtet
bR} B A9l Abgholt). 3GPP 5G Al~Elo M=
T 714 9 5= T (single-registration mode)9} ©|F %
= R E (dual-registration mode) A3 9%S x|t} v
58 ¥ %‘?nfo] shbe] HES A A|2E 5, 5G ‘—ﬂE%i
LTE HES A A28l & 0}04 1 =
ENES ] At ol s el frAlskaL 9l
gt olF §F Ris o] F e HES A Al2" F
5G VIE A A28} LTE MESA Al2=’le] S53te] 5
 F e HEA Azge diejA BF o]lsA #ElE
I3l e RS ouldc), gl 7|EHog oY 55 B
=2 “JE | A Lfof et o]F TF Rtve A =
A, UESTE= 438 d5s X 1%3}7] %ﬁﬁ G ’\]i%‘gl AMF
7% LTE A|Z=819] MMVE Afel] N
= Adsh= ekt N26 ¢ EM] V\E 01%3}7(] o
= Job-S- A F-et) N26 QIEjHo] A o] 43}
ATAT Rt 7, @Eo] 5G g ellA] 4G LTE ¥ o=
5, T %Hé?} ]o"é A} gl ] MMEZ} N26 <1Ei 5|
Hofe} ni= o5y
T35 3l E]E}. —f“, H]E%i 71Rke] A
& 4= Q). whHo|, N26 QIE|F|o] A5 o] §351A] &F
Heke] 7§, wiro] 5G d9ell4] 4G LTE 949
T, e o5 #HE fal ol e (Attach)
E(Tracking Area Update) 8% HAIXE
MMEA Ag3lo] ofs7d #e] 2 Al w2 el EglAEsH
e} ojw, MMEE N26 $1H#o]27} glom s AMFEEH A4
thare] ZE|AE ARE AolS - 9lo] Seaz} N10 ClE]Ho] A2
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53 HSS+UDM ¥ SMF+PGW-CZH-E ## btk Ze 1 E
RS S5ep] Hd o] Heke T Tuke] 3% % Hetolzkar
& 5 9} o3t F 71 5G Al2E3} 712 LTE Al2~E3e]
A

§% AT T AR el w7 2 AlsE 5 sl

Table 1. 3GPP 5G System Entities

5GS’s network slice information selection
and management

NSSF (Network Slice
Selection Function)

UE’s authentication information storage
and management

AUSF (Authentication
Server Function)

UDM (Unified Data
Management)

UE’s subscription storage and
management

Data packet management for QoS
guarantee

AF (Application
Function)

Data traffic management between 3GPP
networks and IP networks

DN (Data Network)

Entities Main Functions

UE 5G UE

5GS’s NR(New Radio) Access Network
— Resource management

— Scheduling

— Access control

— Paging

(R)AN (Radio Access
Network)

AMF (Access and
Mobility Management

5GS’s Control plane entity
— Registration and location update

Function) — Mobility management
5GS’s Control plane entity
SMF (Session — PDN session

establishment/modification/release
- Session management

Management Function)

5GS’s User plane entity

UPF (User Plane — IP address allocation

Function) — Packet routing/buffering
— Paging triggering

PCF (Policy Control — Operator’s policy control

Function) — Charging control

[1l. Congestion Control in 3GPP 5G System
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At} oz st Al & W
A 7Fs/d o] vl E} utetA], o] 31“@ Eﬂ I} Alo]
oto] thalA 3GPP LTE A|ZElo A& Rel-10%-E 53+
A& s skom, 3GPP 5G A~BIE 7|RAHo = #A
LTE Alz=gelA o] &3+ 38} Alo] Hehs = A&
T 3GPP 5G Al&=glol A ] &3} dia} Ao Heto] 4
of YESTS] ExAole} A2 whe] el AlojR i F
T ek 3o] HES A E3AlelE Hl-HA2 AF(NAS)
% 24 Aol (NAS level congestion control)9} ¥4-5} A
] (overload controD)@ o] A 4 itk

MA| 2> o] I3} Ao (Unified Access Control)+= ZHE-
o AFgto] WSk 49, whdo] FA g Alo] (RRC; Radio
Resource Control) 992 8348 71454 8} A& Aojsh=
Hetolt}, WA oA~ who] RSl Alo] WRES ARl o
T ul-AH 2 AZNAS) 5 S Alo] vty RSl Ao
ks Av

ol
L

% o¥R > B oo af Rl

é

o}S-
=

1. Unified Access Control

3GPP 5G Al=Jloll A= a2 whe] Ipika} Alo] Weks &
st WA~ Ao (UAC; Unified Access Control)Zka £t}
71 AN LTE Al2=Blo| M theksh A2 o] 1731 A
o] HRoFE (ACB(Access Class Barring), EAB(Extended
Access Barring), ACDC(Application specific Congestion
control for Data Communication))®] #|-&%%1ov, 3GPP
5G ARl A& olg|g WRIES B aEste] S§E A
2> o] el Alo] WokE AlFEth E]F AAlA Aol 7]
Ao R MA2 we] Fa} Aol wAE A5, 5G 7A=
o] HREJJ~E Ajde AlxEl AW EE (SIB; System
Information Block)2.2 A~ F}E]|aL2](Access Category)
of 7|Wk& & Aloj(barring) X (barring factor, barring
time)E TR A AFstn T olFA el 2 A e
& A% vl-AA2 AFNAS) Xﬂ‘ﬂ HAIA] 848 WES] A
A skt & wf Ak 7 iz AoJ(RRC) 94 &
g 7IATAA B A, Al Fheae] FEe| 7]Hkete]
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3G 74 g AoJ(RRC) A2 848 AdshA Ht. o],
k2 ZlEE Aol Elel™(barring BtolH) gt A48 &
L, o] gtolm7k vRH7] A7 A 24z AOJ(RRC) <
el HAAE 7| 5ol Al &4 et ol @ E37) o
A2 Alo] Rk A whe] 3 #REl AlojE ffs)
AwE Wl Agstel die] AAs A0S Sske
roZa| kel A2 AT (AS)e] 578 g} [3, 5, 8].
3, vibo] $F S3Hemergency call), 4 SIHMT;
Mobile Terminated call)®] #Ho]d &2 AU, A9 =9
AH]|2~E(high priority services) &30l gk F4 22 A
OJ(RRC) A7 24 tair= do]doz S5 Al Ao

g Hgap gk

2. NAS level congestion control with Back-off
mechanism

3GPP 5G AlZ=§lellA19] w]-alz AIZNAS) & E51 Alote
ol 54 #g] EFA ] (mobility management congestion
controDe} Al #] EFAO] (session management congestion
controD & W0l = glth Hl-A 2 AF(NAS) 7 =5
Ao} Wk 7|2 o= Wl wAUES ofulght), Wl w7
UFolgh 3o ES A 23 48 A, UES
T o 248 Adsi e = gloly ke AlFsAl He,
G VESZZRE AT FoR A WX Elo]nr}
T2 EsF 2 WA A 22 A 84S 3K et oEA
St

= ko] A4

o] A S 5
H =
Aole), 7Aoo g whle] HE =2 A 942 H-ANx= AT
(NAS) 84 HAIAE FalA a9, 3, 7, 8]

o v M= Faun] EYITL gl A Algsle Mo
X gloln]  (MM(Mobility Management) WX E}
T3346)%= 7|4 0.2 Fo] YIELAZF WY s dol A A
FahH, wheF Hl-qa AFNAS) 84 wAAE

witell Adst=d Mo elolnE AlFsA B A5, 9
2 15 ~ 30 & Atole] Hojo] A ;S 71 #He

& st} AA AR EdAlolE T Aus AAS 913 Al
A A, 4 4 A3 .S AT v-dAl2 AIF(NAS) H
ANAE &4 (PDU Al 273 2%, PDU AlA =4 23)dl| o
g EAE ot Al ] ERA = A 37HA W
kel ¢l&=dl, DNN(Data Network Name) 7|9 Z3A]of,
S-NSSAI(Single-Network — Slice  Selection  Assistance
Information) 713k &340}, S-NSSAI and DNN 7|4t Z3k7]
o] Weto R tpro]d 4= 9lrh. DNNoJgh whake] Afu]2 4
S A =A% AL olFS Irlske AoEMA 4G LTE A
2Elo ¢l APN(Access Point Name)®} &3k 7idod,

3GPP 5G Al&Blol & 71EA oz A4 9140] DNN T =
AAelo] BejEty. S-NSSAIF YEY A &elo| A5 FRe}
= AR S-NSSAIL 7149k &34Ao] weke] 7Z$- DNN 7
o] obd S-NSSAI A 7]9ke] AA Ao Weks: ofu
T} S-NSSAI and DNN 7]8F E3bA|o] wWete] Aol
S-NSSAI 4%} DNN ARZ BF w83 Al Extao]
OFS ofudit), Al 714 Al el EtAlo] wokl] wkehA u)
EQal widolAl AFstE WMoX Eolw (SM(Session
Management) QX Eelo|w)= 2z} th2W (T3346 for
DNN 7]u+ Z7A0], T3585 for S-NSSAI 7]uF &3bAjo],
T3584 for S-NSSAI and DNN 7|8k Zx70] Hel), 7154
o7 o] ES A/} Ay 7S ddol A Al¥-std, Hd 70
AZE gk 71 < Qlth whoF nl-olA 2 AIF(NAS) 87 4]

Ag E4 Ao} o] Adehz Mo volnE AFeA
S A%, BEE 10 ~ 30 ¥ Alele] gole] Ay g 7w
gom A4 A Fuh

ole]gh o]54d we] Al Al He] AT A=
= oR FHM, MM MQ T elo|v T33463} SM WQ =
Elolm] T33962 3GPP 5G Al2~8l3} 71E 2 7]A] LTE A28
A K7 FdatA Aol 2Tk kAW 3GPP 5G Al
ZHlo A AlEAl B9 SM We > elo]w] T35849F T3585
= 24 5G A|Z=Hle AR A gx o] FAHET,

s, wito] S+ S3Hemergency call), 4 FIHMT;
Mobile Terminated call)®] paging 9<% a7, A4$ +9
AH] 2E(high priority services)& 2338 A-¢E o950
2 o glolm7h 2w AL Qlrfekal viE Sfd AH| 2~ 2
S 5G VIES A Alz="lell A A5 4

3. Core Network Overload Control

o] YEY A s} Aloj= 5G Zo] M EYArt 4 &3
I3 Aol & sk Blo] ofuel, 3+ el S Al (F2 4
4 o) 5G Zo MEY AT} 5G 71X 7ol I3} Alo] Az H|
AAE AT o] F 5G 7IAES TEe] Al gja Ao
(RRC) 94 835 Ada wof 3 datE Abdel o]
sk Waolt}, ofwf, FA g]l42s AJOJ(RRC) 12 L4 tgt
I3} Ao @3 Fo] Y EYA 7+ dloH H5S {gh
937 Alo] A5 AES A 8A tsiA 22 st Al
& YT ok Ed wEe] AS AlSl ¥dske 8%
NSSAI(Network Slice Selection Assistance Information)ell
gk 74 g AYRRC) A2 84S siAlste] ZH-s) A
g T = QU 5G FZo] WE A =5 B3} 3
o] | 4H F, 5G o MIEY A7} 5G 71A|=ol] 3-8} Ao
TE HAAE A} o] F 5G 7|A = o] o gas
AOJ(RRC) 92 84S 3 At E, AMF7} deps
o] 54 2z AlOJ(RRC) A2 8.4& AHsAd st %gx
& I3 Alo] WAIAE Fdl| 5G 7140l AlFst 5G 714
o] IHps) Ao e A] o] 5 Whedste] whre] A E A A
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9J(RRC) 92 838 A4 & 4 v, 6].

sk, whdo] § F3Hemergency call), T4l ESHMT;
Mobile Terminated call)2] paging $H< shAY, A9 <9
AH]2~E(high priority services) &3l ek F4 gl A
OJ(RRC) 14 aAe oeA o o] YEYA I35} o]
& A83sH &etrh

IV. Proposed Efficient Congestion
Control Scheme

1. Congestion Control in 3GPP 5G System for
Interworking with legacy LTE System

7124 0% T3396 W QX Bolw= 3GPP 5G Al2=¥3} 7]
& dAA LTE Al&=glol A st 28-Art nreba dido]

G 99¥ LTE 949 Atel& olsale 450l T33962 5%
o]'7'ﬂ HgHn, dubg o 3GPP 5G VEY AL 49, 71E
4G vIES ] Bl T AMEATE G A o® 2Far ghagk
FHE 27]o 758 F0R B, thdo] 5G o %o A]
A5 A W3 ), 5G AMEA G9S BloluA] 4G
A A go i ol5Eo] 4G LTE AMH|AE Algits 24$
7} RIE AoR didHn). tEo], ARIAl YAl =
B3 71 4G LTE A =8739] 43 dsg A|ds
|42 S-S 1A N26 e Ho)~E FHIIA] e 4
S7F S Zo® ot o]elgk 3GPP 5G AlZ=Hl# Bl A Al
LTE Al2=®lo] F&she 8748 aes] & o, t33 22 A
Z4ek A A o7t i AE A A

1) 3GPP 5G Al2=®loA] A 2E ka1 Qe ghtbo] W|E
3 &3t 443} Al DNN 719k £33A0)7F 484 4= ik o
%, 5G o] HES A oAl die] NAS HAIA] 8.7
of tla] AdshHA SM QX Elo]H (T3396) #= Al
g lom, ke AlTke 7] WO Elo]|HE AL
W Q3 glom7} vk ¥ 7] M7= 3 DNNel| oj gk Al
A 9 $£A4 2H8 3 7} gk

2) ©do] 5G A|AE AvEA] 99L& Hojy LTE ﬂﬂia}
2 YYo= olFgt}, ol T LTE A|2=Hlof 914 &
2 5G A=A Au] 2z W old Al

rlr X
a1
)]
>
1

r
\d

pu)

> &
Y o g

=)
v 2

Ol-;l (;.>~I
2R onet Al o o

TE }\]/\EﬂOi
ol'5A1717] Y&l oleix] 23 with PDN 912 wA| A S A%3)
of sh=ul, wkef g W o] e} A7yl DNNe| 7]wkgh
ofejx] 8% with PDN 44 wA]#]Ql 25 9o Efo]ujr}
A% glorE Tk o)X &% with PDN 914 =X
AEE g "ok Ao, W 5G A A GGl A
oft7] witel 4G AWM A FHlA Au|2E Jara} ghof
ET313L 4G LTE A"l 5524 314 ZahAl Hof A
1¢ Agol E7FssiAl €t

ghok s Wox Elojnjo} Axts]x] 28 DNNoj| 7]uk

1 YE rulm

jur)

gk of el x| 87 with PDN 2 wAIX]] A9, T2 =
o glojwo}l Ry g g wAIXE LTE HE

Aol A3 = 9lon, HFH o7 LTE A &Hd 5
T 215} A G}, o]F 5G A|AElo A Mu|AE wka gl
W

2p o]%- 1] HVS_E% o] 5A|7]7] ﬁ PDN 94 Hza&
T8 ==, oy dg W= Elojm 9l dkE DNNo|
718k PDN 14 AAb= 52 AL 9l Wi o
A A 571 §A Aok Ax2 AA o5 AArE SsH
QJ'E% '/I:“ B}\E]'

4) E3 7] 2)¢F 3)] AldE oA dld TR e
Wo s glojrje} Aty DNNe| 7]k ofgjx] 23
PDN 9172 wA] A1} PDN 9172 2% WAA] #so 1 Asgt 7
$- qkek dhdol A A glolE 7t E T =&
o] E T A= o}y whdo] 4G AlAEl o 29 %

A olgo] AHE 7] wiel 5G AWEA FGoz F241 Ho]
HE g thdelAl ddatela spAnh g g2 o] 5G
Al 49L& Hojy 4G AwelA] gl 9l
o7 41 HlolH Z*D‘Ol A A ek F, FA dleld 4
2 ARl Al 24l 9 EA glE dlolE Au|a AlE A
z3HA ok
471 AU L 1) ~ )F 27] 5G UIEY A9} 4G LTE Ul
ENA7t A5 EAleE AgdA ANEA 9 A% 75 5
o7 lste] RIMaA WA & ¢ glom, old whE A7kek A
vl @ FAE 2 Aok
upeba] ol et wAlHS ddsty] s AlekslE arbAl
Z3 Ao} Htel] oA At

_I>“

2. Efficient Congestion Control (ECC) Scheme
H =RdlAE A7) EAHY sl A Weke R 5G 3ol HE
Aol A o] 93] AR 7|wkste] 5G AMEA] G A]
Holu} 4G AMEA] GHOR o] Fo] o dE= Al T
A Azdss g eHteld Iy A o] (overriding
indication for interworking)< A|3-3tt}, 5G o M EY AR
HE A7 AEdss A enetold QtjAlold FEE A
TS G HE Mo X Ele|W ) FAE L ujEkal oA
& oHeo|dalar 4G AMeA] g o o]FsfA LTE Al
Hlo g ofefx] 24 with PDN 912 £& PDN &2 274 4]
A¥ste] LTE ’\V\E“"ﬂ 5 2 o] A2 Wk 9ld
= LTE A|Z=Rl0 % o]F og Fe 5 9} 7
Q1 Algtsl= ARl E3F Ao} W<tk (ECC; Efficient

Congestion Control scheme)< Th&3} 7t}

1) 5G 5o} YIES A= DNN 7|9k &3} Al
t}. g Eo], 5G o] WE A+ o)A =
2 S48k glE ¢ Ak

2) 5G 3o} YIEY A (AMF or SMF)E we] 9% 4ro
7Rksto] ghko] 5G AW A G oAl Bloju}h 4G AMEA]

],

u:>4 mlm
Oll

al
H
=

M1 30

01

]
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o o]Fol
5G o] MIEYAANA $A] 2l
55 QHlo|E A2} (Registration update procedure)E E3l
gpotsl ¢ AU, whde] F71A 0% 91X FHE HES A
%73}04 (UE location update procedure) ¥}tk 4= it}
5G o] YIEY =L (AMF or SMP)& ©hre] 9]4] 4w
LE}‘# o] 5G AWMEA Yol Hoju 4G AWM A
POz o]FdhE A, 4TS A% eHeteld QYA
A(overriding indication for interworking) AXE |33k
o} o] wio] 914 5 HHlo|E F2 A A4/ &
Be o Aol oigk &5 HAIAC 23kl AlFSAY (5
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V. Simulation and Evaluation
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Table 2. Simulation Environment
Parameters Values
Traffic model Exporrlneen;ir(]al 1(?)'(5;) with
UE processing delay 3 (ms)
Buffering delay 0.5 (ms)
Retransmission (10%) in 5GS 0.8 (ms)
Retransmission (10%) in LTE 1.6 (ms)
Transmission delay in 5GS 1 (ms)
Transmission delay in LTE 2 (ms)
5G RAN processing delay 2 (ms)
LTE RAN processing delay 4 (ms)
5G core network delay 0.5 (ms)
LTE core network delay 1 (ms)
MM backoff timer 30 min
SM backoff timer 60 min
Mitigation factor w=1.0, 0.7

Fig. 32 SM &% Ao} #d FH3H X(end-to-end
delay)S YepRd Z3olt}, 7|EA oz g 7|47t o B
S5 golH A% A A A(delay)o] F718HA Hed Fe
3GPP &3t Alo] Hkelel 3GPP CC(Congestion control)2] 7
5, o] 5G AWA| Fol A Bloju} 4G AMEA] G990

olFste] LTE Al=dlel| 55 9 AlA o5& A% at=d],
HESAAA Az SM e elo]uzt o win & wj7}A]
9™ 2, 8g HAE e 5t tlolE AES HulA
FoJA F7t A|A(end-to—end delay)o] 71 At} 943} A
F7F 1.0%1 A5, MIESF0NA 71 AA% SM w3 Efo]w

& R SEoA AEd As on|o RN ul e Elo]y
#hol A ow Ak gksh A7 0721 5, HIES A

71% A7AE SM #o = o] Hls| 70% FEE Lol A
AFE AE on|gFo RN W Eloln] glo] Ao 2

o} web 9438} A7) 0.79 A9 AiiE ez SM EF o]
Tl Fugk Qo] AA drh
Ll He YEYIZHE

Holl, £ =FoA Agksh= ECC 7]

2 W o 3t glolmjol Aglo] Snjete]date] ofg)
2 24 with PDN 92 WA]#] & PDN 2 2% WA
& HE LTE A28 dEste] 94 55 dat 9 Al o&



Efficient Congestion Control for Interworking between 5G-System and LTE 55

& #9T & Uk oF dold A4S 59T 5 Qo) 19F
ko] 5G Aulel A
4G 7 maxl el o3 S T
A

A dES) 200 @i—, FA 5 A ol 382 -
4% # Jonz Holg 5 Auls AlF A Axsd
9] 2

A dloly dFE & 5 Sirk

=
&
S

-
=)
=

=
=
=

=#=3GPP CC with w=1.0

w
=1

=#=3GPP CC with w =07

=]

ECC

s
=

End-to-end delay (x10% ms) for SM backoff

o

50 100 150 200

number of UE/Device

Fig. 3. End-to—end delay for SM 2=

=
=
s

g

——ee

3

=#=3GPP CC with w = 1.0
=2=3GPP CCwithw =0.7

5

ECC

=]

o

End-to-end delay (x10? ms) for MM backoff

50 100 150 200
number of UE/Device

Fig. 4. End-to—-end delay for MM 82 =

Fig. 4= MM 23+ Alo] #d S A A Yehdl o)
SM &7 Alojuje} 7 kA] 2, Fee] 3GPP &3¢ Ao c}JL
3GPP CC(Congestion control)?] 7--, ©&o] 5G AW eA] 9
oA Holu} 4G AMEA] FHOR o]Fato] LTE A|Z=Fle| 55

JR_—E

2 A 0|5 A szt MENZNA AT MM Hos
Eololz} o wiE 8w JIoR 7, g wAE ) F, wne
Hole] A% Bl seld Fug Adde] AHY Ank

A, Rl A ASkskE ECC 71 VIE] AR
AT MM 9032 Elo]ufef] Agtgle] neteldste] ofE]
2 24 with PDN 912 WA E bl2 LTE Al2~Ho] 43}

of 917 52 A% R AH o5& FAT 5 ek ol F dol
A5 FBT 5 ol 1w Tk Addo] gash |
o webd de] 5G AW JYlA Het 4G AMeA
4o o Fahz Yol A ool 3GPP Bt Alo] Wt u
oh Mo vlolo FA3 Augle]l s UENIA B,
A2 55 5 A ol 3 £ Slons el 5
o A A AQS Aaskd 5 Qo] BEH dol A

F2 @ 5 vk AF A% Fe £ Ao el v é}oq
ﬂl?}é}% ECC 71l 3GPP &4 Alojol W3] SalA4:9) 4

# A3 T A A At s g 5 9l
Jﬂ AAR 5G MEY A9} 4G LTE M EY A7} &&= &
7oA dolE] AE AA HastE 878l 5G §§ AH~
ST AEE] At 3 Alo] s1golgkal dekd

=
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