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[Abstract]

In this paper, we propose an efficient session management scheme for low-latency communications in
5G systems. The main idea of the proposed scheme is to prevent unnecessary reattempt signalling
overhead when the session establishment for low-latency communications fails. Also, this method avoids
network resource waste and battery drain of mobile devices. If a UE(User Equipment) fails to establish
an Always-on PDU session for low-latency communications with the 5G systems because of network
failure or resource unavailability, the proposed method prevents the UE’s re-establishment of the
Always-on PDU session by the specific information in the NAS(Non-Stratum) message from the 5G
systems. Through simulation, we show that the proposed efficient session management scheme (ESMS)
minimizes unnecessary signalling overhead and improves battery efficiency of mobile devices compared

to existing legacy mechanism in 5G systems.
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I. Introduction
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& 9lon, A
o] EAE 7t} 5G olEEAl AlARE
LTE(Long-Term Evolution) AJAEIHCH Z|cf 20ufQl
20Gbps®] £ 114 to|E] &g A|UsH, £|X| Imsec?]
AA&E £ 7HAIch E3h AR lkm® o]ufof] AbE<l
ElUlal ADLE 717]5 SAlol] A2 o~ e G= 1097
oA 1009712 Holdti{1-2, 5]. o|2igt 5G o] 554l &
g 7IREoR 47} AHAE T Altjoll= Q1B Al S, BlTlolH
S ot A 719t 71eExt Aoto] AAA o], RFEAL
U, Boh oM, F§ 5 TRl ool A Au|AE
AlT-g olFe] ¥ 7o J|ojEct. g, 2019 4o
=Uol|A] 5G o] 584l 7]&eS Al Rl AF8sto] du
SHATt. Al 5G o584l 71e2 2018H 12%€0] sl
3GPP Rel-15 5G System(5GS) phase 1 7]& 4 7|8t
o2 Ta7|et YEYI AAR] B JidE]o] AGAFE
7| A2 2 QUi 1-5]. 3GPP Rel-15 5G AJAELL. 7]E.A]
oz oA et glolg AMulAg Algstr] $isl o]
579 et A Bl S 4385H| Eetl, MAIA ABlA
Ale-g Y3t &85 AlE He7t a4

B = 90jA% 3GPP 5G A]AE] Phase 1 EZ3of|A] X188
g U8s 7|fto 2 24, 5G A|ARI0IA 2] o] 54 Telet
I Hels alsta, AAH AUl Ay 2AES A
ok o], 7hdE AAIA B AH|AS Y5t 28591 A
o] Yok AiRIskL 1 /g5 HlwE HolEet A9 oR,
8k5 3GPP 5G A]AH Phase 2 52 95t & o a1p&l
Al e] wete] ZiAERdol tishiA] A Ec.

=

II. 3GPP 5G Systems

1. 3GPP 5G System(5GS) L&

Fig. 12 3GPP 5G AJAHI(5GS) #+x= UERACH
3GPP 5G A|ARIZ 7|2A 0= o]F-FAl Aloj7t 4385+
Alo] FH(control plane)} AA| Blo]&] Fl&0] pefk]=
AFEAT B (user plane)Q 2 UojRIct. (R)AN2 71X
2gNodeB) &, WHA|A THNG-RAN : New Generation

NSSF AUSF UM

CFrC
iAMF‘ st | N e PR

e[l =}
3 N6
RAN ELLPEF HEY3

Fig. 1. 5G System(5GS) Architecture

Radio Access Network)g °Jujsl= Zlo=zx ot
(UE: User Equipment)oflA] 3412 Yt A &, A7
¥ WA Aol 5= ARtH3-4, 6-10].
AMF(Access and Mobility Management Function)2}
SMF(Session Management Function)= 5G A] AEIOfA]
o5y Te] A% AN e PG 77k 4t
AMFE T20] 734 9 9I%] 55 Helg dgeti, SME
+ T2 dolg ALZ st Al B Aol HE
3t} UPF(User Plane Function)= @29 [PRA
o, Hi7l 2H9 ), o, Holy EAY 52 et
PCF(Policy Control Function)= AFEAF] @+, QoS
AR A2 2 Ao} Ao diet FE g FHhiy,
NSSF(Network Slice Selection Function)= 5G A]AE
O] YESZ sfola I AR AR 2 Ao #E T
oSt} AUSF(Authentication Server Function)= ©
ol oieh 5 BE AY R Aol ¥E FHsh,
UDM(Unified Data Management)2 ©Hao]] ojjst 7FIA}
BE A A Aol el P9ttt AF(Application
Function)= QoS(Quality of Service)S HAH] {5t
dlolel Tzl SEo dist FE A% A Ao} W5 BT
5t1l, DN(Data Network)2 3GPP U EQ 32} QE Y E
Y3 7o doly A&S FIeci6-10]. HH, 3GPP
(RANOJME= 7]& 3GPP UA|AQF non-3GPP HA|A
(e WLANYZ 53 Iisto] Afe] 22 Algsiol, Qi
02, 3GPP 5G A|AENL THIHUE), BAA THNG-RAN)
J2]x Fo] I5G Core Network)Q] A 7o) o=z
50| 5G o|$EA AuAE AMZSH Hct Eg
3GPP 5G AJAEIS] Aol mWH(control plane)2 o]=A
et A W] & 7] V5o /T 4 Qleh,
o5 Tele A Wel 77} SyKoz sy

EX:

we ol
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2. Mobility Management in 5G System(5GS)

3GPP  5G  A]AEIoAQ]  o]xA  2](Mobility
Managementh= 7[28 0z S0 F&, 95 55 A
784, ®i7] BeoA HojE] MulA AFS Yol AE 2
E Rghs Siet AHlA @7, 989 55 siA] 22]a o
223 HolE] 2412 9jt Holale] H 71| Hejle] U2
of tigh 22 ojulskt6-8, 11-13].

o] 55 el ©Yo| 56 o] Yo 55 9%
(Registration Request) NAS(Non-Access Stratum) 9
ARE ASsIH 55 Q73S st 5G 1o YoM 55
22K Registration Accept) NAS WA|A]| 2 S&5tn] ot
529 4212 50 UT Bl HRE 56 YEYI) A
A Welsbl ik, oju), B B3 AR 5G-GUTI e
@8] 15 ID, Q15 Key %t UIEYS S2to] A(NSSAL
Network Slice Selection Assistance Information) %
B 50| ZEH, o5 7|gtor ©d Q5 458 I o]
B AulAZ 98 P 54 24 So] 2t 56 2]
YoM DA dEe] 55 S il 5 2
(Registration Accept) NAS MA|R] S-S 314 =g,
S5 Zuh 9" UEYI Sfola AFH, R AR
(TAI list: Tracking Area Identity list) So] mgrelct
UFeF 5G 3o} oA ZAZE HAist 9 552 A%
s ElH ddofA] 52 & (Registration Reject) NAS
g2 ZFsH =o, ofd, A o]F{(Reject cause)
Zrol TaEIT ol2ist @] 2 X (Registration
Request) NAS HA|R]= ©Ho] x7] F4 55, YAl &
= 3 73Alo] TAIE]lS o Y ES FofA AEEY, YA
52 ©Eo] Al2% TA(Tracking Area) §HOo=2 oF

S o, ¥Rl 7l 2r1M o g Tl YRE HEHR
o] At mj), 21z 52 @A NAS HAX]7} YEY A

, Hto] &F AH]A(Emergency service)
AEe] $st 52 AT & A=t oldle B
9] 52 Q*(Registration Request) NAS TA|X|o]] S5
S 2(Emergency registration) m2}0|E]S AA5to] U
EYF0 AL "ot o] HEY I+ HEY 35 5
52 ot 3E6in] He Wl g s "ok

ghd, ©o] goly A&o] gl 4% viE] 3 F4
At 2RS AsH] YsiA -2 E(Idle mode) AJERO]
QA ==, Tef glofg] A5o] TASlE o, 5=l
A7 2 = (Connected mode) Ago] = Q 5}t o]23h A
nez AgE: HeiA oY AYlA Q% (Service
Request) NAS HAJR]S HEY Fof HE5H =1L, UESY

O

2ol 24 S4(Service Accept) HAIAE S350 35
sto] AZdwcg gt & fojy &2 st "ok

E3h WOl FHEE AJEiol g ™, 5G Fof ToilA
thed 3 dlolg7t HAsle o, 92 SIAE Aot olF
&7l st mol%(Paging) HIAIAIE A&3H ==d,
Ho]%)(Paging) HIAIAIE SAlRH D2 HoJH 4l ¢
of dARc=s Hgkg A s "ot olE YA Ae
st AMu]A @& (Service Request) NAS HAIAS HEY
3o AEsHl Hil, JYEHI= 9% SY(Service
Accept) HAIAE AE SHSI dARER Retd &
thed 3 HiolEE oA AE sl "ot

JHH, 5G o] oll 5=50] Q= @O 552 shixlst
71 fsiA ©@E2 HEHIN 5 iRl /A
(Deregistration Request) NAS HA|A|S X435t YES
3L A 22HDeregistration Accept) NAS HAX|S ©
oAl &5t s "ot B HEH 7T Tl
S5 olA 92 E 4 Ut ol F Hs UEH T T
A 5= olX] 2% (Deregistration Request) NAS HA|X| S
A&sh G- ofX] £2HDeregistration Accept) NAS
AR UEY T H&sto] SFoHA "ot 3t A
5G Fof ol S-FEof Qe TEoA YEH Tt Ais==
78 4 Qi) ol YEY F= ThholA] “Rj5-=o] 83
=l(re-registration required)’o]2l= m2to|ElS AA 5}

5= 5lX] @& (Deregistration Request) NAS HA|X| S
&5t GH-e K] S22 Deregistration Accept) NAS
AR E HIEHZ] AEsto 3T Ht. ole, BE
5 5(Registration) Ax}E o857 =t

3. Session Management in 5G System(5GS)

3GPP  5G  A|AHEIOJAQ] A 2|(Session
Managementh= 7|28 02 Holg] AL-3 ¢t Al
A7, W 29l sliRe) Al 7HR] ol tigt A5 2ju]
gt o2 doly ASZ fgt A B8 24 (PDU
Session Establishment Request) NAS HA]X]E Y EY
Fof Z&5HA H. ol2igh PDU A A7 detsloz
DN(Data Network)ofl 7]9tsto} @75t =0, -3 AfH]
25 Aletr] flsiA 8= PDU Al or2folel & d7dst
of PDU A 2% 84S T 4 ot T2 5¢e DN
off 7¥ket dlol8 &2 HshA A 27d&] o] = PD
NAdZ ol&ste] viZ HlojHE &Y 2k il 22
2gk DNof| 7|9kt 2% PDU A A4 8742 HE
oAl & 2= QT o7l ©EO] 3-&(Application)
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Network
(AMF)

egistration Request or
Service Request
Registration Accept or
Service Accept
Registration Reject or
Service Reject

(If successful)
(If unsuccessful)

A

/

|

EUE

Fig. 2. Mobility Management in 5GS

GAo] wefa] s of ePEnH6-8, 14-15]. Eh
22 PDU A 278 842 2 o, PDU AIA ERle 2
gste] HEY IO 882 2 4 Sl=. 288 & %=
PDU M ERIolE= “IPv4”,  “IPv6”,  “IPv4ve’,

“Unstructured”, “Ethernet” E}QJo] &xfst}. “IPvdve”
PDU A B}Y2 P 7% A=(dual stack) 415 A1
571 ¢Jst Zio|t, “Unstructured” PDU A EFYJLS
non-1P EA1S X|Ys5t7] 95t Zlo|d, “Ethernet” PDU
A B2 olgyl S4l2 Aldshy] gk Zojct. ghef
UHE S0 Tdo] @733t PDU Al Btdg A1dstA] ¢
+ 3% HEH = U2 PDU A BR 9745 7178st
Al et oleff, To] 975t PDU AIA ERYS AIU5HA]
k=i A UQl(Reject cause) S EL3IsH PDU
MM A4 AXZ(PDU Session Establishment Reject)
NAS HARIE A&t €t} YEHI7E ©Ee] PDU
A 27 a7dol tisiAl PDU A ER2 sk &
H, PDU AA AX 422HPDU Session Establishment
Accept) NAS HA[XS Sof|A] A&sHA| Hot

Eot T2 oo 44" PDU Aol tisiAl QoS
50| W=l PDU AlAdS §17d5tAt PDU Al HA
Q7% (PDU Session Modification Request) NAS HA]X]
S UEHZAA AT 4 ATt HEHT= ©Ye PDU
A 17 972 4°8st7] st DZollAl PDU Al WA
HaH3(PDU Session Modification Command) NAS A
AE AEsH Hi TE2 tA] PDU Ald Y da
(PDU Session Modification Complete) WA XS X145}
o] 5540 g PDU Aio] wzslc. giof Y=g
ER T CUERS EXTERNUE TR
§PDU AIM 917 23S 39 4 Qi 49, UEYS

o=
+ ©T9 PDU Al W78 a73s sk doh old,

Network
UE (SMF)
PDU Session
Establishment/Modification/Release
Request

(If successful) PDU Session
Establishment Accept/Modification
Command/Release Command

(If unsuccessful) PDU Session
Establishment Reject/Modification
Reject/Release Reject

Fig. 3. Session Management in 5GS

To] TYe] PDU A ¥17 27485 AR €t ol
Zo] Q7J3t PDU Al ©173 A7 AR (Reject cause) %t

a3kt PDU MM ®H7  AZX(PDU  Session
odification Reject) NAS HA|X|S A& Hch
E3t dgol 44" PDU Aldg siAlsk] $lsll Y&
304 PDU MM 8] 2% (PDU Session Release
Request) NAS HAIAE &5 €t} UEY = ©Y
o] PDU Al sliAl 8785 428st7] sl Dol PDU
MM siA H5(PDU Session Release Command) NAS
HAIRE &5t i T2 oA PDU A4 SiA ¢a
(PDU Session Release Complete) HA|X] 2 X 435t0] A
$Aoz 47d PDU Aol siAlE). ghef UES 7t
UEYF Anj 22 2 F o8] 502 WHo] @7t
PDU Al sliAl @2 2988 4 9le 4% UEYIs
29| PDU Al siAl 8785 A&s ddt. ol &
o] R7Jqt PDU Al siAll 172 A<l(Reject cause) =
zskstol PDU MM 3A] #E(PDU Session Release
Reject) NAS WAIR]E Z&sHA Hot.

3, 3GPP 5G AAElS TRt S8} AulAgo
QAL AAs}7] Ofslo] AATE ATHIA AI4A(SSC
Session and Service Continuity) 2 &5 ALt} At
Mog, o] MNA TH(oF U, 3GPP WA~ =2
WIFD2 olssi= ol A" AdS M2 BAA oz
=717 ==t olu AlEZ oA #alste &71= 7ol
T2tA SSC mode 1, SSC mode 2, SSC mode 39] A7t
A RES Algetoi6-7]. @2 38 =2 © A4
wjehy Tk Y5t SSC modeES AEist] PDU A|A
AR QA(PDU Session Establishment Request) NAS
dAIR]o] ZAE SSC mode HEE Z3tsto] YEY T 0|
A5 Hn, YEYI = dato] @43k SSC modeS
KA & Qe 4% PDU Al 274 = tIAIR]of &

oL OuL

7

o rQ
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o] 273t SSC mode J¥-5 2gsto] s Hct. o
oF UEY A7} thto] QA% SSC modeZ A|Q5HA] 9=
749, UEQ)3E o] PDU A A% 92 ARsh
Hop oo, ©Zo] Q&g PDU Ald 274 AAE €42l
(Reject cause; not supported SSC mode) ZfS &35}
of PDU MM AA AHZX(PDU Session Establishment
Reject) NAS HAR|E &5 HTH6-8].

Table 1. SSC mode

SSC mode Characteristics

- Network preserves the connectivity
service provided to the UE.

- For the case of PDU Session of
IPv4 or IPvé or IPv4vé type, the IP
address is preserved.

- Network may release the
connectivity service delivered to the
UE and release the corresponding
PDU Session(s). - For the case of
IPv4 or IPvé or IPv4vé type, the
release of the PDU Session induces
the release of IP address(es) that
had been allocated to the UE.

- A connection through new PDU
Session Anchor point is established
before the previous connection is
terminated in order to allow for
better service continuity.

- For the case of IPv4 or IPvé6 or
IPv4vé type, the IP address is not
preserved in this mode when the
PDU Session Anchor changes.

SSC mode 1

SSC mode 2

SSC mode 3

III. The Proposed Scheme

4G LTE AJARloMe @2 7|20z PDU AlA
(PDN connection)2 AAXst & to| Sgwc(dle
mode)’} &A1Y, PDU AA(PDN connection)2 A5}k
7] AR A" PDU Alidg 7A1E |AIgI oA &
A=l Al Ql= PDU Aol disiA YES = 2ar &F
¥ &Y context JEE A& FAIsHA Hot. SHA|TH 5G
A|AROA = 2las A 52 oA PDU Al 2%
7@Aog ool Hojg &S44lo] gle B
PDU S FAlshH, o 2jas g2 sHA| e
©o] HloJy SAlo] HASRE 4%,
% 55 94 ERE sdll #5 PDU AlAdof tisl 24
= WA =L v]24 PDU Aol d7dE o HlolE &
AlE s "ok ghHH, 5G AJARIA= AR A(low
latency) 8412 A|¥sk= Zlo] 5% 54 $9 sfuo]

&z

D2 7] 2as A 9 A o] 587443 tEeo] A
&35 Hlole $4412 3t Always-on PDU A 715
< Z712 Algit). shR|GE AR 3GPP 5G A|ARI0A{ <]
Always-on PDU Al 7152 YEYIoA w&l
Always-on PDU Alid A4 Aljjgt 49, vl &&4Ql
AlE WAL O AHojlA 2XRAA ABIA Al5-2

3F 5G A|ARIOAQ] Always-on PDU At L A
< AE T o]F 45k ol & =wollA FQtsk
ESMSo]| CjoA] Aot

:
% 49 Mo

ol
fr oo

1. PDU session management for low-latency
communications in 5GS

5G AlARA ZA X A(low latency) AMB]AF |45}
7] $fste] Al&st HlolE] $4415 ¢15h Always-on PDU
S Aldetict. 2ARA MU|AS Algths ©@29] &
-Elapplication)o] Hlo]&] &4412 StaAF PDU A A
d2 UEH T 2738 o, @Y Always-on PDU Al
A QAL d2]= “Always-on PDU session requested”
AEE  PDU A AA QA(PDU  session
establishment request) NAS HA|X]o]| 2350} HEY
oAl A5ttt Always-on PDU M-S A|¥sk= HE
H3= PDU A EAS e
“Always-on PDU session required” AEZ m}s}o]
PDU A AA  £2HPDU session establishment
accept) NAS HAIX|E TEoA] A&t SERIt. ©f
<, G YEYIE UEo] F&25(Idle mode)Z A
gstAY A24e PDU Aol siAl=l7] A7HX] sl PDU
MAM9] gl aA(user-plane resource) ¥ context AES
= Al T2ttt E9 47| Always-on PDU AJA 27
S PDU A ¥4 QA PDU session modification
request)ol = s UsHA A& FAFECHS].

gHH, YEQ I+ @9l Always-on PDU A
28 AYstA ot AT 2 k. ©o
(application)o] Hlo[& $44l2 stalA} PDU Al
S UEYI] 243 o, Always-on PDU Ald &
el “Always-on PDU session requested” JEE
PDU A AA QAPDU session establishment
request) NAS BJA|x|o]] Eatsto] YESIT0| Hasi
3%, Always-on PDU Ad-& A|¥stA] o= HEYI =
Always-on PDU Al 2742 5185HA 3= L=
“Always-on PDU session now allowed” XS x3hs}
o} PDU A4

Always-on

o mXx oo mx
U mo oX oo o

r

A 22HPDU session establishment
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accept) NAS HAIXS DEolA A&t gEIct. st
A9, @ 3GPP #& +A00lE o]%, Tt YEHIY
SAYo] &S] Zgojrlo] IA] odtt. ghef, U EQ)A 2 HE
Always-on PDU Al 75 518314 952 SEHY
A9, Sl 382 tAl slig PDU A 27 a2 Ul
EIoA RS 4 o E9E UEYIE Do
Always-on PDU A HAE 3] 83K] k23S
35 O] E}U*ib'ﬁ Always-on PDU MM ’\473 Qe

oA ar 7A
PDU /\]/\4 S XFA ] ot XY A=st &~ gi% 740 "|gg
Ao 2 47] Always-on PDU Al AJ5HA] ok 5412
vk o 2 AsislA| Elct. wlebA], o]2ish vl g 8AlQl
L} U EY ] SALL Aofa & 9l Jldo] WA B
Qstt}. wepA, 2 =wolA= Always-on PDU Al A2
x%o] AnfjEl 49 g8A0=7 A7 PDU A AA AR}

Ao} & 4 9l= 7]H(ESMS: Efficient Session
Management Scheme)g A5}

2. Efficient Session Management Scheme (ESMS)
B =Rl @4 56 AASIOI A Alow
latency) U] AS RX|¥5H7] 5t /\]/\e_} glo]E] &4A1
<2 23t Always-on PDU A|A9] H|§-849] AL 5]
A dotog gubAlol AAM e 7]%4, ESMS(Efficient
Session Management Scheme)S A|9FstC) A|Qtsh=
ESMSE UIEQ 37T Tho] Always-on PDU A A%
Qe AstAl Eote A9 AR o, Felet g
2] /\Hio 7138 FHE A 5t0] o] Always-on PDU
A B4 872 A4sty, old, ¥l Efo|t(backoff
timer) %A% Zsto] TGO NAS @7 HAIXE AHAst
we Yegazve AR axE 248 & A
4 o elo]M(backoff timer) 32 A st A
3% Ejolo] o] wasly] AiAl:
PDU A AR 945 HEHZ
Fig. 4= ESMS &4 4 AAF=S HoFal
ARl ESMS A2 thaat 2t
1) 9o MAA Mu]AE et 3-&{(Application(s))
= Al HlolE AE-2 flsll @ NASOA| of2ish A4
g goje] Ad2 Ee]7(triggering) 9tt}. ojdf, 437]

o g
ro wlom
| e Y _l

i Always-on

AR o

o, 74

53 dols A& U E2AY

(triggering) ¥ o] E2|H(triggering)o] T NASO]|
Al A

2) Ge A& PDU MM ARPDU  session
establishment) Q73 UEHIoA A&t Hed,
oltff Always-on PDU A QAL dg]= “Always-on
PDU session requested” AXZS PDU A X QA
(PDU session establishment request) NAS WA]X]of|
Z3tste] HEYIA Haetct

3) OleF YEY I} 2]AA BEE network failure S

02 Always-on PDU sessionS A|YsHA| o= 712
o2ro] Always-on PDU sessiong A|QsHA] 48 AW
(Always-on PDU session not supported)& %5}t
oA gEett ojdf, 7] @2 Always-on PDU
sessionS X|YsHA] ok A H(Always-on PDU session
Always-on PDU session indication
[E(Information ~ Element) in  PDU  session
establishment reject NAS WA x]of] Z3tE]o} A|5-%| A
L}, Always-on PDU session indication [Ed} OF2 H &
9] M2-& indication IE in PDU session establishment
reject NAS HA[X|o]] 235t A5 4 It} ojd, Y
EQ3L ZypMog Yhom Elo|t{(backoff timer)S
PDU session establishment reject NAS WA x]of] &t
sto] TgoA Alsd 4 Aok A7) Yo n o]t &
2] NAS ¥ &%+ A|o]S st T3396, T3584, T35859t
+ UE Boly Y & o

4) YEQI2HE Always-on PDU session A|¥s}
A %42 A H (Always-on PDU session not supported)
£ Alueke o NASE ©2Ho] power switch off 22
USIM A|A E)7] &A7HR] Always-on PDU session (Xf)8
He UEQIO si7] o glo v AR RE &
71Ao 2 Wi o m Elo]t(backoff timer)S Ayt 4L
ABe WMo gojoit SAsHL it 59 (5 A2
Wom Eojot wELAY BRI A7)
Always-on PDU session (A)24-& UEYI A 5HA]
d=rh. ®5h O NASE UEYIZRE LAI5
Always-on PDU sessionS A|¥sHA] ke AHE gt
-3-&(Application(s))ofIA| O‘Eﬁﬂr ojg & S8 ¢
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IV. Simulation and Evaluation
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Table 2. Simulation Environment
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mean 60(s)
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5G core network delay 0.5 (ms)
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V. Conclusions
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