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[Abstract]

In this paper, we analyze LADN(Local Area Data Network) that provides high throughput, low

latency and service localization for 5G wireless networks and propose an enhanced control protocol
design for LADN in 5G wireless networks. The concept of LADN is newly introduced in 3GPP 5G

communication system and the LADN is a data network to which the UE(User Equipment) can connect

with a specific LADN session only when the UE is located in a certain service area. If the LADN

information between the UE and core network is not identical, the LADN session cannot be properly

established. The proposed approach promplty synchronizes the LADN information between the UE and

core network by using the specific registration procedure and appropriately establishes the LADN

session, when the establishment of the LADN session is failed. Consequently, the proposed enhanced

control protocol design(ECP) can prevent unnecessary signalling overhead and communication delay for

LADN in 5G wireless networks.
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I. Introduction

43t YEY e AAY 8 712 7o R AR AR

Al S
S FEShe AldEyolnt. 4AF A thofet Ay
71=9] g2 7Nz YlgolE], AEAls, AREQIEY,
A3l 5 et Ao Abset A Al 5eRE Mze
A §iot 5 98] 49 W2 WehE o Aos qAX|L
ATt ol tedet At FofollA] 5G o] &5 Al 71eE &
U4, ZARAA, 2AER tjmtl= oA Qlme} 7]so|o

5G o]z&EAl A|AHIS. 7= 4G LTE(Long-Term

Evolution) A|ARIECE Z]of 20u8] whE £ 4 HjolE 7
& X FA Imsec?] HEAA 545 7M. E:L A=
OIE{YI(IoT; Internet of Things) 7304l =A10] 7715
2 AZ2Y £ Y= AZA(Connectivity) = 7]& 4G LTE
Bt 108 S71ek 1009171 o]de] A4 SAIY +18do] 7t
55 3-8].

A 5G o] F-8Al AlARLR 20180 =A] mE 50
=] 3GPP Rel-15 5G System(5GS) phase 1 7|4 #4 7]
groz 7Euo 4H8s} AulAt ABE Qoo Al
202048 7<€of 3GPPOA] 28A =ZA| BFEOZ Rel-16
5GS phase 2 7|& A4S S<UsHATHB-13].

3GPP Rel-16 5GS 7|&2 7|& Rel-15 7|2E3} v]w
5} Z 1412 ZRA|AEA 7N,
MU-MIMO(Multi-User Multi-Input Multi-Output) 7]&
9 Fuks 28 714 Sol ApEIglon, AR g )
EQZ)TSN: Time-Sensitive Networking), 5G RF=F-At
= EAI(5G-V2X; 5G-Vehicle-to-Everything), 5G 7§t
AR 59 7520l FH 71 =2, 18].

2 =eolde WA, 3GPP 5G  olsEAlTolAY
LADN(Local Area Data Network) 7§@x} 7|2 A5k
1, &3 LIPA(Local IP Address)?] 712 @ xfo]Ad 59
tishiA w2t o]$, A 3GPP LADN AH|A Als-2
2 TARES A5t &84Q LADN Mu|AE
A Alo] ZrEF A WekS Aljtstal L
= Hluwste] Adu a2t upx|Rtez, A=sk LADN A
A= 15k 2lAekd Alof 22 EF 7|Ho| g2 7Y

II. Related Works

1. LADN (Local Area Data Network) in 3GPP
5G Wireless Networks
5G o]'=&EAIofA] LADN(Local Area Data Network)

olgt 7ol MEA =U==tl, LADNoJst E4 Ay]
2 GAoA o] LADN Al dA2 &dll 578 AulA
£ Alsts UEHZE Uittt

LADNE EX xMH|A HGA(LADN service area)ilt &
A DNN(LADN DNN; Local Area Data Network Data
Network  Name)2Z 4% LADN A H(LADN
information)E 7|82 5G O]F-84l AMIAPT ©go|
A =4 Mulas MBS RIS 4 9k 7)ot
LADN AH]A e oJx] g9l TA(Tracking Area)?]
AE(list) 2 /4 G o2 LADN Au|AS Algihs
F9= 9ulstH, LADN DNN2 LADN Al AZ2-2 ¢
DNN-Z 9]ufsh=t] DNN 5G H|oEgAl AH|AF ¢
T= AR Qulgtcs-11].

o]2{gh LADN> thfel 5G o] 584l AH|A Alyz] e
oA Z& 7ts3td olg 9. olsaal AMdAPE i
Au]A0f ZRIgE AREALA A= GIAF Qo 20
& AR|A 737 AEYY MBlAF Algcte B8 484l
By £7 Fm A Qtof| A AH|A} 22 sHiEoAl 4 TP

S S
A2/ (connectivity) & Al Ev Alghchs 49 SolA
=48 4 Q= 7-8ct 7l=old2, 8, 15].

F2HUE; User Equipment)o] 5G o]=-ETQto 2 HE
LADN MU|AZS Algd= g2 A & 7] 2, A
SR SdolA] LADN JE7t AAE = udat FHA o
Zo] M7=l LADN 7JHoj 7|§tsto] LADN AH|AE A|
971 9JsliA] LADN AldS A7 9 #ejehe= gos
TdEnh o AollA 7] & 7] 2ol disiA A

Moz At

rok ol

o

1.1 Configuration of LADN Information in the UE

©o] 5G o]5-5AIY°] LADN MB|AS Algi7] 9
A= 24 T LADN A H(LADN information)Z 5G
S 9o 2uE] AFZolo} gtk

o] F7502 9IXIg NS S St o
o] FEE 5G A oA Alsd i, 55 274 BAE
2385t Hedl olnff, @Y LADN indicationS 23
5to] 5G sHA] ol 5= 24 NAS HAXS %

r2

LADN A H(LADN information)g Zgsto] QoA =
= 22 NAS HAX 2 Alggtei9-11].

oltf, A|l5=}= LADN 7 ¥ofl= LADN DNN2} LADN
AE]A FA(LADN service area) JEZ 1L4E]o] 9Jo
M, LADN Ad]A G2 XA x| FI9A

O 1w
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TA(Tracking Area)?] 2JAE(list)2 {dH T} TYL 0]
27 5G 3 Yo Ve A LADN FHE AR 4
Astc}, greF 5G Al oo 2 HE LADN AHE Agyt

Al B2 4% T2 A ARl G0l LADN AH|~
S Ale =2 AR Yetal IR 1],

1.2 Establishment and Management of LADN
Session

T2 LADN AME|A S Al57] QoA d7dE LADN
BEE 7§to2 sfo] 5G 384l ofA] PDU LADN Al
A4S Qs o7l 71EQ] PDU A o2 874 &
AIF FUsHA pegEnt

T, 5G B4l o =R AlF2 LADN 7ZgHof &
&% LADN AfB]A godof 7]dtsto], LADN DNN-Z ©o]-&
sto] PDU Al A4 .F FRIE 88sH "o %38,
471 LADN Al 94 2742 PDU Al ©173 27 =i}
o= FUsH A& SAEHT9-11].

ghd, ©do] A= LADN 7gHof 7[8tsto] 5G 3%
Yt LADN A2 A7sto] I LADN AE[AZ A
qh Qloi7t sl LADN AfB]A 93 dlojd ¢ 5G
A B2 3l LADN AB|AE Tjoli Do A5t
A 7 =iot. ojdff ©e] LADN AfH|A g Qfx]of
gh 2012 5G a4l o] kg XIS &Qlsto] 85}

3
At Bo] Y] BA ZARME aodste] Alsd 4 Qo

Ol

of o>

Fig. 12 LADN 7]&9] 7igof disiiA et =
Hol&t}. LADN M| g 10 5G o]5-84l AFY
Aol 214 ARH AEY AMU|AS A|Zst LADN
M2 G 204 2 FE MEIAE Flgeithal 7P
S}AY.

olz LADN At~ o] 1049] £14 AA|A AER
Y A2 ©Eo] LADN Y 10f] 7]9ksto] 5G sial 7F
1} LADN AIF 12 dsto] Aletal Qi3 oJulsiy,
LADN AMB|A g 20149 £ FE AMu]AEs TEo]
LADN ¥ 20f 7]8tsto} 5G a4l ko] LADN Ald 2
£ A5t Aleetl g2 oot

UFoF 204 AMA|A AELY Ag|20f Zild ©Eol
LADN Me|A g9 104 7] MY|AE Algdot
LADN AB]A g 22 o] 55t HH sig 214 AA]
A AT AME|AT} AlSEA] okor ST Al T
< LADN AH|A G 2004 Al5E= 4 Y AvA
£ 0] 8Y 4 Qlot. vtof Tho] LADN AH|A g 2004
SEE e 57 Av]2o] 7igElof QiotH LADN A

=

B2 o 2004 B §4 AH[AZ o8 4 9t o]

A ool N
A2 olF =4 Aulact Feisl LADN DNNOj
LADN %30 7]45to LADN A4S 9iZsto] o] &

OJo]grT15].

LADN Service Area 2

LADN Session#1 LADN Session#2

» LADN information 1 = (LADN DNN 1+ LADN information 2 = (LADN DNN 2
+ LADN Service Area 1) + LADN Service Area 2)

+ LADN Service Area 1 = List of TAs  + LADN Service Area = List of TAs (TA1,
(TA1, TA2, TA3, TA4) TA2, TA3, TA4, TAS, TA6, TA7)

Fig. 1. LADN in 5G Wireless Networks

2. LIPA (Local IP Address)

LIPA(Local IP Address)= 3GPP LTE o]=EAIq}ofA]
Y 7le2A 7P B 719 UIEYE Yol ARlE 3
EA 71X =21 HeNB (Home eNodeB) 719] ol=A-S 12
sto] 27 o MM (Local network session)?] |44 A
Ay} 32 YoA THEYJY EE @ = 2 c(Traffic
offload) 7|52 272 YoM = AlEshs 710l

Fig. 2+= 3GPPol|A] 7d2Jgt LIPAQ] 7|2 #2 & Hol&E
tf. LIPAE= HeNBE &5l [P Alido] A& o] HlolH
Edfulo] ol £EA ARIRIC] 3 PO 2 FLEIA] o A
2 L-GW(Local-Gateway) & &3l At O 71715 &
719y e RgEo] Edjmo] FA 4 Qe AO|E]
k. o]FA dory rEdor B4 =24 oz IP
A A2/ Alsstal, O] tag ozol [P Y
o] Aoy 7oz HgElo] Ak 5ikE Alssi 22
T A AL R olsdS Alsshe Zleolti14].

olf, 54 274 ¥oz29] I[P A4 LIPA PDN Aldo]
by 5tH, o]2{$t LIPA PDN AA-& LIPA APN(Access
Point Name)& 7|gFo 2 L-GWE E8f) =22 Uy} A4=
of. 7|4 APN 5G O]5-8AlgollA2] DNN} FALRt
Ngez goly YEYIE AAsk A olg= 9
ofetcH14].

3HH, LIPAE 5G ol 584l olA =4 LADN 7=t
vlwste 2 7R gt Afojal o] Qlok @A, A WAl

2 LIPA= CSG(Closed Subscriber Group) 7|gte 2 &
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Ay =27 LIPA P Al AdZg Alssto], A2 BIA]
=)°] CSG 7]§ke] LIPA [P 47 QIXS 7|itoz FArd
tH{14]. SFXITE, LADNE HAIA k= F2ksh7] 5G 34
Yol LADN AldS Alsstal efstAl dct. & Bz
LIPAS] 4L 22 o zo] IP S Algsto] 7124
27 P gojg] A7 Au|Atks AlgstA =A|gh LADN
< AGAPE fohs Oefeh QoSE BAsAY ARdetd
M ASS AlET 4 Utk TEbA, LIPAY A|9AQl =
2 HlojE] M| AolN Fmste] chafet ARIAL T A}
Hatd o[y Mu|AS AlEd 4 Sl

ox|arog, LIPA= CSG Alo] @Al sle] CSG 18
ofet &3tef LIPA AJido] HAZE]o] FASIA|TE, LADN
shte] TA Qtofl &3t shute] AJo] of2{7je] LADN Al
o] Ao} A & Qo AEAOoZ, 56 olssAY
oA A& U LADNo| LIPA ¥} AFY =2 rjofs}
1 APESHE ARJAS] MUl AS AREAPOA AlFE 4
+ 4 7laolefal AAZIC

Residential/
Corporate
network

PCRF Rx

s1 6x

Other

' P
\HeNB s — 7~‘ S-GW [ s —| P-GW [—sai

Local IP access network elements : L-GW
E-UTRAN network elements : HeNB

EPC network elements : MME, S-GW, P-GW, PCRF
Packet data network : IMS, Internet

Local network : Residential/Corporate network

Fig. 2. LIPA in 3GPP Networks

III. The Proposed Scheme

&Rl 3GPP 5G o] 5-EAIYIA LADNE Tt 56
T AtojoflA] R LADN JE7F LR|SH] o= %
LADN Al 2 “d7go] dufistol Theat siy o
vlE2ARl SAS aodsHl gt tha oA ol2iet
wAES s, 32 Yot 3 Vi AlYskE ECP

7150l tishA A,

[oh
1 2

o]l _ll-‘l:-ll

1. Problem Statement
1.1 LADN Information Synchronization Issue
e Quiko@ LADN Aul2 §o} 94 LADN
DNNojl Z]gtst PDU Al A2 @788 $°8sHK] YAIRE,

PDU Al 97 785 23 25 9tk o712 Wt
5G o]=FAIT 71°] LADN A W7} Aolst 749 dlHisHA|
o] LADN

3
WA "o o2 Tt 5G ol 5 AT
YHO} ol 5G
A =2 T 7R
WA =

metA], TEol oj2ieh LADN g7 #i7ge 4 <
AI5tA] 3ot A, LADN AH]2 g9 gfofix PDU Al A
2 972 2 3% 5G WY Fold I PDU Al A
2 9785 A5 H=d, ol2iet 2Rd LADN AHI
7|Rtsto] ©o] PDU Ald A2 22 ¥4 A_ASS
5G Sy 2 A =, 471 7leet SUet sAol

r o=
HEEEEERIE S )

el
)

g5 5ol mebA g 42l

ol2igt BT} 5 o 5-EAIY 2o} LADN A1 o]
g olgrt o] 52 41 27

§ AP} 54508 A%
spAl Maslololat 42T 4 ek shIL @xh 3GPP
56 BE 774 Al g2, dae 56 o $EAIY)
571591 52 A 8% BAHES 43 WpbR] LADN 7
B2 B 2 glol, 7] 71ed BT 56 o FEAY
719 LADN 7g29] Holzt 2412 128 4 9ok

4%, BLe 9Lt 56 o $EAIY 1o LADN g
of Aolgte A4PA alAsAl Rotw, ol F718el 5
£ 74 94 AP} 23sjol LADN A1} 7449 5
U3 LADN PDU Aol ARE717h] 2B LADN
Al 2 A Glo] s e,

1.2 LADN Session Handling Issue

ghHH, ©Zo| LADN AH|A g oA PDU Al
2 8732 3 3% 5G A ol ©Ee] PDU Al
A 9Xe AASH] ==, o]t “out of LADN service
area’gh= 1A ol 3r& Z3lsto] PDU Al A2 A4
NAS HAIRE TEolA gEst o

SHAISE AR 3GPP 5G &F A0ll= o]% Tt 56
A o] FAto] ek AgelE]of QIX] ATt grek, 5G
A Yo=Y LADN JEES AlZWA] FstAY, “out

LADN service area” 7& 0|S-& matste] PDU A
A AA AE NAS WA S T2 slie
PDU Al A7 18782 5G oA BolAl A8E o ok

o7& T}t 5G A ] LADN 7 8.9] 4Jolgt
71R1gk ol5+24, 5G 384! o] LADN & JE7} ARG
Ap 7R =22 Tho] ZIIA AR 5ol mefa HAEE 4
Sof] HAgsHA o

Tjepa], ©do] o]2{gh LADN JE7T 7% &=
A|SHA] 5t &, LADN Ad]A of<} vtojjA] PDU Al

re re

ol

Q

=

re ro



An Enhanced Control Protocol Design for LADN in 5G Wireless Networks 113

St 78, 5G s ol Tte] PDU Al
75 ==, ol2{gh 25 LADN % Ho
7|Rtsto] @o] PDU AIA A2 52 ¥ A_ASS

5G $4) ore PSP . 7] 71t SUG SA]

O v “ o =2u

Hoz yie 23sp] e,

L=y

S|
dedoz, ofet BlaaAQl T LADN Al &

Asto] Fapd o2 LADN AA Ao] a]st
Qfo] Qsith. ofg Aol LADN AMH|A A5 9
SHAME] Aol m2EZF A7 7]¥ (ECP; Enhanced

Control Protocol design for LADN)S Aottt

H o
MR SAT Tt 56 A o] LADN Au Aol
LER) o

g

2. Proposed Enhanced Control Protocol Design
for LADN (ECP)

B = 20A% 5G o] 5-EAIW0A -850 LADN AjH]
25 Alssh7] $fohiAl, @dat 56 34l @e] LADN JE.5
A&3H| QX712 8] @89 LADN AJH o7 52 2

Protocol design for LADN)S A|Qotstct,

AIRFsh= ECP 72 Al G@AIZ HdE]of sAd e A
WAl D7l Tt 5G 34 Y7ol LADN 74 o] 4olgh
of & Yol LADN Al 74 27 Alof ©@AlolH, &
Rl Gl A& Tt 5G Sl 1] LADN 74 0]
5718t @A, 22j1 A $iR ©AAl= LADN 7dH9] 57
ob o7 o]%, 744" LADN 7AHoj| 7[gsted Tl
LADN PDU A5 dZsto LADN AH|AS Alse
LADN Al A7 dAlolt.

2.1 LADN Session Control Phase

ECP 7]9o] A Winf ©IQl LADN A o2 274 A
o] D7l= 5G il gol T LADN Ald 22 A
SHA] AU, ©E0] LADN Ald 972 Q7AAl Tt 5G
il o] I LADN JE7F M= Aot F%, T
LADN Al 72 @732 7783t oldf S2het ohe A
2 78 ol BAEE uelsto] ©Eo] LADN Al A2
87 NAS HAIX] S st T2 56 iy Yo =R
LADN A4 AZ A& NAS UAIX|E pAlshs 49 <
1 sl LADN 75 = LADN Al A2 275 XI5t
1, 7] LADN &5 AR

Fig. 32 ZAIAQI ECP 7|99 A% EoiFa glo
o}, AIAQl LADN A3 9172 @7 Ajof ©A|19] ECP &
A2 oS 2ok

Step 0) 92 55 274 ZAIE &5to] 5G A o
228 LADN Y5 Al @7 ot ojof ©@22 LADN
AYE QASH] 254 LADN indication2 5% QX
NAS HAIX]E 5G 3BA oA A&sHA EHo, 5G 44
T 55 2 NAS HA[X|o] LADN 7 ¥(LADN
Information; LADN DNN and LADN service area)s
Z3tote] dEoAl SERth TE2 5G A o g RE
Aleih2 LADN Y-S A% welshA Hct

Step 1) (&7] Step0S ofu] £=foh AJEfolA) 5G
LADN AMH|A S A5t7] fsiiA &2 PDU Ald 2%
QS e85 H=d, old Dol ool AAElo1Rl
+ Usl LADN #Hof 7|¥tsto] PDU Al A4 Q%
NAS AR 5G s#A] ojA| H-Eehct.

Step 2) B, 5G olz-54l%Y0] LADN AH|AS A
SHA] AU, T VAT A, T YR H =24 A4
7 7450 7]9tek LADN 87} WHH 4%, &, O
A7gE]ofIH LADN 7 Hel 4JolstAl © 74, 5G WAl
T ©o] Q7gh LADN ¥ PDU A5 A|€5HA] ¢
2(LADN PDU session not supported)?] #& o]&
BE xgsto] PDU Al 274 718 NAS HAIAIE Y
oAl gt

Step 3) 5G S Yoz RE THo] Qs LADN
& PDU NS A|Y5HA] L-2(LADN PDU session not
supported) J¥-5 2ot PDU A A7 7172 NAS dj
ARE pAlgE 49 982 PDU Ald 972 a4 AAts

SAI5kL 71 LADN JHEE ARt

I

o

2.2 LADN Information Synchronization Phase

ECP 719o] &= wia] Sl LADN 59| &7]st T
£ ©%o] 5G 344 9o 29E| WEH A4l LADN YRS
A7) YsliM 55 274 BRI s8It Fig 32 Al
AH ECP 7o) $AS HolFT glon), ARl
LADN 5] 713} tAle] ECP ke chgat 2t

Step 4) DLL 5G s WozBE WA A
LADN HHEE A57] s 55 AUlolE ZAE
oot ©2> LADN AEZS Q4sh7] ¢lsiA LADN
indicationg 4745t 52 Q% NAS HAJX]E 5G 384
YollA| Aotk

Step 5-6) @& 2 Y E| LADN indication2 Z3HH &
= 2% NAS HAIX S 418 5G si4] @2 LADN &
2 BT 52 52 NAS UK R PRI 5G a4l 9
O 2HE] 55 £ NAS GAR]o] &es LADN FES

it 3

S
=
AL e TRl 738 LADN 388 Al o
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2.3 LADN Session Establishment Phase

ECP 7]¥o] Al §i&] @Al LADN Ald 2 DA
H LADN & &of 7]9tsto] o] LADN PDU A
A5t LADN Mu|AF Algits ©@7olt. Fig. 3
ZARRI ECP 71489] 54 Hoiral glo, A4
LADN A3 A7 ©719] ECP 542 T3} 2tk
Step 7) @2 5G sy YOoRBE Al A4
LADN 7J o] 7[9tsto] LADN AB|AE Al5et7] oAl
PDU A 4% 27 NAS UJAIAIZ 5G 3] golA 54
gict.

Step 8-9) 0|2 5G a4l > TLo] QAJoF LADN
¥ PDU MIAg 27Rstal ©EoA PDU A 2% 53
NAS HA|A]| 2 Eelth. o]¢ T2 AZH LADN AlA
2 7WteR 5G olzgAlgertE I L
£ AleEA Hok

>

1S rlo mo o

New/Updated
LADN Information
Old LADN information
5G Core 5G Core
Network Network
(AMF) (SMF)
UE |
I. LADN ® PDU session establishment/modilﬁcation request
SelE for (old) LADN
control
h. Qs PDU
FG)%S‘;) ses:i:i @ PDU session establishment/modification reject
establishment/ | with LADN PDU session not supported
modification
e | request for
Inf LADN and @ Registration Request with LADN jndication

Information delete old LADN

) : iZat information
lon phase ) g store

©6) (new/updated)
LADN
information

® Registration Accept with (new/updated) LADN
information (LADN DNN + LADN service area)

's'e's Is-iAoI:N @ PDU session establishment/modification request

for (new/updated) LADN

& supported
0®0) ® LADN service PDU session establishment/modification accept
for (new/updated) LADN

supported

Fig. 3. ECP operation
A=, 4471 Atk ECP 7192 5G a4 oz HE

Z
Te U2 dF A =2ach LADN #¥ PDU Al
1 (MMeRe sHshL AL 55 88 2AE &
5to] 5G iy oz RE A4 ddo]Ed LADN HES
Aot ofoj] 7diet LADN & PDU Al A2 2%
2o¥sto] LADN MH|AS Alets & Qe =
LADN A8 AJof 2] 7ol

Qb 4471 ECP &%F Step 1) ~ 9) @22 PDU A
W 84 2Rt 29 Aol S A8 sAE

IV. Simulation and Evaluation

& oM 71E 3GPP 5G olFgAlgolAe LADN
PDU A AR el B mRol  Agtshe
ECP(Enhanced Control Protocol design for LADN) &t
Qboll oM el & ds87HE sHE AL it

Q¢ Haro] LADN 971 PDU AJH 24 56 34l
oAl 383i= o, 5G o]z-sAl A|AFI0] siE LADN A
H|AS AJASHA] AU, T 7HUAT A E, T YA
9 27 A4 A=o] 7|WE LADN Ausl s 4,
%, G0 AAEoIH LADN 7 Hot 4Jo|sto] TEo]
LADN PDU Al A4S Al19E & itk 7Pdshait.

Table 1. Simulation Parameters

Parameters Value

Traffic model Exponential dist. with
mean 60(s)

UE processing delay 3 (ms)
Retransmission delay 16 (ms)
Transmission delay 1 (ms)
NG-RAN processing delay 2 (ms)
5G core network delay 0.5 (ms)
Eerlodlc registration update 54 min
timer
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1. Signalling overhead for LADN support

1.1 Singlling overhead in 3GPP LADN PDU
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1.2 Singlling overhead in ECP
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Fig. 4. Power Consumption

2. Delay for LADN PDU session establishment

2.1 Delay for LADN in 3GPP LADN PDU
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2.2 Delay for LADN in ECP
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V. Conclusions
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