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ABSTRACT

Recently, due to a explosive growth in the mobile Internet traffic, the problem of excessive data traffic
handling on core network and thus scalability problem have been magnified in 3GPP LTE/SAE networks. Current
LTE/SAE network based on the central P-GW (PDN Gateway) used as mobility anchor cannot deal with such
demand for exponentially increasing mobile Internet traffic. In this paper, we propose a new LTE/SAE network
architecture supporting distributed P-GWs and corresponding distributed mobility management to solve these
problems. For this, in addition to the deployment of such distributed P-GWs, we propose a dynamic and
distributed mobility management by distributing MMEs (Mobility Management Entities) which dynamically
manages the location information of a UE’s PDN connection, and also propose a handover procedure of such
PDN connections by using the proposed distributed P-GWs and MMEs. The performance of the proposed
dynamic and distributed LTE/SAE network system is compared with the current LTE/SAE network system in

terms of handover latency and network throughput.
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Table 1. Lists of performance parameters

Notation Description

Average latency of a packet delivery in

L, 7Lu* . i i
wr Tl the wired (one hop)/wireless link

Average number of hops between P-GW
and CN (in PDN)

Average number of hops between S-GW
and P-GW

Average number of hops between
eNodeB and S-GW

Average number of hops between
P-EGW and CN (in PDN)

Average number of hops between two
P-EGWs

Average number of hops between
eNodeB and P-EGW

2kl el A= ow x|AA 7k dlolE] M-S S
oA Hlm FAEE B =Felx Ak = onle
LTE/SAE Y| E$ Z42] eNodeBe} S-GWE| Afe]
of BiX|== A= AW]|Ql P-EGWZEY] = 9n1o]
7] W&ol LTE/SAE WEY I o] EA sz o
Azte} vlaslr| 7} ofgjek 3}A|NE LTE/SAE Y ES
oA 71 7kt dafe] sz enigl “S-GW WA
o] §l+= eNodeB7F e 21 (¢]3} eNodeB7F e <
)& ¥ ko2 AL = ew A7)
tloJe] A2]& SHolA] Aksh= P-EGWZE =2
o] Aso] Agden e vmx] g e5]H
ZrhH, Y A| LTE/SAE W E$ Folx] BExkgl 4
2] e om ATHoE Algk d=ow Aol F
TS flsle] 2 AllA ARSslar
3% 17} 32 LTE/SAE H|E = 3

4.1. H=ELH X|AAIZE 2

2 AHex] dl=en 2AA7RE “UEZF oA
eNodeBe} 9145 #jAsta A =% eNodeBel|l #
Z3e] 218 DL (Download) ®lole] szl1& =
& w7hx] A2RF= A (5, d=on FH] o
of A=ow Als) Al Haks Fefsled 48
He AZhT R Aot g, F 47k &
21, = 7]%& LTE/SAE vEgZel49] X2 =
2nel S1 M=ew 2 AgksRs A WES T
18] X2 A=ome}l S1 A= rof thgle] =9
H A AA 7R A3k BlaL ARk

= ome] Als) iAol = AAAZE

I 2

ol
f

r
|

)
it

www.dbpia.co.kr




=/ LTE/SAE H|ES Fol|A HAF o] 5 Ie] 7|9

= 3A 2714 8<lell &3] FH-g-xch A WA=
UE7} ¢ eNodeBe} d72-& &fiAlsl A=
eNodeBell A<3l=d] degl= L2 (Layer 2) =
e AAATH T el 7 W A= vE A
o] eNodeBZ AFHw dlole HAzl& A2
eNodeBE Aesh=d] A= AZH T)elck o]
gk 2714 8.l¥ A=AgE APt 2 sksEw, UE
= 71 Aol dHeld %S AH2E eNodeBE
3t AR 5 oA =k o] W) 7,9 7,3
AR 2 A FAlel FaE] witel] =
AAAZY Ty ot 2e] £33 4= ik

T}[OZmaX{]lQ’ ]—‘L3}+L’wl (1)

sHA|aE A 22 eNodeBoll A<= o] L2 3= eH

Fig. 7. Reference architecture of LTE/SAE
performance analysis

ag 7eA B 5 SlRe] Ak it
LTE/SAE W ES 3 FXoA] UEY o]% ul=
Y= 01 = eNodeB7ZlF = w9} o] AAE x
Fel= P-EGW7E fl=omz Rl ol2e
P-EGW7t ed A4 Azt 2 MME®| ¥W7 A
olof] whE $1x] Al A FTE R FEsH
e} vy oleldt 7]l AAES UEZ} ©f
A eNodeBol| <AZ2% Areollx] Sazl= gl=on]
F0) welA ol wiel, A AHEAt 3

ol A=ow AAA el RS XA W=
t}. uwjebx, 71¥ LTE/SAE vlEY= FxelA]
eNodeB®| ®W7oz <qlghk J=owe} n|us|e]
P-EGWZt sl=enje] A3 chAle] J7pdeoz 4
= Ald "zt glem 7 AlaE BT X2
de=con Ay T DL 7S o4 eNodeBel Al
22 eNodeB A}e]e] X2 <lgjdo| A~ Ealo] A
Sp7] wltell 7, AlZE w3k U sich A=
Ao g 7] LTE/SAE HEY= 2 Algksh= #
b LTE/SAE vlEg]=ZeA2] X2 fl=om A9
Pg=on] AaAA|zrel TGt 5 phistriuted o mo)
sl X2 <QlElglo]~E §3le] eNodeBe} A2
eNodeB7} 1-hop2o.2 14=95-S 7 vk
3} zro] A=Y

Central _ Tl)istributﬂdf
Tho""e = To - vs ' = max{ Ty, L4+ L,

@

g, 7]¥ LTE/SAE HE$I=Zo49] S1 =
om AAXZRE TiotalEl & o) i kel 2}

o]i= o|4 eNodeBZ AF=w dloJe] #z7ls A=
eNodeBZ A etshi= wlAlo] zole] ofsle] n]x
t} S1 F=owd 79 UEZ} o)A eNodeBet
S siAIE of ©]A eNodeBE UEZ2] DL
S A 22 eNodeB=E Adslr] ¢Jste] L 7l
5% oA S-GW=E A3l o] S-GW7} A
AZE- eNodeBZ = zle gk} ujelxd
TEordle vt zro] A=)

o

Mol

PSS A

o

]}?glj‘?&ql: maX{IWLZQXCXLwd}_‘— Lu'l (3)

Aeksl= #AF LTE/SAE Y|EH I S1
Feon AAXZRS  Thhrivedaly szl BAab
LTE/SAE Y ES = FZ = UE7} eNodeB2}
o] AAE sAIEl] o]Ae] W=ow FH|EHA oA
oju] o]H Access P-EGW$} AJ=Z2 Access
P-EGW Alele] GTP B A3l 12jnz,
o] eNodeB+ UE<®le] AAs|# 23 UEZES]
DL #H7l& o)A Access P-EGWE sl o]
A Access P-EGWE tHi] AZL  Access
P-EGW= #7l& AFsp, HFAHoR AEF-
Access P-EGW+ |22 eNodeB7H4] #|71-e
Az}, wepa] 7hstrivied = cpes) 2oy

TRstrited = max{ Ty, 2} f < L, +ex L+ L,
4)

889

www.dbpia.co.kr



FE A1 83 = 5] (JKICS) ’13-11 Vol.38B No.11

42. Holg XMzle =g

- Holla] A3k HlolE] A2]E-2 PDNe|| 44
3= %41 == CN (Corresponding Node)°] UE®l|A|
B A3l sl =9 A7 & UE7F A50-2 d)
olg]e] F ko R Aok o|F Sl NE s
o] Aol A== S ;A AN & 2] A
Zlo] AF=)= Alo] AZtelela 71 gl & CN2
NRe] #HZ1& UEA 09] Aoz Bt} 7]&
LTE/SAE Y E$=Z2] Holg] Hzlgg& piriole}
3L & ] CNo| UEA A$3h= 25 d7lES WA
P-GWell =25} = wjg] AAE woj2l5s 53
o] S-GW 18]3l eNodeBE 713 UE7MA| Z=ZsH|
g} o5 A3k o5t Ak

Np

PCentral —
dC'entral +6(NP7 1) (5)

o714 %l CNelA] UEZA1] E5t 912
Ak AREo s thgah o] ERHT,

Central _
d =1t CN— PGI"V+ tPGI'V— b'G[f"+ tS(r' W= eNode B + t(aniﬁB— UE

= aXLy+tbXLy+cXLy+ Ly
= (a+b+ec) X Ly+ Ly

(6)

Aloksh= FAF LTE/SAE H|EYFA2] dlolg]
Aelgs  preritiddela Aolsixk. o]
phstriied = ppN - U] CNo] UECIAl HFsh=
HZ1Ee] A A Al wel Zeixich wlel
st AlAde] UES] P-EGW =9on o]xle] AA
%l 739, CNo| UEelA A$5e e 7152 114
Anchor P-EGWE 3814 =1 o] & sH=9on]
A F AAE BES E3F] Access P-EGWE
AL= 7 eNodeBE ## #HEA o2 UE7HA] =3
34 Ec} (Case I). wHek CNo] A3l Al4do] UE
2] P-EGW dl=9on| o|Fof AR 739 37 ellA]
st 4 PDN 2] Aol gizfsle], W7"
P-EGW7} a5 AllAdell w3t Anchor P-EGW2]
&S PP A|ZE- P-EGWR FFlo] 2 &

= dXLwd te ><Lwd +f><Lwd
=(d+e+f)xL, ,+L,
ddist'r'ilmtml =
= dXLwd +f><Lurd +Lwl
=(d+f) X L,,+ 1L,

890

ten— peaw T teeaws Ttreaw—cNoden T teNode 5 vE
+L,

t CN— PEGW + tPEG W—eNodeB + te NodeB— UE

23| =3 o]+ eNodeBE A UE7[#A] =23}

Al e} (Case ). ©]F FA13keka ohgst 2o,

NP
ddisf,ri,buted +5(NP_ 1) (7)

PDzstr‘zlmtﬂd —

047]/H ddz'strz’?m,ted_té CNoﬂ/H UE7]]_]]9/] %‘T;/_]— EH
7 A A7kew ot 3lo] ixlc)

4.3. 24 A1}

E AHelds o]d Aeflx ey d=en A
AlZE 9 dloly] Aelg mdd ggsle] AT B4
o] AR A} A 14E $1ste] & 14
AAgE Z47ke] detele] 712 ks ot 3ol A
Asldek L, =2ms, L,=5ms, a=7, b=5,
c=6, d=10, e=2, f=4, T,,=20ms. ¥,
dlele] Hel&¥ s 7 FEbeleld] dsiA=
o5t 2ol AdAsIck N,=10, §=1ms.

a8 8(a)E e (P-EGW Aole] it & el
w2 F=on A7t HEE BelFr) o] a7
AN B F 9l%e] 7]1¥ LTE/SAE YES= 2
Ag¥el= A LTE/SAE UEYZE FxelA]9]
T 2 Tholw'™ 7% 54 (D el =
gt 7,3 T,7F | =27 wiiel 7,+1,
(25ms)7F  d=ow  x|adAzte]  FHrl  ubel,
Tigiel= =21 (D)3 3)ell wet 7,7 Tp,%c)
o =27 wiitel 7,8 ARl 2Xex L, + Ly,
(29ms)e] M=o H|edA|zbe] Flr), Tstributed o
P-EGW #to] & 2l e gho] & A$- 755l
B} A e9 gro] =he w7 R} 2t}
ek & ARblRs FEelA A=W A7
P-EGW Afe] & 7} 2
Sk

a3 8(b)= adl wE F=om AAAZke] |
3= HolFEh o7|A ax f/cE  eNodeBe}
S-GW 2] Aglel] g eNodeBe} P-EGW A}

o 2~
Hore & %

for Case I

for Casell
®

www.dbpia.co.kr



=&/ LTE/SAE Y E$)ZelA FA4F o] %A e] 7Y

T
entral —Distributed
LIES Tho%S. THaa
TCentraI
HO-51
Distributed
32 Tho-s1

30
28

26

Handover latency (ms)

24

22

20 L 1 1 L

{a) Handover latency by varying e

Fig. 8. Handover delay comparison

ol 779l wles dehinh IR, o g2
P-EGW7} RANZ} o4&k Sl wixlds= 0ol
CAstaL Fof well 7izte] wiAEE 1 A3
chool Iddld 2 S slRel Tpplytts
P-EGW7} o] vl ZAsHA mixd45 o %
= Akl 2sdE £ o4 ook skl A=on

|
A7Fe Z0]7] 98] P-EGWE RANe|| <QlAsH)
Q

&
3
wjx|aA] =W 2RS P-EGWe] WAo] &7d 5
Q7] Wl 7 7] 84 & A= AZE E |l
zow WxE gt g P-EGW w7} 8
Tk

T AlzwlZke] dlole] AEle-s #AE] $15ked
7% LTE/SAE YEf =42l dlole] Azlgl
i3l Algksl= #4F LTE/SAE uYlEg =049 A
4el dlele XEleS R,EF Wyt olE vk

Ry (Case i}
141 Ry (Case ll)
12 F
' 1
08
06
1 2 3 4 5

e

{a) Ry by varving e

Fig. 9. Throughput comparison

Central TDistributed
34+ HO-%2+ 'HO-X2
TCemral B
HO-81
%2 TR
£ 30t
7
=
Z 28 F
=
g
k] 26
=
s —
T
24 +
22 +
20 . L .
0.2 0.4 06 0.8

o

(b) Handover latency by wvarying

3} 7o) Aelgiey,

RT — szstrzlmtfzd/PcentraZ

&)

ek RO Flel 1xHrd =W Algksle Eab
LTE/SAE HES|Zl|4e] dlole] AH2lgo] 7|&
LTE/SAE YE$Z42] dlole] Az]g<] H]a}

o] o] &b 2 5 glch

a9 Ya)e= ed wE R0 WEE HolErh
AQ¥el= #4F LTE/SAE WES)=Z FZ4] CN
o] UEelA dlolg] Hzls A5 uf, 2 sjzlse
SAEWe] P-GWe} S-GWE 7Za3 o glo]
214 P-EGWE &3l Hrl HAsisl A== A
2 £ 7] wEe dwkHer (53,

=
Case I+ & 39

N

Distributed
P 7t
1.6 !
Ry (Case l)
Ry (Case Il)
1.5 F
14 +
o 1B B
12+
1.1 F
1 L
02 04 o¢ ”

[t}

{b) By by varving o

891

www.dbpia.co.kr



FE A1 83 = 5] (JKICS) ’13-11 Vol.38B No.11

pPDistributed . pCentral g 1o gizs wald).
’c‘?]—X]‘ﬂ- PDistributcdﬂ_ Case ITS:: tq—%_'— 73_?4, 67]-
Z71kel ulel P-EGWZE Hlole s Ash=d] =
= Azte] EolvMAl Hel Rp7F 18R} 2 =&
73597} s & gl

a3 9(b)E o (P-EGW2] g1 uj2 Al
A odlele] A melFx) plitribued
P-EGW7} RANel| A3 wlx|=E 4= Traffic
Offload?®] E3-2 7F-9} wr) HAsE A2 o
ole]7} AF=E7] witoll R,7F 18} AA= As
ok & glek AHt} AAl LTE/SAE YES] =]
o] dlolg] AH2 FZluict GTP slolE ukgiclar
B uf P-EGWellA Ewf¥] Halzleks = 4k
LTE/SAE JEY=e] A4 dlole] Halg-o
7]1%& LTE/SAE YWEY=Ze) w3 o] =& 5 9lck

v.2d B

B =rollMs FHE 343 mekd <QlEl Ed
o] Z7}2 9Igk 3GPP LTE/SAE YE$] =4
o] Exfly FgAle} AlzHl A EAE &iE
3l7] $J8le] LTE/SAE H|ES] T2 &4 o] %
I = ) ) R E = S = S o
LTE/SAE YEHZANA oA dAE Hddh=
P-EGWES Zdgk RANe|| 7rlo] Al 9)xA]
7|3, ARAPE AL dlole] EdEE 7lsshi
Fo] VEH IR FYAFIA] 932 RAN HolA
#HAstEl ARZ2 SRR Adshs VEN=Z T
25 AASEL ol Hgket HAF o584 Fe| Wkl
= Atk el Akl wAE 9
LTE/SAE YEY= T2} 7% ZoF #£3 H
Ale] LTE/SAE UE$=9] A5S F3kdo n)
Mg EH HAE o] FA Wk fEA 2 &
AL gl 39 Aljtsle B
LTE/SAE FZollA= P-EGW7} ¢12]9] Aol
et dA e ddsly| wftel Wikl s Al
Aol e#lEel 1=l 7l UEZF AlgsiA] o]
=g s Hcobd Access P-EGW<2} Anchor
P-EGW7} ez AlAde] ehe8 ZH=2Z7F ZHoix]
rfo] WRAEE 4= 9l EjBE ) SR ol o
22k LTE/SAE F*oll4 dlolg] EzF9)
A3} Weks Qe Aot

ofN

1o 9

al

2
ol

ol

(1]

(2]

(3]

[4]

(5]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

References

Morgan Stanley Reports, Internet Trends, Apr.
2010.

Cisco, Cisco Visual Networking Index: Global
Mobile Data Traffic Forecast Update, Cisco
White Paper, 2011-2016, Feb. 2010.

3GPP, General Packet Radio Service (GPRS)
Enhancements  for  Evolved Universal
Terrestrial Radio Access Network (E-UTRAN)
Access, 3GPP TS 23.401.

3GPP, Mobility between 3GPP Wireless Local
Area Network (WLAN) interworking (I-WLAN)
and 3GPP systems; General Packet Radio
System (GPRS) and 3GPP I-WLAN aspects,
3GPP TS 24.327.

3GPP, Direct tunnel deployment guideline,
3GPP TR 23.919.

3GPP, Service requirements for Home Node B
(HNB) and Home eNode B (HeNB), 3GPP TS
22.220.

3GPP, Local IP Access and Selected IP
Traffic Offload (LIPA-SIPTO), 3GPP TS
23.829.

P. Bertin, S. Bonjour, and J.-M. Bonnin, “A
distributed dynamic mobility management
scheme designed for flat IP architectures,” in
Proc. New Technol., Mobility, Security (NTMS),
pp. 1-5, Tangier, Morocco, Nov. 2008.

P. Bertin, S. Bonjour, and J.-M. Bonnin,
“Distributed or centralized mobility?,” in Proc.
IEEE GLOBECOM, pp. 1-6, Honolulu, U.S.A,
Dec. 2009.

H. Chan, Distributed
Mobility Management,”“ IETF Internet Draft,
draft-chan-dmm-requirements-00, Mar. 2012.
H. Chan, “Proxy mobile IP with distributed
mobility  anchors,” in  Proc. IEEE
GLOBECOM Workshops (GC Workshops), pp.
16-20, Miami, U.S.A., Dec. 2010.

B. Sarikaya, “Distributed mobile IPv6,” IETF
Internet Draft, draft-sarikaya-dmm-dmipv6-00,
Feb. 2012.

C. Bernardos et al., “A PMIPv6-based solution
for Distributed Mobility Management,” IETF

“Requirement  of

www.dbpia.co.kr



=&/ LTE/SAE Y E$)ZelA FA4F o] %A e] 7Y

Internet Draft, draft-bernardos-dmm-pmip-01,

Mar. 2012.
[14] P. Seite and P. Bertin, “Distributed Mobility
Anchoring,” IETF Internet Draft,

draft-seitedmm-dma-00, Feb. 2012.

[15]1 3GPP, Evolved Universal Terrestrial Radio
Access (E-UTRA) and Evolved Universal
Terrestrial Radio Access Network (E-UTRAN);
Overall Description, 3GPP TS 36.300.

[16] K. Kim, H. Jung, and J. Lee, “A Seamless
voice call handover scheme for the 3G LTE
system,” J. Korean Inform. Commun. Soc.
(KICS), vol. 35, no. 2, pp. 174-185, Feb.
2010.

[17] J. H. Kim, “Network evolution stages and
characteristics of LTE/LTE-Advanced system.”
J. Inst. Electron. Eng. Korea (IEEK), vol.
49-TC, no. 6, pp. 71-76, June 2012.

[18] 3GPP, Local IP access (LIPA) mobility and
Selected IP Traffic Overload (SIPTO) at the
local network, 3GPP TR 23.859.

[19] J.-H. Lee, J.-M. Bonnin, and X. Lagrange,
“Host-based distributed mobility management
support protocol for IPv6 mobile networks,” in
Proc. IEEE 8th Int. Conf. Wireless Mobile
Comput. Networking, Commun. (WiMob), pp.
61-68, Barcelona, Spain, Oct. 2012.

Z & & (Yong-hwan Kim)

2005 39 g7 |EwSo st
L st gab

2008 84 Fl=7|EaSistal
A Hrle]o]gsta AAaL

2010 849 7| S st
ZAFEge vF s

<3 Jo}> Mobility Management,

Social Networks, Sensor Networks

&t

9 5| (Youn-Hee Han)
19961 29 e thsta 435w}

(e1g+h

19981 59 wEdeta 755
gaj(o] 84 Al

2002 29 wEidiElal #5E
EECIEEIN )

2002 24 ~20061 2 AHA
T Aedd
20061 39 ~&A F=rleasHta Faue
<3Hd+Fok> Mobility Management, Social Networks,

Future Internet

Z Bl (Min Kim)

2005 8% FFufistal A=}
EA1Fs (3h

20091 8¥ striEhw A=A}
B (b

2010 19~&A AR}
DMC A4 A4l A<

<Z4]Hok> Mobile Network,

Ad-Hoc Network, Future Internet

H 2 M (Seok Yong Park)
© 19861 2% Agtistal A

&3} (31h

1988 29 A|gdfstal AR}
&3} (AHAh

19964 54 v]= s Feistal %

‘ > h 7188t (A

- 2002 29 ~&A] AR}
DMC <714 4 7

<ZA]Hol>  Smartphone Network Middleware,

Future Internet

893

www.dbpia.co.kr



£ A & (Sang Jun Moon)

© 19934, A=t At o]
AL

1995\, A2l ket At

20004, A2 A2 SE
I8 1At

2000 ~3Al, AL 25

<ol Mobility

Management, Future Internet, = Smartphone

Networking

0| Zl & (Jin Ho Lee)

19971 24 A radistal AHw
F3ta} (b

199941 24 A fiefsta A7)
A2 e g5 (4D

2005 84  University of

Florida Computer and

Information Science
Engineering (2t*h

20051 1149 ~&1x] 4% DMC 74 #9) <
.‘_}_?‘,;]

<Z4lHok>  Smartphone  Traffic Management,

Cloud Computing

Z| [} 7 (Dae Kyu Choi)

2002+ 29 Adtatistal AR
SA1F3EHEh

20041 29 Attt #17]
AL FFE S A

2003 12~&x]  AMIAA}
DMC a1-74 A o<

<Z Al F-ol> Mobile Network,

Ad-Hoc Network, Future Internet

894

www.dbpia.co.kr



	LTE/SAE 네트워크에서 분산 이동성 관리 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. LTE/SAE에서의 분산 이동성 관리 방안
	Ⅳ. 성능 분석
	Ⅴ. 결론
	References


