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Introduction (1/2)
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> Cisco= 2012E 2 H 2017E DK 2HIY EE 0| 2F 12,50 SIHE H L (S B2 66% 33})
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H36tI| /18t J|=0| ERE

> MHIAH =2 0|SS A&l AL XHMNO: Mobile Network Operator)S 2 B E4& 1t 20| I}0| £
SIYCz /=3 2510 2HIY EHEHS SAAZ HE L.
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Introduction (2/2)

Y

S 22U 01SSAAFZI2 MNO 3AKSK, KT, LG U+)Jt L 3tE SAMAIEUHA Aol
USMH, l%% HE IS4 HIE2 22 21 US.
MDA BEs 22U SAAR 2435 L DM JIHEAH 2a2 ?:*_/tﬁwl SR
JVQJOIEEAI A XHMVNO: Mobile Virtual Network Operator) Al& 4 & & XI & 3t X| O,
AR AHIA SFEC2 0SS A1 US.
MNO/MVNOE “%’%M (Beyond Telecommunlcatlon)” AXNMH MZ2 0SS AlIE
NEE EH S (S-S J|g-cZ T=D(Y-J1Y S Al JHIAE N E.
T 11 2= Chst MVNOA‘II:II& S8 4 gi"%; LHEHE.
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Mobile sharingi} LTE BIE2 (1/3)

» Network sharing solutions

= MZCE S4& AElA HEBX=0] Core 210t Access Z0HIA WERA MR L HHIE SFote &Y
= I 32 C}2Fet Network sharing solution = LtEFHH C.
> 1832 Jtat2rE 0/ &8t Mobile sharing solution2 LIEFHAH CF
= Virtual network A: Jt& 2= 0| E0tH WIESR 3 A& = Sharing &
= Virtual network B: Base stationt Ul E®I 3 A& S 25 Sharing &
.3 Present network sharing solutions (IEEE Comm. Mag., 2011)
Sharing solution Details
Site sharing Operators collocate their own equipment D D D D
Tower sharing Operators share the same mast, or rooftop 0 |:|_|:|’
Spectrum sharing Parts of spectrum is leased by on operator to Operationsl dew /
another Virtual network A Network split - \.-'i.rt::JaI net\n;o:kB -
Antenna sharing Antenna and all related connections are shared | | ~  ~TTTTTTTTTTTTTTTTnoTThooooomooees Y """""""""""""""""""""""
l+— Physical host
Base station sharing | Operators maintain control over logical Node-Bs . l . .l V: host
RAN sharing RAN resources are combined: antennas, cables, V', e Physical link 7 -
BS and transmission equipment Physical view \ *\—v..tuan - // i
RNC sharing RNC physical resources are shared —— l_______________________________ .l-— Physical switch/router
router
MSC and router MSCs and SGSNs are shared
sharing \ _ _
t+—— Physical base station
Backhaul sharing Transport is shared, e.g., fiber | \ietual base station
Roaming Operator networks located in separate = = = —
geographical regions _1&.3 Mobile network sharing by virtualization
MVNOs Virtual operators lease the infrastructure from (IEEE Comm. Mag-, 2011)
another operator 7




Mobile sharingi} LTE BIEZ (2/3)

> 3GPPLTE ®HEZ2 OI2|&l XA

= HeNB 2 2HI ECHZI0| MNO 2 EPC € Eoll QIEHIo2 A& E.

= IPsec Tunneling: HeNB 2t Security-GW 1 2t0ll A 28I EciE o] 20t= ?|off 0| =&,
» E-UTRAN network elements

=  HeNB: D20 A X = U= 428 0ls38 JIAN=22 eIHU M AZ6LH ALE Jbs.
= Security-GW: HeNB 2t IPsec turnneling= ™ Z 6+ 4, Control planedt User plane Z 2 & Z 0| =.
= HeNB-GW: Ct==2| HeNBOIl CHet =D& &, 2t& 22|, Tl R A2 SS =g
» EPC network elements
=  MME : NAS security, Idle state mobility handling, EPS bearer control
= HSS: UE information
= S-GW: Mobility anchoring
=  P-GW: UE IP address allocation, packet filtering
5 HSS .
MME (HLR.AuC) Internet
( - shee i
o)) ]
;'E\ [lj, ntemet Securlty HeNB S-GW || P-GW [ IMS
& : -GW -GW |
HeNB [Psec Tumneling S1-U :
E-UTRA i
UE + bid I—‘!f. >
E-UTRAN network elements I EPC network elements . Packet data network

_18.4.3GPPLTE &2 O &l A. 8



Mobile sharingi} LTE BEEZ (3/3)

» 3GPPLTE EBE2C OIHHIOIA (A&, 5)
=  HeNB= HeNB GW¢2 A& &= MME/S-GW2t & & A A 0| IS¢,
= S1Q9IEHO0lA: S1-U (HeNB2H S-GW 22t packet data), S1-MME (HeNB 2t MME 2, signal).
= X2 QIE{H 0| A:eNB2t eNB AFO| signal 1 &t,
> HeNB2 CIE{Yl Ec{E 2 &4 MNO EPCE Sadll 8&& (8. 6)
= Uplink: HeNB — Internet - HeNB GW — MNO EPC — P-GW — Internet
= Down link: HeNB <« Internet «— HeENB GW «— MNO EPC «— P-GW « Internet
» HeNBOIA QY EcElE SHXINK &S dSol=J|ls ER

= MNOEPCS Ecdify Fol &4, DN IS4 & S.

LI S

MME / S-G\W MME [ 5-GW

N R~
:'.It - N P ?\I|\; B _.:'*.5"_.- . -
|} T L -l
A ™ ! th A\ T *‘
{i ]);_:' I'.\ \‘5';‘.'.. T{I: :'} '{?’ i|i'
6: % 9 x:\é} \ LN au - Internet q MNO EPC
——x— ~ 0 R a _ HeNB
N8N\ ey 1 MNB TN AN > EUTRAN T SERe\
5 ~y L pr J
W i 7% HeNB
VA () ! N UE
\\é ,5:’/ ([ E' E[ j} 'sl
eMB
HeNE P-GW
HehE HeNE -
2!, 53GPP LTE B &2 0}/ & & 2| OIE{H[ 0] A J2 6 BMEY O OAM EHT 55, 4






189 HIEQ Sharing 7|= (1/3)

> 3CGPP ASHRH2 VA SN F=HEHSE Uiot( CHekst A

Heterogeneous network (HetNet)2 11 S0IH, &

S 8okl US.

> MM, 22U BEAS dssa=S flst 28 MO

2 S S8 24t

AN Software Defined Network (SDN) 2 0|25l 0d,
'—I'"

» 8. 72H =LA R 2A4HE L0
MVNO 2| 2Ht EciE E &0t XS LHEHE.

—

MVNO1 |J__| / { TIsolation » ] | MVNO2
1 O N7 VvV o =
Virtual network A O O O O Fzgl:sgfﬁl

________________________________________________ R Virtualnetwork B
B[RS

(KOREN)

_

Il if=—Physical host
«— Virtual host

, . \\\\e—Physical link
Virtual link—1

j*—Physical switch/router

| — Virtual switch/router
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714 IEQ Sharing 7| (2/3)

> MVNOZ2 J|ge BIES2 Sharing Jl= A& 2ol Ot MIF 21 E =& &,

> MVNO MHIAE 28 SDN J| B J|HE
SDN J|EH I &< %E% Ol A
=  SDN IS XN/=s8 AE == 2 UIAIX Xt

1=

EZO0IEXN A4

> JIHE BEZUA 2EHNH X ANHRAEG S8 2 =4

= Graph coloring 1t Fractional frequency reuse (FFR) 2812 0|8t 28 MO & XS 8 Y

> Z|= SDN X3 ol & 24
(m]

= MVNO 2| SDN Jtat 2 X2 Olgi TE VIEE BEY ds =4
= UES EdiE A0 HE =& Jtat 2 A e =4



714 IEQ Sharing 7| (3/3)

>

MVNO MHIA

= Femtocell Control Server (FCS): J|

=  Femto GW: FCS-MSE 0| &0l FCS le
MVNO 2| HSSE 0| &6t

MNO
FCS
ﬁ FAP-MS
& &
A"
rue [
AY
A} <@
) <
4— ________
," LV o4 |
ry VNetRA
& F
&
FUEv VNet
Creator
MVNO

£ ?|8tSDN J|EH D] & E

| Fesws || FGwms |

FMS (for MVNO)

EL 08X AL
Ay HEUS 22|otH, Femto GWeF HIAI Xl 1) &t
AN L =2 FCS MO, UENIH MBIA == <ol
OISEXt =
= VnetGW: FCS2t Femto GW &£ = Source FCSRP destination FCS AFO| 2] SDN JFAF S M A 2 XH2 O
HPLVN Core Network || | <> WS
! ! <+— MNO Traffic
| FMS (for MNO) i +--» MVNO Signal
i A eesws || Fawamss ||| <> MVNO Traffic
! HSS |
1|_--*| 7 " Subscriber DB !
Femto GW 1™ - !
Tkt = 5| | copscore i i
1Nternet =g Connector “T---%| MNO Core |g :
(Virtual Network) II' “'E >| Network !
g VNet i i
2 Connector %1 - ..____P_S_S _____ .
* | _Subscriber DB _ i

FUE: Femto User Equipment

FAP: Femto Access Point

RRM Radio Resource Management

FCS: Femto Control Server

FMS: Femto Management System
1.8 0l Jbat 20 A MVYNO MHIAS 2?8k J

’
mmmm e m eyl e e

FAP-MS: FAP Management System
FGW-MS: Femto GateWay Management System
HSS: Home Subscriber Server
VNetRA: Virtual Network Resource Allocation

VNetRM: Virtual Network Resource Management
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MVNO =X & A A =4 (1/7)

> JIYE BELS (§Z JIX2 20 OHLI2H CH2| HeNBS AHOI0fl 2+ 2 80| 304, UE ©f
SINR Ofl [}2+ XHRI B SHe D24 5HOk & (2. 11).
> OB JIXI= A0S H2l= dig OI, BN Z JIXI2T HB AHOI2) H2lE dye.
> 1082 H=2 W0 25702l HeNB Jt H8t& Y 2 Ui XIS 0, 2 10012l UEE 23 (8. 12).
» Simple pass-loss 2 & 3} Shannon&| Capacity€ 0|06t &8s =4 &
> HEHI 2 HEES= 20 Graph coloring 2t Fractional frequency reuse 28 0| &t
MBS
Cell ID
= ) Q X o) O O‘
| Building (EFN) B T L x N
[ 9 i OOA % AQO_X_ « écfg S « QS@C X (jéo x
¢ =q S PR =S I Y M ST
E HeNB NG Aéoigoo ) S%CZ CC%Q ?is%gf f@‘@o
g NN 2‘6‘0& Ok | AOCSXTXIO ‘ ‘OR QCOQK
— —— Interference I ] <% %i@ - =00 £ : S
é % QOO‘ — '@C = KC@ % OQK R%OQ -
BN R U c%%j
b B RN B % B N S . T e
: : | &C‘Oi— O Q%Cc X chxa @o XSO Q S 2‘0 an X
. . ) Cé-o « QACC . ACC%OO A og% QOA ok
H B 50 &_X_X_OQ\\ *x Y9 o XA O * 3@&
Y-width(m) 0
10 20 30 40 50
] Xwidth(m)
(a) Macrocell network (b) Enterprise Femtocell network T2 12. 0|9 s BIEQo| EX 2

D811 JIYE BELO SS2AS 98 AAY B, (5x5 M S D 105 2A2) 15



MVNO =|& (&3 X1

HEL 2EHN & ANESE LY

HIQFSPi Graph Coloring based FFR (GC-FFR)
dEH2 2842 A4S,

Step 1: 2 stageE 0| Z6+0{ HeNBE Clustering.

Step2: ==& ME 2 €.

[Step 1]

Stage 1 : HeNB2| SINRO| (Ct2} Inner2t Outer

dgez 22lE.

Stage 2 : Outer 150l =28 HeNB == 12
C|

Zold 21252 0|0t A= 288
2= HeNB= otLi2l 24 E 298 5)

(@)= =0l HeNBS2| EEZ XIS LIEtH
(b)= inner E S 0fl I XISt HeNBS 2| LIEtEH
(c)= outer S0l ®I XISk HeNBS 2| LEHH
(d)y= outer 32| HeNB=2 1= 22
Ol =5t &4 & &t Interference graphS Lt EFEH

Step 1

2k =41 (2/7)

a} An example of EFN topology

N4

7213 HIoHsts BE Y el g




MVNO =X & AL A =4 (3/7)

[Step 2]
= Step 1 Ol A 24& St Inner 1S 2| HeNB= 1t Interference graph £ _1& Xl 01 &l HeNB
S0H ANHES 2ol HEHE LHEP

= Static subchannel group 2 2+ HeNB S0H =~ BEGHE AHRSS LIEFUD,
Dynamic subchannel group 2 & & OI DP‘* == 1S IH 2 ANEE g2Yotle =
ANE =S LIEHS.
Step 1
() Dynamic channel assignment scheme : ____________________
f - )
i i
I : ‘ I
: Dynamic subchannel group - For both inner & outer groups |
| (K% !
o : I
ol | I
40_,3 I = :
w : Cluster 1 7 |
i Cluster 2 0 i
| Static subchannel group - : [ Quter group I
| |
: (Kb(,) Cluster Y :
i Cluster Y+1(=J) - Inner group |
| I |
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MVNO =X 71aa AL A =4 (4/7)

» MVNO 2| =/& SDN AH& (g 24
= 2 S0A 2 MVNO= 20%2] UEOIHl MBIA M= (2 MVYNO= 52| UE/S).
= Mz UE e A =S 2= 342 MVNO Jb AMBIA Jl=S.
= 312 MVNO=2 Ol &fet Jtat 2 A& = 0okAl =Zot)| =20, Vs EEL S

MEE0| 248

[

«—> o

MVNO 1’s mobile traffic i |
“--» —_ :__VN.et__'.» VNetGW

MVNO 2’s mobile traffic TMVNOZi '

T12+T13+T22 < T\vvNo2

2
S

ety Xt

0

|'0II

Y Tyvnoz: MVNO 2 JF 0f &

UE1 UE 2
(MVNO1)  [(MVNO?2)

UE1 UE?2
(MVNO 1) (MVNO 2)

_18.15. MVNO 8 UEZ2+ Jtat2t A2
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o
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MVNO

7 }AkGk

= J e

=

I\,

2 =24 (5/7)

H. 4. System parameters.

Parameter Value
Carrier frequency 2GHz
Total bandwidth 4.5Mbps
The number of channels 200
Bandwidth per channel SKHz
The area of the building S0mx50m
The number of floors 10
The number of FAPs per floor 25
The number of FUESs per FAP 1
The heights of FAPs and FUEs 1.5m, 1m

Tx power of MBSs and FAPs

20W, 100 mW

FAP traffic load

0.2< p < 2.4 Mbps

Path-loss exponent («)

1.6 (open), 2.5 (medium), 3.5 (closed)

Min and max spectral efficiencies 0 and 4.4 bps/Hz
Bit error rate 103
Distance hetween the MBS and building 400m
Inter-site distance 1Km
Min distance between FAP and FUE 0.2m
White noise power -174dBm/Hz

» 488
= 2 MVNOZ2| capacity vs. p
= {<E MVYNO JHAY KR 2
2 A ole BE 2Ol A|AE! Capacity.
=  AtEobAl &) EHI% = SDN A+&
Ol 2 &t
» dsHlu
= Frequency Reuse 1
= Graph Coloring based Static Channel
Allocation (GC-SCA): 2= 122
20N sLet AEME =2 €5
= Graph Coloring based Fractional Frequency
Reuse (GC-FFR)
» H. 4= AAE ICHHIEH & LIEFHLCE
» 312 MVNOS&2 H.5% 20| Ittt
NS 0.
H.5. 2 MVNO & JtArSh XA Ol &8 &
(I R=s MVNO 1 MVNO 2 MVNO 3
JHEF Ak AR O 2 2 30 Mbps 60 Mbps 90 Mbps

Shadow fading

Standard deviation 4dB with zero mean

* No inter-femtocell interference between floors

19




MVNO =X J1aa AHAE =4 (6/7)

> Simple path-loss model 0l Al a=2.5 E 0| & (£ Y &&= 2.2~3.0 At0l)
»> MVNO1=23JtAl A& HHO oA It IHEEE 25 AIE 8L
> MVNO 2 2 3 2 GC-SCAJ} 40Mbps 2 JHALSH Xt 2IS ALE5HMH, GC-FFRE 50Mbps)t X

N A3l St

> jl_/\|.0|. Xl‘o‘l 0:”0 (_D_ l:’ZEOE Dl- |E /\lﬁEDI t% MVNOlO' jl'xl- 3.}” LI' |' I'D:Iy
MVNO 2 2t 32 p=1.4Mbps Ol”OﬂA—I LtEHE.
a=2.5 a=2.5
100 T T T T 60 T £ E 3
—— MVNO 3,GC-FFR "} MVNO 1,GC-FFR b
90{{ [} MVNO 2,GC-FFR ~J MVNO 2,GC-FFR &
"} MVNO 1,GC-FFR 50+ —=— MVNO 3,GC-FFR
80H —©— MVNO 3,GC-SCA o ] - ©~ MVNO 1,GC-SCA i
0 ~© MVNO 2,GC-SCA // ——— & || 9 MVNO2GC-SCA 4
Q.
£ 704 ©  MVNO1,GC-SCA %g/@/é 2 40H —©— MVNO 3,GC-SCA ye
; —#— MVNO 3,Reuse 1 377 S/A/é % —#4— MVNO 1,Reuse 1 i
§ 601 “ MVNO2Reusel | — R T 2 || & MVNO2Reusel : P
& 4 MVNO 1,Reuse 1 e © 304~ MVNO 3Reuse 1 '
© . A o o 1
Q 50 i — = : 4 &
g 2 b
< 40 % ?d 20 & A !
8 3 /
: 30 B — 0 —55—=8 i , A g A
o B 7
20 D D /.lK g
L A = -
105 BB s ——
02 04 06 08 1 12 14 16 18 2 22 24 02 04 06 08 1 12 14 16 18 2 22 24
p (Mbps) p (Mbps)

fé!E%*QI INEA= Capamty.



MVNO =X 7taa A A =4 (7/7)

» 2T MVNO Jt (<8t Ittt ArE A = e HEEsS =48,
» MVNO1 2 p>0.8 Mbps Gl Al Ol<et a2 A& =2 25 AAEE.
» MVNO 2 2| GC-SCA 2t GC-FFR = p>1.2 Mbps 0l A O &fet Jtat2h Xt& = 25 AtE06HAI

Reuse 1 2 Y= A& 20| & 5SMbps (p=2.4Mbps).
» MVNO 3 2 GC-FFR, GC-SCA Z12|1) Reuse 1 2| &= AH& 0| 282 2F 10Mbps, 15Mbps,
—12| 1) 20Mbps (p=2.4Mbps).

J

a=2.5
80 r r T T
—4— MVNO 3,Reuse 1
70 N ] A— MVNO 2,Reuse 1 |
A MVNO 1,Reuse 1
7 6o —S— MVNO 3,GC-SCA |,
-2 e N ©— MVNO 2,GC-SCA
=3 O MVNO 1,GC-SCA
S 50 — £ MVNO 3,GCFFR ||
5 N\ ~ £ MVNO 2,GC-FFR
£ 40 . 3 ©F MVNO 1,GC-FFR -
] AN
S A
2 30 SR S
§ A \ﬁ\ 5\5
O 200
TN \i\
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HIAE

H= 3= (1/2)

AEHIE D= B
2 BIC Ol Al FCSE S0l 22 iC FAPSEZ2 MG, oS B2 E A X2 FMSH A
S

BEd HERD 3= dd

- M= HEPOPO Gl =cll0l& =S Soll Itz 22
FMS= FCSZFH dE= UOIHE EUZ HAE 832 &

5 g5 24 AA

. ljE:'EOI AKX DAUHMEB)U FMSE =
FCSSl IS XI5H)| 251 FGWS VNetGWE D2 TH(ME) 0l 2E510d Bl AES
i

IO

CH& Xl POP

OD g urnmc

.
BE FGS DA S)
= FGW :
=8 (Femtocell controller)
@ VNetGW
AbOF
V\\ EMs = DR MOl Ath)

FMSUI FCSUI

MVNOJ o] 24
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HAEHZE 1= (2/2)

> HAEHEVIES VEE BEL d5&E4

= 2 MVNOJI 2 A LHE Jta
HEES HEE

= S J|2tE MVNOFUE &Ml ECHE 2| B &t

MVNOZ EcfE 8dE&2 22t gtk FALeh &t

= AMletel D10l MVNO1 1t MVNOSOﬂ/\-I 248t X0l 0 K| 2k Ct

H50| S4EE ol &

*ﬂl

A
T

Mean data rate of mobile traffic with reserved Vnet resources (Medium space 2.5)

o EED WO B - BEo mE E|E 0 weE sssa  wn EEEE ENG EOED -

Mean data rate of mobile traffic with reserved Vnet resources (Medium space 2.5)

EHO MO B e O

Mean data rate of mobile traffic with reserved Vnet resources (Medium space 2.5)

ssea w1 (OO O DO - BEO MO BE 0 s suua

100Mbps

QEMEEE;;’
Lo Seeed e ight(o.c) :dm(ﬂl'ﬁ) B hasvy(z.4) oht0.2) r:d(m:; B heavy(24]
(a) Frequency Reuse 1 (b) GC-SCA (c) Proposed scheme (GC-FFR)

18.200[cH/RHS HIAEH =S 0ls8 I
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2 al 35S ALK (2/3)

A

> MVNO AMHIAS {8t LTED|EHS] DS BE2 OIJ|8X S+

= Femtocell Control Server (FCS): 7|2 & BIEXZ 22|00, AN 220 JIsS €Y
=  Femto GW: FCS-MSE 0|&0t(H FCS =J|& & & Ct==2| FCS M, UENI Hl AMHIA M= 9ol 2
MVNO 2| HSSE 0|0t QIS & Xt =2,
= VnetGW: Femto GW2| VNet Agent2t2| H == =oll SDN Jtar 2t M4 2 X2 0 <F .
T Enterprise bulldings | “HPLMN Core Network || | %77 20 Sieu
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