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Microcell

Users: 128-256
Coverage: 300m

RF Power: s-1ow/
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Users <200
Coverage: 30m
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Type Typical deployment # concurrent users | Typical power range
supported Indoor outdoor Range
Femto Primarily residential Residential Femto: | 10-100mW 0.2-1W tens of meters
and enterprise 4-8 users
environments Enterprise Fento:
16-32 users
Pico Public areas 64-128 users 100-250mwW 1-5W tens of meters
(indoors/outdoors;
airports, shopping
malls, train stations)
Micro Urban areas to fill 128-256 users - 5-10W Few hundreds of
macro coverage gaps meters
Metro Urban areas to provide | >250 users - 10-20wW hundreds of
additional capacity meters
Wi-Fi Residential, office and | <50 users 20-100mw 0.2-1W Few tens of
enterprise meters

environments
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HMA0nT - 2 Ry B Pl F Y BRE{EF ik ¥ 0 XEHEE o 1
BhAasre AEREM KRB & 5 LTE-Advanced ¥ Wi-Fi & + 4 it
LTE-Advanced /& stenig it 8 2 A @i S0 > F G iad t =3
% o bldodk 55 E 75 Mbps @?%?J*i FR SR 2 MAREE g BT R
FHMARSETER BRI B PR L B ETE MU R &
ELBNFEFRFELE - FANBEE 23R AGLTE * » £ & H 4 > % 4G
Americas[2] 7 #2 i3t > 2014 & 3| 2015 & FF >3k 4G LTE * = 34 141% > % %
6.349 m* 5 (L 2IRF 2 9% > B 3 AGLTE R ¥ 2 i o A F b

Tt 2@ DAGLTE * = F ) 475%> 5 AGLTE % 3% = & % chR & -

Regional LTE Technology - Share of Market June 2015
100% Total Subscriptions per region
90
) : i
80 I.t North America leads the world in
70 e LTE market share
198 million LTE subscriptions
g 60 - ; nearly half of all cellular connections!
2 5 47.5% W e . |
2 1
2 40 ‘
E
- 30 ‘
6.80% |
- ..
0 | | S— e
North  Western Asia Middle Eastern Latin Africa
America Europe Pacific East Europe America
Oceania, Eastern & \})
Soufce: M June 2015 South-Eastern Asia aﬂtel ) ’,

B3~ % LTE # 33 B R/ (F# kik: 4G Americas)

#2495 Ericsson Mobility Report 3 ip| 2020 & > {76 BAF * = ¥4z 2 IR A T
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Mobile subscriptions by technology (billion)

9.2 billion

3.7 billion LTE
subscriptions by

7.1 billion

the end of 2020
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@ LTE/WCDMA/GSM and LTE/CDMA

@ wcDmMA/GSM

@ GSWEDGE-only

B @ TD-SCDMA/GSM
e ——— CDMA-only

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 @ Other
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Global mobile traffic (monthly ExaBytes)

25
20 @ Data: mobile PCs, tablets
and mobile routers
@ D[ata: smartphones
15 Voice
10
5
(o]
2014 2017 2020

B 5 ~ Ericsson 3¢ iB] 2020 & 2> zf {7 #5123 544 £ [3]

SN

FALAR 5 A nARE end T AT B9 ARAE (Video)4p BE PR AR 3 4o o D4t
= H L enEd ¢ g 25 304 bl4e Youtube ~ B T AR 2 HARAE 4 iPhone
FaceTime, Skype % - B 6 ¥ %7t k p (F& AR FHE TR N2545% > & &
P12 55045 G & £ 5 33 2020 E#-g XK 13 R ¢ T > Y EH nY Kk
SR E M MR (L (TR URFR P 0 2 B ATARR T IR T 1 Y

EH S Bded o B ATHPR > bldod AGLTE * # B4 > dofe 4 2 5T oh

% 5L(2G/3G) ~4r e % RO MEBNTALST PR T RIRBFRE -

Mobile data traffic by application type
(monthly ExaBytes)

35 In 2014, video
2d for

30

15% of
mobile data traffic
in 2014 came from

20 social networking

60% of all
r‘nobllu data traffic
from video by
It will grow by
nnually during

i
@ Web browsing
Audio

L ) @ video
this period @ File sharing

BB 6 ~ Ericsson Mobility Report 4 +7 {7 #4518 20 20 7% 4 $7[3]
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=

ETECREY 2o T i RS FTORERS 7 - K¢+ E (coverage)
ggx(traffic) & 5w 2 L& 7 ki o Fpt o 5 A & F a2 P ow kLAY AR
2 & o

ITU-R 48 f 22k Se— 330 8 SR 2 le > Bil4e 3G <0 IMT-2000 - 4G
1 IMT-Advanced » ¥ T2 R ITUR Y F X e bR &2k A F
o FRERERRRNS R R 17 8- 4237 LIMT-2020 e ft - figd

¢ B Eﬁ%‘« ? 3GPP tds i § A B TR e 4o 7 GPP #7142 B e LTE % 3ie &
FERUN AP T - HOF B LR L ED ITUR PRE T K
BF - ARA AR YR G ML A RS 0 B ABATIR A Rel-13 ¢ e
DA RS SRR D < COMP ~ FD-MIMO % & % % 8 2015 & € & k4T -
AR Sede R - 2 R 3GPP B F - BER AL p H = AN kP
S EEe AR SRR S AAAR SE G SR AV A K56 4 AHE
RS TR ARBL AL AR L85G & BiE B

3GPP 3GPP
Release 8 Release 10
x Spectral Effidency
oL b

lte lt 4ovanceo ﬁz _E

= 3GPPTR36.913 Bandwidth
Tl 20 MHz OFDM Carrier Aggregation Small Cells Enh! (TURM2034  40MHz
@ SC-FDMA UL 4x4 MIMO CoMP Enh. (MURMIGSS  100MHz
DL 4x4 MIMO DL/UL CoMP FD-MIMO (x3.53)
SON, HeNB HetNet (x4.33) DiverseTraffic Support

MU-MIMO (x1.14)

Base Station Virtualization: Advantages and Challenges Network Technology
Strategy Department, Alberto Boaventura, 2015-04-05

B 7 ~ 3GPP R 23 & i 47
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4otk i 2G/3G PRARe B 2 TRH B B By BanEEF AL A AR 540 8 £.2010
ErHHEEICL AR SIRBATEFEF LT T ILE T GBS N
FAMBABFIRAMEE T R 2 A BRI & £ 0 2010 £ FF 5
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3EEH B Hreng i 4o 0 1995 Gartner 2014 & [4]$5 ) Al K8 a2 g
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Ap SH-g S L A A AR SR 4 anE & {] B > Gartner 7f iz 2018 & #-iF
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AL &5 B2 ) A A Y & artie chdir s 4 g DA AR B 2R
BECE T B2 ek Kudk P 20 & Cloud-based radio access networks (C-RANS) ~
Software-Defined Networking (SDN)£ Network Function Virtualization (NFV) i
56 1 BORTRE K SehF A E M, X F & TR & over-the-top (OTT) s * 5
7P menmaED Bl Wi-Fi ) A AR 55 A (LH 10) LTE -} A A% 5 a5

AKRFPH LR RS o

uindoor Picocell # Outdoor Picocell u Office Femtocell
¥ Residential Femtocell Indoor Carrier Wi-Fi  Outdoor Carrier Wi-Fi
BEHE(EE)
50 -
45
40 4
35 4
30 A
25 4
20 |
15 4
10 1
5 4 3
2011 2012 2013 2014 2015 2016 2017 2018 2019
Bl O~ Al AR 5 2zkaE B3 & (F4 %k Gartner)
HEEESR)
6 -
, 4
5 1 —8—Picocells : = ¥
—&— Femtocells ) E
4 o WiFi =

2012 2013 2014 2015 2016 2017 2018 2019

B 10~ ) AR 52z f £ & (F 4 &k Gartner)
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Airvana Public Space and Enterprise : | # # 3G/4G /] 3| & ¥ 5§24 % > Small CeIIs
(http://www. | OneCell™ System, A A f i&m 157585 2014 P

airvana.com/

)

OneCell™ Architecture

Home and Small office: S1000
4G SMB Small cell, 3G
Residential Small Cell

OneCell ;& %eif * > G4oiB d 3 ~ #8535 - g v
B yESF 0 3 M £ L Peak 66 Mbps
download speeds achieved consistently throughout
the coliseum (in a 10 MHz LTE channel) ; 99.7%
connection setup success rate; 0.5% connection
drop rate ; 100% macro handover success rate 2-i&
IR BRI T2 sk 5 Airvana + B 4 i
RPN A FEB 51000 A o B £ AT E R
2P Ao

cisco.com/c/
en/us/index.
html)

Office), 5000 ,% 7| (HotSpot),
7000 ,% 31 (Small Medium
Business), 8000 & 7| (Larger
Enterprise, public space)

Alcatel-Luce | 9962 Multi-Standard Alcatel-Lucent iz#;f@* Rl S P iﬁ
nt Enterprise Small Cell, AR R A AR S ;; ok A
(https://www | 9764 Compact Metro Cell g2 SG/4G/802.11 VAR R kAR PEE N 3;
ftl.izts]l/-)luce g;égoggme Cell, ;‘;-Self-optimizing Networks (SON)#& = # = i
9961 Multi-Standard Home . . . .
Cell, 50% lower cost per bit for video delivery
9360/9760 Small Cells 80% reduction in handover failures
20% CAPEX savings with SON
50% OPEX savings with SON
2015 # g £ £ ¥ A A» sk @
Qualcomm §: 5 FSM9955 » ¥ ¢ p¥ & 32 3G/4G
SIRT o p R AIAR ¥ L3 64 2 4G LTE
* A {e32 3G * ¥ o & F 128 i LTE * = o
1345 Frost & Sullivan i1 8P &= 5 B > ™ £
' 30 Alcatel-Lucent 3 4f i)‘{ra # EATE
BRRRFEF VAAS AR P H G 5
% 40% -
R R A L
LTE-License-Assisted Access (LAA) and LTE
Wi-Fi aggregation (LWA) # it & & °
Cisco Universal Small Cell (USC) B2 E R T M A AR LA RS R
(http://www. | Solution: 3000 % 71 (Home, S JRIEF R S o H A B L kR

4. third-generation (3G), Long Term Evolution
(LTE), and carrier-grade Wi-Fi with
self-organizing network (SON) technologies and
backhaul for an efficient and secure heterogeneous
network (HetNet) - # 2015 # % Mobile World
Congress (MWC)# g ¢ 5> Ciscoz # ERT G o
7 EE #-#& * Cisco ] A&+ 5 A BEFF o

13




d 3 CISCO £ #7 » [ A A¥ 57 % &+ 1
AE P HAT AV AR P REIRT G5 E
RN SR SRR

Ericsson

64 %7
RB6401
RB6402

Ericsson Radio Dot System %_Ericsson 7] 4] &

BOAfEAS K 2 5T RS

. Complete end-to-end integrated Small Cells
and carrier Wi-Fi product portfolio

. Planning, deployment and optimization
services

. Integrated Small-Cells-as-a-service managed
services offering

Ericsson =i 3 % Yo & 2k ¥t 2 (end-to-end) sfic e

iz 2ok A & %~ ¢ 2 macroand small

cells, antenna systems, IP transport, microwave
nodes, rails % o o 7 b 2 2 hZ KpF > U7

Fe st engg &% =973 o o Al 5 RBS6402

PRAR§ %) 5000 & = 2 = o i e~ g &

rPREFIRYEFEY AL > B A B

BE4o7F

. The first indoor Pico Cell with carrier
aggregation that doubles capacity and
delivers 300 Mbps LTE speed in a
tablet-sized footprint.

. 10-bands, 3- technologies multi-standard
(LTE, WCDMA and Wi-Fi) as well as
mixed-mode capabilities, the most flexible
on the market.

. Remote software activation of frequency
bands for future spectrum and refarming
opportunities.

. A live network in 10 minutes with
plug-and-play installation leveraging SON
features. Flexible and easy to deploy with
Power-over-Ethernet.

2015 # = & § %7 TIM £ Ericsson & 37 = # 3+

% » & * Ericsson Radio Dot System, 3G, 4G,

small cells and antenn # g3 = TIM #* = 7 p ¢

A e

NEC

iPASOLINK % 7
Microcell MB4300
FP813

FP1624

FMA1630

NEC -] 4| ¥+ 5 ehfz4-= % ¢ 3 LTE Micro
Cell, Enterprise Radio Access Network(E-RAN),
Residence Femtocell - FP813 Residence
Femtocell » = i "zero touch” » i & {543 -i¢ %
FoEE T EFLI L VAEBBY 2 R
?* o

Nokia
(https://Inetw
orks.nokia.c
om/ie)

Flexi Zone ) 7

Nokia =7 Flexi Zone & ~ g4t £ s ] | fh 3

B B F a4 < (local controller) #

Wi P PER e L AAR S # R

-

. 10x data rate improvement

. Virtually unlimited capacity scaling

. Up to 50% cost saving compared to cell site
splitting or traditional Pico/Micro

14




e Save up to 80% of transport and mobile
packet core cost via local Internet offloading
A HEM AL e 22015 & P o F B¢ R
Eirha tia®E 23k % - B TD-LTE £
¥ > ¢ * Nokia Flexi Zone small cells ¥ 12 f p&
PR#% 600 % TD-LTE {7# * = o 2015 & = *
Nokia 8 5 &y #2= % - B E & VOLTE # it
e Flexi Zone small cell » 2 3% & HD 823 JRF* ©

Ruckus
Wireless
(http:/lwww.
ruckuswirele
ss.com/)

Flexi Zone Indoor and
Outdoor ,% 71

Ruckus €. WLAN % #% i 7 » %1 - Ruckus
e A1 5 Wi-Fi 5 20 22 Nokia Networks
& 1T |IEEE 802.11ac Wi-Fi B 5% & 3| is &)
Al & Flexi Zone k7| & &¢ » H ] A4
o dEF BT

. Reliable wireless connectivity without which
nothing else really matters.

. Standards-based integration, which involves
the incorporation of key industry standards
around Wi-Fi cellular integration and
roaming.

o An agile design that is scalable, flexible, and
extensible is required to address the rapid
changes in both technology and business
models. This would include support for
Wi-Fi enabled value added services.

Ruckus &) A1 fh# £ B &7 3~ V4% e

MRE B e ri AR R A

BREEY B OTAEAS KR

Mmoo B s Hend i f % & 3G and LTE, FDD

and TDD, Wi-Fi 2 LTE-A carrier aggregation »

Ruckus & B 3r» H < A4 B 2 &5 ~ o

ZTE
(http:/lwww
en.zte.com.c
n/en/)

Femto/Pico Base Stations:
ZXSDR BS8102,
Compact Micro eNodeB:
ZXSDR BS8912

LTE Small Cell Products:
micro BS8912, indoor Pico
BS8102, outdoor Pico BS8202
and femto BS8002

v@meQeell f2A FEF LR K- B 4G A4t
(distribution) 3 p -] A1 2k LA % 0 LS
# % #-(GSM/UMTS/LTE or CDMAJ/LTE) - ¢ 2
A= % # 7 pRRU (Pico Remote Radio Unit with
n*50mw), P-Bridge, BBU (BaseBand Unit) and

MAU (Multi-Access Unit, optional) » ¥ 12 3 g
0% A A o B ] AR B 53 % B4

. Micro for outdoor blind coverage;

. Indoor Picos for enterprises, fast deployment
and cost effective;

. Outdoor Pico for public areas, blind and hot
spot coverage;

. Femto for families, ADSL/fiber as backhaul,
beautiful appearance, easy installation,
configuration and management.

Ra oo B A AR 5P E B R B

g BT 2P A SRR
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FZ N S AIAY SRT RATREE A S B(A Y IR 2015)
xF A& B i
N LTE Small Cell - Enterprise | & % #3 LTE ¥ :3% %3+ /3 MWC R4p @
Gemtek Small Cell 2 E# Small Cell 484 % &> & LTE 42 41— 4 7
(Indoor/Outdoor)/ - ¢ 5 TDD/FDD,/# 2 %t/ Pros e B = e
I(R;zsclg(e)?)tlal Small Cell EiRAS 3 R RASER R EY ¢S RE
BHF Gl e Lo X AR - HEAR
3GPP Rel-9 Specification FEERE R ARLAL R BT YN R
Compliance B ORPRESE 2 aE AR JE e BPRARAR
Support FDD/TDD BoRTRE AARBELZERELEPEL .
Support 5/10/15/20MHz
Bandwidth
Support 16~32 Users
Support 2Tx2R MIMO
Support Tx
Power:17dBm~24dBm
Support GPS/PTP/NTP
Synchronization
Support SNMP/TR-069
Remote Control
Support SON/RRM/Scheduler
Mechanism
Support IPSec ESP Tunnel
Support X.509
Certificate/EAP-AKA
B A 7 Femtocell ~ & 3 * B Al A =3t 2015 ,4 MWC Bz L gk
Mitrastar Femtocell ~ Metro Femtocell ~ | & % : 32 = ¢ 4] LTE §& . J A K+ 2 Pico
Picocell % Cell ﬁfgr“_mﬁﬁlf’a@&% av_ e A AR S
Pico Cell » ¥ r1 53 i* & AR B FF > failg p
MBS AR F m B R T o
L 1. WCDMA Small Cell : ® = (TDD-LTE Small Cell F200-GD) # & NCC
SERCOMM | -UMTS operating and network | & s 547 B~ & 2 = FERIGE R4 B e T 1

listen band: band 1
(2100MHz)

-GSM network listen band:
Band 3 (1800MHz) & Band 8
(900MH?z)

2. TD-SCDMA Small Cell
-TD-SCDMA band: band 34
(2010Mhz--2025Mhz) & band
39 (1880Mhz--1920Mhz)

3. FDD-LTE Small Cell
-MIMO support

-LTE operating and network
listen band: band 1
(2100MHz)

4, TD-LTE Small Cell
-MIMO support

-LTE operating and network
listen band: band 41
(2496MHz - 2690MHz)

5. Multi-mode Small Cell
-TD-SCDMA band: band 34

7 TDD-LTE/ FDD-LTE % #f iz - # o It %
FHAfF®SS 20155 MWCE ¢ > B¢~
LFBRBEER G Feend k7 LTE A & ~ Wiz
#A-= % 4v Macro ~ Small Cell kg & &
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(2010Mhz--2025Mhz) & band
39 (1880Mhz--1920Mhz)
-LTE band: band 41

+ # TDD,FDD #14G LTE

1A

EARRLE AR T IR TR

AP BE A o Bt A i 2 32 4G 2R 4 A

& ¥

ZyXEL

UMTS Femto Access
Point(FMT3211) :
-Operation band: Band 1
(2100 MHz)

Wireless AC UMTS Small
Cell CPE(FMT3251) :
-Operation band: Band 1
(2100 MHz)

£

Femto Standalone
(APMAF9001A)/ Enterprise
Small Cell AP(MAE110A)/
Enterprise Small Cell
AP(MAE110A) :
=Frequency (Band 1):
WCDMA / UMTS Band-
UL:1920~1980MHz;
DL:2110~2170MHz

2G Sniffing-

GSM 900 Band -DL:
925~960MHz

GSM 1800Band -DL:
1805~1880MHz

Outdoor LTE
Modem(MML3061A) :

= Standard: 3GPP Rel. 8 LTE
Compliant

3GPP Rel. 9 LTE Compliant
via S/W upgrad

= Frequency Band:

Band 7, 38, 40, 41, etc.

= Duplex Mode: FDD / TDD
selectable

p ? FL
Alpha
Networks

LTE & WIFI DUAL MODE
SMALL CELL

( BLT-FAPO3) :

-Operating Band &
Frequency : Band 3 or 7 or 38
or 40

-LTE Throughput : 150/50
Mbps

-WiFi support 802.11
a/b/g/n/ac

-Maximum Transmit Power :
-WiFi: 20 dBm/ 2x2 MIMO
-LTE: 23dBm/ 2x2 MIMO
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¥-F AR o HAEE R B PR
J AR S ASCPPHREHIzL FE-EXRFRAP > ARFEY 45
AR S nEHEES L AR E T R IS RE LA AR SRR R
P g A B AR o g0 TP R L A AR S AR BRR R E

Bots— @A AR 5L ETIA Kk BG F ReEtH a2 oo

$- & 3GPP/JA&AF 24k

3GPP %4 %] % ~ 4 (Rel-8)22 % 4 = (Rel-9) ik A4~ ¢ /i &2 Home
NodeB(HNB)#? Home eNodeB(HeNB) » #iz 3 & ¢ #-44F 3GPP v 4| A S iE
TR BREPEA6 FREZ2E2 6 A5 NFH 7 R LTE

AR ] AR 5

: 1400
i
B 1200
ﬁ 1000
._}_
B g 800
{ <
£ 8 600 —8—Small Cell
% - 400 _.-H(E)NB
:gﬂ
. 200
) 0

1999 2007 2008 2009 2010 2011 2012 2013 2014 2015
FEF

B 12~ ] A2k 5 & 3GPP % B fr# min
Bl 12 €.p 1999 # F| 2015 & & » fr 4 B 3GPP -] 4| A3 5 Hji4R 2 (TR)

# AR EAT S 12T BB AR SRR SRR L 2RE S

UMTS/LTE & st@ ] Al A 5 4 w5 HNB/HeNB » B 12 ¥ =R 4 7
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H(e)NB #iivdp 2 Fr & % - & % o3GPP | 4] A # 5 % 4178 2008 # - % Rel-8
¥ UMTS 4 5enHNB > % % Rel-9 ¢ LTE 4 soernHeNB o 2 {4 el i 2042 &
§ Hophedr 2 FF HNB/HeNB $tpiwent @ 5 e 4 2012 4 {8 1) 30 chdt fiedp 2 3% bt
FHTE REAFRY ) AR SHREFAAMAY > S B127 mFEsR - A

POER 20 R A 2 3G/4G ) Al A SRR G A -
- > Universal Mobile Telecommunications System (UMTS) 2. HNB

B % 3GPP ch UMTS ik s2@ & % 1% e i (Core Network ~ CN)&2 &= & & 4
#& P~ 4 i (Terrestrial Radio Access Network ~ UTRAN)[10], [11] - UMTS Z 47 #
7 4 FF 2 # 4 g2 (Packet switching ~ PS) 22 7 & % 4% ;% 4 & (Circuit Switched ~ CS) »
CS f F x4 g & 3 PRA: - PS § F #dp 73 L - UTRAN % - A
ol 3l S HNB & i 2 3GHNB - B 13 ¢ » UTRAN ¢ HNB £ + 4|
sk (Node B ~ NB)+ & PRF%: % x4 % » (UEs) » I &~ wj;gc} lu-h & lu /i & &5
Beig % o @ & CN ¢ &2 HNB 3 B chn o B 7 88 (network entities) # 7 Security

Gateway(SeGW) ~ HNB Gateway(HNB-GW)#2 HNB Management System (HMS) -

ﬁ"

MSC/VLR
User

Equipment

B () —lues
AL / x \ Broadband . Tu- h—@ '
@ IP Access —Iu-ps
Home Node B Security

(HNB) Broadband Gateway Gateway ﬁ'

Access Gateway
et
' SGSN

CUSTOMER PREMISE

HNB Management System
(HMS)

CORE NETWORK

B 13 ~ 3GPP  UMTS i oz -] Al ks & % 4f
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»E D] - R A Rel-8 ¢ A~# Ak HNB i § § &~ #5542
By g PR EEE D] 2 A3 UMTS ehfl &~ % Jf# Foo Tt 3R UMTS e 2
B HNB L 58281 HNB ¥ chp e WA M e 2127 2y
X 3G HNB Zt7w it 2r UTRAN § Behirt i [12] o o w 21 2 7 7 e i
H_HNB % Rel-12 ¢ & % chsb iy » B ¢ &2 ¢ 384 Z_HNB % Rel-8 4~ # #7137 %_
A A#i o 3GHNB ¥ chff B cha 1 £ HNB | 4+ 5§ § & 5325 (radio

access)s3¥8 4 » HNB-GW { F & #% .0 e idif S eha 1F o

UMTS | 218k S BB E R4 5 4 840 [13]:
Uu: A+ UE v HNB 2 & ef& 2 Uu /i & o

lu-CS: A %2 HNB-GW {= 3 B 5% % # (Circuit Switching ~ CS) 1%« e i,

e % Ju-CS /i o

lu-PS: A 2 HNB-GW {rit & 3% % 3 (Packet Switching ~ PS) 4% & e it 2.

et & Ju-PS 4 g o

luh: A > HNB and HNB-GW 2. & 12/ 6 o 2374 & (Control Plane)
+ 5 luh & * HNBAP ¥ 7_#% & HNB registration ~ UE registration

{e error handling # ic o & * -H'%)é;(User Plane) t - luh # & i

* ﬁ i ﬁig?] 3§ ¢ 2= (transport bearer handling) e

UMTS - 4] sk 3 = B 5574 & % 48 (function entities) /7 2 4o

=

HNB: HNB 7 UTRAN & 2 P~ pe v 22 NB - A2 B3 N 3 b m

i PRFE ;fgzi luh /i & 24 et g B 23 5 X380 NB &
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Radio Network Controller (RNC) &t %n4z » ¢ 5 HNB-GW
discovery~HNB authentication~HNB registration~ UE registration -
Interfeence management §= UE Access Control/Membership

Verification % o

HNB-GW: HNB-GW % HNB i& » % et nge v & 4 * [u-PS 2 [u-CS
fimoi Sk IR ¥t HNB-GW A& UMTS | Al i+ L7 iF 4
R et Y B oARROT CN A H R ER A
HNB-GW 44 = RNC » HNB-GW f < s ¢ 7 HNB
registration ~ UE registration ~ UE Access control ~ Membership

verification ~ lurh connectivity % -
SeGW: SeGW § # HNB £ ¥ e [ cnip it € 2 WL B d 2 =
P2 e gt s ¥ - SeGW i 3487 48 (logical entity) # 12 & & >

HNB-GW ¥ &  fh+ - @BRerg e -

HMS: By SR 7 ugfl g ] AAS snks 0 ¢
HNB-GW discovery ~ HNB provisioning f= HNB location

verification o

%2 ~3GH-NB % UTRAN £ CN # i (- )

. UTRAN CN
Function

HNB | HNB-GW

! The Radio Network Controller (or RNC) is a governing element in the UMTS radio access

network (UTRAN) and is responsible for controlling the Node Bs that are connected to it.
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RAB management functions:

RAB establishment, modification and release X x Note 1
RAB characteristics mapping I, transmission bearers X X
RAB characteristics mapping U, bearers X
RAB queuing, pre-emption and priority X
Radio Resource Management functions:
Radio Resource admission control X
Broadcast Information X X Note2
lu link Management functions:
lu signalling link management X X
ATM VC management X
AAL2 establish and release X
AALS5 management X
GTP-U Tunnels management X X
TCP Management X
Buffer Management X X
lu U-plane (RNL) Management:
lu U-plane frame protocol management
lu U-plane frame protocol initialization X
Mobility management functions:
Location information reporting X
Handover and Relocation
Inter RNC hard HO, lur not used or not available X X

22
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Serving RNS Relocation (intra/inter MSC) X
Note3
Inter system hard HO (UMTS-GSM) X
Note3
Inter system Change (UMTS-GSM) X
Note3
Paging Triggering X
Paging Optimization
GERAN System Information Retrieval X
Security Functions:
Data confidentiality
Radio interface ciphering X
Ciphering key management
User identity confidentiality X
Data integrity
Integrity checking X
Integrity key management
Service and Network Access functions:
CN Signalling data X
Data Volume Reporting X
UE Tracing X
Location reporting X
Positioning X

lu Co-ordination functions:

23




Paging co-ordination
NAS Node Selection Function
MOCN Rerouting Function

SIPTO at the Local Network with Standalone GW

X

X

X

Note 1:  This function could be needed for TNL address translation in the HNB-GW

when there is no user plane direct transport connection between HNB and

CN

Note 2:  HNB-GW is able to perform the filtering of SABP messages i.e. determines

from the SAI list to which HNB the SABP message needs to be sent and
then distributes the SABP messages to the appropriate HNBs. This is an

optional function in HNB-GW.

%7 ~3GH-NB & UTRAN £ CN # i (=)

UTRAN CN
Function
HNB | HNB-GW
HNB Registration "**
HNB Registration Function X X
HNB-GW Discovery Function X
HNB de-registration Function X X
UE Registration for HNB !
UE Registration Function for HNB X X
UE de-registration Function for HNB X X
luh user-plane Management functions
luh User plane transport bearer handling X X
Functions for multiplexing CS user plane on the Uplink X X

Traffic Offload Functions
24




LIPA X
SIPTO at the Local Network with Collocated L-GW X
Enhanced Interference Management
Mitigation of Interference from HNB to Macro X
UE Access Control / Membership Verification
IDLE mode Xt X
Connected mode (inbound relocation to HNB cells) X
CSG ID validation X X
CSG Subscription Expiry X X
lurh Connectivity Functions
lurh Establishment X xNote 3
Exchange of lurh Connectivity data for neighbour HNBs X X
Fixed Broadband Access network Interworking
CS sessions X X
PS sessions X

Note 1:  Protocol support for this group of functions is provided by the HNB

Application Protocol.

Note 2:  Access control or membership verification at the HNB are optional.

Note 3:  If the HNB-GW is involved in lurh Establishment for lurh connectivity

option 2, it acts only as pure relay for this signalling.
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% = ~ 4p B HNB %28 3 4%

TS 22 .220 | Service requirements for Home Node B (HNB) and Home eNode B (HeNB)
TR 23 | .830 | Architecture aspects of Home Node B (HNB) / Home enhanced Node B
(HeNB)
.832 IP Multimedia Subsystem (IMS) aspects of architecture for Home Node B
(HNB); Stage 2
TS25 | .367 | Mobility procedures for Home Node B (HNB); Overall description; Stage 2
467 | UTRAN architecture for 3G Home Node B (HNB); Stage 2
469 UTRAN luh interface Home Node B (HNB) Application Part (HNBAP)
signalling
423 Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2

Application Protocol (X2AP)
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g Long Term Evolution (LTE)2. HeNB

3GPP & 8 i s #Lptr(Long Term Evolution~ LTE)#k * IP % 2 enF 2 @ it
T 4§ GPRS/UMTS *# &k 342 3% 4 g5 (Packet Switching ~ PS)B~ % T B2 R 4% 5%
4 B (Circuit Switched ~PS) » B] 14 B R A i B 5 R fh T LR A A
Pt 602 4 0 A AR MR A 4 T R S R S
PR A TR R A S R M a2 A A o Rel 8/10/11/12 jFig st LTE 42 % 5t
(Evolved Packet System ~ EPS)#-3¢ £ 4 = 3341 % (control plane)¥z * = A& (user
plane) st 7k & (data plane)d % %% % §f aJdZ @ S enZE s L & L7 M LTE
R imie (324 > LTE # & il AR Y ATenwd it & Plric % 5 e & 50
FF LTE th s s 415§ 24 LTE & enif it o F)pt o LTE shifedt 83 4 7
Bl B2 e SRR AR B > B4ofE % 3GPP % $t4r(GERAN &

UTRAN)# 2L 3GPP 4 71| :7 Wi-Fi &2 CDMA2000 -

P ——
| |
| P-GW | |

| | [ |
| | I | |
I | | |
GGSN | GGSN | GGSN | ! MME S-GW |
sl
| | | |
|
| ‘ | | | i 1 __
I | | |
SGSN I SGSN | SGSN I |
| | |
[ [ I
\ I | I
RNC/BSC I RNC | RNC I |
| | |
| | I
| | |
NodeB/BTS ! NodeB ! NodeB ! ‘ eNodeB ‘
| | |
| | |
GPRS/UMTS HSPA Rel-5/6 HSPA Rel-7/8 EPS Rel-8/9/10/11
Network architecture Network architecture Network architecture Network architecture
-=:Control plane == = User plane —

B 14 ~ 3GPP 2+ %k so2 #[14]
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3GPP ehEPS i e 7 ifiedts #cdy % < 4 (Evolved Packet Core Networks -

EPC)2 i it 4 & & 4135~ % 54 (E-UTRAN) - EPC ¢ 3 # #+ 4 12 9 8 (Mobility

Management Entity ~ MME) ~ Packet data network GateWay (P-GW) ~ Serving

GateWay(S-GW) » E-UTRAN ¢ 5 eNB £ & s % = o

MME:

S-GW

MME #_LTE % RERY RER i R A4 H L RNC &
NB/Base Transceiver Station(BTS)#; 41 & {7 &> ¢ L7 5t ¥ fx i
4G i 521 2G/3G £ % i sfp e o MME B f| 4 =57 & 3% )
SdR B e B PR & R > MME § fads— i ¢ % 2303 0 blde
mutual authendication ¥2 Non Access Stratum (NAS)% > %> 14
FE R % 25 X 2R O MME g3 £ F ek =
# » HSS(Home Subscriber Server) & Fip b * = cozrp 34l o
MME & ”%ﬁ“’ Pit TR A R B R AIRIFEY P BliriE
P-GW £ S-GW {rzz = EPS(Evolved Packet System)-k ¢ - # i

&1 MME # #; 5|3 & 3GPP TS 36.300 ¢ [15] » 4=

Inter CN node signalling for mobility between 3GPP access networks;
Idle mode UE Reachability (including control and execution of paging
retransmission);

MME selection for handovers with MME change;

SGSN selection for handovers to 2G or 3G 3GPP access networks;
Bearer management functions including dedicated bearer establishment;

Support for PWS (which includes ETWS and CMAS) message transmission;

S-GW ¥ rAR 5 ¥ ow e 2t E-UTRAN P ek % » A & f % &

K FaL@iga fe(routing - forwarding)eS-GW % i * = % eNBs
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e if > ~ % local mobility anchor o« S-GW ey — 45 d
S1-U /i & 22 eNBs 54 > #,{7* = & E-UTRAN ¥ % eNB 1%
oo PP S-GW & 7 12 ;’%é S4 i @ #-2G/3G x4 3 2G/3G

EE 45l v 3

gy By REH B K AF i Bl
R PP 0:S-GW & T IT L F %ok 2 s ik A (idle mode)
P (7 FRL PR R 0y ol R (buffer) o H W 4p B S-GW # it

% & 7 407 [15]

- Lawful Interception;
- Transport level packet marking in the uplink and the downlink;
- Accounting on user and QCI granularity for inter-operator charging;

- UL and DL charging per UE, PDN, and QCI.

P-GW P-GW ¥ 4L 5 LTE ep22 “b 4§ (4 Internet)id %5 (SGi 4 & )
e o LT REEY SRR R RR F R R RR
pE > P-GW ¢ 4 fie— % 12+ 5 Packet Data Network (PDN) address
LRy 2O F LMY P - e TR B R
7 — % PDN address & - i ¢t & #p% ~ & B PDN address &_7 &

e ek el o gt gpd o H s AR P-GW # 50 4 ¢ 3 40T [15]

- Per-user based packet filtering (by e.g. deep packet inspection);
- Lawful Interception;

- UE IP address allocation;

- Transport level packet marking in the uplink and the downlink;
- UL and DL service level charging, gating and rate enforcement;

- DL rate enforcement based on APN-AMBR;
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“,f TIpERERFW o opRs ¢ 7 HE R AN 7 E 244 (Policy
and Charging Rules Function-PCRF) § # Quality-of-Service (QoS)# i {r charging -

@ Home Subscriber Service(HSS) &_#* = ip T eHFHLE o

LT R LTE 2457 4~ ) A1k 57 4 LTE s enz B0H 12
THRALZLTE [ Bl AR o# v fp o P AIAS S B A& 4 &
A A S5 A R i e SUE K Suak BE o $I4R[15] ¢ F ) A AR S
FEE P AAE SERALZREEMY 2D Rblhe ] A AR ST G Rae
HHERE TARIBRITIASIE I H B - FE TR L5
Bl A ¥ o R E T HG LT (closed access H30)T 4 F % R @B 5

14 2 VB g PRFE IFL{F%H =z %E‘F%?\EL SRR o

Pl Al ST LG S R R UNR T B R IRIR (P 5 2
EFA)  HEF AT 0 F E 2 RTAOR HHGS 0 B P A AR SEPY 4
L] T U/ E R PR M A RB R A AR fERERT Do
LA AR SFE S AREOCEINFEFT A VRS LTl A A AR S RE
K F R e OB S HAE S A E X AR SRS FR AL F A
A B E TR e e S R A A o e ] A AR LT A A R

B e AR AR AR LS R R R AL

Local IP Access(LIPA) &L 1] 15 £ Selected IP Traffic Offload(SIPTO) & 1] 16 if
AFRFT S R ER e R R4 [16] [17] - [ HE 7 3 0 R i (IP R 8)%
He o B G a2 b LIPA s gl e T o ar 2 P F RG]
AR SRR A EEEEF P R E R RS P R ipdls

G WP P BB dost - KT TR > SRR P R
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f ekt T HeNB en§ler ™ 2 gd F 8@ e el E B & 3

B SUg e T @ﬁ%]ﬁ‘éi‘}‘_ v Fe PE TR Lt PR o

\ !
< IE traffic to mobile operator's CN_| D Feore )
i (108)) ) a4
N L ] —A_
UE ] L.
S ﬂg @”
> IP Network
/*\ logical connection for mobile
N V" operator IP traffic
< :\ scope of Local IP access
B 15 ~ f1* HeNB § 3= LIPA it £ 47§ [15]
SIPTO Traffic
* N X
R B, L-PG}/ III \\‘
& BAN / MME
'/ Y / [ S° Vsu :
< \\ SJ[ U SSI‘\ II'
Y eNB | S'GW T, P'GW q
UE e -7 .-*" CN Traffic

W16~ §1% HeNB I ek 3 fiif BH R IP R £ o [16]

Tp RS A AAR SRR D AR § T

TS 22.011 Service accessibility
TS 25.104 Base Station (BS) radio transmission and reception (FDD)

TS 25.141 Base Station (BS) conformance testing (FDD)
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TS 36.300 Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved
Universal Terrestrial Radio Access Network (E-UTRAN); Overall
description; Stage 2

TS 36.413 Evolved Universal Terrestrial Radio Access Network (E-UTRAN); S1
Application Protocol (S1AP)

TS 23.060 General Packet Radio Service (GPRS); Service description; Stage 2

TS 23.401 General Packet Radio Service (GPRS) enhancements for Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) access

LR A AR S(HENB)sHEE S 5 0T

TS 22.220 Service requirements for Home Node B (HNB) and Home eNode B
(HeNB)

TS 23.232 IMS aspects of architecture for Home Node B (HNB)

TR 23.830 Architecture aspects of Home Node B (HNB) / Home enhanced Node
B (HeNB)

TS 25.367 Mobility procedures for Home Node B (HNB); Overall description;
Stage 2

TS 25.467 UTRAN architecture for 3G Home Node B (HNB); Stage 2

TS 25.468 UTRAN luh Interface RANAP User Adaption (RUA) signalling

TS 25.469 UTRAN luh interface Home Node B (HNB) Application Part (HNBAP)
signalling

TR 25.820 3G Home Node B (HNB) study item Technical Report

TR 25.967 Home Node B (HNB) Radio Frequency (RF) requirements (FDD)

TS 32.581 Telecommunication management; Home Node B (HNB) Operations,

Administration, Maintenance and Provisioning (OAM&P); Concepts
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TS 32.582

TS 32.583

TS 32.584

and requirements for Type 1 interface HNB to HNB Management
System (HMS)

Telecommunication management; Home Node B (HNB) Operations,
Administration, Maintenance and Provisioning (OAM&P);
Information model for Type 1 interface HNB to HNB Management
System (HMS)

Telecommunication management; Home Node B (HNB) Operations,
Administration, Maintenance and Provisioning (OAM&P); Procedure
flows for Type 1 interface HNB to HNB Management System (HMS)
Telecommunication management; Home Node B (HNB) Operations,
Administration, Maintenance and Provisioning (OAM&P); XML
definitions for Type 1 interface HNB to HNB Management System

(HMS)

B LTE sseav] 31 S A1 545 HeNB > 8278 & HeNB # ¢

"Home”> & % 4 7= "LH|H #* 2t 7z HeNB » 7 0 # 3 2 e v 2 A2 4 @

Flet oHome s& B FRESFLREF N HHEAFAE S22 F P2k LRLT -

FR L PRI G do [ AR S 5 HENB A8 # BB B 2 i 4 kgh

FAETHY 2 ARPK T HErt P B 4 (open ~ hybrid ~ closed )id- % E_F % &

PRA% > AipiEAeY » ZUERFL AT © L H 5 HeNB » &2 % OAM (Operation,

Administration, and Maintenance)# ic |43 ¥ 33 7 R ER o HHW { AT waF

BFEHBPE -

%4 B 17 > E-UTRAN i 2 427 - HeNB Gateway(HeNB-GW) & - i fie %
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% (optional) - 2z % >t HeNB £ 1%« 32 (MME/S-GW)z_ > HeNW-GW 4
HNW-GW % HeNB & » $5 e ende v 2k & » T LTE /] A A3 5 e 3ngr pogx
Rpdcip b Y B oo NP LA 3 0 HeNB-GW 4 HNW-GW 44 5 MME -
{ % chHeNB GW # it %_% **[15] - %457 HeNB-GW th# & % §.¢ 3

g1 F R R R AT o

¥ L

MME / S-GW MME / S-GW MME / S-GW

2

81 F0)

(( ))H A‘\ o l—\ ( ) “‘
é ) 0’ é HeNB GW i
—Xo—— ‘sxz |
oNE @) +’b ‘; E-UTRAN

( ) ( )
\ HeNB
X2
A é—xz—

HeNB HeNB

1S
1 @‘
SS

B 17 - 3GPP g & *¢ LTE & sz o] 3173 = 28 1£[18]

Sl/AimiTh 3 BRAF2FagEI e » bl4ri HENB-GW £ HeNB -
HeNB £7 2w i ~ eNB-GW &7 % o it » Sl enrt su B2 2 5 19 4 % > LB 18 &

B 19 o 427 %3t 0 2 Henip g .

HeNB-GW i %  HeNBs » &  HeNB ¥ & i 42— % HeNB-GW &
MME » % 2 4 3] 1 S1-Flex # #; (35— % eNB i % % MME/S-GW) > 4r
AT R S S A G B A LB S L ) AL o 2 HeNB-GW

B B LW nLTE 24 & R %4 et i & LK 4
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(PR A RS 5 T SR TR RS S 22 E - # HINB-GW

v il HeNBs > %58 #a4pd i 5 (%3 B 20) -

GTP-U GTP-U
ubpP ubP
P IP
L2 L2
L1 151

S1-U
HeNB S-GW

] 18 ~ HeNB 27 S-GW ¥ * = § 12 % [18]

GTP-U GTP-U | G&TP-U Cl
ubP uoP uDP UDP
P P P P
L2 L2 L2 L2
L1 L1 L1 L1

S1-U S1-U
HeNB HeNB GW S-GW

B 19 ~ HeNB & S-GW 2. ff ¢ 3 HeNB GW 2% = £ 2 2 [15]

VPLMN | HPLMN

CSG
List Srv

C1 (OMADM/OTA) .o

UE HeNB 51
LTE-Uu

B120~ LTE -} 3| &% % # 3 HeNB GW[13]
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HENB-GW # 3 %« i 27 HeNB ¥ ehig ) 3% 5 48 fly Gl dodif 4o e e % 3
HeNB-GW 7 17 iz 7 0 et » 00 VIE T BB E R L& i o L F kR
Forfga@i » FRREFFROELF ML RS- @8 % 2ingeha v
HeNB-GW &l /| A A b & B 27 g2t 4 (G4 » 2nz)d AR P e iR

ot h 2 b HeNB-GW # 7 ruad & ] Al & ki it ok o a2
HeNB #cffiit 4 & #_# £ 32 1 i ch SIPTO/LIPA # ip BF > IP 234 ei% #% & £ 4 00

T HeNB %A v e PR S B I e i s R e

FORESE AR A AR (ST R 2D)5gE S G 4 L S1-U &
SI-MME » & W & f § % = B Bt er g 32 g @Ry 45150 - HENB-GW i &%
S1 ¢ A (SI-MME) A HeNB en3 1 & #id & 515 o it ¢ (S-GW)e 3t & 4 &
FJRF i F AR R B R TR e Aot Arit o AP R R S MME 6

FILP 4 S1-U 2 50 HeNB GW » &7 % i F L i iferoas i -

o
| |
s1U | : s1U
|
HeNB [«— : l |
s1- : [ s1-
MME | MME
P (- | Y
1 | i \
| |
X2 : | | Heng
s1- | GW
-l l |
| | ! |
| SeGW
HeNB st ] | — s1-u
< I : ' l
[ b !
| T "Hens |
(I } Mgmt |
|_ System_ |
B 21 - E-UTRAN - - BE S [18]

A 5 (HeNB) %+ 7 127 % & HeNB-GW(L Wl 21 % 4) » f1* S1 4

G OE e B (MME/S-GW)id 3 4 AL 5546 % & 7 B % (HeNB-GW) & i«
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FHWES cHeNB ¥ 29 L+ i enSI-Flex # i1 » — % HeNB & 245 5 13
MME/S-GW o % 4.3 * ** | L HeNBs #c & sl * » %] 5 # 4: HeNBs i{ 7 it
% & H 4 MME/S-GW sc % § %4 0 ¥ b > i 5 s HeNBs B M (on/off)
A4 % R34 s(SCTP) s & & 84 » 5 4c MME h i% » I P58 5 o1 HeNB
SEAA X RPFHBAEEH 4P ¢ 8 S-GW F en GTP-U 87 UDP 2 & 3% it %
% S-GW e jF e Fpt > 3 3 a8 HeNB-GW = 38 % 2% | 4] fh3 5 R g # 0 &

A & e HeNBs & % -

X2-C
eNB |« |
T
! |
s1 1 !
| ! !
HeNB [= 1 : ! -
! |
®2-C : 1
- | !
I t— !
—
: = xz GW
X2-C e J, - EPC
T 1
L _l_ [ !
! 1
HeNEB . : SeGwW |
-1 . |
I | !
! | M Hena !
_____

B 22~ LTE -] A1 &3 20 * X2 GW[18]

X2 /i % #_eNodeBs 2. ¥ 3 fpif 4241 0 ig » EEUTRAN i8¢ =
eNodeB & 227 4p 4% eNodeBs 75 ¢ X2 /i o @it 'sipbn > X2 B /i o
sl & 2 K A g SCTP i 3 €27 GTP-U i 3k 2 #4] & 5 2 18
¥£ X2AP (X2 Application Protocol)3t 4 » @ iz 3 4 2 & ¢ 7 Handover relative

Information, load & interference relative information %% TS36.420 % 6.4 & -

e LTE eh [ 3] A% & %47 > LEK 17 > HeNBs ﬂ“ﬁﬂ@#&f’b%ﬁg} X2 fiwm o>
w FOURTA 0 X2 GW o gt ek e AR H e (8 F et 4 o X2 GW 4

HeNB-GW - # ZEf ¥ -2 3 & %553 K 235~ p »* TS 36.300 v12.5.0
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BUVRA R P R A e 2 K (X2U) e # ¥ gl 3 - B
HeNB F:i4x- B X2GW » %k 23— B H 2 X2GW IP =4 o § HeNB izp »t
ip T X2 GW ¢ » X2 GW - 5 { #7 Global eNB ID 3 TNL(Transport Network
Layer)izst » F]pt > f HeNB & Fi 32545 P A H & o X2GW 7 ']+ 11
£ %" HeNBs 22 eNBs > e & X 2 ¥ e 4, @iE (4o X2AP) © 4r X2 GW

z?;ngg i‘iﬁ#ﬁ-”q‘i—%iﬁt B ? » X2GW 7 -2 6 ak ﬂ%#&-o

X2-C
eNB |« |
T
! |
i
s1 ! |
|
HeNB [« | L ;
! |
x2-C : |
- | |
e — | et R
1 ——
| H = X2 GW
x2.C _——t EPC
T |
——— |
| |
[ 1
HeNB o | secw :
- | ! |
- i I :
i | T hena
he | Mgm H

B123 - LTE [ 3] &# 5@ * X2 GW[18]

(=) PAAF SR E

PTG LTE e 3ol Al S UE Sie Ao R {0 RS
- BLTE -] A Ay SARMORRFHOP L BEFT > bRy FRALSFRER
7 B EGE R P A B P R AL 0 3GPP AR Y ¢ 7 PR ik
# % TS36.401[20] ~ TS36.413[21] ~ TS36.331[22] ~ TS22.220[15] ~ TS23.060[23] ~
TS24.301[24] ~ TS25.467[12] ~ TS25.367[25] ~ TS25.469[26] ~ TS29.272[27] « #* %
o4 &7 1 %% TR21.905[28] P 8 « ¢ 1 it 4 it LTE 444

o Buende mE I 2 41 (control plane) gz * = g (user plane)~ B > F]pt o f

BIEALTA § R 0 £ KLY R
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Bl 24 cnLTE en* #2xp g B A ¢ 7 HE)NBGW > < 4 = T B4R > o
BARR BBk chta 2 R B R IR hE - B RS 0 ] B 28
o2 SFORE B T B o B & BARA 3R LTE R 25 M > 4o@] 25 B 25

A_LTE £41k £ R 5 B s 2 LB 0 b 5 2 K s e > w5
% = & <11 Non-Access Stratum(NAS) ~ Radio Resource Control (RRC) » % = k&
Packet Data Convergence Protocol (PDCP) ~ Radio Link Control(RLC) ~ Medium

Access Control(MAC) £ % - & =7 Physical Layer (PHY) -

UE H(e)NB | MME S-GW P-GW HSS PCRF SPR

UE ID Acquisition

Authentication
L ] [ ] [ ]

NAS Security Setup
[ ] L]

Location Update

EPS Session Establishment

B 24~ LTE * =39 425 45 % [19]

NAS - > NAS
Interworking
RRC - > RRC S1AP - > S1AP
PDCP |« »  PDCP SCTP |« »  SCTP
RLC - - RLC IP - - IP
MAC - MAC L2 -~ L2
PHY - > PHY L1 - » L1
UE eNB MME

B 25~ LTE #2741 & +5 %
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MR- H A g - 2R et i o B ¢ UE ID Acquisition £ EPS session
Establishment < %_¢ 34 {7 » @ Authentication, NAS Security Setup, Location
Update & iz 45 * = 8 FRP-PEoTf B p 4 30 7 2B T BAR

¥ 2 40 [29]:

e UEID Acquisition: * = %% MME 4% B~ & F(attach request) ¢ & & *
# ID 4 IMSI?2 E_GUTI® th MME #4 (7 % = thi 2 2u| 82 207 thik

;y% o

e  Authentication: LTE % d EPS AKA (Authentication and Key Agreement)
A 222 MME B 03 4p3u@ 42 5 (mutual authentication) » # 124z

L7 LT Y 4

e  NAS Security Setup: = 7 iR 8% 2 22 MME & NAS ¥ 35La% >
4 > NAS Security Setup #4 {7 NAS #5742 5L e B4 %2 (Integrity
Protection)/ = & 4% 7 (Integrity Verification) 2 4c % (Ciphering)/j# i

(Deciphering) -

e Location Update: % 7 f#:%4% - @ fAIRIFE ¥ =% @ > MME ¢ % HSS
FATo B 0 R AN R > T L * 2 hdp B T3 4e P-GW D,

APN* QoS % -

o

e  EPS session Establishment: EPS - §* (EPS Bearer): =

GpT BRIEAE Y o Mg CSG T Ml AR BT

2 International Mobile Subscriber Identity
® Globally Unique Temporary Identifier
* Access Point Name
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TS 22.220[15]¢ > #* T B ER LK LEF CSG #4101 31 A+ 5 (H(E)NB)
LR R e 5o - B PLMN®Y > B3t - B CSG # et j H(e)NB @ *
jpferi— CSGID®; %k — B PLMN ¥ % v/ fe pF & 32 5 > 125 milliom CSG IDs ;

TEFTEREHENB LY # @ 2 HeNB R 25 € 7 v %% HENB

=,
N
’3‘/
T

e @y o ek HENB iR g = H v ki SuenF 3> g & w8

G A LT Rk H(E)NB i iF o

3% CSG * = ehig * U g 12 > F 18 [ (TS22.220[15]4- = CSG manager) ¥
P A A AR M CSG * ¢ 5 CSG * ek fi Ak re P 0 il v CSG
® ot TR CSG * ~ (temporary CSG users)shg 3L » & F 7 A §
FRglen * B PERR TS TR EF AL FRLET AP 3
AEE AT ORI RY YR PR EG S RS TRIF CSG

LR S RS AN K,éft 1 % &+ e (emergency calls) -

E - @ 2 & I FRPHCSG i H A w5 allowed CSG list’¢r operator
CSGlist® » @ B ¥ % 530 % » I USIM Y (%4 sisr 2) » £ 8] a7 3 e e
LH e o 42345 TS22.220[15]45- & 44 » allowed CSG list & # rid * = 2 $ 38 3% i3

#c > operator CSG list # jo3%d FiEF e A BFHE DB ecRT L > T

® Public land mobile network
® ACSG ID is a unique identifier within the scope of PLMN defined in TS 23.003 which
identifies a Closed Subscriber Group (CSG) in the PLMN associated with a CSG cell or group of
CSG cells. (TS 23.401)
" Alist stored in the UE, under both user and operator control, containing the
CSG identities and associated PLMN identities of the CSGs to which the subscriber belongs.
& Alist stored in the UE, under exclusive operator control, containing the
CSG identities and associated PLMN identities of the CSGs to which the subscriber belongs
® UMTS Subscriber Identity Module
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iEe- BFE2 gAY - BFHR o B ST u;‘gcj + #:% % (manual
Selection ) { #7allowed CSG list> fm & ¥ %% TS 22.220[12] % 5.54 & Manual CSG
Selection = % »t 47w e ? > 4o 26 0 CSG 4p M :xf FAL 5 &3 MME » HSS ¢

CSG Subscriber Server (CSS)( %% *iték 2) o

MME | S7a— CSS

B 26 ~ CSS i £ MME S7a

Bepw o CSG /| Al &M 5 & f3rp CSG IRIFIEB-iEAR * = &0 2
¥l p R A 57 w4 0 (53 PLMN selection &2 cell search i 4215 » * = iF

THRE L T H A BERRE R -

v

» 7 MME & #1423 * = ddg P& Rgzap T 5 - #HUEID

Acquisition 725 d %3 % & ifiE 44 NAS 2 4 (03 4 5 B8 R)10% 45 - NAS
WEABEEZ R E s Tt i aE 2 = B f 1 (UE, He)NB, MME) i if i
* > T > ECM™ connection » &4 NAS 2t 4 - i "89] i 1% 5] MME ° 4-§) 25
¥ ECM connection e = i 5 Z_UE ¥ H(e)NB R :7RRC connection 12 2 H(e)NB

2 MME & 7 S1AP Connection  H 42 B & & 3 4730 L 4o !

RRC connection*? ¢z £ % = » H(e)NB i@ i¥ RRCConnectionRequest & 4

10 @ i% NAS 2t 4 & F]4- Attach Request; Detach REQUEST: TRACKING AREA UPDATE
REQUEST;SERVICE REQUEST; and EXTENDED SERVICE REQUEST[24].

1 EPS Connection Management

122 + 3GPP TS 36.331 E-UTRA),Radio Resource Control (RRC),Protocol specification 5.3.3
& RRC connection establishment -
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(2= = SRBI1) > § RRCconnection = =& 2 » ¥x* = £.45 ¢ @i
RRCConnectionSetupComplete 2t 4 £ = H(e)NB ¢ % = RRC 2= = » H(e)NB 14
jz 3] -7 RRCConnectionSetupComplete 3 5Lk pF» € & 7 NAS U L o @ gt pFen
NAS 2t ¢ 4 2 » 48 % # Message Type(4= HNB register, UE Register,UE
De-Register,HNB De-Register), UE Identity(4= IMSI), Registration ause(emergency
call, normal, UE-relocation), UE Capabilities(CSG capable,Not CSG capable) - iz

SHIEE T - FRAEE 2 LR B B -

?#&%’Sl-AP Connection # = H(e)NB &2 MME ¥ 47413t 3518 g ¢ S1-MME -
1395 TS 36.413[21] H(e)NB i# +£ S1 SETUP REQUEST % MME & f.i& = S1AP -
"$ T ik 2 NAS 4 v » SLSETUPREQUEST 4.+ ¢ 2 H & 22 H(e)NB #p
M Sdic o S5 i 4o gt 21 SLSETUPREQUEST s & @ 7 M CSG £ & »
%% > CSG-ID &2 H(e)NB Cell Access Mode ‘5 2_4 >t ¥ £ # (optional) %3 » F]pt

bofe HlET R B R4 T R AT

4% H(e)NB 7 #% & CSG PR7%® % 2*" Closed access #-3' P i 3% (shall) #
& CSG-ID & » # (may)4& &= H(e)NB Cell Access Mode ;

4% H(e)NB ¥ 3 & CSG PR+ ¥ % %3t Hybrid access #-3% P » & 3% (shall)
# & CSG-ID £ H(e)NB Cell Access Mode ;

4% H(E)NB ¥ #% & CSG PRF% 2 2% 2t Open access #-3" FF » & 3% (shall)#

£ 3% = H(e)NB Cell Access Mode[26] -

B3 4 % 3GPP TS 25.469, UTRAN Iuh interface Home Node B (HNB) Application Part (HNBAP)
signalling £79.1.8 ¥ UE REGISTER REQUEST #2 *+4% 3 -
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B MME B3| % 2 amip TR » Bt * 2 agap  d > kil &
CSG ¥ ixF ¢t % =i TR & E20p PR e ) - MME #-¢ I£8 2 2 Pap Rk o
BRIIESE #PE epk o 2 € gt CSGID & H jp b PLMN F et 2 =3
¢ allowed CSG i & ¥ i"éf o AR K 1 Aok PE ¥t S i 2 4 A 3 > MME

g REZEPNE -

EPS session Establishment ~ Authentication ~ NAS Security Setup 4= Location
Update sm & 7 12 %% TS23.401 ¥ 5.3.2 & Attach procedure- » % & & 4-%+ UE
ID Acquisition # 22 CSG Ap i cn3R 2 T4 %5 » 2 i 4 MME $5 %% = g p 2 4

PR IRLT € R FAR I € o3 update location 425 > %+ TS 29.272,5.2.1.1.1

\\\?’;r

&2 TS23.401,53.3.0 & o 230 & 7 8 { A7 CSG 7 H iR 2R L7 1 43
TS 23.401 5.3.9 &+ HSS User Profile management function procedure ~ 5.3.12 &-
Update CSG Location Procedure 2 2 5.3.13 & CSS subscription data management

function procedure -
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BEAXCL AL AR SR g F RS e A A2 AR LGl TR
& JF 4 g b4 < i (handover) ~ 3t 5L+ 3 ¢ T2 (interference management) ~ 7 ik A
fi (resource allocation) ~ p 2% ¢ 32 % g (SON) ~ {7 &= 14 (mobility) ~ = & 4 4] (backhaul)
BT i@ﬂi%]g% fie % o 4395 @ 27 Small Cell Forum 5 7 f2 2 5% % & 78 > w2z /] 4]

BB LOPRATASR A R o ARRRE RN DG DR H AL

-
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- ~ P AVAR 5 F 204 (Small Cells Deployment Model)

SR AR LR R AR R S R AR T 0

X R .ﬁéi‘]ﬂifl&ﬁ?mﬁ;—éwﬁ Angters A Al St B R LENE S T
L R RS e ME s SR ]
(Open ~ Close ~ Hybrid) o m T #-1 Rg* FH 4 L EE BB VDT R 1512 F
28 R Y A 0 P AARE ST EFBRT <% 4 5 iz (Residential

Deployment) ~ & % (Enterprise Deployment) £ = & #-#7(Public area Deployment) -

‘
: N
GPS signal ‘
"Poor indoor (et
GPS signal > (
A —
) 000
{ f e
~ nooo| BE8
0oo
ﬁ = 0000} ooy
0ooafas

Interference

é i et Residential

B 28 ~ Al SR * A7 R 5[5

h- AN FELFFEIRE DT A ASF > F AR D
femto-BS i * > i * ‘ﬁ? r4p 7 783K #-femto-BS 1 5 3 P DSL &t g T E o
§ONE B RgeR R Y 0 A rOL A AR SRR PSR R P
= # %8 (closed subscriber group » CSG)#i-3¢ - #§ @ 7 2 » Femto-BS 31 B ;% B~ JR
e B S OUF e B¢ AR E B ¢ R o B 29 7 P BN R
Fp R P H Y R 5 TP o femto-BS 0 4o AL H Y 0 T

’&_femtO-BS(Ufz)‘ﬁ'ﬁ‘ v de U &8 Uz » #2347 Up o
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Femto user Uy,

e _epd)
o =0

——\’ g Macro user U,,,>

= ) /@/ ‘E_{] 7 F(e(rn;o usﬁer Uygo

\@

Macro user U,,,5

7\

——

Macro user U,

B 29 ~ 3 B ;% £ 2~(Closed Access Mode)[6]

JAlAAE S A- A g ER A ,vﬁzn J’[ﬁig4c?jq¥i§1_,?ij§;—k§_f§w-+ﬁ,
SFERTAE L LEARPREFFIVALRI A AR IAK B
BX 2PESETRT P LA DR Y R X RREEHGUT 4 5 CSG &

R fodis (Hybrid) » R feficst 2.4 %% ¢ A
SR A A LR R S L R (P Sl LN

e T

BOEFLEY Glhe S F R ST ek 3 Bk grBE R 2
HERFAFERRET - Ko R IR REHF AR R AT
] ;ggl AN LA BB R R N AR A e chi o B R P

FT R B A TR RN e B s (] 30)'T}{ | Al R B S ATPR IR K

p)

B FOAR R R S & TR 2 R RO K AT o JePRAR 5 S L P
REAAAR Spe s o LA Pico-BSSi AR R F Y F sk E KA

E
-l W
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Vodafone

et 2 AN 2009 &£ 9 *
3G MircoCell 41 3G * =
AT&T
e 2 BB
Home 3G 4 i 3G * =~ 2009 & 11 *
pENEY SFR
. Flet 2 B p
My Area 41 3G * = 2009 # 11 *
docomo
B A Docomo
BT P BB
3G Inn 4 1 3G * = 2009 & 11 *
) Otx:o
China
unicompEEE
¢ R ¢ B
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Bt 2 B F A F R
Sinal On 413G * = 2009 & 11 *
I W Optimus
FERF BoeAFEZ BN i BrRy
Rl 2 TN
CallZone 4 % 3G * =~ 2010 # 1 *
Frivl SingTel
oAl gEr = BSR4
\or y Datos 4 i 3G * = 2010 & 6 *
0 Premium oficina
vodafone
o ¥y Vodafone
. Fget S E R
Femtocell service 47% 3G * = 2010 # 6 *

il
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p A

Soft Bank

P

’ Femtocell service 4% 3G * = 2010 # 6 *
o in public areas A1 A
vodafone
+iF Vodafone
. e 2 AT NN
Au Femtocell 4 % 3G * =~ 2010 # 7 *
p A& KDDI
n pe—— BSR4
I
Full Signal 2010 # 7
vodafone
* 8, \Vodafone
_ et BB 2010 &= 8 *
i 'S Mi cobertura 41 3G * =
movil
o 317 Movistar
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EEr
Femtocell Services for business

customers

2010 = 10 *
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