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DEPLOYMENT OF ATM/XDSL NETWORK
IN CHUNGHWA TELECOM, TAIWAN

Lung-Sing Liang
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Yang-Mei, Taoyuan, Tatwan 326, RO C
TLI . 886-3-4244200
FAX 886-3-4244208
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ABSTRACT

In this paper, we present the deployment status of
ADSL (Asymmetrical Digital Subscriber Line) and ATM
(Asynchronous Transfer Mode) networks of Chunghwa
Telecommunication Co, Ltd. (CHT) in Taiwan CHT a
governmental telecom carrier, operates both domestic and
international telecom businesses Demands for broadband
services are increasing rapidly in Taiwan, and 1t 1s predicted
to exceed one million broadband users by the end of 2001
To keep pace with the domestic broadband needs, CHT has
been aggressively deploying broadband infrastructures For
local access loop, CHT has been deploying ADSL network
and Multi-Function Optical Access Network (MFOAN)
system to provide broadband and narrowband service
rapidly Moreover, ATM and [IP-based backbone
infrastructure has also been deployed

To provide high-speed Internet access service for
elementary-middle schools, Ministry of Education (MOE)
and CHT jontly promote an "Internet to elementary/middle
schools" project Since June 1999, CHT has successfully
deployed ADSL network for about 3,600
elementary/middle schools and each connection i1s with 1 5
Mbps and 384 Kbps for downstream and upstream
transmussion Furthermore, commercial ADSL service was
launched 1n August 1999, and the transmission rates include
512K/64k, 768K/128K, 1 SM/384K, 3M/512K, 6M/640K
for downstream and upstream respectively Subscribers
mamnly usc the ADSL seivice for Internet-surfing and
Intranet applicauons, however, Multimedia on Demand
(MOD) application based on ADSL access will be available
by the end of 2001 Up to June 20061, the pumber of ADSL
users 1s over 400,000 Addiuonally, to satisfy the increasing
communication bandwidth recvirements of  business
buildings and communit:es, CHT 1s constructing MFOAN
system to act as the Ficer in-The-Loop access platform and
provides diverse narrowband and broadband services,

including POTS, Pay-phone, IDSL (64/128 Kb/s), ADSL,
HDSL, ISDN, TI1/El, leased fine To reduce provisioning
and operational cost, and simphfy troubleshooting, CHT
has been developing integrated Network Management
System (NMS) to manage different vendors® ADSL and
ATM equipment

To satisfy the transmission requirements regarding
reliabiity, high speed transmission, scalability, and
guaranteed quahity of service (QoS), CHT has deployed
ATM and IP-based backbone network and provides
differentiated services such as IP-VPN, mulumedia
communication service (MCS), unified message service
(UMS), web-base customer service (WCS), etc In the near
future, advanced technologies and services, such as IP
DSLAM, multi-service xDSL (ADSL, SHDSL), Voice over
DSL, VolP, IP-based backbone using GSR/TSR and MPLS
technologies, will be studied
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Introduction

ODemands for broadband services are increasing

rapidly in Taiwan, and predict to exceed one
million broadband users by the end of 2001.

LITelecommunication deregulation promotes four
operators of fixed telecommunication networks
participate in the deployment of broadband
networks in Taiwan.

LiTo keep pace with domestic broadband needs,

Chunghwa Telecom Co., Litd. (CHT) has
aggressively been deploying broadband
infrastructures.

Chunghwa Telecom Co., Ltd
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Iniroduction(cons,)

Cl1Evolution toward IP-based Neiworks.

OAbout 3600 elementary-middle schools ADSL
service had been deployed in June 1999.

LICHT launched commercial ADSL service in August
1999 to provide high-speed Internet-surfing and
Intranet applications. By the end of 2001,

Multimedia on Demand (MOD) application based
on ADSL access will be available.
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Networlk Maorker Status of Tajwan

e e T

UMarket shares for ISP by 2001/6

T~ Users| Dualup | Broadband
M ISPs users Users
, HiNer 2,100,000 370,009 ;
\  SeesdNet 530,000 60,000
| TTNet 555,800 10,000
‘ APOL 450,000 30,000

ETWebs 0 91,000
__ GigaMedia 0 90,000

&
r_gj; Churghws 'H‘eﬂecg@ E&, Ltd 6- Qf;f




Networlk Maorket Stotus of Taiwan(cont.)

DlAccess Technologies for Internet users by 2001/3

Aceess Types Num of Users | Seasem Growth rate
PSTN Dial-Up 5,280,000 6%
Leased Line 17,000 1%
ADSL" 220,000 89%
Cable Modem | 140,000 27%
ISDN 15,000 -6%
Satelliie 3000 0%

Source M Ministry of Economic Afﬁlrs ROC
Institute for Information Industry

* ADSL users has exceeded 400,000 by June 2001
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Network Markes Siatus of Taiwan(cont,)

L3Growth of Internet Users from 1999/6 to 2001/3

Umt ten thousand

.t S %)
700/ - Q8. 171/1 (L
600)" | ’ S

— -2 03 L

/ a7, e e
07 awo ¥ (3 i g ? 7
a [ o= IS
Sa : |
LB i |
|
|

Number 400/@1
o LA
Users 300!‘

2001
00" )
(S - SRR

996 999 912 003 006 COP 0012 OB years

(xx%) Internet users divided by population Source Minstry of Economic Affairs, ROC %é}
Institute for Information Industry e
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Network Market Stwtus of Taiwan(cont,)

DBandwidth requirements for leased line users
768K

1%

SI2K _

5%

384K
0%

Ti T3 <64K
8% 0% 6%

0 < 64K
164k
O 128k
1L 256k
[1384K 1
512K
0 768K |
aTi
T3

64K
256K 38%

24%

28k, Source Mumnistry ot Fconomic Attairs ROC -
18% Institute for Information Industry =~
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O Total of bandwidih for international connections by 2001/3.

i By couniries
Source Mmstry of Economic Affairs ROC

r andwidth MAggregated Bandwidth | Aggregated Bandwidth
Country Mobps (2680/12) Mbps (2001/3)
America 1,506 2,285
Hong Kong 133 354
China 95 247
Jjapan 183 193
Canada 92 . 137
Siagapore 92 26
Korea 14 22
Australia 10 14
Others 9 892 11892 £
__Total 2,136 3,360 ~
£ O Chunghwa Telecom Co., Lid
S ek IY
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Networls Marker Status of Toiwencont)

UTotal of bandwidth for International connections by 2001/3.
By ISP or Carrier

Bandwidth | Aggregated Bandwidth Mbps
Country
HiNet 1,647
TWGate 356
ISNet 252
SeedNet 159
~ TANe 156
ETWebs 90
TFN 89
NCIC 62
TTNet 57
FETNet 48
__APON ) 45

]
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Broadband Technologies

O Asymmetric Digital Subscriber Line (ADSL)
O Asynchronous Transfer Mode (ATM)

O Mulii-Protocol Label Switching (MPLS)

O Gigabit/Terabit Switch Router (GSR/TSR)

i
. <5
:;;__35; Chunghwa Teﬂec:wga;Co., Led TS X?:

Asymomerrical Digital Subscriber Line

OProvide asymmetric broadband access capability
using existing telephone line.

O Asymmetrical transmission:
» Downstream: 1.5Mbps to 8Mbps
> Upstream: 64K bps to 1Mbps

O Provide telephone and data services simultaneously

OModulations:

> CAP (Carrierless Amplitude & Phase)
> DMT(Discrete MultiTone)

. &
£ 0% Chunghwo Telecom Co., Ltd
= - = -14-




As jﬁfmeiﬁ@@’f Dgggmé’ Swi;scmbw ﬁme (cont)

U ADSL Architeciure

DS.'AAM
(Dgital bubsenber 4 e -~
Line Access b ’ _-;)‘ —
itter

Multiplexer)

Carrier CO

| Existing Copper line
< \

j_ i ~.
N
Sphtter
USB, 1‘
Ethernet, RSN

ATM25

CPE

<

_Deta Downstream. §Mbps
etworks
Upstream- 1 Mbps

Telephone

)

ATU-R

e e

Chumgﬁwa Telecom Co. L.td

S15-

LV@WE@ us @SI Techn @Z@gzes
Types Line code Deata Rate Distances
IDSL 2B1Q 128Kbps 18kft
HDSL 23iQ/CAP 1 544Mbps/2 048 KR
(G.991.3) Mbys
\ . |~
I IBIQ/CAP | 384 :bp; 2 048M 13 5Kkft
i 28
! ADSY, CAPmNT | D 1 SV~6ieops 15kft
(G.59.1,$92.2) U 640k~1Mbps
VI3SIL QAM/CAPMMT/ | 26~ 52Mbps IKf
(G.893.3) BWMT 6-12Mbps 4 5kft
HDSL2 TCPAM 1 544Mbps 12Kf
(ANSH) )
SHDSL TCPAM 192itps~2 IMbps 15 5kft A
S e SEhe o, Feu SEDE = —=m S —— o ‘Qw).iti?—x

SR s ame

£ 7 Chuaghwa Telezom Ce., Ltd
? 5 B i)

L

(G.991.2) L. o




Asynchronowus Transfer Mode

U Mature technology

Short and fixed cell

Comnnection-oriented

(J Statistical muitiplexing

L Hardling voice, video and data simultaneously
U Guaranteed Quality of Service (QoS)

OHigh capacity
O Permanent/Switched Virtual Connection
(PVC/SVC) fj‘*
. .3 ‘Qu
= S = fiy Sy XY i it ".;k
g_ Churghwa '{Telecom Co Ltd 17 K
Asymmmm@m T mmsfw M/@(d/e(cmw d)
m—— “““‘::fi;i“ r_ — - : e
i —‘_‘;._7 | i
YC Switeh
Vel 333 &cn 34 \m w—]\cnm’
V™ Switeh e W
Vo VJ VCI 61
vCi 33
vcvma J—3 VCI 60
vaissc.— - T T T T o ” ) vel s
verss 3 VP o VPIS ™ yeysg
L | 3]
°VC Switch  Switch using VPI and VCI values S
»\-‘C -~

°VP Swnch Switch using VPI values
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Multi-Protocol Label Switching

O Motivations:
> Integrate IP routing and layer 2 switching

>IP packet rouied at edge and switched in core
> Facilitates the integration of ATM and IP

>Enables the use of explicit routing(traffic
engineering)/source routing in IP networks

» Provide [P-VPN service
NI

e e = R E TS L

s -19- \C

i = Churghwa Telecom Co., Ltd
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MW!Z/@E@PF@E@C@é] Label Swzzzfc./}zzmg (cont,)

Edge Label Switch

Edge Label Switeh Router (LSR)
Router (1.SR) Label Switch Router Label Switch Router
S Y l\ ﬂ:l R O vty
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Multi-Protocol Lobel Switching (cont,)

Intf | Label | Dest | Intf |Label Intf | Label |Dest|Intf
In_|In Out | Out In In Out
3 5 471 |1 4 3 4 47 1 |1

Intf | Dest
In

3 j471

413

]

| ——
IP47111 [JI

;:-__ Chunghwa Telecom Co., Ltd .
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GSR/TSR

OGSR

»System capacity above 1 Gbps

» Interconnected with DWDM by
means of OADM

»Provide ATM, POS interfaces

. T T ﬂ
Ly 7 AT

SN i

,_;/ <= -7 —
o eg

UTSR
> System capacity above | Tbps
>Integrated Router and DWDM
>Provide POS interface

Chunghwa Telecom Co., L¢d
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Summary A
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x@A@L/Af M Deployment of CHT

OCHT has been deploying access and backbone
broadband infrastructure.

ClDeploy ATM and IP-based backbone network to
provide differentiated services, e.g., [P-VPN,
muttimedia communication service(MCS), unified
message service (UMS), web-base customer
service (WCS).

R TS TR T T T S TS T T T

P
~
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XIDSIL/ATIM Deployment of CIHT (cont.)

OCHT devotes much effort to developing
broadband equipment, e.g., ATM equipment,
SONET ADM, E/O Transceiver, NMS, etc.

O Together with self-developed ATM SW, and other
vendors’” ATM SW, ADSL equipment to deploy
ATM/ADSL broadband access network.

UCHT is also deploying Multi-Function Optical
Access Network (MFOAN) system to act as the
Fiber-In-The-Loop access platform and provides

diverse narrowband and broadband services. yg\h
?_::_—z:; Chunghwa Ireﬂef?fu Co., Ltd s ti
ADSIL Deployment of CHT
UOTime Schedules:

> Provided about 3,600 junior and middle schools
nationwide for Internet access in June 1999.

» Leunched commercial ADSL service in August 1999.

> Five types of transmission rates, 512K/64k, 768K/128X,
1.5M/384K, 3M/512K, 6M/640K for downstream and
upsiream respectively.

UScalability:
> More than 400,000 subscribers in June 2001.
> Expect 1 million ADSL users by end of 2001.

..
o
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ADSL Deployment of Cl Tieons)

U Nenmwork Architecisre

TEL DSLAM
ATl'JtR A XA\STM-l A'l'/l\il}gaftur
BCICE ATM/IP-based T~
Ethernet Sp Internet
: Network
ATU-R
PC
N BB-RAS
Remote '
?SLAN: - Master Network
ATUR Pt DSLAM Management and
o i Provisionmng

System

@ )
BB-RAS BroadBand Remote Access Server _\ < o4
E";.L}“:% Chunghwa Telecoms Co., Ltd ﬂ\g‘
. - -27- z

ADSI Deployment of CETtcons,

(JADSL tariff includes ADSL local access fee
(including rental ATU-R modem and splitter)
and ISP’s Internet access fee.

W Types of tariff for ADSL service
»Fiat rate charge
» Time-duration charge

-_-'t T o5 )
£ &% Chonghvia Teiecom Co., Lid
=5 ~ s -28- _.J
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ADSIL Deployment of CHT(cont.,)

O Protocols stacks for time-duration connections

PC
"‘”J’x \_/)
ATU-R
1P
Ppp
— [X5 P
PPPoE PPPOE
Ethernet Etherner
LLC/SNAP ) LLC/SNAP
Ethemet | AALS ATM ATM AALS
Ethernet ATM ATM
ADSL ADSL | SDH SDH | SDH <OH Ethernet
I PPPoE Point-to-Pont over Ethernet (for dynamic IP assignment) Dy o )
2 LLC/SNAP Logical Link Control/Sub-Network Attachment Point =
— S
£ C= Chunghwa Telecom Co., Ltd j-\
= = -29- <

ADSIL Deployment of CHT (cont)

OProtocols stacks for flut-rate connections
ATM Network

]
- f‘ ; ' —— e |
L i SCF I —
bC ATU-R N TN e
DSLAM ) FBRAS
P =
IP LLC/ s
Ip SNAP LLC/SNAP p
AALS AALS
ATM ATM ATM ATM
Ethernet_| | Ethernet | ADSL | | ADSL | SDH SDH | SDH SDH__| Ethernet
1 LLC/SNAP Logcal Link Control/Sub-Network Attachment Point e
2 Stauc IP assignments N
——— g
5: :-F Chunghwa Telecom Co., Ltd
= ey -30-
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ADSL Deployment of CH T (cont)

LIADSL Local Access Fee:

Service Classes| — = = il .
Downstream 512K 768K 1536K M 6M
(bps) — __J
Upstream (bps)li 64K | 128K | 384K | SI2K | 640K
Installation fee NTS$1580 (US$44 12)
Rental fee per NT$700 | NT$800 | NT$1100 | NT$1600| NT$3200
month (US$20.6)[(US$23 5)[(US$32.4){(US$47.1) (US$94.1)
oy == === TS 3
£ .% Chunghwa Telecom Co., Ltd x 2‘
= DN -31- 3

- e e

cont.)

ADSL Deployment of CHT;

DISP Internet access fee (HiNet): time-duration charge

Set-up Minimum fee }l; T®€ | Fees for times | Maximum fee
ours
per month over free hours Per month

NT$1560 NT$299 8 hours | N'T$9.6/per min NT$499
(US$44 1) {US§8 8 | (US$1 7 cents) (USS$14 7)
1 Downstream rate up to 512 Kbps

2 Dynamic IP assignment

_5.‘_; c;:‘: Chusghwsa Tekﬁ?‘f? g, Lid 3.




ADSIL Deployment of CHT(cont.,)

LJISP Internet access fee (HiNet) : Flat-rate charge

Types Maximum Maximum Set-up Monthly
Upsiream Downstream _fee
1 64 Kbps 512 Kbps NT$2800
] (US$824)
2 128 Kbps 768 Kbps NT$1500 NT$5,600
(US$44 1) | (Uss1647)
3 384 Kbps 1536 Kbps NT$16,800
(US$494 1)

It

= e

S ©}
z Chunghwa Telecom Co., Ltd 1 X

ADSI Deployment of CH T(cont.)

U To reduce provisioning and operational cost, and
simplify troubleshooting, CHT has been
developing integrated NMS to manage different
vendors’ DSLAM and ATM SW equipment.

UAdvanced technologies and services, e.g., IP
DSLAM, multi-service xDSL (ADSL, SHDSL),

Voice over DSL, IP-based backbone, etc., will
be evaluated in the near future.

< Changhwa Telecom Co., Lid
F Jt i -34-
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Mulei-IF unciion @piw@i Access Networls

& Multi-Function Optical Access Network (MFOAN) system

is the key Fiber-In-The-Loop (FITL) access platform.
MFOAN includes iransport and access networks to provide
integrated broadband and narrowband services.

O Consists of SDH Transport system and Service
Multiplexer(SM)/Optical Network Unit (ONU).

U CHT has been deploying MFAON system, and will be in

service after August 2001.
: POTS, Pay-phone,64/128 Kb/s, ISDN,

O Provided services :
TI1/E1 leased line, ADSL, HDSL.

Chunghwa Telecom Co., Ltd 35
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Multimedia on Demand

OBased on GSR/TSR and ADSL broadband
technologies.

O To launch commercial service by the end of 2001

U Applications
» Internet Access

>Video on Demand (VOD)

>KARAOK on Demand (KOD)

> Digital Switched Broadcasting TV (Live TV)

>Near VOD (NVOD) @

4 Chunghwa Telecom Co., Ltd 37 i ;

i

Multimedia on Demand(cont,)

ONetwork Architecture

Near VO
server
Live TV
server L
True VOD

server

KOD
server

Service ¢
Management|=
System <=

=‘g Chunghwa Teleccm Co., Lid

—_—

tis




Managed-IP Network

LJBased on ATM/IP equipment, e.g., ATM SW and
BB-RAS, to provide IP-based services.

BiProvide comprehensive services:
> IP-VPN
» Mulumedia communication service (MCS)
» Unified message service (UMS)
» Web-base customer service (WCS)
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Maonaged-IP Network (cont,)

Bl Access Technologies:

> ADSL
» Frame Relay

> ATM
¥ Leased Line

LiPlan to deploy pure IP-based network using
GSR/TSR and MPLS technologies to provide
more flexible and scalable capability.
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Managed-IP Network (cons)

ONetwork Architecture
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Managed-IP Network for VPN Service

UNetwork-based IP-VPN service can alleviate
maintenance effort and cost for users.

OProvide service for Intranet, Extranet, Remote
access, and Internet applications.
OProvide different Class of Services (CoS) to
satisfy user’s requirements.
UValue-Added services, e.g., Co-location, IDC
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Menaged-1P Neiwork for VPN Service(cont,

VPN A VPN A
Remote user Headquarter
(F '%> I,
VPN B l, i j
e 2

Braach office )g},\
9]
e
e, Managed—ll’ Iatornet
..  Network

&5
‘@ﬁam Center

Remote user
N _

VPN A
Branch office

VPN B
Headquarter

Chunghwa Telecom Co., Ltd 3

e ———

it

{

ll;n .
by

Maonaged-IP Network for MCS Service

(IVarious applications:
»>Video multicast
»>Distance learning

»Distance medicine
»Video on demand
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Managed-IIP Network for UMS Service

UProvide unified interface for users to access voice,
fax, e-mail, texi-to-speech, speech recognition,

and image services.

O Various methods for users to access UMS
> PSTN users via PSTN network

> Internet users via Internet
> Broadband users via Managed IP network
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Managed-IP Network for UMS Service (cont)

oMC
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M@m@gedJP Network Jor WCS Service

LlProvide real-time voice service for PSTN and
network users, and also provide automatic e-mail
reply and chat by text services on IP network.

Olntegrated platform for Web server, E-mail,
automatic call distribution(ACD), IP PBX, H.323
gatekeeper, CTI interface, Interactive Voice
Response (IVR), VoIP gateway, subscriber
database, and billing system, and provide
different access channels for users.
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Comztents

Introduction
Network Market Status of Taiwan
Broadband Technologies

L) ATM/xDSL Networks of CHT Co., Ltd.
» ATM/ADSL Networks
» MFOAN Network
> Multimedia on Demand Network
> Managed-IP Network
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O Leveraging access transmission capability is
necessary for providing broadband services to
residential users.

LICHT deploys access and backbone broadband
infrastructures based on different technologies, and
increases international bandwidth to provide users
end-to-end broadband services.

To meet fast growing domestic demand for diverse
broadband services is CHT’s mission and goal.
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