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Optical Access Trends Driving

NGN Expansion
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Abstract

This article introduces technologies that support high-quality and high-
reliability triple-play services on the Next Generation Network (NGN)
and describes current trends in next-generation Ethernet systems. It is
based on a lecture given in Japanese at the NTT Tsukuba Forum 2009

workshop held on October 15, 2009.

1. Introduction

The penetration of broadband services has increased
rapidly in recent years and the number of subscribers
already exceeds 30 million. It appears that broadband
services will soon overtake fixed-line telephone ser-
vices, which have already entered a period of decline.
In fact, if we break down broadband services, fiber-
to-the-home (FTTH) subscriptions, which now
exceed 15 million lines, overtook DSL (digital sub-
scriber line) in June 2008, and if we restrict ourselves
to NTT’s FTTH, the number of subscribers broke
through the 10-million level in September 2008.

From a global perspective, FTTH is expanding,
with Japan taking the lead, followed by various coun-
tries in Asia and the USA. At the end of fiscal year
2007, Japan had the most subscribers at 12.5 million,
so with China occupying second place at 6 million
and Korea third place at 5 million, Asia ranks top in
FTTH. The USA, while somewhat behind in deploy-
ing FTTH, is expected to show rapid growth in the
years to come by using triple-play services to jump-
start an expansion.

The Japanese information and communications
technology environment is admired throughout the
world for its prices, speed, security, and quality. To
give an example, the results of a country-by-country
survey on broadband quality overseen by Oxford
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University revealed that Japan’s broadband quality is
on a significantly higher level than that of other coun-
tries. On the other hand, the results of a survey con-
ducted within Japan revealed that Internet usage is
low among the elderly in the 70+ age bracket, among
low-income families with an annual income of under
2 million yen, and among residents of small towns
and villages. Stimulating demand among these demo-
graphic groups is an issue to be addressed.

Looking back at the history of the communications
network, we see that the expansion period of the tele-
phone network, the origin of today’s network, was
dominated by the pursuit of reliability and quality
above all else. As a result, a centrally managed sys-
tem was constructed while importance was put on
service efficiency. However, focusing too much on
centralized management can raise costs and prevent a
flexible response to the diverse needs of users. Thus,
there was a shift to autonomous and distributed Inter-
net-based services, which are known for their low
cost and flexibility. However, as the Internet expand-
ed and the user’s degree of freedom increased, con-
cerns about security and quality arose and the need
for high-security, high-quality network services came
to be felt. Leaning too far toward either of the above
service characteristics—centrally managed or auton-
omous and distributed—is undesirable. That leads to
more disadvantages with the potential for stagnation
and decay. The Next Generation Network (NGN), on
the other hand, is intended to provide a service frame-
work that combines the strong points of both the
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Fig. 1. NGN: Combining the best of the telephone network and the Internet.

telephone network and the Internet (Fig. 1).

The NGN consists of network services providing
both high quality and high reliability.

(1) Ensuring quality: In addition to conventional
best-effort-type communications, the NGN also
provides priority-class communications that
ensures a high level of quality. This is achieved
by a mechanism in which a session control
server identifies the type of terminal being used
and secures a level of communications quality
appropriate for that terminal.

(2) Ensuring reliability: From the start, the Internet
has been used to connect individual entities hav-
ing their own intentions and purposes, and this
inherent characteristic has made it difficult to
secure sufficient reliability. The NGN, in con-
trast, sets node positions and selects paths
through a comprehensive design based on a total
policy, enabling a high level of reliability on par
with that of the fixed telephone network to be
achieved.

At present, alliances are being actively cultivated
toward expanded use of the NGN, and NGN-based
services are being developed from diverse perspec-
tives. Among these services, the market for optical-
fiber-based video services is expanding rapidly. The
number of subscribers to NTT’s services (FLET’S
TV and HIKARI TV) is estimated to reach about 1.4
million by the end of fiscal year 2009 (Fig. 2).
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2. Optical access technologies

An optical access network that connects optical line
terminals (OLTs) at the provider’s central office and
optical network units (ONUs) on user premises is
required to provide high reliability and economy as
well as prompt response to service demands. The wir-
ing formats can be divided into two main types: single
star makes one-to-one connections between OLTs
and ONUs and double star makes one-to-many con-
nections between an OLT and several ONUs. The
latter format can also be divided into active double
star, which uses optical/electrical conversion equip-
ment, and passive double star, or passive optical net-
work (PON), which uses an unpowered splitter. In
terms of operating the medium efficiently and keep-
ing transmission costs down, PON is regarded as
being the superior system. NTT is using the PON
system for FTTH services such as Family Type and
Multi-Dwelling-Unit Type (excluding VDSL/LAN
systems (VDSL: very-high-speed digital subscriber
line, LAN: local area network)) targeted at many
ONUs.

Ever since PON research and development began in
1986, PON systems have been becoming faster and
more economical, but they have nevertheless been
limited by conventional frame transfer using asyn-
chronous transfer mode. However, with the develop-
ment of GE-PON (Gigabit Ethernet PON) using
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Fig. 2. Service expansion centered on the NGN.

Ethernet frames, services can now be provided at
bidirectional speeds of 1 Gbit/s. Gigabit-per-second-
class PONs come in two types: GE-PON and G-PON
(Gigabit capable passive optical network) standard-
ized by IEEE (IEEE802.3 ah) and ITU-T (Interna-
tional Telecommunication Union, Telecommunica-
tion Standardization Sector), respectively (Table 1)
[1]. The GE-PON system has been studied as an
expanded version of the Ethernet system. It targets
Ethernet-based services, and since it is based on the
Ethernet, it enables Ethernet frames to be transmitted
and received in that form. This leads to simple equip-
ment and also allows the use of reasonably priced
Ethernet components developed for LAN systems.
For these reasons, the GE-PON system provides
excellent economy. At the same time, the G-PON
system has been developed under the premise of
accommodating telephone lines and leased circuits in
addition to Ethernet schemes. While there is a ten-
dency to make comparisons between GE-PON and
G-PON, they have been different systems from the
very start, and as compatibility cannot necessarily be
guaranteed, it is appropriate to select one or the other.
In Japan and elsewhere in Asia, GE-PON is over-
whelmingly dominant, but in Europe and the USA,
G-PON is mainstream.

3. Technologies supporting triple-play services

Triple-play services on the NGN provide three key
services (telephony, high-speed Internet, and TV) via
one optical fiber. At NTT, these services are being
developed using two types of systems: radio frequen-
cy (RF) for FLET’S TV and Internet protocol (IP) for
HIKARI TV. Each of these systems has advantages
and disadvantages.

The greatest advantage of the RF system is that the
signals it transmits are the same as those of digital-
terrestrial and satellite broadcasts, which means that
existing facilities and terminals may be used in their
present form. The IP system, on the other hand,
requires a converter, but its outstanding feature is that
it is location-free in principle, making it applicable to
services aimed at a small number of users. In the
USA, it is being used to broadcast niche content to a
relatively small number of users spread out over a
wide area. The RF system requires viewers to be
somewhat concentrated.

The following technologies are being developed
and expanded to provide triple-play services.

(1) Broadband communications technology

The GE-PON system can provide economic, high-

speed, broadband communication services. In Octo-
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Table 1. GE-PON versus G-PON.

GE-PON G-PON

MAC layer Frame

Ethernet frame GEM frame

Transmission
distance

10 km or more, 20 km or more Physical distance: 10, 20 km

No. of
branches

16 branches or more Physical no. of branches: 64

Uplink: 155 Mbit/s to 2.4 Gbit/s

Physical Transmission | Uplink: 1 Gbit/s : :
i . Downlink: 1.2—2.4 Gbit/s

e S Downlink: 1 Ghit/s (asymmetric uplink/downlink available)

Transmission | 1000BASE-PX10 (10 km or more)

loss 1000BASE-PX20 (20 km or more) Regulated as class A/B/C

WErElERGin Downlink: 1480-1500 nm Downlink: 1480-1500 nm

g Uplink: 1260—-1360 nm Uplink: 1260—1360 nm

Standard IEEE802.3 ah ITU-T G.984

ber 2009, NTT launched a high-speed service that

raised the maximum communications speed from 100

Mbit/s to 200 Mbit/s as a new menu item for FLET’S

HIKARI Next services.

(2) Minimum-bandwidth-guarantee technology and
inter-service priority control technology

GE-PON bandwidth shared by multiple users is
dynamically divided up according to usage condi-
tions on each access line so that the bandwidth in the
uplink direction can be controlled in a fair manner
and a minimum bandwidth can be guaranteed on each
line. Communication priority can also be set and con-
trolled so that communications sensitive to delay like
audio and video broadcasts can be given priority.

In addition, the development and introduction of a
large-capacity, high-functionality switching hub that
consolidates multiple OLTs can provide a flexible
network configuration. Here, the flexible intercon-
nection of service nodes and lines via this switching
hub can facilitate the provision of minimum band-
width guarantees and priority control and the effec-
tive use of surplus bandwidth (Fig. 3).

(3) Video transmission and signal-processing tech-
nologies via the RF system

NTT is developing FM (frequency modulation)
batch conversion and transmission technology to con-
vert multichannel video signals to a broadband FM
signal that can then be converted to optical signals for
distribution to user homes. Converting video signals
to an FM signal makes the system more robust to
noise and distortion, enabling the provision of high-
quality video services. The transmission bandwidth
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GEM: G-PON encapsulation method
MAC: Media access control

can be expanded to 2072 MHz to support 110° CS

(communication satellite) digital broadcasting,

enabling the provision of CS digital services.

(4) Efficient video delivery technology via the IP
system

NTT is also developing PON multicast functions to
achieve efficient video delivery. These functions will
perform multicast delivery of high-quality IP broad-
casts to ONUs, enabling more effective use of the
PON downlink bandwidth compared with existing
multicast-delivery techniques.

The use of PON technology also has a significant
power-reduction effect. Preliminary calculations
show that a PON system for 20 million FTTH optical
subscribers will enable power savings equivalent to
one small-scale nuclear power plant compared with a
DSL system.

4. Next-generation Ethernet systems

NTT is moving forward with the research and
development of next-generation Ethernet technolo-
gies for application to wide area network (WAN)
services as NGN services for the business communi-
ty. WAN services have made the transition from a
leased-circuit and frame-relay era to low-cost high-
speed virtual private networks and wide-area Ether-
net systems. The main WAN services in use today are
shown in Fig. 4.

Ethernet technology, which was originally devel-
oped for LAN systems, has undergone new expansion
in conjunction with its application to WAN services.
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Development of a large-capacity, high-functionality Ethernet switch enables
flexible service provision and network configuration.
- Consolidates multiple OLTs, enabling flexible interconnections between access lines and diverse service nodes.
- Incorporates QoS functions for achieving NGN services as in efficient IPTV transmissions assuming 20 million
optical subscribers
- Enables minimum bandwidth guarantee for each line (virtual LAN), inter-service priority control, and effective
use of surplus bandwidth.

Large-scale switching consolidating multiple OLTs - Provision of flexible connections between
service nodes and lines

ONU - Minimum bandwidth guarantee for each

line, inter-service priority control, effective

use of surplus bandwidth

Core network
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Fig. 3. Minimum bandwidth guarantee and priority control by large-scale switching hub.
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Fig. 4. Main WAN services.
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Ethernet originally designed for LAN expands to WAN services

(1) Accommodation of large
number of users (improvement
in user multiplicity)

Provider bridge
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Fig. 5. Trends in Ethernet technology.

Major improvements accompanying this expansion
to WAN are summarized below (Fig. 5).

(1) Accommodation of a large number of users
(improved user multiplicity)

Maintenance and operation improvements (con-
stant monitoring and fault-location identifica-
tion)

Reliability improvements (higher availability
and fewer maintenance needs)

High-speed interface (provision of broadband
services)

In particular, as next-generation Ethernet technolo-
gies, three network technologies have been developed
to achieve high reliability and improve maintenance
and operation characteristics and operation technol-
ogy for administering those technologies.

* Ethernet ring protection technology: Prevents
loops from being generated during switching at
the time of a fault in a ring-type network, thereby
improving reliability.

Ethernet OAM technology: Performs constant
monitoring, fault troubleshooting, and perfor-
mance measurements for each virtual LAN in an

2)

3)
“4)
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Ethernet system, thereby improving operation
and maintenance (OAM) characteristics.

Access redundancy technology: Duplicates cir-
cuits and performs high-speed switching at the
time of a fault in the access segment, thereby
improving reliability.

Network operation technology: Performs unified
end-to-end management, testing, and monitoring
for the above three network technologies.

5. Conclusion

Commercial NGN triple-play services are expand-
ing steadily and new multifaceted services are being
created. This article introduced technologies support-
ing triple-play services and next-generation Ethernet
technologies essential to further NGN expansion.

Reference

[1] J. Kani, “Standardization Trends of Optical Interfaces for Access-area
Networks in ITU-T,” NTT Technical Review, Vol. 5, No. 9, 2007.
https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr2007

09¢gls.pdf&mode=show_pdf



Special Feature

Profile
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Project Manager, First Promotion Project, NTT
Access Network Service Systems Laboratories.

Munetake Otsuka assumed his current position
with NTT Access Network Service Systems
Laboratories in July 2009. He is leading the teams
developing optical access systems for the mass
market, such as passive optical networks, L2
switches, video distribution systems, and related
operation systems.

Since joining Nippon Telegraph and Telephone
Corporation (NTT) in 1985, Mr. Otsuka has held
numerous engineering posts in his 25-year career
with the company, developing his expertise in
transmission systems technologies for diverse
networks and switches.

Prior to his current assignment, he had been
General Manager, Planning and Product Manage-
ment, Innovative IP Architecture Center of NTT
Communications Corporation, a long-distance
and international service arm of NTT, from 2006
to 2009, where he engaged in corporate R&D
management.

While Mr. Otsuka engaged in research and
development activities on various transmission
systems in NTT labs, he served as Chairman of
Working Group 1-2, Telecommunications Tech-
nology Committee, standardizing telecommuni-

cation technologies on inter-network intercon-
nections from 1998 to 2003.

Beyond engineering ventures, Mr. Otsuka also
has hands-on management experience at NTT
Hong Kong Limited as the organization’s Direc-
tor and General Manager between 1995 and
1997. And he headed the Engineering section at
NTT America Inc. as Vice President between
2003 and 2006.

Through his experiences in a wide range of
research and development initiatives, Mr. Otsuka
has established his reputation as a dedicated engi-
neer who has the ability to devise creative solu-
tions while diligently managing available resourc-
es and timelines throughout the projects. A leader
blessed with strong skills to listen and communi-
cate, he has been recognized as a master at moti-
vating his people for optimal results.

Mr. Otsuka graduated from the University of
Tokyo with a Bachelor of Engineering degree in
1983 and a Master of Engineering Degree in
1985. He completed the Program for Manage-
ment Development at Harvard Business School in
2002.

Mr. Otsuka co-authored “Joho Tsushin Hay-
awakari Koza 4” published in April 2001 in
Japan.

NTT Technical Review



