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NTT Tsukuba Forum 2005 Wor kshop

L ectures

The special feature in this issue presents three workshop
lectures given at NTT Tsukuba Forum 2005 held at Tsukuba
International Congress Center and NTT Access Network
Services Systems Laboratories on Nov. 1 and 2. Under the
theme of “NTT’s research and development challenge toward
30 million optical fiber subscribers by 2010”, this forum
presented the latest research results through lectures,
workshop lectures, and exhibitions. They followed the keynote
lectures “New Expansion of Broadband Network Services’ by
Hajime Takashima, Senior Executive Vice President, NTT
East, and “NTT West's Broadband Strategy” by Shin-ichi Ootake, Executive Vice President,
NTT West. Theworkshop lecturesreviewed the trend and state of the art of NTT’stechnologies,
described its research and development efforts, and predicted their future development for
optical access network technologies. They were originally given in Japanese.

Workshop lectures were:
* Optical Access Trends in Broadband Ubiquitous Service Devel opment
by Takashi Nakashima, NTT Access Service Systems L aboratories

 Trends in Optical Access Network Technologies Toward “30 Million Optical Subscribers by
2010"

by Osamu Yamauchi, NTT Access Network Service Systems Laboratories

» Towards the Development of Broadband Access by Merging Optical and Wireless Systems
—Trends in Wireless Access System Technology

by Shuji Kubota, NTT Access Service Systems Laboratories
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Lectures

Optical Access Trendsin Broadband
Ubiquitous Service Development

Takashi Nakashima'

Abstract

Optical access systems are certain to become more widespread in
the future, so the development of new technology for next-generation
services is urgent. The development and introduction of GE-PON
(gigabit Ethernet passive optical network), WDM (wavelength divi-
sion multiplexing), and other such optical technology will alow the
provision of enjoyable and flexible services. In this situation, efficient

operation will be very important.

1. Trendsin broadband services

1.1 Broadband servicetrendsin Japan

The number of broadband lines hasincreased great-
ly in recent years. The total number of ADSL (asym-
metric digital subscriber line), CATV (cable televi-
sion), and FTTH (fiber-to-the-home) subscribers
aready exceeds 20 million. Therate of FTTH expan-
sion is particularly impressive. In June 2005, the
number of FTTH subscribers (3,400,000) exceeded
the number of CATV subscribers (3,060,000) to take
second place after ADSL (14,080,000).

Comparing the quarterly increases in subscriber
numbers, we see that while ADSL has shown agrad-
ual but steady decline since 2003, FTTH has been
increasing strongly. In the first quarter of 2005,
FTTH surpassed ADSL in net increase. We expect
this trend to continue in the future.

FTTH initialy suffered from high service charges
when it was introduced, but it is currently much less
expensive. NTT East’'s B-FLET’ S serviceto individ-
ual houses, for example, was initialy priced at about
13,000 yen per month (this and the figures cited
below do not include ISP (Internet service provider)
charges or fees for using in-home wiring), but the
current price is less than one-third of that amount, at
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4100 yen, while B-FLET’ S for condominium build-
ings is now about 2500 yen. For users, the cost of
FTTH hasthus come down to about the samelevel as
the cost of ADSL.

We can see how low this service price is by com-
paring prices in other countries. In September 2004,
the charge for broadband service in Japan was equiv-
alent to $0.06 per 100 kbit/s, compared with $0.24 in
Korea, $1.77 in the USA, $1.89 in China, and $6.18
in the UK. Thus, Japan offered the world’s least
expensive broadband service. This does not mean
that the broadband environment in Japan is perfect,
however. One problem that requires urgent attention
isthe digital divide.

Studies on disparitiesin the use of the Internet have
revealed a distinct generation gap in users at around
the age of 50. Internet use hasyet to penetrateinto the
generation of people over 50 years old. This gap is
expected to gradually improve, but only over the
coming ten years or so.

Examining disparities in broadband service on a
city-wide scale reveals prominent regional differ-
ences. |n most citieswith popul ations above 100,000,
the subscription rates are 100% or 80%, but the pro-
portion of service provision decreases with the size of
the city. For cities with populations below 5000 in
particular, there are till areas in which no service is
available [1].
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1.2 Broadband servicetrendsin North America

A surge in broadband service opportunities is also
being seen in North America. The greatest share of
themarket isheld by the CATV operators, but in 2004
the major telecommunication carriers SBC and Veri-
zon successively entered the optical fiber industry,
accelerating the rate of conversion to optical technol-
ogy. The situation in the USA features a particularly
high interest in “triple-play” services (TV, telephone,
and Internet access services provided over a single
line), and both of these carriers are moving toward
the provision of video services.

SBC has targeted provision of an optical service
environment for 18 million householdsin 13 states by
the end of 2007 (“Project Lightspeed” [2]) with two
wiring models: FTTN (fiber to the node) and FTTP
(fiber to the premises). FTTN involves laying optical
fiber up to anodethat is set up in thevicinity of users
and using metal wirefor the last kilometer or soto the
user’'shome. FTTPinvolveslaying optical fiber right
up to the user’s premises and is being applied to
newly constructed homes. In addition, because FTTN
will involve metal cable, SBC has announced that it
will use an IP video service (Microsoft's IPTV ser-
vice).

Verizon, too, has established its “FiOS’ business
concept, which aims for FTTP optical coverage of
60% of its subscribers by 2008. One million lines had
been provided by the end of 2004 and three million
were in place by the end of 2005. Verizon has
announced that the number will reach six million by
the end of 2006. In the approach to video service,
however, Verizon differs from SBC in their use of a
wavelength division multiplexing (WDM) technique
that is close to the hybrid fiber coaxia cable system
used in CATV. That makes it possible to provide
video to each home on all channels by applying
WDM to the video signal.

RHK, a magjor U.S. marketing research firm, pre-
dictsthat the number of FTTH subscribersworldwide
will reach 17 million in 2009. That total was estimat-
ed before the announcement of NTT’smid-term strat-
egy (September 2004), so unfortunately it does not
reflect our “Optical 30 Million Plan”. RHK also
reported early growth in the Asia-Pacific areain esti-
mates of optical line terminal (OLT) port shipments
by region, and it is believed that Japan’s share of that
will be large. Concerning OLT ports, vigorous activ-
ity has also been seen in North America since 2004,
and the number of shipments is expected to steadily
increase in the future.
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2. Optical accesstechnology

2.1 Trendsof PON

The forms of FTTH wiring include the single star
(SS), in which there is a single line between the cen-
tral office and the user, and the double star (DS), in
which there is a branch in it. The DS configurations
are further divided according to the branching type
into the active double star (ADS) type, in which the
branching is done by an active device such asalayer
2 (L2) switch, and the passive double star ((PDS)
which corresponds to PON) type, in which an optical
splitter is placed at the branching point.

Various types of FLET’ S service are available, and
they use the most suitable wiring configuration for
the particular type. For large-volume users of the
business and basic services, the SS configuration is
used. For services to condominium buildings, on the
other hand, SS is used up to the building and then
VDSL (very-high-bit-rate digital subscriber line) or
Ethernet is used for distribution within the building.
The family service, which is suited to individua res-
idences, uses abroadband PON (B-PON). The hyper-
family service (NTT East) and the Hikari premium
service (NTT West), which are the newest types of
service, use a 1-Gbit/s GE-PON.

NTT's PON system has a long development histo-
ry, with research beginning as early asthe 1980s. The
first system introduced was an STM-PON (1997)
with proprietary specifications (STM: synchronous
transfer mode), followed by a B-PON conforming to
ITU-T standards (1999). 2004 saw the introduction of
a GE-PON, which uses Ethernet technology. The
result of this development has been higher transmis-
sion speeds and transmitters that are far more eco-
nomical and efficient [3], [4].

On the other hand, there has been diversification of
services and user needs, so system expansion will be
regquired in the future. To cope with that requirement,
we believe that WDM technology will be an effective
means of flexible system expansion within the exist-
ing framework. Unlike the current PON, in which
multiple users and multiple services share a single
wavelength, WDM can accommodate additional ser-
vices or increases in the capacity allocated to each
user by changing the wavelengths for each service or
each user (Fig. 1).

2.2 GE-PON system

Flexible service provision requires broadband com-
munication technology, technology for reserving
minimum bandwidth, and service priority control
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Access system that can respond flexibly to diversifying services and user needs can be achieved.

Current use of PON One wavelength is shared by multiple
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Fig. 1. Wavelength division multiplexing technology for scalable system.

technology. To satisfy these requirements, NTT
Access Service Systems Laboratoriesis developing a
GE-PON system based on the |EEEB02.3ah standard.

(1) Broadband communication technol ogy

GE-PON is capable of transmission at 1 Ghit/sin
both directions, ensuring a broadband access path
that can meet future broadband demand. At the same
time, a major reduction in cost is expected through
the application of Ethernet technology.

(2) Minimum bandwidth reservation technology

A dynamic bandwidth assignment function has
been introduced to alow fine bandwidth control. If
only asingle user is using the network, then that user
has an available bandwidth of 1 Ghit/s. In actual prac-
tice, however, multiple users use the network at the
same time and must therefore share the total band-
width of 1 Ghit/s. When we decide how the band-
width will be assigned, we can set the maximum
speed and the guaranteed speed (minimum speed) for
each user separately. In addition, the surplus band-
width can be alocated to users either evenly or pref-
erentialy by adaptive control.

(3) Service priority control technology

Service content may be delay tolerant or delay sen-
sitive. The GE-PON system also features a flexible
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function for giving transmission priority to services
that are delay sensitive.

2.3 Line concentration switch

Flexible service provision cannot be achieved with
only a GE-PON between central office and user, so
we bundled multiple GE-PONstogether and installed
alarge-scale L2 switch to feed them. Thislarge-scale
switching technology groups multiple GE-PONs
together and allows flexible distribution at the
desired node according to the type of service. In the
same way as for GE-PON, this configuration pro-
vides a minimum bandwidth guarantee to each line,
service priority control, and efficient use of surplus
bandwidth.

2.4 Video multiplexing technology

Aiming at true triple-play services, research and
development on video transmission is also under
way. Specifically, simultaneous delivery of multiple
video signals for Internet access by using WDM is
being studied (Fig. 2).

An amplitude modulation (AM) direct transmission
method has conventionally been used for video trans-
mission for CATV. That technique transmits frequen-
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High-speed data communication and video disribution are provided by “different optical wavelengths”
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Fig. 2. Wavelength allocation for data and video signal.

cy-multiplexed signals without modification, which
causes no problem as CATV is delivered over coaxi-
al cablein the find link. In the case of FTTH, how-
ever, the optical signal isdistributed, so amethod that
is robust against loss, degradation, and reflection is
required. The AM direct transmission method hasthe
merit of arelatively simple optical transceiver con-
figuration, but it is easily affected by noise and fiber
degradation in the transmission path. Therefore,
when FTTH is applied, multiple splitting of the opti-
cal signal is not possible and high-performance opti-
cal amplifiersare required, so that method is not suit-
able.

With that motivation, we developed a transmission
system in which the frequency-multiplexed signals
are transmitted together as a frequency-modulated
(FM) signal. Although it is very difficult to electri-
cally convert signalsin thewide rangefrom 90to 770
MHz to an FM signal, optical signals can be convert-
ed all at once. The method for FM conversion com-
plicates the optical transmitter somewhat, but it
increases robustness to noise and fiber degradation
and facilitates multiple splitting of the optical signal
for distribution to multiple locations. It may aso lead
to less-expensive optical amplifiers.

This system is capable of providing both digital
video and analog video. Up to about 500 channels of
al-digital video standard TV or up to about 100 chan-
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nels of HiVision TV (Japan’s high-definition televi-
sion scheme) can be transmitted. Even when used
together with existing broadcasting or CATV, about
150 standard TV channels or about 30 HiVision TV
channels are possible (Fig. 3).

3. Trendsin WDM access technology research

3.1 Improving ease of use with WDM

The transmission speed of media converters is
increasing very rapidly, making possible the succes-
sive transition of the PON system from STM-PON to
150-Mbit/s B-PON and 600-Mbit/s B-PON, and then
to GE-PON. Webelievethat it is necessary to proceed
with research and devel opment for a new next-gener-
ation access method.

Working towards the “30 million optical users’ era,
research that has proceeded with priority on “perfor-
mance’ and “economy” must now consider a third
need: “flexibility and ease of use”. WDM technology
is the driving force behind improvements in ease of
use (Fig. 4).

In anetwork that uses WDM, the access node point
(customer accommodation station) side will have a
metro node point (central office for access node
points) and a system for creating a ring with other
access node points and sending signalsusing multiple
wavel engths. Between the access node point and each
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Max. 500 SDTV channels (or 100 HDTV channels) can be provided simultaneously.

110 { SDTV: 4 to 5 channels per carrier - about 500 channels
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Fig. 3. Number of video channels that can be transmitted.
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Fig. 4. Examples of wavelength use to improve ease-to-use.

user there will be a system that can apply either of
two wavelength usage methods according to user
needs: either user multiplexing, in which a wave-
length is assigned to each user, or service multiplex-
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ing, in which a different wavelength is assigned to
each different service. User and service multiplexing
are used for mass markets: service multiplexing is
used for businesses, and user multiplexing is used for
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condominium buildings or office buildings. Aswave-
length use expands, however, thefollowing two prob-
lems arise.

(1) Hardware diversification for increasing wave-

length ranges

As the number of available wavelengths increases,
the demand for equipment and devices for each
wavelength decreases, which results in greater hard-
ware diversification.

(2) Specia optical module specifications

Because the systems for various services also dif-
fer, the types of optical modules also become differ-
ent.
Both of these problems decrease economy, flexibili-
ty, and ease of use, so new ways to address them are
required.

3.2 Pluggable modularization
First, to move towards greater economy, we take

the approach of separating out the optical part of the

system and creating common specifications for it.

This means afull separation into a wavelength mod-

ule (optical part) and a signal processing module

(electrical part). The optical part is given a plug-in

design, which yields the following benefits.

» Theuse of common specificationsincreases market
fluidity, which relates to system economy (greater
economy results from market fluidity due to com-
mon specifications)

» Because the signal processing module is made
independent, common equipment that is indepen-
dent of wavelength can be used (economy results
from the use of common signal processing module
hardware that is not dependent on wavelength char-
acteristics)

» The optical plug-in module can use various non-
electrical systems, which reduces the danger of
them being out of stock (economy resultsfrom sim-
pler inventory management)

Theinternal configuration of the WDM transmitter
has asignal processing module (electrical part) in the
center and an optical transceiver module on each end.
Pluggable transceiver modules can be used to gener-
ate various wavelengths.

Plug-in modules provide several advantages: the
wavelength, transmission distance, and transmission
speed can be easily changed simply by changing
module combinations. For example, modules can be
replaced without regard for the transmission method
(two-core or one-core), the transmission distance
(short or long), or the wavelength. Furthermore, flex-
ibility in network topology makes it possible to con-
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struct avirtual network by using wavelengths.

Existing user equipment that is not compatible with
WDM can also be used for the WDM transmission if
it can be connected to the developed pluggable filter
module as an external device.

3.3 ColorlessONUs

An effective way to avoid loss of flexibility or ease
of useisto control the system itself to handle various
wavel engths rather than matching the optical module
to the system. Such a system uses colorless ONUSs,
i.e,, no ONU is wavelength specific. Control on the
system side is also related to achieving care-free or
topology-free operation. That involves the applica-
tion of two kinds of technology. One uses of a super
luminescent diode (SLD) as an optical source. This
features avery wide spectral range but the output can
be limited to a narrow desired wavelength by select-
ing an output location from one of the dliced parts.
When you want to change to another wavel ength, you
merely select another location. In this way, a single
ONU can generate multiple wavelengths. The other
technology is the tunable device. Flexibility can be
achieved by connecting a variable wavelength filter
and variable wavelength transmitter on the user side
and a variable wavelength transceiver on the access
point side.

4. Access network operation system

Although the demand for optical service is rising
rapidly, construction work is not keeping up with that
demand. Now that optical transmission has become
commonplace, expediting optical service provision
can be considered an urgent matter.

The main procedure for providing aserviceisto 1)
receive and check the equipment, 2) allocate plant
and equipment, 3) adjust the work schedule, 4) order
the work, and 5) perform the inside office and on-
premiseswork. This procedure currently takes sever-
a days. While measures to reduce the time required
are aready being taken, automation of plant aloca
tion and other time-consuming processes may reduce
the start of service time to about the same asfor ordi-
nary telephone services.

The optical access plant allocation system (PAS)
that is now being introduced consists of modules for
optical plant allocation, inside optical fiber manage-
ment and allocation, and outside optical fiber alloca-
tion. These modules can be used together for auto-
matic allocation of the appropriate equipment. When
the operator receivesthe user’srequest for service, he
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Identify allocation bottlenecks

Support increased work efficiency by
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Fig. 5. Example of applying operation log analysis tool to PAS.

can use the user’slocation and address to quickly and

efficiently allocate the equipment and the access

point internal line. In addition, thereisaoperation log
analysis tool for expediting the work flow. It has the
three main functions.

« Coallecting and analyzing the information from var-
ious operation logs to understand the current state
of the work process

« Automatically extracting potential points for
improving access facilities installation work

* Running simulations to verify the effects of
improvements
In this way, a continuous cycle of work improve-

ment can be established by feeding the analysis

results back into the work process.

Finally, we present the results of applying the oper-
ation log analysis tool to PAS. If the operation log
analysistool isappliedto PASitsdlf, rather thanto the
work process, it is possible to check for proper oper-
ation of PAS as described below (Fig. 5).

(2) Identifying an allocation bottlenecks

Determining where in the system errors occur and
the extent to which they occur, as well as the types
and numbers of such errors. For example, if an error
occurs because there are no outside resources, then
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work efficiency can be improved by discovering this
and adjusting the flow of installation of outside
resources before plant allocation to eliminate the
error.

(2) ldentifying system bottlenecks

Investigating the work efficiency of each task,
including order registration, outside fiber allocation,
equipment allocation, and inside fiber allocation. For
example, if the analysisresult isthat “the system pro-
cessing time for inside resources allocation is
extremely long”, then pointsfor system improvement
can be clarified by investigating changesto theinside
resources allocation algorithm or the database of
inside resources to improve usability.

5. Conclusion

Research and development concerning optical
access, which is making the transition from the phase
of initial introduction to the phase of popularization,
faces various demands, including ones for improve-
ments in economy, usability, and ease of manage-
ment, an expanded service menu, and more efficient
installation work. We will continue to aggressively
respond to those research demands in the future.
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