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1.   Introduction

There has been much progress in various interna-
tional standards related to transport networks. We can 
see the benefits of international standardization all 
around us in our daily lives. There are countless 
examples such as telephones, faxes, personal com-
puter interfaces, and the TV broadcast system. The 
significance of such standardization can be recog-
nized through �) compatibility and interoperability, 
2) encouragement of competition and market expan-
sion based on the opening of specifications, 3) reduc-
tions in cost due to mass production, and 4) a high 
level of technology achieved through specialization 
within an industry. The field of optical communica-
tions is no exception. We have gained many benefits 
through standardization.

For NTT, international standardization means that 
the results produced by its laboratories enable tech-
nologies attractive to operating companies to be 
introduced quickly as international standards. More-
over, it subsequently enables cost reduction and 
economization to be achieved through mass produc-
tion, and the global spread and competition of prod-

ucts can be improved through the application of 
standardized technology by our group companies. 

There are a number of standardization bodies, 
forums, and industrial groups in the field of optical 
communications. The International Telecommunica-
tion Union, Telecommunication Standardization Sec-
tor (ITU-T), the Institute of Electrical and Electronics 
Engineers (IEEE), and the International Electrotech-
nical Commission (IEC) officially establish standards 
(de jure standards), and industrial groups such as the 
Optical Internetworking Forum (OIF) decide on prac-
tical standards (de facto standards). These standard-
ization bodies have recently compartmentalized the 
technical areas and are advancing standardization on 
the basis of a collaborative relationship (Fig. 1). For 
the extremely high level of technology that is used in 
optical communication technologies, based on com-
plementary specialization, efficient and fast techno-
logical progress can be targeted in the pertinent 
areas.

2.   Standardization activities

NTT is actively participating in standardization 
related to optical transport networks. One topic 
related to optical transport networks that has recently 
been drawing much attention in international 
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standardization is the increase in transmission capac-
ity achieved by using a speed of �00 Gbit/s per wave-
length. Below, we note the 40- and �00-Gbit/s-related 
activities of each standardization body to date.

ITU-T is an international standardization organiza-
tion subordinate to the UN that focuses on telecom-
munication standardization. It produces various 
standards (ITU-T Recommendations). For example, 
synchronous digital hierarchy (SDH)*� is a well-
known signal multiplexing method that is an interna-
tional standard for telecommunication systems. Fur-
thermore, wavelength multiplexing technology has 
been introduced and the Optical Transport Network 
(OTN) standardized. In recent years, a highly reliable 
transmission method for new high-capacity client 
signals such as 40-Gbit/s Ethernet (40GbE) and �00-
Gbit/s Ethernet (�00GbE) [�] and interface specifica-
tions [2] to achieve high-speed optical transmission 
have been standardized. A series of proposals regard-
ing transport of Ethernet over OTN were submitted 
by NTT and many of them were accepted.

IEEE is a standardization body that is mainly an 
American scientific society. Familiar examples of its 
standards are Ethernet (IEEE 802.3) and wireless 
local area networks (IEEE 802.��). In recent years, it 

has standardized 40GbE and �00GbE, known as 
IEEE 802.3ba. In IEEE, NTT has been promoting not 
only discussion from a telecommunication standard 
viewpoint, but also support for the telecommunica-
tion standard OTN.

IEC is an organization that focuses on international 
standards related to the widespread field of electrical 
technology. Its purpose is to promote international 
cooperation and understanding related to standard-
ization and the evaluation of compatibility to those 
standards in the field of electrical and electronic tech-
nologies. To date, as the base, we have fostered 
knowledge of NTT’s high-speed transmission tech-
nologies and have contributed toward standardization 
of a �00-Gbit/s modulation format and evaluation 
techniques.

OIF is an industry group that cooperates in the 
fields of data communications and optical communi-
cations [3]. It deals with industry-standard Imple-
mentation Agreements (IAs). In recent years, it has 
advanced discussion of various specifications related 
to �00-Gbit/s transmission and produced IAs for opti-
cal modules (MSA: Multi-Source Agreement)*2, 
integrated optical transmitters, and integrated optical 
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Fig. 1.   Standardization bodies related to optical transport network. 

*� SDH: Lower-bitrate signals are multiplexed to a higher-bitrate 
signal.

*2 MSA: A scheme for establishing a stable product supply through 
the collaboration of multiple vendors regarding product specifi-
cations for package size, pin arrangement, etc.
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receivers. On the basis of the technology trends of 
other standardization bodies, NTT has made propos-
als that took account of technological feasibility and 
has contributed to decisions about IAs.

As an example of specialization in a technology 
area among the standardization bodies, we describe 
high-speed transmission technology. As shown in 
Fig. 2, optical transmission equipment uses a combi-
nation of IEEE-specified Ethernet standards, ITU-T-
specified OTN recommendations, and OIF-specified 
optical module IAs. Since multiple specifications are 
involved in the configuration of one set of equipment, 
the standardization bodies that produced them 
arrange to share information among themselves from 
time to time to improve the integrity of the specifica-
tions.

With regard to these standardization bodies, NTT is 
advancing standardization activities related its own 
technologies, furthering the understanding of techno-
logical trends, and bolstering the framework for 
cooperative relations among the other organizations 
involved in standardization.

3.   Application of standardization  
results to actual devices

Next, we describe standardization activities to date 
and standardization results and give a few specific 
examples of devices in which the standardized tech-
nologies are applied.

3.1    Standardization of 10GbE transport over 
OTN and OTN-LSI

Along with the increase in the volume of traffic, the 
enhancement of long-distance transmission is pro-
gressing. In particular, the growth in IP (Internet 
protocol) traffic has been remarkable recently, and 
the use of Ethernet as an interface has progressed 
rapidly. However, since the maximum transmission 
distance in the Ethernet standard is 40 km, it is insuf-
ficient for long-distance transmission between large 
cities. For this reason, ITU-T specifies the OTN as a 
long-distance transmission medium that achieves 
high reliability, and such optical transmission equip-
ment is widely used.

However, a problem occurs in the transport of 
�0GbE over the OTN. Since the OTN assumed 
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�0-Gbit/s SDH signals (STM-64) as client signals, 
this problem arose because the bitrate of �0GbE 
exceeds the maximum bitrate (payload capacity) of 
the client signal that can be accommodated in the 
OTN signal (ODU2). NTT continually advocated the 
importance of bit-transparent transport of �0GbE, 
and eventually a new OTN signal (ODU2e) suitable 
for �0GbE transport was standardized.

Concurrently with the ODU2e standardization, 
NTT developed a large-scale integrated circuit (OTN-
LSI) for optical transmission equipment, and NTT 
Group companies have commercialized it. A photo-
graph of the OTN-LSI and a schematic of its function 
blocks are shown in Fig. 3. The OTN-LSI accommo-
dates �0GbE in an ODU2e and then multiplexes four 
ODU2e signals to form a 40-Gbit/s OTN signal 
OTU3e, which is suitable for long-distance transmis-
sion; it is a key device for 40-Gbit/s optical transmis-
sion equipment. The OTN-LSI is used by domestic 
transmission equipment vendors and has been intro-
duced in the NTT operating companies. Furthermore, 
it has been promoted in the global market, and many 
system vendors in countries all over the world use it.

In this way, we have promoted technological devel-

opment targeting commercialization concurrently 
with standardization and have been able to achieve 
quick deployment of the technologies to our operat-
ing companies. Furthermore, through the global pro-
motion of products in our group companies, we are 
achieving price reductions through mass production 
and contributing to the economization of system 
deployment by our operating companies.

3.2    Standardization of 40GbE transport over 
OTN and mapping IC

The next standardized speeds after �0GbE are 
40GbE and �00GbE. Since �00GbE is a new-bitrate 
client signal for the OTN, ITU-T SG�5 (Study Group 
�5) revised the OTN standard to make it suitable for 
�00GbE. However, in the same way as in the above-
mentioned �0GbE case, the bitrate of 40GbE exceeds 
the maximum bitrate (payload capacity) of the client 
signal that can be accommodated in the OTN signal 
(ODU3), which was assumed to be the 40-Gbit/s 
SDH signal (STM-256). At that point during the dis-
cussions on how to accommodate 40GbE in the OTN 
signal standardization, NTT searched for a way to 
accommodate 40GbE while maintaining the maximum 

Client signal
(10GbE etc.)

OTN signal

OTN-LSI

40-Gbit/s OTN-LSI

E/O: electrical-to-optical conversion
O/E: optical-to-electrical conversion

O/E

O/E
Multi-

plexing
Overhead 
processing

Error
correction 
encoding

O/E

Client signal
(10GbE etc.)

OTN signal

E/O

E/O
Demulti-
plexing

Overhead 
processing

Error
correction
decoding

E/O

Fig. 3.   OTN-LSI.



5 NTT Technical Review

Feature Articles

transparency based on transcoding (rate compres-
sion), and our standardization proposals were adopted 
[�]. Specifically, we proposed replacing the 64B/66B 
code used for 40GbE by one with less redundancy, 
�024B/�027B, and compressing the bitrate, which 
enable the existing 40-Gbit/s OTN signal (ODU3) to 
accommodate transcoded 40GbE. 

Concurrently with this standard, NTT is developing 
a 40GbE mapping IC (integrated circuit) as an LSI for 
optical transmission equipment [4]. Its function 
blocks are shown schematically in Fig. 4. The map-
ping IC also contains multilane transmission tech-
nologies and other features. By using this mapping IC 
with existing transmission equipment for 40-Gbit/s 
SDH signals when developing optical transmission 
equipment for the new 40GbE, we can reduce the 
development cost.

In this way, NTT laboratories are effectively using 
previous development assets in equipment develop-
ment that supports newly standardized technologies, 
considering ways to minimize the total development 
cost toward system deployment, and advancing 
device development.

4.   Summary

NTT is advancing various international standard-
ization activities related to optical transport networks 
in order to improve the business competitiveness of 
NTT Group companies by providing customers with 
attractive services and promoting NTT technologies 
in the global market. We are continuously promoting 
international standardization of technologies created 
in NTT laboratories and are progressing toward 
device applications.
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