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Abstract

Network synchronization technologies are fundamental to telecommunications network services
around the world. They are standardized internationally by the Telecommunication Standardization Sec-
tor of the International Telecommunication Union, Study Group 15. In this article, we present an over-
view of time and phase synchronization technologies that have been gaining attention in recent years and
explain how these technologies can be achieved. We also introduce the initiatives being implemented for
their international standardization and review the other topics being discussed for future standardiza-

tion.

Keywords: network synchronization, PTP, ITU-T SG15

1. Introduction

With telephone or leased line network services
using time division multiplexing (TDM) technologies
such as synchronous optical network (SONET)/syn-
chronous digital hierarchy (SDH) or asynchronous
transfer mode (ATM), it has conventionally been nec-
essary to match clock frequencies between network
systems, or in other words, to synchronize networks,
so that data can be transmitted and received. Synchro-
nization technologies are fundamental network ser-
vice technologies that are widely used by telecom-
munications carriers around the world. The standard-
ization of these technologies has been ongoing for
many years in international organizations including
the Telecommunication Standardization Sector of the
International Telecommunication Union (ITU-T).
The NTT Group has made proactive contributions to
international standardization efforts related to syn-
chronization while developing equipment to generate
and distribute high-quality clock frequencies.

Many telecommunications carriers are facing diffi-
culties nowadays due to the aging of TDM network
equipment and maintenance cost increases. Never-
theless, packet transport technologies have been

developed that are cheaper than TDM technologies
but provide a similar level of quality, which has accel-
erated the movement to replace TDM networks [1].
Synchronous Ethernet technologies have been devel-
oped to distribute clock frequencies on packet net-
works to establish network synchronization; these
technologies were standardized internationally by
ITU-T in 2008 [2]. Furthermore, in addition to
requirements for frequency synchronization between
equipment, the emergence in recent years of applica-
tions requiring time and phase synchronization with
absolute time means that the areas in which synchro-
nization technologies are applied are expanding. In
addition to the mobile field, time and phase synchro-
nization technologies are anticipated for uses such as
matching timing with electricity storage and supply
in the energy sector and high frequency trading in the
financial and securities fields.

2. Technologies achieving
network synchronization

There are mainly two classes of technology that
enable synchronization of time and phase (Fig. 1).
The first entails the acquisition of standardized time
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data via radio signals received from global navigation
satellite systems (GNSSs) such as the Global Posi-
tioning System (GPS). However, there are concerns
about degradation in GNSS reception sensitivity due
to constraints on antenna installation because of
obstacles such as buildings in urban areas, the effects
of radio interference, and solar winds or unfavorable
weather conditions.

The other class consists of methods that entail syn-
chronization via a network by using a protocol such
as Network Time Protocol (NTP) or Precision Time
Protocol (PTP). With NTP, clients request time syn-
chronization from an NTP server that maintains a
time standard. The clients perform time and phase
synchronization in consideration of the time taken for
a response to a request and the time between the
server and the client.

With PTP, devices that perform synchronization
take on the roles of master and slave. These devices
mutually exchange PTP packets appended with time
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Time and phase synchronization technologies.

data (z; to t4), as shown in Fig. 2. Based on the packet
transmission and reception time, slave devices calcu-
late the delay between devices and the time offset
between the master and slave so that the slave can
match its time with the master.

NTP uses a timestamp in the application layer and
has synchronization accuracy to 1 ms. In contrast,
PTP offers high-precision time and phase synchroni-
zation to 1 us or lower with a hardware timestamp
function and compensation for transmission path
delay. In addition to the time and phase synchroniza-
tion characteristics given in Table 1, PTP is also
characterized by its ability to synchronize frequency
by calculating the transmission interval from the PTP
packet master as well as the reception interval at the
slave.

Thus, PTP’s superiority over NTP in synchroniza-
tion precision and scope of applications means that
PTP technologies are gaining attention in a wide
range of business fields requiring high-precision time
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Fig. 2. Principle of PTP.

Table 1. Synchronization methods.

Function
Synchronization methods Frequency | Time/Phase
s PP o @
Ey?é:sriufgéig?izi Synchronous Ethernet O X
(GPS, Galile(f"é?_SONASS, etc.) O O

GLONASS: GLObal NAvigation Satellite System (Russian)

and phase synchronization, while PTP defined by
IEEE (Institute of Electrical and Electronics Engi-
neers) is being standardized by ITU-T for use in the
telecommunications field.

However, a number of issues must be solved in
order to achieve high-precision time and phase syn-
chronization with PTP on a telecom network. For
example, if wavelength division multiplexing (WDM)
equipment or multiplex equipment that does not sup-
port PTP is used, uplink and downlink delay asym-
metry must be corrected in the PTP offset calculation.
In addition, network congestion can cause packet
delay fluctuation or PTP packet loss, which can seri-
ously affect synchronization precision. ITU-T is
actively discussing problems that can have particu-
larly serious impacts, and NTT has proposed delay
asymmetry compensation methods to ITU-T, which
were specified as recommendations in standardiza-

tion documentation in 2014.

3. ITU-T recommendation systems and
standardization trends regarding network
synchronization

ITU-T discusses numerous issues including net-
work synchronization precision, requirements for
configuring networks, profiles, and testing and mea-
surement methods for telecommunications. Through
standardization, ITU-T prescribes the quality for syn-
chronization applications to achieve interoperability
between telecommunications providers and intercon-
nectivity between equipment. The ITU-T standard-
ization recommendation system related to synchroni-
zation is shown in Fig. 3. Synchronization standard-
ization recommendations are mainly for synchronous
Ethernet, or are roughly divided into PTP frequency
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synchronization with the G.826x series recommenda-
tions, and time and phase synchronization with the
G.827x series recommendations, where standardization
of the former is almost complete. Standardization of
the latter has been finalized and covers the require-
ments and limitations for configuring synchronized
networks centered on time and phase synchronization
using PTP and related equipment and network archi-
tecture. Currently, however, with new demands from
end users for time and phase synchronization, there is
a need to amend existing recommendations or create
new ones, which has spurred discussions among car-
riers and system/device vendors around the world.

4. Diversification of synchronous network
structures

ITU-T is targeting a number of profiles to achieve
network synchronization. One of these, shown in
Fig. 4(a), is called full timing support (FTS) and has
already been standardized as G.8275.1. FTS uses a
master clock supplied with time data from GNSS,
and it is a profile in which time is distributed to end
applications via networks on which all devices have
PTP functions.

In contrast to this, a profile called partial timing
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ITU-T recommendations of synchronization.

support (PTS), in which only some devices on the
network support PTP, has also been proposed. PTS
has been targeted for the G.8275.2 standards recom-
mendations for 2016. Many issues remain such as
defining switching actions that address degradation
of time and phase synchronization quality on packet
networks with PTS; hence, discussions are ongoing.
In particular, assisted PTS used in conjunction with
GNSS synchronization is attracting attention, as
shown in Fig. 4(b).

Behind this lie differences in the status of synchro-
nization equipment implementation and in the think-
ing about the network structures of different carriers.
With FTS, carriers building new synchronous packet
networks can build them so they are compliant with
standards, whereas carriers that have already deployed
packet equipment that does not support PTP will need
to set up new equipment, replace equipment, or add
functions to achieve FTS. These carriers would like to
be able to set up time and phase synchronization with
assisted PTS used in conjunction with GNSS anten-
nas installed only where high-precision synchroniza-
tion is required.

Thus, to implement time and phase synchronization
in the future, carriers will have to select the appropri-
ate FTS or PTS profile to suit their network structures.
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Table 2. Time and phase requirement classes.

aLcec\:ﬁlacc):; Range of requirements Typical applications
1 1 ms—500 ms Billing, alarms
2 5 pus—100 ps IP delay monitoring
3 1.5 us—5 us LTE TDD (large cell)
4 1 s—1.5 ps U'I_'RA-TDD, LTE-TDD (small cell)
Wimax-TDD
5 x ns—1 ps Wimax-TDD (some configurations)
6 <Xns Some LTE-Advanced features

IP: Internet protocol
TDD: time division duplex

This will require detailed consideration of various
factors such as reliability and operability, including
issues such as new PTP equipment deployment and
comparative costs of installing antennas for synchro-
nization with GNSS.

5. High-precision time and phase
synchronization

A future standardization issue for ITU-T is to make
synchronization more precise. Therefore, ITU-T has
defined six levels of precision for time and phase
synchronization, as listed in Table 2. Current ITU-T
recommendations are for standardization at precision
level 4. However, mobile applications are being intro-
duced that require time and phase synchronization

precision at or below 1 ps. These include the LTE
(Long Term Evolution)-Advanced inter-base station
coordination technology called coordinated multi-
point transmission (CoMP)*!. Additionally, there is
demand for time and phase synchronization precision
down to several hundreds of nanoseconds for tech-
nologies used to determine user terminal positions
from base stations. For these reasons, ITU-T has
begun discussions on new recommendations to
expand the existing recommendations to the afore-
mentioned six levels of precision.

*1 CoMP: Technology linking mobile coverage cells to suppress ter-
minal throughput degradation due to interference from other cells
at the cell’s edge. High-precision time and phase synchronization
is required between mobile cells.
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Fig. 5. Network limit of time/phase synchronization.

Precision of time and phase synchronization is
defined as the absolute time offset to the end applica-
tion from the time the standard equipment on the
network known as a primary reference time clock
(PRTC), which is supplied with time data by GNSS,
starts the application. This is represented as the cul-
mination of segment errors, which are typically time
errors in PRTC, time errors in transmission segments,
and time errors in end applications, as shown in
Fig. 5. Current ITU-T recommendations describe
designs and standards for segment time error toler-
ance that satisfy precision level 4 (1.5 ps), although to
satisfy precision levels 5 and 6 (1 us or lower), the
permissible segment time error tolerance will have to
be reduced. Thus, to reduce PRTC time errors,
enhanced PRTC standards are under discussion that
will reduce the 100-ns time error tolerance currently
defined for PRTC to 30 ns in order to achieve higher
precision and quality. The enhanced PRTC is due to
be standardized as G.8272.1 in 2016. Because the
scope of standards to be prescribed by G.8272.1 has
only just been defined, detailed discussions on it will
begin in earnest in the future.

There will also likely be similar discussions on
network segment synchronization precision other
than PRTC. For example, high precision boundary
clock (BC) time data distribution devices are actively
being discussed in response to demands from provid-
ers for high-precision time and phase synchroniza-
tion.

For this reason, to provide high-quality network
services and mobile applications, carriers all over the
world including the NTT Group will have to consider
their network synchronization equipment develop-
ment and deployment while keeping pace with these
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demands and standardization trends in time and
phase synchronization.

6. Future outlook

To build synchronous networks flexibly and effi-
ciently in step with increases in network capacity and
falling network costs, ITU-T plans to discuss systems
such as time and phase synchronization methods on
optical transport network and low-cost transparent
clock (TC)*? technologies that circumvent BC func-
tions. Furthermore, since time and phase synchroni-
zation technologies are expected to provide funda-
mental support to the 4G (fourth generation)-LTE and
5G next-generation mobile systems, various require-
ments for network construction and operation from
the carrier perspective are being sought. NTT also
intends to stay informed about trends in services
relating to time and phase synchronization both in
Japan and internationally and will continue to proac-
tively contribute to the international standardization
of related technologies.

References

[1] M. Murakami and Y. Koike, “Highly Reliable and Large-capacity
Packet Transport Networks: Technologies, Perspectives, and Stan-
dardization,” J. Lightwave Technol., Vol. 32, No. 4, pp. 805-816,
2014.

*2 TC: A BC terminates received PTP packets as a slave and has
functions to replay the PTP messages it receives as a master. In
contrast, a TC compensates for the time the PTP message is re-
tained in equipment, which enables transparent transfer of PTP
packets to downstream BC. Thus, because the PTP packet termi-
nation and replay function is eliminated in a TC, a TC is poten-
tially cheaper than a BC.



Global Standardization Activities

[2]

Y. Koike and M. Murakami, “Status of Packet Transport Network
Standardization in ITU-T,” NTT Technical Review, Vol. 7, No. 7,

2009.

https://www.ntt-review.jp/archive/ntttechnical. php?contents=ntr2009

07gls.html

Kaoru Arai

Engineer, NTT Network Service Systems
Laboratories.

He received a B.S. and M.S. in applied physics
from Tokyo University of Science in 2010 and
2012. Since joining NTT Network Service Sys-
tems Laboratories in 2012, he has been research-
ing and developing packet transport systems such
as clock supply systems and leased line systems.
He has been participating in ITU-T SG15 activi-
ties concerning synchronization and packet
transport technologies since 2014.

Makoto Murakami

Senior Research Engineer, NTT Network Ser-
vice Systems Laboratories.

He received a Ph.D. in electrical engineering
from the University of Tokyo in 2009. He ini-
tially engaged in research and development
(R&D) of long haul transmission systems using
optical amplifiers and coherent modulation/
demodulation schemes at the emergence of those
technologies. After completing development and
deployment of a commercial optically amplified
submarine system, he continued R&D of WDM
systems to further increase the fiber transmission
capacity. From 2001 to 2003, he worked for NTT
Communications, where he was involved in the
construction and operation of international com-
munication networks mainly in the Asia-Pacific
region. Since 2003 he has been an active partici-
pant in ITU-T SG15 as head of the Japanese
delegation and has also been involved in R&D
and standardization of large-capacity optical
transport networks. He is currently the chairman
of the transport networks and EMC (Electro-
Magnetic Compatibility) Working Group in the
Telecommunication Technology Committee
(TTC) of Japan. He received the Accomplish-
ment Award from the ITU Association of Japan
in 2015 and the Distinguished Service Award
from TTC in 2015.

NTT Technical Review


https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr200907gls.html

