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Project Partner

5G networks have stringent requirements for frequency and time
synchronization and the relevant standards are under study. 5G packetbased networks could be used to meet these requirements, however,
accuracy between the master and slave clocks may suffer due to many
factors. Ciena is interested in developing a clock model derived from the
IEEE 1588v2 PTP master-slave message exchange to measure the correct
offset value in a slave clock in the presence of different network conditions
use cases and asymmetric latencies. Ciena is also interested in developing a
mathematical and forecasting model to train the clock model to compensate
temperature and aging effects on the slave clock rate.
Ciena Corporation

Timeline

2 years

Available funding

o

up to $150,000

o

Applicant Type

o

Ontario based College/University

o

Location

o

Project Details

Applicant could use two interconnected network elements, and best
applied t o a multiple hop network in the ENCQOR network
Infrastructure. Applicant could also execute part of the work at their
own facility/institution as required. Applicant might need to meet
people at Ciena on occasion.
Next generation 5G mobility networks have stringent requirements for
frequency and time synchronization and the relevant standards are under
study. As per ITU Telecommunications Standardization Sector (ITU-T)
G.8262.1 standard (draft), 5G NR will require time synchronization between
390 ns (basic) and 130 ns (high-level). To meet these requirements, IEEE
1588v2 PTP is an excellent candidate for 5G packet-based networks.
However, IEEE 1588v2 PTP synchronization accuracy between master and
slave clocks can be affected by several factors including:
•

Asymmetric latency can be caused by packet delay variation (PDV)
or delay jitter in timing packets that deteriorates the
synchronization accuracy severely. In addition, tx/rx fiber

•
•

asymmetry, changes in network topology, routing path
reconfiguration, traffic loads, temporary network outages defined
in ITU-T standards further aggravate the asymmetric latency
problem.
The equipment needed to translate between communication
protocols in the network can be a source of impairments that affects
clock synchronization accuracy.
Clock rate/drift due to temperature and aging effects on the slave
clock(s) can affect synchronization accuracy. Clocks are typically
made from inexpensive oscillator circuits, or battery backed quartz
crystals. Each of these clocks tends to drift due to inherent
instabilities in the source of oscillator, in addition to environmental
factors such as temperature, aging, manufacturer imprecision, air
pressure, mechanical pressure etc.

Considering these challenges, the goal of the project is to develop a clock
model derived from the IEEE 1588v2 PTP master-slave message exchange
and measure the correct offset value in a slave clock in the presence of
different network conditions and asymmetric latencies.
A second project goal is to develop a mathematical and forecasting model
to train the clock model to compensate temperature and aging effects on
the slave clock rate by computing the correctional rate from the slope of the
most recent set of calculated offsets.
The scope of the project work is to develop a comprehensive clock model
that meets the following requirements:
• Develop the clock model using the IEEE 1588v2 synchronization
protocol, measure clock offset and update slave clock considering
different network changes, uses cases, asymmetric traffic
conditions and PDV defined in ITU-T standards (8261.1, G.8262.1,
G.8273.2, 8275.1, 8275.2) for 5G network.
• Introduce to support multiple master clocks instead of selecting a
grandmaster clock to ensure the slave clock receives at least one
good offset sample from one of these master clocks within the
defined update frequency interval. 2nd master clock will also act as
redundant clock source.
• Develop a multi-stage filtering method to determine a good offset
sample derived from the IEEE 1588v2 PTP master-slave message
exchange and update the slave clock for maintaining high
synchronization accuracy. Alternative technique could be to
develop a method so that timing packet can avoid queuing buffers
that causes PDV.
• Incorporate a forecasting model (ARIMA/LES) to train the clock
model by continuously monitoring the calculated offsets and good
offset values and use this to to update the slave clock when it will
suffer due to high asymmetric latency.

•

•

Project Goals/
Outcomes

Develop a mathematical model to incorporate the temperature and
ageing effects on slave clock rate and use the forecasting model to
train the clock model to compensate temperature and aging effects
on the slave clock rate and improve the accuracy and stability of the
slave clock during holdover mode.
The solution should define performance evaluation matrix of the
clock model by leveraging different use cases defined in ITU-T
documentations (e.g. 8261.1, G.8262.1, G.8273.2, 8275.1, 8275.2)
defined for 5G network and use ENCQOR network infrastructure as
test bed.

Project Outcomes:
• The development and delivery of the clock model with the
functionaility described in the Project Details Section
• The development and delivery of the mathematical forecasting
model for slave clock offset.
ENCQOR Outcomes: With the use of Carrier Ethernet Network (CEN) for
backhaul and, potentially, for fronthaul and midhaul in the future it creates
an opporutnity to implementan IEEE 1588v2 timing distribution solution on
the ENCQOR network. This could be done using a dedicated Class of Service
(CoS) or a dedicated virtual circuit (VC) with stringent requirements on
Frame Loss Ratio, Frame Delay and Inter-Frame Delay Variation to minimize
performance impairments on network synchronization of 5G NRs.

Applicant Capabilities

Additional Information

Upon incorporating this clock model within Ciena equipment, it would open
the opportunity to expand Ciena’s role within the ENCQOR fronthaul and
midhaul network.
The applicant should have solid background knowledge and experience in:
• mathematics
• software programming
• networking
References or external sources of information:
• ITU-T Profiles- 8261.1, G.8262.1, G.8273.2, 8275.1, 8275.2.
[Online], available: https://www.itu.int/rec/
• Aamir Mahmood, Muhammad Ikram Ashraf, Mikael Gidlund, and
Johan Torsner, “Over-the-Air Time Synchronization for URLLC:
Requirements, Challenges and Possible Enablers”, 2018 15th
International Symposium on Wireless Communication Systems
(ISWCS)
• Daniel Philip Venmani, Yannick Lagadec, Olivier Lemoult, Fabrice
Deletre, “Phase and Time Synchronization for 5G C-RAN:
Requirements, Design Challenges and Recent Advances in
Standardization”, EAI Endorsed Transactions on Industrial Networks

•

•

•

•

•

•
•
•
•

•

•

and Intelligent Systems, Journal-European Union Digital Library,
August 2018
Jia-Chin Lin,” Synchronization Requirements for 5G: An Overview of
Standards and Specifications for Cellular Networks”, IEEE Vehicular
Technology Magazine (Volume: 13, Issue: 3 , Sept. 2018 )
Han Li, Liuyan Han, Ran Duan, and Geoffrey M. Garner,” Analysis of
the Synchronization Requirements of 5g and Corresponding
Solutions”, IEEE Communications Standards Magazine, March 2017
Martin Lévesque, David Tipper,” A Survey of Clock Synchronization
Over Packet-Switched Networks”, IEEE Comm. Surveys & Tutorials,
Vol.18, No.4, 2016
A Checko, AC Juul,HL Christiansen,MS Berger, “Synchronization
challenges in packet-based Cloud-RAN fronthaul for mobile
networks”, 2015 IEEE International Conference on Communication
Workshop (ICCW)
MA Rahman; T Kunz; H Schwartz, “Delay Asymmetry Correction
Model for Master-Slave Synchronization Protocols”, 2014 IEEE 28th
International Conference on Advanced Information Networking and
Applications (AINA)
Packet Synchronization over Carrier Ethernet Networks for MBH,
The Metro Ethernet Forum 2012
R. Ratzel, R Greenstreet, “Toward Higher Precision,” Comm. of the
ACM, Vol. 55, No.10, pp. 38-47, August 27, 2012.
Symmetricom white paper, “New Needs for Synchronization Testing
in Next Generation Networks,”
W. Ahmed, “Clock Synchronization: Combining IEEE 1588 and
Adaptive Oscillator Correction Method,” Department of
Engineering, Electrical and Computer, Carleton University, 2012.
[Online], available: https://curve.carleton.ca/4494800e-c1bc-4ff18185-69db6c7bbbae
H. Zhou, T. Kunz and H. Schwartz, "Adaptive Correction Method for
an OCXO and Investigation of Analytical Cumulative Time Error
Upper Bound", IEEE Transactions on Ultrasonics, Ferroelectrics,
and Frequency Control, vol. 58, no. 1, January 2011.
T. Murakami, Y. Horiuchi, and K. Nishimura, “A Packet Filtering
Mechanism with a Packet Delay Distribution Estimation Function for
IEEE 1588 Time Synchronization in a Congested Network,” Int. IEEE
Symposium on Precision Clock Synchronization for Measurement
Control and Communication (ISPCS), pp. 114 – 119, Sept. 2011.

•

S. Lv, Y. Lu, and Y. Ji, “An Enhanced IEEE 1588 Time Synchronization
for Asymmetric Communication Link in Packet Transport Network,”
IEEE Comm. Letters, Vol. 14, No.8, pp. 764-766, Aug. 2010.

Launched in 2018, the ENCQOR 5G SME Technology Development Program Partners Ontario
based SMEs with ENCQOR 5G Anchor Firms on 5G technology development projects. Areas of
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