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Upon failure, the phase/time distribution interface
is no longer used. The physical layer frequency
signal is used to maintain locally the phase/time reference.
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phase/time reference.
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(1) Upon failure of an upstream T-BC in the
chain, PTP messages on the PTP primary
synchronization path are no longer present.
The T-BC informs the other PTP clocks in
the chain downstream that the reference is no
longer PRTC traceable. PTP clocks then execute
the BMCA to determine a new topology.

network

Physical layer
synchronization

End
application

End
application
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path has been determined by the BMCA, the |:> layer frequency signal is used to locally

(3) Once a new PTP backup synchronization
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Appendix |

Architecture for time and phase distribution over a packet network providing partial timing support at
the protocol level

(This appendix does not form an integral part of this Recommendation.)

This appendix describes an alternative to the architecture for time and phase distribution using full timing support described in this
Recommendation, where not every network element is required to provide timing support. It will operate over a unicast IP network, in
a similar manner to the existing frequency distribution architecture, but adapted to carry time and phase, as well as frequency. The
architecture and its associated PTP profile are still under development and the accuracy and stability of time and phase distribution
using this architecture is not yet known.

This future architecture is expected to address use cases where the operator wants to distribute accurate time and phase over an existing
network and cannot upgrade the network to provide timing support in every network node. Additionally, a portion of the network may
be provided by a third party and outside the administrative scope of the primary operator. The performance aspects and impacts of
these use cases are still under study.

This appendix presents the initial concepts.

1.1 Architecture for partial timing support

The following four architectural aspects are covered in this appendix:
- General packet-based timing distribution architecture

- Timing protection aspects and functions

- Partitioning across multiple administrative domains

- Use of multiple underlying technologies

I.1.1 Timing distribution architecture

[ITU-T G.8265] describes an architecture for frequency distribution using packet timing protocols. In this architecture a frequency
reference is connected to a packet master clock and distributed to the packet slave clocks using packet timing signals. The packet
network itself is "timing unaware”, i.e., it does not contain any elements that provide assistance or correction to the packet timing
signals.

The same method can be considered and adapted to distribute time and phase to the packet slave clocks. This requires changing the
frequency reference to a time reference derived from a PRTC (primary reference time clock (PRTC), normally a GNSS receiver
referencing time back to UTC). It also requires the timing protocol to operate in two-way mode, i.e., to send event messages in both
directions. If the PTP protocol is used, this means using both sync and delay_request messages.

The applications requiring accurate time and phase distribution described in [ITU-T G.8271] place a much more stringent requirement
on the network and packet slave clock performance than for frequency distribution. The objective is to address some of the classes
described in [ITU-T G.8271]. To achieve this, it may be required to reduce the number and type of network elements that can be
traversed compared to [ITU-T G.8265.1]/[b-ITU-T G.8261.1] while still meeting the performance requirements.

There are two main ways to accommodate this reduction:
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- Use boundary clocks to break the network up into smaller segments (boundary clocks recover and filter the timing from the

original packet timing signal and generate a new packet timing signal to forward the timing downstream).

- Move the PRTC and packet master clock closer to the packet slave clock (i.e., a more distributed architecture).

These approaches are shown in Figure 1.1:

Time reference, T, Two-way packet timing signals

SN

Packet
master clock

Boundary

Packet network clock Packet
Packet network slave clock
a) Insertion of boundary clocks, creating a segmented architecture (the number of T 45
boundary clocks may vary between 0 and N, where N is to be determined) out
Time reference, T, l Two-way packet timing signals

Packet
master clock

Q Packet
slave clock

b) PRTC and packet master clock moved nearer to packet slave clock, creating a more distributed arc hitecture
G.8275-Y.1369(13)_FI.1

Figure 1.1 — Modified architecture to support time and phase distribution

In both cases, the stability and performance of the boundary clocks and packet slave clocks may be enhanced by provision of a stable

physical layer frequency reference, such as synchronous Ethernet, if available, as shown in Figure 1.2:

Time reference, T, Two-way packet timing signals

~

Packet
master clock

Boundary

Packet network clock ‘ Packet
’_’ Packet network slave clock
fref r l
fref T +98

out
G.8275-Y.1369(13)_FI.2

Figure 1.2 — Use of physical layer frequency reference (if available)

It should be noted that the specification of the boundary clock in Figure 1.2 is not identical to the boundary clock for full timing support.
Similarly, the specification of the packet slave clock in Figure 1.2 is not the same as the packet slave clock for full timing support or

the packet slave clock for frequency described in [b-ITU-T G.8263].
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Performance specifications for the clocks described in this appendix are for further study.

1.1.2 Timing protection aspects

One method of providing protection in case of network failure is to provide access to an alternative packet master clock or boundary
clock. The details of the master selection mechanism are under study.

Asecond method of protection is based on the use of a frequency reference (if available) to maintain the time base of the various clocks.
For example, [ITU-T G.8272] describes the use of a frequency reference (such as synchronous Ethernet) to maintain the PRTC output
during periods when the GNSS signal is unavailable.

This method can be applied to both the boundary clock and the packet slave clock. A physical layer frequency reference, if available,
can be used to maintain the time output of the boundary clock and/or packet slave clock during periods when the packet timing signal

is either unavailable or unusable. This is shown in Figure 1.3:

PRTC

f ¢ (physical layer frequency
reference for protection)
Time reference, T, Two-way packet timing signals
Packet ‘
master clock Boundary
Packet network clock Packet
r Packet network slave clock
fref |_> l
fref T 4+

out
G.8275-Y.1369(13)_FI.3

Figure 1.3 — Protection using physical layer frequency references

1.1.3 Partitioning across multiple administrative domains

In some cases, operators purchase services from other operators in order to provide access to remote equipment or networks. The use
of the partial timing support architecture permits the distribution of time and phase across such alternative access vendors, even where
such vendors may not provide timing support, although the performance of such timing distribution schemes may be undefined.

For example, Figure 1.4 shows an example of such an alternative access provision. In this example, a boundary clock is used to ensure

a clean hand-off point to the second network operator.
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lTime reference, T,, Two-way packet timing signals
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Packet network clock Packet
. Packet network slave clock
Tout + 6l : : *
Test point | I
Network operator 1 i Network operator 2 i Network operator 1
Service Service
demarcation demarcation
boundary boundary

G.8275-Y.1369(13)_FI1.4

Figure 1.4 — Timing transmission over a second operator's network

Passing accurate phase/time between administrative domains is for further study. Issues surrounding the demarcation of the packet
timing flow and the transferred performance between operators may exist. It may be difficult to determine the location of performance
problems especially if the packet timing is passing through multiple administrative domains.

When multiple administrative domains are involved, other methods may be required to deliver accurate phase/time reference to the
mobile network operator. For instance, a carrier operator may provide a phase/time reference as a service. The details of these other

methods are for further study.

1.1.4 Use of multiple underlying technologies

Packet networks are built on a number of different underlying technologies. Some technologies not only create packet delay variation
(PDV), but also introduce significant asymmetry or difference in delay between the forward and reverse paths. If uncorrected, this
asymmetry will cause an error in the packet slave clock's estimate of the correct time or phase.

Where such technologies are used, it will be necessary to verify that they are suitable for accurate time and phase transfer, or that
appropriate timing support has been built into the equipment. Details of the PDV and asymmetry contributions of individual transport

technologies and their suitability for accurate time and phase distribution are for further study.
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