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Amendment 2 to Recommendation ITU-T G.8271/Y.1366 (2012)

Time and phase synchronization aspects of packet networks: Amendment 2

Summary

Amendment 2 to Recommendation ITU-T G.8271/Y.1366 (2012) provides the following update:
- Additional information on the delay asymmetry and asymmetry compensation aspects.

Rec. ITU-T G.8271/Y.1366 (2012)/Amd.2 (01/2015) — Prepublished version



Amendment 2 to Recommendation ITU-T G.8271/Y.1366 (2012)

Time and phase synchronization aspects of packet networks: Amendment 2

1 1.6 Derivation of delay asymmetry
Replace Clause 1.6 with the following:
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1.6 Derivation of delay asymmetry

Figure 1.1 illustrates the delays between a packet slave clock function, or requestor (denoted as
slave throughout this clause), and a packet master clock function, or responder (denoted as master
throughout this clause). The mean propagation delay is measured at the slave after exchange of
event messages. If the Delay Request and the Delay Response mechanism is used (see

[IEEE 1588-2008]), the slave sends Delay Req and the master sends Delay Resp and, separately,
Sync and Follow_Up (i.e., the sending of Sync and Follow_Up are not part of the
Delay_Req/Delay_Resp exchange; the Follow_Up message is sent if, and only if, the clock is two-
step). If the Peer Delay mechanism is used (see [IEEE 1588-2008]), the slave sends Pdelay_Req
and the master sends Pdelay Resp and, if the clock is two-step, Pdelay Resp_Follow_Up.

The figure shows the effective points in the protocol stack of each clock where timestamps are
generated, after any corrections for ingress and egress latencies are made (see clause 7.3.4 and
Figure 19 of [IEEE 1588-2008]). These points would ideally be at the reference plane, i.e., the
boundary point between the PHY and the network physical medium. However, in practice, the
corrections for ingress and egress latencies are not perfect, and the effective points at which the
timestamps are generated differ from the reference plane. The delays between the effective points
where timestamps are taken and the reference plane are denoted di"™™ and dix""YM for egress and
ingress, respectively, at the master, and dw"H"*° and dn"™Y'S for egress and ingress, respectively, at
the slave. In this notation, the subscript t (transmit) is used for egress and the subscript r (receive) is
used for ingress. In general, these four quantities can all be different.

The figure also shows the link delays, which are measured from the reference plane of one clock to
the reference plane of the other clock. The delay from the master to the slave is denoted dms"™, and
the delay from the slave to the master is denoted dsm'™.
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Figure 1.1 — lllustration of delays between a packet slave clock function, or requestor,
and a packet master clock function, or responder

The total delay from the master to the slave, tms, is the sum of the delays in that direction

tms =g A +d i (1)
Similarly, the total delay from the slave to the master, tsm, is the sum of the delays in that direction
ton =dgc " +dgn +di (1-2)

For the sign convention for the delay asymmetry, the same convention as in section 7.4.2 of

[IEEE 1588-2008] is adopted. Let Dmean denote the measured mean path delay (i.e., the measured
result of the exchange of Delay_Req and Delay_Resp or of Peer Delay messages), and Dasym denote
the total delay asymmetry. Then, Dasym is defined to be positive when the delay from the master to
the slave is larger than the delay from the slave to the master. Likewise, Dasym iS defined to be
negative when the delay from the master to the slave is smaller than the delay from the slave to the

master . Then
tms = Dmean + Dasym (1-3)

tsm = Dmean — Dasym
Equations (1-3) imply that

1.+t
Dmean :% (1-4)

as required. Substituting equations (I-1) and (I-2) into equation (I-4) gives
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PHY,M link PHY,S PHY,S link PHY,M
_(dtx +dpg +dpy )+(dix +dgy +dpy )

D = I-5
mean 5 (1-5)

Either of the two equations (I-3) may be used with equation (I-4) to obtain the delay asymmetry in
terms of the component delays. Using the first of equations (1-3) produces

Dasym =1tms — Dmean

PHY,M link PHY,S PHY,S link PHY,M
—(d PHY,M +dlink_%dPHY,S)_(dtx +dps” +dp )+ (diy +dgm +dy )
= O ms rx

2
. . I-
PHY,M PHY,M link link PHY,S PHY,S (
:dtx _drx +dms _dsm +drx _dtx
2 2 2
M S
=€phy * Clink-asym — €phy
6)
where
PHY,M PHY,M
eM _ dtx _drx (|_7)
phy = 2
link link
dms _dsm
€link-asym = 5 (1-8)
PHY,S PHY,S
eS _ dtx - drx (|-9)
phy — 2

Equations (I-7) and (1-9) are the errors due to PHY latency asymmetry at the master and slave
respectively. Equation (1-8) is the error due to link asymmetry. Equation (I-6) indicates that, in
computing the total asymmetry, the errors due to PHY latency at the master and due to the link are
added, while the error due to PHY latency at the slave is subtracted.
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2 Appendix IV Link and Network Asymmetry compensation
Add the following new Appendix:

Appendix IV

Link and Network Asymmetry compensation
(This appendix does not form an integral part of this Recommendation.)

In order to compensate for link delay asymmetry, it might be desirable to have in place some
automatic link asymmetry calibration procedure. This could be based on calculating the propagation
delays by means of two-way measurements made on the fibres used by the traffic.

The procedure can be done separately on both fibres (in the fibre used in the forward direction and
in the fibre used for the reverse direction) providing the forward propagation delay dr and the
reverse propagation delay dr (see Figure 1.2).

Calibration for d;
Node 1 Node 2

Tx Fibre 1 — forward direction Rx

A 4

Fibre 2 — reverse direction
RX [« Tx
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Figure V.1 — Link asymmetry calibration process (performed separately on both fibres)

In alternative the round trip measurement could be done in two steps on both fibers by reverting the
direction of transmission. This is shown in figure 1.3.

Fibre 1- Forward direction, d;
X RX
Fibre 2- Reverse direction, d
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Figure IV.2 — Link asymmetry calibration process (performed on both fibres at the same time)
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NOTE 1 — In the case of the connection between master and slave, as shown in Figure 1.1, the
following would apply:

df = dms

r = dsm

The link asymmetry calibration mechanism must meet an accuracy objective for d¢ and dr
estimations. This limit is for further study.

Note: in case during the asymmetry calculation procedure one node enters holdover (e.g. caused by
the fibers-swapping if this is required by the procedure), the effect of the frequency holdover needs
to be take into account as it might impact the accuracy of the measurement.

Several implementations are possible, e.g., based on optical switches or fixed or tunable add drop
filters. Depending on the implementation, it may not be required to interrupt the traffic during the
calibration process, and hence in-service operation might be possible. However, the asymmetry
compensation is a process only required at start-up or during rearrangements in the network.

This measurement is applicable for WDM systems (including OTN) and non-WDM systems. In
case of wavelength-division-multiplexing (WDM) systems, this measurement should also take into
account possible delay due to dispersion-compensating fibre (DCF).

NOTE 2 — In the case of WDM systems, the asymmetry due to the use of different wavelengths in
the two directions should also be taken into account. Indeed, the use of different wavelengths on the
two fibres, (or in a single fibre in the case of a transmission system using a single fibre), would
result in different delays even if the fibres have the same length. Note also that a compensation
related to the same aspect would be required if the wavelength used during the link asymmetry
calibration process is different from the wavelength used by the traffic. Suitable methodologies in
order to address this point are introduced in Appendix IlI.

The difference (dr— dr) can be used in the evaluation of the delay asymmetry to be used in the time
recovering process. In particular the delayAsymmetry parameter as defined in section 7.4 of
[IEEE 1588-2008] would be half of that difference.

NOTE 3 - If a T-BC is implemented in every node, the compensation can be triggered directly by
the T-BC, which would know the difference (ds— dr). If this is not the case, some means have to be
provided in order to make the difference (dr — dr) available at the points in the network where the
precision time protocol (PTP) messages are processed. This is for further study.

Note: in case of a time synchronization carried by PTP, the PTP connection may have asymmetry
due to a variety of reasons, including network paths, loading levels or cable lengths. The
asymmetry of a PTP connection may be evaluated at a PTP network element, if the network
element has access to a second time synchronization source that is not significantly impacted by
asymmetry (such as a GNSS receiver, or a time synchronization reference carried via timing
protocols such as PTP with proper accuracy) as shown in Figure IV.3. If the asymmetry of the PTP
connection is evaluated using such a second time synchronization source, then the offset caused by
the asymmetry may be compensated by the network element. The same principle could be applied
between network elements in a chain.
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Figure IV.3 - PTP Slave evaluating PTP connection asymmetry
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