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Recommendation G.812

TIMING REQUIREMENTSAT THE OUTPUTSOF SLAVE CLOCKS SUITABLE FOR
PLESIOCHRONOUS OPERATION OF INTERNATIONAL DIGITAL LINKS

(Melbourne, 1988)

1 General
11 Purpose of this Recommendation

The purpose of this Recommendation is to specify requirements for slave clocks, and promote understanding
of associated timing requirements for plesiochronous operation of international digital links.

Note — Administrations may apply this Recommendation, at their own discretion, to slave clocks other than
those used in connection with international traffic. Supplement No. 35 gives guidance on one suitable method for the
measurement of clock performance with respect to this Recommendation.

1.2 Maximum relative time interval error

The concept of maximum relative time interval error (MRTIE) is useful in specifying slave clock performance.
MRTIE is analogous to MTIE as defined in Recommendation G.811 but with reference to a practical high-performance
oscillator instead of UTC.

2 Phase stability of slave clocks

The phase stability of a slave clock can be described by its phase variations which in turn can be separated into
anumber of components:

—  phase discontinuities due to transient disturbances;

— long-term phase variations (wander and integrated frequency departure);

—  short-term phase variations (jitter).

A phase stability model for slave clocksis described in Annex A to this Recommendation.
21 Phase discontinuity

In cases of infrequent internal testing or rearrangement operations within the slave clock, the following
conditions should be met:

—  the phase variation over any period up to 2'* Ul should not exceed 1/8 of aUl;

—  for periods greater than 2'* Ul in the phase variation for each interval or 21* Ul should not exceed 1/8 Ul
up to atotal amount of 1 us,

Where the Ul corresponds to the reciprocal of the hit rate of the interface.
22 Long-term phase variations

Slave clock phase stability requirements must account for clock behaviour in real network environments.
Impairments such as jitter, error bursts, and outages are intrinsic characteristics of timing distribution facilities. The
following specifications are based on the slave clock phase stability model contained in the Annex. This model
characterizes actual clock performance, reflecting the stress conditions in real networks under which clocks should
perform acceptably. There are three categories of clock operation which require specification:

i) idedl,

ii) stressed, and

iii) holdover.
221 Ideal operation

This category of operation reflects the performance of a clock under conditions in which there are no
impairments on the input timing reference(s).
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The MRTIE at the output of the slave clock should not, over any period of S seconds, exceed the following
provisional limits:

1) 0.05< S< 100: thisregion requires further study;

2) 1000 nsfor S>100.
The resultant overall specification is summarized in Figure 1/G.812.
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Note — For measurement of long-term variations the use of a 10 Hz low-pass filter with a
20 dB/dec roll-off is suggested.

FIGURE 1/G.812

Permissible maximum relativetimeinterval error (MRTIE)
dueto long-term phase variations vs. observation period S
for adaveclock under ideal operation

222 Stressed operation

This category of operation reflects the actual performance of a clock considering the impact of real operating
(stressed) conditions. Stressed conditions include the effects of jitter, protection switching activity, and error bursts. The
result of such stressed conditionsis timing impairments, as discussed in the Annex.

The requirements for stressed operation are under study.
223 Holdover operation

This category of operation reflects the performance of a clock for the infrequent times when a dave clock will
lose reference for a significant period of time.

The MRTIE (see § 1.2 and Recommendation G.811) at the output of the slave clock should not, over any
period of Sseconds, exceed the following provisional limits.

For S> 100, MRTIE (§ = (aS+ 1/2bS +c) ns
where parameters a, b, ¢ are proposed provisionally in Table 1/G.812 (Note 5):
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TABLE 1/G.812

Transit node clock @ Local node clock @
(stratum 2 clock) (stratum 3 clock)
a 0.5 (Note 1) 10.0 (Note 3)
b 1.16 x 105 (Note 2) 2.3x 10 (Note 4)
c 1000 (Note 6) 1000 (Note 6)

3 See Recommendation G.810 for definitions.

Note 1 — Corresponds to un initial frequency offset of 5x 10-°.
Note 2 — Corresponds to a frequency drift of 1 x 10-%/day.

Note 3 — Corresponds to an initial frequency offset of 1 x 10-8.
Note 4 — Corresponds to a frequency drift of 2 x 10-%/day.

Note 5 — Temperature effects: the effect of changes in environmental temperature on the performance
of aslave clock in holdover mode requires further study.

Note 6 — Takes care of any MRTIE that might have existed at the beginning of holdover operation,
and of effects of interna configuration, etc. in the clock (and timing distribution, if applicable). In
any case, a smooth transition between “ideal” and “holdover” operationsis stipulated.

The resultant overall specification is summarized in Figure 2/G.812.
23 Short-term phase variations

Clock implementations exist which may have some high frequency phase instability components. The
maximum permissible short-term phase variation of a slave clock due to jitter is under study.
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FIGURE 2/G.812

Permissible maximum relativetimeinterval error (MRTIE) dueto
long-term phase variations vs. observation period Sfor a slave clock
under holdover operation
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ANNEX A
(to Recommendation G.812)

Characterization of slave clock phase stability

Al The dave clock model is described by the following equation:

1=t

X(t) = Ypias~ t+ (%} t?+ emp(t) + I e (1) dt

=0
where,
x(t) is the phase-time output relative to the reference input (dimension time);
Yhias isaresidua fractional frequency offset which can arise from disruption events on the reference input
(dimensionless);
D isthe linear frequency drift component when the clock isin holdover condition (dimension 1/time);

enp(t)  isawhite noise phase modulation (PM) component associated with the short-term instability of the
clock (dimension time);

e (1) is a white noise fractional frequency modulation (FM) component associated with the disruption
process of the reference (dimensionless).

The clock model is best understood by considering the three categories of clock operation:
— ideal operation;
—  stressed operation;
—  holdover operation.
A.1.1  Ideal operation

For short observation intervals outside the tracking bandwidth of the PLL, the stability of the output timing
signal is determined by the short term stability of the local synchronizer time base. In the absence of reference
disruptions, the stability of the output timing signal behaves asymptoticaly as a white noise PM process as the
observation period isincreased to be within the tracking bandwidth of the PLL. The output of the clock can be viewed as
a superposition of the high frequency noise of the local oscillator riding on the low frequency portion of the input
reference signal. In phase locked operation the high frequency noise must be bounded, and is uncorrelated (white) for
large observation periods relative to the bandwidth of the phase locked loop.

Under ideal conditions, the only non-zero parameter of the model is the white noise PM component.
A.1l2  Sressed operation

In the presence of interruptions, the stability of the output timing signal behaves as a white noise FM process
as the observation period is increased to be within the tracking bandwidth of the PLL. The presence of white noise FM
can be justified based on the simple fact that in general, network clocks extract time interval, rather than absolute time
from the time reference. An interruption is by nature a short period during which the reference time interval is not
available. When reference is restored there is some ambiguity regarding the actual time difference between the local
clock and the reference. Depending on the sophistication of the clock phase build-out there can be various levels of
residual phase error which occur for each interruption. There is a random component which is independent from one
interruption event to the next which results in arandom walk in phase, i.e. awhite noise FM noise source.

In addition to the white noise FM component, interruption events can actually result in a frequency offset
between the clock and its reference. This frequency offset (ys) results from a bias in the phase build-out when

reference is restored. Thisisacritical point. The implications of this effect are that in actual network environments there
is some accumulation of frequency offset through a chain of clocks. Thus, clocks controlled by the same primary
reference clock are actually operating plesiochronously to some degree.

To summarize, under stress conditions the non-zero parameters of the clock model are the white noise FM
component (e, ) and the frequency offset component (y,.)- The stressed category of operation reflects a realistic

characterization of what “normal” operation of aclock is.
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A.1.3  Holdover operation

In holdover, the key components of the clock model are the frequency drift (D) and the initial frequency offset
(Ypiss)- The drift term accounts for the significant ageing associated with quartz oscillators. The initial frequency offset
is associated with the intrinsic setability of the local oscillator frequency.

A2 Relationship of slave clock model to TIE performance

It is useful to consider the relationship between the clock model and the Time Interval Error (TIE) that would
be expected. It is proposed that the two sample Allan variance be used to describe the stochastic portion of the clock
model. The following equations apply for the three categories of operation:

Ideal
Ogit = \/302 (t=t)-t
Stressed
gt = chias + (5’2 (t=t)-t
Holdover
Ogi7 = [%j t2 + \/sz,ias +0%(t=t) - t where,
CgiT is the standard deviation of the relative time interval error of the clock output compared to the

reference over the observation timet;
o, (1) isthetwo sample standard deviation describing the random frequency fluctuation of the clock, and
Opias describes the two sample standard deviation of the frequency bias.

A.3. Guidelines concerning the measurement of jitter and wander

Verification of compliance with jitter and wander specifications requires standardized measurement
methodologies to eliminate ambiguities in the measurements and in the interpretation and comparison of measurement
results. Guidance concerning the measurement of jitter and wander is contained in Supplement No. 35.
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