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»Background
=Description of Propagation Time Averaging
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Background - 1

din [1], when synchronization is transported over a wired (802.3)
network, phase offset at an endpoint (slave) is computed as

offset  from_ master =T2-T1-R1-D1

Uwhere
= T2 = time stamp for arrival of message at slave
*T1 = time stamp for sending of message from master

*R1 = accumulated residence time at Peer-to-Peer (P2P) Transparent
Clocks (TCs) between master and endpoint

=D1 = accumulated propagation time over all links between master and
endpoint
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Background - 2
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offset  from_ master at Ordinary Clock—3=T2-T1-Rl-D1

T2 = time stamp for arrival of message at Ordinary Clock-3
T1 = time stamp for sending of message from GM (Ordinary Clock-1)
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Rl=t K +t,
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Background - 3

UMeasurement of propagation time using Pdelay messages
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Prop Time Meas Error due to Phase Meas Granul

dPropagation time is expected to be measured less frequently than phase
offset, because propagation time on a wired link is expected to be relatively
static

For example
»Sync and Follow_Up messages will be sent on the order of every 10 ms
= Propagation time could be measured every 100 ms, or every 1 s

Phase measurement granularity can be on the order of 40 ns

=This corresponds to a 25 MHz clock, which is the requirement for Ethernet and the
expected requirement for 802.1AS

Since mean propagation delay involves the sum/difference of four time stamp
values, divided by 2, the propagation time measurement error component
due to phase measurement granularity can be as large as 80 ns per link

»This means that for a wired connection of seven hops, the propagation time error
component due to phase measurement granularity can have standard deviation as
large as (N7)(80 ns) = 212 ns and peak-to-peak as large as 7(80 ns) = 560 ns

dWhile this component of propagation time measurement error will be filtered
by any endpoint PLLs, the required PLL bandwidths to achieve a given level
of performance may need to be narrower due to less frequent propagation
time measurement
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Propagation Time Measurement Averaging - 1

One simple approach to reducing the component of propagation time
measurement error due to phase measurement granularity is to average the
successive propagation time measurements

This scheme assumes that the propagation time is relatively stable, as is the
case for wired Ethernet (802.3)

The measured propagation time on a single link tends to fluctuate between
two values

»The greatest integer multiple of the clock granularity that is less than the
propagation time, and

»The least integer multiple of the clock granularity that is greater than the
propagation time

LSince the successive propagation time measurements are independent, the
time average of the error due to phase measurement granularity will
converge to zero

Several approaches may be used for averaging
=Method 1: Use sliding window of length M
»Method 2: Use general linear digital filter (actually, generalization of Method 1)
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Propagation Time Measurement Averaging - 2

UMethod 1: Sliding window of length M

=*|n this method, the current and most recent M — 1 values of measured
propagation time are averaged

D=0+ 0
112
Vi

=\Where

«d, = k" measured value of the propagation time (i.e., at time step k), which is in
error due to phase measurement granularity

D, = k" estimate of the actual propagation time (i.e., at time step k)

M = number of propagation time measurement samples in average (i.e., size of
sliding window)

*H(2) = transfer function for difference equation for D,
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Propagation Time Measurement Averaging - 3

M should be chosen to be large compared with the number of
samples over which the d, vary
*For 40 ns phase measurement granularity and 7 links, potential

accumulated error due to this effect has standard deviation of 212 ns (see
slide 6)

*For window of length M, standard deviation of error due to this effect is
reduced to (212 ns)A\M
*26.5 ns for M =64
*13.3 ns for M = 256
*6.63 ns for M = 1024

UNote that while the reduction in phase error is significant (185.5 —
205.4 ns in the examples above), large M may be required to reduce
the phase error due to this component to sufficiently small value (e.g.,
<1ns)
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Propagation Time Measurement Averaging - 4

UMethod 2: general linear digital filter

=*In this method, the sequence of measured propagation time values are
input to a linear digital filter, to produce an estimate of the actual
propagation time

D =alh,+alb,+-+aDh., +tbq< "'leL—l T +bnd<-m
H) = Q+hz '+ +hZ"

*Where l-a7'-az°— —gZ"

«d, = k" measured value of the propagation time (i.e., at time step k), which is in
error due to phase measurement granularity

D, = ki estimate of the actual propagation time (i.e., at time step k)
*The a and b; are filter coefficients, and H(2) is the filter transfer function

*In order that the filter output converge to the actual propagation time, the filter
coefficients must satisfy

a+a,+---+a +bh+b+---+b =1
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Propagation Time Measurement Averaging - 5

U The bandwidth of the digital filter should be small compared to the
discrete frequency of variation of the d,

dWhich of the two methods is more convenient will depend on
Implementation requirements

*Method 1 requires saving M values of measured propagation time,
whereas method 2 requires saving n values of D, and mvalues of d,

«Equivalent performance can be obtained with method 2 compared to method 1,
but with fewer saved values of measured and average propagation time (i.e., m<
M, n<M, m+n<M)

*E.g., in method 2 can choose small mand n but small equivalent bandwidth
*Method 1 may require large M

*Good performance with method 2 may require filter coefficients that are
not conveniently represented as binary integers

In contrast, method 1 is easily implemented with M a power of 2
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Propagation Time Measurement Averaging - 6

3) Responder sends kth response message
at t;, and time stamps the message with T, ;
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5) Responder computes kth propagation time
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containing time stamp T,

responder time stamps the message with T,
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message at t, ,
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6) Responder computes current averaged propagation time D, in terms of current and past propagation times
d, and possibly past averaged propagagtiontimesD, ,,n=1,2,3,.., M

Method 1 (sliding window of size M average):

_n 9—dw
D=0,+ M
1 1-z"
R

H(2) isthe transfer function

Method 2 (general linear digital filter average):
B =ab.,+ab.,+ +aD.,+hd+ad,+- +hd.,
H)= R+hz'+ -+ Z"

1-a7'-az°—--32"

The e, and b, arefilter coefficients, H(z) isthe
filter transfer function
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