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THREE ONE-WAY-DELAYS MATH ¢ IEEE

IEEE1588-2019 7.4.2 - ™);

[1] < meanPathDelay > = tms;tsm
[2] t,e = < meanPathDelay > + < delayAsymmetry >
[3] ten, = < meanPathDelay > — < delayAsymmetry >
From 2 and 3 follows:
[4] < delayAsymmetry > = th;tsm
Suppose timeTransmitter to timeRecelver changes transmission characteristic x then
th IS a function of Xms one-way-delay-‘](x1,)(2)>
t.m IS constant timeTransmitter timeReceiver
p one-way-delay-2

< roundTripDelay > as a function of x,,,; IS:
[5] < roundTripDelay(x,,,.) > = t,,,o (X;s) + tom

*) kept the 2019 notation for t,. and t.,, for the time being. Replacement of master/slave into timeTransmitter and timeReceiver would probably yield t..;r and t,z,+ Or t;g and tyrrespectively.
**) <meanPathDelay>, t. ., ts,, are used here, which may be replaced by <meanLinkDelay>, t,oq, 15req: treqtoresp WheN peer-to-peer delay mechanism is used.
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

Substitute [5] into [4]

[6] < delayAsymmetry(x,,.) > = <roundTripDelay(x,,s)> — 2tsm

2
At equal transmission characteristic x,,. = x¢, , < delayAsymmetry > = 0 so [6] results In:

[7] 2t.,, = < roundTripDelay(x.,,) >
Substitute [7] Iinto [6] leads to < delayAsymmetry > as a function of x in terms of
round-trip-delays:

<roundTripDelay(x;,,,s)> — <roundTripDelay(x¢n,)>
2

[8] < delayAsymmetry(x,,,.) > =

For x.,. = x{,x, and fixed x,,,, t,,. can be expressed as t.,,, plus a time t depending on x.,,.
9] tms (Xms) = tem + t(Xns)

From [5] follows
[10] < roundTripDelay(x,,;) > = t(x,,s) + 2tq,
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

Substitute [10] into [6] :
[11] < delayAsymmetry(x,,;) > = t(X;ns)

Under the assumption that there Is a (nearly) linear relation of one-way-delay as a function of
transmission characteristic x, for (small) Ax, scaling [11] to Ax yields a tangent slope In

[seconds per “unit of x”J.
[12] <delayAsymmetry(x;,;s)> _ t(Xms)
A, 2,

= tangent

define
[13a] Ax; =x{ — x¢m
[13b] Axy, = x5 — X,

combine [12] and [13]

<delayAsymmetry(x,)>  <delayAsymmetry(x;)>  t(x;)  t(x3)

[14] =

Ax1 AXZ o 2Ax1 - ZAXZ
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

thus:
[15]  t(xy) = t(x;) 2

Axq
measured < roundTripDelay > for x; and x,can be expressed using [10]
[16] < roundTripDelay(x;) > — < roundTripDelay(x,) > = t(x;) — t(x,)
feeding [15] into [16]
[17] t(x1) = (< roundTripDelay(x;) > — < roundTripDelay(x,) >) e

< delayAsymmetry > as a function of measured < roundTripDelay > at x; and x, IS
(substitute [17] into [11]):
[18] < delayAsymmetry(x;) > =

Ax1

Ax4

(< roundTripDelay(x;) > — < roundTripDelay(x;) >) 2(Ax; — Ax,)
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

substitute Ax,, Ax, as defined In [13]:

(x1—xsm)(<roundTripDelay(x,)—<roundTripDelay(x,))

2(x1—x32)

[19] < delayAsymmetry(x;) > =

a) Constant transmission characteristic X,wp;

In IEEE 1588 nomenclature: u

Sync ——p 1,

<roundTripDelay>

X1 = Xowpi R et
— X, TimeTransm itter . XOTimeReceiver

xz oWD1 Syntonizing 4 soneliavbeE = A

Xsm — XoWD2 y e —» .

< roundTripDelay(x;) > = <roundTripDelay> e v o

< roundTripDelay(x,) > = <roundTripDelay'> T monecaver

_ Xowp1 = Xowp2) (<roundTripDelay> - <roundTripDelay>)
20 < delavAsymmetry > = —0% 2 :
120) a4 / 2. (Xowp1—X owbD1)
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THREE ONE-WAY-DELAYS MATH

The other way around:

<& IEEE

Suppose timeRecelver to timeTransmitter changes transmission characteristic then

t.,. IS constant
t., IS @ function of x,,

Three one-way delay math
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

< roundTripDelay > as a function of x,,, IS:
[5'] < roundTripDelay(xg,,) > = t,,¢ + top (Xem)
Substitute [5] into [4] :

[6,] < delayASymmEtFY(xSm) > = 2tms — <roundTripDelay(xsm)>

2
At equal transmission characteristiC xg,, = X5, < delayAsymmetry > = 0 so [6] results in:

[7°] 2t,,. = < roundTripDelay(x,,.) >
Substitute [7'] into [6'] leads to < delayAsymmetry > as a function of x in terms of
round-trip-delay:

<roundTripDelay(x;,,5)> — <roundTripDelay(x¢n,)>
2

[8] < delayAsymmetry(x.,,) > =

*) Note: kept the 2019 notation for t, . and t ., for the time being. Replacement of master/slave into timeTransmitter and timeReceiver would probably yield t.1;zr and t,x,; Or tyg and tgrrespectively
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

For x.,, = x{,x, and fixed x,,., t.,,, can be expressed as t,,,. plus a time t depending on x,,
[9] tsm(xsm) = tms + t(Xsm)

From [57] follows
[10'] < roundTripDelay(xg,,) > = 2t,,,c + t(Xsm)

Substitute [10°] into [67] :
[11] < delayAsymmetry(x,,,) > = _t(zsm)
Under the assumption that there Is a (nearly) linear relation of one-way-delay as a function of

transmission characteristic x, for (small) Ax, scaling [11] to Ax yields a tangent slope In

[seconds per “unit of x”J.
[12,] <delayAsymmetry(x¢;,)> _ —t(Xsm) — tangent
Ay 20,
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

define
[13a]] Ax; = X1 — X6
[13Db] Ax, = x, — X

combine [12'] and [13]]
[14,] <delayAsymmetry(x,)> <delayAsymmetry(x;)> —t(xq1) —t(x;)
Axl o sz N ZA.X']_ o ZAXZ

thus:
[15=15] () = t(op) 22

Ax1
measured < roundTripDelay > for x; and x,can be expressed using [107]

[16’=16] < roundTripDelay(x;) > — < roundTripDelay(x,) > = t(x;) — t(x,)
feeding [15] into [167]
[17°=17] t(xy) = (< roundTripDelay(x;) > — < roundTripDelay(x,) >) y

Ax1

xl—sz
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

< delayAsymmetry > as a function of measured < roundTripDelay > at x; and x, IS
(substitute [17°] into [117]):
[18°] < delayAsymmetry(x;) > =
Ax4

2(Ax; — Ax,)

—(< roundTripDelay(x;) > — < roundTripDelay(x,) >)
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THREE ONE-WAY-DELAYS MATH ¢ IEEE

substitute Ax,, Ax, as defined in [13]:

—(x1—xms)(<roundTripDelay(x;)> — <roundTripDelay(x5)>)

[19°] < delayAsymmetry(x;) > =

2(x1—x32)

b) Constant transmission characteristic X yp1

In IEEE 1588 nomenclature: h

me = XOWDl asymMe:s‘:wm : ‘_cori?:j:;;::y? - " asymMeas
x 1 — XOWD2 Synton::gr: nnnnnn ) S " u:le : eeeeee
—_— X’
xz R OWD2 t", Sy.nc —
< roundTripDelay(x;) > = <roundTripDelay> ey e £,
< roundTripDelay(x,) > = <roundTripDelay”> et |
nfonizing f oneWayDelay2'> owD2 f

(ngm - XQWD_2)(<roundTripDeIay> - <roundTripDelay">)
2. (Xowpa—X owD»)

[20'] < delayAsymmetry > =
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