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Setting the stage

• This presentation collects thoughts and ideas that were inspired 
by discussions mainly in IEEE/IEC 60802.

• The suggestions being made are preliminary and my require 
refinement.

• The goal if to generate a PTP Instance behaviour which is 
applicable to all TSN profiles (industrial, automotive, and 
aerospace), but is extensible to address the differences.
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Two Hop Example

Grand Time 
Transmitter

Time Aware 
Bridge

Time Receiver

real time

pDelay Sync/FollowUp

pDelay

ResidenceTime

2x LinkDelay

neighbourRateRatio

Time-Stamp Resolution

pDelay

Sync/FollowUp

LinkDelayGTT

TAB

TRX
tTRX

tGTT

tTAB
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Nomenclature and abbreviations

carried in Sync/FollowUp:
pOT ... precise Origin Timestamp
cSRO ... cumulative Scaled Rate Offset
fUCF ... follow Up Correction Field

Sync/FollowUp

time

pOTGTT
cSROTAB
fUCFTAB

time

pDelay

t1

t2 t3

t4

neighbourRateRatio: nRR = rTAB / rTRX = r

TAB

TRX

TAB

TRXnRRTRX × cSROTAB = rRTRX

rateRatio: 
cSROTAB = rRTAB = rGTT / rTAB

rRTRX = rGTT / rTRX

GTT ... Grand Time Transmitter
TAB ... Time Aware Bridge
TRX ... Time Receiver
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Account for short cables
automotive requirement
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Some basic value ranges

Grand Time 
Transmitter

Time Aware 
Bridge

Time Receiver

real time

pDelay Sync/FollowUp

pDelay

ResidenceTime

2x LinkDelay

neighbourRateRatio

Time-Stamp Resolution

pDelay

Sync/FollowUp

LinkDelayGTT

TAB

TRX
tTRX

tGTT

tTAB

1ns (0.2m×5ns/m) < LinkDelay < 1µs (FEC)
1ms < Pdelay turnaround time < 10ms
1ms < residence time < 10ms
(neighbour)RateRatio < 500ppm (over temperature: -40°C - 125°C)
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Longer Interval for neighbourRateRatio

pDelaypDelay pDelay

neighbourRateRatio
time

pDelay

0 N=3

all in local time!

t4,0 = pdelayRespEventIngressTimestamp t4,3

t3,0 = responseOriginTimestamp t3,3

nRR =
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Averaging propagationDelay
Measurements

time

pDelay

t1

t2 t3

t4

pDelay

t1

t2 t3

t4

2x LinkDelay 2x LinkDelay

(11-1) (11-5)

kk-1
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Longer Interval for propagationDelay

time

pDelay

t1

t2 t3

t4

pDelay

t1

t2 t3

t4

2x LinkDelay 2x LinkDelay

t4,k - t1,k-1 = 4 × propagationDelay + (t3,k-1 - t2,k-1) + (t1,k - t4,k-1) + (t3,k - t2,k)

kk-1

t4,k - t1,k-1

t1,k - t4,k-1

t3,k-1 - t2,k-1 t3,k - t2,k

currently not foreseen in IEEE Std 802.1AS
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Different approaches to averaging
• Averaging over a longer interval is not the same as averaging multiple values measured over 

short intervals.
• If D happens to be measured as less than zero (D < 0) due to quantisation in the time stamping 

resolution
• signal propagation speed: 5ns/m
• in-vehicle data-line length: <20m
• propagationDelay < 100ns  2 x Time-Stamp Resolution (40ns)

• there is no benefit in averaging those Dk values.
• For time stamping in the MAC, propagationDelay will be dominated by FEC, not cable length for 

higher line rates.
• There is a minimum measurable nRR, which

can be determined from the time stamp
resolution (TSR) and the average time
between pDelay exchanges (pDelayInterval):
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Optimum pDealyinterval

Should be selectable based on:
- Time Stamp Accuracy
- Clock Drift
only.
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What is nRR used for?
Can we improve on this?
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Calculating residence time (local clocks)

Grand Time 
Transmitter

Time Aware 
Bridge

Time Receiver

GTT

TAB

TRXtTRX

tGTT

tTAB

Sync/FUp

Sync/FUp

pDelay

nRRTAB

time

time

time

residenceTime

rTTAB = (t5 - t7) × rateRatioTAB
= (t5 - t7) × nRRTAB × cSROGTT

pOTGTT
cSROGTT
fUCFGTT

pOTGTT
cSROTAB = cSROGTT × nRRTAB
fUCFTAB = fUCFGTT + rTTAB

t5

t7

not to scale!
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Synchronized Receiver Time

PT
P 

In
st

an
ce

Application

sRT = pOT + fUCF + mLD × (rR / nRR) + dA
rR = cSRO × nRR
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neighbourRateRatio

N=1
X X

wasted information?

X X

X X

X X
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neighbourRateRatio

N=1

X X

X X

X X

X X

When is synchronized time updated?

residenceTime

pOTGTT

neighbourRateRatio

nRR1×cSROGTT=cSRO1

nRR2×cSRO1=cSRO2

rR = cSRO3 × nRR4
sRT = pOT + fUCF + mLD × (rR / nRR) + dA

nRR3×cSRO2=cSRO3
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neighbourRateRatio

N=1

X X

X X

X X

X X

The rateRatio during extrapolation is old!

residenceTime

pOTGTT

neighbourRateRatio

nRR1×cSROGTT=cSRO1

nRR2×cSRO1=cSRO2

rR = cSRO3 × nRR4
sRT = pOT + fUCF + mLD × (rR / nRR) + dA

nRR3×cSRO2=cSRO3
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pDelaypDelay pDelay

time

pDelaySync/FUp Sync/FUppDelay pDelay pDelay

       

rGTT[]  rGTT[]  rGTT[]  rGTT[]  rGTT[]  rGTT[]

pDelaypDelay pDelaypDelaySync/FUp Sync/FUppDelay pDelay pDelay

’ ’’ ’ ’ ’ ’ ’ ’

nRRTRX[”]  nRRTRX[”]  nRRTRX[”] nRRTRX[”]  nRRTRX[”]

GTT

TAB

TRX  nRRTRX[”]

time

time

Changing Rates, assuming ARB GTT

not to scale!

nRRTAB[’]  nRRTAB[’]  nRRTAB[’] nRRTAB[’] nRRTAB[’]  nRRTAB[’]
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pDelaypDelay pDelay

time

pDelaySync/FUp Sync/FUppDelay pDelay pDelay

       

rGTT[]  rGTT[]  rGTT[]  rGTT[]  rGTT[]  rGTT[]

pDelaypDelay pDelaypDelaySync/FUp Sync/FUppDelay pDelay pDelay

’ ’’ ’ ’ ’ ’ ’ ’

nRRTRX[”]  nRRTRX[”]  nRRTRX[”]  nRRTRX[”]

GTT

TAB

TRX

time

time

Wasted Rate Information

nRRTAB[’]  nRRTAB[’]  nRRTAB[’]  nRRTAB[’] nRRTAB[’] nRRTAB[’]

 nRRTRX[”] nRRTRX[”]

not to scale!
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How to make use of the “wasted” pDelay
exchanges?
1. Measuring the neighbourRateRatio between any 

two nodes (where none is the GTT) more often is 
not useful as it does not give any indication what is 
happening at the GTT and in nodes further up the 
distribution tree.

2. Using (unfiltered) synchronizedTime on both sides, 
could deliver something like Frequency Offset 
relative to the GTT (or rather synchronized time on 
the transmitter node). 

3. Using (unfiltered) synchronizedTime at the 
timeTransmitter and localClock at the timeReceiver
can update rateRatio.

tTRX

tTAB

t’TRX

t’TAB

tTRX

t’TAB

rRTRX [”] rRTRX[”]

cFOTRX [”] cFOTRX[”]

2x local

2x sync

sync
local
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Filtered ClockTarget Time

PTP Instance

Application

B.4

“clockSlaveTime” is the unfiltered 
synchronized time!?
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Synchronized Receiver Time

PT
P 

In
st

an
ce

Application

Any other methods to set “clockSlaveTime” would well be 
within the specification.

Since “clockSlaveTime” is global per PTP Instance, it is 
available to the MD entity(s)!
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PT
P 

In
st

an
ce

ClockTarget(s)

Refining the 802.1AS model

MD

PortSync

SiteSync

Local Clock

ClockReceiver

A/V Application(s) Other Application(s)

000001140669
3B9AC9FF

000001140669
3B9AC9FF

current Epoch

current rateRatio

9. Application interface

9. Application interface9. Application interface

Hardware
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pDelay in Time Transmitter time

pDelayneighbourRateRatiopDelay

TAB

TRX

t3,n-1

t4,n-1

t3,n

t4,n

nRRTRX = (t3,n - t3,n-1) / (t4,n - t4,n-1)

time

pDelay

t1

t2 t3

t4

tTRX

tTAB

mLDTAB = ½ × ((t4 - t1) × nRRTRX - (t3 - t2))

time

neighbourRateRatio: nRRTRX = rTAB / rTRX
rateRatio: rRTRX = rGTT / rTRX = nRRTRX × cSROTAB

cSROTAB = rRTAB = rGTT / rTAB
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pDelay in Time Receiver time

pDelayrateRatiopDelay

TAB

TRX

t’3,n-1

t4,n-1

t’3,n

t4,n

rRTRX = (t’3,n - t’3,n-1) / (t4,n - t4,n-1)

time

pDelay

t1

t’2 t’3

t4

tTRX

t’TAB

mLDTRX = ½ × ((t4 - t1) × cSROTAB - (t’3 - t’2))

time

rateRatio: rRTRX = rGTT / rTRX
cSROTAB = rRTAB = rGTT / rTAB
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Update rateRatio more often

a) sRTTRX[’] = pOTTRX[’] + fUCFTRX[’] + mLDTRX[’] + dA = SRT[’]

b) sRTTRX += sRTTRX + lCTITRX × rRTRX [”]

b) sRTTRX += sRTTRX + lCTITRX × rRTRX [”]

b)sRTTRX += sRTTRX + lCTITRX × rRTRX [”]

b) sRTTRX += sRTTRX + lCTITRX × rRTRX [”]

a) sRTTRX[’] = pOTTAB[’] + fUCFTAB[’] + mLDTRX[’] + dA = SRT[’]
b) sRTTRX += sRTTRX + lCTITRX × rRTRX [”]
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PT
P 

In
st

an
ce

Using rateRatio from pDealy

MD

PortSync

SiteSync

Local Clock

ClockReceiver

000001140669
3B9AC9FF

000001140669
3B9AC9FF

current Epoch

current rateRatio

9. Application interface

Hardware

update on every Sync/FollowUp

update on every pDelay exchange
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Calculating residence time

Grand Time 
Transmitter

Time Aware 
Bridge

Time Receiver

GTT

TAB

TRXtTRX

tGTT

t’TAB

Sync/FUp

Sync/FUp

pDelay

rRTAB

time

time

time

residenceTime

rTTAB = t’5 - t’7
t’7 = pOTGTT + fUCFGTT
rTTAB = t’5 - (pOTGTT + fUCFGTT)

pOTGTT
fUCFGTT

pOTGTT
fUCFTAB = fUCFGTT + rTTAB

t’5

t’7

not to scale!

potential for one less time-stamping inaccuracy
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