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Time Synchronization

Based on:

Å Signaling: Sync and 
pDelaymessages 
(protocol defined)

Å Carried information: 
Clock Times related to 
frequencies of available 
oscillators 

Å Estimation and 
Compensation of 
propagation delays

Å SW-based 
correction/control of the 
clocks (tick counters)
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Time-SyncSimulation

AnyTime-Synchronizationsimulatorneedsto implement two models:

ÅMODELofάtI¸{L/{έ:

ÅFully implement the actual propagationof messagesbasedon the complete
knowledgeof the delay mechanismsand of the frequency evolution of the
underlyingoscillatorsover time. All these information are known in absolute
time frame

ÅMODELof ESTIMATIONANDCONTROL:

ÅConductestimationof different variables,suchas the pDelay, RateRatios, etc.,
basedon the limited knowledgeabout the delay mechanismsand basedon
havingthe observationsonly in the localtime frames(e.g. of the LocalClocks)
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Time-SyncSimulation

Input for the modelofάǇƘȅǎƛŎǎέ:

Åpropagationdelays: sourcesandvalues(constantor random)

Åoscillators frequency evolution over time: sources (temperature,
vibrations,etc.) aswell astypicaltime evolution

Ådefinition and timing of different events (operations, described by
state-machines),triggeredby messagesending/receiving

Åschedule of messages(e.g. SyncMessagesat GM), which drive the
system

ĄThis άǇƘȅǎƛŎǎέmodels the dynamics of the underlying information propagation
betweennetwork elements
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Time-SyncSimulation

EstimationandTime-Correction(algorithmicpart) dependson:

ÅObservability of different variables (i.e. what and when can be
measured)

ÅEstimation of variables which cannot be directly observed: i.e.
estimationof the frequencyRRasa ratio of time-intervals

ÅTime-correction mechanisms: e.g. choice of the control actions (PID
controller, linearextrapolation,etc.)

ĄThis is the algorithmic part, but eventάǘƘŜōŜǎǘέalgorithms cannot guaranteethe
desired performanceif they are not provided with the necessaryand timely input
information!
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Time-SyncSimulation Dynamics

What is the dynamicsof the time-synchronizationprocess:

1) Clocks(counters)are integratorsof the oscillatorsfrequencyĄ they havea continuous
dynamics(or essentiallytime-discretewith dt=1/f)

2) But all important time instances(suchasarrivaland the departuretimesof messages)
arerelatedto eventswhichdo not happencontinuouslyandnot in regulartime intervals

3) Theseeventsarecausallydependent,oneeventtriggersother eventsin a deterministic
mannerwhich is definedby state-machines. E.g. the arrivalof a SyncMessageat the next
element triggers the augmentation of the pDelay to the Sync-Message-carried
MasterTime, then sendingtheseupdatedMasterTimeto ClockSlave,Χ

Ą The whole dynamicsis describedas a sequenceof deterministic events triggering each
other at well definedtime instancesin absolutetime (known to the simulator).

Č Thisis a FiniteStateMachinetriggeredby eventsscheduledin time!

Ą Thereis no necessityfor a modelbasedon fixed time-stepsize!

Č A discrete-event simulation sufficesfor modelingand analysisof the Time-Synchronization
process!
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{ƛƳǳƭŀǘƻǊΨǎGUI

1) General settings of the simulation. Here you can set up 
all the general parameters of the simulation such as the 
duration, the number of elements or the time interval 
between SyncMessage.

2) Perturbation settings. Here you can modify the 
perturbation profile of the simulation. You can find 
(from the left to the right) the set up panel for scenarios, 
temperature changes, vibrations, and shocks.

3) Elements common settings. Here you can set a 
parameter of all the elements of the simulation to one 
specific value.

4) Elements individual settings. Here you can modify all 
individual parameters for each element.

5) Control panel of the simulator. Here, you can find (from 
top to bottom) the button to the Simplified Panel, the 
Loadand Savebutton to load and save a simulation 
configuration, and the Runbutton to launch the 
simulation.

1

3

2

4

5
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Simulator Characteristics (selected)

RR calculation methods:
Å Product of NRRs, NRRs calculated using pDelay-Messages

Å Product of NRRs, NRRs calculated using Sync-Messages (currently proposed amendment to 802.1AS)

Å Directly calculated using the MasterTimecarried by Sync Messages

Averaging (Filtering) used in calculation of RR, NRR, and pDelay:
Å Moving average (mean or median) of the chosen length over non-overlapping windows 

Å Moving average (mean or median) of the chosen length over overlapping windows 

Perturbation definition:
Å Temperature profile definition (start time, evolution such as ramp, triangular or sinusoid periodic signal, end time)

Å Vibrations (sine function)

Å Shocks (impulses) 

Controller:
Å PID, with limits on control action
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Simulation with NRR via Sync and with following parameters:  Tsync=125ms, 
Sine-frequency change with w=0.6rad/s and A=2ppm, ResidenceTime=Gauss(m=5ms, std=0.833ms)

The simulation does not have to 
ǿŀƛǘ ƭƻƴƎ αǘƻ ǎǘŀōƛƭƛȊŜάΦ 9ǾŜƴ ǿƛǘƘ 
the first element in the filters buffer 
(for NRR) we have a good estimate. 
When the buffer (which is of the 
ŦƛƭǘŜǊΨǎ ƻǊŘŜǊύ ƛǎ ŦǳƭƭΣ ǿŜ ƘŀǾŜ Ŧǳƭƭȅ 
converged. 

Ą The buffer is full after a couple 
of Sync Messages (depending on 
the filter definition) and their 
time to propagate to the last 
element.

Ą 8 Sync messages require 1sec 
and the propagation over all 
elements is ~500ms

Ą Definition of the Error is on the 
next page
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Error Definition visualized in the simulator outputs
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The error presented here is the difference 
between the MasterTimeprovided by the 
controller and the actual MasterTimeprovided 
by the ClockMaster



Simulation with NRR via Sync and with following parameters:  Tsync=125ms, 
Sine-frequency change with w=0.6rad/s and A=2ppm, ResidenceTime=Gauss(m=5ms, std=0.833ms)

The error is above 1µs

We can see what happens 
when we vary:

1)Tsync

2)Residence-Time Mean 
(with a constant std, for 
simplicity)

3)Rx & Tx jitter level

12G. Steindl & D. Obradovic, Siemens



Time Synchronization Error as a function of different 
parameters (worst error over 100 elements, with the statistics of 30 repetitions)
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Č Reducing mean of the Residence-Time and the Tsynchelps

Č But the jitter level (the variability of Tx and Rx delays) has influence



Modeling Example 1: Residence-Time and pDelayin Sync Message 
Propagation

The simulator needs two inputs:

1) Given Tout(N-1) how to calculate Tin(N) and Tout(N)

2) Iƻǿ ǘƻ ƳŜŀǎǳǊŜκŜǎǘƛƳŀǘŜ άwŜǎƛŘŜƴŎŜ-¢ƛƳŜέ ŀƴŘ 
άpDelayέ

Receiver Delay (PHY-Rx):
Fixed: 180ns (with 100Mbit/s), known
WƛǘǘŜǊΥ ώлΥмсϐƴǎ ŦƻǊ ǎǘŀƴŘŀǊŘ ƻǊ ώлΥпϐƴǎ  ŦƻǊ ǘƘŜ αōŜǎǘ ƛƴ 
Ŏƭŀǎǎά ǎǿƛǘŎƘΥ ǊŀƴŘƻƳ ǎŀƳǇƭŜ

BlockedOutputPortDelay: uniform between LB and UB, known
(part of FORWARDING)

LB=(64*6)/f Ą for f=100MHz  LB = 5µs
UB=(1518*8)/f Ą for f=100MHz  LB = 125µs

Transmitter Delay (PHY-Tx):
Fixed: 100ns (with 100Mbit/s), known
WƛǘǘŜǊΥ ώлΥонϐƴǎ ŦƻǊ ǎǘŀƴŘŀǊŘ ƻǊ ώлΥпϐƴǎ  ŦƻǊ ǘƘŜ αōŜǎǘ ƛƴ 
Ŏƭŀǎǎά ǎǿƛǘŎƘΥ ǊŀƴŘƻƳ ǎŀƳǇƭŜ

Cable Delay:
5ns/m (length dependent)

PHY-Rxdelay

Cable-delay

MAC-Rx-Tx, ForwardingDelays

PHY-Txdelay

Tout(N-1)

Tin(N)

Tout(N)

Cable-delay
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Time Stamping in 802.1AS

Question: How is the Residence-Time defined, i.e. what is meant by the statement:   ResTime=Gaussian (mean=5ms, std=0.833ms) limited 
within [1,10]ms?
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