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TimeSyncSimulation

Any Time-Synchronizatiorsimulator needsto implementtwo models

AMODElofat | | § L/ { €

A Fully implement the actual propagationof messagesasedon the complete
knowledge of the delay mechanismsand of the frequency evolution of the
underlying oscillatorsover time. All these information are known in absolute
time frame

AMODEIof ESTIMATIONNDCONTROL

A Conductestimation of different variables,suchasthe pDelay RateRatiosetc.,
basedon the limited knowledgeabout the delay mechanismsand basedon
havingthe observationonly in the localtime frames(e.g. of the LocalClocks)
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TimeSyncSimulation

Input for the modelof & LIK @ & A O4& €
A propagationdelays sourcesand values(constantor random)

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

A definition and timing of different events (operations, described by
state-machines)triggeredby messageending/receiving

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

A This & LIK & arod2ls the dynamics of the underlying information propagation
betweennetwork elements
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TimeSyncSimulation

Estimationand Time-Correction(algorithmicpart) dependson:

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

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

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

A Thisis the algorithmic part, but event & 0 K & aalgérithms cannot guaranteethe
desired performanceif they are not provided with the necessaryand timely input
information!
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TimeSyncSimulation Dynamics
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Whatisthe dynamicsof the time-synchronizatiorprocess S N > w o

(Tiek Counter) aor @ Tk Counte)

1) Clockqcounters)are integratorsof the oscillatorsfrequencyA they havea continuous = T .
dynamicqor essentiallytime-discretewith dt=1/f) 5 5 5

2) But all important time instanceg(suchasarrivaland the departuretimes of messages)
arerelatedto eventswhichdo not happencontinuouslyandnot in regulartime intervals

3) Theseeventsare causallydependent,one eventtriggersother eventsin a deterministic
mannerwhichis definedby state-machines Eg. the arrival of a SyncMessageat the next
element triggers the augmentation of the pDelay to the SyneMessagecarried
MasterTimethen sendingtheseupdatedMasterTimeto ClockSlaveX

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

C Thisis a Finite State Machinetriggered by eventsscheduledn time!
A Thereis no necessityfor a model basedon fixed time-step size!

C Adiscreteevent simulation sufficesfor modelingand analysisof the Time-Synchronization
process!
G. Steindl & D. Obradovic, Siemens 7



{ AYdzf GUI 2 NW&

1)

2)

3)

4)

5)

General settings of the simulatiddere you can set up
all the general parameters of the simulation such as
duration, the number of elements or the time interval

betweenSyncMessage @

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

Elements common settingslere you can set a
parameter of all the elements of the simulation to one
specific value. @

Elements individual settingslere you can modify all
individual parameters for each element.

Control panel of the simulatoFlere, you can find (from
top to bottom) the button to theSimplified Pangthe
Loadand Savebutton to load and save a simulation
configuration, and th&unbutton to launch the
simulation.
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Simulator CharacteristiGSected)

RR calculation methods
A Product of NRRs, NRRs calculated usiPgjayMessages
A Product of NRRs, NRRs calculated using-i#gssages (currently proposed amendment to 802.1AS)
A Directly calculated using thdasterTimecarried by Sync Messages

Averaging (Filtering)sed in calculation of RR, NRR, pibdlay
A Moving average (mean or median) of the chosen length overawvamlapping windows
A Moving average (mean or median) of the chosen length over overlapping windows

Perturbation definition
A Temperature profile definition (start time, evolution such as ramp, triangular or sinusoid periodic signal, end time)
A Vibrations (sine function)
A Shocks (impulses)

Controller
A PID, with limits on control action




Simulation with NRR via Sync and with following parametgrgi2sms,
Sinefrequency change with w=0.6rad/s and A=2ppRasidenceTimEsauss(m=5ms, std=0.833ms)
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Error Definition visualized in the simulator outputs

timeTransmitter

Error budget A

Error budget B
- -

timeReceiver

Figure 16 — Error budget scheme
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The error presented here is the difference
between theMasterTimeprovided by the
controller and the actuaMasterTimeprovided
by the ClockMaster
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Simulation with NRR via Sync and with following parametgrgi2sms,
Sinefrequency change with w=0.6rad/s and A=2ppRasidenceTimEsauss(m=5ms, std=0.833ms)
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Time Synchronization Error as a function of different
parametergworst error over 100 elements, with the statistics of 30 repetitions)
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Modeling Example 1: ResideAbiene andoDelayin Sync Message

Propagation

The simulator needs two inputs:

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

2) 1 26 G2 YSIAaAdZNBk SENVRYS GISYyRwS A
opDelay

Touf(

} Cabledelay
| PHYRxdelay

} MAGRxTx ForwardingDelays

PHY¥Txdelay

}Cabledelay

Receiver Delay (PHRX):
Fixed: 180ns (with 100Mbit/sknown

ﬁég?ﬁuguSNJY wnYMCGYa T2NJ amy
daa agAl0OKY NIYR2Y aly

I_;U<

BlockedOutputPorDelay: uniform between LB and UdBown
(part of FORWARDING)
LB=(64*6)/f A for f=100MHz LB = 5ps
UB=(1518*8)/f A for f=100MHz LB = 125us

Transmitter Delay (PHW):
Fixed: 100ns (with 100Mbit/sknown
WAGOSNY wnYoubBya FT2N adly
Of raaa agAluOKY NIYYyR2Y atly

I_;U<

1

Cable Delay:
5ns/m (length dependent)
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Time Stamping in 802.1AS

Higher layars
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20000000000 000000000 ... 20000Y 20000 FOO0O0 000000000000 .. . 20000Y X000
Ingrass event message Egress event message

Message timestamp point Meassage timastamp point

Figure 8-2—Definition of message timestamp point, reference plane, timestamp
measurement plane, and latency constants

Question How is the Residen€Eime defined, i.e. what is meant by the statemerResTimeGaussian (mean=5ms, std=0.833ms) limited
within [1,10ms?
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