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Introduction                                                                  Cont

The Time aware/  capable networks are  gaining acceptance in Telecom 

networks and other fields.

To meet the level of precision of frequency and phase delivery,

These networks would include

• Boundary clocks

• Transparent clocks

In this presentation we

• Look at selected network topologies

• Corresponding performance data

• Frequency

• Phase
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Agenda

Brief look at test topologies

Discussion of selected test results

Highlights of results

Suggestions for possible deployment



Test Network Topologies
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TEST TOPOLOGIES
NOTES

Use Modified G.8262  Appendix VI topologies  

Boundary Clock Implementations

 Implementation  A- Both slave and Master on the same line card

 Implementation  B - Slave and Master on different line cards

The test data set is small……

Fine print

Following slides depict the network test topologies 

constructed given the perpetual constrains

• Time

• Man power

• Equipment availability

So the tests topologies may not be as exhaustive ………

………………….as i would have liked them to be

The test results are indicative and not conclusive
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TEST TOPOLOGY  -I 
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TUTUTU

TEST TOPOLOGY -II
12 N/W HOPS WITH 1 BC IN THE MIDDLE
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TEST TOPOLOGY -III
6 N/W HOPS WITH 5 BOUNDARY CLOCKS
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Overview of the Test results
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TEST CASE 13 TM1
6 HOPS, NO BC

1 ppb

FFO -0.8 to +0.95 ppb
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TEST CASE 13 TM1
12 HOPS 1 BC ( IMPL. A) 

1 ppb
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TEST CASE 13 TM1
12 HOPS 1 BC ( IMPL. B) 

1 ppb



13 Copyright © 2011 Juniper Networks, Inc.     www.juniper.net

TEST CASE 13 TM1
6 HOPS 5 BC

1 ppb10 ppb



14 Copyright © 2011 Juniper Networks, Inc.     www.juniper.net

SUMMARY TC13 TM1
FFO (LSF)

6 hops, no BC

12 hops, 1 BC Impl A

12 hops, 1 BC Impl B

6 hops, 5 BC 
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SUMMARY TC13 TM1
MTIE

6 hops, no BC 12 hops, 1 BC Impl A

12 hops, 1 BC Impl B

6 hops, 5 BC 
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TEST CASE 13 TM2
6 HOPS NO BC

1 ppb10 ppb
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TEST CASE 13 TM2
12 HOPS 1 BC ( IMPL. A) 

1 ppb
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TEST CASE 13 TM2
12 HOPS 1 BC ( IMPL. B) 

1 ppb
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TEST CASE 13 TM2
6 HOPS 5 BC

1 ppb
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SUMMARY TC13 TM2 
FFO (LSF)

12 hops, 1 BC Impl A

12 hops, 1 BC Impl B

6 hops, 5 BC 
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SUMMARY TC13 TM2
MTIE
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TEST CASE 14 TM1
6 HOPS NO  BC

1 ppb
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TEST CASE 14 TM1
6 HOPS 1 BC ( IMP A TAZ)

1 ppb
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TEST CASE 14 TM1
6 HOPS 1  BC ( IMP B)

1 ppb
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TEST CASE 14 TM1
6 HOPS 5  BC

1 ppb

10 ppb
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SUMMARY TC14 TM1
FFO (LSF)

6 hops, no BC

12 hops, 1 BC Impl A
12 hops, 1 BC Impl B 6 hops, 5 BC 
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SUMMARY TC14 TM1
MTIE

6 hops, no BC ( blue)

12 hops, 1 BC Impl A (brown)

12 hops, 1 BC Impl B (green)

6 hops, 5 BC 
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TEST CASE 14 TM2
6 HOPS NO  BC
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TEST CASE 14 TM2
12 HOPS 1  BC ( IMP A )
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TEST CASE 14 TM2
12 HOPS 1  BC ( IMPL B )



31 Copyright © 2011 Juniper Networks, Inc.     www.juniper.net

TEST CASE 14 TM2
6 HOPS 5  BC

10 ppb
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SUMMARY FFO                        
TRAFFIC  MODEL 1                                

Network topology Test case 13

(FFO ppb)

Test case 14 

(FFO ppb)

6 hops Timing Unaware NEs -0.8 to 0.95 -.1.8 to +1.6

12hops with 1 BC, rest Timing 

Unaware NEs ( Implementation A)

-0.7 to 0.8 -0.7 to +0.7

12hops with 1 BC, rest Timing 

Unaware NEs ( Implementation B)

-0.7 to 0.9 -0.7 to 0.9

6 hops, 5 Boundary clocks -8.0 to 5.4 -5 to 5
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SUMMARY  FFO                        
TRAFFIC  MODEL 2 

Network topology Test case 13

(FFO ppb)

Test case 14 

(FFO ppb)

6 hops Timing Unaware NEs -1.8 to +1.6 -1.0 to +2.2

12hops with 1 BC, rest Timing 

Unaware NEs ( Implementation A)

-0.7 to 0.7 -0.75 to +0.7

12hops with 1 BC, rest Timing 

Unaware NEs ( Implementation B)

-0.7 to 0.9 -0.8 to 1

6 hops, 5 Boundary clocks -5 to 5 -9.6 to 20
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PHASE (TIE)
TEST CASE 14 TM1

6 HOPS, NO BC

12 HOPS, 1 BC (imp A) 12 HOPS, 1 BC (imp B)

6 HOPS, 5 BC 



Some Highlights
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HIGHLIGHTS

Some Observations from the test data

Frequency:

On a 6 hop network frequency variation :  ~ 2ppb

The same accuracy to be extended to a 12 hop network with a 

Centrally located Boundary clock

Phase:

It is possible to deliver a phase with accuracy of  200 to 250 ns

 Across a12 hop network

“More Boundary clocks are not necessarily good”

“Proper placement of network elements is important”



Suggestions



38 Copyright © 2011 Juniper Networks, Inc.     www.juniper.net

SUGGESTIONS

Systems with frequency requirements 

 A well engineered network of  6 hops ( may be 8 ) hops can deliver 

frequency with accuracy of  about 2 ppb

 For larger networks a BC should be introduced every 6 to 8 hops

Systems with Phase requirements

Limited data suggests -In  well engineered systems (with asymmetry 

compensated)

Phase accuracy of +/- 200 to 250nS may be achieved over a 

network of  12 hops with  BC  at  every 4 to 6 hops

* system needs to be characterized before commissioning !! 



Ending Remarks
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Ending Remarks                                             /Future Work

Presented some Experimental data

Future work

Compare  Simulation and Analytical results with Experimental 

data

Study the phase delivery behavior in greater detail.

Significant amount of work is being done in this field

 Propose development of  “ PTP deployment Handbook”
(on the lines of OTN handbook)

( perhaps under auspices of IEEE/ICAP or ITU)

Our collective Knowledge should benefit all !!



Questions 




