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Introducing Calnex Solutions Ltd

« Company founded in January 2006.

 Executive team with over 100 years of experience
in telecom test instrumentation.

 Rapporteur of the ITU-T study group 15-Q13

* First customer shipments February 2008.
- Tierl Service Providers
- Tierl & Tier2 Equipment Manufacturers

- Component & Clocking Vendors

* De-facto Test Equipment for 1588v2, Sync-E, CES,
NTP testing & Eth-OAM.
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1588v2 and SyncE in the Network
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ITU-T standards Calnex
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Calnex

Part 1 — Testing Network Elements



Calnex

Ordinary Clocks

(1588v2 Slave Clocks)
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A network with no BCs/TCs Calnex

PDV Accumulation
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* In a network with non 1588-aware switches, PDV and Asymmetry can be significant.

* Slave clock recovery is a challenge.

* Tests have shown Frequency recovery is easier but Phase/Time recovery is a challenge

Test the Slave Clock’s robustness to PDV and Asymmetry

Company Confidential 8



Test the Slave Clock

Synchronisation

Forward PDV
s .-:_—_‘.; i

Source

MTIETDEY[ns]

ITU-T Mask

Slave
Clock

2.

Calnex

. Apply PDV

(G.8261 test cases)

Measure E1/T1
(to G.8261.1, etc.)

Measure 1pps, ToD
(vs. specified limits)



Real-world testing Calnex

Capture PDV profiles from

MKR-1:x=894.874691063, s gt x=895.4775188
ey Do s,
MKR-2:x=894.874691063, : y=0.000444870
) ).00036007
Time Intery
Error (TIE)
vs Nominal
(seconds)
Core Base
Network Station L :
894.478017335 894.977768110 895.477518885
T (a) Offset=0.002 ppm
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Boundary Clocks (BCs)



Boundary Clocks

Calnex

Boundary Clocks reduce PDV
accumulation by:

Terminating the PTP flow and
recovering the reference timing.

Generating a new PTP flow using the
local time reference, (locked to the
recovered time).

There is no direct transfer of PDV
from input to output.

A Boundary Clock is in effect a back-
to-back Slave+Master.
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A network with 1588v2 BCs Calnex

PDV

WWMWMWWWWNWWVWM

e Boundary Clocks (BCs) are back-to-back Slave-Masters
e BCs recover and re-generate the 1588v2 clocking
e With a network of BCs, PDV contribution (per hop) is only from BC and link

e PDV experienced by Slave is minimised

Test the BC’s Output Noise, Noise Transfer and Noise Tolerance

14



Why Test Boundary Clocks?

TIE

“"‘"-J

Calnex

Potential Sources of PDV:

ﬁ) Clock Wander

Input Noise

Company Confidential

Time

Output PDV

e Each BC recovers the clock and re-
generates a new timing signal. This
can lead to the introduction of low
frequency clock wander,

e Chains of BCs can lead to the
accumulation of low-frequency clock
wander.

~

\
o

.

igh-freq. PDV from BC

e PDV from BC Output Buffer Queue;
e 12 us for 1514 byte packet
e 525 ps for 64kB Jumbo packet

e PDV from other internal queues.
o Affected by other High Priority Traffic

/
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Test the Boundary Clock

GPS @

{ 1588v2 + PDV @
Ny e

I I]
1pps,ToD, E1/T1/BITS

1588v2 + PDV

Company Confidential

Calnex

ITU-T G.8273.2 will specify the
performance of a BC.

Noise generation

Noise tolerance
Noise transfer

Phase Transient Response
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Transparent Clocks (TCs)



Transparent Clocks

Packet Delay in TC Device
inserted into correctionField ------_
at output of Transparent Clock device
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Calnex

Transparent Clocks reduce PDV by;

Calculating the time a PTP packet
resides in the TC device (in nsec) and
insert the value into the
CorrectionField.

Using the CorrectionField, the Slave or
terminating BC can effectively remove
the PDV introduced by the TC.

PTP Message Header Format

Bits
7 6 5 4 3 2 1 0
transportSpecific message lype
Reserved versionPTP

messagelength

domainMumber

Reserved

Flags

————————————— = comectionField

Reserved

18
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A network with 1588v2 TCs Calnex

PDV Accumulation

PDV is written by each TC into
CorrectionField and this accumulates, Bite
so CorrectionField = PDV Accumulation 7 s[5 ]3]2]1]o0
at the End Slave

transportSpecific messageType
‘ Reserved messageLongh versonfTe End Slave removes
“ Mm e PDV Accumulation
m | Wﬁ\ I Reserved using CorrectionField
i
L Flags |
—0 correctionFigld @
Reserved

19
Test the TC’s Accuracy by measuring CorrectionField error



Testing TC Accuracy

Traffic from Traffic Generator
for Congestion noise testing

Master Slave
'%

Optical Splitter or

Electrical Tap

Calnex

1. Measure the packet-by-packet latency
across the TC.

2. Determine the change to the
correctionField value for each message.

3. Accuracy is the difference in the actual
latency compared to the change in
Correctionfield value.

Measure impact of correctionField on
Sync PDV.

1. Vary traffic packet size.
2. Vary traffic priority.
3. Vary traffic utilisation.

* Repeat for Sync & Del_req PDV.
Test in 1-Step and 2-Step modes.

» Accuracy Spec is < 50ns (IEEE C.37.238)

* Calnex Paragon-X measurement accuracy

is 5ns
20



TC Accuracy example results
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Calnex

g D

Company Confidential

35nsec pk-to-pk per TC |
(Network of 2 TCs)

J

Latency: Correctionfield:
Measured latency between ports: Correctionfield delta between ports:
Sync messages Sync messages
40 40
35 35
304 304
Z 2] Z 25
g g
£ 204 2 20+
15 15
10 104, - .
5 . . . 5 .
0 500 1000 1500 0 500
Packet pair Pacl
Correctionfield accuracy:
Error between correctionfield delta from Sync messages
and measured latency from Sync messages
0.72
07
B
g 068
0.66
0.64+ T . .
0 500 1000 1500
Packet pair
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1588v2 Application Notes

@ calnexsol.com

@
Calnex Solutions Ltd

Application note: Testing IEEE 1588v2 slave clocks

CX5003

—
Calnex Solutions Ltd

Application Note CX5005

Meeting the 1us Challenge:
Testing Boundary Clocks and Transparent Clocks

Application Note

e g e B IR W BT
S 46 8 49D S

LT Lt e PPN

Testing IEEE 1588v2 Devices to Meet the 1ps Challenge

oW oMo
pomow N

Boundary CloCK TEST PLAIM . cceiess s s s s srrs s s s e s s sss vas i sms s s e s oas nmss sasa ors

Company Confidential
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Part 2 — Testing Networks



Step 1 - Determine Network SLA Calnex

Synchronisation
Source

08/02/2012 17:02:18, 200s, 1588v2 Sync, No Mask

pktMTIE \
pktTDEV
MAFE o - =-he

=== MAFE

F Fo / F P P Observation Window (s) — FFO
etc

ForwardPDV
a e

Slave
Clock

e Determine the correct Metric and
limits for each slave

e Use these limits for Network SLA




Step 2 — Measure SLA in the Network and Calnex
Troubleshoot Issues

1588v2
NTP

I
A
A
Sync-E
CES . =
Network . o . ‘é

ITU-T / PDH
G.823/G.824 Mask

; E1/T1 MTIE/TDEV

-----
"'

(seconds)

/V

”;mc:;;{;sljps e+
1pps & Time of Day (ToD)

Sync-E G.8261 Mask

FAILED

ALL AT THE
SAME TIME

Sync-E MTIE/TDEV

1 1588v2/NTP PDV & Metrics 025



Calnex

PTP Analysis
Graphical measurements

Company Confidential



PDV Distribution C —
alnex
Probability Distribution Function

——
= Calnex Solutions - C: ing\Calnex\ParagonX\Capture Data\AutoSave\172-22-10-119_20120622_10-21-27_PTP_SYNC. |

File Edit View

Packet Delay Distribution (PDF) Calculate ratio of packets within
@ Range (Between min and max)

Maoc ims): 0,15
Min {ms): 0

(") Tolerance {#/-% of nominal)

Mumber of packets

Results

% in range: 10000% ‘

0 0.036023 0.072046 0108065 0144082 0180115
Delay (ms)

Status: Click and drag graph to zoom

Company Confidential 28



PDV Distribution

Cumulative Delay Function

. _
¥ Calnex Soluticns - C’\UM'ng\Calnﬂ\Pamgorﬁ\Captum Data\AutoSave\172-22-10-119_20120622_10-21-27_PTP_SYNC.cpd

File

Curmulative [ %]

Edit

120

100

View

Packet Delay Distribution (CDF)

0.036023

Status: Click and drag graph to zoom

Company Confidential

0.072046

Delay (ms)

0.108065

0144082

0.180115

Calculate ratio of packets within
@ Range (Between min and max)

Mz (ms):
Min {ms):

015
0

(") Tolerance (=/-% of nominal)

Results
Lin range:

Pass crtena(®): 50

100.00%
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PDV Metrics
Floor Packet Population (G.8261.1)

Packet Delay Variation network limit at
point C of figure 3/G.8261.1 (for HRM-1)

Floor Packet Percent (FPP)

Window interval W = 200s

Fixed cluster range 6 = 150us (from floor delay)

At least 1% of packets must fall in this cluster. 0. PEC-S-F output Nework Lint g Agpication

Clock

9.0

timing packets
outside the range
are not counted

Do

900
usec/dw

timing packets
—  within the range
are counted

fixed
cluster
range

000
roc

oo ‘—> 3 00 senutes/dv

e mewato s
window
interval



PDV Packet metrics — Pass FPP Tyt
Calnex
(Slngle microwave hop + multiple other hops)

File  Graph Help i
| Packet | pktMTIE / pktTDEV | MATIE | MAFE | pktFFo [FPc  [FPR  [[FPP |

. o FaY
Start: 11/07/2012 15:43:40 a8 G B@
File: 0-0-0-0_20120829_17-1...

Packet 100% B A

[] pktMTIE 0% [ ] pktTDEV 0%
[C] MATIE 0% [-] MAFE 0%
] pktFFO 0% [] FPC 0%

TeeR oo v ERRINEO0H

Calculate

|
2,700

Elapsed Time (s
Show labels - ©

Metric Parameters:

Windows Size 200 E 5 Window Step Size 200.05 s
Floor Delta 150 Hs Cursor-X 5
Nominal rate | 128 /s Limit % Cursor-Y
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PDV Packet metrics — Fail FPP
(Network included 10+ Microwave hops) Calnex

File  Graph Help

| Packet | pktMTIE / pktTDEV | MATIE | MAFE |pkiFFo [FPc [FPR | FPP | @
1588v2 Sync — E]D e @
o - al <3
| start: 27/07/2012 00:54:00 v |
File: 0-0-0-0_20120829_17-5...
b 'y
Packet 100%
[[] pktMTIE 0% [ pktTDEV 0% 15+
MATIE 0% [| MAFE 0%
[ pkitFFO 0% [] FPC 0%
| calculate | g LT
£
L 09—
06—
1 ‘
03— ' '—E_]'
0o~
| 1 | ] | )
0 700 1400 2.100 2,800 3500

Elapsed Time (s)
Show labels

Metric Parameters:

Windows Size 200 E s Window Step Size ZDG.UE 5
Floor Delta 150 Eps cursor-X 5
Nominal rate |32 /s Limit % Cursor-Y

Company Confidential 32
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E1 analysis Calnex

B9 Calnex Solutions - Wander Analyer - Vercon 2co M = = s |

File  Graph Help

|5 MesuwomeniSows > .

E1l 73—
Sample Period: 0.033s Z 22~
" Start: 22/06/2012 10:21:27 = 7=
File: 0-0-0-0_20120627_16-2... 80—
Time (s) ) @

TIE 100%

TIE data analysis range from | UE|5 tol 32925|5

ViMTENioo% iDESGeRE 0000000000000 ... :
[[] dlkMAFE 0% [] cdlkFFO 0% [ MTIE / TDEV ,—l—‘dMFE IKFEO

| calculate |
1000 MTIE Mask i

MTIE ! TDEW [ns]

- 01 10 100 1000 10000 100000
Show labels Observation \Window (s)
Metric Mask: Resolution 07
[G.BZE Ei POH Interface v] Low High

WTiE Pass T roev il s
Cursor-Y ns
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1pps Analysis with Pass/Fail limits Calnex

Screen Min/Dlax: Owerall Min/hlax:
Min=  0.000 000 003sec Min=  0.000 000 000sec
Max=  0.000 000 033sec Max= 0.000 000 053352c

M- B -f- B

0 000000068 -

lpps Accuracy T

Select Gr:
00000000352 + t t + t t + t t { =ph

194.000000000 305 000000000 416000000000
T ()

Company Confidential 34
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Real-World Results



BC/TC- Trial Network Test

Master

N

Calnex

Traffic from G.8261 Appendix VI:
* Test Case 13
* Traffic Model 2

[ Traffic Generator
A\I /\I
Sw Sw Sw S
H1 H2 #3

<> Ethernet Connection
————> Congestion traffic

©

Example Network Configurations;

1. 9switches, No On-path Support, No SyncE
2. 9switches, all BC mode, SyncE
3. 5switches, all BC mode, No SyncE
4. 9switches, all BC mode, No SyncE
5. 9switches, all TC mode, SyncE
6. 9switches, all TC mode, No SyncE

= PTP for Frequency & PTP for Phase
= SyncE for Frequency & PTP for Phase
= PTP for Frequency & PTP for Phase
= PTP for Frequency & PTP for Phase
= SyncE for Frequency & PTP for Phase
= PTP for Frequency & PTP for Phase

36



Traffic Generator

Results: TR T T —>
AL L Calnex
BC networks [ Master jo—sl Sl S TR o o e Tif[
Test Set-up PDV at E1 wander 1pps T e T e T e E
input to (MTIE @ (pk-to-pk)
slave 5000sec) Sync PDV: 105nsec pk-pk

PEC + 9*Sw 86usec 2.44usec 2.70usec i

EEC+9*BC  0.055psec  0.019usec  0.028pusec W"’

PEC+5*BC 0.070psec  0.188usec  0.176usec
PEC+9*TC 0.105psec  0.210upsec  0.220usec S s

=
=
N e o I |

Observations when BCs utilised;
* SyncE (EEC) + PTP gave the best results.
* BCsreduce the impact of congestion traffic,
but congestion can still impact the transfer of frequency &/or Phase.
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Traffic Generator
Results: I |1
TC networks [ astr Jo—sf 4 5y ol o o

Calnex

le—>{ Slave

4 -

€ Ethernet Connection
e Congestion traffic

Test Set-up PDV at E1l wander 1pps

input to (MTIE @ (pk-to-pk)
slave 5000sec)

PEC + 9*Sw 86usec 2.44pusec 2.70usec
EEC + 9*TC 245nsec 0.137psec  0.112psec
PEC + 9*TC  (86usec)* 1.10psec 1.75usec

Observations when TCs utilised;

* SyncE (EEC) + PTP gave the best results.

* TCs reduce the impact of congestion traffic,
but congestion can still impact the transfer of
frequency &/or Phase.

7

Screen Min/Max: Crverall MinMax: Cursor Coords:
Min= 0.000 000 000szc Min= 0.000 000 000sec == 110704pkt

Max= 0.000 085 943sec Man= 0.000 085 845sec y=  (.000 030 633sec
-m- T

7 PDV: 86usec pk-pk, without CF

Syne
PDV
(TE)
(seconds)

0 357398 7847
Packat #

IR T oo Coo =
1izm 328304pkt, y=  0.000 000 003uec x= 36pict %= 53361 =

PDV: 0. 245|,lsec pk- pk W|th CF

uuuuuuuu




Why Calnex? Calnex

Trust us, Calnex knows Sync

* Organisation-wide understanding of Sync and Testing

* Leadership at Standards bodies

e De-facto 1588v2 and SyncE test equipment — it’s what your customer uses
The ONLY Full 1588v2 and SyncE Conformance tester

* (G.8261 etc 1588v2 tests

* G.8262 Synck Jitter AND Wander

* G.8264 Synck ESMC tests

Clear Pass/Fail Analysis and Troubleshooting features
* Packet Metrics — pktMTIE, pktTDEV, MAFE, PDF, CDF, FPP, FFO, etc, etc.
* PDV graphs is mutliple formats for clear and thorough analysis

* 1pps and Time of Day
 E1/T1/BITS — MTIE/TDEV

Dedicated 1588v2 BC and TC one-box solution
 Complete G.8273.2 and other BC tests

* The only way to test TC accuracy to nanoseconds
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Calnex

THANK YOU
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