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I New Requirement — New Challenges!

« Time/Phase requirement for NGN are much more

stringent!
Telecom Profile Requirement
Frequency 16ppb
G.8261.1
Phase +/- 1.5/1.1usec
G.8271
MTIE 4 Even if all phase

error is allocated to

wander (no static

P phase error) , MTIE
; can’t exceed 3 usec y.




Operators Survey - Synchronization Assurance

4 )

Do you rate synchronization service

) _ _ assurance as an important tool for
« Synchronization assurance is a delivering mobile backhaul services?

highly relevant feature N y

« Conclusion: Mobile operators
want to see such capability Lon

with their synchronization
delivery solution 36%‘ ’

E not important
B mandatory

H interesting option




I Why ,,In Service* Sync Assurance Is needed ?

« Making sure synchronization is working as designed is not
trivial task.

« Network PDV, asymmetry and environmental conditions can
effect the Synchronization quality.

e Some way to ensure proper synchronization should be
Integrated into Sync distribution/delivery functions or
accompanied by cost effective Sync assurance tools.

« Lab test equipment is too expansive for “in service”
Installation in multiple locations.

« Other aspects such as power consumption and OSS should
also be taken into consideration.




Example #1 - Partitioning across Multiple
Administrative Domains (c.8275 Appendix 1)

* Operators may purchase service from other operators in order

to provide access to remote equipment or networks.

* A boundary clock can be used to ensure a clean hand-off point
to the second network operator.
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I Example #2 — Time and Phase Delivery G.8271.1
Network Limits

« Maximum absolute time error network limit applicable at the
reference point C:
max |TE| < 1100 ns

Deployment Case 1
MNetwork Time Reference C D
(e.g. GNSS Engine) Fay B ] End Application :

E E Packet E :

L]
End Application ™
Time Clock

: Distributed architecture
> (e.g. CPRI)

< |TE|<1100nsec




I Example #2 - G.8271.1 Network Limits
Deployment Case 1

+ Option A - w Physical _S_gﬂ C e Aomication
PRTC |--»[ T.om J--* TBC |... <-------- s TBC ;;:_-_-_-EL-_-_—__ ey L
\-_________ )// 1 — ~J
1PPS 1 GPS
__ Antenna

[ Sync Probe ]

¢ Option B - from the two-way PTP flow via a Passive PTP Probe
Tcombined_error ~ (TMZ -T1-T4+ TM3)/ 2

PRTC [--»[ T-oMm l*""l T-BC ] *-------- + T-BC |;J%H'+ (@ﬁ———

N\ Menitoring methed (e.g. tapped)
[ Delay compensation (X) J/ <
ync Probe




I Example #2 - G.8271.1 Network Limits
Deployment Case 1 — Option C

e Option C- From the two-way PTP flow via an Active PTP

Probe
End Application
PRTC |--» T-GM [*--* T-BC |... *--—----- + TBC F—] (< |l__"
\\\_ i
Monitoring metho-d (active probe)

[ Sync Probe J

Tcombined_error ~ (TZ -T1-T4 + T3)/ 2

Antenna — —E—




Example #3 — Frequency Delivery G.8261.1
Network Limit HMR1

* FPP : For any window interval of 200 seconds at least 1% of
transmitted timing packets will be received within a fixed cluster,
starting at the observed floor delay, and having a range of 150 us
(G.8260 floor delay packet population).

timing packets
..... Loy L outside the range
are not counted

S.tﬂ’h
U —_—
"), fixed = 4 timing packets
1) cluster e i i 1 -c= ? - L wiithin the range
: range | DA TEs Lo 1 = B it o ._; are counted
Q o ' | : : -
LN okt B I e
i window
interval
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Probing Slave Clock

Boundary Transparent Boundary Grand
Clock Clock Clock Master



Probing Third Party Slave Clock

» Slave 1PPS and clock outputs can be monitored Vs. GPS/external reference

» Time Error , TIE and MTIE can be calculated and compared against target
performance masks / metrics

CLK TIE & 1PPS Time Error




Probing an Third Party Slave Clock

* Probing the Slave Clock — Passive Probing
* A Sync Probe is placed at a calibrated distance from the Slave Clock (system
under test)
 The Sync Probe functions as passive PTP probe (fiber tapping or mirroring

switch)
 The Sync Probe measure packet TE/TIE/MTIE of the tapped Slave port
against a reference measurement timing signal Packet Time Error

T3

==
=
=

T
T,

e T 1)

Slave Clock
(DUT)




Slave Clock Self Monitoring

The probing functions are integrated into the slave clock which deliver clock to
the end application

» internal 1PPS and clock recovered from PTP can be self monitored Vs.

GPS/external reference as well as T3 generated by Slave Clock
CLK TIE and 1PPS Time Error

R

c-E

10IVIHZ/BITS>/Syn

Slave Clock
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Probing Boundary Clock

Boundary Transparent Boundary Grand
Clock Clock Clock Master



Probing Third Party Boundary Clock

» A Sync Probe is used for assurance of third party Boundary Clock

» Boundary Clock 1PPS and clock outputs can be monitored Vs. GPS reference
CLK TIE & 1PPS Time Error

z/BITS/Sync-E ==

Probe

L | LN EE
UL il [T
i BN | —
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B3 z CLK & 1PPS MTIE
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Boundary Clock Self Monitoring

» The probing functions are integrated into the Boundary Clock

» The internal BC 1PPS and clock recovered from PTP can be self monitored
simultaneously CLK TIE and 1PPS Time Error

T l T
R B/ EEES
e e "

CLK and 1PPS MTIE

 Slave Clock @NF)D



Probing an Third Party Boundary Clock

* Probing the Master side of a Boundary Clock — Active Probing

 The Sync Probe is placed at a calibrated distance from the Master port
of an Third Party Boundary Clock (system under test)

 The Sync Probe functions as active probe

CLK TIE ,1PPS TE & Packet TE

| T-GM I GPS
T X
Rl =
== Sync
Boundary ~ Probe

s 1OMHz/BITS/Sync E
e

Active Probing of PTP
timing signal can
Slave CIOCK —— e combined with probing of

& 1PPS /CLK physical
sighals




Probing an Third Party Boundary Clock

* Probing the Master/Slave side of a Boundary Clock — Passive Probing

 The Sync Probe is placed at a calibrated distance from the Master/Slave port of a
Third Party Boundary Clock (system under test)

* The Sync Probe functions as passive PTP probe (fiber tapping or mirroring switch)

 The Probe measure packet TE/TIE/MTIE of the tapped Master port against a
reference measurement timing signal

Packet Time Error

>
Bl {11]

ERy vy oA

Clock
(DUT)

Slave Clock = =



Self Monitoring Network

» No GPS or external reference is needed!

» Each BC can compare next hope recovered clock Vs. his own recovered clock

by compering T3 received form next hop against his own recovered clock
which is use1 l
I-GM Packet Time Error

N ¥ « UL
o UL T InALS
]

T
Ty

T3

nc Probe
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Probing the Network

Grand
Master




I Probing the Network

* A Sync Probe can be used for testing the network connecting the
master and Slave/BC

» Collect statistical information about the network (PDV, packet
loss...) and can decide on network usability and KPI
 Packet Counters (arrived, lost)
« PD (Path Delay) , MPD (Mean Path Delay) ,Asymmetry
 Network Usability (i.e. based on G.8261.1 FPP)

» Calculate PM statistics (i.e. 15min ,24hours) and TCAs in order
to validate Sync SLA performance

T-GM I‘—’ — BC/SC I




PTP Network Active Probe

» Active Probe uses the internal Telecom slave packets exchanged

» The Sync Probe can probe the network and recover the clock simultaneously

PTP network Probe Statistics and Usability Score

VA FSP 150 EMS - FSP 1505P-100 - Synclack
file ~ Application + BXE OV

= System
= NE-1
s Clock Accuracy

Co Statistics

1D: PTP NETWORK PROBE-

I Clock Analysis Summary | 15 Minute | 1Day  Thresholds
(= PTP Network Analysis et
[ PTP Network Probes -
PTP NETWORK PROBE-1-1 Aversge Forvard RPDV, ns: 17351 Minimum Sync Path Delay, ns: 1027
- Average Mean Path Delay, nst 101244 Number Of Fomard RPDV Results In High Range: 3871226
Synciack Schedules Average Reverse RPDV, nst 7701 Humber Of Forward RPDY Results In Low Ranga: 770782
SYNCIACK SCHEDULE-1-1-1-1 Avarage Sync Path Delay, nsi 118021 Numbar Of Forvard RPDV Results In Medium Range: 84670
4 Result Analysis Maximum Msan Path Delay, ns: 196818 Nlumbar Of Reverse RPDV Results In High Rangs: 8839851
Maximum Sync Path Delay, ns: 208863 Number Of Reverse RPDV Results In Low Range: 2596722
Raw Data Collection Minimum Forvard RPDY, ns 0 Numbar Of Reverss RPDV Results In Madium Range: 0
P ——( Minimum Waan Path Dalay, st 1061 | Total Number OF Forard RROV Rasuls: 2762504
Minimum Reverse ROV, nsi 0 Totel lumber Of Reverse RFDV Results: 27680747

Network Usability Score Statistics

Forward Direction ‘

Total Time Forvard Score=3,5: 0 Total Time Forvard Score=3, =i 215961 ‘
Total Time Fori

i

Reverse Direction

Total Time Reve
Total Time Reve

il

PTP Messages Stati

Delay Response
Delay Rezponse b

Slave Clock



PTP Network Passive Probe

» Passive probe tap packet exchanged between master third party slave /
boundary clock

Ty T3
Ta

Tii#:

T
Slave Clock é(( nc Probe

PTP network Probe Statistics and Usability Score

& ADVA FSP 150 EMS - FSP 1505P-100 - Syncack
file ~ Application ~ B XE D9

[ System
Configuration _ Statistics
= NE-1 4
& Clotk Acauracy
14 Clock Analysis Summary | 15 Minuts | 1Day  Thresholds

= PTP Network Analysis

[ PTP Network Probes B
PTP NETWORK PROBE-1-1 Averags Forvard RPDY, ns: 17351 Minimum Sync Path Deley, ns: 1027

Averags Mean Path Delay, ns: 101244 Humber Of Forvard RPDV Results In High Range: 3871226

B Syncjack Schedules Average Reverss RADV, ns. 7701 Humbar OF Forvard RRDV Results In Low Range. 770752

SYNCIACK SCHEDULE-1-1-1-1 Avarage Sync Path Delay, ne: 118021 Number OF Forvard RFDY Results In Medium Renge: 846670
& Result Analysis Maximum Mean Path Delay, nsi 196818 Number Of Reverse RFDV Results In High Range: 8838631
Maximum Sync Path Delay, nsi 208863 Number Of Reverse RPDV Results In Low Range: 2836722

Raw Data Collection Minimum Forvard RPDV, nst 0 Number Of Reverse RPDV Results In Medium Range: 0

i v Minimum Mean Path Delay, nst 1061 Total Number Of Foard RPDV Results: 27682594
Minimum Reverse ROV, nst 0 Total Humber OF Reverse RFDV Resultst 27880747

Network Usability Score Statistics

Forvan Dvction |

Total Tims Forvard Score=3, 51 0 Total Time Forvard Score=5, st 215961 ‘
Total Tims For

Total Time Reve

Delay Response i
Delay Response b




Simultaneous Testing

» Simultaneously probing of the Clock and the
Network can help in troubleshooting problems

and Usability Score

PTP network Probe Statistics

.....

Raw Data Cotecton

ync Probe

CLK TIE ,1PPS TE & Packet TE

g T 3]




I Summary

* Time/Phase requirement for NGN are stringent!

* In services probing is needed in order to ensure
proper synchronization is delivered

* Monitoring the accuracy of the Synchronization
delivered Is possible using Sync Probes which can be
used for monitoring the Clocks and/or the Network
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IMPORTANT NOTICE

The content of this presentation is strictly confidential. ADVA Optical Networking is the exclusive owner or licensee of the content,
material, and information in this presentation. Any reproduction, publication or reprint, in whole or in part, is strictly prohibited.

The information in this presentation may not be accurate, complete or up to date, and is provided without warranties or
representations of any kind, either express or implied. ADVA Optical Networking shall not be responsible for and disclaims any
liability for any loss or damages, including without limitation, direct, indirect, incidental, consequential and special damages,
alleged to have been caused by or in connection with using and/or relying on the information contained in this presentation.

Copyright © for the entire content of this presentation: ADVA Optical Networking.



