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Testing Performance of the
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Transparent Clock using the
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The Chronos Smart SFP™ can be
configured as a Telecom Transparent
Clock (T-TC), allowing Network
Operators to use existing network
equipment for the transfer of time
and phase through the Mobile
Backhaul. This Application note
describes how the T-TC performance
can be verified by the Calnex
Paragon-X, thereby ensuring correct
budgeting for Time Error (TE) in the
Mobile Backhaul.
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1 Project Overview

This document details a collaboration between Calnex’ and AimValley? to demonstrate the
capabilities of the AimValley Chronos Smart SFP™ TC and how its performance can be proven by
the Calnex Paragon-X, ensuring adherence to the recommended limits for Time Error on
Transparent Clocks.

The Chronos Smart SFP™ TC provides the facility to add PTP (1588) Transparent Clock functionality to

an existing Switch or Router which by itself does not have 1588 capabilities (see Fig.3: Connecting
Paragon-X to Chronos Smart SFP's acting as T-TC).

2 Chronos Smart SFP™ (SSFP) T-TC

OE Solutions? and AimValley jointly developed the Smart SFP™ portfolio, a new class of SFP's that
integrate intelligent and innovative system functions into an SFP module.

Figure 1: Chronos Smart SFP™

Most LTE base-stations today use Frequency Division Duplexing (FDD-mode) which requires only
frequency synchronization. However, to meet growing bandwidth demand, base-stations must
switch to Time Division Duplexing (TDD-mode) which requires Time of Day (ToD) synchronization.
To support this bandwidth upgrade, Telecom networks need to support Time of Day (ToD)
distribution.

The ToD is distributed from a centralized 1588 Grandmaster (in ITU-T terms a T-GM) to all end
nodes LTE base-stations with IEE1588 slave clock (Telecom - Time Slave Clock, T-TSC in ITU-T
terms).

1 Supplier of test equipment, see Appendix A.
2Supplier of telecom and data networking solutions, see Appendix A.
3 Supplier of optoelectronic transceiver solutions, see Appendix A.
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The entire network in between the Grandmaster (T-GM) and the base-station (T-TSC) needs to be
1588 aware' to meet the stringent ToD synchronization requirements. All intermediate nodes
either need to support a 1588 Boundary Clock (T-BC) or a 1588 Transparent Clock (T-TC).

Chronos Smart SFP™TC helps operators to upgrade their network to support ToD distribution by
simply swapping conventional SFPs with the Chronos Smart SFP™ TC. This instant plug & play
solution is needed only on ports carrying 1588 (PTP) protocol traffic. While a T-BC solution requires
provisioning and master-slave directivity, the Chronos Smart SFP™ TC reduces system and network
complexity.

The 1588 Transparent Clock works “transparent” in both directions and is 'synchronization direction”
independent. The Smart SFP™ transceivers are designed in conformance with the Small Form Factor
Pluggable 20-pin Multi-Source Agreement (MSA).

Measure residence time
| Add to Correction Reld

Primary Reference:
Time Clock (PRTC)

IEEE1588

IEEE1588 Slave (T-TSC)

Grandmaster
(T-GM)

IEEE1588
Slave (T-TSC)

LTE base-station

Measure residence time:
Add to Correction Feld

Figure 2:IEEE1588 end-to-end Transparent Clock Synchronization with Chronos Smart SFP™ TC
Networks, with equipment not supporting the 1588 protocol, can be upgraded by adding a 1588

Grandmaster and using the Chronos Smart SFP™ TC to add 1588 Transparent Clock function to all
intermediate nodes.

The Chronos Smart SFP™ TC supports in real-time the 1588 TC function which means that it can
handle as many PTP packet streams as the connection can carry.
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3 Calnex Paragon-X

The Paragon-X is an industry leading piece of test equipment which provides verification that
Ethernet-sync and packet-transport products meet industry standards and work reliably under real-
world conditions.

The Paragon-X lets you capture real-world Packet Delay Variation (PDV) profiles from your existing
network and replay those same profiles in a controlled lab environment, enabling you to prove your
1588, CES and NTP products will work in the complex world of Ethernet switches, routers and
gateways, before deployment.

The Paragon-X is also able to measure the accuracy of the recovered Time of Day (ToD), Phase (1pps)
and Frequency (MTIE/TDEV) to the specified limits.

It also has specific features designed to test 1588 Transparent Clocks and Boundary Clocks.

o Integrated Test Solution for ITU-T G.826x and G.827x standards

e Fully stress-test elements that deliver synchronisation over
packet-based networks.

e Prove PTP (1588), Sync-E, CES, Pseudowire, NTP
implementations meet ITU-T standards.

e Prove PTP (1588) to the ITU-T Telecom Profile
(G.8265.1.

e Comprehensive testing of 1588 Ordinary
Clocks, Boundary Clocks and Transparent
Clocks.

e Measure recovered Time of Day (ToD) and
Frequency (MTIE/TDEV) to specified limits
(G.823, G.824,and G.8261.1). i

o (apture real-world PDV profiles over long - .
periods, then replay these in a repeatable, |SMAAT |8 =0 j
controlled environment. - e A §\ ~ “f‘?"

e Edit and change PDV profiles before ’h : ‘ ey .
replay to tailor-make test conditions _ 1Y

. Chronos \
o Introduce packet corruption events, lost « F\'

. Smart SFP
packets, misordered packets, and repeated o

Chronos

packets. Smart SFP
e Validate Sync-E and ESMC to ITU-T G.8262 Tt
and G.8264.
e Stress and validate Ethernet OAM and Figure 3: Connecting Paragon-X to Chronos SFPs acting as T-TCs

MPLS-TP OAM (Y.1731 and 802.1ag).
3.1 Connect Paragon-X to Smart SFP (Device under Test)

Connect as shown in Figure 3.
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3.2 Paragon-X Front Panel

e 100MbE Electrical or Optical
e 1GbE Electrical or Optical (SFP)* — with option 110 fitted
e 10GbE Optical (XFP or SFP+) — with option 111 fitted

10GbE Port 1 | | 10GbE Port 2 | | Status Display

Aux

100MbE/1GbE 100MbE/1GbE PC controller port
Port1 Port 2

Figure 4: Paragon-X front panel

3.3 Paragon-X Rear Panel

The Paragon-X accepts the following reference clocks which should be oo Ftacep
applied to one of the reference inputs on the back panel: [.E‘ Goitibh) @"s‘ s

e 2.048/10MHz
e E1(2.048Mb/s)
e DS1(T1)(1.544Mb/s)

Figure 5: reference inputs

3.4 Paragon-X Connections

e Connect port 1 (master side of Paragon-X) to the T-TC Smart SFP Master side.
e Connect port 2 (slave side of Paragon-X) to the T-TC Smart SFP Slave side.
o Connect external reference e.g. 10MHz to Paragon-X ref input.

4 Configuring the Chronos Smart SFP™s

The Chronos Smart SFP™TC can be considered ‘plug and play”.
The only requirement for the network node, in which the Chronos Smart SFP™ TCs reside, is to provide
a dedicated tunnel through the network node which connects all ports of the network node which

contain a Chronos Smart SFP™,

The current version requires a dedicated VLAN to provide the tunnel. Default VLAN-id = 1588.

4 |f using SFPs, XFPs or SFP+s, both Port 1 and Port 2 optical transceivers must be inserted into Paragon-X.
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5 Configuring the Paragon-X for T-TC tests

5.1 Test Set up.

5.1.1 \Verify physical connections have been completed per Section 3.
5.1.2 Start the Paragon-X GUI. PC interface connection information is available in the Getting
Started Guide.

File Instrument(s) Setup Capture Impair Graph Data Tools | Help

EL eaoe i EEL &2 ce D Getting Started Guide
Remote Control Reference Manual |
SETTINGS Port | § r
Staigin Release Motes (Software Update Service) 2
Ethesmat P
100BASET 100BASET Application Notes 3
NA
NIA About Paragon Remote Client...
- Contact Support
Setup Interface EEcuIERMEVATED [
Demo 2
Fact 3
MEastelr,l%Iave STATUS actory
Port 1 Port 2
Measurements GOONPKTS GOOT PKTS

5.1.3 Select Start Up and Connect.
5.1.4 Enter IP address of Paragon-X (displayed on Paragon-X status display)®

5.2 Set up Master Slave Emulation.

5.2.1 Select Operating Mode, 1588v2, Enable Master/Slave Emulation then Close.

B Paregon- Remote Client - Pre-¥ 10234 Operating Mcode
File Insrumentis) Setup Capture Inf [ _

p« rcn g I L =
L e g E e = E »E s 0

ki Mol Eraiaion MEX Binary
[=rrois e st i ry
Start Up | ‘Enagie Master Slave Emuszon

Ethacnal. ) Services

caas]|

= syt

Ha ) raTe

) Eth t QAM (BO2. 1ag, ¥. 1731,
Setup Interface Thrs TERAY ) Ethem {02 1ag, )
() MPLETP G (PTH baseeet on ¥,1731)
el Ty O [B902
MasterfSlave e |
Poct 1
Y
Select Flow [FEFLOCK] SVISCE LOCK.
WADER LOCK
IFPSREF  IPPSMEAS
Conligure Capture
Stan Caplure EL P TR
Fatlfx  Famtila
Add lmpairments) Flow Loana Flow Lo
Delay Flow2: zaz  Flow2: mux
Flow 3 s Pl 3: 0
Flow&: xxx Flow &: xx
el Wamier Set Filter | Clear Filter
A Jitter
Packet
Gencratlon
Statisticsf
Results

5See Paragon-X Getting Started User Guide for more information.
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5.2.2 Select Setup Interface and select Line Rate to match the T-TC Smart SFP under test.

el — ]

= Paragon-X Remote Client - Pre-X.10.23, Setup Interface
File Instrument(s) Setup Capture Ir|
- Ethernet | References | Measurement Ports | GPS
B @eo® = H3E I I |
Start Up [erREmE @ Tx+Rx Mode Thrumedz @@
Ethernet
1008ASH] SyncE ClockRx ->Tx i@
N/A
NA
f [¥] Coupled
Setup Interface Theo TER Port 1 Port2
Line Rate Line Rate
) 100MbE HGhE (O 10GbE 100ME @ 1GbE 10GhE
Mastrsteve |||
= Interface Interface
I @R5 O SPPSFP+ (NP @R345 SFPSFP+ () XFP
Measurements
(V] Auto Negotiate Auto Negotiate
|
S A GhE Electrical Phy Settings
WANDER|
1PPSRE| arce Port 1
Configure Capture | @ Master (0 Slave © Slave
J P FIEENEES referred
FLOW FIL]
Start Capture /
Port 1 kx
Add Impairments; A
Delay Flow2: 0 Flow 2: aox
Flow3: o0 Flow 3 zoox
Flow4: ;o Flow 4 sox
Add Wander
Set FiIlerHCInar Fillerl
Add Jitter
Packet
] Generation
Statistics?
Results

Status : Idle

5.2.3 Select References tab to configure a stable reference for Paragon-X, set the Clock Source to

External reference (10MHz or E1/2MHz). An external source is recommended.

B paragon-X Remote Client - Pre-X.10.23 Satup Interface
File Instrument(s) Setup Capture I
= References
EL @ wo g -E Measurement Ports | GPS
SETTINGS Clock Source
Start Up Ext, Bantam Ext. D-type
Ethernat
100BASE| (@ Internal
NA
NA
1pps Reference Input
Setup Interface Theo: TERY ENC S D-type
Threshold: 16 V (Range:0.5Vto 2.5V)
Master{Slave P
Emulation
Port 1 Termination: () High Impedance 0 Ohm
Measurements
External Wander Generation
| Enable Wander Clock Source: | 10M wander meas BNC -
Select Flow |
AVANDIET Reference Output {Lower Front Aux Port)
123 RE|
i @Mz O Ipps
Configure Capture srrres |
FLOW FIL|
Start Capture |
Port 1Rx Close
Add Impairments} R
Delay Flow 2: xox Flow 2 3o
Flow3: oo Flow 3: xax
Flow 4: xox  Flow 4: xxx
Add Wander
[set Filter|Clear Firter]
Add Jitter
Packet
| Generation
Statistics/
Results

Status : Idle

Doc CX5016¢ v2.0

page 8 of 22

© Calnex Solutions



5.2.4 Select Master/Slave Emulation. Choose Transparent Clock in Test Configuration drop down

File Setup Capture Impair Graph Data Teols Help
EHl oo FEi¥¥r s ce W o Me=0 0 0.‘
g Resits | e
Device Configurat Mode: Unicast Forced
@ Master + Slave
Operating Mode Connected St DA A
© Teo st ) I L L
Configure Calnex Paragon-X ® oA
Setup Interface 192.168.5.2
182.165.53
Master 192.168.5.4
Test Configuration 192.168.5.5
192.168.5.6
192.188.57
Measurements 168.5,
DUT Ethernet 192.168.5.8
e D
G iy, T cobexse
cable (ns): j
Mode: Unicast Forced
1pps Meas,
Configure Capture e [0 )@ Connecied Master |Meq Syne [ Am
Address Rate te | Rats
Capture Capture
Start Capture Master
Slave
Rx on both
Add Impairments} g Port1 Port 2
elay Measurement
[T manual calioration @@
Add Weander caasn | @
External Transparent
Add Jiter [ sue ] Traffic Clock T umksws
] set capture fiow fiter Generator Port  Link R Packet
Packet 19 @ GooD PACKETS
Generation 2@ © GOOD PACKETS
Results
Status: Idle

5.3 Configure the Master

5.3.1 Select Configure and enter the general settings of the Paragon-X emulated Master. Select

the Encapsulation to match that of the T-TC (both UDP/IPv4 and Ethernet are supported)

File Instrument(s) Setup Capture Impair Graph Data Tools Help

S oo >

FE P

com k» MmE®@ FB &8 |

Start Up

<< TestSetup

Operating Mode

Setup Interface

Measurements

Multicast/Unicast

Select Flow

Allowed Slaves

Common Header

Configure Capture

Announce Message
Slave

Start Capture

General Settings
Multicastfunicast

Add Impairments/
elay

Common Header

Add Wander

Aoply charges | @

Add Jitter

Packet
Generation

Statistics]
Results

General

Encapsulation: UDP/1Pv4
Source P address:

Source MAC address: a0:00:00:00:00:01

Couple master and slave start/stop

[#Use current tme as seed time

Seed Date/Time: 13:20:00

03/08/2012

2. 168 . 4 . 100

Mode: Unicast Auto

Symc [ Amn

Rate | Rat

Comnecied Save | D-Req
ress. Rate

Mode: Unicast Auto

Connected Master | D-Rea| Syne | Ann
Address Rate |Rate | Rate

© 192,158.4.100

Port Link Rx Packet
10 © GOOD PACKETS
20 €  GOOD PACKETS

_ ORE(L“ ©peSRef T apstieas

Status: Idle

% NOTE: Enter the delay based on the total length of all cables used to connect the Smart
SFPs to the Paragon-X
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5.3.2 Select multicast operation. Set Master mode.

Master

Multicast/Unicast

General Settings Enable unicast esctindeiwdiz,
Unicast Mode: == - @&
Allowved Slaves : —
Common Header Enable multicast @ [ stcnstonty ]
Announce Message
Announce [1PKiras =]
slave
General Settings Sync [15 Prtss ~]
Multicast/Unicast Del-Resp
LTz EEEy Multicast IP address: 224 . 0 . 1 . 129

Common Header

Multicast MAC address: ©01:00:5e:00:01:581

Apply changes | @9

5.4 Configure the Slave.

5.4.1 Since the test uses the Master Slave emulated Master and Slave default settings will suffice
for all Slave settings other than selection of Multicast/Unicast mode to match that of the

Master settings.

Master Multicast/Unicast
_REEt to defaults
General Settings Announce: ) Unicast @) Multicast _
Multicast/Unicast Sync: ) Unicast @) Multicast Unicast only
Allowed S
ouedsaves Del-Req/Del-Resp: © Unicast @ Multicast Multicast anly
Common Header —
Unicast Mode: Forced = 0
Announce Message
Slave Multicast IP address: 224 . 0 . 1 . 129

General Settings

Allowed Master

Multicast MAC address:  01:00:5e:00:01:81

re—

Multicast master:

Common Header

Apply changes 0
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5.4.2 Return to Master Slave test setup.

B Paragon-X Remate Client - X,10.22.24

Start Up <’

Operating Mode

i Setup Interface
[

i Measurements

| Select Flow

Configure Capture

Stant Capture

|| Addimpairments;
Delay

Add Wander

L Add Jitter
Packet

| Generation

| Statistis/

Eile Instrument(s) Setup Capture Impair Graph Data Tools Help

FH omo FFEENAR 5O E ko MiEE >R @

i |

Master
General Settings
Allowed Slaves
Common Header
Announce Message

Slave

General Settings
Allowed Master

@

[ Aoely changes

Common Header Fields
Domain Number: 0
Clock Identity: 00 0000 00 00 00 00 02

Porthumber: 0001

Correction Field: 0

Mode: Aute

Connected Slave
Addreas

D-Req | Syne [ Amn
Rate | Rate | Rate

Mode: Auto

Connected Master
Address

 192.168.4,100

D e [ Ann
R | R | R

Port  Link
18
2 @

@  GoOD PACKETS
€ GOOD PACKETS

_ Ol ) S0 ) Fa=

R Packet

Status : Idle

5.5 Calibrate Smart SFP to Paragon-X Cable Delay.

In order to correctly perform calculations, the delay caused by the cable that is used to connect
the T-TC Smart SFPs to the Paragon-X must be factored out. Values of 5nS per 1 metre of
electrical cable and 4nS per 1 metre of optical cable can be expected. The calibrated cable delays
can either be manually entered or can be automatically detected.

5.5.1 To manually enter the delay values tick the Manual Calibration check box and enter the delay
value in DUT Ethernet Cable field.

¥% NOTE: Enter the delay based on the total length of all cables used to connect the Smart
SFPs to the Paragon-X

Start Up << Results
Device Configurati
(©) Master + Slave
Operating Mode
() Two Masters ] B
Configure e g0
Setup Interf;
Flow Filter
i festcanfaraten
Transparent Clock. hd
Measurements
Ethernet
cble g i)
1p
Select Flow b
1pps Meas, o
Configure Capture cable (ns}:
Capture Capture
o
Start Capture Master
Slave
Rx on bot
Add Impairments{ e Port 1 Port 2
Delay
[V]iianual calbratiort @
Add Wander
Calibration L
External Transparent
Add Jitter Shert Traffic Clock
Set capture flow filter Generator
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Mode: Unicast Forced

Connected Slave
Address

 192.168.4.101
192.168.5.2
192.168.5.3
192.168.5.4
192.168.5.5
192.163.5.6
192,168.5.7
192.168.5.8

Mode: Unicast Forced

Connected Master
Address

!

@ 192,188.4.100

Port Link
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5.5.2 Establish link between Paragon-X and Smart SFP T-TC & make measurement
5.5.3 Connect the Smart SFPs to the SFPs in Ports 1 and 2 of the Paragon-X.

Start Up 5= s
Device C 1 — Mode: Multicast
@ Master + Slave
Operating Mode Two Master: Connected Slave D-Reg| Sync | Ann
s - [ reiin | Address Rats | Rsts | Rats
Configure Calnex Paragon-X @ 224.0.1.129 M 64 12
Setup Interface
Master
Test Configuration

Measurements DUT Ethernet
ety [0
SelectFi sops pef. I cnexsave
elect How i LI bt
Mode: Multicast
1pps Meas,
Configure Capture cable ins): Do Connected Master |D—Heq Syne | Ann
coonre Capture Capture Address Rate |Rate | Rate
Master Ri Slave Rx @ 192.168.4100 &% M 12
Start Capture Master
Slave
& Rxenten Port 1

Add Impairments}

TransparentClock  ~

Delay Measurement
[[]Manual calibration i
Add Wander Caloraton | ©
e — External Transparent
Add Jitter ﬁ Traffic Clack 0 UnkSwts
I Toecaqiua. lousAftc Generator Port Link R Packet
Packet 1@ @ MO PACKETS
Generation 29 @  NOPACKETS
esults

5.5.4 Start the Capture Master/Slave emulation.
5.5.5 Check the link to make sure that the PTP packets are running without error. Check the link

Status window for green status on Link and Good Packets. (See Paragon-X 1588 emulation
connection guide for troubleshooting information if there is any difficulty in establishing a

PTP session with the DUT).

Start Up == L3
Device Configuration ——— Mode: Multicast
@ Master +Slave
Operating Mode Two Maste! Connected Slave D-Req | Sync | Ann
o Masters — . | Refin | Ao e | Ao | e
Configure alnex Faragon -X ©224.0.1.129 M 64 12
Setup Interface
Master
Test Configuration
Measurements
DLIT Ethernet
cable (ns); D
S S L cmesave
cable (nsh
Mode: Multicast
1pps Meas,
Configure Capture cable (ns): E Connected Master | D-Req | Sync [ Ann
[ — [ —— Address Rate |Rate |Rate
Caphire Capture Capture
Master Rx Slave Rx ©@1o2168.400 &4 M 12
Master
Slave
R both
Add Impairments} et Port 1 Port 2
Delay Measurement
[[IManual calibration
Add Wander .
External Transparent
Add Jitter Traffic Clock L tnkSwws
[Cset capture fiow fiter Generator Port  Link Ry Packet
Packe_l 1@ © GOOD PACKETS
Generation 29 © GOOD PACKETS
|| I ¢ - -
esulls
Status: Capturing packets.... :
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5.5.6 Capture flow filters are set to default values automatically.

Device Configuration ———

Test Configuration

Transparent Clock ~ +
DUT Ethernet

oot ey ]
1pps Ref,
R OO

1
c

Capture

@) Rx on both

Measurement

(@) Master +Slave
Two Masters

Configure

pps Meas,
able (ns): E

Master
Slave

Capture
Master Rx

5.5.7 |If required to change the details of which message types are included in the filter then use

flow filter button.

<< Test setup

Master;  192,168,4,100 Master:

Siave:

Messages:

152 158.4.101 Slave:

Smc Messages:

Folow-Up

192.168.4.100

102 168.5.1

(] ignaing (from Master)
[ signaing (from Slave)

5.5.8 Filters are only actioned if the Set button is pressed. If manually setting filters, once set Start
measurement and run the measurement for the required period. Recommendation is to
300s.

capture for a minimum of

Device Configuration
(@) Master + Slave
Two Masters

‘Configure

Test Configuration

Transparent Clock  ~
DUT Ethernct
ey s O
1pps Ref,
cheimen [ ]
1pps Meas.
cibe ;. [°__|
Capture
Master

Slave
(@ Rx on both

Measurement
[ Manual calibration

Calibration -

[]set capture flow Mg

Doc CX5016¢ v2.0
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5.5.9

Select Tools, Calnex Analyzer Tool (1588) and Transparent Clock Accuracy Measurement tool.

Tools | Help

Transparent Clock Accuracy Measurement

Tire Error Measurement
Calculate differential PDV
Split PDV files

Inter. Ti... geType transportSpecific  domair
0.000000000 © SYNC : ) 8
0.015625170 : SYNC H 00

Join CSV files 0.015625175 : SYNC g 00

PDV Editor v 0.046874290 DEL-REQ g [

File Conwerter 0.015624500 * SYNC H 00

0.046894520 :  DEL-RESP  : 00
Script Recorder... b 8

View Recerded Script

Plot PDE/CDE/Histogram 100 000s=c

Calnex Analyzer Tool (1588v2) l P Tranzp Clock Accuracy Measuremen t
ToT

Tirne Erecr Msasirern

View Transparent Clock Accuracy results in the Calnex
Analyzer Tool

RTD

All PDVs

5.6 Transparent Clock Accuracy Measurement Notes - CAT

5.6.1

5.6.2

Transparent Clock Accuracy Results available with Calnex Analyzer Tool (CAT).

Time Error

e Forward Correction Field Accuracy (Sync)

e Forward Latency

e Forward Correction Field

e Forward Correction Field Delta.

e Reverse Correction Field Accuracy (Delay Request)
e Reverse Latency

e Reverse Correction Field

e Reverse Correction Field Delta.

e Two —way Correction Field Accuracy

PTP Correction Field.

The T-TC should use the Correction Field values to inform other network elements of the
dwell time of messages passing through in the Forward direction (Sync) and Reverse
direction (Delay Request) in order to correctly compensate for any delay within the T-TC. In
addition the T-TC must add to any existing Correction Field values to ensure that the delays
through intermediate network elements are correctly catered for at the Master and the
Slave.

The Time Error results provide the means of determining the behaviour of the T-TC with
respect to the correct identification of delays and should provide an accurate representation
of the performance of the T-TC.
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6 Test Procedure

The purpose of the test is to measure the accuracy of the Correction Field adjustment carried out by
the T-TC capability of the Smart SFPs to provide verification that the performance meets that of the

relevant ITU-T specification.

6.1 Without Load

Perform configuration steps defined in paragraphs 4 (Configuring the Chronos Smart SFP™s) and 5
(Configuring the Paragon-X for T-TC tests).

o Perform Capture for at least 300 seconds.
e Measurements: Time error results can either be viewed during capture or after capture has

been stopped.

e Select Tools, Calnex Analyzer Tool (1588) and Transparent Clock Accuracy Measurement tool.

| Tools | Help

Transparent Clock Accuracy Measurement
Time Error Measurement

Calculate differential POV

Split PDV files

Join CSV files

PDV Editor

File Converter

Script Recorder...
View Recorded Script

Plot PDF/CDF/Histogram
Calnex Analyzer Tool (1588v2)

TUTERUETSE:

AN

Doc CX5016¢ v2.0

Time Frror Meas |rpm/\t
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6.1.1 Time Error Results (Transparent Clock Accuracy)

The Calnex Analyzer Tool will launch and display the Time Error metrics tab.

.
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metrics available.

6.1.2 Click on the + next to Time Error in Measurement Analysis block to expand the selection of
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6.1.3 All the metric graphs are available and can be accessed via the scroll bar on the right of the
display. Alternatively selection of the Fit tick box will result in all metrics for Transparent
Clock being displayed.
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6.1.4 The set of displayed metrics can be enabled/disabled by ticking/un-ticking the relevant
measurement in the Measurement Analysis set.

¥ NOTE: if a metric is un-ticked and then ticked again the Calculate button must be
pressed to recalculate that metric.

6.1.5 Any individual metric can be displayed on its own by double clicking on the appropriate
graph.
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6.2 Records of Results

Individual graph images can be saved in either PDF or JPEG formats as evidence of the outcome of
any given measurement. To save a metric select the Graph->Save as menu choices.

Measurements:

File | Graph | Options  Help
Print chart...

0 ‘ Save as image file.. |
T e oo e viow | BE © D@ <G
_ e single view o) fah———
Copy to clipboard ~

Reset zoom wd Latency

Reset range Mean [ns] 5,176.37

[_1Sync Messages 30,649

--[7] = Delay Req Min [ns] 4,880
--[¥] = Round Trip Max [ns] 5,480
Traces x Max-Min [ns] 600
Rate 64/second

‘Measurement Analysis (Y 'i 3
=¥ Time Error -
B Fwd CF Accuracy  100% _‘

I Fwd Latency 100%

I Fwd CF 100%
--[¥/| M Fwd CF Delta 100%

Fwd. /Reverse Latency provides a measure of the time individual packet spend in the T-TC by the

Paragon-X time stamping the packets on ingress to and egress from the DUT then measuring the

difference between the two.

Forward One-step TC clock
detected

me Error [ns]

Fwd. /Reverse CF provides a graphing of Correction Field values from individual packets on egress
from the DUT.

Fwd. /Reverse CF Delta provides a measurement of the change in Correction Field within the DUT
on egress of the device by measuring the Correction Field value on egress in comparison to the

value on ingress to the device.

Fwd. /Reverse CF Accuracy provides a measurement of the accuracy of the Correction Field by
measuring Latency — Correction Field on individual packets.
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6.3 Network Loading

Repeat Test 1 but with differing Network loading.

Disturbance
Traffic —_
Generator
®
‘ mm I Direction
e A ey ——— *
Test Forward Direction Reverse direction Duration Result
(a) 80% load 20% load 1200s
20% load then 80% load 600s at 20% then 1200s at 80% load
(b) 900s at 10% then
10% load then 50% load
1200s at 80% load
() 100% load 100% load 1200s
(d) 97% load 97% load 1200s

6.3.1 Connect Traffic Generator to provide congestion traffic on output port.
6.3.2 Check Time Error results for Forward, Reverse and Two-way measurements fall within the
recommended 50nS limit.
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7 Test Results Analysis

Loading Measurement Min Max Mean
0% Fwd Latency

Fwd CF

Fwd CF Delta

Fwd CF Accuracy

Reverse Latency

Reverse CF

Reverse CF Delta

Reverse CF Accuracy

Fwd CF

Fwd CF Delta

Fwd CF Accuracy

20%

Reverse Latency

Reverse CF

Reverse CF Delta

Reverse CF Accuracy

Fwd CF

Fwd CF Delta

Fwd CF Accuracy

10% then 50 %

Reverse Latency

Reverse CF

Reverse CF Delta

Reverse CF Accuracy

Fwd CF

Fwd CF Delta

Fwd CF Accuracy

100%

Reverse Latency

Reverse CF

Reverse CF Delta

Reverse CF Accuracy

Fwd CF

Fwd CF Delta

Fwd CF Accuracy

97%

Reverse Latency

Reverse CF

Reverse CF Delta

Reverse CF Accuracy
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Appendix A: Company Overview

Calnex

Herkimer House
Mill Road Enterprise Park
Linlithgow
EH49 7SF
United Kingdom

t:+44 (0) 1506 671 416
e: info@calnexsol.com

www.calnexsol.com

AimValley

Utrechtseweg 38
1213TV Hilversum
Netherlands
T: +31-35-689-1900
f: +31-35-689-1901

www.aimvalley.com

OE — '
SOLUTIOMNE

560 Sylvan Ave. 1st Floor
Englewood Cliffs, NJ 07632,
USA Tel. +1-201-568-1188

Fax. +1-201568-1177

www.oesolution.com

Doc CX5016¢ v2.0

Calnex Solutions are the world leaders in test & measurement solutions to
prove and monitor the performance and reliability of Ethernet
synchronization and OAM technologies — PTP (1588), NTP, SyncE, CES, E-
OAM and MPLS-TP OAM. Customers developing equipment with these
technologies can use the Calnex equipment to prove performance to
rigorous standards for R&D, System and Field test. Customers deploying
these technologies in their networks can use the Calnex equipment to test
performance during trials and to troubleshoot problems in their networks.

AimValley is a global supplier of telecom and data networking solutions that
enable network operators to provide services with optimized quality of
experience. With its innovative solutions for Ethernet demarcation, Circuit
Emulation and Carrier Class switching, AimValley addresses the demands of
next generation packet based networks, supporting applications ranging
from legacy based services to bandwidth demanding data and video.

OE Solutions is a leading supplier of optoelectronic transceiver solutions for
both broadband wireless and wireline markets, including wireless backhaul,
Metropolitan Area Networks (MANSs), Local Area Networks (LANs), Storage
Area Networks (SANs), Passive Optical Networks (PONs) and HD Video
Transport.
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Calnex Solutions Ltd
Herkimer House

Mill Road Enterprise Park
Linlithgow

EH49 7SF

United Kingdom

t: +44 (0) 1506 671 416
e: info@calnexsol.com

www.calnexsol.com
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