TEST GUIDE

\)

CX5008 Ca | nex

Insight and Innovation

T-BC Time Error

Testing Boundary Clocks as per
ITU-T G.8273.2 using Paragon-X

Noise Generation
Noise Tolerance
Noise Transfer

Transient Response

Holdover Performance

The accuracy of Telecom Boundary Clocks (T-BCs) is essential to the
successful roll-out of LTE-A and TDD-LTE. To meet the new G.8273.2
compliance limits, T-BCs must meet a very stringent constant Time-Error
(cTE) limit of 20 or 50 nanoseconds depending on device class. This
ensures that the maximum number of nodes can be deployed within the
network’s Time-Error budget.

This Test Guide shows how the Calnex Paragon-X can be used to prove
T-BC compliance to G.8273.2 and provides procedures to measure noise
generation, time noise tolerance and transfer, packet layer transient
response and holdover performance.
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1. Hardware and Software Required

Paragon-X

Option 111 10GbE interface support (if the Device-Under-Test (DUT) has 10G interface)

Option 201 Advanced IEEE1588v2 features

Option 205  Wander measurement

Option 206 Phase and time measurement

Option 213 SyncE wander and ESMC (if the DUT uses SyncE)

Option 250 IEEE 1588v2 One-box T-BC,T-TC and OC Test

Option 133 External 1pps/ToD/Frequency Converter accessory (if required to match the DUT outputs)

Software version: X.10.35.xx and later.

Accessories

e SFP or SFP+ devices as required’
e Cables as required
e Calnex BNC/RJ-45 adapter cable (required for 1pps accuracy/Time Error measurement)

Frequency Reference Source

Option 132 GPS/Rubidium Clock (optional)

Document References

e Recommendation ITU-T G.8273.2 Timing Characteristics of Telecom Boundary Clocks

e |EEE Std 1588TM - 2008 |IEEE Standard for a Precision Clock Synchronization Protocol for Networked Measurement and
Control Systems

e Calnex Technical Note: Cabling Considerations (CX5009)
e Calnex Noise Transfer Script - Getting Started Guide (CX5036)

' XFP devices are not recommended for Time Error measurements as the retiming that is an integral element of the XFP introduces
significant uncertainty when performing a Time Error test
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2. Connecting Paragon-X to the T-BC (Device-Under-Test)

Front Panel

Impair

ﬁﬁt-ure l | Capture l.ﬂ _Capturej
& - ——

10GbE Port 1 10GbE Port 2 Status Display

100MDbE Electrical or Optical (SGMII SFP)
1GbE Electrical or Optical (SFP) — with option 110 fitted
10GbE Optical (XFP or SFP+) — with option 111 fitted

Aux Port ~ 100MbE/1GbE  100MbE/1GbE PC Controller Port
Port 1 Port 2

Rear Panel

The Paragon-X accepts the following reference clocks which should be applied to one of the reference inputs on the rear
panel of the Paragon-X:

2.048/10MHz Reference Input

2048 / 10MHz E1 (2048Mbi
E1(2.048Mb/s) E1 (2.048Mbls) D1 mmm?s)
DS1(T1) (1.544Mb/s) =

Connections

dwnN =

Connect Port 1 (Master side of Paragon-X) to the T-BC Slave side.
Connect Port 2 (Slave side of Paragon-X) to the T-BC Master side.
Connect the external reference, e.g. 1I0MHz, to the Paragon-X Reference Input.

If provisioned on the DUT, connect the 1pps output from the T-BC to the Paragon-X 1pps measurement port (Aux). Use
Calnex’s 1pps/ToD/Frequency Converter accessory if required.

If provisioned on the DUT, connect the Frequency, e.g. E1 output from T-BC, to the Frequency measurement port at the
rear of the Paragon-X.
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3. Setting up the Paragon-X for G.8273.2 Conformance Tests

The following steps are required to set up the Paragon-X prior to performing the G.8273.2 Conformance tests:

3.1. Connection to Paragon-X from GUI

3.2. Configuration of physical connections

3.3. Measurement configuration

3.4. Preparing Master/Slave Emulation operation
3.5. Confirmation of PTP traffic on interfaces

3.6. Filtering capture and impairment traffic

3.7. Start of Master/Slave Emulation ready for test

3.1. Connection to Paragon-X from GUI

Verify the physical connections have been completed as described in Section 2.

Start the Paragon-X GUI.

Select Start Up and Connect.

Enter the IP address of the Paragon-X (displayed on Paragon-X status display). See the Paragon-X Getting Started Guide
for more details.

PwnN =

3.2 Configuration of Physical Connections

1. Select Setup Interface then Line Rate to match the T-BC under test.

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

= = = e e HE & o @ T
Start Up

Operating Mode Setup Interface

Ethernet | References | Measurement PortslTDD |
Setup Interface

@ Tx+Rx Mode Thr Mode (@)
Master{Slave/GPS

Emulation 5 - Sync-E Clock R -3 T IZ@I

Measurements cts [¥] Coupled

Port 1 Paort 2
Select Flow ef Line Rate Line Rate

() 100MBE @ 1GRE () 10GHE 100MBE @ 1GHE 10GHE

Configure Capture Interface Interface
@RMS () SFRSFP+ @RMS SFP{SFP+

Start Capture Auko Megotiate Auto Megotiate

Add Impairments) GbE Electrical Phy Settings
Dela _

Y () Force Port 1 Port 2
@ Master () Slave (@ Master () Slave

Add Wander @) Preferred
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2. Select References tab to configure a stable reference for the Paragon-X. Set the Clock Source to External reference

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

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

FhL oao g HE

Operating Mode

w ¢ @ @

| Ethernet| References ‘Measurement Ports I ToD |

’ Setup Interface

MasterSlave/GPS
Emulation

Clock Source
Ext. BNC Ext. Bantam Ext. D-type

@ 10MHz T1 ternary 64kb/s
Internal
E1/ 2.048MHz E1 ternary

Measurements

Select Flow Threshold:

Configure Capture

Start Capture

Add Impairmentsf
Delay

Add Wander

1pps Reference Input
BMNC GP5 D-type

Termination: High Impedance

External Wander Generation

Enable Wander Clock Source:

Reference Output (Lower Front Aux Port)
10 MHz and 1pps ‘j

@ Internal
1.6 ¥V (Range: 0.5V to2.5V)

@ 50 Chm

10M wander meas BNC

1pps width: 20000 ps  (Range: 1to 500,000 ps)

Packet
Generation

3.3. Measurement Configuration

1. Select Operating Mode > 1588v2 > Enable Master/Slave Emulation then Close.

File Instrument(s) Setup Capture Impair

Bl oo m & EE

Operating Mode

Setup Interface

Master!SlavefGPS
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairments}
Delay

Graph Data Tools Help
# ¢ @

@ 1588v2
| Enable Master /Slave Emulation
Services
SyncE
NTP
Ethernet OAM (802. 1ag, Y.1731)
MPLS-TP OAM (PTN based on . 1731)

8902

Close

calnexsol.com
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2. Select Measurements then any desired simultaneous measurements e.g. Ipps Accuracy (if available from T-BC).

File  Instrument(s)

~u

= - O -

Start Up

Operating Mode

Setup Interface

Master{Slave!GPS
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairments{
Delay

Add Wander

3.4. Preparing for Master/Slave Emulation

It is assumed that a G.8275.1 profile will be used in testing to the G.8273.2 standard and as a result testing will be carried

Setup Capture

Impair

INF_LNF [ o
= = 2o pH

Graph

E= VI

Tools

Help

Measureme:

Configuration
Simultaneous Measurements and Impairments/Delay

Measurements
[ SyncE Wander

[ Time of day

_ Mone

) T1Wander

@ E1Wander

~) 2,048 MHz Wander

_ Mone
@ 1pps Time Error (Absolute)
_ 1pps Time Error(Relative)

out using L2 encapsulation in Multicast mode. The Master/Slave Emulation can be configured to use other profiles, e.g.
Unicast UDP/IPV4 etc., however, it should be noted that these profiles will not conform to the G.8273.2 standard.

1. Select Master/Slave Emulation. Choose Boundary Clock in the Test Configuration drop down menu.

File Instrument(s)

Start Up

Operating Mode

Setup Interface

Master/Slave{GPS
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairments}
Delay

Add Wander

Setup Capture Impair
S o w s g

Graph Data

# C @

<< Results

Device Configuration
@ Master + Slave
_) Two Masters

[] GPs Emulation

Test Configuration

Boundary Clock -

Slave Test
General Purpose

TransEarent Clack

ounda
Master Test

Capture
_) Master
@ slave
Rx on both

Flow Filter

Measurement

Manual calibration

[Flcat ranhiwa Anu Alkar

Test Setup

GPS Emulation

Capture
e

Capture
o

DT

Custom Profile -

Calnex Master

Mode: Multicast

11

Ann

Mutticast / Slave D-Req | Syne
Address Rate |Rate | Rate
01 1b 1500 00 00
Calnex Slave
Mode: Multicast
Connected Master | D-Req | Syne | Ann
Address Rate |Rate | Rate
Link Status
Port link Rx Packet

calnexsol.com
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2. Select G.8275.1 profile from the Custom Profile drop down menu.

3.

4.

Start Up Custom Profil
) ) ustom Profile
e @rmisralim —— 1588-2008 Profile
Master + Slave C37.238-2011 Power Profile
Operating Mode ) Two Masters G.8265.1Freguen§ Profile
GPS Emulation
Calnex Paragon-X
Test Configuration ———

Master{Slave/GPS

DUT Ethernet
cable {ns): o 0

1pps Ref,
cable {ns): D

Master —11 pps

Measurements

Select Flow

1pps Meas. &
cable (ns): o o Inpeatnent
Configure Capture
Capture
() Master
Start Capture Slave
R on both
Delay
Measurement 1pps/ToD

[ Manual calibration

Calibration L

EGLRVETTE

Enter the DUT to Paragon-X cable delay.

To correctly perform measurements, the delay caused by the cable that is used to connect the T-BC Master and Port 2
must be factored out. Values of 5.1ns per 1 metre of electrical cable and 4.9ns per 1 metre of optical cable can be
expected. Only full nanosecond values are counted, so calculated values need to be rounded up or down to the nearest

full nanosecond value.

Calnex Paragon-X

Master/Slave]GPS
Emulation

Select Flow
Configure Caplure

Start Caplure

Add Impalrments/

Manusi calibration

Add Wander
Calbration

ey

If 1pps Time Error measurements are to be made, enter the 1pps Measurement cable delay. Values of 5.1 ns per 1 metre
of cable can be expected. See Calnex’s Technical Note ‘Cabling Considerations’ (CX5009) for more information. Only
full nanosecond values are counted, so calculated values need to be rounded up or down to the nearest full

nanosecond value.
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5. Start the Master/Slave emulation.

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

FHe@® FFEEr ccem - M-E0 FE 8

Start Up

Operating Mode

Setup Interface

Master{SlavelGPS
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairments/
Delay

Add Wander

Packet
Generation

Statistics{
Results

Device Configuraton ———
Master + Slave
() Two Masters

GPS Emulation
Configure

Test Configuration ———

Boundary Clock -

DUT Ethernet
cable (ns): 0 0

1pps Ref,

cable (ns): D
1pps Meas.

cable (ns): Dﬂ

R on both

Measurement
[ Manual calibration

Calibration L

Start
Set capture flow filter

Apply changes

3.5. Confirm PTP traffic on interfaces

Calnex Paragon-X

Master —ll pps

| =

i Rx
Impairment Impairment

G.8275. 1 Phase Profile

1. Check the link to make sure that the PTP packets are running without error. If working successfully both Link and Packet
status should show green status.

Part Link

1@
2@

Rx Packet

&) GOOD PACKETS
) GOOD PACKETS

2. Stop the Master/Slave emulation in order to configure capture characteristics and to enable impairment operation.

calnexsol.com
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3.6. Filtering capture and impairment traffic

The tests detailed in Sections 4 to 7 of this document are dependent on the generation, capture and impairment of the 1588
messages associated with T-BC phase and sync performance. It is therefore necessary to ensure that the correct messages

are handled by the Paragon-X in Master/Slave Emulation mode. This is achieved by defining a set of traffic filters which will

determine the messages that are captured and impaired.

e Capture Filtering

By default, the capture filters are automatically enabled for the Boundary Clock test when the Start button is pressed in

the Master/Slave emulation Test Setup pane.

However, the default filtering can be modified if required as described in Appendix 3.

e Impairment Filtering

In Boundary Clock test, the impairment occurs on the Master side. Impairment filters must be set up before any

impairment is performed.

Impairments are required in the following tests:

e Time Noise Tolerance — G.8273.2 Clause 7.2
e Time Noise Transfer — G.8273.2 Clause 7.3

It is recommended that impairments are enabled prior to starting the Master/Slave Emulation mode in the Boundary

Clock test.

1. To enable impairments click on the Add Impairments/Delay button.

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

U @@ FFEEL 2 cOem 0 MeEE PR S 6|

Start Up

Operating Mode

Setup Interface

MasterSlavelGPS
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairments}
Delay

Add Wander

Packet
Generation

<<Results G.8275.1PhaseProfle | |

Device Configuration ——
Master + Slave
() Two Masters

GPS Emulation

Test Configuration ———

y Clock
DUT Ethernet
cable (ns): 0 0

1pps Ref.

cable {ns): D
1pps Meas,

cable {ns): Dﬂ

Calnex Paragon-X

Master —11 pps

Rix on both

Measurement
[IManual calibration

Calibration L

Set capture flow filter

calnexsol.com
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This will display the Impairments control screen. Impairments should be applied only in the forward direction (Master
TX) to Sync messages.

Eile Instrument(s) Setup Capture Impair Graph

Data Tools Help

EE oo

Start Up

Operating Mode

Setup Interface

MasterfSlave/GPS
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairmentsf
Delay

Add Wander

Packet

FEESER 2 cOM ko MuEE b0 M|

Physical Corruption
Packet Corruption
Profile Corruption

Master Impairments

Master 1 Rx
Delay
Header Overwrite
Physical Corruption
Packet Carruption

Profile Corruption

D

Mode:
() Single

Repeat

Delay Insertion

Single flow {relative)
Multi flow

Packet rate (Packets/s):

) Both

Packet sending time
Correction field

Selected Message Types Intrinsic Delay
Master Tx: Packet size: Small Packets (< 200 bytes)
Master Rx: Delay (ps): 6.7
Delay General Settings
Type: Apply to:

Fixed delay (ps): 6.0

OEOO

Variable delay type:

() Sawtooth
Beating,F

() Step function

Latency

Constant

Gaussian

Gamma

@ User defined

Imported Profile
No File Imported.

EoOooO

o

# of Packsts:| 1000
Min (ps):| 6.00
Max (usi:| 10008, 00
IMean {ps):| 5006.00

Std Dev (ps):| 1000.00

Generate

Fixed Delay

—a— REMp

G.8261: Systematic Delay

2. Enable the Master TX Delay feature using the tick box shown above. Select by clicking on the word Delay. The
selection will be highlighted as:

3. Select Flow Filter to select the Sync messages for delay impairment.

Eile Instrument Setup Capture Impair Graph Data

Tools Help

Start Up

Operating Mode

Setup Interface

MasterfSlavelGPS
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairments{
Delay

Add Wander

Packet
Generation

FH ee® FEENER s cOM i MEW PR 68

Selected Message Types
Master Tx: Sync
Master Rx:

Configuration

Master 1 Tx
Delay
Header Overwrite
Physical Corruption
Packet Corruption

Profile Corruption

OEOO@O

Master Impairments

Master 1 Rx
Delay
Header Overwrite
Physical Corruption
Packet Corruption

EOoOOEO

Profile Corruption

Intrinsic Delay

Packet size: Small Packets (< 200 bytes)

Delay {us): 6.7

Flow Filter Editor
Master:
a0 0000000001

[ Multiple slaves:
€0:00:00:00:00:01

Slave:

Any multicast slave

Messages:

[Z]sync

[Follow-Up

[CIDelay Request

[ |Delay Response

[ Announce

[ 5ignaling (from Master)
[Csignaling (from Slave)

Flow Filter Status

Flow Summary:

Flow Detail:

Port 1 Tx (Master)

Port 1Rx (Master)

o0 X%
000 00K
*H *KX
KKK SYNC

Filter not set for the selected flow

The Impairment engine is now configured and is ready to import delay patterns when required as defined in later tests.
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Delay Patterns and Tools
T-BC Conformance testing has the following components:

¢ Noise Tolerance
This is carried out using a single traffic stimulus pattern

G8273_2 Noise Tolerance Pattern [G8271.1Table7-1] _16pps.cpd

This can be accessed via the link:
https://www.calnexsol.co.uk/patternsandtools/patterns/1588/G.8273.2/G8273_2_Patterns.zip

¢ Noise Transfer
This comprises a tool which exercises a set of traffic stimuli patterns for checking conformance to the standard

Enhanced Noise Transfer tool

This is installed as part of the Paragon-X software installation process and can be found in the installation directory for the
Paragon-X application software under a sub-directory called Noise Transfer.

It is advisable to periodically check for later versions of this tool on the Calnex Solutions web-site under the following link:

https://www.calnexsol.co.uk/patternsandtools/tools/NoiseTransfer/

Note: Although it is possible to run the tool from the installation location, it is recommended that it is copied to a user
selected location and run from that location. The tool will try to update files within sub-directories of the base directory. The
user may not have the correct permissions for such access in the Paragon-X installation directory.

3.7. Start of Master/Slave Emulation ready for test
Master/Slave Emulation mode can now be re-started.
1. Return to the Test Setup page by clicking on the Master/Slave Emulation button.

2. Start the Master/Slave emulation.

File Instrument(s) Setup Capture Impair Graph Data Toels Help
SH sem FEEEL ccom o M= W e E

Start Up 22 L3

Device Configuration ———
Master + Slave

Operating Mode ) Two Masters
GPS Emulation
Setup Interface
Calnex Paragon-X
MasterSlave/GPS P
Emulation
DUT Ethernet

cable fns): O (i ]
ipps Ref,

cable {ns): D
1pps Meas,

cable {ns): Dﬂ

Measurements

Select Flow

Configure Capture

Capture
() Master
Start Capture Slave
R on both
Add Impairments/
Delay
Measurement

Add Wander

Packet
Generation

Statistics]
Results

[IManual calibration

Calibration @

Start
Set capture flow filter

Apply changes
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https://www.calnexsol.co.uk/patternsandtools/patterns/1588/G.8273.2/G8273_2_Patterns.zip
https://www.calnexsol.co.uk/patternsandtools/tools/NoiseTransfer/

Notes on Measurements

The tests in Sections 4 to 7 of this document detail the measurements that must be carried out to verify performance against

the ITU-T G.8273.2 limits. Measurements are actioned using the Start measurement button and should be executed for the
period as specified.

File Instrument Setup  Capture  Impair Graph Data Tools Help

|| o|ew|om| g|@]sE(2m] 0| [ c|o(m| 1|l mli|s|m| »|m| =]

Start Up SEs 8275, 1Phase profie 7] |
Device Configuration ——
% Master +Slave
Operating Mode  Two Masters

™ GPS Emulation
Setup Interface Configure

5 Calnex Paragon-X
Master/Slave/GPS TG

Emulation W

Measurements ﬂ?ﬁmtrﬂ

O |
a0 @

Capture

 Master

Start Capture  slave
€ R o both

Select Flow

Configure Capture

Add Impairments/
Delay

Add Wander

Packet
Generation

Statistics!
Results

Wait for the T-BC Slave to lock to the Paragon-X emulated Master and stabilize before making any measurements. Clock
settling time is important. Ask the vendor for advice for how long to wait or if it is possible to force a re-alignment. The wait
time could be anywhere from a few minutes to several hours depending on the T-BC under test. It may even be
recommended to wait longer e.g. overnight.

If it is not possible to monitor the lock state directly on the T-BC under test, then an indication of the settling state could be
determined by monitoring the 1pps output from the T-BC under test, if this is available.
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3. To analyse the results select Tools > Calnex Analysis Tool (1588v2) > Time Error Measurement.

[Tools] Help

1588 Transparent Clock Latency
Calculate differential PDV

Split POV files

Join CSV files

PDV Editer >

File Converter

Script Recorder...
View Recorded Script

PTP Field Verifier
Logging 3

Plot PDF/CDF/Histogram
Calnex Analysis Tool (1588v2) 3

The Calnex Analysis Tool (CAT) provides G.8273.2 BC Conformance testing using the following metrics:

Time Error
o Two-way Time Error

o Average Time Error (cTE)
o Two-way Constant Time Error

Dynamic Time Error
o Two way Filtered MTIE
o Two way Filtered TDEV

PTP CorrectionField

It is possible that the T-BC sends non-zero CorrectionField values as an accuracy enhancement to its own transmitted

Transparent Clock Accuracy Measurement

Time Error Measurement
Sync

Delay Req

RTD

All PDVs

timestamps (ask vendor). Time Error results can be analysed with or without PTP CorrectionField, highlighting the impact
of its implementation. Unless specifically required to exclude CorrectionField from calculations, it is recommended to
leave the Include CorrectionField box ticked (default state).

Parameters

Max TE Limit +/-
Time Error:
15
T1 Time Error:
B 15

@ 15

Include Correction Field

e 1pps versus PTP

It is important to prove performance via the egress PTP performance as this is the signal that is used downstream to
recover the time. If provisioned, the 1pps output from the T-BC DUT should accurately reflect the performance of the

timing being delivered by the PTP packet flow. Once in service, the T-BC performance may be monitored by using 1pps
so it is important to also verify its accuracy.

calnexsol.com
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4. Noise Generation — G.8273.2 Clause 7.1

Test Description

The noise generation of a T-BC is the amount of noise produced at the output of the T-BC when there is an ideal input
reference packet timing signal. The noise generation has two components, the constant time error (cTE) and the dynamic
time error noise generation (dTE).

Measurement Process

The standard specifies that the test should be carried out with both PTP and SyncE active. It is possible to cater for non-
SyncE devices (described in Section 4.2) but this is outside the remit of Standards conformance.

Note: The Master/Slave Emulation Configuration steps described in Section 3 must be performed prior to this test.
Impairments are not required for this test.

1. To enable SyncE, select Packet Generation with SSM code of QL_PRC. To start ESMC generation click on the Start
button.

g

File Instrument(s) Setup Capture Impair Graph Daf| Packet Generation EI—IéJ
[ =

- ESMC TestPackets

Ethernet Source MAC Address 00:00:00:00:00:2b

Port1 Port 2

Injection Settings

PG 1000 ms
MasterfSlave/GPS
Emulation VLAN Encapsulation
@ OoFF () ON 1
steaml |  steam2 |  Steam3|  Stream4|
VLAM Tag ESMC Packet
s802 ssMcfe [QLPRC - ™ Flag
Stop Capture -
- 1] 1
Add Impairments{
Delay
11
Add Wander

Packet
Generation

Close

calnexsol.com |
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2. With Master/Slave Emulation mode running, start a capture using the Start button in the Master/Slave Test Setup page.

<< Results G.8275.1Phase Profile

Calnex Paragon-X

Test Configuration ————

IBoundary Clock 'l

Master 1pps
DUT Ethernet _l
cable {ns): I 0 0

1pps Ref,

cable (ns): I0
1pps Meas.

abe@s: [0 O

Capture
" Master
i+ Slave
£ R o oty

Flow Filter |

Measurement

™ anual calbration

Calibration I L

Start

3. Allow the capture to run for at least 2000s. Then use the Stop Capture button to stop the capture.

Measurements: Time Error results can either be viewed during capture or after capture has been stopped.

Time Error Results (Constant Time Error)

4. Select Tools > Calnex Analysis Tool (1588v2) > Time Error Measurement.

I Tools | Help

1588 Transparent Clock Latency
Calculate differential PDV

Split PDV files

Join C5V files

PDV Editor 3

File Converter

Script Recorder...
View Recorded Script

PTP Field Verifier
Legging 3

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

Transparent Clock Accuracy Measurement

Time Error Measurement
Sync
Delay Req
RTD
All PDVs
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The Calnex Analysis Tool will launch and display the Time Error metrics tab.

iCAT - Calnex Analysis Tool

Select File

Select Metrics

View Resulis

Generate Report

Export

Time Emor Avg Time Error (cTE)

2Way Time Error

| Nresnoia

Time Emor [ns]

T1 Time Error

20

Time Emor [ns]

a

ime Error

T4 Time Emor

Time Emor [ns]

Dynamic Time Error

800
Elapsed Time [s]

800
Elapsed Time [s]

800
Elapsed Time [s]

Mask Status
2Way Time Error
2Way Avg Time Error (¢TE)
2Way Dynamic TE LF
Chart Tools
Markers Editor
Marker 1 | Marker 2 | &
Chart Mode
™ Fit
Visible Elements
& Erors & Labels ¥ Markers

Save As Image

Parameters

Max TE Limit +/-

@ 0.1

ne Error:

@ 01

Include Correction Field

Data Analysis Range

From To

o s 11205

For PTP based data this will include the metrics Time Error, Avg Time Error (cTE) and Dynamic Time Error.

Note: The complete set of metrics can be viewed by expanding the appropriate list in the Measurement Analysis block

by clicking on the + symbol against each metric.

Select File
Select Metrics
View Resulls

Generate Report

Export

Auto Update

Clock Measurements

& TIEfESMC

@ MTIE

@ TDEV

@ clkMAFE

@ ckFFO

Packet Measurements

@ PDV

@ PDD/CDF

@ Packet TIE

@ Packet MTIE

@ Packet TDEV

@ MATIE

@ WAFE

@ Packet FFO
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Individual graphs can be displayed by clicking on the highlighted expand button below

Time Ermror Avg Time Error (cTE) namic Time Error Mask Status

Select File
2Way Time Error PASS

Select Metri 2Way Time Error
erectietncs 1NresnoK 2Way Avg Time Error (cTE) |PASS
View Results 2Way Dynamic TE LF PASS

Chart Tools

Generate Report Markers Editor

Time Enor [ns]

Marker 1 | Marker 2 | @
Export
Chart Mode

a00 ==
Elapsed Time [s] G

T1 Time Error Visible Elements

= & Ermors & Labels & Markers

Save As Image

Parameters

Time Enmor [ns]

Max TE Limit +/-

800 % 01
Elapsed Time [s]
/s T4 Time Error @ 01
T4 Time Error:

@ 01

T4 Time Error Include Correction Field

Time Enor [ns]

Data Analysis Range

60a From
Elapsed Time [s] =

This will display:

i Avg Time cTE) Jynamic e §
select File Time Error Avg Time Error (cTE Dynamic Time Error Mask Status

2Way Time Error
2Way Time Error

Select Metrics
120 Metric Statistics

Mean [ns]

Fwd Messages

Rev Messages

Min [ns]

ns]

Export in [ns]
Forward Rate
Reverse Rate

View Results Threshold

Generate Report

=1 |30

One-step clock detected
Chart Tools
Markers Editor
Marker 1 | Marker2 | &

Chart Mode

w
=
g
I
2
=

Close Single View

Visible Elements
™ Emors [ Labels ™ Markers

Save As Image

Parameters

Max TE Limit +/-

® 0.1

Include Correclion Field

600
Elspsed Time [s]

To return to the multi graph display click on the same icon in the single graph display.
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5. Select the ‘Avg Time Error (cTE)’ metric tab and this will show the ‘2Way Avg Time Error (cTE) graph.

This is a measure of the timing being delivered by the egress 1588 PTP flow and is the best view of the core data. The
Constant Time Error value will be displayed. This result can expose the underlying phase movement, significant to the

slave.

The G.8273.2 spec [1.4.1] refers to Constant Time Error stating:

“It is expected that for the type of measurements implied by the G.8273.x series of recommendations it

should always be possible to identify a stable, consistent observation interval when performing a cTE
measurement. In general a value of 1000s or greater is recommended.”

To cater for this definition, the Constant Time Error displayed is a result of a moving average of 1000s being applied to
the raw Time Error results. This removes packet-to-packet noise that will be filtered out by the terminating slave within

the T-BC.

Select File

Select Metrics

View Results

Generate Report

Export

Time Error

w
£
&
5
g
&
&
£
H

Avg Time Error (cTE)

2Way Avg Time Error (cTE)

Threshold

Dynamic Time Error

600
Elapsed Time [s]

6. Check your result conforms to the G.8273.2 spec [1.4.1].

There are two classes of device:

e Class A for devices which conform to +50ns cTE

e Class B for devices which conform to +20ns cTE

Check with the vendor which class of device is being tested.

Application (TSI

Mask Status "
2Way Time Error PASS
2Way Avg Time Error (CTE) |PASS
2Way Dynamic TE LF PASS

Metric Statistics

Constant Time Error [ns]

Fwd Messages

Rev Messages 72,288
Min [ns] 2451
Max [ns] 2482
Max-Min [ns] 0.031
Forward Rate 16isecond
Reverse Rale G4isecond

One-step clock detected
Chart Tools
Markers Editor
Marker 1 | Marker 2 | &
Chart Mode
™ Fit @ Overlay © Stacked

Visible Elements
™ Erors [ Labels [ Markers

Save As Image

Parameters

CTE Limit +/-

& o0.05
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The Threshold can be changed in the Avg Time Error (cTE) tab as shown below.

ic Time Error Mask Status
2Way Time Error
Constant Time Error- 2713 [ns]
2Way Avg Time Error (cTE)
2Way Dynamic TE LF
2Way Dynamic TE HF

Metric Statistics

2L

Constant Time Error [ns]

Fwd Messages

Rev Messages

Forward Rate 15.77/secon
Reverse Rate 64.00/second

One-step clock detected
Chart Tools
Markers Editor
Marker 1 | Marker2 | &
Chart & Zoom mode
ad +
™ Fit @ Overlay O Stacked
Visible Elements
% Errors % Labels [ Markers
@ Autohide Threshold (% Statistics

7
£
2
s
B
i
1
"
£

Save As Image
X-Axis Display Format:

[Elapsed Time

Parameters

CTE Limit +/-

% o.09
Averaging Period

1080 1100
Elapsed Time [<]

Further Analysis (Optional)

e Although not part of the standard test, further analysis can be provided by repeating the test for T1and T4 constant
Time Error to inspect for patterns and/or offsets.

e For further analysis, select the Time Error tab for unfiltered Time Error results i.e. 2-way time error, T1 Time Error
(forward) and T4 Time Error (reverse) to further characterise the T-BC. These raw Time Error results containing both
Constant and Dynamic Time Error may be useful as a troubleshooting aid.
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Time Error Results (Dynamic Time Error)

1. Select the Dynamic Time Error tab to display the filtered Time Error results. This will display the Dynamic Time Error

results as Low Frequency measurements and High Frequency measurements.

Note that these results are filtered at 0.1Hz.

r
I cAT - Calnex Analysis Tool . -

Time Error Avg Time Err

Select File
" 2Way Dynamic TE LF
Select Metrics

View Results

Generate Report

Dynamic Time Exor [ns]

Export

Dynamic Time Exor [ns]

2Way Dynamic MTIE LF
10

1

dMTIE [ns]

0.1

001
(X}

2Way Dynamic TDEV LF
'

dTDEV [ns]
e
=

Dynamic Time Error

600
Elapsed Time [s]

600
Elapsed Time [s]

Observation Window [s]

Obsarvation Window [s]

-— .-

Mask Status
2Way Time Ermor
2Way Avg Time Error (cTE)
2Way Dynamic TE LF

Chart Tools
Markers Editor

Marker 1 | Marker2 | &
Chart Mode
™ Fit

Visible Elements
% Errors % Labels  Markers

Save AsImage

Resolution

P—— 110

Masks
| No Mask

| No Mask
Parameters

Dynamic TE Limit +/-
™ 0.1

® o2

2. Compare the results against the ITU-T limits by loading the G.8237.2 dTE Gen Const Temp masks.

Time Error Time Error (cTE)

Select File

_ 2Way Dynamic TE LF
Select Metrics

View Resulls

Generate Report

Dynamic Time Emor [ns)

Export
2Way Dynamic TE HF

Dynamic Time Emor [ns)

2Way Dynamic MTIE LF
10

dMTIE [ns]

0.1

2Way Dynamic TDEV LF

Dynamic Time Error

600
Elapsed Time [s]

600

Elapsed Time [s]

Observation Window [s]

Observation Window [s]

Application [ESTEEY IR

Mask Status 3
2Way Time Error PASS
2Way Avg Time Error (cTE) | PASS
2Way Dynamic TE LF PASS

Chart Tools
Markers Editor

Marker 1 | Marker 2 | &

Chart Mode
& Fit

Visible Elements
& Errors [ Labels & Markers

Save As Image

Resolution

Pe—— 110

Masks

[ ©.8273 2 dTE Gen Const Temp 1 |

G.823 E1 PDH Sync Interface

G.823 E1 PRC Interface

G.823 E1 SEC Interface

G.823 E1 SSU Interface

G.823 E1 Traffic Interface 2048
G.824 T1 PRC Interface

G.824 Traffic Interface 1544

G.8261 Wander Limits EEC Op1
G.8261.1

G.8262 Wander Generation EEC Op1
G.8262 Wander Generation EEC Op1 +Temp
G.8262 Wander Generation EEC Op2
G.8262 Wander Transient EEC Opt2
G.8263

G.8263 Variable Temp

G.8271.1 Network Limit

G.8272 PRTC

G.8273.2 dTE Gen Const Temp
G.8273.2 dTE Gen Var Temp
GR.1244 Wander Generation

3. Check for PASS/FAIL versus masks. If the masks pass then the status in the Mask Status Block will indicate J[gASES.
Mask failure will be indicated by |ZAIN.

calnexsol.com | 21



Time Error Results (MaxITEIl)

1. Select the Time Error tab to display the raw unfiltered Time Error results.

2. Select the 2-way Time Error metric only. This will display the following graph:

Application [ESEE IN,ET.

Time Error vg Time Error (cTE) Dynamic Time Error Mask Status
Select File o h amie

2Way Time Error
2Way Time Error

120

Select Metrics Metric St:

View Results Threshold :le:f;aln-":l 172";11'{

‘wd Messages 816
Rev Messages 72,288
Min [ns] -1
Mazx [ns] T
Ma:x-Min [ns] 8
Forward Rate 16/second
Reverse Rate 64/second

Generate Report

= 1 D30

Export

One-step clock defecied
Chart Tools
Markers Editor
Marker 1 | Marker2 | @

Chart Mode

w
&
3
£
1
£

Close Single View

Visible Elements
™ Emors % Labels ¥ Markers

Save As Image

Parameters

Max TE Limit +/-

600
Elapsed Time [s]

3. Set the MaxITEl limit to either 100ns for Class A devices or 70ns for Class B devices. This will change the Thresholds on
the graph.

4. Compare the results against the thresholds.

Compare PTP with 1pps (if available)

If the T-BC has a 1pps output, check that it is within spec and similar shape to the egress PTP packet flow result i.e. the
peak-to-peak Time Error on the 1pps should be similar to that of the PTP Time Error. Once in service, the performance
could be monitored by the 1pps port so it is important to prove it is an accurate reflection of performance on the line.

Note: Verification by the 1pps only is NOT recommended since it is the 1588v2 flow that the downstream device will
use.
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5. Time Noise Tolerance — G.8273.2 Clause 7.2

Test Description

This test checks if the clock can maintain network limits at the output with maximum noise at the input.

Measurement Process

The standard recommends testing in combined hybrid mode involving both PTP and SyncE input. This is reflected in the test

procedure 5.1 detailed below. However, the test is also applicable to the situation where no SynckE signal is provided. This is
reflected in test procedure 5.2.

Note: The Master/Slave Emulation Configuration steps described in Section 3 must be performed prior to this test.

5.1. Combined PTP and SyncE

1. To enable SynckE ESMC Generation, select Packet Generation with SSM code of QL_PRC.
2. To start ESMC generation press the Start button.

"
Eile Instrument(s) Setup Capture Impair Graph Da Packet Generation l‘:' &J

[ 1.
— ESMC TestPackets

Ethernet Source MAC Address 00:00:00:00:00:2b

Port 1 Port 2

Injection Settings
PG 1000 ms
Master{Slavel/GPS
Emulation WLAN Encapsulation
@ OFF (JON 1
Steaml | sweam2| sweam3|  steama|
VLAN Tag ESMC Packet

88 09 55M Cy a QL-PRC - ﬁ i Flag

Stop Capture

Add Impairments{
Delay

EGLRVETT

Packet
Generation

Close

|
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Adding an Impairment Pattern

The Noise Tolerance Test in G.8273.2 Section 7.2 involves applying a known pattern to either the forward or reverse
PTP flow in order to check that the DUT maintains its reference lock.

A PDV pattern with the following characteristics should be applied to the PTP input in a single direction.

MTIE
ry

1 us

S80 ns

280 ns

200 ns

100 ns

» T(5)

1000 10000

This pattern is called G8273_2 Noise Tolerance Pattern [G8271.1Table7-1] _16pps.cpd and is available for download
as part of the G.8273.2 suite of impairment patterns.

Note: Store the downloaded pattern in a known location on your PC so that you can use it to control the test.

3. Select Add Impairments/Delay. This will display the following:

File Instrument(s) Setup Capture Impair Graph Data Tools Help
EHl oeo FFEEL s cem ol MhEW b N

Start Up
Selected Message Types Intrinsic Delay
Master Tx: Packet size: Small Packets (< 200 bytes)
Operating Mode Master R Delay (us): 6.7
Selup Interface okig Hag Delay General Settings
@ Mode: Type: Apply to:
Master/Slave{GPS 1 single @ Single flow (relative) @ Packet sending time
Emulation (@ Repeat (@) Multi flow Correction field
Packet rate (Packets/s): (@) Both
Measurements >
Physical Corruption  [[] | Delay Insertion
S Packet Corruption [ Fixed delay (us): 6.0 [i]
Profile Corruption Variable delay type:
Configure Capture Master Impairments ]
= © Santooth # of Packets:| 1000
Beating,F
Master 1 Rx B Min {us):| 6.00
Start Capture (©) Step function
Delay El Latency Mas: (ps): | 10006.00
Add Impairments{ Header Overwrite El Constant Maan )| 5008.00
Delay Physical Corruption [ Gaussian
Packet Corruption El Gamma Std Dev (us):| 1000,00
Add Wander Profile Corruption @ User defined Generate Fived Delzy  ,  Ramp
* Perind
G8261: Systematic Delay
Imported Profile
Packet MNo File Imported.

4. Enable the Master TX Delay feature using the tick box shown above and clicking on Delay.
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5. Select Flow Filter to set up the Sync messages for delay impairment.

File Instrument Setup

Capture Impair Graph Data Tools Help

Start Up

Operating Mode

Setup Interface

Master/Slave]GPS
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairments{
Delay

Add Yander

Packet
Generation

EEl oo pmiiEER &

COM kc» ML-EW FE oW |

Selected Message Types Intrinsic Delay
Master Tx: Sync Packet size: Small Packets (< 200 bytes)
Master Rx: Delay (us): 6.7
Configuration Flow Filter Editor
3000000000 01 Any muiticast slave [@]sync
Master 1 [FFollow-Up
er 1 Tx [|Delay Request
Delay ] [ |Delay Response
Header Overwrite [0 EA""""‘”E(& ,
Signaling (from Master]
Physical Corruption [ [ClMultple slaves: [|5ignaiing (from Slave)
Packet Corruption [ €0:00:00:00:00:01 (3]
Profile Corruption
Master Impairments  [[]
Fiow Filter Status
Master 1 Rx
Delay B Flow Summary: Flow Detal:
Header overnrite [l Port 1Rx (Master)  Port 1Tx (Master) Fiter not set for the selected fiow
Physical Corrupton  [] 000 0
Packet Corruption [ oo o
ok xx
Profile Corruption oot sic

Select the Master TX Delay again, then User defined and Import. In the file browser window navigate to the location of
the stored pattern and select the Pattern obtained from Calnex.

x|

G- e

- m I Search Computer

=

Organize +

#d OneDrive - Calnex Solutions

B[l Libraries
@ Documents
il Git
J’ Music
|&=] Pictures
=1] Subversion

B videos

ber
[ e Windows (C:)

(—a HP_RECOVERY (D:)

5] g PATRICT (E2)
[ g HP_TOOLS (F2)

[# 5 shared (Wcalnexdev) (2:)

€ Network

;I * Hard Disk Drives (3)

F-Oe

Windows (C:) HP_RECOVERY (D)
- .
= I |
4" 14208 free of 12.16GB
HP_TOOLS {F:)

>
S0 65.1MB free of 96.0 VB

* Devices with R

ble Storage (2)
PATRICT (E:)

3
= I | DVD RW Drive (G:)
S~ 55,508 free of 58.9GB

+ Network Location (1)

shared (V\calnexdev) (2:)

119 GB free of 1.07TB

=

File name: |pd; *.cpw; *.chz

Open ‘ vI

j IAH Paragon Files (*.csv; *.cpd; "j

Cancel |

2

7. Once the file has been loaded, start the impairment by selecting _
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Add SyncE Wander

8. Select Add wander > Wander Tolerance > Table to apply sinusoidal wander to the SyncE input based on G.8262

Section 9.1.1 Table 9.

File Instrument(s) Setup Cal Add Wander

10.00000 0.25 300
0.13000 0.25 10
Setup Interface 0.01600 2.00 3
0.00080 2.00 3
0.00032 5.00 3

Master/Slave]GPS
Emulation

Configure Capture

Start Capture

Frequency Offset Wander Tolerance | Wander Transfer |
Single Table T | mriEfToEY Mask |

Enable  Frequency (Hz)  Amplitude (us)

OODO0EEE

Dwel Tme (Cydes)

(Frequency Range: 00001 Hz to 100 Hz)
(Amplitude Range: 0.01ps to 10 ps)
(Dwell Time Range: 1 cycle to 500 cydes)

Restore Defaults

5

Pesk-to-Peak
Add Impairments} A:Eﬂf:ée
Delay (us)
025

Add Wander

Packet
Generation

Statistics

Lower limit of max tolerable sinusoidal input wander

£.00032 0.0008

.01

Wander Frequency (Hz)

013 10

Generate Wander

Elapsed Tme: 0s

Results

9. Select Generate Wander to stress the SyncE input accordingly.

File  Instrument(s)

Setup  Cd| Add Wander

=] e,

10.00000 0.25 300
0.13000 0.25 10
Setup Interface 0.01600 2.00 3
0.00080 2.00 3
Master/Slave/GPS 0.00032 500 :
Emulation =]
0
0
O
O

Configure Capture

Start Capture

Frequency Offset Wander Tolerance ‘ WE"dE,Transtd
Single T\ Table T\ | MTIEATDEY Mask |

Frequency (Hz) ~ Amplitude (us)  Dwell Time (Cydes)

(Frequency Range: 0.0001Hz to 100 Hz)
(Amplitude Range: 0.01ps to 10 ps)
(Dwell Time Range: 1 cycle to 500 cycles)

Restore Defaults

5
Peak-to-Peak
Add Impairments} A::T:fée
Delay (us)
0.25

Add Wander

Packet
Generation

Statistics/

Lower limit of max tolerable sinusoidal input wander

0.00032 0.0008

0.016

Wander Frequency (Hz)

013 0

Generate Wander

Elapsed Time: Os

e ——

Results

Start C e
10. Select - to begin the measurement.

11. Once Wander Generation has finished and at least 1000s have passed, select Stop Capture to end the measurement.

Expected Outcome

The Vendor DUT should maintain reference and not be subjected to switching reference or enter holdover state. This
must be determined from the device itself (e.g. via the management interface).
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5.2. PTP only

1. Repeat steps in Section 5.1 without a SyncE reference.

2. To disable SyncE, select Packet Generation with SSM code of QL_DNU.

3. To start ESMC generation press the Start button.

File Instrument(s) Setup Capture Impair

SH @ o e
Start Up
Operating Mode

Setup Interface

MasterSlavel/GPS
Emulation

Measurements
Select Flow
Configure Capture

Start Capture

Add Impairments/
Delay

Add Wander

Packet
Generation

Statistics{
Results

Graph DJ

@ €

ESMC TestPackets

Port 1 Part 2

Ethernet Source MAC Address 00:00:00:00:00:2b

Injection Settings

8309

PG 1000
VLAN Encapsulation Appl
@ OFF ()ON 1

Stream 1 Stream 2 I Stream 3 | Stream 4|
VLAN Tag ESMC Packet

55M Cog ‘ QL-DNU/DUS - . EventFlag

Close
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6. Time Noise Transfer — G.8273.2 Clause 7.3

Test Description

This test measures how Time Error on the T-BC input is transferred to its output.

Measurement Process

Noise Transfer conformance for T-BCs, in line with ITU-T G.8273.2 (Clause 7.3), is performed using an Enhanced Noise
Transfer (ENT) Tcl script which automatically:

e configures the Paragon-X

e applies the appropriate noise patterns to the T-BC input as defined in G.8273.2 Amendment 1 (Appendix VI)

e measures the T-BC response to the applied noise patterns

e provides a pass/fail indication for measured output based on the limits defined in G.8273.2 Amendment 1 (Appendix VI)

Requirements
The script requirements are defined in the Calnex Noise Transfer Script - Getting Started Guide [CX5036].

The PC requirements for the Paragon-X and associated tools are described in “Minimum PC Requirements” installed with
the Paragon-X application.

6.1 PTP to PTP Transfer

Table 1 below shows the stimulus frequencies and amplitudes of the noise applied to the PTP input of the DUT. Note that
200ns of sinusoidal Time Error is achieved by applying a sinusoidally varying delay in the forward direction with an
amplitude of 400ns (the overall time error is an average of the error in both directions).

Pk-Pk O/P Ampl £10 ns added

Pk-Pk I/P

i noise allowance (ns i
Point Test Freq (Hz) Ampl (ns) ( ) Duration (s)

Min

0 0.00390625 215 130

800

1 0.0078125 215 130

2 0.015625 215 130 400

3 0.03125 215 130

4 0.0615625 215

200

5 0.123125 140

6 0.24625 90 250
n/a

7 0.4925 50

8 0.985 35

9 1.985 25

Table 1 Maximum and Minimum Expected Output Amplitudes at Test Frequencies for PTP-to-PTP and PTP-1PPS Noise
Transfer Measurement

The table lists the permitted limits for each frequency. These limits include an allowance for device noise generation and
test equipment uncertainty. An allowance of 10ns (n=10) has been added based on the use of the least squares method
being applied to the results.

calnexsol.com | 28



Procedure

The Enhanced Noise Transfer script is delivered as a part of the Paragon-X install procedure and is located in the same
installation directory as the Paragon-X software.

NOTE: It is recommended that users check for updated versions of the ENT script prior to testing. The URL is:

https://www.calnexsol.co.uk/patternsandtools/

Itis possible to execute the script from the installation directory. However, it is recommended that the script is copied to a
user’s home directory (or other user preferred location), as execution of the script causes result files to be created in sub-
directories.

The ENT script is a Tcl script which uses a set of configurable command line parameters to control the execution of the test.

The default settings for the Tcl script are available in the Defaults.tcl file. These defaults contain sufficient information to
enable execution of the script. However, there are certain parameters that require to be overridden on the command line
for the customer environment, e.g. Instrument IP address. The table below lists the set of customer configurable
parameters which might require to be set at run-time.

These can either be set by passing in the specific parameter token and value pair on the command line, or all of the user
parameters can be passed in to the Script in the form of a configuration file.

A user configuration file can be created by copying the Defaults.tcl file to a user named file then amending the contents to
the user preferred settings within this file. The configurable parameters control the behaviour of the Paragon-X or the
behaviour of the script itself. These parameters are listed in the tables below. Note that the parameters and settings are
case-sensitive. Additional parameters can be seen in the Calnex Noise Transfer Script - Getting Started Guide [CX5036],
which is delivered with the script.

There are two sets of information required:

o Instrument Settings — which define the physical set up of the Paragon-X
e Script Control Settings — which define how the script will execute

Setting Description Default Allowed Values
Instrlp ;2‘3 IP address of the Paragon-X management | o5 156 3 100 Valid IP address
. The IP address of the PC hosting the Paragon- Valid IP address
Guilp o localhost
X application
GuiPort The TCP port for script to application software 9000 Valid TCP port
commands
LineRate Line rate to be used by the Paragon-X 1GBE 100BASET, 1GBE,
10GBE
XFP, SFPPLUS, ELECTRICAL,
Interface Interface used for the test ELECTRICAL OPTICAL
TwoStep Enables/disables two-step operation FALSE TRUE, FALSE
AutoNegotiate Enables/disables auto negotiation FALSE TRUE, FALSE
SyncE :Eenseible/dlsable SyncE measurement during the TRUE TRUE, FALSE
EXT_10M, EXT_R75_FE1,
Reference Source of the Paragon-X frequency reference INT EXT_R100_T1, EXT_R100_FE1,
EXT_K64, INT
E Type: Integer
CableDelay Cable delay between the DUT and Paragon-X 5 Range: 0 to 1000
port 2. (See note 3) o
Unit: ns
Type: Float
1ppsThreshold When Type = PTP-1PPS or SyncE-1PPS 1.0 Range: 0.5t0 2.5
Units: Volts

Table 2. Instrument Settings
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Setting Description Default Allowed Values

PTP-BOTH, PTP-PTP,
Type Test type to be performed (see note 4) PTP-BOTH PTP-1PPS, SyncE-BOTH,
SyncE-PTP, SyncE-1PPS

Specifies which frequency points are to be ALL or list of points

PtpPoints tested with PTP input ALL (see note b5)
. Specifies which frequency points are to be ALL or list of points

SyncEPoints tested with SyncE input ALL (see note b5)
Specifies a Tcl file containing configuration
parameters (see Error! Reference source

ConfigFile not found. section in the Calnex Noise Valid Tcl file
Transfer Script - Getting Started Guide
[CX5036)

X . Type: Integer
. . Time for the device to lock to PTP P g. .
SettlingTime ) 120 Range: Positive
supplied from the P-X Master (see note 6). o
Unit: Seconds

Time for the device to recover after a Type: Integer
RecoveryTime change to the applied input noise (see 50 Range: Positive
note 7). Unit: Seconds

Table 3. Script Control Settings

Notes

For execution of the script in customer environments the following is a list of parameters which might require user selection
when running the script:

1. Guilp: If the IP address of the GUI (Paragon-X application) is not “localhost”, then it is assumed that the Paragon-X
application is running on a remote host. This will change the behaviour of the script and may also change the locations of
saved files (see the Calnex Noise Transfer Script - Getting Started Guide [CX5036]).

2. GuiPort: The GUI (Paragon-X application) listens on this port for commands from active scripts. By default port 9000 is
used by all instances of the GUI. You can override this for individual GUI instances using a command line option when
launching the GUI. See the Paragon-X Remote Control Reference Manual for details.

3. CableDelay: This is not required since noise transfer measures peak-to-peak output and this is not affected by cable
delay. However, if used, for electrical interfaces, the delay due to the cable will be approximately 5.1 ns per metre; for
optical fibre, the delay will be approximately 4.9 ns per metre. Only full nanosecond values are counted, so calculated
values need to be rounded up or down to the nearest full nanosecond value.

4. Type: Specifies the stimulus (PTP or SyncE) to be applied to the DUT input and the measurements to be performed on
the DUT output. The measurements can be PTP, 1pps or BOTH.

5. PtpPoints / SyncEPoints: A subset of frequencies can be selected using a space delimited string of numbers indexed
from O. For example, to test only 0.0071825Hz and 0.4925Hz, set PtpPoints to “1 7”. To test all frequencies (as defined in
the tables above), then set PtpPoints and SyncEPoints to ALL.

6. SettlingTime: This should be long enough for the time error measurement to become stable, otherwise the results will
be incorrect. This time will vary between DUTs.

7. RecoveryTime: A fixed period of time to allow the DUT to recover from each change of noise on the DUT input (i.e. for
each frequency point). This time will very between DUTs. This recovery time will not be included in the measurement.

8. LineRate: The interface Line Rate to be used (e.g. 1GBE, 10GBE etc.). Default is 1GBE.

9. Interface: The selected interface. Please select LineRate if changing Interface.
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Execution

Launch the Paragon-X application and run cmd.exe to launch a shell. Change the working directory (cd) to the script
location. For example:

cd “C:\scripts\Script G.8273.2”

The script should now be run by launching a Tcl shell passing the script name with the required arguments as command line
parameters.

The arguments are passed to the script as a simple list of <argument value> pairs (separated by spaces). Some examples
are shown below:

“C:\Tcl\bin\tclsh86.exe” G.8273.2.tcl Instrlp 192.168.4.100 Type PTP-PTP LineRate 1GBE Interface OPTICAL

“C:\Tcl\bin\tclsh86.exe” G.8273.2.tcl Instrlp 192.168.4.100 Type PTP-PTP Reference EXT_10M

c:vSeratch Script G.8273.2>"C:\TclrxhinntcleshB6 _exe' G.8273.2.tc]l Type PTP-PTP Instrlp 192.168.207.101 SettlingTime 2008
GhbhhhhiaiaiiaiaiaiaiaiaiaiaiaiaiataiatalalalatatatataZataZaZakoazad

Enhanced Moise Transfer 4.88.88

Parameters:
Instrlp — 192.168.287.101
Guilp — localhost
GuiPort — 7088
Type — PTP-FIP
CableDelay — &
LineRate - 1GBE
Interface — ELECTRICAL
Reference — IN
SettlingTime — 288
Recoverylime — 58
1ppeThrezhold - 1.8
AutoMegotiate — FALSE
SyncE — TRUE
RemoteCaptureFolder — C:rDesktop
RemoteProfileFolder — C:/Desktop
Debug — FALSE
ReProcess — FALSE
Filter - LSQ
SimulatedData — FALSE
Graphing — FALSE

Start: 2017-11-28 12-B7-56

Results will he stored din: "ResultssResults PTP-PTP 281%7-11-20-T-12-87-56"
Log will bhe ztored in: “Logs/Log PTP-PTP 2017-11-28-T-12-87-56.txt"

connecting to GUI localhost:7888
connected to GUI

connecting to dnstrument 192.168.207.1081:9998

connected to instrument

% .10.38.0% ; FIRMUARE

CALNEX—SOLUTIONS . Paragon—3% . 88812854 . SERVER=X.18.38 .07 ;FIRMUARE=E.14_81 ;sync=CO4F; sync =CB4F ; oam=EBA7 ; pam=EAA7

The settings being used by the script (the defaults plus those set on the command line) will be printed to the console before
the test begins.

Enhanced Woise Transfer 4.88.88
T a Tt atatatstatadatatodatotatsiatatatadaskstatatatatsiatedatakakakatatakad
Parameters:
InstrIp — 192.168.207.1P81
Guilp - localhost
GuiPort - 7088
Type — PIP-FTP
Cahlelelay — &
LineRate — 1GBE
Interface — ELECTRICAL
Reference — INT
SettlingTime — 208
RecoveryTime — 5@
lppzThreshold — 1.8
AutoMegotiate — FALSE
SuncE — TRUE
RemoteCaptureFolder — C:/Desktop
RemoteProfileFolder — C:rDesktop
Debug — FALSE
ReProcess — FALSE
Filter — LEQ
SimulatedData — FALSE
Graphing — FALSE
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Results

All files are stored relative to the folder in which the script is being run. The root folder contains the Tcl script files, the PTP

patterns, the Results Chart Template and the ENT user guide:

"1 Calnex Noise Transfer Script - User Guide
i] MoizeTransfer 0 985Hz

f.) NoiseTransfer_0_03125Hz

i] MoizeTransfer_0_4925Hz

B NoiseTransfer_0_015625Hz

f.) NoiseTransfer_0_24625Hz

B3] NoiseTransfer_0_0078125Hz

f.) MNoiseTransfer_0_123125Hz

[ NoiseTransfer_0_00390625Hz

. Demo

. Results
@' Common functions
@ fitterFunction
@ filterLeastSquares
@ cs232
@ Initialization

@ measurements

€ paragonwi 8] NoiseTransfer_0_0615625Hz
@ results B NoiseTransfer_1_085Hz
& Time Noise Transfer 87 Results Chart Template

All results files and capture files will be stored in the Results folder in the same directory as the script files. Each execution

of the script will create a sub-folder using the following naming convention:
Results <Type> <YYYY-MM-DD-T-HH-MM-SS>

Where <Type> is the test type e.g. PTP-PTP. For example:

\/ Results PTPPTP 2017-11-20-T-11-57-1 20/11/2017 11:57 File folder

Each sub-folder will contain the capture files, the generated (interim) results files and a final results file Results.csv, which

contains the overall results for all of the test points.

For each pattern used in the script, the following information will be recorded in the Results.csv file:

e Pattern filename (for PTP-PTP and PTP-1PPS)

e Frequency (Hz)

e Input Amplitude (pk-pk ns)

e Measured Amplitude (pk-pk ns): The noise transferred to the output of the DUT

e Gain (dB): The ratio of measured amplitude (output from the DUT) to input amplitude (generated by Paragon-X)
e Lower Limit (pk-pk ns): The lower limit from G.8273.2 Amendment 1

e Upper Limit (pk-pk ns): The upper limit from G.8273.2 Amendment 1

e Pass / Fail: Will be one of Pass, Fail (lower), Fail (upper)

For example, a PTP-PTP results file contains the following information:

Moise Transfer (PTP-PTP) T 20/11/2017 12:08

Profile Freq (Hz) Amplitud: Measured Gain (dB) Lower Lim Upper Lim Pass/Fail
MoiseTransfer_0_00390625Hz 0.00390625 200 207.46 0.32 130 215 PASS
MoiseTransfer_0 0078125Hz 0.0078125 200 214.1 0.59 130 215 PASS
MNoiseTransfer_0_015625Hz 0.015625 2000 217.01 0.71 130 215 FAIL{upper)
MNoiseTransfer_0_03125Hz 0.03125 200 204.11 0.18 130 213 PASS
MoiseTransfer_0 0615625Hz 0.0615625 200 160.07 -1.93 MA 215 PASS
MoiseTransfer 0 123125Hz 0.123125 200 99 -6.11 MNA 140 PASS
MoiseTransfer 0 24625Hz 0.24625 200 48.9 -12.23 NA 90 PASS
NoiseTransfer_0_4925Hz 0.4925 200 16.42 -21.71 NA 50 PASS
MoiseTransfer_0_985Hz 0.985 200 0.17 -61.31 NA 35 PASS
MoiseTransfer_1 985Hz 1.985 200 0.05 -72.08 NA 25 PASS
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To analyse the data, copy the entries from the Results.csv file into the Template file Results Chart Template.xIsx. This has
macros which will draw a chart of the measured results versus the expected filter mask.

7 - £

A E C u] E F =] H ! J K L M M =] F o
1 Instructions
Clear the contents from the table below and then cut and paste from the
2 |resultsfile into the table
3
4 Moise Transfar
Lower Upper
Amplitude Measure Limit Limit
=3 Profile Freq(Hz}  [ppns) d{ppns) Gain[dB} (p-pns) [ppns) Pass/Fail
E |NoiseTransfer_0_00390625Hz.cz 0.003306 200 207.46 0.32 120 215 PASS
T |NoiseTransfer_0_0078125Hz.csv 0.007813 200 2141 0.5% 120 215| PASS | .I
& |NoiseTransfer_ 0_015625Hzcsv | 0.015625 200 217.01 0.71 130 215 FAlL[upper)
3 |MoiseTransfer_0_03125Hz.csv 0.03125 200 20411 0.18 120 215| PASS
10 |MoiseTransfer_0_0615625Hz.csv 0.061563 200  160.07 -1.93 NA 215 | PASS
1 |MoiseTransfer_0_123125Hzcsv | 0.123125 200 95 -6.11 NA 140 PASS
12 |MoiseTransfer_0_24825Hz.csv 0.24625 200 489 -12.23 NA 90| PASS
13 |MoiseTransfer_0_4925Hz.csv 0.4925 200 16.42 -21.71 NA 50 PASS
13 |NoiseTransfer_0_%85Hz.csv 0.985 200 0.17 -61.31 NA 35 PASS
15 |NoiseTransfer_1_S85Hz.csv 1.985 200 0.05 -72.08 NA 25 PASS
16
G
1
13 .
on Gain (dB) Measured (p-p ns)
4l 10 || 2:0
zz
z3 o
24 03z 058 071 oas
5 i, m
26
7
28 =
73 150
a0 =
kil
32 -a0
73 100
ad 50
35
i &0 50
3T
Jeis]
3 -
40 7208 5
41 = 0001 10
4z 0.001 om 21 1 10 Freq {Hz)
- Freq [Hz)

NOTE: For the cases where PTP is being measured, G.8273.2 Amendment 1 (Appendix VI) also suggests that a filter is
applied to the measured output to address potential measurement uncertainty due to noise on the packet interface and the
intrinsic noise generation of the T-BC. The script implements the filter using least-squares estimation (one of the filter
techniques listed in Amendment 1).
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6.2. SyncE to PTP Transfer

Table 4 below shows the stimulus frequencies and amplitudes of the noise applied to the SyncE input of the DUT. Note that
200ns of sinusoidal time error is achieved by applying a sinusoidally varying delay in the forward direction with an
amplitude of 400ns (the overall time error is an average of the error in both directions).

The table lists the permitted limits for each frequency. These limits include an allowance for device noise generation and
test equipment uncertainty. An allowance of 10ns (n=10) has been added based on the use of the least squares method
being applied to the results.

Pk-Pk O/P Ampl £25 ns added

Point  TestFreq(Hz) — hrk P noise allowance (ns) Duration (s)
mpl (ns) .

Max Min
0 0.00390625 225 200
1 0.0078125 2000 340
2 0.015625 630 n/a 400
3 0.03125 1000 565
4 0.0615625 500 545
5 0.123125
6 0.24625

150

7 0.4925 250
8 0.985 250 285
9 1.985
10 3.985 n/a
11 7.985

Table 4. Maximum and Minimum Expected Output Amplitudes at Test Frequencies for
SyncE-to-PTP and SyncE-to-1pps Noise Transfer Measurement

Procedure

The same procedure is carried out for SyncE-PTP Noise Transfer as for PTP-PTP Noise Transfer.

Execution

Launch the Paragon-X application and run cmd.exe to launch a shell. Change the working directory (cd) to the script
location. For example:

cd “C:\scripts\Script G.8273.2”

The script should now be run by launching a Tcl shell passing the script name with the required arguments as command line
parameters. The arguments are passed to the script as a simple list of <argument value> pairs (separated by spaces). Some
examples are shown below:

“C:\Tch\bin\tclsh86.exe” G.8273.2.tcl Instrlp 192.168.4.100 Type SyncE-PTP LineRate 1GBE Interface OPTICAL

“C:\Tch\bin\tclsh86.exe” G.8273.2.tcl Instrlp 192.168.4.100 Type SyncE-PTP Reference EXT_10M

Results

As for the PTP-PTP Noise Transfer, all files are stored relative to the folder in which the script is being run. The root folder
contains the Tcl script files, the PTP patterns, the Results Chart Template and the ENT user guide. Execution of the script will
create a sub-folder using the following naming convention:

Results <Type> <YYYY-MM-DD-T-HH-MM-SS>

Where <Type> is the test type e.g. SyncE-PTP. For example:

. Results SyncE-PTP 2017-11-21-T-12-00-47 20122017 13:13 File folder
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Each sub-folder will contain the capture files, the generated (interim) results files and a final results file Results.csv, which
contains the overall results for all of the test points. For each pattern used in the script, the following information will be

recorded in the Results.csv file:

e Pattern filename for frequency (SyncE-PTP, SyncE-1PPS)

e Frequency (Hz)

e Input Amplitude (pk-pk ns)

e Measured Amplitude (pk-pk ns): The noise transferred to the output of the DUT

e Gain (dB): The ratio of measured amplitude (output from the DUT) to input amplitude (generated by Paragon-X)

e Lower Limit (pk-pk ns): The lower limit from G.8273.2 Amendment 1
e Upper Limit (pk-pk ns): The upper limit from G.8273.2 Amendment 1

e Pass / Fail: Will be one of Pass, Fail (lower), Fail (upper)

The Results.csv produced will look like:

Moise Transfer (SyncE-PTF ###H#HHHT
Freq (Hz)

Profile
MoiseTransfer_0_ 00351
MoiseTransfer_0_00781
MoiseTransfer_0_01563
NoiseTransfer_0_03125
NoiseTransfer_0_06156
NoiseTransfer_0_12313
NoiseTransfer_0_24625
NoiseTransfer_0_4925
NoiseTransfer_0_985
NoiseTransfer_1_985
NoiseTransfer_3_985
NoiseTransfer_7_985

0.00391
0.00781
0.01563
0.03125
0.06156
0.12313
0.24625
0.4925
0.985
1.985
3.985
7.985

Amplitud¢ Measured Gain (dB) Lower Lim Upper Lirm Pass/Fail

250
250
250
250

8.38
30.54
72.39
145.1

230.99
294.87
304.84
265.17
246.12
220.64
165.77
100.08

-29.29
-18.26
-10.76
-4.73
-0.69
1.43
1.72
0.64
-0.14
-1.09
-3.57
-7.95

NA
NA
NA
NA
NA

NA
NA
NA

165
165
165
165

30
30
B85
145
270
270
270
270
270
270
270
270

PASS
PASS
PASS
FAIL{upper)
PASS
FAIL{upper)
FAIL{upper)
PASS
PASS
PASS
PASS
PASS

To analyse the data, copy the entries from the Results.csv file into the Template file Results Chart Template.xIsx. This has
macros which will draw a chart of the measured results versus the expected filter mask.

Instructions

Clear the contents from the table below and then cut and paste from the

results file into the table

Noise Transfer
Lower Upper
Amplitude Measure Limit Limit

Profile Freq [Hz) (ppns) dfp-pns) Gain{dB) {p-pns) (p-pns) Pass/Fail
NeiseTransfer_0_003%1 0.00351 250 8.58 -29.29 | NA 30| PASS
NoiseTransfer_0 00781 0.00781 250 3054 -1B.26 NA 50| PASS
NeiseTransfer_0_01563 0.01563 250 72.39 -10.76 | NA 85| PASS
NoiseTransfer_0 03125 0.03125 250 145.1 473 NA 145 FAlL[upper)
NeiseTransfer_0_06156 0.06156 250 230.99 0.69 NA 270 PASS
NoiseTransfer_0_12313 0.12313 250 29487 143 165 270 FAIL{upper)
MoiseTransfer_0 24625 0.24625 250/ 20484 172 165 270 FAIL[upper)
NoiseTransfer_0_4925 0.4925 250 26917 0.64 165 270| PASS
NeiseTransfer_0_985 0.985 250 246.12 0.14 165 270 PASS
NoiseTransfer_1_985 1.985 250, 220.64 -1.09| NA 270| PASS
NgiseTransfer_3_985 3.985 250 165.77 -3.57 | NA 270 PASS
NoiseTransfer_7_985 7.985 250 100.08 -7.95  NA 270| PASS

Gain (dB)
5 3m
183 172 o .
08 oo 30

-29.28

Measured (p-p ns)

Fran lk7)

10
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7. Packet Layer Transient Response and Holdover Performance —
G.8273.2 Clause 7.4

Test Description

Short-term transient response refers to the Time Error generated when a clock switches from one input reference to
another e.g. in the event of a reference failure.

A reference switch in the physical layer frequency reference at the node prior to the T-BC can generate a large transient in
the T-BC input, therefore a T-BC must reject this transient. It can achieve this by monitoring the ESMC messages on the
SyncE interface. On receipt of a degraded QL, the T-BC must either stop using the SyncE signal, or turn off the low-pass
filter, allowing the PTP to correct the time error more quickly. When traceability of the SyncE signal is restored, the T-BC can
go back to using the SyncE signal.

Annex B of G.8273.2 Amd. 2 defines the following mask for the clock output in the event of a transient on the SyncE input:

T-BC output phase mask for SyncE transient input
350

w0 | H
g0 |1 S
2004

150 4

Absolute Phase error (ns)

00

S £ s

0 D ! - B " V| - - D | 3 - B " D - I
0 10 20 30 40 50 60

Time after start of SyncE rearrangement (s)

Figure B.1 from G.8273.2 Annex B — Phase error mask during a SyncE transient

The method to verify compliance with the mask shown above is described in G.8273 Appendix Ill. The phase transient to
be applied to the input SyncE signal is shown below. During the transient, the input QL-value in the ESMC messages is
changed from QL-PRC to QL-EEC in the first shaded area (from 1.8s to 2.0s), and back to QL-PRC in the second shaded area
(from 15.18s to 15.5s).

Phase Error|
[ns]
881.56
777.56 ESMIC changed
45 nsfsslope 4 pack to QL-PRC
(50%0.9)
ESMC changed from
4~ QL-PRCto QL-EEC
104
(120x0.9-4) Pre-Test Mitigation Normal
Stabilization Period Period
(normal QL) (degraded QL) (normal QL)
0
0 0.016 1.8 2.0 Time S [s] 14.984 15 15.18 15.5 100

Fig. 1l1.2 from G.8273 Appendix lll — SyncE Transient Input Pattern
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Measurement Process

The standard requires testing in combined hybrid mode involving both PTP and SyncE input. This is reflected in the test
procedure 7.1 detailed below.

The methodology required to align all stimuli and measurements requires controlled timing of physical events, transmitted
values, and captured data — this is facilitated with step-by-step control in Paragon-X.

NOTE: The Master/Slave Emulation Configuration steps described in Section 3 must be performed prior to this test.

7.1 Packet Layer Transient Response

1. Start Master/Slave Emulation.

Flle Instrumert Setup Capture Impair Graph Data Tools Help
|| o ||| o= 2828 0| ) c|o | M| ]| ]k = 08| || )|

Results -
Start Up SeRes) 82751 Phase Profie |

Device Configuration ———
@ Master +Slave
Operating Mode " Two Masters.

I~ GPs Emulation
Setup Interface Configure

Master/Slave/GPS e

Emulation [ondary o =]
Measurements et
Captur
kol |
ek
Capture ——————————

 Master

Start Capture & Slave
€ Rxon both

Add Impalrments/ __Fowriter |

Delay

Select Flow

Configure Capture

Measurement

= tanual calitration

Add Wander

¥ Set capture flow filter
Packet
Generation

e
Results

Wait for the T-BC Slave to lock to the Paragon-X emulated Master and stabilize before making any measurements. Clock
settling time is important. Ask the vendor for advice for how long to wait or if it is possible to force a re-alignment. The wait
time could be anywhere from a few minutes to several hours dependent on the T-BC under test.

If it is not possible to monitor the lock state directly on the T-BC under test, then an indication of the settling state could be
determined by monitoring the 1pps output from the T-BC under test, if this is available.

2. After device has settled select the Add Wander button.

File Instrument Setup Capture Impair Graph Data Tools Help
Sl o> FFFFR X c oW ol [l

Start Up

Master/Slave
Emulation

Measurements

Select Flow

Configure Capture

Start Capture

Add Impairments}
Delay

Add Wander

Packet
Generation
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3. In the Add Wander window, select the SyncE Transient tab.

Frequency Offset Wander Tolerance Wander Transfer! SyncE Tr.
e ————
[ snde Dy | Tabe O\, | MTE/DEVMask |
Mask Selection
G.8273 SyncE Transient v
Phase Error]
[ns)
88156
777.56
& rafssiope
(50x0.9)
104
(120x0.9-4) Pre-Test Mitgaton Normal
Stabilization Period Period
5 (normal QL) (degraded QL) (normal QL)
0 0016 18 20 yp.gp 14988 15 1518155 100
Max Running Time: 100s
Generate Wander \ Stop Wander Elapsed Time: 99s

4. Selecting this will display the SyncE Transient test page. To start the test, ESMC generation from the Master must be

enabled.

| Frequency Offset I Wander Tolerance I Wander Transfer I SyncE Transient |

_ﬁ To enable this feature, the instrument must be re-configured:
- ESMC packets must be started on Port 1. Click here to auto-configurg Start ESMC

Test Method
(c8273 Method 1 ~
Phase Error|
[ns])
88156 /
777.56
45 nafsslope
(50x0.9)
104
(120x0.9-4) Pre-Test Mitgation Normal
Stabilization Period Period
o {normal QL) {degraded Qt) | (normal Q1)
0 0016 18 20 sy 14984 15 1518155 100

Max Running Time: 200 s

Capture is started 100 s before the 1st transient ramp at t=0.
ESMC QL transitions to QL-EEC1 at t=1.9 s and is restored at t=15.3 s,

Capture is stopped at the end of the test.

Elapsed Time: Os

StartTest | |  StopTest
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5. After starting the ESMC generation the test can be started using the Start Test button. During the test the elapsed time
is displayed, as is the current ESMC status.

o

Add Wander ="

l Frequency Offset | Wander Tolerance | Wander Transfer I SyncE Transient

ESMC normal QL is QL-PRC-J———- ESMC status is shown
here

Test Method

Phase Error]
(ns]
881.56
777.56
45 ra/s slope
(50x0.9)
104 [
(120x0.9-4) Pre-Test Mitigation Normal
Stabilization Period Period
3 {normal QL) (degraded QL) (normal QL)
0 0016 18 20 Time 'S [s] 14984 15 1518 155 100

Max Running Time: 200 s
Capture is started 100 s before the 1st transient ramp at t=0.
ESMC QL transitions to QL-EEC1 at t=1.9 s and is restored at t=15.3s.

Capture is stopped at the end of the test.

Test execution
progress is shown here

Start Test Stop Test Elapsed Time: Os

Test execution takes 200s. The first 100s are used to analyse the underlying Constant Time Error (cTE) without the
application of the transient. As per the standard, the mask for Phase Noise response to the generated transient requires the
results to be adjusted for cTE — this step therefore allows the Calnex Analysis Tool to calculate and make that adjustment.

6. On completion of the test, the test results can be analysed using the Calnex Analysis Tool.

Tools | Help

1588 Transparent Clock Latency [i63]
Calculste differential PDV

Split POV files

Join CSV files

PDV Editor »

File Converter

Script Recorder...
View Recorded Script

PTP Field Verifier

Logging »
Plot PDF/CDF/Histogram

Calnex Analysis Tool (1588v2) » Transpatent Clock Accuracy Messurement
Time Error Measurement

Sync

Delay Req

RTD

All PDVs
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7. In the Calnex Analysis Tool, Select Metrics and enable the G.8273.2 Transient Response metric followed by the
Calculate button.

Select File @ PDD/COF

Select Metrice @ Packet TIE

View Results @ Packet MTIE

Generate Report @ Packet TDEV

EXpme 8 MATEE
@ MAFE
@ Packet FFO
® FPC
@ FPR

® FPP

Time Error Measurements
@ Time Error
Calculate @ Avg Time Error (cTE)
@ Dynamic Time Error

% G.82732 Transient Response

NOTE: Due to the application of the transient event the other Time Error results will be impacted and thus cannot be relied
upon to provide representative results — other aspects of Time Error performance should be analysed in separate test runs.

Once the calculation has reached 100% the results and associated Pass/Fail information can be viewed using the View
Results button.

B CAT - Calnex Analysis Tool =RACE X
Select File G.8273.2 Transient Response Mask Status

. 2Way Time Error (Transient
@« 2Way Time Error (Transient Response) Response)
350

PASS
Select Metrics
Metric Statistics
View Results
Mean [ns]
Fwd Messages
Rev Messages
Min [ns]
Export Max [ns]
Max-Min [ns]
Forward Rate 16.00/second
Reverse Rate 16.00/second

Generate Report

Follf Sl H S TN

One-step clock detected
Chart Tools
Markers Editor
Marker 1 | Marker2 | @&
Chart & Zoom mode
e +
& Fit @ Overlay O Stacked

w
&
3
2
H
g
&
£
&
i
8
1=
g
&
-

Visible Elements
% Errors % Labels % Markers

Save As Image

X-Axis Display Format:
frr e e s s I oy A
i

Masks

140 160 G.8273.2 Phase Ermor
Elapsed Time [s]
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7.2 Packet Layer — Holdover Performance

Holdover performance is checked by measuring the phase/time output in the event of the loss of the PTP input to the T-BC.

It is assumed that a G.8275.1 profile will be used in testing to the G.8273.2 standard and, consequently, testing will be
carried out using L2 encapsulation in Multicast mode.

The Master/Slave Emulation can be configured to use other profiles e.g. Unicast UDP/IPV4 etc., however, it should be noted
that these profiles will not conform to the G.8273.2 standard.

Measurement Process — Master/Slave Configuration

1. Select Master/Slave Emulation. Choose Boundary Clock from the Test Configuration drop down menu.

File Instrument(s) Setup Capture Impair Graph Data Tools Help
FL eaoe FiEiEEL s ce W = Me=E0 k0 OI‘

st T cmeme

<< Results.

Start Up

Device Configuration Mode: Mulicast LT
) Master + Slave Bal
Operating Mode ) Two Masters Multicast / Slave D-Reg | Sync | Ann
Address e |Rate |Rate
GPS Emulation
@ 011b 190000 00
Setup Interface Configure

Calnex Paragon-X

Master —11 pps

Master/SlavelGPS Test Configuration

Emulation

Slave Test
General Purpose

Measurements Transparent Clock
Master Test
G "
Select Flow I camexsave
1pps Meas,
it Do Mode: Multicast
Configure Capture Connected Master D-Reg | Sync | Ann
Ero2 Address e |Rate |Rate
) Master
Start Capture ) Slave
R on both
Add Impairments]
Delay
Measurement
Add Wander [ Manual calibration
Calibration L
[ Bort link Ry Packet

[T7] ot ranbira Anu Albar

2. Select G.8275.1 Phase Profile from the Custom Profile drop down menu.

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

SH e@s FEFEMER 2 cOW ko D=0 bE ¢8|

Start Up
) ) Custom Profile
Device Configuration 1588-2008 Profile
Master + Slave (C37.238-2011 Power Profile
Operating Mode @) Two Masters G.8265.1 Freguena Profile
GPS Emulation
Setup Interface Configure
Calnex Paragon-X
Test Ci ti
Master/Slave/GPS est Configuration
Emulation Boundary Clock
Master 1pps
DUT Ethernet _l
Measurements cable (ns):
1pps Ref,
cable {nsi: D
Select Flow
1pps Meas,
cable {ns): 0
Configure Capture
Capture
() Master
@) Slave
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3. Enter DUT to Paragon-X Cable Delay

To correctly perform measurements, the delay caused by the cable that is used to connect the T-BC Slave and Port 2
must be factored out. Values of 5.1ns per 1 metre of electrical cable and 4.9ns per 1 metre of optical cable can be
expected. Only full nanosecond values are counted, so calculated values need to be rounded up or down to the nearest

full nanosecond value.

Calnex Paragon-X

Master/SlavelGPS
Emulation

_l. s

seleet Flow

Configure Caplure

Manusi calibration

Calbrationy

Fr—

4. If Ipps Time Error measurements are to be made, enter the 1pps Measurement cable delay.

Values of 5.1 ns per 1 metre of cable can be expected. See Calnex’s Technical Note ‘Cabling Considerations’ (CX5009)
for more information. Only full nanosecond values are counted, so calculated values need to be rounded up or down to

the nearest full nanosecond value.

5. Start the Paragon-X Master using the Master button.
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Device Configuration ———
(@) Master + Slave
Two Masters

[]GPs Emulation

Configure

Calnex Paragon-X

Test Configuration ———

Boundary Clodk -
Master 1pps
DUT Ethernet o l n

1pps Ref.,

cable (ns): D
1pps Meas,

Capture

@) Slave
Ra on both

Measurement
Manual calibration

Calibration L

Set capture flow filter

Apply changes

.8275. 1 Phase Profile
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6. With Master/Slave emulation running, start a capture using the Start button which will set the correct capture filters.

Capture
() Master
@ Slave
Rx on bath

Flow Filter

Measurement

Manual calibration

Calibration

Set capture flow filter

7. Check the link to make sure that the PTP packets are running without error. If working successfully both Link and Packet

status should show green status.

8. Wait for the T-BC Slave to lock to the Paragon-X emulated Master and stabilize before making any measurements. Clock

settling time is important. Ask the vendor for advice for how long to wait or if it is possible to force a re-alignment. The
wait time could be anywhere from a few minutes to several hours dependent on the T-BC under test. It may even be
recommended to wait longer e.g. overnight.

Measurement Steps

With the T-BC in a stable state:

1. Press the Stop Capture button to ready the test.

2. When ready to proceed press the Start Capture button.

Master{SlavelGPS
Emulation

Measurements

Select Flow

Configure Capture

O
Start Capture i

Add Impairments/
Delay

Add Wander

Packet
Generation

FILTER:
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3. With the capture active, select the Add Impairments/Delay button.

e When displayed select Master TX Packet Corruption.

e Select Lost Packet Periodicity: Continuous and Distribution: Constant.

Selected Message Types
Master Tx: Sync, Del-Resp
Master Rx:

Configuration
Flow Filter

Master 1 Tx
Delay ]
Header Overwrite 0]
Physical Corruption [
Profile Corruption
Master Impairments [

Master 1 Rx
Delay
Header Overwrite
Physical Corruption
Packet Corruption

FEOooon

Profile Corruption

Packet Corruption

Intrinsic Delay

Packet size: Small Packets (< 200 bytes) Change

Delay (s): 6.7

Type:
() Errored packet
ost packet

) Repeated packet

) Misorder events to a depth:

Distribution
Type: Periodidity:
@ single @ Continuous
() Burst of packets: () On for (s):

() Percentage rate:

) Ratio: me-

@ Constant

Symbol rate: \:I

["IRepeat for (5):

Response messages.

4. Select Flow Filter to choose the messages to apply delays against — Sync, Follow-Up, Delay-Request and Delay

Setected TyPES

Master Rx: Del-Req

Master Tx: Sync, Follow-Up, Del-Resp

Intrinsic Delay

Packet size: Small Packets (< 200 bytes)
Delay (us): 6.7

Configuration

Flow Filter Editor

Master 1 Tx
Delay
Header Overwrite
Physical Corruption
Packet Corruption
Profile Corruption
Master Impairments

RN i e Rl

Master 1 Rx
Delay
Header Overwrite
Physical Corruption
Packet Corruption

U e i

Profile Corruption

Slave:

ald00 00000001

™ Multiple slaves: @

I C0:00:00:00:00:01

cex|

Messages:

W] Sync
[w|Fallow-Up

[ Announce

[wDelay Request
[w|Delay Response

[]Signaling {from Master)
[ISignaling {from Slave)

Flow Filter Status

Flow Summary:

Flow Detail:

HHH
XN FOLLOW-UP
XXX SYNC

Port 1 Tx (Master)

DEL-RESP

Eth Type PTP
PTP Message DEL-REQ
PTP Version 2

Eth Dest 01 16 1900 00 00
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5. Now start the impairment by selecting . fmpas
This will stop all Sync and Delay Response messages from reaching the Boundary Clock. The Boundary Clock should
drop into the holdover state at this point.

6. After 1000s select the Stop Capture button.

— Capture
Master
Stop Capture @ 5lave
Rx on both

Add Impairments}

Delay

Measurement

7. Select the Add Impairments/Delay and Stop the impairment.

Start Capture

Add Impairments}
Delay
Add Wander

8. Launch the Calnex Analysis Tool then select Time Error Measurement.

[Tools] Help
1588 Transparent Clock Latency T
Calculate differential PDV

Split PDV files

Join CSV files

PDV Editor k

File Converter

Script Recorder...
View Recorded Script

PTP Field Verifier
Legging 3

Plot PDF/CDF/Histogram

Calnex Analysis Tool (1588v2) 3 Transparent Clock Accuracy Measurement

Time Error Measurement
Sync

Delay Req

RTD

All PDVs
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9. The key metrics to be examined are the 2way Dynamic TE LF metrics. Enable these in the Metrics block and disable the
Average Time Error (cTE) metrics and the remainder of the Dynamic TE metrics.

AT

Select File Packet FFO

Select Metrics FPC

View Results EPR

Generate Report FPP

Export
Time Error Measurements

& Avg Time Ermror (cTE)

& Time Error

& Dynamic Time Error
1pps TE Absolute LF
1pps TE Absolute HF

1pps TE Absolute Dynamic MTIE LF

2Way Dynamic TE LF

2Way Dynamic TE HF
2Way Dynamic MTIE LF

PWau Nunamic TREW

T1 Dynamic TE LF
T1 Dynamic TE HF
T1 Dynamic MTIE LF
T1 Dynamic TDEV LF
T4 Dynamic TE LF
T4 Dynamic TE HF
T4 Dynamic MTIE LF
T4 Dynamic TDEV LF

EERER

10. Select the Dynamic Time Error tab.

AT

Select File

Time Error Avg Time Error (cTE)

. & 2Way Dynamic MTIE LF
Select Metrics 100

View Results

‘Generate Report

Export

dMTIE [ns]

10

IE

Dynamic Time Error

Observation Window [s]

2Way Dynamic TE LF
a0

Dynamic TE LF [ns]

Elapsed Ti

0.1Hz low-pass filtering applied fo all data

600
me [<]

Folf RIS JN

Application [0
Mask Status
s 2Way Time Error
s 2Way Avg Time Error (cTE)
& 2Way Dynamic TE LF
Chart Tools
Markers Editor
Marker 1 | Marker 2 | &
Chart & Zoom mode
- +
™ Fit
Visible Elements
i Emors ¥4 Labels % Markers
Save As Image
Resolution

D — 10

Masks

| Ho Mask

Parameters

Dynamic TE Limit +/-
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1. Select the G.8273.2 dTE Holdover Const Temp mask.

AT

Time Error Avg Time Error (cTE) namic Time Error
Select File 9 cTH)

_ s 2Way Dynamic MTIE LF
Select Metrics 100

View Results
Generate Report

Export

AMTIE [ns]

0.1 10
Observation Window [s]

2Way Dynamic TE LF
80

0.1Hz low-pass fitering applied fo all data

Dynamic TE LF [ns]

Elapsed Time [s]

12. Show results and check the Pass/Fail status.

AT

select File Time Error Avg Time Error (cT Dynamic Time Error

) s 2Way Dynamic MTIE LF
Select Metrics o

View Results
3 2 dTE Holdover C:

Generate Report

Export

AMTIE [ns]

[:X] 10 100
Observation Window [s]

2Way Dynamic TE LF
80

0.1Hz low-pass fltering applied fo all data

Dynamic TE LF [ns]

Elapsed Time [s]

Application [CTEEN

Mask Status
s 2Way Time Error
s 2Way Avg Time Error (cTE)
iba  2Way Dynamic TE LF

Chart Tools

Markers Editor
Marker 1 | Marker 2 | @

Chart & Zoom mode

- +

™ Fit
le Elements
& Errors [% Labels & Markers

Save As Image

Resolution

| G 82732 dTE Holdover Const Temp ! ¥

G.823 E1 Trafiic Inferface 2048
G824 T1 PRC Inferface

G.824 Trafic interface 1544

G.8261 Wander Limits EEC Op1
G82611

G.8262 Wander Generafion EEC Op1
G.8262 Wander Generafion EEC Op1 +Tel
G.8262 Wander Generafion EEC Op2
G.8262 Wander Transient EEC Opi2
G.8263

G 8263 Variable Temp

G.8271.1 Network Limit
G.8271.1_Network_Limit

G.8272 PRTC

G.8272.1 ePRTC

L0132 dTE Gen Const Temp
G.82732 dTE Gen Var Temp
G.8273.2 dTE Holdover Const Temp
G.8273 2 dTE Holdover Var Temp

Fol A ™

Mask Status
2Way Time Error
2Way Avg Time Error (cTE)
2Way Dynamic TE LF

2Way Dynamic MTIE LF

L emul "

Chart Tools

Markers Editor
Marker 1 | Marker 2 | @

Chart & Zoom mod

- +

& Fit
Visible Elements
™ Emors [% Labels ™ Markers
Save As Image

Resolution

Q@2 mu

Parameters »

Dynamic TE Limit +/-

& 11

‘ G.8273.2 dTE Holdover Const Temp '~
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Appendix 1 - G.8271.1 Time Error Budget Example

G.8271.1 Network Reference Points

Al

s

A B
+100ns ’

(PRTC/T-GM)
i 1200ns dTE

CTE uses up 70% of the

- (random netwcrk(' on)

+550ns cTE
(node asymmetry, £50ns per node)

+250ns cTE
(link asymmetry
compensation)

e [T

+420ns cTE
N\ (21 nodes, =20ns per node)

a0 racs| [T TTTTTTTTTTTTTTTTTT I

+380ns cTE
(link asymmetry

+250ns
short term holdover)

Table V1.1/G.8271.1 — Example of Time Error Allocation

Budget Component

<+ +1.5ps end-to-end budget

network equipment budget

+150ns
(end application)

< +1.1ps network equipment budget —V

Failure scenario a)

Failure scenario b) Long Holdover

periods (e.g. 1 day)

Link Asymmetries (cejink_asym ) (Note2)

Rearrangements and short Holdover in the End
Application (TEgga)

End application (TEga)

Total (TEp)

100 ns

NA

200 ns

550 ns

250 ns

250 ns

150 ns

1500 ns

100 ns

400 ns

200 ns

550 ns

100 ns

NA

150 ns

1500 ns

Note 1: it is assumed in these examples that all T-BCs contribute constant TE of 50ns.

100 ns
2400 ns
200 ns
550 ns

100 ns

NA

150 ns

3500 ns (Note3)

In Deployment Case 1the HRM is composed of: 10 T-BCs, 1 T-GM and 11 links, and it can be assumed that the. T-GM and one

of the links contribute 50ns in total.

In Deployment Case 2 the HRM is composed of: 1 T-GM, 1 T-TSC, 9 T-BCs, 1 intra-site link, and 10 links. The time error
budget allocated to the time synchronization distribution in the intra-site connection between the Packet Clock and the End
Application in the worst case is 50ns. In order to get the same constant Time Error limit as per Deployment case 1, it can be
assumed that the T-GM, the T-TSC, and the intra-site connection contribute 100ns in total.

Note 2: in order to simplify the comparison between Deployment cases 1 and 2, 10 links can be assumed in both
deployment cases 1and 2, The additional link of the Deployment case 1 model, as indicated in Note 1, is associated with the

T-GM 50ns budget.

Note 3: Exceeding the TEp limit of 1500ns is related to the operator requirements in terms of service degradation.
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Appendix 2 — Tests for a G.8273.2 T-BC

Objective Test Method Output Limit (PTP and 1pps)?
ime Error ith stable input references, a stable time reference to the ass ass
Time E With stable input ref Apply a stable ti fe to th Cl A Cl B

Noise measure the inherent time error PTP input. .
Generation | (MaxITEl, cTE and dTE) produced Apply a stable frequency reference MaxITEI: <100ns <70ns
(G.8273.2, by the internal clock. to the SyncE input. cTE: <50ns <20ns
Section 7.1) ; 3
Repeat without a SyncE reference”. dTE. S 40ns MTIE, 4ns TDEV
dTEue® 70ns p-p
oise easures whether the clock can ombine and Sync| o output performance limit.
Noi M hether the clock Combined PTP and SyncE N tput perf limit
Tolerance operate correctly with maximum tolerance: Clock under test should not:
(G.8273.2, noise input at the input. Apply Calnex noise tolerance e generate alarms
Section 7.2) The test must be carried out with pattern to the PTP input’. e switch reference
noise on both the PTP and SyncE Simultaneously apply sine wave e go into holdover
inputs. phase wander to the SyncE input
Clock under test should not: according to G.8262, Table 9.
* generate alarms Repeat without a SyncE reference’.
e switch reference
e go into holdover

2 Same limits apply to 1pps and PTP outputs. It is assumed that the 1pps should track the PTP output closely, although there is no
specification for how closely they should track.

3G.8273.2 doesn’t currently specify the performance in the absence of Synck, therefore repeating the test without the use of SyncE
input reference is optional.

4 Max|TE| is calculated on the raw, unfiltered time error data.

5 MTIE and TDEV are calculated after low-pass filtering by 0.1Hz. Same values apply to both Class A and Class B devices.

6 TIE is measured after high-pass filtering by 0.1Hz. Same values apply to both Class A and Class B devices.

7 This pattern is derived from the dTE network limit MTIE mask, defined in G.8271.1 Figure 7-2.
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Objective

Test method

Output Limit (PTP and 1pps)’

Noise Transfer

(G.8273.2,
Section 7.3)

Measures how time error on the
input is transferred to the output.

PTP-to-PTP transfer function:

o Low-pass filter (undefined order or
shape)
e Bandwidth from 0.05 to 0.1Hz

SyncE-to-PTP transfer function:

e Band-pass filter (undefined order
or shape)

e Lower cut-off from 0.05 to 0.1Hz

e Upper cut-off from 1to 10Hz

PTP to PTP:

Apply a set of sine wave PDV
modulations of 400ns p-p
amplitude (i.e. 200ns time error
when applied in one direction) at
several different frequencies.

Apply a stable frequency reference
to the SyncE input.

Repeat without a SyncE reference?

Tone frequencies and amplitudes
defined in Appendix VI of G.8273.2
(Amendment 1, August 2017)

SyncE to PTP:

Apply a stable time reference to
the PTP input.

Apply a set of sine wave phase
modulations of 200ns p-p
amplitude at several different
frequencies.

Tone frequencies and amplitudes
defined in Appendix VI of G.8273.2
(Amendment 1, August 2017)

Transients and
Holdover

(G.8273.2,
Section 7.4, plus
Annex B,
Appendix 1)

Measure the transient caused by a
switch between PTP masters.

No test method defined.

No performance limit defined

Measure the response to a SyncE
rearrangement transient.

Apply a stable time reference to
the PTP input.

Apply a stable frequency reference
to the SyncE input.

After the T-BC has locked onto the
inputs and stabilised, apply the
transient defined in G.8273 Figure
1.2 to the SyncE input, coupled
with changing the ESMC QL values
at the times defined in G.8273
Appendix IIl.

Phase mask defined in G.8273.2
Annex B

Measures the response to entry into
holdover caused by loss of packets
at PTP input.

Apply a stable time reference to
the PTP input.

Apply a stable frequency reference
to the SyncE input.

After the T-BC has locked onto the
inputs and stabilised, stop the flow
of PTP packets, and monitor the
output for up to 1000s.

MTIE mask defined in G.8273.2,
Table 7-6
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Appendix 3 — Changing Capture Filters

The Capture Flow Filters are used to limit the captured traffic to 1588 Sync, Follow up, Delay Request and Delay Response
messages and are set up automatically when the Start button is pressed on the Test Setup screen.

The Capture Flow Filters can, however, be amended if required using the Flow Filter button on the display below.
By default in the Boundary Clock Test the filters are applied on the Slave side of the emulation. However, these can be

applied to the Master side of the emulation if it is required to check that the Paragon-X Master is generating the correct
input into the Slave side of the Boundary Clock.

File Instrument(s) Setup Capture Impair Graph Data Tools Help
GH @em FEEER 2 COM o MamE >E @

Start Up .
Device Configuration The Flow Filter button can be
_ aster +Slave used to display the filter
Operating Mode ©) Two Masters . . .
- ] selection window to examine
|| Ps Emulation
3 the capture flow filters.
etup Interface
Calnex Paragon-X
Master/Slave/GPS e
Emulation
Master 1pp:
DUT Ethernet j s
Measurements cable {ns): o @
1pps Ref. mﬁ! Ay
cable {nsh o
Select Flow T
1pps Meas.
e e = M - B

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

Configure Capture

CH os@® £FEE ccom o MaE® b0 &0

Start Capture

Rx op botf
Flow Filter Editor
Add Impairments] W FlowFilter 1 Viastar: -
Delay Operating Mode Master: ave:
Measurement 00000000001 0 00 00 00 00 01
add Wander Manual calibration
Setup Interface
Calibration L 7] Delay Response
[ Announce
b MasterfSlavelGPS [¥]5ignaling {from Master)
Emulation i
(7] et capture flow fiter []signaling (from Slave)
Packet
Generation Measurements
Results Select Flow
Flow Filter Status
Configure Capture .
Flow Summary: Flow Detail:
Port 2 Tx (Slave) Port 2 Rx (Slave) Eth Dest 011819000000
Start Capture DEL-REQ o EthSource D000 0000000L
Xk DEL-RESP EthType PP
. FTP Message DEL-RE
Add Impairments} fad FOLLOW-UP . g =
Delay 00 SYNC FTP Version 2

Add Yander

Packet
e nerati

Individual message types can be included or excluded from the capture by
ticking/unticking the appropriate message boxes on the upper right followed
by use of the Set button.
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