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G.8273.2 T-TSC Conformance Test

Testing T-TSCs up to Class-D performance
requirements as per ITU-T G.8273.2 using
Paragon-neo

Noise Generation
Noise Tolerance
Noise Transfer
Transient Response

Holdover Performance

The accuracy of T-TSCs is essential to the successful roll-out of 5G as well
as being integral for LTE-A. To meet requirements including G.8273.2
compliance limits up to Class-D for 5G Enhanced Time, T-TSCs must meet
very stringent Maximum Time Error limits of as low as 5 nanoseconds.
This ensures that the highest number of nodes can be deployed within
the network’s Time Error budget.

This Test Guide shows how the Calnex Paragon-neo can be used to test
T-TSC compliance as per 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-neo

Opt.
Opt.
Opt.
Opt.
Opt.

Opt.
Opt.

NEO-1G-10G
NEO-25G
NEO-100G
NEO-40G
NEO-PTP-G.8275.1

NEO-SyncE-Wander
NEO-Background-Traffic

1/10GbE interface support (if the Device-Under-Test (DUT) has 1G and/or 10G interfaces)
25GbE interface support (if the DUT has 25G interfaces)

100GDbE interface support (if the DUT has 100G interfaces)

40GDbE interface support (if the DUT has 40G interfaces

Emulation of G.8275.1 PTP Master and Subordinate devices, with associated Time Error
Impairment and measurement capability

SyncE Wander and ESMC
Background Traffic Generation (to test using ITU-T G.8273 methodologies)

Software version: 04.00.XX and later. For Background Traffic: 09.00.XX and later.

Accessories

e Optical transceivers as required

e Cables as required

Document References

e Recommendation ITU-T G.8275.1 Precision time protocol telecom profile for phase/time synchronization with full timing
support from the network

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)
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2. Document Information

It should be noted that the tests in the guide are timing performance tests and focus on the quality of the timing output from

the device under test as defined in the relevant standards and recommendations.

However, during product development or qualification other aspects of device behavior and performance may be of
interest. Such aspects could include:

e Device warm-up time and duration required to achieve optimal performance with both ideal and non-ideal reference
inputs

e Performance under various input reference impairment profiles, failure modes and the subsequent recovery times

e Device performance changes depending on the order, concurrency, and duration of multiple fail events

e Type and quality of events reported by the device via the management interfaces

e Accuracy of on-device timing performance monitoring and reporting functions

In the case of the above being required, the test procedures in this document can be used as a basis for the user to design
their own tests to study those aspects.

The Calnex Sentinel and Paragon-x products can be used to capture real-life network performance and can be imported
into Paragon-neo as impairment profiles.

calnexsol.com |
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3. Connecting Paragon-neo or Paragon-neo A (PAM4) to the Device-Under-

Test

Paragon-neo Front Panel

Optical Interfaces:

« 100GbE (QSFP28)
50GbE (QSFP28)
40GbE (QSFP+)
25GbE (SFP28)
10GbE (SFP+)
1GbE (SFP)

17: Unbalanced Clock
Ref Output (J3)

18: Clock Ref Inputs
Unbalanced (J1)
Balanced (J2)

Paragon neo

1: On/Off Switch

Reference Clock Inputs:

® 2.048/10MHz (Recommended)

16: Ref Outputs
1PPS+ToD Balanced (J4)
1PPS Unbalanced (J6)
Ref Inputs
1PPS+ToD Balanced (J5)
1PPS Unbalanced (J7)

15: Test Outputs
1PPS+ToD Balanced (J8)
Unbalanced Clock (J9)

2,3,4,5,6: Optical Ethernet Ports

SFP (P2, P9)
SFP+/SFP28 (P3, P8)
QSFP+/QSFP28 (P4, P7)

7: Optical Ethernet Ports
100M SFP (P11, P14)
Electrical Ethernet Ports
100/1000BASE-T (P12, P13)

1PPS Measurement Inputs:

e 1PPS Balanced (RJ48)
e 1PPS Unbalanced (BNC)

14: Reset Switch
13: LAN (J10)

12: USB (J1)

11: Status Display

10: Diagnostic Ports
(unused) (J12, J13)

9.
L] @

b5

o
R T puasae 2o

e
Calnex

8: Clock Measurement Ports
Balanced (P15)
Unbalanced (P16)

9: Measurement Ports

1PPS+ToD Balanced (P17)
1PPS Unbalanced (P18)
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Paragon-neo A (PAMA4) Front Panel

PAMA4 Optical Interfaces:

« 400GbE (QSFP-DD)
« 50GbE (SFP56)

19: Unbalanced
Clock Ref Output (J3)

20: Clock Ref Inputs
Unbalanced (J1)
Balanced (J2)

Paragon neo

1: On/Off Switch

2: Electrical Ethernet Ports
2.5G/5G/10G (P1, P8)

6,7,8:

Reference Clock Inputs:

e 2.048/10MHz (Recommended)

18: Ref Outputs
1PPS+ToD Balanced (J4)
1PPS Unbalanced (J6)
Ref Inputs
1PPS+ToD Balanced (J5)
1PPS Unbalanced (J7)

17: Test Outputs
1PPS+ToD Balanced (J8)
Unbalanced Clock (J9)

3,4,5: Optical Ethernet Ports (NRZ)

SFP (P2, P7)
SFP28/SFP+ (P3, P6)
QSFP28/QSFP+ (P4, P5)

Optical Ethernet Ports (PAM4/DCO)
SFP56/SFP-DD (P17, P22)
QSFP-DD/QSFP56 (P18, P21)

CFP2 (P19, P20)

: Optical Ethernet Ports

100M SFP (P9, P12)
Electrical Ethernet Ports
100BT/G (P10, P11)

1PPS Measurement Inputs:

¢ 1PPS Balanced (RJ48)
¢ 1PPS Unbalanced (BNC)

16: Reset Switch

15: LAN (J10)

14: USB (J11)
13: Status Display

12: Diagnostic Ports
(unused) (J12, J13)

— 10: Clock Measurement Ports
Balanced (P13)
Unbalanced (P15)

— 11: Measurement Ports
1PPS+ToD Balanced (P4)
1PPS Unbalanced (P16)
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Connections to Device Under Test

Sync Source

.

Master ——— | Capture

Ref. Time and Freq

Impair

T-TSC

1. Connect Port 1 (Master side of Paragon-neo) to the T-TSC Subordinate interface.
Connect the 1pps or 1pps+ToD output from the T-TSC to the Paragon-neo 1pps Measurement Input
3. If desired, connect an external reference, e.g. 10MHz, to the Paragon-neo Reference Input.

calnexsol.com
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4. Setting up the Paragon-neo for G.8273.2 Conformance Tests

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

41. Connection to Paragon-neo

4.2. Configuration of Physical Connections
4.3. Test Configuration

4.4. Device Connection Settings

4.5. Background Traffic

4.1. Connection to Paragon-neo

—_

Verify the physical connections have been completed as described in Section 3.
From a PC on the same network, open a browser and enter the IP address of the Paragon-neo unit.

If directed to the Home Page, select PTP operating mode.

> W N

See the Paragon-neo Getting Started Guide for more details.

4.2 Configuration of Physical Connections
1. Select Setup Ports then from the onscreen display, select those reference and test ports to be used.

2. Ifrequired, enter Threshold and Termination information for 1pps signals. Voltage thresholds should be set to 1 decimal
place to ensure the best accuracy of test and measurement.

1ppE TOD Referance:
1pps 631+ ToD

Testouw

1pps Bal + ToD

FreqMeasBa  FreqMeds Unbal

16
s PP asFpe

e e e | e e R e =| O

pps Bal £ ToD 1pps Lnbal
References Ethernet Frequency Measurements 1pps | ToD Measurements.
Clock Reference Input Clock Reference Qutput 1pps + ToD Ref Input 1pps + ToD Ref Qut

Signal: Interface: Signal: Interface:

Signal: @ Signal:
-]

4.3. Test Configuration
1. Select Run Apps, then the Conformance Test preset.

Presets A  Save/Recall Seftings

calnexsol.com |



4.4. Device Connection Settings

It is assumed that the G.8275.1 profile will be used in testing as per the G.8273.2 requirements, and as a result, testing will
be carried out using L2 encapsulation in Multicast mode. The Paragon-neo Master emulation can be configured to use other
options, e.g. unicast, UDP/IPV4 etc., however, it should be noted that these do not conform to the G.8273.2
recommendation requirements.

1. In the PTP Emulation app, choose Test Config and enter the 1pps Reference Delay cable calibration value if required.
Delay values are entered in ns and should be entered to one decimal place for the most accurate results. For coaxial

cable, values of 4.5 to 5ns per meter of cable are typical; it is recommended to independently verify the cable delay.
Once the required values have been set, click Apply.

Test Configuration

Setup

Capture Mode: M-Clock

S — Timing Period: Manual ~

’ 2ZM/TIET ]

2. Inthe 1pps Time Error Measurement app, enter the cable delay compensation value for the measurement cable.

DUT Ethernet cable _
calibration (ns):

camtraton ok
calibration (ns):

5-Clack

Further information to assist with entering cable delay values is provided in the Quick Help in the left-hand pane within
the Paragon-neo User Interface.

1pps Time Error Measurement + Time of Day

Elapsed Time ) )
00d 00h 04m 53s [EmuuEe
e =
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4.5. Background Traffic

The measurement methodologies specified in ITU-T G.8273 Annex B include a requirement for traffic generation to
introduce suitable loading on the ports of the DUT that carry the timing packets.

The Paragon-neo Background Traffic Generation application provides the ability to test to the ITU-T G.8273 requirements by
generating Ethernet or IP packets in addition to the PTP and ESMC packets on Port 1 and Port 2.

1. In the Background Traffic Generation app for the required Paragon-neo port, choose General and select the
encapsulation, source and destination addresses for the generated traffic.

Background Traffic Generation (Porti)

General VLAN Tags Pattem

Source MAC Address
Destination MAC Address:
Source IP Address

Destination IP Address: 192 16802

2. Select the VLAN Tags tab and if required, configure the VLAN parameters.

Background Traffic Generation (Port1)

General VLAN Tags
Tagging Mode:  Jiaa=WREL ey v

Frame header excerpt

- I AT MR T
TPID (hex) e (hex): TN

3. Select the pattern tab and configure the required parameters for the traffic pattern, loading and payload.

4.

Background Traffic Generation (Port1)

General E Pattem

Pattern: Network Traffic model 2 v
[N SISY TN scuco Random Binary Sequence v

Pattern Burst
Duration (s) 10 Duration (s)

Packet Size (bytes) Distribution (%) Packet Size (bytes)

1518

Pressing Generate at any time begins the transmission of the background traffic.

( /—\
GENERATE
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5. Analysing Results using CAT

The tests in this document detail the steps to manually set the metrics, masks and thresholds to those required to test for
G.8273.2 conformance, however, it is also possible to use the Test Environment function to automatically apply the relevant
settings.

The Test Environment function automatically configures the displayed metrics, masks, and thresholds to a range of preset
values such as those required for testing compliance to device or network standards.

The environments that are available for selection change dynamically based on the type of measurement data that is in the
loaded capture file(s), e.g. if PTP measurement data is present then Test Environments that contain PTP metrics will be
available.

In the example below G.8273.2 T-BC Class A device with PTP measurements has been selected, the relevant metrics Time
Error, Avg Time Error (cTE) and Dynamic Time Error only are displayed, and the masks and thresholds have been set to
those relevant to that device type and class.

Application He

" Time Error Avg Time Error (cTE) Dynamic Time Error Mask Status "
Select File

13

2Way Time Error PASS

Select Metrics e 0.1Hz high-pass filtering applied fo all data

Pk-Pk [ns]: 8.087, Min [ns]: -4.111, Ma:

13

2Way Avg Time Error (cTE) |PASS

13

View Results 2Way Dynamic TE HF PASS

13

2Way Dynamic MTIE LF PASS

Generate Report ¢ TE HF
|

Y

13

2Way Dynamic TDEV LF PASS

e T e R e

Test Environment:

Export

Dynamic TE HF [ns]

|c.8273.2 Class A (PTP)

Device Standards
G.82732 Class A (PTP)
500 1000 2000 3000 i G.82732 Class B (PTP)
Elapsed Time [s] G.8273.2 Class C (PTP)
G.82732 Class D (PTP)
2Way Dynamic MTIE LF

1000

G82733T-TC Class A

3.2 T-BC Class A Dynamic TE LF Cc G.82733T-TC Class B
6.8273.3T-TC Class C

G.8273.4 T-BC-A Class A - 1PPS Input (PTP)

G.8273.4 T-BC-AClass A - PTP Input (PTP)

Z
=
=
=

G.8273.4 T-BC-A Class B - 1PPS Input (PTP)

G.8273.4 T-BC-AClass B - PTP Input (PTP)

% Resolution
Observation Window [s] P \(i10
2Way Dynamic TDEV LF
100
‘ 018, Max [ns: 0.128 Masks
mic MTIE LF

Parameters

Dynamic TE Limit +/-
Pk-Pk TE (HF)

@ 0.07

Observation Window [5] Normalization
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6. Noise Generation — G.8273.2 Clause 7.1

Test Description

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

Measurement Process

1. Confirm that preconfigured settings within the PTP Emulation app are appropriate for the current test scenario, as
described in Section 4.4.

2. To test to the measurement methodology specified in ITU-T G.8273, configure the Background Traffic app as described
in Section 4.5.

3. From the Test: drop-down menu, select Noise Generation (Clause 7.1). In the Stimulus/Measurement section, under
Measurement ensure that 1pps Time Error is selected

4. In the Generation section of the conformance test app, press Generate. This starts PTP and ESMC message generation,
allowing the DUT to lock and stabilize. Pressing Check will run a simultaneous data capture and will open the CAT in a
new tab to check the current timing performance. In this case, you should wait for a 1pps TE measurement graph
moving from a ramp to stable condition to indicate lock has been achieved.

5. Once the DUT is stable, press Stop on the Check button, then Start to run the Noise Generation measurement, which
should be run for at least 2000s.

G.8273.2 Conformance Test
LG Noise Generation (Clause 7.1) v

Generation: Stimulus: Measurement:

Bere B PTP Noise Pattern #erp
B Esmc B PTP Noise Table B syncE Wander

B synce wander Table B 1pps Time Emor
B syncE Wander Pattern

Estimated Time Remaining: N/A
Elapsed Time: 00d 00h 15m 42s Elapsed Time: 00d 00h 00m 06s

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

5. Click the CAT button to open the Calnex Analysis Tool in a new browser tab and display Time Error metrics.

Application [EEET IIIEN
Tim

1pps TE Absolute
View Resuits
Generate Report
Fxport

Markers Editor

Marker 1 | Marker2 | &

X.Axis Display Format:

Elapsed Time

Parameters

Dynamic TE Limit +

® 15

Zero 1pps
) v

For a 1pps capture, the metrics of interest are Time Error, Time Error — Filtered (TEL), 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 down arrow against each metric. Tick those of interest then press Calculate to view.
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Aart

Select File Clock Measurements
Select Metrics @ MTIE

View Results ® TDEV

Generate Report @ ckFFO

Export

Time Emor Measurements

& Time Emor

% Time Error (Filtered)

& Avg Time Error (cTE)

=

Jynamic Time Error

1pps TE Absolute Dynamic TE LF
1pps TE Absolute Dynamic TE HF
1pps TE Absolute Dynamic MTIE LF
1pps TE Absolute Dynamic TDEV LF

V]

aaaa

'73.2 Transient Re:

Individual graphs can be displayed by double-clicking on the desired graph. To return to the multi-graph display, double-
click on the single-graph display.

Time Error Results (MaxITELl) — For Class D device testing
1. Select the Time Error (Filtered) tab to display the 0.1Hz low-pass filtered Time Error results:

Time Emor Time Error (Filtered) Avg Time Error (¢ TE) Dynamic Time Error Port Events

1pps TE Absolute Time Error (Filtered)

a0 0.1Hz low-pass filtering applied to all data

Follf I M SRS

Threshold

60
Elapsed Time [5]

2. Check your result conforms to the Class D G.8273.2 requirement: MaxITELl of 5ns. This is set as the threshold in the
Max TE (Filtered) limit as 0.005us:

Parameters

Max TE (Filtered) Limit +/-

% | 0.005

calnexsol.com | 13



Time Error Results (MaxITEI) - For Class A, B and C device testing

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

Time Error ‘ Time Error (Filtered) ‘ Avg Time Error (cTE) ‘ Dynamic Time Error ‘

1pps TE Absolute
100

Threshold

%
Eiapsed Time [5]
Sample# Error 1pps TE (ns)

140 32

2. Check your result conforms to the relevant G.8273.2 spec [Clause 7.1]:

T-TSC Class MaxITEl (ns)

A 100

70

B
C 30
D FFS

Foli Nl i+ U

Application [EIT
W sy
Max [ns]
Max-Min [ns]

Chart Tools
Markers Editor
Marker 1 | Marker 2 | &
Chart & Zoom mode
~| 1 &
& Fit

Visible Elements

Helq

% Erors (7 Labels (% Markers

@ Autohide Threshold (% Statistics

Save As Image

X-Axis Display Format:
|Etapsed Time

Parameters.

Dynamic TE Limit +/-

% o.07

Zero 1pps

[ ]
Offset 15.75 ns

Data Analysis Range(s)

From

For other applications, adjust the applied limits based on the class of device which is being tested.

calnexsol.com

| 14



Time Error Results (Constant Time Error)
1. Select the Avg Time Error (cTE) metric tab to display the cTE graph.

Clause 7.1.1 of G.8273.2 states “an estimate of constant time error should be obtained by averaging the time error
sequence over 1000 s.” To align with 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 clock within the T-TSC.

Aowg Time Error (cTE) yni
setect Flle 9 Time Error (cTE) D

Select Metrics 13

View Results

Parameters

CTE Limit +/

2. Adjust the applied cTE limit in the Parameters section based on the class of device that is being tested to confirm your
result conforms to the relevant G.8273.2 spec [Clause 7.1.1]:

T-TSC Class
A +50
B +20
C +10
D FFS

calnexsol.com | 10



Time Error Results (Dynamic Time Error)

1. Select the Dynamic Time Error tab to display the filtered Time Error results. This will display the Low Frequency and
High Frequency Dynamic Time Error components (dTEL and dTEw, respectively) as measurements. These results are

filtered at 0.1Hz.

Tieme Exror (Filte

1pps TE Absolute Dynamic TE LF

Selec
View Results
Generate Report

Export

s TE Absolute Dynamic TDEV LF
n

2. Compare the results against the ITU-T limits by loading the masks appropriate to the DUT Class for the MTIE and TDEV

metrics.

Select Metrics
View Results
Generate Report

Export

1pps TE Absolute Dynamic MTIE LF

s TE Absolute Dynamic TDEV LF
o

G.8273 2 T-BC Class B Dynamic TE! ¥

G_8262_1 eEEC Wander Generation Const. Temp.

G_8263 PEC-5-F Wander Gen Const Temp.

G.3263 PEC-5-F Wander Gen Var. Temp.

G_8271.1 Network Dynamic TE, point C

(G.8272 PRTC Wander Gen

G.8272 1 ePRTC Wander Gen

G.3273.2 T-BC Class A Cascaded Dynamic TE LF Const. Temp.
G_8273.2 T-BC Class A Dynamic TE LF Const. Temp.

G_8273.2 T-BC Class A Dynamic TE LF Var. Temp.

G_8273 2 T-BC Class A Time Holdover Const Temp.

G.3273.2 T-BC Class A Time Holdover Var. Temp.

G_8273.2 T-BC Class B Cascaded Dynamic TE LF Const. Temp.
(.8273.2 T-BC Class B Dynamic TE LF Const. Temp.

G_8273 2 T-BC Class B Dynamic TE LF Var Temp.

G_8273.2 T-BC Class B Time Holdover Consi. Temp.

G_8273.2 T-BC Class B Time Holdover Var. Temp.

G_8273.2 T-BC Class C Cascaded Dynamic TE LF Const. Temp.
G.3273.2 T-BC Class C Dynamic TE LF Const. Temp.

G.3273.2 T-BC Provisional Class D Dynamic TE LF Const. Temp.
GR-1244-CORE Stratum Wander Gen

System  Help
Chart & Zoom mode .

==|ir +
& Fit

nts.

X Axis Display Format
Elapsed Time
Resolution

D 1110

Masks

No Mask

No Mask.
Parameters

Dynamic TE Limit +/

LpeBERN

o 0.04

. 02

boman

System  Help

ppBEON

X-Axis Display Format:

Elapsed Time

pepELN

-BC Class B Dynamic TE

Dynamic TE| ~

Dynamic TE Li

S

& 0.04

Check for PASS/FAIL against the applied masks by
observing - or - in the Mask Status panel:

Mask Status

1pps TE Absolute Time Emor
(Filtered)

1pps TE Absolute Avg Time
Error (cTE)

1pps TE Absolute Dynamic
TE LF

1pps TE Absolute Dynamic
MTIE LF

1pps TE Absolute Dynamic
TDEV LF
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7. Time Noise Tolerance — G.8273.2 Clause 7.2

Test Description

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

Measurement Process

1. Confirm that preconfigured settings within the PTP emulation app are appropriate for the current test scenario, as
described in Section 4.4.

2. To test to the measurement methodology specified in ITU-T G.8273, configure the Background Traffic app as described
in Section 4.5.

3. From the Test: drop-down menu, select Noise Tolerance (Clause 7.2).

4. In the Stimulus/Measurement section, under Measurement ensure that 1pps Time Error is selected

G.8273.2 Conformance Test

LSS Noise Generation (Clause 7.1)

Noise Generation (Clause 7.1)
Gener. Noise Tolerance (Clause 7.2)
PTP to PTP MNoise Transfer (Clause 7.3.1)
LIS P TP to 1pps Noise Transfer (Clause 7.3.1)
WAL SyNcE to PTP Noise Transfer (Clause 7.3.2)

SyncE to 1pps Noise Transfer (Clause 7.3.2)

SyncE to PTP Transient Response (Clause 7.4.1.2)
SyncE to 1pps Transient Respense (Clause 7.4.1.2)
T-BC Holdover Performance (Clause 7.4.2.2)
T-TSC Holdover Performance (Clause 7.4.2.2)

CSUITEIED e Ren-iming:

Elapsed Time: 00d 00h 06m 02s Elapsed Time: 00h 01m 18s

5. Inthe Generation section of the conformance test app, press Generate. This starts PTP and ESMC message generation,
allowing the DUT to stabilize. Pressing Check will run a simultaneous data capture and will open the CAT in a new tab to
check the current timing performance. In this case, you should wait for a 1pps TE measurement graph moving from a
ramp to stable condition to indicate lock has been achieved.

6. Once the DUT is stable, press Stop on the Check button, then Start to run the Noise Tolerance test. PTP and SyncE
Stimulus as per the relevant clause of G.8273.2 will be applied, and capture will be started.

G.8273.2 Conformance Test

=25 1oise Tolerance (Clause 7.2) v

Generation: Stimulus: Measurement:

®p1P ([ B PTP Noise Pattern Hpip
¥ ESMC @ PP Noise Table M syncE Wander

@ SyncE Wander Table ¥ 1pps Time Error
B SyncE Wander Pattern

Estimated Time Remaining: N/A
Elapsed Time: 00d 00 02s Elapsed Time:

6. Once the test stimuli have finished and at least 1000s have passed, select Stop Capture to end the measurement.

Expected Outcome

To pass, the DUT must maintain reference and not attempt to switch reference or enter holdover state. This must be
determined on the device itself (e.g. via the management interface).

Further Analysis (Optional)

As a 1pps measurement is performed by Paragon-neo during this test, an indication of DUT lock may also be determined by
viewing the Time Error performance in CAT. The timing behavior of the DUT under the tolerance conditions may be further
analyzed.

calnexsol.com | 12



8. Time Noise Transfer — G.8273.2 Clauses 7.3.1and 7.3.2

Test Description

This test measures how Time Error on the input is transferred to the output.

Measurement Process

1. Confirm that preconfigured settings within the PTP Emulation app are appropriate for the current test scenario, as
described in Section 4.4.

2. To test to the measurement methodology specified in ITU-T G.8273, configure the Background Traffic app as
described in Section 4.5.

8.1. PTP to 1pps Transfer

1. From the Test: drop-down menu, select PTP to 1pps Noise Transfer (Clause 7.3.1).
2. In the Stimulus/Measurement section, under Measurement ensure that 1pps Time Error is selected

3. From the Generation section of the conformance test app, press Generate. This starts PTP and ESMC message
generation, allowing the device under test to stabilize. Pressing Check will open CAT in a new tab, to allow you to check
the current timing performance. In this case, you should wait for a 1pps TE Absolute measurement graph moving from a
ramp to stable condition to indicate lock has been achieved

G.8273.2 Conformance Test

LLE S 1oise Tolerance (Clause 7.2)
Moise Generation (Clause 7.1)
ey Noise Tolerance (Clause 7.2)
PTP to PTP Moise Transfer (Clause 7.3.1)
Pl PTP to 1pps Noise Transfer (Clause 7.3.1)
=2 SyncE to FTP Noise Transfer (Clause 7.3.2)
SyncE to 1pps Noise Transfer (Clause 7.3.2)
SyncE to FTP Transient Response (Clause 7.4.1.2)
SyncE to 1pps Transient Response (Clause 7.4.1.2)
T-BC Holdover Performance (Clause 7.4.2.2)

T-TSC Holdover Performance {Clause 7.4.2.2)
CSUINGEd THIIe Kendinimng. ™

Elapsed Time: 00d 00h 06m 02s Elapsed Time: 00d 00h 01m 18s

4. Once the DUT is stable, press Stop on the Check button then in the Stimulus/Measurement section press Start to start
the 1pps measurement and application of the prescribed PTP Noise Stimulus.

PTP Noise (Time Error) is applied as per G.8273.2 Amendment 1 (Appendix VI).

For more information on the test considerations and the approach to test in the ITU-T recommendation, please see the
Calnex application note Time error transfer for BCs.
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5. During or after the test, CAT can be launched to view the results — complete PTP-1pps transfer results are available in
the G.8273.2 Noise Transfer (Clause 7.3) tab. A Bode plot is displayed, along with a table of applied stimulus vs. gain.
a test step is still underway, this will be highlighted in orange on the table.

f

Time Error Time Error (Filtered) Avg Time Error (cTE) Dynamic Time Error it C Noise Transf

Noise Transfer PTP to 1pps (Clause C.2.3.1)

T T T
0.003 002 0.03
Freq [Hz]

Freq (Hz)

6. By selecting the mask applicable to the DUT class in Masks from the right-hand side of the CAT tool, max/min pk-pk
values as per the standard will be displayed in the table, along with limit lines on the graph.

« Noise Transfer PTP to 1pps (Clause C.2.3.1)
. Chart Tools
Markers Editor
Marker 1 | Marker2 &
Chart & Zoom mode
- *
& Fit @ Overlay © Stacked

Visible Elements

Save As Image

Masks

G 8273 2 Class C,D T-BCs Noise Trans! v
v

T
01 02
Freq[Hz] Parameters

Pi-Pk Output (ns

Note that the Pk-Pk limits as defined in G.8273.2 are defined as a value +N to account for added noise generation of
the DUT. The value of N = 10ns has been selected for the pass/fail limits as this provides the balance between the
ability to measure accurately and give confidence that the DUT is meeting its requirements. More information can be
found on the Calnex online FAQ:
https://calnexsolutions.atlassian.net/wiki/spaces/KB/pages/2031620/G.8273.2+7.3.1+7.3.2+Noise+Transfer

calnexsol.com | 14


https://calnexsolutions.atlassian.net/wiki/spaces/KB/pages/2031620/G.8273.2+7.3.1+7.3.2+Noise+Transfer

8.2. SyncE to 1pps Transfer

1. From the Test: drop-down menu, select SyncE to 1pps Noise Transfer (Clause 7.3.2).
2. In the Stimulus/Measurement section, under Measurement ensure that 1pps Time Error is selected.

3. From the Generation section of the conformance test app, press Generate. This starts PTP and ESMC message
generation, allowing the device under test to stabilize. Pressing Check will open the CAT in a new tab to allow you to
check the current timing performance. In this case, you should wait for a 1pps TE Absolute measurement graph moving
from a ramp to stable condition to indicate lock has been achieved.

G.8273.2 Conformance Test

Moise Tolerance (Clause 7.2)

Moise Generation (Clause 7.1}
Ty [Woise Tolerance (Clause 7.2)
PTF to PTP Noise Transfer (Clause 7.3.1)
0 P 1pps Noise Transfer (Clause 7.3.1)
3yncE to PTP Moise Transfer (Clause 7.3.2)

: SyncE to 1pps Noise Transfer (Clause 7.2.2)
SyncE to PTP Transient Response (Clause 7.4.1.2)
SyncE to 1pps Transient Response (Clause 7.4.1.2)
T-BC Holdover Performance (Clause 7.4.2.2)
T-TSC Holdover Performance (Clause 7.4.2.2)

ESUITLET TIe melgiming: NA

Elapsed Time: 00d 00h 06m 02s Elapsed Time: 00d 00h 01m 18s

4. Once the DUT is stable, press Stop on the Check button then in the Stimulus/Measurement section, press Start to start
the 1pps measurement and application of the prescribed PTP Noise Stimulus.

5. During or after the test, CAT can be launched to view the results — complete SyncE-1pps transfer results are available in
the G.8273.2 Noise Transfer (Clause 7.3) tab. A Bode plot is displayed, along with a table of applied stimulus vs. gain. If
a test step is still underway, this will be highlighted in orange on the table.

nsfer SyncE to 1pps [Clause €.2.3.2)

pEpDmON
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6. By selecting the mask applicable to the DUT class in Masks from the right-hand side of the CAT tool, max/min
pk-pk values as per the standard will be displayed in the table, along with limit lines on the graph.

Time Emor ( d) 4 Mask Status. »

o CEwPTP  |pee
& Noise Transfer SyncE to PTP (Clause 7.3.2) ( )
60
Test Type "
Test Environment:

Cuslom

folf i+ J N

Chart Tools
Markers Editor
Marker 1 Marker2 &
Chart & Zoom mode
- +
& Fit @ Overlay O Stacked

Visible Elements

Save As Image

Masks

G 8273 2 Class C,D T-BCs Noise Trans! v

! Parameters "
1

" Frealtal
ng

Foint # A Duration (s) Output (ns) Gain (dB) Jpper PE-PK Limit (ns) | Lower Pk-Pk Linit (ns)

1000
500

Note that the Pk-Pk limits as defined in G.8273.2 are defined as a value +N to account for added noise generation of
the DUT. The value of N = 25ns has been selected for the pass/fail limits as this provides the balance between the
ability to measure accurately and give confidence that the DUT is meeting its requirements. More information can be
found on the Calnex online FAQ:
https://calnexsolutions.atlassian.net/wiki/spaces/KB/pages/2031620/G.8273.2+7.3.1+7.3.2+Noise+Transfer
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9. Packet Layer Transient Response and Holdover Performance — G.8273.2
Section 7.4.1.2

Test Description

Short-term transient response refers to the time error generated when a clock switches over 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 previous node to the T-TSC can generate a large
transient at the T-TSC input, therefore a T-TSC must reject this transient. It can achieve this by monitoring the ESMC
messages on the SyncE interface.

On receipt of a degraded QL, a T-TSC must either stop using the SyncE signal or turn off the low-pass filter to allow the PTP
to correct the time error more quickly. When traceability of the SyncE signal is restored, the T-TSC 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

300

250 A

200

150

100

Absolute phase error (ns)

50 1

T T

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 % ESMC changed
45 ns/s slope 4 back to QL-PRC
(50%0.9)
ESMC changed from
4« 0| -PRCto QL-EEC
104 .
(120%0.9-4) Pre-test Mitigation Normal
stabilization period period
0 (normal QL) (degraded QL) : (normal QL)
0 0.016 1.8 2.0 14984 15 15.18 15.5 100
Time S [s]

Fig. lll.2 from G.8273 Appendix lll - SyncE Transient Input Pattern
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Measurement Process

Confirm that preconfigured settings within the PTP Emulation app are appropriate for the current test scenario, as described
in Section 4.4.

9.1 SyncE to 1pps Transient Response (Clause 7.4.1.2)

1. From the Test: drop-down menu, select SyncE to 1pps Transient Response (Clause 7.4.1.2).
2. In the Stimulus/Measurement section, under Measurement ensure that 1pps Time Error is selected.

3. From the Generation section of the conformance test app, press Generate. This starts PTP and ESMC message
generation, allowing the device under test to stabilize. Pressing Check will open the CAT in a new tab to allow you to
check the current timing performance. In this case, you should wait for a 1pps TE Absolute measurement graph moving
from a ramp to stable condition to indicate lock has been achieved.

'G.8273.2 Conformance Test

Moise Tolerance (Clause 7.2)

Moise Generation (Clause 7.1)
e tp Moise Tolerance (Clause 7.2)
PTF to PTF Noise Transfer (Clause 7.3.1)
LISl PP to 1pps Noise Transfer (Clause 7.3.1)
Ly SyncE to PTP Noise Transfer (Clause 7.3.2)

SyncE to 1pps Moise Transfer (Clause 7.3.2)
SyncE to PTP Transient Respense (Clause 7.4.1.2)
SyncE to 1pps Transient Response {Clause 7. 4.1.2)
T-BC Holdover Performance (Clause 7.4 2 2)
CHUTLEd Tine Relldinng. NA

Elapsed Time: 00d 00h 06m 02s Elapsed Time: 00d 00h 01m 18s

4. Once the DUT is stable, press Stop on the Check button then in the Stimulus/Measurement section press Start to start
the 1pps measurement and application of the prescribed SyncE wander and ESMC state change stimulus.

Test execution takes 200s. The first 100s are used to analyze 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 CAT to calculate and make that adjustment.

5. On completion of the test, the test results can be analyzed using the CAT.

6. Inthe CAT, click on Select Metrics and enable the G.8273.2 Transient Response metric then click the Calculate button.

Tame E1104 Messurements

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 analyzed in separate
test runs.
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7. Once the calculation has reached 100%, the results and associated Pass/Fail information can be viewed using the View
Results button.

System Help

w» 1pps Time Emor [Trasskst Responsc)

)

Generate Report

Forward Rate

Hewerse Raw

Ore 230 O Geecied

Mackers | @tor
Makor 1 Maker 2 R
Chart & Zoom mode
. +
® T ® Ovenay O Suces

Viatse ( emecty

}
s
|
]
!
I

5 b T
Seve A dmaje
X Axn Osplry Forms

[lagned Trme

Masks

082732 Prase B

9.2 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-
TSC.

1. From the Test: drop-down menu, select T-TSC Holdover performance (Clause 7.4.2.2).

2. In the Stimulus/Measurement section, under Measurement ensure that 1pps Time Error is selected.

3. From the Generation section of the conformance test app, press Generate. This starts PTP and ESMC message
generation, allowing the device under test to stabilize. Pressing Check will open the CAT in a new tab to allow you to
check the current timing performance. In this case, you should wait for a 1pps TE measurement graph moving from a
ramp to stable condition to indicate lock has been achieved.

G.8273.2 Conformance Test

Noise Tolerance (Clause 7.2)

Moise Generation (Clause 7.1)
eT\1=p Moise Tolerance (Clause 7.2)
FTF to PTF Noise Transfer (Clause 7.3.1)
LI PTP to 1pps Moise Transfer (Clause 7.3.1)
dL: SyncE to PTP Noise Transfer (Clause 7.3.2)

SyncE to 1pps Noise Transfer (Clause 7.3.2)

SyncE to PTP Transient Response (Clause 7.4.1.2)
SyncE to 1pps Transient Response (Clauzse 7.4.1.2)
T-BC Holdover Performance (Clause 7.4.2.2)
T-TSC Holdover Performance (Clause 7.4.2 2)

CSUIMHED e REMGImg. NA

Elapsed Time: 00d 00h 06m 02s Elapsed Time: 00d 00h 0Mm 18s

4. Once the DUT is stable, press Stop on the Check button then in the Stimulus/Measurement section press Start to start
the 1pps measurement and simulate the loss of the PTP input signal to the device.

5. On completion of the test, the test results can be analyzed using the CAT.
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6. The key metrics to be examined are the Dynamic TE LF metrics. Enable these in the Select Metrics screen; for clarity, it
is recommended to disable the Average Time Error (CTE) metrics and the other Dynamic TE metrics.

-8
A AT
Select File Clock Measurements

Select Metrics i Time of Day

View Results @ MTIE

Generate Report @ TDEV

Export @ ckFFO

Time Error Measurements
@ Avg Time Error (cTE)
¥ Time Error

™ Nvnamic Time Frror P
¥ 4  1pps TE Absolute LF 100%
@ & 1pps TE Absolute HF
™ &«  1pps TE Absolute Dynamic MTIE LF 100%
@ &  1pps TE Absolute Dynamic TDEV LF

7. Select the Dynamic Time Error tab.

Time Error Time Error (Fittered) Dynamic Time Error Port Events

1pps TE Absolute Dynamic TE LF to all data

Min [ns]. 0.013,

Dynamic TE LF [m]

o 50 200 250
Elapsed Time [s]

1pps TE Absolute Dynamic MTIE LF
1

Follf > HIi-HE+ U™

Observation Windaw [s]
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8. Select the particular G.8273.2 T-BC Time Holdover Const Temp mask relevant to the Class of device being tested, e.g.

(G.2262_1 eEEC Wander Generation Const. Temp.

(G.2263 PEC-S-F Wander Gen Const. Temp.

G.8263 PEC-5-F Wander Gen Var. Temp.

G.8271.1 Network Dynamic TE, point C

G.8272 PRTC Wander Gen

G.8272.1 ePRTC Wander Gen

G.8273.2 T-BC Class A Cascaded Dynamic TE LF Const. Temp.
G.8273.2 T-BC Class A Dynamic TE LF Const. Temp.

(G.8273.2 T-BC Class A Dynamic TE LF Var. Temp.

(G.8273.2 T-BC Class A Time Holdover Const. Temp.

(5.3273.2 T-BC Class A Time Holdover Var. Temp.

(G.8273.2 T-BC Class B Cascaded Dynamic TE LF Const. Temp.
(G.8273.2 T-BC Class B Dynamic TE LF Const. Temp.

G.8273.2 T-BC Class B Dynamic TE LF Var. Temp.

G.8273.2 T-BC Class B Time Holdover Const. Temp.

(G.8273.2 T-BC Class B Time Holdover Var. Temp.

(G.8273.2 T-BC Class C Cascaded Dynamic TE LF Const. Temp.
(G.8273.2 T-BC Class C Dynamic TE LF Const. Temp.

G.8273.2 T-BC Provisional Class D Dynamic TE LF Const. Temp.
GR-1244-CORE Stratum Wander Gen

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

Time Eror ‘ Time Error (Filtered) | Dynamic Time Error | Port Events ‘ Mask Status

) 1pps TE Absolute Dynamic

'P:’f ERe e TELF 0.1Hz low-pass filtering appiied o all data MTIE LF
2 Min [ns] ax Mean [ns]: 0.167 | 2

Min [ns] a Mean [ns]: 0.167 2 Chart Tools

Markers Editor
Marker 1 | Marker 2 | @
Chart & Zoom mode
|t +
& Fit
Visible Elements
& Enors (% Labels & Markers
@ Aulohide Threshold (% Stalistics

Save As Image

[} 5
X-Axis Display Format:

‘E\apsed Time Ivl
Min [ns]: 0.001, Max [ns]: 0.305 T

P —— 11110

Masks

|©8273.2 T-BC Ciass B Time Holdowi -

Parameters

Dynamic TE Limit +/-

811

20
Observation Window [s] Remove Settiing
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Appendix 1 — Tests for a G.8273.2 T-TSC

output.

PTP-to-1pps
transfer function:

e |ow-pass filter
(undefined
order or shape)

e Bandwidth
from 0.05 to
0.1Hz

SyncE-to-1pps
transfer function:

o High-pass filter
(undefined
order or
shape)’

e Bandwidth
from 0.05 to
0.1Hz

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
(Amd.1, 03/2020)

Objective Test method Output Limit (1pps signal)
Time Error With stable input Apply a stable time Class A Class B Class C Class D
Noise references, reference to the PTP
Generation measure the input. MaxITE, |2 <5
. - ax : - - - <5ns
(G.8273.2, inherent time Apply a stable frequency )
Clause 7.1) error (MaxITE,|, reference to the SyncE
MaxITEIl, cTE and input Max|TE[:3 <100ns <70ns <30ns FFS
dTE) produced by R t without a SyncE
the internal clock. epeatwithouta sync .
reference’. cTE: <50ns <20ns <10ns FFS
40ns MTIE, 10ns MTIE FFS
dTELF:4
4ns TDEV 2ns TDEV
dTEueS 70ns p-p FFS FFS
Noise Measures Combined PTP and
Tolerance whether the clock | SyncE tolerance:
(G.8273.2, can operat§ Apply Calnex noise N . imi
Clause 7.2) correctly with tolerance pattern to © output performance [imit.
maximum noise the PTP input®. Clock under test should not:
input at the input.
P P Simultaneously apply * generate alarms
The test must be sine wave phase e switch reference
carried out with wander to the SyncE e go into holdover
noise on both the input according to
PTPand SyncE | 8262, Table 9.
inputs.
Noise Measures how PTP to 1pps:
Transfer Fime grror on the Apply a set of sine wave
(G.8273.2, Input is PDV modulations of
Clause 7.3) transferred to the | 400ns p-p amplitude (i.e.

SynckE to 1PPS:

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
(Amd.1, 03/2020)

1G.8273.2 doesn’t currently specify the performance in the absence of SyncE, therefore repeating the test without the use of SyncE

input reference is optional.
2 MaxITE,| is calculated on time error data after low-pass filtering by 0.1Hz.
3 MaxITEl is calculated on the raw, unfiltered time error data.

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

5 TIE is measured after high-pass filtering by 0.1Hz. Same values apply to both Class A and Class B devices.
8 This pattern is derived from the dTE network limit MTIE mask, defined in G.8271.1 Figure 7-2.
7 Theoretically, this should be a band-pass filter with the low-pass cut-off between 1 and 10Hz, but since a 1pps interface can only

carry frequencies of < 0.5Hz, it is effectively a high-pass filter.

calnexsol.com | 22




Transients
and Holdover

(G.8273.2,
Clause 7.4)

Objective

Measure the
transient caused
by a switch
between PTP
masters

Test method Output Limit (1pps signal)

No test method defined No performance limit defined

Measure the T-
TSC 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-TSC has
locked onto the inputs Phase mask defined in G.8273.2 Annex B
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 I

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-TSC 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 7-7

calnexsol.com

23




\)

Calnex

Insight and Innovation

Calnex Solutions plc
Oracle Campus
Linlithgow

West Lothian EH49 7LR
United Kingdom

tel: +44 (0) 1506 671416

email: info@calnexsol.com

calnexsol.com

© Calnex Solutions, 2022.
This document is subject to
change without notice.

CX3008 v2.0 December 22



	1. Hardware and Software Required
	2. Document Information
	3. Connecting Paragon-neo or Paragon-neo A (PAM4) to the Device-Under-Test
	4. Setting up the Paragon-neo for G.8273.2 Conformance Tests
	5. Analysing Results using CAT
	6. Noise Generation – G.8273.2 Clause 7.1
	7. Time Noise Tolerance – G.8273.2 Clause 7.2
	8. Time Noise Transfer – G.8273.2 Clauses 7.3.1 and 7.3.2
	9. Packet Layer Transient Response and Holdover Performance – G.8273.2 Section 7.4.1.2
	Appendix 1 – Tests for a G.8273.2 T-TSC

