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PTP Time Error for T-BC

Testing Boundary Clocks as per ITU-T
G.8273.2 using Paragon-100G

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-100G can be used to test
T-BC 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-100G

Option 001 100GbE interface support (if the Device-Under-Test (DUT) has 100G interfaces)
Option 002  40GDbE interface support (if the Device-Under-Test (DUT) has 40G interfaces)

Option 003  25GbE interface support (if the Device-Under-Test (DUT) has 25G interfaces)

Option 004  1/10GbE interface support (if the Device-Under-Test (DUT) has 1 and/or 10G interfaces)

Option 201 Advanced IEEE1588v2 features
Option 250  IEEE 1588v2 One-box T-BC, T-TC and OC Test
Option 213 SyncE wander and ESMC

Software version: 60.05.03.xx and later.

Accessories

i Optical Transceivers as required
q Cables as required

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)

calnexsolcom | 3



2. Connecting Paragon-100G to the T-BC (Device-Under-Test)

Ref. Time and Freq.

Master

Impair I

Capture Capture Capture
A A

Front Panel

Optical Interfaces:
w 100GbE (QSFP28, CFP4, CXP)
W 40GbE (QSFP+)

Unbalanced Clock Balanced Balanced Reset Switch
Ref Outputs (J3, J4
W 25GbE (SFP28) ef Outputs ( ) 1pps/ToD Ref Input (J5) 1pps/ToD Output (J7) LAN
Unbalanced Unbalanced
Unbalanced Clock Ref Input (J1) 1pps Ref Input (J6) 1pps Output(J8) Use
w 10GbE (SFP+) Balanced Clock Ref Input (J2) Status Display

0 1GbE (SFP)

. =

LS .

Reference Clock inputs:
1 2.048/10MHz

1 E1(2.048Mb/s) 215 oon e on - ﬁ
1 DS1(T1) (1.544Mb/s) ’

1pps measurement inputs:

On/Off Switch Optical Ethernet Ports Electrical Ethernet Ports Clock and 1pps Measurement Ports
9 1pps Balanced (RJ48) CXP (P1, P10) 100BT, 1000BT (P12, P13) Balanced/Unbalanced (P12, P13)
SEP (P2, P9)
9 1pps Unbalanced (BNC) SFP28/SFP+(P3, P8)

QSFP28/QSFP+ (P4, P7)
CFP4 (PS5, P6)

Connections

1. Connect Port 1 (Master side of Paragon-100G) to the T-BC Slave side.

2. Connect Port 2 (Slave side of Paragon-100G) to the T-BC Master side.

3. Connect the external reference, e.g. 10MHz, to the Paragon-100G Reference Input.

4. If provisioned on the DUT, connect the 1pps output from the T-BC to the Paragon-X 1pps measurement port.
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3. Setting up the Paragon-100G for G.8273.2 Conformance Tests

The following steps are required to set up the Paragon-100G prior to performing G.8273.2 Conformance tests:

3.1. Connection to Paragon-100G
3.2. Configuration of physical connections
3.3. Test configuration

3.4. Device connection settings

3.1. Connection to Paragon-100G

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

2. From a PC on the same network, open a browser and enter the IP address of the Paragon-100G unit.
3. From the Home Page, select PTP operating mode.
4

See the Paragon-100G Getting Started Guide for more details.

3.2 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.

Clock Refarance Input ek Reference Out 1ppe + Ta0 Ref Input 1pgs + TOD Rer Oul

1ppe Bl + ToD 1pps 1pps Bal + oD ops

FreqMeasBal  FreqMeas Lnoal

L] ©

1pps B3l + TOD 1pps Unoal

1006 100G 235G
cFPa [ P

1pps / ToD Measurements

1pps Measurement
Interface: BNC

Signal: 1p| alanced

Threshold (v): EN3 Apply

Termination: ©

3.3. Test Configuration

1. Select Run Apps, then from the Conformance Test app select G.8273.2

Conformance Test G.8273.2
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3.4. Device Connection Settings

It is assumed that a G.8275.1 profile will be used in testing as per the G.8273.2 standard and as a result testing will be
carried out using L2 encapsulation in Multicast mode. The Paragon-100G 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. In the Master/Slave Emulation app, choose Test Config and make any necessary cable delay compensation settings
the Test Configuration drop down menu.

Connected Master

N 00:00:00:00:00:01

Elapsed Time
00d 00h 00m 00

Test Configuration

Capture Mode: Slave

DUT Ethemnet cable
calibration {ns):

1pps Reference cable
calibration {ns):

2. Inthe 1pps Absolute Time Error Measurement app, make any necessary cable delay compensation settings.

Further information to assist with entering cable delay values is provided in the Quick Help in the left-hand pane within
the P-100G User Interface.
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4. Noise Generation — G.8273.2 Clause 7.1

Test Description

The noise generation of a T-BC represents 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 time
noise generation (MaxITEl, dTE).

Measurement Process

Confirm that preconfigured settings within Master/Slave emulation are appropriate for the current test scenario, as
described in Section 3.4.

From the Test: drop-down menu, select Noise Generation (Clause 7.1).

From the 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, after which you can open
the CAT in a new tab to check current timing performance. In this case, you should wait for a 2WayTE measurement
graph moving from a ramp to stable condition to indicate lock has been achieved.

Once the DUT is stable, in the Stimulus/Measurement section, press Start to run the Noise measurement. The
measurement should be run for at least 2000s.

Conformance Test

G.8273.2 Conformance Test
Rl 1oise Generstion (Clause 7.1) v

Generation: Stimulus: Measurement:
PTP Noise Pattern PTP
PTP Noise Table SyncE Wander
SyncE Wander Table 1pps Absolute Time Error
SyncE Wander Pattemn

Estimated Time Remaining: N/A
Elapsed Time: 00d 00h 0 Elapsed Time: 00d 00h 03m 49s

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

Time Error Results (Constant Time Error)

5.

Select CAT. The Calnex Analysis Tool will open in a new browser tab displaying Time Error metrics.

icm - Calnex Analysis Taol - - [P |

<TE) . S
select File Time Error g Time Error (cTE) ic Time Error Mask Status
2Way Time Error PASS

Select Metri 2Way Time Error
SeeTetes I nresnoia 2Way Avg Time Error (cTE) [PASS

View Results 2Way Dynamic TE LF PASS

Chart Tools »

Generate Report Markers Editor

Time Emor [ns]

Marker 1| Marker2 | @&
Export
Chart Mode

a0a -~
Elapsed Time [s] G r

T1 Time Error Visible Elements
o= i Erors [ Labels ¥ Markers

Save As Image

Parameters

w
£
g
w
8
=

Max TE Limit +/-

a0a
Elapsed Time [s]

|4 T4 Time Error | 0.1
T4 Time Error:
| 0.1

T4 Time Emor Include Correction Field

Time Emor [ns]

Data Analysis Range

800 From
Elapsed Time [s]
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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.

Individual graphs can be displayed by clicking on the highlighted area in the display below.
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