IXI a APPLICATION NOTES

Testing Timing Over Packet With The Ixia Anue 3500
Testing according to ITU-T G.8261-2008 Appendix VI
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Overview

In response to increased demand for advanced mobile broadband services, carriers and network providers
are migrating their mobile backhaul networks from legacy synchronous transports such as SONET/SDH and
T1/E1 to Carrier Ethernet. One technology to deliver synchronization services over these packet networks is
IEEE 1588 (precision time protocol, PTP). The ITU-T G.8261 standard provides network limits and test
cases to evaluate the performance of the synchronization services on these networks. Testing equipment
according to this standard is key to marketing these synchronization devices for both network equipment
manufacturers as well as service providers.

In a packet-based timing network, a master device produces packets either at a precise rate or with
precisely recorded origin timestamps. These packets are added to the stream of background traffic that
exists on the network. As a result of this mixing of traffic, each timing packet may experience a different
amount of transmission delay. This effect is known as Packet Delay Variation, or PDV. This PDV affects the
ability of the slave device to recover a physical clock accurately. The quality of clock recovery by the slave in
the presence of this type of impairment must be measured.

The Ixia Anue G.8261 and MEF 18 test suites for the 3500 network emulator are specifically designed for
evaluating the clock recovery performance of Circuit Emulation (CES) and Timing over Packet (ToP)
solutions under a variety of real-world network conditions. The G.8261 test suite covers all seventeen test
cases and their various iterations as defined in ITU-T G.8261 (2008) Appendix VI. The MEF 18 test suite
covers the eight test cases found within section 6 “Synchronization” of the MEF 18 test plan, which call for
the creation of Packet Delay Variation (PDV) scenarios. ToP technology (including CES) is very sensitive to
the PDV and loss conditions found in packet switched networks. Therefore it is critical to verify the
performance of the clock recovery algorithms found within these devices against real-world PDV and loss
conditions prior to deployment.

ITU-T G.8261 Appendix VI suggests one way to accomplish this is to build a mock network in the lab. However, these
mock networks have many shortcomings, which are overcome by utilizing network emulation technology to create the
PDV and loss conditions required for testing. Emulation is far more accurate, repeatable and flexible compared with
building a mock network.

The Ixia Anue G.8261 and MEF 18 test suites precisely recreate the PDV and loss conditions produced for
each ‘network scenario’ (number of switches and disturbance load characteristics) described within each
ITU-T G.8261 (2008) and MEF 18 test case.

ITU-T G.8261

ITU-T G.8261 specifies network wander limits for ToP (e.g., IEEE 1588) or CES across an NGN packet
based network. G.8261 (2008) describes seventeen test cases within Appendix VI as a guideline to the
industry for evaluating the clock recovery performance of both CES and ToP solutions. See Table 1 below
for a list of test cases. Metrics such as TIE, MTIE, and frequency accuracy are measured during testing for
validation against G.823, G.824 and G.8261 requirements. Figure 2 below shows the mock network
described within G.8261 Appendix VI which includes 10 Ethernet switches connected in series with
disturbance load traffic generators. With the Ixia Anue 3500, network emulation replaces the 10 Ethernet
switches and disturbance load traffic generators, and the timing measurements are made in real time during
the test.
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Figure 1: ITU-T G.8261 Test Diagram — 10 Switches in a Mock Network

By using an Ixia Anue 3500 Network Emulator in place of the Ethernet switches as defined in the G.8261
Appendix VI Test Topology diagrams, it is possible to test against more realistic delay variation profiles and
also create a highly repeatable test methodology.

MEF 18

Metro Ethernet Forum’s MEF 18 defines abstract test procedures to verify that TDM services such as DS1,
E1, DS3 and E3 transported over CES can be delivered with the required minimum output jitter and wander.
MEF 18 certification testing is conducted by an officially endorsed test lab, and that lab uses network
emulators running the Ixia Anue MEF 18 test suite. It is therefore advantageous for companies to pre-test
their systems with the same test set up prior to formal MEF 18 certification testing. Table 1 contains a list of
the test cases.
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Figure 2: MEF 18 Test Bed as Shown in MEF 18 Test Plan
Description MEF 18 “Test Case 6 - ITU-T G.8261 Appendix VI

Synchronization”

April 2008
Static Packet Load NA Test Case 1 (VI.3.2.2)
Sudden large network load changes - 6.1 Only Traffic Model 2 Test Case 2 (VI.3.2.3)
80% to 20% (TM2)
Slow long timescale changes in network 6.2 Only TM2 Test Case 3 (VI1.3.2.4)
load - 1% steps, 20% to 80%
Temporary network outages (10s shorter 6.3 10 sec outage and TM2 Test Case 4 (VI.3.2.5)
outage)
Temporary network outages (100s longer Temporary network outages (100s longer outage)
outage)
6.4 100 sec outage and TM2 6.4 100 sec outage and TM2
Test Case 4 (V1.3.2.5) Test Case 4 (V1.3.2.5)
Temporary 100% network congestion Temporary 100% network congestion (10s shorter
(10s shorter disturbance) disturbance)
6.5 10 sec disturbance and TM2 6.5 10 sec disturbance and TM2
Test Case 5 (VI.3.2.6) Test Case 5 (V1.3.2.6)
Temporary 100% network congestion Temporary 100% network congestion (100s longer
(100s longer disturbance) disturbance)
Route changes caused by network failure Route changes caused by network failure (small change)
(small change)
6.7 Bypass 1 switch and TM2 6.7 Bypass 1 switch and TM2
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Description MEF 18 “Test Case 6 - ITU-T G.8261 Appendix VI
Synchronization April 2008

Test Case 6 (VI.3.2.7) Test Case 6 (VI.3.2.7)

Route changes caused by network failure, Route changes caused by network failure, 40% load

40% load

6.8 Bypass 5 switches and TM2 6.8 Bypass 5 switches and TM2

Differential clock recovery method with NA Test Case 10 (VI1.4.2)

noise added

Differential clock recovery method with NA Test Case 11 (VI1.4.3)

temporary network congestion

Network disturbance load with 80% NA Test Case 12 (VI.5.2.2)
forward direction, 20% reverse

Sudden large and persistent changes in NA Test Case 13 (VI.5.2.3)
network load

Slow change in network load over an NA Test Case 14 (VI.5.2.4)
extremely long timescale

Test temporary network outages and NA Test Case 15 (VI.5.2.5)
restoration
Test temporary network congestion and NA Test Case 16 (VI.5.2.6)
restoration
Route changes caused by network failure, NA Test Case 17 (VI1.5.2.7)

40% forward load and 30% reverse

Table 1: Comparison of G.8261 (2008) and MEF 18 Test Cases
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Details of these requirements are available in the following standards:
e Recommendation ITU-T G.8261 — Timing and synchronization aspects in packet networks

¢ MEF 18 - Abstract Test Suite for Circuit Emulation Services over Ethernet based on MEF 8

Acronyms and Definitions

1PPS One Pulse Per Second

CES Circuit Emulation Service

DUT Device Under Test

EEC Ethernet Equipment Clock

GMC Grand Master Clock

IWF Inter-Working Function

MEF Metro Ethernet Forum

MTIE Maximum Time Interval Error
NGN Next Generation Network

ocC Ordinary Clock

PDH Plesiochronous Digital Hierarchy
PDV Packet Delay Variation

PEC Packet Equipment Clock

Phase noise See Wander

PRC Primary Reference Clock

PTP Precision Time Protocol (IEEE1588v2)
SEC SONET/SDH Equipment Clock
SyncE Synchronous Ethernet

TDEV Time Deviation

TDM Time Division Multiplex

TIE Time Interval Error

ToD Time of Day

ToP Timing over Packet

Wander Phase variation of the clock signal with respect to an ideal reference clock at a

rate less than 10 Hz
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Test Bed Topology

(G.8261 testing is accomplished primarily by measuring wander (low frequency phase variation) on the
recovered clock interface of the slave or Ordinary Clock (DUT), while the specified packet impairment is
applied in-line between the Grand Master Clock and the Ordinary Clock. The Ixia Anue 3500 and the Grand
Master Clock are provided with a common reference clock; normally this is a clock signal sent to the 3500
from the Grand Master Clock over 2.048MHz BNC, 10MHz BNC, T1 BITS RJ48C, or E1 MTS RJ48C.
Required Equipment and Software

e |xia Anue 3500

e HostPC

e Grand Master Clock — with reference clock output

e DUT - Ordinary Clock / Slave Clock to be tested

Test System Diagram

ANUE 3500
Frequency Reference Recovered Clock

Timing Flow

Figure 3: Test Topology Diagram
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Test System Setup

1) Inthis setup, the 3500 is connected to an external frequency reference. This external frequency
reference must be synchronized with the Grand Master. Many Grand Master Clocks have frequency
outputs that can be used for this purpose, or alternately the Grand Master Clock and the 3500 may both
derive their reference from the same source. The flexibility of the Ixia Anue 3500 allows numerous
options for providing a timing reference to the 3500.

Reference Connection Details
Internal GPS SMA Antenna front panel Frequency, Phase & Time of Day
Reference
External GPS BNC or PDH Frequency, Frequency, Phase & Time of Day
BNC 1PPS Reference
RS-232/422 ToD
External Phase BNC or PDH Frequency, Frequency & Phase Reference
BNC 1PPS
External Frequency BNC or PDH Frequency Reference
Internal OXCO Stratum 3 internal reference; optionally use

with external phase signal

Internal Rubidium Optional; Stratum 2 capable; Use with
internal GPS for disciplined reference

Table 2: Connecting Clock Input Interface to the Ixia Anue 3500

Note: The internal rubidium oscillator is an optional feature that is factory installed onto the Time of Day Interface
Module.

A frequency reference is required, at a minimum, for G.8261 testing. Phase and Time of Day references are
optional for frequency tests.

For 1588 Time Error measurements, both Time of Day and Phase references are required. Please see the
Ixia Anue 3500 User Guide for information on input reference signals.

G.8261 Testing

ITU-T G.8261 describes 17 test cases, the purpose of which is to evaluate the ability of the DUT to recover
frequency accurately and provide synchronization, in the presence of impairment resulting from traffic on the
network between the master clock and the DUT.

26601 Agoura Road Calabasas, CA 91302 | Tel + 1-818-871-1800 Fax + 1-818-871-1805 www.ixiacom.com P/N: 915-6557-01 Rev. B June 2013




i xi a APPLICATION NOTES

These test cases follow a common procedure. The differences between each of the test cases are related to
the choice of impairments being applied between the master and slave clocks. In general, this testing can be
described as follows:

e Connect the Ixia Anue 3500 in-line between the master clock and the DUT (slave clock) using Ethernet

e Connect the recovered clock interface from the slave clock (DUT) to the Ixia Anue 3500 for
measurement

e Once synchronization has been achieved between the master and slave clocks, begin Network Playback
of the appropriate impairment AIT file from the G.8261 Test Suite

e Measure the following according to G.8261 Appendix VI:
o TIE, MTIE, TDEV (record the TIE of the recovered clock)
o Frequency accuracy
o Packet Delay Variation (PDV)
o Verify the performance meets the applicable limits
All test cases utilize the test bed topology described above, or a variant of the described test topology.

The 17 different test cases each require impairment profiles, which are used by the Ixia Anue 3500 to

emulate the impairment described by each test case. These impairment files (AIT files) are provided on the
G.8261 Test Suite DVD.

2000000 [aaHcy Hal) aLZon 0LzmIo 0220 223000 0F:00:20 03002 0:00: 20 04:30 02 50200 0Z:2000 06000z 0z:30:00
Time (since start)

Figure 4: Example PDV Profile from the Ixia Anue G.8261 Test Suite

The G.8261 test cases are a superset of the MEF 18 test cases.

The G.8261 test cases are applicable to Timing over Packet networks using Precision Time Protocol (PTP /
IEEE1588) or networks using Circuit Emulation Services (CES, such as SAToP or CESoP).

10
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G.8261 Test Cases 1-17 with PTP / IEEE1588

Timing over Packet networks may utilize Precision Time Protocol (PTP) which is defined by IEEE1588. PTP
is an adaptive clock recovery technology in which packets containing precise time stamps are sent at a
specified rate by the Grand Master Clock across a packet network. These packets are received by a slave
device such as an Ordinary Clock or Boundary Clock, and then through a two-way time transfer, the slave
device recovers a clock synchronous with that of the Grand Master Clock. This recovered clock is provided
on a physical interface in one of a number of formats including T1, E1, 2.048 MHz and 10 MHz. The testing
is accomplished by measuring the recovered clock on the slave DUT while the specified impairment is being
introduced between the Grand Master and the DUT.

For additional details see ITU-T G.8261, Appendix VI Measurement guidelines for packet-based methods.

Test Setup

ANUE 3500
Frequency Recovered Clock

Ethernet

Timing Flow

Figure 5 G.8261 Test Setup

1) Ensure the Ixia Anue 3500 and the Grand Master Clock are connected to a common frequency
reference.

2) Configure a port-pair on the Ixia Anue 3500 for “Inline” mode, and if using 1G dual-media ports,
configure for the correct media type and speed (copper or fiber, 100M or 1G) using the Ixia Anue 3500
Control Panel Ports tab. Double-click the port that will be connected to the Grand Master Clock’s
Ethernet port. This will bring up the Ethernet Port Property dialog.

11
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3500 - admin@192.168.168.110

E Ports ~Port Settings
Metwork Profiles P;_.:t ¢ ms th ration
Double-click the port that will - bnel 10 MHz, 50 Chms, Input
be used to add impairment 50 Ohms, Output
between the Master and i . 50 Ohms, Qubput

Slave devices. 50 Ohms, Output
Ethernet 1G, Fiber, AutoNeg, Inline
Ethernet 1G, Fiber, AutoNeg, Inline

UsVIDDS RL<

~Statms

Port Traffic: iv Inine  Endpaint b=t )
PortT L State: @ Up - 100 Mbps
Reference Codk [ i reference 1| | Port225tate: @ Up - 100 Mbps

mzda Type: Imm

|1|:ah|

~Port 22
Port D cth2
Part Nama: PortMame:  [eth

Configure the media type
and speed as needed.

Deseriptinn: Desmipbon: |

Aulo-Negotiate: " on O O Aute-Megetiste: # On  OFF

Lirk Canlral: |up Link Control: |up

Last Modified: 2012-02-28 T:25:49 AM C5T by admin

Figure 7: Configuring the Ethernet Port Pair

3) Connect the Grand Master Clock’s Ethernet port to Eth1 and connect the Slave (DUT) Ethernet port to
Eth2 (use Xethl and Xeth2 for 10G). Be sure to note which port is connected to the Grand Master and
which is connected to the Slave. This information will be required in order to correctly configure the
Network Profiles.

12
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4) Connect the Slave DUT'’s recovered clock interface to the Ixia Anue 3500 using the appropriate interface
(BNC, PDH or Ethernet). Configure the Ixia Anue 3500 interface to match the frequency and framing of
the Slave DUT’s interface that is to be measured.

3500 - admin@192.168.91.121 |

E Ports Port Settinas
w Network Profiles P]‘:;‘t ":nr:e .II.):; Cnﬂ;;;l:m Cbcl;,:ll'::r:mrt
Double-click the selected m Profile Stats ¥ bncl bncl BNC 10 MHz, 50 Ohms, Input System Reference Input
pOI"l from the Ports tab of : bnc2 bnc2 ENC 1PPS, 50 Qhms, Input System Reference Input
p— ¥ bnc3 bne3 BNC 2,048 MHz, 50 Ohms, Input
the Anue 3500 Control # bnca bca BNC 1PPS, 50 Ohms, Input
Panel to bring up the ) ethl ethl Ethernet 100M, Copper, AutoMeq, Inline System Reference
. . B — y eth2 eth2 Ethernet 100M, Copper, AutoMeg, Inline System Reference
Port Propel'tles dlalog' &) eth3 eth3 Ethernet 100M, Copper, AutoMeg, Inline Wander Generator WGD1
o
@ Gps GPS GPS =]
y pdhl pdhl DS1fE1 E1(2.048Mbps), CRC4 System Reference
& pdh2 pdh2 D51/E1 Ei(2.048Mbps), CRC4 System Reference

Figure 8: Selecting the Recovered Clock Measurement Port

! min@192.1¢ ]
(B coranc o @0 g oz 02 =
i

BNC Port ID: bne3

b
Port MName: |bnc3 ; ?
If using a BNC interface, select Descripton: |
“Receive” for the port’s Direction,
Port Settings Port Status

and configure the frequency and
termination impedance from the
drop-down menus.

f® Receive (" Transmit Last Status Update: 9:52:21 AM CST

Receive Frequa 235 MHz - Part Status: Receive Ready

J Port Usage: Mormal
-

Termination: 50 Ohms

Figure 9: Configuring a BNC Interface

f using a PDH interface, select  EPEEEIRFSSTIENETN.. s )

the correct Line Rate for E1 or
T1 operation, and select the

matching Multi-Frame type from
the drop-down menu. : @

Port Status

Line Rate: (" 1.544 Mbps (T1BITS) Last Status Update: 9:56:16 AM CST
(* 2.048 Mbps (ELMTS) Port State: Link Down
Reference Clock |System Reference j Port Usage: Normal
Transmit 55M:

MultiFrame Typ: s [CRC4 (PCM31CRC) -1 Receive SSM:

Figure 10: Configuring a PDH Interface

13
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5) Select a Wander Measurer from the Ixia Anue 3500 Control Panel's Wander tab to measure the
recovered clock interface. Configure the Wander Measurer for the correct interface.

Double-click a

Wander Measurer. Licensed Ports (excludes disabled ports)
| ™m | Name [ Pescrintion | Port | Sample Rate Low Pass Filter
@ wrMo1 | 3MHz Recovered Clock | | bncz | 1/30 sec 10.0 Hz
WHO3 ‘ WMo3 ‘ ‘ ‘ 1/30 sec 10.0 Hz

Figure 11: Selecting a Wander Measurer from the Wander tab

Edit Wander Measurer - WM02 (3500 - admin@lgz.lsa.mss_lglﬂél

Select the port that is
connected to the DUT

recovered clock interface. Wander Measurer ID:
Wander Measurer Name: |WM[]?_

WrMo2

Status

|bn53 (2,048 MHz) | LastUpdate: 10:04:45 AM CST
Status: & Ready

Measurer Port:

|1J30 SEC '-'|

TIE &, Rate:
=mple 2 — Uptime:

For most tests, select ™ T0E Lowi Pass Fiter
a Sample Rate of 1/30
sec and a Low Pass
Filter of 10 Hz.

v 10.0 Hz

Cutoff Frequency: | 1o

Last Modified: 2012-03-05 10:04:39 AM CST by admin

Figure 12: Editing the Wander Measurer

6) 6) Configure Network Profiles for each port used in the test (ethl and eth2) using the Quick PTP option.
Configure the Quick PTP settings to match your PTP packets.

Note: You must perform this procedure for both the port connected to the DUT and the port connected
to the Grand Master Clock.

14
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rNetwork Profiles
Double-click on a profile for eth1 to [ ProflePort ™ / |  Profilet |
bring up the Profile Properties dialog. - [ eth1 |

You will do the same for eth2.

rﬁ Edit Network Profile - &

Last update: May 13, 2013 8:30:50am.
Profile: |[Zi=8! ~ | Enabled: ¥  Name: |profilel Port: ethl Description:
| prone: [ <] pofier
@ Classifier Settings General Profile Settings
----- FTPv2 over IPv4
_____ o Profile Name: profilel
Port: eth1i
----- ESMC & 55M
User-Defined Mame: |profile1
----- CES, ECID &RTP
Description: I
----- CES, RTP with MPLS
..... EthQAM
----- MAC, Tags & MPLS
----- Custom Byte Offsets
----- IP/TCP/UDP Settings

@ Impairment Settings
" Impairments
@ Statistics
i " Statistics

Refresh | Qil:kl”l’;l Capture... | \l"lew'l'[EfTE...l Clear All | Clear Panell OK | Apply | Cancel

Figure 14: Enable a Network Profile and Open the Quick PTP Dialog

15
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rﬂ Quick PTP - (3500 - admin@10.218.170.251) —E-

Profile: ethl [ profilel

Select the  PTP Packet Structure (forward direction)

appropriate PTP G E =
Packet Structure ‘ Sl

option and then Master: s
configure the Save:  [192 .[168 .[10 .[ &

Master and Slave  Ethfr P

addresses. Click

o T Master: m—m—m—m—m—lﬁ
Slave: Iﬁ—lﬁ—lﬁ—m—m—lﬁ

[T Domain: I V2 only)

[~ Configure bidi profile (eth2 - reverse direction)

DKJ Eancell

Figure 15: Configure the Quick PTP Dialog

|192 .|153 | 1z

7) Load the impairments for the test case that is to be run.

File Edit Help
Log Out
Export Configuration... Ctri+E
Impernt Configuration... Ctrl+]

Comvert PCAP to AIT... Ctrl+P
Metwoark Pla ; Ctrl+B

System Ref: @Ready

Figure 16: Network Playback

16

26601 Agoura Road Calabasas, CA 91302 | Tel + 1-818-871-1800 Fax + 1-818-871-1805 www.ixiacom.com P/N: 915-6557-01 Rev. B June 2013




APPLICATION NOTES

» to the AT file.

Select the file containing the delay values to be used in playback:

Figure 18: Click Browse

: | TC13
S Anue Systems
L. Anue 3500
Ju 6.B261 Test Suite v1.2

J Amr

Choose the desired AlT file
from the installed location of
the Anue G.8261 Test Suite.

Figure 19: Browse to AIT file

Note: The Ixia Anue G.8261 Test Suite must be installed on the computer prior to running these
impairments. The files are normally installed in the user directory such as “C:\users\username\Anue

17
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Systems\Anue 3500\G.8261 Test Suite v1.2\AIT\TCnn” where “TCnn” refers to the test case. They are
organized by number. For example, for Test Case 17, load “TC17”.

For bidirectional tests, there willbe a “ fwd” and a “_rev” file. Use the “_fwd” file on the profile for the port
connected to the DUT slave device and use the “_rev” file on the profile for the port connected to the Grand
Master Clock.

MNext = Fimish Cancel |

Once you have selected the file, click “Next.”

Figure 20: Click Next

to which this impairment
should be applied. e Profile(s) | Interval] Repeat' Impairments]

Select the orofile to which these delay values should apply:

|Eﬂﬂlj |prnﬁlﬁlj
If you would like the same

If the delays are to be bidirectional, select the profillEIUUEN S EETET D)
™ Bidirectional ( bidirectionally, then click the box

for “Bidirectional” and select the
leth2 - | [profie - | reverse direction port and profile.

Click “Next” once you have
chosen the profile and port.

Finish Cancel

Figure 21: Configuring Network Playback

"
oo . =

Data Filel Profile(s) Interval l F‘.epeat] Impairrnents] For Anue G.8261 Test Suite
impairments, use the default
interval of 1 msec.

How should the impairments be applied?

{* Change the impairments every ‘ 1 |msecﬂ

(" Change the impairments every 1 packet(s).

Click “Next” once you have
selected the interval.

Figure 22: Configuring Network Playback
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Eﬁdd Playback Data Fil

Data File] Proﬁle{sﬂ Interval' Repeat lmpﬁifmﬁﬂtﬁl

Check the box

for “Delay.”

Which impairments should be controlled by the playback file?

v Delay

(The delay values will be read from the playback file.)

[ Multiply each delay by & factor of | 1.5

Check the box

for “Drop.”

W Drop (The playbadk file will control when the profile settings %ge

Finish

Cancel

Figure 23: Configuring Network Playback

100,000 of 100,000 samples have a delay setting that is smaller than can be accurately achieved for 100M.
[~ Increase delay values below threshold to the minimum delay of 0. 15ms for 100M

If this message comes up, uncheck the
box for “Increase delay...” and then

click *OK.”

Figure 24: Clearing the “Increase Delay” Checkbox

This completes the Network Playback configuration. Note that you will actually begin playback of the AIT file
in a future step.

8) The PTP Slave DUT may take up to an hour or longer to become synchronized with the Grand Master
Clock. You can identify synchronization by monitoring the DUT’s recovered clock TIE graph, and also by
monitoring the user interface for indication of synchronization.
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Krmw e Enver..
Wonds Tranvds.
Foros Stog

A Properties.

A diagonal TIE graph indicates a

frequency offset. The DUT is not in _

sync with the master during this time. Ui 2 s ol e
RS ' | aflat line when the DUT has

1,250,000 achieved synchronization.

1,000,000
750,000
S00,000

250,000

00:0:a0 (LA HIE A 0210000 0 15:00 02000 00 25:00 00:30: 00 003300
Time (since start)

~Data Set

35 mms 53 seesn Visahle Ramge: 35 mims Bl =ers
March 7, 2012 5:13:33P¥ CST  Begim: March 7, 2012 5:13...
March 7, 2012 5:4%:33 PM ST Emle March 7, 2012 5:49. ..
i N TIE (RS} O

Max WIE (ns): 231361197 Hax TIE (ns) 238135117497

TIE delta (ns) 23313631797 TIE delta [ns): 23813511737

Figure 26: Monitoring TIE during Synchronization Phase
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IXia

9) Once the DUT is in sync with the Grand Master, close the TIE window and restart the TIE measurement.

Right-click the Wander Measurer being
used for th? PUT"S rec?vered clock T —
and select “View TIE... Ve Trangie..
Ferea Siop

A Fropeties. Eivier

Figure 27: Starting the TIE Measurement

Test Steps
1) View the MTIE and TDEV results, including the Pass/Fail results against the masks that are applicable to
your interface type by clicking the “MTIE/TDEV” button in the TIE graphical window.

TIE (nsec)

—

000800 Q0:07:00

Q0o amoLon Q0;oza0 a0:eea 0004 00 LO05:00
Time {since start)

Click the “MTIE/TDEV” button to open
the MTIE/TDEV window.

G.mins 54 525

Mearch 8, 2012 1:57:43 PM OST

March @, 2012 1:04:37PMCST  End: March 8, 2012 2:0...
Min TIE (nsk  -12.1959 Hin TIE (ns)  -12.136%
Max TIE (ns}: 0,015 Man TIE (ns):  0.0156
TIE delta (na): 12.2125 TIE dabka [na): 12.2425

Figure 28: Selecting MTIE/TDEV
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Choose a MTIE mask
that applies to your
interface type from the
pop-up menu. Pass/Fail
1E1 ];53. : results will be calculated
T {8 automatically.
| —=—MTIE e ) ——TEEV [reac) GF3_E1_POH_Swm
HTIE
Check “Enable W Enalike HTTE
MTIE" to do MTIE
measurements.

that applies to your
interface type from the
pop-up menu. Pass/
Fail results will be
calculated automatically.

Figure 29: Viewing MTIE and TDEV Results

2) Play the impairment using Network Playback while keeping the TIE window open (recording TIE). You
can also monitor the MTIE/TDEV results during the test.
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Eport Configuration... Chi-E
Impori Configurtion... Ciriel

Choose “Network Playback...” Coreart DEAD 4n AIT_. CiileD

from the File menu. e LUK o

Wands Trnsd's,,
Fariart

Pawes [oawn

Chuar Configuration
Chear Syshern Manrs

Figure 30: Selecting Network Playback

|{ "Add Data Fie for Playsack.._ ||

ethi, profilel (TC6 THM1_byp5.ait)

) Play | Last Playback:

ool Will upload on play.
=14 E) Click the “Play All" button

to begin playback of the
specified impairment.

Figure 31: Playing the Impairment File with Network Playback
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Results

1) Each test case includes an impairment that is specified for a certain length of time, ranging from a few
minutes to several hours. The result data (TIE) must be collected during the duration of the impairment.
Once the impairment for the particular test case finishes, evaluate the frequency accuracy and stability in
the MTIE/TDEV window. The graphs for MTIE and TDEV are plotted against the selected masks and
pass/fail indication is provided for each mask that is selected.

Note: you must begin recording TIE data before you begin the impairment. Do not close the TIE window for
the duration of the test. Once you close the TIE window, the Ixia Anue 3500 will stop collecting the
necessary TIE data for the results.

Bl MTETLEY Wiili on b3 2046 MH

| FTIE TDEY ! ) 1
Il 1E - I F
B T T T T L T A T s
£ IEL{ il Choose a MTIE mask that applies
ey to your interface type from the

1E-1 pop-up menu. Pass/Fail results

. = = = will be calculated automatically.

Taii (5o )

|—'—r|TE I e TOEY (rew GE23 EL_POH_ Sk — — G823 _EdF =11
Chawi Rsnges AT FF Lrmn [~ Shapss
F# Ercabide HTIE
|Ga13_P1_POH_2ne | passen Refrwsh
|~ L] Aefrmh Intervat  Lsac
Collmction Thert Tima:  Masrch B, 3112 2=5% 12 PMCST I = ;I A TIE £amabe st L) s
Colesction Ened Timves  bach By, 2010 3 30 37 P C5T S
Dwis Ranga: Wiible Hanga: TIHEY ’
i 13 (5] o Mo bau [eec D03
P — 08133 Maxcbau[wsck  I0EL33 Choose a TDEV mask that
Hia HTIE [nz) A9667  HenHTIE(rah 356857 ¥ Enabis TDEY applies to your interface
Fluos MITIE [nak ALOTIS  Max FATIE{m}:  SLOTDS
Min TOEV [ns) DO MR TORM (el 0006 | |CIENGNGOIEE -| PassED type from the pop-up menu.
P BTN My e | e — | ma Pass/Fail results will be

[~rara- =] min calculated automatically.

Figure 32: Viewing Results in the MTIE/TDEV Result Graphs Window

2) Evaluate the maximum frequency offset. Typically, the frequency offset is measured in terms of the
MTIE value at a tau of 1 second. This can be evaluated in the MTIE/TDEV window by clicking the cursor
on the MTIE plot at the tau closest to 1 second (1.02 seconds).
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Click on the MTIE graph at
the tau of ~1 second (1EQ)
to select the sample.

HTIE
[ Evcabe HTTE
|Ga23 P _pPos S

Wiarn B, 3131 =% 12PN CST

Vireh By, M1 REX 24P CET
‘isibde Ranga: Collect the value for MTIE

s Fin baw [sec . . ]

SRR of the Selected Sample. mﬁm e

Alees  MEnMTIEQE) : L

IDZ %57 Hax FITH {m}: 0 He

DS MR TEENrEH e

LR ] HMax TEEY {ml:

Figure 33: Determining Frequency Offset at 1 Second

The MTIE is indicated in ns (nanoseconds). Frequency offset is typically expressed in ppb (parts per billion).
The number of nanoseconds of MTIE at one second of tau is equivalent to ppb frequency offset. For
example, in this measurement, the frequency offset is 4.7867ppb.

The maximum frequency offsets are defined by the relevant standard which applies to the interface type. For
example, ITU-T G.823 Table 14 defines the maximum frequency offset at traffic interfaces for E1.

G.8261 Test Cases 1-17 with CES

Timing over Packet networks may utilize Circuit Emulation Services (CES). CES utilizes equipment known
as Interwork Framework devices (IWF) to transport TDM interface traffic such as T1 or E1 across
asynchronous Ethernet packet networks.

TDM circuits send traffic at a constant frame rate from one interface to the next. Since these frames are sent
at a constant known rate, it is not necessary to use timestamps to recover the clock. While the CES traffic is
synchronous by nature, the intervening Ethernet packet network used for CES between the IWF devices is
asynchronous, and therefore the quality of frequency synchronization must be tested. The IWF devices

(DUT) may have physical clock interfaces or may provide the clock along with data on the encapsulated
TDM stream.
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Testing of CES is essentially the same as PTP / IEEE 1588 testing with very minor variations, mostly with
regard to how traffic is classified. The testing is accomplished by measuring the recovered clock or PDH
interface on the slave DUT while the specified impairment is being introduced between the master and slave
IWF device

For additional details see ITU-T G.8261, Appendix VI Measurement guidelines for packet-based methods.

Test Setup

Frequency ANUE 3500 S Recovered Clock
Reference or T1/E1

Ethernet

Timing Flow

Figure 34: G.8261 Test Setup

1) Follow the test setup steps in Section 5.1 with the following variations:

Configure Network Profiles for each port used in the test to match the CES packets. Configure the classifier
for CES for both ethl and eth2. Note: you must perform this procedure for both the port connected to the
DUT slave IWF as well as the port connected to the Master IWF.
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Network Profiles
| Profile Port ID | ProfileID |  Profile Name Is Enabled
Double-click on a profile for ethl |

eth1 to bring up the Profile ethl
ethi

athl
ethl
ath2
eth2
eth2
athz
eth2
ath3
eth3
eth3

Properties dialog. You will
do the same for eth2.

Figure 35: Selecting the Network Profile

Check the box for “Enabled.” ork Profile - eth1/profile

I —
Enabled: [  Mame: |profie2 Port: @thl Description:

Check the box for “CES, ECID &
RTP Header Settings” to select
the CES packets. If using CES =
with MPLS, select “CES, RTP pver IPv4
Header Settings with MPLS.” th? = TEEE ~

-

+ [ CES, ECID & RTP Header Settings

ESMC &S5M v ECID Settings

W e, ECID &RTP
A ECID: Reserved ECID: - |
| i~ GE5,RTP with MPLS

EthOAM I¥ CES Control Settings
Select “CES, ECID & RTP” [ESAE R RSVD: 0 L] R: | M: |
el | - )
for your system. FITCRINER seinss wl o om x|

@irment Setings
co:[ me[ Y ssmc

Impairments
Ei Statistics Configure the CES

Statistics settings appropriately to
match your CES traffic.

Figure 36: Configuring the Network Profile
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Appendix A — Alternate Test Configurations

Some alternate configurations or variations of ToP networks may be tested with the 3500. The following
sections describe some examples of methods of testing ToP networks that are not specifically covered by
G.8261 or other standards.

Boundary Clock

Boundary Clocks are PTP devices that have a slave port from which they recover a clock. They also have
one or more master ports that provide PTP timestamps for downstream devices using the clock recovered
from the slave port. These devices may introduce non-linear timing impairments that resemble PDV when
introduced into a network. It is important to measure this PDV-like effect in order to characterize a Boundary
Clock and consider its impact on a timing network.

Boundary Clocks may also have recovered clock interfaces such as T1/E1 or 2.048MHz that provide the
recovered clock. In that scenario, these recovered clock interfaces may be measured and the boundary
clock is treated as an ordinary clock or slave clock for the purpose of evaluating recovered clock accuracy.
However, the impairment created on the master ports should still also be evaluated independently from the
frequency accuracy.

Note: This testing requires that the Ixia Anue 3500 have two Ethernet port pairs for a total of four Ethernet
ports.

e Boundary Clock Test Setup

ANUE 3500

Frequency

- e
——
PTP
Boundary

w3

Figure 37: Boundary Clock Test Setup
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1) Connect the DUT Boundary Clock, Grand Master clock and PTP Slave Clock to the Ixia Anue 3500 as
shown in the test setup drawing:

a) Connect the Ixia Anue 3500 Eth1l interface to the Grand Master Clock or PTP Master Ethernet
interface

b) Connect the Ixia Anue 3500 Eth2 interface to the DUT Boundary Clock’s slave interface
c) Connect the Ixia Anue 3500 Eth3 interface to the DUT Boundary Clock’s master interface
d) Connect the Ixia Anue 3500 Eth4 interface to the PTP Slave interface

Note: Any mixture of 1G optical or copper, or 1G and 10G interfaces is supported. For example, the Grand
Master to DUT can be connected on 10G and the DUT to slave can be connected on 1G, etc.

2) Configure two port-pairs on the Ixia Anue 3500 for “Inline” mode, and if using 1G dual-media ports,
configure for the correct media type and speed (copper or fiber, 100M or 1G) using the Ixia Anue 3500
Control Panel Ports tab. Double-click one of the ports in the port-pair that is connected between the
Grand Master Clock and the DUT Boundary Clock. This will bring up the Ethernet Port Property dialog.

3500 - admin@®192.168.168.110 ]
E Ports Port Settings
" Port Port Port Configuration
;l’d e twork Profiles D Hame Type Setlings
¥
m e He e # bncl bnc1 BNC 10'MHz, 50 Ohms, Input
¥ bne2 bnc2 BNC 50 Dhms, Output
ﬂw Wander ¥ bnes  |bnc3 BNC 50 Ohms, Output
F bnc4 bnc4 BNC 50 Ohms, Output
o iy ethl |etht |Ethernet |16, Fiber, AutoNeg, Iniine
i eth2 eth? Ethernet |15, Fiber, Autolleqg, Inline
Double-click the port that @4 ndh1 | pdha pS1fEL  |E1r2,048Mbos). CRC4 Cas

is connected to the Grand

Master Clock.

Figure 38: Selecting the Ethernet Port Connected to the DUT
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3500 - admin@193.168.168.110

Ports Port Settings
Port Port Port Configuration
D MName Type Settings
¥ bnc1 bric1 BNC 10 MHz, 50 Ohms, Input
¥ bne2 bnc2 BNC 50 Ohms, Output
.:'.i‘ bnc3 brnc3 BMNC 50 Ohms, Output
¥ bnecd bnca BMNC 50 Ohmis, Output
& ethi |eth1 |Ethernet |16, Fiber, AutoNeg, Inline
i eth2 eth? Ethernet |16, Fiber, Autolleq, Inling
Double-click the port that @4 ndh1 | pdha DS1EL  |E1r2,048Mbos). CRC4 Cas

is connected to the Grand
Master Clock.

Figure 39: Configuring the Ethernet Port Pair

Repeat this process for the port-pair that is connected between the DUT Boundary Clock and the Slave
Clock.

3) Configure Network Profiles for each port used in the test to match the PTP packets. Configure the
classifier for PTP for the port connected to the Grand Master Clock (e.g. ethl) and also for the port
connected to the master port side of the Boundary Clock DUT (egg. eth3). Note: you must do this
procedure for both the port connected to the DUT as well as the port connected to the Grand Master
Clock.

Network Profiles
[ Profile Part T [ Profil= T Profile Name Is Enabled
| eth1 |
ethi
Double-click on a profile for ethi

eth1 to bring up the Profile ethl
ethl

Properties dialog. You will
do the same for eth3.

Figure 40: Selecting the Network Profile
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00T [ {3 T=W o To) @ {o] g =l o1 o] [=Ye L1 Profile - eth1/profilel (3500 - adm’m@]gz‘.lﬁﬁ.l_.
Enabled: v  Mame: jprofilel Port: ethl Descriph'un:l

Profile: |Profle 1 =

@ Classifier Settings i PTPv2 over IPv4 Settings
e over Py
' TPy 2 Eth? Ethertype: 0800 PTP Version: L P Vergion: 4 IP Protocol: 17
. coM [ Port Info Check the box for “PTPv2
Select “PTPv2 over IPv4” for /Sy N IPv4 Settings' tOI select UDP Des
PTP over UDP/IP. If using , all PTP packets. If using PTP
P with MPLS ) i «
PTP over Ethernet2 (layer2), e  over Etherne2, select “PTPv2 Message
select “PTPv2 Eth2.” ElehE Cthemnet2 Settings.” Port [de
’ ags & MPLS
Clock Identity: Domain:
= Custom Byte Offsets
. IP/TCPUDP Settings [~ FTP Flags
Figure 41: Configuring the Network Profile
e Test Steps
1) Begin live PDV on both ethl and eth3 profiles in the Network Profile window
LT U AL F i LaNes remm e I [ RN o
(=]
Cieslale Mt Frolile
Anmt Sttt
Sl
Right-click on eth1 profile1.
Capriura . | =
| wisw Packet TETE.. _J
Froparbm._.
. |[!-:EI-'|
Select “View Packet TE/
TIE...” from the context menu. =
proial
erakal -

Figure 42: Beginning View Packet TE/TIE
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Packet Sbructure IEEE 1588 Tine Calenlations

" CESfCER ¥ Use correction field if awaiable

(¥ IEEE 1583 [~ Aeverse TE {requires hidinechonal trafic)
Eihjip 41I0F FTH Cable Delay: | L |meters > |
Master: |151 .|1Es | 1 | 11

Reverse Cable Ilela:.l:l 0.0 Inne:: j

Save: [122 .J1ea [ 1 .| =
" Eth/PTP Packet Rate/Interal

e Ao -[00 -[00 -[o0 -[00 -[00 || @ padetmate:  [a =] ke
Configure the settings for the : _IE_IE 'IE _IE_IE  ptor Ak Imm--:

Boundary Clock under test.

o (V2 onbvi
( = - Reverse Packet Rate/Interval————
i Cuctam PTP Offeel

¥ Feverse Packeh Rak=: |31 w I pﬂs.;'ge;

Ciffeet: I 42 byles
s lEvEree Fadeet Interval; | 250.0 meec

[~ PCAP Output File
Select PCAP saye Ale locabon, MOTE: A PCAP file is reguired o be aole to produce Metwork Playbads [ait) Ales ance

Click “Start...” to begin
plotting the live PDV.

[ Start Wireshark

Figure 43: Configuring Live PDV

Repeat the same process for eth3 profilel.

o Results
1) Review the PDV on eth3 compared to eth1’s PDV. This indicates the insertion properties of the
Boundary Clock.
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-1.16

1165
ShS
-1.L7SE
; m
Cfs
{1185 §
Lehl | 119 F
| | 1| 1§ o | )| I H S
0.005 4! AR e el AL {0 SRRt et gt & it R et B | S | ST

i 1.2

0

00:00:00 00:00:05 00:00:10 00:00:15 00:00:20 00:02:25 0X:00:30 00:00:35 00:00:40 00:C0:45

00:00:00  Ooe0nes Lﬂ:UiJ:lU 00:00:15 000020 00:00:25 00:00:30 00:00:35 00:00:40 00:0X45
Time (since start)

Figure 44: Comparing PDV of a Boundary Clock

Transparent Clock

Transparent Clocks are PTP devices that forward PTP packets from one port to another while updating the
PTP packet’s correction field. The correction field is updated by adding the residence time (time the packet
spends inside the transparent clock) to the current value of the correction field. This value allows the slave
clock to compensate for the PDV caused by all the transparent clocks in the PTP network path. It is
important to measure the accuracy of the correction field as updated by the transparent clock. Note that this
testing requires that the Ixia Anue 3500 have two Ethernet port-pairs for a total of four Ethernet ports.
During analysis, PTP packets are monitored at two locations: “pre-clock” and “post-clock” as shown in the
example setup in the figure below.
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| PTP Traffic Generator
(Ixia XM Chassis)

cmme & g —@

@

Residency Time = Ts2 — Tsl
Time Error = Residency Time — Correction

To analyze transparent clock accuracy, follow the steps below.

1. Inthe 3500 Control Panel, select the Network Profile or Profile Stats view. The Transparent Clock

Analysis icon appears in the icon toolbar.
o [ s [ = ]

2. Click the Transparent Clock Analysis icon. The Transparent Clock Analysis dialog displays.
© e g oo ey M (e

~IEEE 1588 Packet Structure

T Type: (¥ RealTme (" InputFiles
~ Eth/Ipv4/UDPFTR PreT ot
~Pre P lock:
Master: e e I a0 I Y lLe Select the Pre-Clock profile:
Slave: IT.ID_.IT‘ID_ ethl - lm
i~ Eth/PTP [~ PCAP Output File

[EEs IE . IE . IE _IE IE IE Select PCAP save file location,

I Browse, ..

26601 Agoura Road Calabasas, CA 91302

" Packet Interval: I 31.25 msec

Slave: 00 -|00 -|00 -|00 |00 |ou
I Start Wireshark
¥ Domain: 0 (V2only) T o
~Post lock:
{+' Custom PTP Offset Select the Post-Clock profile:
Offset: bytes =thy - Ipmﬁ|e]_ -
[~ PCAP Output File
[a=Eate Al Select PCAP save file location,
(¢ Packet Rate: 32 - | pkis/sec | Browse. ..

I~ Start Wireshark

[~ Stream Results to Output File

Select AIT file location,

Browse. .. |

Tel + 1-818-871-1800

Start... Cancel

Fax + 1-818-871-1805 wWww.ixiacom.com
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3. At the left side of the dialog, select the IEEE 1588 Packet Structure (Eth/lpv4/UDP/PTP or Eth/PTP)
that matches your traffic and then configure the Master and Slave addresses.

Domain: Select and configure the domain option if you are using IEEE1588 version 2 and have a
group of clocks.

Custom PTP Offset: If the PTP layer starts in a non-standard location within the Ethernet frame,
select this option. Enter an offset in bytes that indicates where the PTP layer starts.

Configure the expected “Packet Rate” or “Packet Interval” of the traffic.

5. At the right side of the dialog, configure the traffic that will be monitored by selecting the “Real Time”
option.

Type: % Real Tine {~ InputFiles

Pre Transparent Clock
Select the Pre-Clock profile:
Ieﬂwi j Ipruﬁlei Zl
[T PCAP Output File
Select PCAP save file location,

[T Start Wireshark

Post Transparent Clock
Select the Post-Clock profile:

feths | |profile1 a
[T PCAP Output File
Select PCAP save file location.

[T Start Wireshark

Figure 45: Transparency Clock Accuracy Real Time Options

6. Under the “Pre Transparent Clock” section of the dialog, select the Pre-Clock Ethernet port and
Network Profile. Disregard the other settings in this section; please see the Ixia Anue 3500 User
Guide if you would like more information about these options.

7. Under the “Post Transparent Clock” section of the dialog, select the Post-Clock Ethernet port and
Network Profile. Disregard the other settings in this section; please see the Ixia Anue 3500 User
Guide if you would like more information about these options.

8. At the bottom of the dialog, select and configure “Stream Results to Output File” if you want to save
the results to an AlIT file.

9. Click “Start” to begin Transparent Clock accuracy testing.
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10. A graph of the accuracy data will display as shown in the figure below. In this example, the graph
indicates the correction field errors in nanoseconds. An error occurs when a PTP packet’s correction
field value differs from the Anue 3500 measurement of the packet’s residency time. The Data Set
area of the window (boxed in red), provides test configuration and status information.

Note: Starting the analysis in “Real Time” mode requires the buffering of data before data points
start appearing on the delay accuracy chart. Because analysis relies on comparing two independent
streams of traffic, the actual duration of buffering varies depending on the specified packet rate as
well as actual packet rate. A buffering progress status message will display until enough packets
have been received to allow for data points to be graphed.

Correction

00:00:00 00:00:01 00:00:02 00:00:03 00:00:04 00:00:05 00:00:06 00:00:07 00:00:02 00:00:09 00:00:10 00:00:11 00:00:12 00:00:13
Time (since start)

WTIEMTDE. (|  minTDEV Hstogram 4 Lines (* Dots Refresh Intervak Ssecs  Copy Visble Timespan Reset ZoomPar

Summary | P ~
Chart Ranges Data

Full Range: Visible Range: Pre Cl

Time span: 12secs 12secs ( Measured: ethiprofiel ‘
Begin: September 20, 2012 11:46: 15 AM CDT September 20, 3012 11:46:15 AM CDT Post Ct
End: September 20, 2012 11:46:27 AM CDT September 20, 2012 11:46:27 AM COT { Measured: ethprofiel ‘
Count: 409 409

Error delta: 47ns 47ns

Collection Status: RUNNING

size: 09

Cumul FFO: 0.0 pom 0.0ppm Specified sample rate: 64 per sec

Cumul Drift: -0.051 prb/s 0.051ppbs Packet Structure: IEEE 1588 Eth/Ipv4/UDP/PTP.
in Max Min Max Message Intervak 15,625 msec

Error: -2,283ns 2,235 2,283ns 2,236 ns s ree ZhEnd

Slave: 2.0.02

Time: —

Error:

Figure 16: Real Time Transparency Clock Accuracy

36

26601 Agoura Road Calabasas, CA 91302 | Tel + 1-818-871-1800 Fax + 1-818-871-1805 www.ixiacom.com P/N: 915-6557-01 Rev. B June 2013




lXI a APPLICATION NOTES

G.8261 Testing of Hybrid SyncE & PTP Devices - Ethernet Recovered Clock

Timing over Packet networks may use a combination of PTP and Synchronous Ethernet (SyncE), where
frequency and phase synchronization are delivered across a packet network using PTP, and the frequency
recovered at the slave (or boundary clock) is delivered on SyncE interfaces. Testing these hybrid networks
is accomplished by measuring the recovered clock on the slave DUT on the SyncE interface while the
specified packet impairment is being introduced between the Grand Master and the DUT.

e Test Setup

ANUE 3500
Frequency Response Recovered Clock

Master

Timing Flow

Figure 47: G.8261 / SyncE Test Setup

Testing and setup is identical to section 5.1 G.8261 Test Cases 1-17 with PTP / IEEE1588, with the
exception of the choice of recovered clock interface, and the selection of masks for measurement of this
clock. Complete the setup steps from section 5.1 with the following variations.

1) The Slave’s recovered clock is measured on the Ethernet interface that is connected between the 3500
and the DUT. Select a Wander Measurer from the Ixia Anue 3500 Control Panel’s Wander tab to
measure the DUT’s Ethernet interface. Configure the Wander Measurer for the correct interface.
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Wander Measurers

| m | Mame | Descriotion | Port | Sample Rate Low Pass Filter
| & w01 [wMo1 | |etha 1/30 sec 10.0Hz

& WH03 :

brct | 1/30 sec 10,0 Hz

Double-click a Wander Measurer.

Figure 48 Selecting a Wander Measurer from the Wander tab

Edit Wander Measurer - WMO1 (3500 admin@lﬂiﬁ&ﬂ.ﬂl_@lﬂlg

Select the Ethernet port
that is connected to the
DUT slave. Be sure to
select “recovered”.

=r I0: ‘WMol
er MName: |WM01

Property 3gtfings Status

Measurer Port: |eﬁ1?_ {125MHz recavered) J Last Update: 9:52:35 AM CDT

Status: @ Ready

TIE Sample Rate: |1.|’30 sec - | Uptime:

For most tests, select a
Sample Rate of 1/30 sec
and a Low Pass Filter of
10 Hz.

012-04-04 9:50:45 AM CDT by admin

Figure 49: Editing the Wander Measurer

2) The PTP Slave DUT may take up to an hour or longer to become synchronized with the Grand Master
Clock. You can identify synchronization by monitoring the DUT’s Ethernet clock TIE graph, and also by
monitoring the user interface for indication of synchronization.
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APPLICATION NOTES

Right-click the Wander
Measurer being used for the
DUT’s Ethernet interface and
select “View TIE...”

Vimee Tirrm Errer..

Wi Tran ey,
Forea Siop

A Propeties., Eaier

Figure 50: Selecting “View TIE...” for the Wander Measurer

A diagonal TIE graph indicates a
frequency offset. The DUT is not in
sync with the master during this time.

; The TIE graph will become
et w ; B aflat line when the DUT has
1,250,000 1+ N achicved synchronization.

1,000,000 ‘
750,000
500,000
250,000

1]

00;0eka0 Dx05;00 =05 [ wn] 00 1500 00;20:00 002500 00:30; 00 00;35:a0
Time (since start)

—~Chare Ranges ~Data set:
Heasured: VT on WG,
Data Range: 3 mns 53 secs Visible Hange: 35 mirs 53 secs Collecoon STWS  RUNNG
Brgin: March 7, 20125138 PM CST  Begin: Mach7, 012543, | 5@ ErERD
Enc: Mareh 7, 30,3 5:43:33PM CST  Emk March 7, 2042 Biag,,, | LowPawsFiltes  10.0Hr
M TIE (RSE O MINTEE (RS} O Oock Fraguency: 100 MHz Higtagram. ..
Mo TIE (ns): 23813671797 Hax TIE {ns): 2381311797 ~selected sample ————— ~Refresh
TIE deltn (ma} 731561 1797 TIE dedta (ne): 2381311737 SR Refrech Intervak  —

TEE(nsk  — TIE sample pate: 130 20

Figure 51: Monitoring TIE during Synchronization Phase
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3) Once the DUT is in sync with the Grand Master, close the TIE window and restart the TIE measure

Right-click the Wander Liornsrd Posts [esdades dsalied ports)

Measurer being used for the
DUT’s Ethemet interface and — | et I Lm I e
select View TIE... Y  VesTE. Wi
L ¥imee Torrm Enver..
Wik Trm s,
Forcs Siop
Pro festies Ermie

Figure 52: Starting the TIE Measurement

e Test Steps
Test steps are the same as in section 5.1 G.8261 Test Cases 1-17 with PTP / IEEE1588

e Results

Results are the same as in section 5.1 G.8261 Test Cases 1-17 with PTP / IEEE1588, only differing in the
masks chosen for SyncE measurements in the MTIE/TDEV window.

Choose a MTIE masks
= “G8262_EEC_Optt”

1aul (ec) and “G8262_EEC_
—— Opt2” for SyncE testing.

Check “Enable MTIE" to do
= Ensle MTIE
MTIE measurements. T e .

WERSE_FEC_Opid | PRSSED meirach mrarae L sps
Collmctton Sturt Tima:  drd 3, 2013 10: 19229 A COT = S
ol Erel T ol & Fidd L DBEL AMCDT ol = ma —

Data Range TR Bk Set

Check “Enable TDEV" to e Choose TDEV masks

do TDEV measurements. E— e e oo x| passen “G8262_EEC_Opt1”
o S TR - |_pAsseD and “G8262_EEC_

f== ] we Opt2” for SyncE testing.

Figure 53: Viewing MTIE and TDEV Results
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i xi a APPLICATION NOTES

General Testing of Hybrid SyncE & PTP Networks — SyncE Frequency & PTP Phase

Synchronous Ethernet (SyncE) may be used to deliver frequency synchronization on networks in
conjunction with PTP used for Phase or Time of Day delivery. In this type of network, only Ethernet
interfaces are used. The Ixia Anue 3500 supports testing a variety of network combinations, with physical
layer (SyncE) and packet layer (PDV) measurement and impairment conducted simultaneously.

o Test Setup

ANUE 3500

SyncE Measured
Reference

.

1PPS BNC 1PPS BNC .
i

PTP/Sync

Slave

Figure 54: G.8261 / SyncE Test Setup

1) Connect the 3500 to the PTP/SyncE devices as shown in the diagram. Note that this testing requires two
pairs of Ethernet ports. Eth4 from the 3500 should be connected to a SyncE slave port on the Master
device in order to provide a frequency reference over Synck

2) Connect the 1PPS output from the Master and slave DUTs to BNC ports on the Ixia Anue 3500.
Configure these BNC ports for Receive 1PPS, and configure the cable delay to match the length of cable
connecting to each port
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Edit BN Port - bncd (2

BMC Port ID: bnca
Port Mame: |bm:4

Description: |

~Port Settings ~Port Status
Direction: e Recaive ( Transmit Last Status Update: 12:31:31 PM CDT

Receive Frequency: I 1PPS Port Status: @ Receiving
Part Usage: Wander Measurer WH03

Termination: I 50 Chmis

Cable Delay: I 0.0 Irneters;l

Last Modified: 2012-03-30 1:35:31 PM CDT by admin

Figure 55: Configuring 1PPS Test Interface

3) Port Pair PP-B is used to provide SyncE frequency reference to the Master device, and to measure the
SyncE recovered clock on the slave.

a) Set Port Pair PP-B to “Endpoint” mode, and set the Reference Clock for WG01
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lXI a APPLICATION NOTES

Generél |

PartPair ID: PP-B

Part Pair Mame: Ipp_E

Description: I

~ Port Pair Settings:

PortTraffic: {~ Inlire ' Endpoint

Reference Clock |G 1(100MHz)

Media Type:

ICopper
Speed: IlG

Figure 56: Selecting Endpoint Mode

b) Configure ESMC Generation on Eth4 — configure to match the requirements of the DUT Master port
connected to Eth4 in order for the DUT Master device to become slave

Right-click on eth4 and
select “ESMC Generation...”

Dnabde A1 b pas rerets
A Pegpetien .

Figure 57: Selecting ESMC Generation
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Configure to match your
DUT Master such that the

DUT Master becomes the
SyncE Slave.

Status

-l00 =01 -|04 Default ESMC Status: Not Active

[+ Settings

Source MAC Addr: [00 -[18

S5M: fL-PRS [0001 /PTP 80 =
Interval; |J. |sec ﬂ
Drop

Enter the number of padkets to drop: |

Last Modified: 2012-04-06 12:34:06 PM CDT by admin

Figure 58: Configuring ESMC Generation

c) Select a Wander Measurer from the Ixia Anue 3500 Control Panel’s Wander tab to measure the
DUT’s Ethernet interface. Configure the Wander Measurer for the correct interface.

Wander Measurers

) | Name | Description | Port | Sample Rate Low Pass Filter
| & wrol [ w01 | |ethz | 1/30 sec 10,0 Hz

=]

@ WMOZ | WMO3 ‘ bric4 1/30 sec 10,0 Hz

Double-click a Wander Measurer.

Figure 59: Selecting a Wander Measurer from the Wander Tab
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7 ™
Edit Wander Measurer - WMO1 (3500 - admin@lqz.lﬁamul_[glﬂli_i]

General ]

Wander Measurer ID: W01
Wander Measurer Name; |WMﬂ1

Description: |

Select the Ethernet port
that is connected to the
Measurer Port:  |eth3 (L25MHz recovered) DUT slave. Be sure to

Property Settings

TIE Sample Rate: | 1730 sac I select “recovered”.

[w TIE Low Pass Filter

Cutoff Frequency: 10 ~ || . For most tests, select
a Sample Rate of 1/30
sec and a Low Pass
Filter of 10 Hz.

Last Modified: 2013-04-04 13:09:5% PM CDT by admin

Figure 60: Editing the Wander Measurer

4) Port Pair A is used to apply packet-layer impairment (PDV) between the Master and Slave. Follow steps
6-7 from Section 5.1.1 to set up PDV Impairments.

5) With Synchronous Ethernet, the DUT Master and Slave should be synchronized in a matter of seconds.

6) Packet-layer impairment can be introduced on the PTP packet stream that is used to deliver time of day
and phase. Configure PDV impairments as in steps 6-7 of section 5.1.1

7) Once synchronization is complete, measure the Time of Day error in terms of phase (1PPS) from the
Wander view of the 3500 Control Panel.
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File Edit Help Click the button for “1PPS

ﬁ||||m| | -~y Time Error Testing.”

2S00 - Aadmin@197.1 68.91.121 |

E ErE ~Wander Generators

W | Network Profiles oy = LT3
- WGo1 WiE01

- WiGD2 WiE02

Figure 61: Selecting the 1PPS Time Error Testing Button

~1PPS Reference

{” System Time of Day (External (bnc2 (1 PPS]))
= BNC 1PPS

Reference Port |bncz {(1PPS)

\VWander Measurer IWMDI

Select the master's BNC
port and the slave’s BNC

port and then click “View
Measure Part Ibﬂﬂ'q' l:l PPS} T| me Err-,or . .”

~1PPS Measure Signal

Wander Measurer IWMDS

View Time Error...

Figure 62: Viewing Time Error on 1PPS Interfaces
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L PP 3500 - mcrmarel 150 16301 101 L b - |
E T . .
| Time Error is shown on
=24 s e  the right hand axis. a0
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ml = o Riedeusth Trdeswsl 2o
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Figure 63: Evaluating 1PPS Time Error

8) While testing Time Error on 1PPS, you can also measure MTIE and TDEV on the recovered clock
interface on the slave, whether it is on BNC, PDH interface, or Ethernet. Please see previous test
sections for details on configuring measurement of MTIE and TDEV on recovered clock interfaces.

9) While testing PTP and SyncE in hybrid mode, you can simultaneously introduce physical layer
impairments on the Ethernet connection between the Master and Slave DUTSs. Please see the
Application Note Ixia Anue 3500 — Testing SyncE Wander for details on configuring impairments for
SynckE testing.
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