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INTRODUCTION

In many cases it is important to test the performance of the link end to end when service providers deploy Ethernet links.
Hereby the service provider ensures efficient turn-up and error free operation and gets the highest customer satisfaction. The
Internet Engineering Task Force (IETF) RFC 2544 “Benchmarking Methodology for Network Interconnect Devices” defines
tests that describe the performance characteristics of a network interconnecting device. These tests can be used for deploying
and commissioning the Ethernet links. Often these tests are done using one test instrument that sends a test signal to a far-end
destination, where the test signal is returned to the test instrument by some means of a “reflector” or “loop back”. This test
configuration makes the instrument test both the outgoing and incoming side of the link, which may be sufficient if both sides
of the link provide the same bandwidth and the results show that the performance is OK.

Unsymmetrical links like xDSL provide different line rates in the two directions. Typically the downlink line rate is
significantly higher than the uplink line rate. If you need to verify the traffic capacity of throughput of such links the result will
reflect the capacity of the link side with the lowest line rate (i.e. the uplink line rate) if you test using “reflector” or “loop back”.
To get information for both the low and the high speed side of the link you need to send a test signal from an instrument at one
end of the link to an instrument at the other end of the link and vice versa to test traffic capacity of both sides on the link. The
two test instruments have to cooperate, because the tests described in RFC 2544 require that the receiver of a test signal must

know the contents of the transmitted test signal in details.

In case you test a symmetrical link, which is not performing OK, it is important to find out if both or only one of the directions
is performing badly. In this case you also need to test the link with two instruments to get separate results for the two sides of
the link.

ISO 9001 certified. ICMA3KEtoE-APP04-1103-A4. ©2011 Anritsu. All Rights Reserved. Page 1 of 10



1.0 RFC 2544 test with the CMA 3000

The CMA 3000 Ethernet options include an automated RFC 2544 test application. In one of its test modes the RFC 2544 test
application allows two CMA 3000s to perform throughput, frame loss and burstability tests in a master-slave constellation. The
user sets up the test in the master CMA 3000. When the test is started, the master CMA 3000 transfers the necessary setup
information to the far end slave CMA 3000. The information is transferred through the line that is under test. Once the test is
completed, the slave CMA 3000 transfers the test results back to the master CMA 3000, so the user can read the results for
both directions of the link on the master CMA 3000. If needed the user can initiate a new test without having to access the
remote slave CMA 3000 directly. The dual-port capability of the CMA 3000 allows the user to test two links simultaneously.

Port A
.............. LAl qornnes D OULB
(for dual
line test) line test)
Master instrument Slave instrument

Figure 1 End-to-end RFC 2544 testing using two 3000’'s

The test mode, which allows two CMA 3000 units to cooperate to perform an RFC2544 test, is called the “end-to-end” test.
The unit that initiates the test is the master instrument while the other unit is the slave instrument. Control information is sent
from the master instrument on port A; if port A is turned off, port B is used. When the test is started on the master CMA 3000,
the unit will contact the slave instrument using the IP address of the slave unit. When the slave instrument receives the
communication on a port with a matching IP address, the test will begin.

2.0 Setup of slave instrument
To set up the slave instrument, first the Ethernet interface needs to be activated. In this case, an electrical interface with auto
negotiation is selected. Port A is used in this example — port B is disabled by setting it to Off.

Ethernet ] S B
Mene “ Interface Application Result ‘ Status ‘ Misc, ‘ Help 1.4.1.1
Port Contral Port A setup Port B setup Ethernet
Port Control
T Monitor/Generate Port A Port B
" Pass through %f
100 Mbps FDX - ~
" Reflector
% Port B
< . Electrical  Full Auto Negotiatem Off ‘ - ‘
e
O —— o —
Current Address Configuration Current Address Configuration
Dest. IP-address: 172.29.7.238 Dest. IP-address: 172.29.7.237
Src. IP-address: 172.29.7.237 Src. IP-address: 172.29.7.238
Current Frame Generation Configuration Current Frame Generation Configuration
Traffic mix: Broadcast 0%, Unicast 100% Traffic mix: Broadcast 0%, Unicast 100%
Frame Caontent: Fox Pattern Frame Content: Fox Pattern
Encapsulation: Ethertype Encapsulation: Ethertype
VLAN tag: Disabled WLAN tag: Disabled
Test Duration: Continuaus Test Duration: Continuous
Line Load: 100,00% Line Load: 100.00%
Frame Size: 64 - 512 step 64 Frame Size: &4 - 512 step 64
Start Traffic Generator Start Traffic Generator ‘

7 [rom

Figure 2 The Interface/Ethernet/Port Control page, where the Ethernet interface is activated.

Two more pages have to be set correctly in the slave instrument to make the test work. In the first page, the IP and MAC
addresses are set up.
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Ethernet Q
Srme Interface Application

Result ‘ Status ‘ Misc, ‘ Help

Ethernet Q 1.4.2.1
Port Control Port A setup Port B setup Ethernet
Frame Content | Traffic Settings Filter | Threshalds

WLAN LLC1 | SNAP | IPw4 IPvE Pav|oad:| Fox Pattern 'J
Destination MAC address: |_ Uo-S0-C2-35-D2-00 J | ARP _?5 iteway .
Source MAC address: l: 00-50-C2-35-D1-0C :I |
Ethertype: 0800 (IPwa]
IPv4
Version, Header length: 4,5 (20 bytes)
DSCP/TOS: | o |
Total length: 46
Identifier: | ABCD |
Flags, Fragment Offsat: MF: 0, DF: 1, RES: 0, Fragment Offset: 0
TTL: 32
Protocal: FD
Checksum: fogs
Source IP address: L 172.29.7.237 H
Destination IP address: 172,29.7.238
=

Figure 3 Setting of addresses for the Slave CMA 3000

It is important to set the address of the slave instrument: Source address/IP address and MAC address. The MAC address
should be set to the ports default address (this comes as a choice in the setup dialog that appears when the MAC address field
is pressed).

Destination address/IP address should be the IP address of the Master CMA 3000. However if that is not known at the time of
the setup of the slave instrument, this can be handled from the master instrument (see later). For Destination MAC address it is
recommended to click the ARP box, which will make the instrument request the MAC address from the device it is directly
communicating with. Otherwise the user will have to identify this address and enter it manually.

Ethernet @ N .

Ethernet Q‘ Interface ‘ Application Result ‘ Status ‘ Misc, ‘ Help ‘ 1.4.2.3
Port Contral Port A setup Port B setup Ethernet
Frame Content Traffic Settings Filter Threshalds

Incoming frames:

|\/ Answer incorming ARP requests

|7 Answer incoming ping requests

. |\/ Accept incoming CMA 3000 configuration frames

Receiver setup:

Expected preamble length: bytes
|— Ignore preamble violations

IFG lower threshold: bytes
Jurmnbeo frame size upper limit: 2018 bytes

|— Allow changes to interface setup while measuring

o

In the port A Settings page the “Answer incoming ARP requests” box must be checked. This will allow the instrument to
communicate its MAC address to the device it is directly connected to. Also the “Accept incoming CMA 3000 configuration
frames” box must be checked. This ensures that the slave CMA 3000 can communicate with the master CMA 3000.

Figure 4 Other general settings of the Slave CMA 3000
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3.0 Setup of master instrument

To set up the master instrument, first the Ethernet interface needs to be activated. In this case, an electrical interface with auto
negotiation is selected. Port A is used in this example.

Ethernet Q R f
Nane Q Interface Applicatian Result Status Misc, Help

Port Contral | Port A& setup Ethernet

Port B setup
—Port Control
& Monitor/Generate

 Pass through
" Reflectar

—Paort
_Port A —
< . Electrical  Full Auto Negeotiate & | -

—

D or -]
e ——— E—

Current Address Configuration

Current Address Configuration

Dest, IP-address: 172.29.7.237 Dest, IP-address: 172,29.7.238
Src, IP-address: 172.29.7.238 Src, IP-address: 172,29.7.237
Current Frame Generation Configuration Current Frame Generation Configuration
Traffic mix: Broadcast 0%, Unicast 100% Traffic mizx: Broadcast 0%, Unicast 100%
Frame Content: Fox Pattern Frame Content: Fox Pattern
Encapsulation: Ethartype Encapsulation: Ethartype
VLAN tag: Disabled WLAN tag: Disabled
Test Duration: Centinuous Test Duration: Continuous
Line Load: 100.00% Line Load: 100.00%
Frame Size: Censtant 64 Frame Size: Constant 64
Start Traffic Generator Start Traffic Generator |

Figure 5 The Interface/Ethernet/Port Control page, where the Ethernet interface is activated.

E::::::: :I Interface Application | Result | Status | Misc, | Help -
Port Control | Port A setup | Port B setup Ethernet
Frarme Content | Traffic Settings | Filter | Threshalds

WLAM | LLC1 | SHAP I IPw4 IPvE I Payload:| Fox Pattern

Destination MAC address: % | ARP Gatdway .

Source MAC address: & 00-50-C2-35-D1-0C ) —

Ethertype: 0800 (IPw4)

1Pva

Version, Header length: 4, 5 (20 bytes)

DSCP/TOS: | o |

Total length: 46

Identifier: | ABCD |

Flags, Fragment Offset: MF: 0, DF: 1, RES: 0, Fragment Offset: 0

TTL: 32

Protocol: FD

Checksum: FOHS, —

Source IP address: ~ 172,29.7.238 N

Destination IP address: 172.29.7.237 ] |
\ / -

Figure 6 Setting of addresses for the Master CMA 3000

It is necessary to set the address of the master instrument: Source address/IP address and MAC address. The MAC address
should be set to the ports default address (this comes as a choice in the setup dialog that appears when the MAC address field
is pressed). Destination address/IP address is the IP address of the slave CMA 3000. For Destination MAC address it is
recommended to click the ARP box, which will make the instrument request the MAC address from the device it is directly
communicating with. Otherwise the user will have to identify this address and enter it manually.
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Ethernet BI |
Eth::::t = Interface Application | Result | Status | Misc, | Help -

Port A setup

Port Contral Port B setup Ethernet

Frame Content Traffic Settings Filter Threshalds

—Incoming frames:

o v Answer incoming ARP request; >

p Answer incomning ping requests

\

v Accept incoming CMA 2000 configuration frames
—————

—Receiver setup:

Expected preamble length: bytes

I_ Ignere preamble vielations
IFG lower thresheld: iz bytes
|7 Filter IFG violations caused by master/slave clock synchronization

Jumbe frame size upper limit: Q018 bytes

I_ Allow changes to interface setup while measuring

Figure 7 Other general settings of the Master CMA 3000

In the port A Settings page the “Answer incoming ARP requests” box must be checked. This will allow the instrument to
communicate its MAC address to the device it is directly connected to. Also the “Accept incoming CMA 3000 configuration
frames” box must be checked. This ensures that the master CMA 3000 can communicate with the slave CMA 3000.

The rest of the test setup and the test itself are done in the Application/RFC2544 pages of the master CMA 3000.

Ethernet aI Interface prlitﬂti!’"l Rzl | Status | Mise | nee -

Mone L]
General

Test Setup Port A Port B Test Configuration Results Remote results

—Select Test Mode
I

Switch/Router Test

—Test
‘@)= =
—Speed

10 Mbps {7 100 Mbps {~ 1000 Mbps

End to End Netwark Test

Q- Do

I_ One Way

—Test Selection

[ Throughput v Throughput and [ Latancy start
I_ Frame Loss P (LEEE I_ Burst /| =

—Test Status

Test not active

Figure 8 RFC 2544 Test Setup page of the Master CMA 3000

In the test setup page the End to End network test is selected and the needed tests can be chosen by checking the boxes in the
Test Selection part of the page. The user can also choose a predefined either short or long test activated by clicking the Quick
Setup key. In this case a short test is selected, which sets the instruments to do a combined Throughput and Frame Loss test.

By default a test is done from Master to Slave and from Slave to Master simultaneously. However, in some cases (f.inst. when
testing half duplex connections) it can be relevant to test only one of the directions at the time. In that case the user must check
the “One Way” box. The direction of the test (from master to slave or from slave to master instrument) is defined in the
“General” page.
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The detailed configuration of the Throughput and Frame Loss test can be seen in the Test Configuration page. This test use a
short, a medium and a long size frame, together with a selection of line loads to test the throughput and frame loss at different
loads. The test configured as shown below takes approx. 10 minutes to complete.

Ethernet Q L :
Nane a Interface Application Result Status Mise, Help .10.5.3
Test Setup Port A Port B General Test Configuration Results Remote results

EThroughput and Frame Lossé \

Port A: Port B:

Frame Size (Bytes) Frame Size (Bytes)

€ User defined " Stepped " Constant © User defined { Stepped " Constant

[V &4 [ 128 [~ =256 [V &4 [~ 128 [~ =258

[ 512 [~ 768 [ 1024 [V 512 [~ 768 [ 1024

" &4 = " 4 =

Line Load (Mbps) Line Lead (Mbps)

|— Stop on. no frame loss Minimum: 40.00 |— Stop on. no frame loss Minimum: 40.00

at maximum throughput at maximum throughput

|— Auta Search: Maximurm: 100.00 |— Auto Search: Maximum:| 100.00
Step: 10,00 Step: 10.00

Frames Frames

Duration: 5 Content: | PRESS ~ Duration: s Content: | PRESS ~

’T 11:49:47

Figure 9 Detailed setup of Throughput test on the Master CMA 3000

Ethernet =] N .
Nane “ Interface ‘ Application Result ‘ Status ‘ Mise, ‘ Help ‘ 2,10.4
Test Setup Port A Port B General Test Configuration Results Remote results
Pretest options
|7 Transmit Learning Frames
End to End test (mmastar cidal
| ,7 Use master Source addresses for Destination on slave side
In One-Way test, transmit frames from: " Master = Slave

|— Store test results on slave side

’T 12:23:03

By checking the “Use master Source addresses for Destination on slave side” the master instrument will, when the test starts,
inform the slave instrument to use the source IP address in the incoming CMA 3000 configuration frame (i.e. the address of the
master CMA 3000)

Figure 10 RFC 2544 General setup page of the Master CMA 3000

In case the test is terminated due to a break of the communication between the two instruments the slave instrument will not be
able to transfer test results to the master instrument at the end of the test. To be able to see the slave instruments results anyway,
the user can choose to always store the test results in the slave instrument by checking “Store test results on slave side”; then
the test results from the slave instrument can be inspected here if they were not transferred to the master instrument
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4.0 Start the test

The test is started by pressing Start Test soft key in the RFC 2544 Test setup page of the master CMA 3000. At that time the
RFC2544 test setup is transferred from the master to the slave CMA 3000. During the test an indicator on the taps of the test
result pages will indicate what test that currently is active. The state of the test and estimated time to complete the test can be
seen in the Test Status part of the Test Setup page on the master instrument.

Ethernet @ N .
Nane .I Interface Application Result | Status | Misc, | Help -
Test Setup Port A Port B General Test Configuration Results Remote results
— Select Test Mode
Switch/Router Test Router Latency Test
End to End Network Test Single Ended Network Test
I_ One Way

—Test Selection /
I_ T |7 Throughput and I_ Leiznizy Quick { Start

I_ Frame Loss A6 LEeE I_ Burst Setup Ui

— Test Status

Test not active

Figure 11 Start the test in the RFC 2544 Test setup page of the Master CMA 3000

Ethernet @ N .
Nane .I Interface Application Result | Status | Misc, | Help -
Test Setup Port A Port B General Test Configuration Results
raughput and Frame Loss
A Tx ~
Step |Tnta| frames |Frame size (Bytes) |Thrnughput (Mbps) |Frame rate -
iz 140.218E3 512 S50.00 11.748E3
12 422,932E7 T = |4.097E2
11 493.421E3
10 S63.909E2
&l 634.398E3 fThic cMA 3000 is being remotely controlled oalEE
8  FO4.8BTEI [ for an RFC2544 test, pakld3g
7 1.785714E€ S23E2
[} 2,232142E€ AD4E3
5 2.678571E€ Break Cﬂ""“ﬁﬂﬂl .285E3
-
4 3.125000EE 4.166E3
Part A Rx N ~—>
Step |Total frames |Frame sizMe rate (Fps)l Frames lost [Loss rate (%) | -
1z 150.140E3 512 50.00 11.74BE2 o o
12 422,932E3 512 60.00 14.097E2 o o
11 4932.421E3 512 Jo.00 16.447E2 o o
10 S63.909E3 512 B0.00 1B8.796E2 o o
9 634,.398E3 512 S0.00 21.146E2 o o
g8 F04.8B7E2 512 100.00 23.496E2 o o
7 1.785714E6 64 40,00 59.523E3 0 4]
& 2,232142E6 64 50,00 74.404E2 0 4] - |

Figure 12 A pop-up on the slave CMA 3000 shows it is remotely controlled during the test. An icon on result page taps indicates the active test

When the test is started on the master CMA 3000, a popup will appear on the slave instrument, stating that the unit is being
remotely controlled and providing a ‘break connection’ button. The popup will disappear when the test is completed or stopped
on the Master.
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5.0 End of the test

When the test is completed, the test results are transferred from the slave to the master CMA 3000 where they appear alongside
the RFC2544 results sub-tap under the name RFC2544 remote results. As for the other RFC 2544 test modes, the user can see
the results in a tabular format or as graphs. In the master instrument the results from both instruments are stored in the memory
for analysis at a later time. The user can from the master CMA 3000 also get the results from both instruments as files in pdf
format. The pdf reports can be output to a memory stick inserted in one of the USB ports of the master CMA 3000 or
transferred directly to a PC if the master CMA 3000 is equipped with the FrontSim option. Finally the reports can be output to
a HP USB printer.

Ethernet [~ N .
Mone “ Interface ‘ Application Result ‘ Status ‘ Misc, ‘ Help F.lﬂ.ﬁ.:{
Test Setup Fort A FPort B General Test Configuration Results Remote results

Thraughput and Frame Lass \

Port A Tx -
Step |Tota| frames |F|'ame size (Bytes) |Th|‘oughput (Mbps) |Frame rate | - [—

21 97.529E3 1.518BE2 40.00 2.250E2

20 121.911E3 1.518BE2 S50.00 4.083E2

19 146.293E3 1.518BE2 60.00 4.876E2

18 170.676E2 1.51BE2 70.00 5.6B9E2

17 195.058E2 1.51BE2 80.00 6.501E2

16 219.440E3 1.518BE2 90.00 7.314E2

15 243.823E3 1.518BE2 100.00 8.127E2

14 2B1.954E3 512 40.00 9.398E3

13 352,443E3 512 50.00 11.748E3 T

12 422,932E3 512 60.00 14.097E3 j
Port A Rx

Step |Total frames |Frame size (B) |Throughput (Mbps) |Frame rate (Fps)|Frames lost |Loss rate (%) | -

21 97.529E2 1.51BE2 40,00 3.250E3 0 ]
20 121.911E2 1.51BE2 50.00 4.063E3 [i] [i]
13 146.293E2 1.51BE2 60,00 4.876E3 [i] [i]
i8 170.676EZ 1.518E3 70.00 S5.683E3 [v] a
17 195.058E2 1.518E3 80.00 6.501E3 o [}
16 219.440E2 1.518E3 90,00 7.314E3 o [}
15 243.8B23E2 1.518E3 100.00 8.127E3 o [}
14 281.954E2 512 40,00 9.39BE3 o [}
13 252.443F3 512 S50.00 11.748F3 0 0

-]
’T 11:09:40

Figure 13 Test results in tabular form on the master CMA 3000

Ethernet Q L :
Nane a Interface Application Result Status Mise, Help .10.6.3
Test Setup Port A Port B General Test Configuration Results Remote results

Throughput and Frame Loss

Port A: Max error free throughput (Mbps) for different frame sizes.

100.0 Mbps 0

L] 1s0 280 569 759 949 1.14 k 1,33 k 1,52 k Byte

Port B: Max error free throughput (Mbps) for different frame sizes.

Paort A: Frame Loss rate (%) for different line loads.

-]

Figure 14 Graphical test results on the master CMA 3000
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Figure 15 A part of the pdf report the CMA 3000 can generate of the end-to-end test as documentation of the test results

Notes

Zinritsu

RFC2544 end-to-end test with CMA 3000

RFC2544: Throughput & Frame Loss Results

Started: 2006-12-08.10:08:59, Stopped: 2006/12/08 10:22:06

Port A: Max error free throughput (Mbps) for different frame sizes.

Port A: Frame Loss rate (%) for different line loads.

Port A Tx Total frames Frame size (Bytes) .I.I:\T\T,:‘?:;I;m Frame rate
Step: 21 97.529E3 1.518E3 40.00 3.250E3
Step: 20 121.911E3 1.518E3 50.00 4.063E3
Step: 19 146.293E3 1.518E3 60,00 4 .876E3
Step: 18 170.676E3 1.518E3 70.00 5.689E3
Step: 17 195.058E3 1.518E3 80.00 6.501E3
Step: 16 219.440E3 1.518E3 90.00 7.314E3
Step: 15 243 823E3 1.518E3 100.00 8.127E3
Step: 14 281.954E3 512 40.00 9.398E3
Step: 13 352 443E3 512 50,00 11.748E3
Step: 12 422.932E3 512 60.00 14.097E3
Step: 11 493 421E3 512 70.00 16.447E3
Step: 10 363.909E3 512 80.00 18.796E3
Step: 9 634 398E3 512 90.00 21.146E3
Step: 8 704.887E3 512 100,00 23 496E3
Step: 7 1.785714E6 64 40.00 59.523E3

The test described in this application note was made with two CMA 3000s running SW version 3.10
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