APPLICATION NOTE 178

FIELD TESTING FOR ACTIVE
ETHERNET NETWORKS

By Thierno Diallo, Product Specialist, Transport and Datacom Business Unit

As demand for higher-bandwidth residential services continues its steady growth, a number of service providers are looking
to leverage their existing network infrastructures to provide differentiated triple-play services to their customers. These triple-play
services consist of high-speed Internet or data services, telephony (VolP) and both broadcast TV and video-on-demand.

Traditional networks use a combination of fiber optics and electrical links to deliver Ethernet services to customers. The fiber-
optic links are mainly reserved for long-haul and metro applications, as they require high data rates. Due to the high cost
of installing, implementing and maintaining a fiber network its use in customer-premises applications is limited. It is therefore the
electrical links that are usually used for access and residential links as their easy installation and low cost are ideal for massive
deployments. As we know, however, electrical links are limited in bandwidth and in deployment lengths.

As the cost and complexity of fiber-optic deployment decreases, fiber is becoming an increasingly viable medium for delivering
high-bandwidth services to both business and residential customers. Two types of architectures propose fiber media from the
headend/central office (CO) to the customer premises, Passive optical networks (PONs) and Active Ethernet networks. The
following article proposes a solution for Active Ethernet testing from the installation and service turn-up phase to service-level
agreement verification for Active Ethernet deployments.

Active Ethernet vs. PON

The PON architecture is a point-to-point technology that proposes delivery of data over fiber from the headend/CO to the customer's
premises. It relies on passive optical components, such as optical splitters, to provide optical service at multiple customer sites. This
approach does not allow for quality of service (QoS) assurance and introduces limitations in power budget, distance and number of
splits.

The Active Ethernet architecture, on the other hand, delivers the same service as PON technologies, but without using passive
optical components like splitters. Instead, the traffic consists of standard Ethernet frames (hence does not represent
a technology leap), and removes interoperability complexities that arise with PON architectures. Instead of using optical splitters,
Active Ethernet makes use of Layer 2 switches enabling QoS verification and symmetrical upload and download speeds.
Also, this architecture provides simplicity when upgrading bandwidth, as higher rates can be enabled on the path using the same
fiber. Active Ethernet is also a standardized architecture through the IEEE802.3ah Ethernet in the First Mile standard.

Active Ethernet Testing

There are two distinct testing phases that can be identified in Active Ethernet architectures. The first phase is the installation and
service turn-up phase (during which the line is qualified for errors), and the second phase is the performance-benchmarking phase.
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Active Ethernet Installation and Service Turn-Up Test

The installation and turn-up test phase is used to measure the integrity of the new optical line. This test is necessary when activating
new lines, as errors inserted during the transmission affect the integrity of the data, which can lead to frame loss. In Ethernet frames, the
frame check sequence (FCS) section is used to protect the payload and Ethernet header section. This checksum is calculated over the
protected sections and analyzed by a receiving Ethernet-aware device. A mismatch between the calculated FCS and the received FCS
will automatically result in the frame being discarded, causing a frame-loss error. This same condition can be attained when
a low-integrity line inserts errors in the frame while it is being carried to the destination. These frame losses have a significant effect
on each of the services provided to the client. For data transmission, frame loss will result in retransmission, which affects the efficiency
of the link. For voice and video services, frame loss will result in diminished quality of experience.

The bit-error-rate test (BERT) is the ideal test scenario to verify link integrity during the installation and service turn-up of an Ethernet
link. It is based on sending a known test pattern across an Ethernet-based circuit and analyzing the Ethernet and payload area for
errors, thus effectively qualifying the integrity of the link. This test must be conducted without using Ethernet-aware devices within the
tested link since errors during the transmission will cause the frames to be dropped by these network devices.

Active Ethernet SLAs and Network-Performmance Benchmarking

Service-level agreements (SLAs) are legal contracts between operators and customers that require specific levels of service
to be assured. To do so, operators must perform network-performance benchmarking tests once the link has been qualified for errors.

The Internet Engineering Task Force (IETF) has put together a test methodology to address the issues of performance verification at the
Layer 2 and 3 levels. RFC 2544, Benchmarking Methodology for Network-Interconnect Devices, specifies the requirements and
procedures for testing different performance parameters. These are segmented in subtests:

Throughput subtest — a measurement of the maximum bandwidth an Ethernet link can sustain without any errors
Latency subtest — a measurement of the time taken by a test packet to travel through the network and back to the tester.

Back-to-back subtest (sometimes referred to as burstability) — a measurement of the ability of a network to cope with bursts
of traffic; i.e., how many frames in burst can a network support before frame loss occurs

Frame loss subtest — a measurement that provides a distribution of the frame loss rate per transmission throughput.

When these measurements are performed, they provide a baseline for operators to define SLAs with their customers. They enable
operators to validate the quality of the service delivered and can provide them with a tool to create value-added services that can be
measured and demonstrated to customers. The SLA criteria defined in RFC 2544 can be precisely measured using specialized test
instruments. The performance verification is usually done once the installation is complete. The measurements are taken when the
network is out of service to make sure that all parameters are controlled.

IP Connectivity Test

To ensure that optimum Internet service is provided to customers, network elements such as edge routers and switches must
be properly configured; this enables the traffic to be sent and received from the outside network to the customer and vice-versa.

Simple tools to verify connectivity are the ping and trace route commands. The Ping command uses an echo packet to reach remote
computers. The pinged computer or device that receives the echo packet replies to it with an echo-reply packet. From this reply,
statistics such as loss rate and delay are gathered. Replies from the remote host indicate that the network is properly configured and
that remote devices can be reached.

The trace route tool is a modification of the ping command; when using trace route, routers reply to expired echo commands. As each
reply is from a router, the user is provided with the route taken by the packets when they are being transmitted to a host. This test
determines how many hops are taken by packets when being transmitted to remote points, which provides an indication of whether
or not network devices are properly configured.

Active Ethernet: A Typical Scenario

As a simulation, consider an Active Ethernet deployment where residential customers are provided with 100 Mbit/s transmission
through 100 Base-FX optical links. The residential street cabinet aggregates the data into either Gigabit Ethernet or 10 Gigabit
Ethernet links to the headend/CO. A new residential customer is being added to the service and a single field technician is sent to
ensure that the line can carry traffic and record performance measurements for the SLA.
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The testing procedure would consist mainly of two tests:

The BER test, to ensure the integrity of the line being activated.

The RFC-2544 test, to benchmark the performance of the line as well as to ensure compliance with the SLA.

Optionally, an IP connectivity test can be performed as the last test to ensure that the network is properly configured and that the new
client can communicate with any IP address.
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Active Ethernet Testing with the AXS-200/850 Ethernet Test Set

The AXS-200/850 provides technicians in the field with the ability to conduct both BER tests and RFC 2544 performance tests at the
customers premises.

In addition, each of these tests can be performed using a combination of the AXS-200/850 (in the field) and a FTB-8510B Packet
Blazer module (at the headend/CO or street cabinet), as these units are fully compatible. When used together, the headend/CO
technician uses the Packet Blazer's Smart Loopback application to reloop traffic back to a source (in this case, the AXS-200/850) and
swap MAC and IP addresses, fully complying with Ethernet address rules. The Smart Loopback feature enables the field tester
to perform unilateral tests; i.e., without requiring another tester at the far end.

In order to use this feature, the field technician only needs to configure the destination IP and MAC address of the test streams to that
of the unit in Smart Loopback mode. This information can be made available to all field technicians as the Smart Loopback-enabled unit
may be configured with a specific static IP address for future tests.

BER testing

The BER test should be performed between the line terminations with the field technician manning an AXS-200/850 at the residential
site, and with either another AXS-200/850 or a Packet Blazer set in Smart Loopback mode at the street cabinet. Test frames sent from
the AXS-200/850 will be relooped by the Packet Blazer and analyzed by the AXS-200/850 for errors at the Ethernet and payload
layers. Since the units are at the line termination, inherent errors during transmission will be detected and declared as errors instead
of discarded frames by Ethernet-aware devices.

RFC 2544 testing

The RFC 2544 test should be performed between the residential site and the headend/CO At the headend/CO, a Packet Blazer set in
Smart Loopback mode will be used to reloop test packet back to the RFC generator.

The typical tests performed are the throughput and latency tests. The throughput test will determine the maximum transmission rate
at which no errors occur. Since the traffic is relooped at the headend/CO, this measurement will qualify both directions of the line; i.e.,
from the headend/CO to the residential site and vice versa. This critical measurement is used to determine the maximum rate that can
be sent and received through this line without errors—an important part of the SLA.

The latency test will measure the round-trip latency time, or the total time required for a test frame to travel from the residential site to the
headend/CO and back to the residential site. This measurement is critical for voice and video applications, as latency can greatly affect the
quality of experience.
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Conclusion

Through the use of network devices, the simplified approach of Active Ethernet architectures provide subscribers with the high
bandwidth they crave and operator with the easy network installation and management they seek.

To ensure optimal results, Active Ethernet architectures are qualified in two phases. First, during the installation and service turn-up
phase and, second, during the SLA assessment phase. Verifications such as BER tests and RFC 2544 performance benchmarking
tests enable service providers to ensure that their networks meet their customers’ needs.

EXFO Corporate Headquarters > 400 Godin Avenue, Quebec City (Quebec) G1M 2K2 CANADA | Tel.: 1 418 683-0211 | Fax: 1 418 683-2170 | info@EXFO.com
Toll-free: 1 800 663-3936 (USA and Canada) | www.EXFO.com

EXFO America 3701 Plano Parkway, Suite 160 Plano, TX 75075 USA Tel.: 1800 663-3936 Fax; 1972 836-0164
EXFO Europe Omega Enterprise Park, Electron Way Chandlers Ford, Hampshire S053 4SE ENGLAND Tel. +44 2380 246810 Fax; +44 2380 246801
EXFO Asia 151 Chin Swee Road, #03-29 Manhattan House SINGAPORE 169876 Tel.: +65 6333 8241 Fax: +65 6333 8242
EXFO China No. 88 Fuhua, First Road, Central Tower, Room 801 Shenzhen 518048 P.R. CHINA Tel.: +86 (755) 8203 2300 Fax: +86 (755) 8203 2306
Futian District
Beijing New Century Hotel Office Tower, Room 1754-1755 Beijing 100044 P. R. CHINA Tel.: +86 (10) 6849 2738 Fax: +86 (10) 6849 2662

No. 6 Southern Capital Gym Road

N\
APPNOTE178,1AN © 2008 EXFO Electro-Optical Engineering Inc. Al rights reserved, c € R Pintedin Canaca 08/05 EXPERTISE REACHING OUT


www.EXFO.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


