
 
 

The Fundamentals of Long Range 
Fast Ethernet (LRFE) 

With more than 500 million ports installed worldwide, Ethernet is the dominant 
networking technology. It is inexpensive, ubiquitous, and extremely familiar to users. 
Many “first-mile” equipment providers are therefore considering Ethernet technology for 
first-mile broadband access. To date, Ethernet adoption in the first mile has primarily 
been in “closed” environments, i.e., Multi-Tenant, Multi-Dwelling, and Multi-Hospitality 
(collectively termed MxU) buildings. However, many independent first-mile service 
providers are implementing Ethernet connections over fiber and copper in the first mile.  
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First Mile Requirements  
For deployment in the first mile, a technology must have the following characteristics:  

 It must run over existing infrastructure. In today’s cash-constrained environment, service 
providers want to conserve cash. Since there is a glut of fiber capacity, they do not want 
to make huge investments in new fiber installation. They can increase revenues and cash 
flow from services quickly and with significantly lower investment, by deploying new 
technology over existing copper assets, instead of installing new fiber.   

 It must be capable of end-to-end high-speed transmission over the distances between 
the customer and the concentrator without a repeater, hub, or similar equipment. 
Customers that seek high-speed symmetric services are usually located within 5,000 feet 
of the concentrator. This is corroborated by Vertical Systems, Inc., who states that 76% 
of business customers are within 1 mile of a fiber network. Additionally, typical distances 
in MxU environments rarely exceed 2,000 feet.   

 In outside plant scenarios, the technology must coexist with existing services such as 
Plain Old Telephone Service (POTS), Integrated Service Digital Network (ISDN), Digital 
Subscriber Line (xDSL), etc.  

 It must have scalable performance to ensure that service providers can offer different 
Service Level Agreements (SLAs).  

For all its popularity, traditional Ethernet (10/100 Mbps) does have two major stumbling blocks:  

 The technology can only be deployed for up to 300 feet over copper. Beyond that, 
repeaters, hubs, or switches are required to regenerate and transmit the signal. This 
limitation translates into higher expenses in the form of additional equipment, and major 
provisioning difficulties.  

 The technology can only be deployed over Category 3 (CAT3) or Category 5 (CAT5) 
wiring and cannot operate over existing telephone wires. Since a vast majority of 
businesses, especially those in international markets, do not have CAT3 or CAT5 wiring, 
traditional Ethernet cannot be used there. Installing CAT3 or CAT5 wiring translates into 
higher investment costs. If new wiring has to be installed, service providers may very well 
choose to install fiber.  

Introducing Long Range Fast Ethernet  
Ikanos’ Long Range Fast Ethernet (LRFE) technology is designed to meet the requirements for a 
first-mile technology, and solve precisely the problems enumerated above. Its key features are:  

 LRFE works over existing copper wire. The media can be ordinary telephone wires or 
enhanced cabling such as CAT3 or CAT5.  

 The technology can transmit symmetric data rates up to 25 Mbps on a single pair and 
100 Mbps over four pairs up to distances of 1,600 feet. With additional pairs, LRFE can 
transmit up to 100 Mbps up to distances of 5,000 feet.  

 LRFE can coexist with POTS, ISDN, and various xDSL services, as defined by the 
T1.417 Spectral Compatibility document.  

 LRFE throughput can be configured in 64 Kbps increments. This enables service 
providers to offer different SLAs and tiered services. 
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Table 1 Feature Comparison Between Traditional Fast Ethernet and LRFE 

Traditional Fast Ethernet (100BASE-T)  Long Range Fast Ethernet (LRFE)   

100 Mbps throughput  

  

100 Mbps throughput  

CAT5 wiring  Any type of wiring (CAT3/5, telco)  

  

Reach of 300 feet  Reach of 1,600 feet   

(5,000 with more pairs)  

 
Table 1 shows a comparison between Ikanos LRFE and Fast Ethernet. These characteristics 
make LRFE the technology of choice for deployment in first-mile applications that need very-high-
speed symmetric bandwidth. Immediate applications include the MxU market for in-building 
distribution as well as the Metro Fiber Extension (MFE) market for aggregating fiber-like 
bandwidth to buildings that are not located on fiber. Since both these markets are expected to 
grow rapidly in the next 3 to 5 years, LRFE technology offers equipment manufacturers the 
opportunity to grow revenues and profits rapidly.  

Figure 1  LRFE in MFE Applications 

 

 

 
Figure 1 shows how LRFE technology can be used in MFE applications. The dotted lines indicate 
LRFE running on telephone wires. These wires are part of existing infrastructure and are used to 
provide fiber-grade bandwidth to buildings that are not on a fiber ring. 
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Figure 2  LRFE System Implementation 

 

 
Figure 2 shows the implementation details of an LRFE system. A building, which is on a fiber 
ring, is connected to a building that is not on a fiber ring by using Ikanos’ LRFE technology. LRFE 
can transmit up to 25 Mbps on one pair and up to 100 Mbps on four pairs of telephone wire. 
Therefore, an appropriate number of copper wires can be bonded together with on-chip Inverse 
Multiplexing (IMUX) to distribute high-speed data. The appropriate connections of the copper 
wires are made at the Copper Cross Connect box, which might be a pedestal, which is commonly 
located in most neighborhoods. Thus, there is no need for the data to go through a Central Office.  

In MxU applications, LRFE can be used for distributing Ethernet frames within the building. In 
these applications, LRFE provides a better performance than traditional Ethernet with a minimum 
of additional investment. The typical setup is to install an MxU/MFE concentrator in the basement 
and then use the building’s existing telco wiring to distribute LRFE. The net result is that LRFE 
helps eliminate LAN-WAN bottlenecks. Figure 3 shows such an application. 

Long Range Fast Ethernet Technology Overview   
LRFE uses Ethernet over High Level Data Link Control (HDLC) over Very High Bit-Rate DSL 
(VDSL) technology. In addition, Ikanos’ SmartLeap™ 8100 chipset incorporates on-chip inverse 
multiplexing (IMUX). This enables the chipset to bond up to eight physical ports (depending on 
the band plan used) into one logical port without the need for any additional external components.   

LRFE uses the Flex Band Plan or Plan 998 or Plan 997, which allows the SmartLeap 8100 
chipset to IMUX up to eight physical ports into one logical port. Also, as is indicated in Figure 4, 
the Flex Band Plan allows for transmission of up to 100 Mbps on four pairs at a distance of 1,600 
feet, which is the “sweet spot” of installations in MxU environments. In addition, more than four 
pairs of telco wire can be bonded to transmit 100 Mbps up to 5,000 feet. The Power Spectral 
Density (PSDs) for Plan 998 and Plan 997 are shown in Figure 5 and Figure 6, respectively. 
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Figure 3 LRFE in an MxU Building 

 

 

Figure 4 LRFE Performance    

 

 

Figure 5 Power Spectral Density for Three-Band Plan 998   

 

 

Figure 6  Power Spectral Density for Three-Band Plan 997 
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Details of Inverse Multiplexing  
The VDSL modem sublayers include the:  

 Transport Protocol Specific Transmission Convergence (TPS-TC) sublayer  

 Physical Media Specific Transmission Convergence (PMS-TC) sublayer  

 Physical Media Dependent (PMD) sublayer  

The TPS-TC layer that is defined for Ethernet transport over VDSL uses HDLC framing with byte-
stuffing for rate matching. To bond the output of the TPS-TC layer over multiple lines, the 
following will happen:  

1. The TPS-TC output is rate matched to stream of bytes.  

2. The TPS-TC output is sent on each line, once every symbol, in sequence.  

3. Each line takes only the number of bytes that can be sent per symbol on that line.  

4. The receive side puts them back together in same sequence.  

A graphical representation of Ethernet data flow over four bonded VDSL lines is shown in  
Figure 7.  

Figure 7 Ethernet Data over VDSL   
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Control of the Bonded System  
The bonded system can be controlled in the following ways:  

 An optional header has the sequence number, which is used for segmenting and 
reassembly.  

 It can work without a header:  

• When a line comes up, it is assigned an ID by the concentrator side and a position in 
the line sequence used for segmenting and reassembly.  

• When a line goes down, Embedded Operations Channel (EOC) messages can be 
sent on other lines to drop the line from the line sequence.  

 Cyclic Redundancy Check (CRC) of segments is not needed:  

• Segments sent on each line already have CRC and Reed Solomon (RS) encoder 
(DSL framing).  

• HDLC encapsulation adds its own CRC.   

• Ethernet frames have their own 32-bit CRC. 

Benefits of Inverse Multiplexing  
There are many benefits to the IMUX scheme that is described previously.  

  complexity; it can be implemented in multi-line DSL transceivers without 
extra ICs.  

 es existing DSL messaging methods—no extra 
header bytes are wasted for bonding.  

 rrors and failures since it can drop (or add) lines quickly when 
lines fail (or come up).   

 to upper layers since it acts like a single line and maintains byte (and 

  can be coordinated between the Central Office and the Customer 
pment.  

r 
cture. These reasons make it the technology of 

ce for use in MxU and MFE applications.  

 

 It increases reach to deliver high-speed services.  

It offers low

There is no extra overhead since it reus

It rapidly adapts to line e

It is transparent 
packet) order.   

Cross-talk cancellation
Premise Equi

Conclusion  
Long Range Fast Ethernet (LRFE) is an ideal technology for adoption in first-mile environments 
that need high-speed symmetric bandwidth. It provides symmetric bandwidth of up to 100 Mbps 
on four pairs of telco wire at a distance of up to 1,600 feet (5,000 feet with more pairs), offers 
scalable throughput in 64 Kbps increments, is spectrally compatible with POTS, ISDN, and othe
xDSL services, and runs over existing infrastru
choi
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P +1 510.979.0400 

F +1 510.979.0500 

E sales@ikanos.com

  
9 

http://www.ikanos.com/

	The Fundamentals of Long Range Fast Ethernet (LRFE)
	First Mile Requirements 
	Introducing Long Range Fast Ethernet 
	Long Range Fast Ethernet Technology Overview  
	Details of Inverse Multiplexing 
	 Control of the Bonded System 
	Benefits of Inverse Multiplexing 
	Conclusion 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


