Technical Committee155.52 Mb/s Physical LayerSpecification forCategory-3 UnshieldedTwisted Pairaf-phy-0047.000November, 1995

af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage iiATM Forum Technical Committee(C) The ATM Forum. All Rights Reserved. No part of this publication may bereproduced in any form or by any means.The information in this publication is believed to be accurate as of its publication date.Such information is subject to change without notice and the ATM Forum is notresponsible for any errors. The ATM Forum does not assume any responsibility toupdate or correct any information in this publication. Notwithstanding anything to thecontrary, neither the ATM Forum nor the publisher make any representation or warranty,expressed or implied, concerning the completeness, accuracy, or applicability of anyinformation contained in this publication. No liability of any kind shall be assumed byThe ATM Forum or the publisher as a result of reliance upon any information containedin this publication.The receipt or any use of this document or its content does not in any way create byimplication or otherwise:¥Any express or implied license or right to or under any ATM Forum membercompany’s patent, copyright, trademark or trade secret rights which are or may beassociated with the ideas, techniques, concepts or expressions contained herein; nor¥Any warranty or representation that any ATM Forum member companies willannounce any product(s) and/or service(s) related thereto, or if such announcementsare made, that such announced product(s) an/or service(s) embody any or all of theideas, technologies, or concepts contained herein; nor¥Any form of relationship between any ATM Forum member companies and therecipient or user of this document.Implementation or use of specific ATM standards or recommendations and ATM Forumspecifications will be voluntary, and no company shall agree or be obliged to implementthem by virtue of participation in the ATM Forum.The ATM Forum is a non-profit international organization accelerating industrycooperation on ATM technology. The ATM Forum does not, expressly or otherwise,endorse or promote any specific products or services.

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage iiiTABLE OF CONTENTS1. INTRODUCTION......................................................................................................................................11.1 OVERVIEW.................................................................................................................................................11.2 ACRONYMS................................................................................................................................................21.3 REFERENCE CONFIGURATIONS..............................................................................................................32. PHYSICAL MEDIUM DEPENDENT (PMD) SUBLAYER SPECIFICATION.................................32.1 BIT RATES AND BIT RATE SYMMETRY.................................................................................................32.1.1 Bit Rates and Timing...........................................................................................................................32.1.2 Bit Rate Symmetry...............................................................................................................................42.2 BIT ERROR RATE (BER)...........................................................................................................................42.3 JITTER.........................................................................................................................................................42.4 CARRIERLESS AMPLITUDE MODULATION/PHASE MODULATION......................................................52.4.1 Transmit Functionality........................................................................................................................52.4.2 Encoding.............................................................................................................................................52.4.2.1 Operation at 155.52˚Mb/s.............................................................................................................................62.4.3 Active Output Interface.......................................................................................................................82.4.3.1 Impulse Response for the Transmit Filters...................................................................................................82.4.3.2 Active Output Signal Spectrum....................................................................................................................82.4.3.3 Voltage Output...........................................................................................................................................102.4.3.4 AOI Return Loss.........................................................................................................................................102.4.4 Receive Functionality........................................................................................................................102.4.4.1 Receiver Return Loss..................................................................................................................................102.5 PMD SCRAMBLER/DESCRAMBLER......................................................................................................112.6 COPPER LINK CHARACTERISTICS.........................................................................................................122.7 LINK LENGTH USING A REFERENCE CHANNEL MODEL....................................................................122.7.1 Operation at 155.52 Mb/s.................................................................................................................122.7.2 Operation at 51.84 Mb/s, 25.92 Mb/s, and 12.96 Mb/s....................................................................132.8 NOISE ENVIRONMENT............................................................................................................................132.9 MEDIA INTERFACE CONNECTORS........................................................................................................132.9.1 Connectors for Category-3 UTP Cabling.........................................................................................132.9.1.1 UTP-MIC Modular Plug.............................................................................................................................132.9.1.2 UTP-MIC Jack............................................................................................................................................143. TRANSMISSION CONVERGENCE (TC) PHY SUBLAYER SPECIFICATION...........................154. REFERENCES..........................................................................................................................................15ANNEX A: INFORMATIONAL REFERENCES ON CAP TECHNOLOGY............................................16ANNEX B: THE USE OF ALTERNATIVE CABLE TYPES....................................................................17ANNEX C: NOISE ENVIRONMENT.........................................................................................................18 af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage ivATM Forum Technical CommitteeLIST OF TABLES AND FIGURESFIGURE 2-1 PHYSICAL LAYER FUNCTIONS (U-PLANE)............................................................................1FIGURE 2-2 ILLUSTRATION OF TRANSMITTER JITTER.............................................................................4FIGURE 2-3 BLOCK DIAGRAM OF DIGITAL 64-CAP TRANSMITTER FUNCTIONALITY..........................5FIGURE 2-4 BIT-TO-SYMBOL MAPPING FOR 64-CAP................................................................................6FIGURE 2-5 64-CAP SIGNAL CONSTELLATION.........................................................................................7FIGURE 2-6 TEMPLATE FOR THE POWER SPECTRUM OF THE SIGNAL AT THE OUTPUT OF THETRANSMITTER........................................................................................................................................9TABLE 2-1 BREAKPOINTS FOR THE POWER SPECTRUM CURVES IN FIGURE 2-6..................................9FIGURE 2-7 EXAMPLE OF A UTP-MIC MODULAR PLUG........................................................................13FIGURE 2-8 EXAMPLE OF A UTP-MIC MODULAR JACK........................................................................14TABLE 2-2 CONTACT ASSIGNMENTS FOR UTP-MIC CONNECTORS......................................................14

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 11.IntroductionThis specification describes an extension to the current ATM Forum specificationaf-phy-0018, �Mid-range Physical Layer Specification for Category-3 UnshieldedTwisted-Pair,� for a private UNI over Category-3 unshielded twisted-pair (UTP) cablingto support a higher bit rate of 155.52 Mb/s. This is considered an extension because thisspecification uses a similar technique to the one described for the mid-range bit rate.Devices built to this 155.52-Mb/s specification can optionally be made interoperable withthose built according to the mid-range specification. The precise operating characteristics(e.g. start-up, bit-rate negotiation) of interoperable devices is for future study.1.1OverviewThis section specifies the physical layer electrical interface for a 155.52-Mb/s privateUNI. The functions of the Physical Layer are grouped into the Physical MediaDependent (PMD) sublayer and the Transmission Convergence (TC) sublayer as shownin Figure 2-1. The PMD Sublayer addresses bit rates and symmetry, bit error rate, bittiming, line coding and modulation characteristics, medium characteristics, andconnectors. Also included in an Annex are discussions on impulse noise andelectromagnetic susceptibility. The TC Sublayer addresses frame format, transfercapability, Header Error Control (HEC), etc.˚˚HEC generation/verification˚˚Cell scrambling/descramblingTransmission˚˚Cell delineation (HEC)Convergence˚˚Path signal identification (C2)Sublayer˚˚Frequency justification/Pointer processing˚˚˚˚˚˚(optional for transmit)˚˚Scrambling/descrambling (SONET)˚˚Transmission frame generation/recoveryPhysical˚˚Bit timingMedia˚˚Line codingDependent˚˚Physical mediumSublayer˚˚Scrambling/descramblingFIGURE 2-1 PHYSICAL LAYER FUNCTIONS (U-PLANE) af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 2ATM Forum Technical Committee1.2AcronymsACRAttenuation to Crosstalk RatioAISAlarm Indication SignalAIIActive Input InterfaceAOIActive Output InterfaceATEATM Terminating EquipmentATMAsynchronous Transfer ModeBERBit Error RateBIPBit Interleaved Parity64-CAPCarrierless Amplitude/Phase Modulation with 64 constellation pointsEMCElectromagnetic CompatibilityFEBEFar End Block ErrorHECHeader Error CheckITU-TInternational Telecommunication Union - TelecommunicationStandardization SectorLOCLoss of Cell DelineationLOFLoss of FrameLOPLoss of PointerLOSLoss of SignalLTESONET Line Terminating EquipmentNEXTNear End CrosstalkOAMOperation, Administration and MaintenanceOCDOut-of-Cell DelineationOOFOut Of FramePOHPath OverheadPMDPhysical Media DependentPTESONET Path Terminating EquipmentRDIRemote Defect IndicatorSDHSynchronous Digital HierarchySONETSynchronous Optical NetworkSPESONET Synchronous Payload EnvelopeSTESONET Section Terminating EquipmentSTS-3cSynchronous Transfer Signal, level 3, concatenatedTCTransmission ConvergenceTP-MICTwisted-Pair Media Interface ConnectorUNIUser-Network InterfaceUTPUnshielded Twisted Pair

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 31.3Reference ConfigurationsThe private UNI is described in the ATM User-Network Specification, Version 3.11,Section 1.6, User-Network Interface Configuration. This document specifies the linkbetween a user device and the network equipment.2.Physical Medium Dependent (PMD) Sublayer SpecificationThe PMD sublayer provides bit transmission capability for point-to-point communicationbetween a user device and network equipment. The implementation of the PMD shallprovide all the services required to transport a suitably coded digital bit stream across thelink segment.This PMD specification gives the requirements for a 155.52-Mb/s interface usingCategory-3 Unshielded Twisted Pair (UTP) or better quality cabling. The implication ofusing other cables is discussed in Annex B.This specification is designed to operate over a 100-meter copper link consisting of UTPCategory-3 UTP. The connection is duplex using a pair of wires for each direction oftransmission.2.1Bit Rates and Bit Rate Symmetry2.1.1Bit Rates and TimingBit rate (data rate) refers to the logical bit rate for data (expressed in Mb/s). Encoded linerate (symbol rate) refers to the modulation rate of the electrical signal on the media(expressed in Mbaud).(R)˚˚The bit rate shall be 155.52 Mb/s (the SONET STS-3c rate as described in ANSIT1.1052).On a link connecting an ATM user device and an ATM network equipment, thetransmitter at the ATM user device uses a transmit clock which is derived from itsreceived line signal, i.e., the ATM user device is loop timed.* Loop timing is importantfor the cancellation of NEXT noise.(R)˚˚In the temporary absence of a valid clock derived from the received signal, thetransmitter at the user device shall use a free-running transmit clock that operates at thenominal bit rate with a tolerance of –100˚ppm.(R)˚˚In a network equipment to network equipment connection, one device shall act as theuser, which shall be loop timed.(R)˚˚The transmitter at the user device shall use a transmit clock which is derived from itsreceived line signal.____________________________* All measurements are taken at AOI.

af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 4ATM Forum Technical Committee2.1.2Bit Rate Symmetry(R)˚˚Interfaces shall be symmetric, i.e., the bit rates are the same in both transmit andreceive directions.2.2Bit Error Rate (BER)(R)˚˚The Active Input Interface (AII) shall operate with a BER not to exceed 10-10 whenpresented with an Active Output Interface (AOI) signal (i.e., a valid signal as specified in2.4.3) transmitted through the cable plant specified in Section 2.6 Copper LinkCharacteristics with the worst-case attenuation and Near End Crosstalk (NEXT) loss asspecified in TIA/EIA-568-A3. The cable plant encompasses all components between anytwo communicating stations which include cords, wall outlets, horizontal cables, cross-connect fields, and associated patch cords.2.3Jitter(R)˚˚Jitter of the transmitter, t, shall be obtained by transmitting an all ones pattern at theinput of the encoder, shown in the functional block diagram in Figure 2-3, into the testload specified in Section 2.4.3.3 and measure the variation of the zero-crossings of theresulting waveform as shown in Figure 2-2. For all measurements, the networkequipment transmitter clock is used as the reference clock. t for network equipment shallnot exceed 1.0 ns peak-to-peak and t for user devices shall not exceed 4.0 ns peak-to-peak with an input from the network of the maximum specified jitter.FIGURE 2-2 ILLUSTRATION OF TRANSMITTER JITTER(R)˚˚Transmitters shall be capable of transmitting an all ones signal as observed at theinput of the encoder functional block in the Block Diagram of Figure 2-3. At productlevel, some mechanism shall be provided.

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 52.4Carrierless Amplitude Modulation/Phase ModulationThis PMD specification uses the Carrierless Amplitude Modulation/Phase Modulation(CAP) technique to provide bit transmission capability and bit timing. (This is the sametechnique as is described in the ATM Forum document af-phy-0018, �Mid-rangePhysical Layer Specification for Category-3 Unshielded Twisted-Pair.�4) The sublayerincludes functions to generate and receive waveforms suitable for the medium, and theinsertion and extraction of symbol timing information. The implementation of the PMDreceives a bit stream from the TC sublayer, scrambles, encodes , and transmits the signalto the adjacent PMD sublayer over a Category-3 UTP link. The receivingimplementation of the PMD decodes and descrambles the signal and delivers it as a bitstream to the TC sublayer. These operations are described below. Design principles fora CAP system are referenced in Annex A.2.4.1Transmit FunctionalityThe PMD sublayer is comprised of transmit functionality obtained from the blocks shownin Figure 2-3. Any implementation that produces the same functional behavior at theActive Output Interface is equally valid. The transmit function scrambles and encodesthe bit stream received from the TC into an equivalent CAP encoded symbol stream andthen into a modulated signal for presentation to the medium at the Active OutputInterface.

ScramblerEncoderIn-PhaseFilterQuadratureFilterDataIn

LowPassFilterSignalOut

abnn+-SFIGURE 2-3 BLOCK DIAGRAM OF DIGITAL 64-CAP TRANSMITTER FUNCTIONALITYThe symbol stream from the encoder is divided into two paths, an and bn, where ndesignates the nth symbol period. The two symbol streams are sent to passband in-phaseand quadrature shaping filters, respectively. The output of the in-phase filter and thenegative of the output of the quadrature filter are summed into a single signal, the resultpassed through a low-pass filter, and then transmitted onto the twisted pairs.

af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 6ATM Forum Technical Committee2.4.2EncodingThe amplitudes of the an and bn components in the 64-CAP constellation shall maintainthe relative values 1, 3, 5, and 7, with a tolerance of –0.06, as depicted in the respectiveconstellation diagram of Figures 2-5.2.4.2.1Operation at 155.52 Mb/s(R)˚˚For 155.52˚Mb/s, the encoding used shall be the 64-CAP code. The symbol rate is25.92˚Mbaud.(R)˚˚For 64-CAP, the encoder shall map six data bits into a symbol as shown inFigure˚2-4. Bits shall be mapped from the PMD scrambler (see Section 2.5) into the sixbit symbol. The first bit out of the PMD scrambler into a given symbol shall be b1.FIGURE 2-4 BIT-TO-SYMBOL MAPPING FOR 64-CAP

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 7(R)˚˚For 64-CAP, the signal constellation shall be as shown in Figure 2-5.Each incoming group of 6 bits is Gray encoded into a 64-CAP symbol. The relativelevels of the amplitude of the symbols in each dimension are proportional to the fourdifferent levels, –1, –3, –5, and –7. Bits b1b2 (circled in Figure 2-5) designates thequadrant. Bits b3b4 b5b6 designates the point being used within the quadrant.For example, an incoming bit stream 100101 would translate into the symbol: (an=˚-1,bn=˚+5).0 0001 00010 1000 100 1001 10011 1001 100 1011 10111 1101 110 001 1 0 0 1 1 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0

5-1-3-5-7 -1 -3 -5 -7 1 3 5 7anbn0100111010 0110 01110011 0010 1110 11111011 1000 1100 11011001 10 1000 101000 11 0 0 0 1 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 0 0 1 1 0 1 1 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 0 1 0 0 1 1 0 0 1 1 1 0 0 1 1 0 0 1 0 1 1 1 0 1 1 1 0 0 1 1 1 3 7FIGURE 2-5 64-CAP SIGNAL CONSTELLATION

af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 8ATM Forum Technical Committee2.4.3Active Output InterfaceThis section specifies the impulse response for the transmit filters, transmit level, and thetransmit signal power spectrum of the AOI.2.4.3.1Impulse Response for the Transmit FiltersThe impulse response of the in-phase and quadrature filters shown in the block diagramof Figure 2-3 is described as follows:Let

()()gttTtTtTtTtT()s i n cos.=-ØºŒøßœ++ØºŒøßœ-�Ł�ł�ØºŒøßœ=paapapaa141140 1 5 2be a square-root raised-cosine pulse with 15% excess bandwidth. The in-phase filterimpulse response is defined asftgtftc()()cos()=•2pand the quadrature filter impulse response,~()()sin()ftgtftc=•2pwhere T is the symbol period, and fc = 15 MHz is the center frequency.The actual impulse responses of the transmitter will be truncated approximations of theabove equations over a fixed interval such as -4T < t < 4T. (See Annex A for technicalreferences.)2.4.3.2Active Output Signal Spectrum(R)˚˚The Active Output signal shall have a power spectrum equivalent to the square rootof a raised-cosine shaping with 15% excess bandwidth..

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 9(R)˚˚The normalized power spectrum of the Active Output signal of the 64-CAPtransmitter shall fit within the template of the spectral envelope shown in Figure 2-6.

Frequency (MHz)Relative PSD (dB)-30-25-20-15-10-50505101520253035Center Frequency4.0827.9-325.922.04FIGURE 2-6 TEMPLATE FOR THE POWER SPECTRUM OF THE SIGNAL AT THE OUTPUT OF THETRANSMITTERValues are normalized to the value at the center frequency. Table 2-1 gives quantitativevalues for breakpoints of the curves in Figure 2-6. The frequency resolution of aspectrum analyzer when measuring the spectrum of Figure 2-6 should be 30 kHz orbetter.TABLE 2-1 BREAKPOINTS FOR THE POWER SPECTRUM CURVES IN FIGURE 2-6Frequency(MHz)012345 - 252627282930Upper Limit(dB)-30-6.8-2.500.40.40.40-2.5-6.8-30Lower Limit(dB)NA-13-4.9-2.1-0.6-0.4-0.6-2.1-4.9-13NANote: NA indicates that no lower boundary is specified for that frequency.

af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 10ATM Forum Technical Committee2.4.3.3Voltage Output(R)˚˚The test load shall consist of a single 100 ohm –0.2% resistor connected across thetransmit pins of the AOI. For frequencies less than 100 MHz, the series inductance of theresistor shall be less than 20˚nH and the parallel capacitance shall be less than 2˚pF.(R)˚˚The peak-to-peak differential voltage measured across the transmit pins at the AOIshall be 4 V–0.2V peak-to-peak when terminated with the specified test load.2.4.3.4AOI Return LossThe Return Loss of the AOI (RLo) specifies the amount of the differential signal incidentupon the AOI that is reflected.(R)˚˚RLo, specified at the AOI, shall be greater than 15˚dB for the frequency range1-30˚MHz. The return loss shall be measured for a resistive test load range of85-115˚ohms. The return loss shall be measured while the implementation of the PMD ispowered.RLo is defined in terms of the receiver impedance or as a differential reflected voltage:

RLZZZZVVrrefrrefir02020=+-=loglogwhereZr is the impedance of the AOI,Zref is the reference impedance (85-115 ohms),Vi is the differential voltage incident upon the AOI, andVr is the differential voltage reflected from the AOI.2.4.4Receive FunctionalityA CAP receiver decodes the incoming 64-CAP signal stream received from the ActiveInput Interface and converts it into an equivalent bit stream for presentation to the TCsublayer. Design principles for a CAP system are referenced in Annex A. An exampleof receiver equalizer start-up is described in Annex B.(R) The receiver shall require no more than 500 ms to reach a state that achieves theBER specified in Section 2.2 from the time presented with a valid signal transmittedthrough the cable plant specified in Section 2.6, Copper Link Characteristics.2.4.4.1Receiver Return LossThe Return Loss of the AII (RLi) specified the amount of the differential signal incidentupon the AII that is reflected.

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 11(R)˚˚RLi, specified at the AII, shall be greater than 16˚dB for the frequency range 1-30MHz. The return loss shall be measured for a resistive test load range of 85-115˚ohms.The return loss shall be measured while the implementation of the PMD is powered.RLi is defined in terms of the receiver impedance or as a differential reflected voltage:

RLZZZZVVirrefrrefir=+-=2020loglogwhereZr is the impedance of the receiver,Zref is the reference impedance (85-115 ohms),Vi is the differential voltage incident upon the receiver, andVr is the differential voltage reflected from the receiver.2.5PMD Scrambler/Descrambler(R)˚˚A self-synchronizing PMD scrambler and descrambler shall be provided in theimplementation of the PMD.The ability to disable the functionality of the scrambler and the descrambler respectivelywill significantly simplify the integration of future enhancements, diagnostics, and testimplementations.(R)˚˚A means shall be provided to disable the scrambler and/or the descramblerfunctionality.For performance reasons, two different scrambler polynomials are used to ensure that thesignal in one direction is uncorrelated to the signal in the other direction.(R)˚˚The generating polynomial for network equipment scramblers and user devicedescramblers shall be:GPN(x) = x23 + x18 + 1.(R)˚˚The generating polynomial for user device scramblers and network equipmentdescramblers shall be:GPU(x) = x23 + x5 + 1.(R)˚˚In a network equipment to network equipment connection, the device acting as theuser device shall use the scrambler and descrambler generating polynomials designatedfor the user devices.2.6Copper Link CharacteristicsThe copper medium consists of one or more sections of Category-3 UTP along withintermediate connectors required to connect sections together, and terminated at each end af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 12ATM Forum Technical Committeeusing the connectors specified in Section 2.9. The cable is interconnected to provide twocontinuous electrical paths, one for each direction.(R)˚˚The cable and patch cords shall meet or exceed the requirements of TIA/EIA-568-A3for Category-3 horizontal cabling and flexible cordage respectively. This includesrequirements on NEXT loss, attenuation and characteristic impedance.(R)˚˚All connecting hardware (outlets, transition connectors, patch panels and cross-connect fields) shall meet or exceed the Category-3 electrical requirements for NEXTloss and attenuation specified in TIA/EIA-568-A3.The intent of these requirements is to minimize the effect of degradation of UTPconnecting hardware on end to end system performance. However, it should be notedthat the requirements are not sufficient by themselves to ensure adequate systemperformance. System performance also depends on the care with which the cabling plant,especially the connectors, is installed, and the total number of connections.(R)˚˚The connector termination practices and UTP cable installation practices describedin Chapter 10 of ANSI/TIA/EIA-568-A3 shall be followed.2.7Link Length Using a Reference Channel Model2.7.1Operation at 155.52 Mb/sThe reference channel model as described in Annex E of ANSI/TIA/EIA-568-A3 isdefined to be a link consisting of 90 meters of Category-3 cable, 10 meters of Category-3flexible cords, and four Category-3 connector pairs internal to the link.(R)˚˚The composite channel attenuation shall meet the Category-3 attenuationperformance limits defined in Annex E of ANSI/TIA/EIA-568-A3.(R)˚˚The composite channel NEXT loss shall meet the Category-3 NEXT lossperformance limits defined in Annex E of ANSI/TIA/EIA-568-A3.Since the above two requirements are derived from the electrical performance of thereference channel model, the reference channel model (properly installed) is by definitiona compliant link. Additionally, properly installed links consisting of no more than 90mof Category-3 UTP cable, no more than 10m of Category-3 flexible cords, and no morethan four Category-3 connectors internal to the link are also examples of compliant links.Any installed link meeting the link attenuation and NEXT loss requirements of thissection is compliant.Annex B contains guidance on the use of cable types other than Category-3 UTP.2.7.2Operation at 51.84 Mb/s, 25.92 Mb/s, and 12.96 Mb/s(O) Operation at 51.84, 25.92, and 12.96 Mb/s is optional. If this option is provided itmust meet the requirement of this section.

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 13(CR)Operation at 51.84 Mb/s, 25.92 Mb/s, and 12.96 Mb/s shall conform to the ATMForum Mid-range Physical Layer Specification for Category-3 Unshielded Twisted Pairdocument.2.8Noise EnvironmentThe noise environment is discussed in Annex C.2.9Media Interface ConnectorsATM user device and ATM network equipment implementing the PMD specificationshall be attached to the twisted-pair copper link by Twisted-Pair Media InterfaceConnectors (TP-MIC). The media connection between a user device and a networkequipment consists of a duplex cable assembly with TP-MIC modular plugs. To ensureinteroperability between conforming user devices and network equipment, TP-MICconnectors are specified at the interfaces for user devices and network equipment.2.9.1Connectors for Category-3 UTP Cabling(R)˚˚The cable assembly shall connect the corresponding pins of plugs at each end of thelink (i.e., pin 1 to pin 1, pin 2 to pin 2, etc.).This method of connection assures that the cable assembly is straight through (nocross-overs) and that the correct polarity is maintained.2.9.1.1UTP-MIC Modular Plug(R)˚˚Each end of the Category-3 UTP copper link shall be terminated in an 8-contactmodular plug as specified in IEC 603-75. Each connector shall meet or exceed theelectrical requirements for ANSI/TIA/EIA-568-A3 Category-3 100-ohm UTP connectinghardware. An illustration of the plug is shown in Figure 2-7.

FIGURE 2-7 EXAMPLE OF A UTP-MIC MODULAR PLUG2.9.1.2UTP-MIC Jack af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 14ATM Forum Technical Committee(R) The PMD MIC used to attach the PMD to the copper link specified in 2.6 shall be an8-contact jack/socket connector as specified in IEC 603-75. The connector shall meet orexceed the electrical requirements specified in ANSI/TIA/EIA-568-A for a Category-3100-ohm UTP connector. These include specifications on NEXT loss. An illustration ofthe jack is shown in Figure 2-8.

Figure 2-8 Example of a UTP-MIC Jack(R)˚˚The assignment of contacts for TIA/EIA cable shall be as shown Table 2-2.TABLE 2-2 CONTACT ASSIGNMENTS FOR UTP-MIC CONNECTORSContactSignal at the UserDevice MICSignal at theNetworkEquipment MIC1Transmit+Receive+2Transmit-Receive-3UnusedUnused4UnusedUnused5UnusedUnused6UnusedUnused7Receive+Transmit+8Receive-Transmit-These unused pairs may transport non-interfering signals providing the bit error rate ofthe pair in use meets the BER specified in Section 2.2.

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 153.Transmission Convergence (TC) PHY Sublayer SpecificationThe Transmission Convergence (TC) sublayer deals with physical aspects which areindependent of the transmission medium characteristics. Most of the functionscomprising the TC sublayer are involved with generating and processing a subset of theoverhead bytes contained in the SONET based STS-3c frame. Unless otherwisedescribed in this specification, the requirements for the TC functions are as defined forthe private UNI as described in the ATM Forum ATM UNI Specification, Version 3.1,Section 2.11. Error correction as described in ITU-T Recommendation I.4326, ifimplemented, will not be effective. It is recommended that HEC single bit errorcorrection not be used.4.References

1 ATM Forum, UNI Specification, Version 3.1, 1994.2 ANSI T1.105, Digital Hierarchy — Optical Interface Rates and Formats Specifications,1991.3 Commercial Building and Wiring Telecommunications Wiring Standard,ANSI/TIA/EIA-568-A, 1995.4 ATM Forum af-phy-0018: Mid-range Physical Layer Specification for Category-3Unshielded Twisted-Pair, 1994.5 IEC 603-7, Connectors for frequencies below 3 MHz for use with printed boards - Part7: Detail specification for connectors, 8-way, including fixed and free connectorswith common mating features, 1990.6 ITU-T Recommendation I.432, B-ISDN User-Network Interface — Physical LayerSpecification, 1993.7 ISO/IEC 11801, Generic Cabling for Customer Premises, 1995.

af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 16ATM Forum Technical CommitteeANNEXESAnnex A, annex B, and annex C are included for informative purposes only, and are notrequirements for conformance to this document.Annex A:˚˚Informational References on CAP TechnologyJ. J. Werner, "Tutorial on Carrierless AM/PM - Part I - Fundamentals and Digital CAPTransmitter," Contribution to ANSI X3T9.5 TP/PMD Working Group, Minneapolis, June23, 1992.J. J. Werner, "Tutorial on Carrierless AM/PM - Part II - Performance of Bandwidth-Efficient Line Codes," Contribution to ANSI X3T9.5 TP/PMD Working Group, Austin,February 16, 1993.Gi-Hong Im and J. J. Werner, �Bandwidth-Efficient Digital Transmission up to 155 Mb/sover Unshielded Twisted Pair Wiring,� Conference Record, IEEE ICC�93, Geneva, May23-26, 1993, pp. 1797-1803.W. Y. Chen, G. H. Im, and J. J. Werner, "Design of Digital Carrierless AM/PMTransceivers," AT&T/Bellcore Contribution T1E1.4/92-149, August 19, 1992.Copies of the tutorials on carrierless AM/PM can be obtained from:Jean Paul EmardStandards Secretariat, ANSI X3T9 Committee+1 202 626 5740Copies of �Bandwidth-Efficient Digital Transmission up to 155 Mb/s over UnshieldedTwisted Pair Wiring� can be obtained from:ASK IEEE+ 1 800 949 4333 (for US customers)+ 1 415 259 5040 (for all other customers)Copies of "Design of Digital Carrierless AM/PM Transceivers" can be obtained from:ATISSteve BarclaySuite 5001200 G Street, NWWashington, D.C. 20005+1 202 434 8841.

155.52 Mb/s Physical Layer Specification for Category-3 UTPaf-phy-0047.000ATM Forum Technical CommitteePage 17Annex B: The Use of Alternative Cable TypesCategory-5 Cable and STP at 155.52˚Mb/sIt is possible to support copper link lengths greater than 100 meters using cabling systemsthat have higher performance than Category-3 UTP, such as Category-5 UTP and STP.Both Category-5 UTP and STP have superior NEXT loss and attenuation characteristics,hence the NEXT loss to attenuation ratio (NIR) is higher. This permits operating overcopper links in excess of 100 meters. However, some care has to be exercised whentrading attenuation for crosstalk, and this is outside the scope of this document.It is still possible to gain from the superior attenuation performance of Category-5 UTPand STP cable while retaining the channel specification requirements of section 2.7.1.This should permit a maximum reach of about 150m using a link made of Category-5UTP or STP components and a receiver having a dynamic range which does not exceedwhat is required for a 100m category-3 cable. Links with lengths of 350m can beachieved with receivers having a dynamic range which is larger than the dynamic rangerequired for a 100m Category-3 UTP cable, based on ACR.If STP cabling is used, proper impedance termination (150W) of the line is stronglyrecommended.The following table summarizes supportable link lengths for Category-3 UTP,Category-5 UTP, and STP cabling.Table B-1 Supportable Link Lengths for

155.52 Mb/sUTP - 3100mUTP - 5150m/350mSTP150m/350mOther Cable TypesThere are a variety of cable types which have attenuation and crosstalk losscharacteristics that are different than those of Category-3 UTP that may be used toprovide the copper-link function. ISO 11801 describes cabling that may meet therequirements of the copper-link specification, and possibly provide the copper-linkfunction at lengths other than 100m. Link lengths using these cables is not specified inthis document and must be determined, in terms relative to the length of Category-3 UTP,by the user/provider.Estimates for the achievable link lengths for these cables can be determined using thefollowing method. Let Lx(f) and La(f) be the worst case NEXT loss and af-phy-0047.000155.52 Mb/s Physical Layer Specification for Category-3 UTPPage 18ATM Forum Technical Committeeattenuation/insertion loss (in dB) at frequency f, respectively, for a given cabling system.At frequency f, the NEXT loss-to-insertion loss ratio NIR(f) is defined asNIR(f) = Lx(f) - La(f).The link length that can be supported using the alternate cable system is estimated bydetermining the cable length for which NIR(f) > NIRref(f) at all frequencies between 1and 16 MHz. The reference, NIRref(f), is determined from the link performance data for a100 meter Category-3 link in Annex E of TIA/EIA-568-A. For example, NIRref(f) atfrequencies of 1 MHz and 16 MHz is 34.9 dB and 4.4 dB, respectively.Annex C: Noise EnvironmentThe environmental noise consists primarily of two types, radiated noise andconducted/impulse noise. The sources of the environmental noise are office equipment,building equipment, power mains, and local radio stations. It is recommended that PMDimplementations provide immunity to both radiated noise and conducted noise signalsfrom power mains specified in this annex.I mmunity to Conducted NoiseImmunity of the PMD implementation to impulse noise from power mains, whenoperating over the copper link Specified in 2.6, should be determined using the testmethods described in IEC 801-4 with a test voltage of 0.5 kV. During the test the BER ispermitted to degrade below that specified in Section 2.2. After the test has beencompleted the PMD should return to normal operation without operator intervention, andthe BER of the PMD should not exceed that specified in Section 2.2.Immunity to Radiated NoiseThe implementation of the PMD should be tested using methods described in IEC 801-3.Immunity of the PMD implementation to radiated noise should be measured using thetest methods described in IEC 801-3 with a radiated noise test level of Level 2 (3 V/m).The PMD should operate within the BER specified in Section 2.2 while the test is beingconducted.