The ATM ForumTechnical CommitteePhysical Interface Specificationfor25.6 Mb/s over Twisted Pair Cableaf-phy-0040.000November, 1995

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page iiATM Forum Technical Committee' 1995 The ATM Forum. All Rights Reserved. No part of this publication may be reproduced inany form or by any means.The information in this publication is believed to be accurate as of its publication date. Suchinformation is subject to change without notice and the ATM Forum is not responsible for anyerrors. The ATM Forum does not assume any responsibility to update or correct any informationin this publication. Notwithstanding anything to the contrary, neither The ATM Forum nor thepublisher make any representation or warranty, expressed or implied, concerning thecompleteness, accuracy, or applicability of any information contained in this publication. Noliability of any kind shall be assumed by The ATM Forum or the publisher as a result of relianceupon any information contained in this publication.The receipt or any use of this document or its contents does not in any way create by implicationor otherwise:¥ Any express or implied license or right to or under any ATM Forum member company�spatent, copyright, trademark or trade secret rights which are or may be associated with the ideas,techniques, concepts or expressions contained herein; nor¥ Any warranty or representation that any ATM Forum member companies will announce anyproduct(s) and/or service(s) related thereto, or if such announcements are made, that suchannounced product(s) and/or service(s) embody any or all of the ideas, technologies, or conceptscontained herein; nor¥ Any form of relationship between any ATM Forum member companies and the recipient oruser 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 implement them byvirtue of participation in the ATM Forum.The ATM Forum is a non-profit international organization accelerating industry cooperation onATM technology. The ATM Forum does not, expressly or otherwise, endorse or promote anyspecific products or services.

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage iiiContents1. Physical Layer for 25.6 Mbit/s..................................................................................................12. Physical Media Dependent (PMD) Sub layer..........................................................................22.1 Transmission Link Requirements..................................................................................22.1.1 Line and Bit Rates...........................................................................................22.1.2 Bit Rate Symmetry..........................................................................................22.1.3 Bit Error Rate (BER).......................................................................................22.1.4 Transmission Link Timing..............................................................................22.1.5 Free Running Timing Configurations.............................................................42.2 Transmitter Requirements..............................................................................................42.2.1 Transmitter Zero-crossing Distortion..............................................................52.2.1.1 Duty Cycle Distortion......................................................................52.2.1.2 Edge Jitter........................................................................................52.2.2 Transmitter Waveshapes.................................................................................62.2.3 Transmitter Launch Amplitude.....................................................................112.2.4 Transmitter Return Loss................................................................................112.3 Receiver Requirements................................................................................................122.3.1 Receiver Acquisition Timing........................................................................122.3.2 Receiver Return Loss....................................................................................122.4 Copper Link Segment Characteristics..........................................................................122.4.1 100 Ohm Copper Link Segment...................................................................132.4.1.1 100 Ohm UTP Link Segment Specifications.................................132.4.1.2 Channel Reference Model Configuration for 100 Ohm UTPSystems......................................................................................................132.4.1.3 Examples of 100 Ohm UTP Compliant Channels.........................132.4.1.4 100 Ohm UTP Attenuation............................................................132.4.1.5 100 Ohm UTP NEXT Loss............................................................142.4.1.6 Characteristic Impedance and Structural Return Loss...................142.4.1.7 100 Ohm Connecting Hardware....................................................142.4.1.8 UTP Media Interface Connector....................................................152.4.2 120 Ohm Link Segment Characteristics.......................................................162.4.2.1 120 Ohm Link Segment Specifications.........................................162.4.2.2 Channel Reference Model Configuration for 120 OhmSystems......................................................................................................162.4.2.3 Examples of 120 Ohm Compliant Channels..................................172.4.2.4 120 Ohm Connecting Hardware and MediaInterfaceConnector.....................................................................................172.4.3 150 Ohm Link Segment Characteristics.......................................................172.4.3.1 150 Ohm STP Link Segment Specifications..................................172.4.3.2 Channel Reference Model Configuration for 150 Ohm STPSystems......................................................................................................182.4.3.3 Examples of 150 Ohm STP Compliant Channels..........................182.4.3.4 STP Media Interface Connector.....................................................183. Transmission Convergence (TC) Sublayer............................................................................203.1 Cell Scrambling and Descrambling.............................................................................213.1.1 PRNG Sequence............................................................................................23

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page ivATM Forum Technical Committee3.2 4B5B Block Coding and Decoding..............................................................................233.2.1 Symbol-pair Level Code Structure...............................................................243.2.2 Cell Delineation............................................................................................253.2.3 Support for a Timing Signal..........................................................................253.3 NRZI Encoding and Decoding.....................................................................................263.4 HEC Generation and Verification................................................................................274. References.................................................................................................................................28 af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage vTablesTable 2.0. Template for 5 Symbol Element Waveform...................................................................7Table 2.1. Template for 4 Symbol Element Waveform...................................................................8Table 2.2. Template for 3 Symbol Element Waveform...................................................................9Table 2.3. Template for 2 Symbol Element Waveform.................................................................10Table 2.4. Template for 1 Symbol Element Wave form................................................................11Table 2.5. Transmitter Return Loss...............................................................................................12Table 2.6. Receiver Return Loss....................................................................................................12Table 2.7 Contact Assignments for UTP-MIC Jack.....................................................................16Table 2.8. Contact assignments for STP—MIC connectors............................................................18Table 3.1. Conversion Table�4-bit command/data to 5-bit symbols...........................................24

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page viATM Forum Technical CommitteeFiguresFigure 1.1. Functions of the TC and PMD.......................................................................................1Figure 2.1. Illustration of Example TC/PMD Components and Transmitter Timing......................3Figure 2.2. User Device�Network Equipment Timing Configurations.........................................4Figure 2.3a. Pulse Template for Table 2.0.......................................................................................7Figure 2.3b. Pulse Template for Table 2.1.......................................................................................8Figure 2.3c. Pulse Template for Table 2.2.......................................................................................9Figure 2.3d. Pulse Template for Table 2.3.....................................................................................10Figure 2.3e. Pulse Template for Table 2.4.....................................................................................11Figure 2.4 Example of UTP—MIC Jack........................................................................................15Figure 2.5 Example of STP—MIC Jack.........................................................................................19Figure 3.1. Block Diagrams of the Transmission Convergence Sub layer....................................21Figure 3.2. Pseudo Random Number Generator block diagram....................................................22Figure 3.3. Start of Cell Symbol—pairs..........................................................................................23Figure 3.4. Example of Cell Delineation and Sync_Event using Commands...............................26Figure 3.5�HEC Verification Flow..............................................................................................27 af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 1This document specifies the physical layer for the 25.6 Mbit/s Private UNI. The physical layer isdivided into a Physical Media Dependent sublayer (PMD) and a Transmission Convergence (TC)sublayer. The PMD sublayer provides the specifications for the transmitter, the receiver, timingrecovery, media interface connector and the channel transmission media. The TC sublayer definesthe line coding, scrambling, data framing and synchronization.Transmission Convergence (TC) SublayerHEC Generation/VerificationCell Scrambling/DescramblingLine Coding/DecodingCell DelineationPhysical Media Dependent (PMD) SublayerBit TimingPhysical MediaConnectorsFigure 1.1. Functions of the TC and PMDThe bit rate used throughout this document refers to the logical information rate, before line coding.The term line symbol rate will be used when referring to the rate after line coding (25.6 Mb/s bitrate results in a 32 Mbaud line symbol rate after 4B5B encoding).1. Physical Layer for 25.6Mbit/s

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 2ATM Forum Technical Committee2.1 Transmission Link Requirements2.1.1 Line and Bit Rates(R)The line symbol rate shall be 32 Mbaud – 100 ppm. Due to the use of the 4B5B block code,the bit rate is 25.6 Mbit/sec – 100 ppm.2.1.2 Bit Rate Symmetry(R)Interfaces shall be symmetric; i.e., the bit rates shall be the same in both transmit andreceive directions.2.1.3 Bit Error Rate (BER)(R)The active Input Interface shall operate at a BER not to exceed 1E—10 when presented witha transmitter specified in Section 2.2 transmitted through the channel reference modeldescribed in Section 2.4 in the presence of the worst-case crosstalk noise specified inSection 2.4.2.1.4 Transmission Link TimingFigure 2.1 illustrates the conceptual components of the TC/PMD and the timing source.(R)The TC/PMD shall use a local crystal oscillator or a distributed low jitter timing referencethat supports a nominal transmission rate of 25.6 Mbit/s.2. Physical Media Dependent (PMD) Sublayer

PLLTransmitterReceiverTiming RecoveryFilter, Amp, EqualizerData LatchStripping Descrambling 4B5BDecodingDeserializingNRZI DecodingDataTCPMD

Driver, FilterFormatting Scrambling4B5B EncodingSerializingNRZI Encoding

Crystal or low jitter timing referenceClock

ReceiveCellsTransmitCells

RxLineTxLine

Figure 2.1. Illustration of Example TC/PMD Components and Transmitter Timing

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 4ATM Forum Technical Committee

Network Equipment

Low Jitter Timing Reference

TRTR

Timing

RTiming

Low Jitter Timing Reference

User Device or Network EquipmentFigure 2.2. User Device�Network Equipment Timing Configurations.2.1.5 Free Running Timing ConfigurationsThe recommended approach is to use point to point timing where the transmit clock on each end ofa link is independent. Under these conditions, the pulse waveform templates of Section 2.2.2 boundthe acceptable pulse shapes to be found an any link.2.2 Transmitter RequirementsThese specifications place requirements on the transmitted signal. Measurement to thesespecifications will require that a means exists to send unscrambled, unencoded data streams at theline symbol rate through the transmitter circuitry.(R)All transmitter measurements shall match the copper link segment(s) supported by theinterface including one or more of the following impedances: 100 Ohms, 120 Ohms, or 150Ohms.

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 5(CR)The transmitter shall be terminated in a 100 Ohm resistive load for 100 Ohm UTPspecifications.(CR)The transmitter shall be terminated in a 150 Ohm resistive load for 150 Ohm STPspecifications.(CR)The transmitter shall be terminated in a 120 Ohm resistive load for 120 Ohm specifications.Unless specified separately, the parameters specified below apply to all of the 100, 120, and 150Ohm measurements.2.2.1 Transmitter Zero-crossing DistortionThese specifications limit the distortion of the transmitted data edge zero-crossings relative to thetransmit clock. Duty cycle distortion is intended to measure the static, non-data-dependentdistortion in the data edge zero-crossings typically caused by asymmetrical propagation or rise/falltimes of transmitter logic or in the conversion from a single-ended to a differential data stream.Edge jitter is intended to measure the dynamic and data dependent distortion in the data edge zero-crossings typically caused by transmit filtering and noises internal and external to the transmittercircuitry.2.2.1.1 Duty Cycle DistortionDuty cycle distortion is specified for the transmitted data stream shown below and is defined as onehalf the difference in the positive and negative pulse widths of the AC coupled transmitter waveform.Note: The wave form specified below is only a test wave form for the purpose of measuring thelaunch amplitude and should not be construed as a wave form seen during normal operation of thePHY.(R)The transmitter duty cycle distortion (TDCD) shall be less than 1.5 ns peak when the outputis clocked by a local clock source:Two test wave forms (symbol elements at line symbol rate) are defined to be: 00110011.... , and01010101... These waveforms are described as would be found on the wire (i.e., following allscrambling, and 4B5B and NRZI encoding).2.2.1.2 Edge JitterEdge jitter is specified for any wave form compliant with the scrambling and encodingspecifications in Section 3. It is defined as the maximum of the peak variation of the rising edges ofdata relative to the transmit clock and the falling edges of data relative to the transmit clock.(R)The transmitter edge jitter (TEJ) shall be less than 4 ns peak-to-peak when the output isclocked by a local clock source.2.2.2 Transmitter Waveshapes(R)The transmitter wave shape shall conform to the waveform templates defined in Tables 2.0,2.1, 2.2, 2.3, and 2.4 below. An additional constraint shall be that the worst case 3dB cornerfrequency of the transmitter output shall be less than or equal 12 kHz.

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 6ATM Forum Technical CommitteeThe table and graph pairs below list and then plot the data points that define the pulse templates.Note:Amplitude is expressed as the measured pulse amplitude normalized such that the value 1 oneach graph represents the amplitude of the fundamental frequency for the single symbol element.Time is expressed in percent of the measured pulse width. With a line symbol rate of 32 Mbaud,the nominal line symbol width is 31.25 nanoseconds. (Therefore, for example, the nominal duration-- corresponding to the 100% mark -- for the five-symbol element is 156.25 nanoseconds.)Table 2.0. Template for 5 Symbol Element Waveform

00.20.40.60.811.2020406080100

Amplitude

Time %

ABCDEFGHBCDEFGAFigure 2.3a. Pulse Template for Table 2.0Five Symbol Element WaveformPointUpper Time (%)UpperAmplitudeLower Time (%)LowerAmplitudeA-0.300.30B6.31.2010.50.90C141.2023.00.50D231.0536.00.75E341.2053.00.60F560.9587.00.60G950.9299.70H100.30--

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 7Table 2.1. Template for 4 Symbol Element Waveform

00.20.40.60.811.2020406080100

Time %

Amplitude

ABCDEFGHABCDEFGFigure 2.3b. Pulse Template for Table 2.1Four Symbol Element WaveformPointUpper Time (%)UpperAmplitudeLower Time (%)LowerAmplitudeA-0.400.40B7.91.2013.10.90C171.2028.00.50D291.0545.00.75E431.2066.00.60F700.9584.00.60G93.50.9299.60H100.40--

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 8ATM Forum Technical CommitteeTable 2.2. Template for 3 Symbol Element Waveform

00.20.40.60.811.2020406080100

TIme %

Amplitude

ABCDEFABCDEFGFigure 2.3c. Pulse Template for Table 2.2Three Symbol Element WaveformPointUpper Time (%)UpperAmplitudeLower Time (%)LowerAmplitudeA-0.500.50B10.51.2017.50.90C23.01.2037.50.50D38.01.0559.50.75E57.01.2087.50.6F93.00.9599.50G100.50--PointUpper Time (%)UpperAmplitudeLower Time (%)LowerAmplitudeA-1.001.00B15.51.2026.00.90C34.51.2057.00.50D56.51.0581.50.65E85.01.2099.00F101.00--

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 9Table 2.3. Template for 2 Symbol Element Waveform

00.20.40.60.811.2020406080100TIme %

Amplitude

AABCDEFBCDEFigure 2.3d. Pulse Template for Table 2.3Two Symbol Waveform

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 10ATM Forum Technical CommitteeTable 2.4. Template for 1 Symbol Element Wave form

00.20.40.60.811.2020406080100TIme %

Amplitude

AABBCCDDEEFigure 2.3e. Pulse Template for Table 2.4 One Symbol Element Waveform2.2.3 Transmitter Launch AmplitudeTransmitter launch amplitude is specified for the transmitted data stream shown below and isdefined as the peak-to-peak amplitude of the transmitted wave form.(R)The transmitter launch amplitude (TLA) shall be between the values specified below. Thetest wave form (symbol elements at line symbol rate) is defined to be: 01010101....• 100 Ohm (UTP): 2.7 < TLA < 3.4 volts peak-to-peak• 150 Ohm (STP): 3.3 < TLA < 4.2 volts peak-to-peak• 120 Ohm: 2.95 < TLA < 3.75 volts peak-to-peakPointUpper Time (%)UpperAmplitudeLower Time (%)LowerAmplitudeA-1.501.50B23.5.8326.00.55C48.51.1551.50.95D80.0.8677.50.52E101.5098.50

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 112.2.4 Transmitter Return LossTransmitter return loss is specified for a transmitter which is actively transmitting any wave formcompliant with the scrambling and encoding specifications in Section 3.(R)The transmitter return loss (TRL) shall be greater than the values specified in Table 2.5across the full allowed range of characteristic impedance (according to the media type).Table 2.5. Transmitter Return Loss2.3 Receiver Requirements2.3.1 Receiver Acquisition Timing(R)The receiver shall acquire phase lock in the presence of a BER of less than 1E-10 with aReceiver Acquisition Time (RAT) of less than 50 ms when provided with a valid signal.A valid signal is defined as a signal from a transmitter compliant with Section 2.2 and scrambledand encoded as defined in Section 3 which has been sent through a channel that complies withSection 2.4.2.3.2 Receiver Return Loss(R)The receiver return loss (RRL) shall be greater than the values specified in Table 2.6 acrossthe full allowed range of characteristic impedance (according to the media type).Table 2.6. Receiver Return LossFrequency RangeReturn Loss1-6 MHz14 dB6-17 MHz12 dB17-25 MHz8 dBFrequency RangeReturn Loss1-17 MHz15 dB17-25 MHz8 dB

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 12ATM Forum Technical Committee2.4 Copper Link Segment CharacteristicsThe copper link segment consists of one or more sections of twisted pair copper cable mediacontaining two or four pairs along with intermediate connectors required to connect sectionstogether and terminated at each end in the specified electrical data connector. The cable isinterconnected to provide two continuous electrical paths which are connected to the interface portat each end. The transmitter and receiver requirements are specified for the media defined below.The implementation specified is for the horizontal distribution of the cable plant and extends fromthe telecomunications closet to the work area. The copper link segment is defined for 100 OhmUTP, 120 Ohm, and 150 Ohm STP cabling systems.(R)The physical interface shall support at least one of the copper link segment definitionsdescribed in this section: 100 Ohms, 120 Ohms, or 150 Ohms. For the selectedimpedance(s), all of the associated conditional requirements shall be met.2.4.1 100 Ohm Copper Link SegmentThis section defines the cabling and connector conditional requirements when a 100 Ohmcable/connector system is deployed. These requirements define the minimum requisites for acompliant and functional system. Note that as long as 100 Ohm components are used consistently,a specification of category 3 unshielded cable and connectors allows for the optional use of highergrade components (e.g., category 4, category 5) and the optional use of shielded cabling andcomponents.2.4.1.1 100 Ohm UTP Link Segment SpecificationsThe electrical parameters important to link performance are attenuation, near end crosstalk loss(NEXT loss), characteristics impedance, and structural return loss (SRL).(CR)All components comprising a link segment shall meet or exceed all of the requirements forcategory 3 as specified by EIA/TIA-568-A and ISO/IEC 11801.(CR)The composite channel attenuation shall meet or exceed the category 3 attenuationperformance limits defined in Annex E of EIA/TIA-568-A.(CR)The composite channel NEXT loss shall meet or exceed the category 3 NEXT lossperformance limits defined in Annex E of EIA/TIA-568-A.2.4.1.2 Channel Reference Model Configuration for 100 Ohm UTP SystemsThe channel reference model for a category 3 UTP system is defined to be a link consisting of 90meters of category 3 UTP cable, 10 meters of category 3 flexible cords, and four (4) category 3connectors internal to the link.2.4.1.3 Examples of 100 Ohm UTP Compliant ChannelsSince the link segment requirements for attenuation and NEXT loss are derived from the electricalperformance of the channel reference model, the channel reference model (properly installed)defines a compliant link. Additionally, properly installed link segments consisting of no more than90 meters of category 3 UTP cable, no more than 10 meters of category 3 flexible cords, and nomore than 4 category 3 connectors internal to the link are examples of compliant links.

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 13However, any installed link consisting of category 3 components and meeting the link attenuationand NEXT loss requirements of Section 2.4.1.1 is compliant.In many situations it is also possible to trade off attenuation for NEXT loss and derive links whichmay differ from the topology of the channel reference model but still have acceptable performance.The number of potential tradeoffs is quite large and this subject is beyond the scope of thisdocument.2.4.1.4 100 Ohm UTP AttenuationAttenuation describes the loss in signal level as a signal propagates along a homogeneous mediumsuch as a cable or cord.(CR)The cable used in constructing a link shall meet or exceed the horizontal category 3 UTPcable attenuation requirements of Section 10 of EIA/TIA-568-A and Clause 8 of ISO/IEC11801.(CR)The cordage used in constructing flexible cords and patch cables shall meet or exceed theattenuation requirements for category 3 flexible cordage specified in Section 10 of EIA/TIA-568-A.In general, the per unit length attenuation limits for cordage are 20% higher than those allowed forhorizontal cables.2.4.1.5 100 Ohm UTP NEXT LossNEXT loss defines the amount of unwanted signal coupling between distinct pairs of multipaircable. It is the result of parasitic capacitive and inductive coupling between the various conductorscomprising a cable.(CR)The cable and cordage used in constructing a link shall meet or exceed the horizontalcategory 3 UTP cable NEXT requirements of Section 10 of EIA/TIA-568-A and Clause 8 ofISO/IEC 11801.2.4.1.6 Characteristic Impedance and Structural Return LossCharacteristic impedance is the ratio of voltage to current of a wave propagating along one directionin a uniform transmission line. When a transmission line is not completely uniform in construction,the characteristic impedance may exhibit slight variations as a function of length. This variation ismeasured by a quantity defined as structural return loss (SRL). It is a measure of the deviation ofcharacteristic impedance from a nominal value in a transmission line which is not perfectlyhomogeneous.(CR)All measurements for these quantities shall be done in accordance with ASTM D 4566method 3.(CR)Under these conditions both the characteristic impedance and SRL of cables and cords usedin construction of a link shall meet the requirements specified for 100 Ohm category 3 inSection 10 of EIA/TIA-568-A and Clause 8 of ISO/IEC 11801.

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 14ATM Forum Technical Committee2.4.1.7 100 Ohm Connecting HardwareThe electrical performance of connecting hardware can be critical to the overall performance of atransmission channel. In general, the electrical parameters specified for connecting hardware areattenuation, NEXT loss, and return loss.(CR)All connecting hardware used within this PMD channel (outlets, transition connectors, patchpanels, and cross-connect fields) shall meet or exceed the category 3 electrical requirementsfor attenuation, NEXT loss, and return loss specified in Section 10 of EIA/TIA-568-A andClause 9 of ISO/IEC 11801.(CR)All measurements on connecting hardware shall be conducted in accordance with theprocedures described in Annex B of EIA/TIA-568-A and Annex A.2 of ISO/IEC 11801.These requirements apply to all individual UTP connectors, including patch panels,transition connectors, cross-connect fields, and telecommunication outlets. (CR)The connector termination practices and UTP cable practices described in Section 10 ofEIA/TIA-568-A shall be followed.2.4.1.8 UTP Media Interface Connector(CR)Each end of the category 3 UTP link segment shall be terminated with Media InterfaceConnectors specified in IEC 603-7 (commonly referred to as RJ-45). This connector is an 8-contact modular jack/plug, and the mated combination shall meet the requirements ofSections 2.4.1.7.(CR)The cable assembly shall connect the corresponding contacts of the plugs at either end of thelink (i.e., Pin 1 to Pin 1, Pin 2 to Pin 2, etc.)This ensures that the cable assembly is a straight through (no crossover) cable and that the polarityof the assembly is maintained.(CR)The UTP-MIC shall be an 8-contact receptacle (jack) as specified in ISO/IEC 603-7, that isattached to the ATM user device and ATM network equipment as illustrated in Figure 2.4.

12345678Figure 2.4 Example of UTP—MIC Jack af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 15(CR)The contact assignments for the UTP-MIC receptacle (jack) shall be as listed in Table 2.7.ContactSignal at the ATM UserDeviceSignal at the ATMNetwork Equipment1Transmit +Receive +2Transmit —Receive —3UnusedUnused4UnusedUnused5UnusedUnused6UnusedUnused7Receive +Transmit +8Receive —Transmit —Table 2.7. Contact Assignments for UTP-MIC Jack2.4.2 120 Ohm Link Segment CharacteristicsThis section defines the cabling and connector conditional requirements when a 120 Ohmcable/connector system is deployed. These requirements define the minimum requisites for acompliant and functional system. Note that as long as 120 Ohm components are used consistently,a specification of category 4 unshielded cable and connectors allows for the optional use of highergrade components (e.g., category 5) and the optional use of shielded cabling and components.1The 120 Ohm cable system connects the transmitter on one end of the link segment to the receiveron the other end of the link segment. The cable system consists of one or more sections of twistedpair cable containing two wire pairs, along with intermediate connectors required to connectsections together. The media interface connector is used to terminate the ends of the fixed wiring.The cable is interconnected to provide two continuous electrical paths between the transmitters andreceivers at the endpoints.2.4.2.1 120 Ohm Link Segment SpecificationsThis section defines the link segment characteristics for 120 Ohm link using 120 Ohm category 4cable specified in ISO/IEC 11801 which meets the performance requirements of this system. Thechannel link requirements are independent of the cable type but have been defined using theattenuation and NEXT loss requirements for Category 4 cable. The maximum allowable length ofthe cable system will vary depending on the quality of the cable, and flexible cord(s).(CR)The composite channel attenuation for a 120 Ohm link shall meet the attenuationperformance limits defined in Annex E of EIA/TIA-568-A for category 4 cables.(CR)The composite channel NEXT loss for a 120 Ohm link shall meet the NEXT lossperformance limits defined in Annex E of EIA/TIA-568-A for category 4 cables.

1 Note, therefore, that systems commonly called �FTP� (foiled twisted pair) which employ 120 Ohm shielded category 5twisted pair are typically consistent with the requirements in this section.

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 16ATM Forum Technical Committee(CR)Under these conditions both the characteristic impedance and SRL of cables and cords usedin construction of a link shall meet the requirements specified for 120 Ohm category 4 inSection 10 of EIA/TIA-568-A and Clause 8 of ISO/IEC 11801.2.4.2.2 Channel Reference Model Configuration for 120 Ohm SystemsA typical cable system includes fixed cable terminated in the media interface connector, andattachment cables for both ends. The per unit length attenuation of an attachment cable is typicallyallowed to be up to 150% that of the fixed cable. Refer to ISO/IEC 11801, Clause 6 for moredetailed information.The channel reference model for a 120 Ohm system is defined to be a link consisting of 90 metersof 120 Ohm cable, 10 meters of 120 Ohm flexible cord, and 4 Category 4 connectors internal to thelink.2.4.2.3 Examples of 120 Ohm Compliant ChannelsSince the link requirements for attenuation and NEXT loss are derived from the electricalperformance of the channel reference model, the channel reference model (properly installed)defines a compliant link. A properly installed channel reference model defines a compliant link.Additionally, properly installed links consisting of no more than 90 meters of 120 Ohm cable, nomore than 10 meters of 120 Ohm flexible cord, and no more than 4 Category 4 connectors internalto the link are examples of compliant links. However, any installed link consisting of Category 4components and meeting the link attenuation and NEXT loss requirements of Section 2.4.2.1 iscompliant.In many situations it is also possible to trade off attenuation for NEXT loss and derive links whichmay differ from the topology of the channel reference model but still have acceptable performance.The number of potential tradeoffs is quite large and this subject is beyond the scope of thisdocument.2.4.2.4 120 Ohm Connecting Hardware and Media InterfaceConnector(CR)The connecting hardware and media interface connector defined for 100 Ohm link segments(Sections 2.4.1.7 and 2.4.1.8) shall also apply to 120 Ohm systems except that all referencesto Category 3 requirements shall be replaced by Category 4.2.4.3 150 Ohm Link Segment CharacteristicsThe 150 Ohm cable system connects the transmitter on one end of the link segment to the receiveron the other end of the link segment. The cable system consists of one or more sections of shieldedtwisted pair cable containing two wire pairs, along with intermediate connectors required to connectsections together. The media interface connector is used to terminate the ends of the fixed wiring.The cable is interconnected to provide two continuous electrical paths between the transmitters andreceivers at the endpoints.2.4.3.1 150 Ohm STP Link Segment SpecificationsThe sytem can operate with a variety of STP cable types. EIA/TIA-568-A and ISO/IEC 11801define STP cables which will meet the performance requirements of this system. The channel linkrequirements are independent of the cable type but have been defined using the attenuation andNEXT loss requirements for Category 3 UTP cable. The maximum allowable length of the cablesystem will vary depending on the quality of the STP cable, and flexible cord(s).

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 17(CR)The composite channel attenuation for a 150 Ohm STP link shall meet the attenuationperformance limits defined in Annex E of EIA/TIA-568-A for category 3 UTP cables.(CR)The composite channel NEXT loss for a 150 Ohm STP link shall meet the NEXT lossperformance limits defined in Annex E of EIA/TIA-568-A for category 3 UTP cables.(CR)Under these conditions both the characteristic impedance and SRL of cables and cords usedin construction of a link shall meet the requirements specified for 150 Ohm STP in Section10 of EIA/TIA-568-A.2.4.3.2 Channel Reference Model Configuration for 150 Ohm STP SystemsA typical cable system includes fixed cable terminated in the media interface connector, andattachment cables for both ends. The per unit length attenuation of an attachment cable is typicallyallowed to be up to 150% that of the fixed cable. Refer to ISO/IEC 11801, Clause 6 for moredetailed information.The channel reference model for an STP system is defined to be a link consisting of 90 meters ofSTP-A cable, 10 meters of STP-A flexible cord, and 4 STP-A connectors internal to the link.2.4.3.3 Examples of 150 Ohm STP Compliant ChannelsSince the link requirements for attenuation and NEXT loss are derived from the electricalperformance of the channel reference model, the channel reference model (properly installed)defines a compliant link. A properly installed channel reference model defines a compliant link.Additionally, properly installed links consisting of no more than 90 meters STA-A cable, no morethan 10 meters of STP-A flexible cord, and no more than 4 STP-A connectors internal to the linkare examples of compliant links. However, any installed link consisting of STP components andmeeting the link attenuation and NEXT loss requirements of Section 2.4.3.1 is compliant.In many situations it is also possible to trade off attenuation for NEXT loss and derive links whichmay differ from the topology of the channel reference model but still have acceptable performance.The number of potential tradeoffs is quite large and this subject is beyond the scope of thisdocument.2.4.3.4 STP Media Interface Connector(CR)Each end of the fixed cable shall be terminated in the STP media interface connector asshown in Figure 2.5.(CR)The STP media interface connector shall meet all the requirements of theTelecommunications Connector as defined in EIA/TIA-568-A, Section 11.(CR)The STP media interface connector contact assignments shall be as listed in Table 2.8.

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 18ATM Forum Technical CommitteeTable 2.8. Contact assignments for STP—MIC connectors.Figure 2.5 Example of STP—MIC JackContactSignal at the ATM UserDeviceSignal at the ATMNetwork EquipmentBTransmit +Receive +RReceive +Transmit +GReceive -Transmit -OTransmit -Receive - af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 19This section describes the Transmission Convergence sublayer for the 25.6 Mbit/s ATM PHY. Thefunctions of the TC sublayer are:• Scrambling and descrambling• 4B5B Block encoding and decoding (including command codes) which provides themeans for:- Cell delineation and scrambler/descrambler reset- Support of a periodic timing signal for isochronous services• NRZI Encoding and Decoding• HEC generation and verificationFigure 3.1 is a block diagram of the Transmission Convergence sublayer that identifies the abovefunctions and their data flow relationships.3. Transmission Convergence (TC)Sublayer

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 20ATM Forum Technical Committee

OctetInterface ControlNRZIEncoderSerializer4 bit / 5 bitEncoderEscapeEncodeX_XX_4X_8

Decoder84541

1PMD Layer

ScramblerPRNG_RST

0Sync_Event Input

OctetInterface ControlStart of CellDecode

4548

OctetCell Data

PMD Layer1

DescramblerPRNG_RST

SYNC_EVENT

Transmit Block DiagramReceive Block Diagram5 bit / 4 bitDecoderEscapeDecodeX_XX_4X_81

OctetCell Data1

StartofCellStartofCellDeserializerNRZIDecoderFigure 3.1. Block Diagrams of the Transmission Convergence Sub layer.For information only�not intended as a required implementation.3.1 Cell Scrambling and Descrambling(R)To provide the appropriate frequency distribution of the electrical signal across the line, thedata octets shall be scrambled before transmission.(R)All 53 octets of the ATM cell shall be scrambled and encoded prior to transmission.(R)The scrambler and the de-scrambler are each comprised of a 10-bit PRNG (pseudo-randomnumber generator). The PRNG is based on the following polynomial:xx1071++ x1x10x9x8x7x6x5x4x3x2

+D0D3D2D1d0d3d2d1

(msb)

Dx = scrambled data bitdx = unscrambled data bit = exclusive orKey + +Figure 3.2. Pseudo Random Number Generator block diagram.For information only�not intended to depict a required implementation.(R)The PRNG shall be clocked 4 times after each nibble regardless of whether the commandoctet, valid data or idle data is being transmitted. Command octets shall not be scrambled.(R)The scrambler/de-scrambler shall be implemented such that each successive data nibble(starting with the high order nibble and high order bit within each nibble) is XOR’ed withthe corresponding 4 bits of the PRNG (x1 x2 x3 x4 as illustrated in the above diagram) eachnibble cycle (4 x bit cycle time).(R)The PRNG shall be reset to its initial state (’3FF’x) upon every detection of two consecutiveescape (’X’) nibbles2, whether or not these escape nibbles are octet-aligned (i.e. form a start-of-cell X_X sequence). The first nibble after the two consecutive escape nibbles shall thenbe XOR-ed with the initial ’F’ of the scrambler sequence, unless it is part of a commandbyte, as these are never scrambled. The PRNG shall always be either reset or clocked (fournew PRNG bits generated) after every nibble (including idles and commands), regardless ofwhether or not the nibble was scrambled.

2 Figure 3.3 shows a case that will occur in normal operation whenver X_X is immediately followed by anothercommand octet such as X_8. In this case, a second PRNG reset occurs as a result of the detection of a second pair of Xsymbols.

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 22ATM Forum Technical Committee123456X8Symbol—Pairs

PRNG ResetPRNG ClockPRNG NibbleScrambledNNNNYYYYYY??FF083CFE

XXFigure 3.3. Start of Cell Symbol—pairsBecause the scrambler is designed to spread the signal across the spectrum, the reset of thescrambler/de-scrambler by the X_X symbol—pair command (the reset state is "3FF"x) should notoccur too often.(REC)For this PRNG to approximate a random source, it is recommended that the time betweenPRNG resets be no less than 100 microseconds. A maximum of 500 milliseconds betweenresets is recommended to limit the time two end stations can be misaligned in the scramblersequence.3.1.1 PRNG SequenceFor clarification purposes, the PRNG sequence for each nibble (starting from its reset state) is asfollows:F, 0, 8, 3, C, F, E, 8, C, 7 ,C, C, 7, D, 4, 3, 9, 4, 0, 0, 1, 8, 4, 4, 0, 3, 9, 5, 8, 4, 5, 8, 7, D, 5, B, D, 0, 0, 3, 8, D...3.2 4B5B Block Coding and DecodingA 4B5B encode/decode scheme is utilized to ensure that an adequate number of transitions occur onthe line. The code provides the following features:• Provides an average of over 3 transitions per 5 bit symbol• Run length is limited to less than or equal to 5• Free of DC frequencies on averageEach symbol of the code is composed of 5 bits. Of the 32 possible symbols, 17 are valid in thisimplementation. The remaining 15 symbols are invalid.The 17 valid symbols represent 16 4-bit data nibbles (hex 0 through F) and the one Escape˚(X)code. This Escape symbol has the �Comma� property of being unique among all possible validsymbol pairs. Table 3.1 below lists the valid 4-bit nibble to 5-bit symbol conversions.

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 23(R)Table 3.1 shall be used to encode data nibbles for transmission and to decode 5—bit symbolsupon reception. All symbols not listed in this table shall be invalid.Table 3.1. Conversion Table�4-bit command/data to 5-bit symbolsNote: The binary values for 4-bit data nibbles and 5-bit encoded symbols in Table 3.1 are shownmost-significant bit first (i.e., at left).(R)For each ATM cell processed, the data within shall be scrambled, encoded and NRZI-codedbefore it is transmitted. Likewise on the receiver, once a start of cell command is detected,the serial data is NRZI decoded, and the resulting 5-bit symbols decoded to form a datanibble. The nibbles are then descrambled and re-combined to form the ATM cell.3.2.1 Symbol-pair Level Code Structure(R)5-bit encoded symbols shall shall always be paired. Two types of symbol pair entities aredefined which represent:• Commands, and• Data octets.(R)Commands are composed of the Escape symbol followed by any of the 16 data symbols orby the Escape symbol. This provides 17 possible Commands of which three are defined andvalid. The set of 3 valid (bold) and 14 invalid (reserved for future use) commands are:• X_X = Start-of-cell (with scrambler reset)• X_0 = Invalid (reserved for future use)• X_1 = Invalid (reserved for future use)• X_2 = Invalid (reserved for future use)• X_3 = Invalid (reserved for future use)• X_4 = Start-of-cell (with no scrambler reset)• X_5 = Invalid (reserved for future use)• X_6 = Invalid (reserved for future use)• X_7 = Invalid (reserved for future use)• X_8 = Sync_Event• X_9 = Invalid (reserved for future use)DataSymbolDataSymbolDataSymbolDataSymbol000010101000101001001001010001101011010000111010101101011001110011101111100010010100111001101011010101111011110010111110111101111011110111111111ESC(X)00010

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 24ATM Forum Technical Committee• X_A = Invalid (reserved for future use)• X_B = Invalid (reserved for future use)• X_C = Invalid (reserved for future use)• X_D = Invalid (reserved for future use)• X_E = Invalid (reserved for future use)• X_F = Invalid (reserved for future use)(R)All the above described Command symbol pairs (X_X, X_4, and X_8) shall be transmittedin symbol-pair alignment. The symbol-pair alignment boundary shall be defined by the firstoccurrence of a Command symbol-pair. Subsequent Command symbol-pairs shall betransmitted in symbol-pair alignment with the first Command symbol-pair.(R)All five-bit encoded symbols shall be transmitted serially with the most significant bittransmitted first.3.2.2 Cell Delineation(R)Cell delineation shall be accomplished by prepending either of two valid commands to theeach ATM cell before transmission. As defined above, the two valid start of cell commandsare• X_X = Start-of-cell (with scrambler reset), and• X_4 = Start-of-cell (with no scrambler reset)3.2.3 Support for a Timing Signal(O)Transport of a timing sync pulse to support isochronous communications may beaccommodated. A special Sync_Event command symbol-pair, X_8, may be inserted into thetransmitted stream at any symbol-pair boundary.It is expected that this means will be used to carry an 8 kHz timing signal although this featurecould be used to carry other timing references.(CR)The Sync_Event timing marker command shall be generated at the next octet boundary afterthe incoming synchronization event is detected. The Sync_Event command symbol-pairshall have priority over all line activity (data or command symbol pairs) and shall betransmitted at the next symbol-pair boundary after the incoming synchronization event isdetected. When this occurs during a cell transfer, the data transfer shall be temporarilyinterrupted on a symbol-pair boundary and the X_8 command symbol-pair shall be inserted.This condition is the only allowable interrupt in an otherwise contiguous transfer of the 54symbol-pair stream (1 command symbol-pair plus 53 data symbol pairs).(O)As an option, when a Sync_Event command is detected by the receiver (ATM userequipment), the Sync_Event command can be �wrapped around� and transmitted onto theupstream path (to the ATM network equipment).Below is an illustration of cell structure showing Start—of—cell commands with and withoutScrambler Reset, and a Sync_Event command interrupting the flow of Cell N+1.

X_X X_4

X_8 SYNC_EVENT Cell N Cell N+1 Cell N+2

Cell N-1 53 octet ATM CellFigure 3.4. Example of Cell Delineation and Sync_Event using CommandsIn the example above, the Nth ATM cell is preceded by a X_X start-of-cell command. This causesboth the scrambler and the descrambler to reset its pseudo-random nibble generators to its initialstate. For cell N+1, the ATM cell is simply preceded by an X_4 start-of-cell command withoutscrambler/descrambler reset. Also in cell N+1, a timing sync pulse results in an X_8 timing markercommand.(R)Reception of any command other than X_X, X_4 or X_8 within the 53 octet ATM cell shallbe considered an error and the cell may be discarded. Reception of the X_X or X_4command within the 53 octet ATM cell shall cause the octets of the cell that have beenreceived to be discarded and the reception of a new cell to be initiated.(R)On the receiver, the decoder shall determine from the received symbols whether a timingmarker command (X_8) or a start-of-cell command was sent (X_X or X_4). Anytime a start-of cell command is detected, the next 53 octets received shall be decoded and forwarded tothe descrambler.(R)Transmissions during idle states (where no command or data are being transmitted) willcontinually be sent out onto the line. This arbitrary data will continue to be encoded andscrambled to maintain synchronization of the received PLL. Upon the beginning of a validcell transmission, the command symbol-pair would be immediately initiated. (Note that the4B5B code guarantees a maximum run length of five bits. This, in addition to the fact thatall non control octets are scrambled, will provide more than sufficient transitions to maintainbit sync during idle states.)(R)The TC sublayer shall transfer to and from the ATM layer complete 53-octet ATM cells.3.3 NRZI Encoding and Decoding(R)In order to bound the run length of either logic 1s or 0s during transmission, data symbolsfrom the encoder shall be serialized and NRZI encoded before transfer to the PMD layer.(R)Each symbol shall be serialized most significant bit first, and then NRZI encoded.(R)Serial data received from the PMD shall be NRZI decoded before symbol boundaries aredetected.

ATM 25.6 Mbps Physical Interface Specificationaf-phy-0040.000Page 26ATM Forum Technical Committee3.4 HEC Generation and VerificationThe Header Error Control (HEC) covers the entire cell header. For the private environment, onlydetection of bit errors is described. Support of bit error detection based on HEC field is mandatory.The transmitter calculates the HEC value for the first four octets of the cell header, and inserts theresult into the HEC field (the last octet of the ATM cell header). The HEC field shall be an 8—bitsequence. It shall be the remainder of the division (Modulo 2) by the generator polynomialx8+x2+x+1 of the polynomial x8 multiplied by the content of the header excluding the HEC field.The pattern 01010101 is XORed with the 8—bit remainder before being inserted into the HEC field.(R)Equipment supporting this private UNI shall implement HEC error detection as defined inITU Recommendation I.432.(R)Equipment supporting this private UNI shall generate the HEC octet as defined in ITURecommendation I.432.(R)The generator polynomial and coset used shall be in accordance with ITU RecommendationI.432.Figure 3.5 depicts the HEC verification flow at the receiver. The TC shall not forward any cell tothe ATM layer which has an incorrect HEC.

No errorin HeaderError(s)in HeaderValid cells deliveredto ATM layerDiscardedCells

Cells delivered to ATM Layerwith errored headers(Unintended Service)Figure 3.5�HEC Verification FlowAs defined in I.432, the HEC method is capable of single bit error correction and multiple bit errordetection. Because the 4B5B block code used in this private UNI causes multiple bit errors percorrupted bit, the HEC error correction mode shall not be used.(R)HEC error detection is mandatory.(R)Upon detection of a header error, that cell shall be discarded.

af-phy-0040.000ATM 25.6 Mbps Physical Interface SpecificationATM Forum Technical CommitteePage 274. References[1]TIA/EIA-568-A, "Commercial Building Telecommunications Cabling Standard", 1995.[2] ISO/IEC 11801:1995, "Generic Cabling for Customer Premises"[3]The ATM Forum Technical Committee, ATM User Network Interface Specification,Version 3.1, Prentice Hall, Englewood Cliffs, NJ, 1994.[4]ASTM Designation: D 4566-90, "Standard Test Methods for Electrical PerformanceProperties of Insulations and Jackets for Telecommunications Wire and Cable," 1990.[5]IEC 603-7, "Connectors for frequencies below 3 MHz for use with printed boards, Part 7:Detail specification for connectors, 8-way, including fixed and free connectors withcommon mating features" 1990-04.