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ATM Forum Technical Committee
Mid-range Physical Layer Specification for Category 3
Unshielded Twisted-Pair

1. Introduction

This specification describes a physical layer for a mid-range private UNI over Category 3
unshielded twisted-pair cabling. This specification does not preclude extensions to support
lower datarates over cables with worse characteristics than Category 3 Unshielded Twisted
Pair or extensions to support higher data rates over cables with better characteristics than
Category 3 Unshielded Twisted Pair.

1.1 Overview

This section specifies the physical layer electrical interface for a51.84 Mb/s (and sub-rates)
private UNI. The functions of the Physical Layer are grouped into the Physical Media
Dependent (PMD) sublayer and the Transmission Convergence (TC) sublayer as shown in
Figure 1-1. The PMD Sublayer addresses bit rates and symmetry, bit error rate, bit timing,
line coding and modul ation characteristics, medium characteristics, and connectors. Also
included in an Annex are discussions on impulse noise and el ectromagnetic susceptibility.
The TC Sublayer addresses frame format, transfer capability, Header Error Control (HEC),
etc.

HEC generation/verification
Cell scrambling/descrambling

Transmission Cell delineation (HEC)
Convergence Path signal identification (C2)
Sublayer Frequency justification/Pointer processing

(optional for transmit)
Scrambling/descrambling (SONET)
Transmission frame generation/recovery

Physical Bit timing
Media Line coding
Dependent Physical medium
Sublayer Scrambling/descrambling

FIGURE 1-1 PHYSICAL LAYER FUNCTIONS (U-PLANE)
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1.2 Acronyms

AlS Alarm Indication Signa

All Active Input Interface

AQI Active Output Interface

ATE ATM Terminating Equipment

ATM Asynchronous Transfer Mode

BER Bit Error Rate

BIP Bit Interleaved Parity

k-CAP Carrierless Amplitude/Phase Modulation with k constellation points

DSn Digital Signal, Level n

EMC Electromagnetic Compatibility

FEBE Far End Block Error

HEC Header Error Check

ITU-T International Telecommunication Union - Telecommunication
Standardization Sector

LOC Loss of Cell Delineation

LOF Loss of Frame

LOP Loss of Pointer

LOS Loss of Signd

LTE SONET Line Terminating Equipment

NEXT Near End Crosstalk

OAM Operation, Administration and Maintenance

OCD Out-of-Cell Delineation

OOF Out Of Frame

POH Path Overhead

PMD Physical Media Dependent

PTE SONET Path Terminating Equipment

RDI Remote Defect Indicator

SDH Synchronous Digital Hierarchy

SONET Synchronous Optical Network

SPE SONET Synchronous Payload Envelope

STE SONET Section Terminating Equipment

STS1 Synchronous Transfer Signal, level 1, the fundamental level of the
SONET hierarchy.

TC Transmission Convergence

TP-MIC Twisted-Pair Media Interface Connector

UNI User-Network Interface

UTP Unshielded Twisted Pair

1.3 Reference Configurations
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The private UNI isdescribed in the ATM User-Network Specification, Version 3.1[1].
Section 1.6, User-Network Interface Configuration. This document specifies the link
between a user device and the network equipment.

2. Physical Medium Dependent (PM D) Sublayer Specification

The PMD sublayer provides bit transmission capability for point-to-point communication
between a user device and network equipment. The implementation of the PMD shall
provide all the services required to transport a suitably coded digital bit stream across the
link segment.

This PMD specification gives the requirements for a 51.84 Mb/sinterface using Category 3
Unshielded Twisted Pair (UTP) cabling. Optiona sub-rate interfaces of 25.92 and
12.96 Mb/s are included for supporting a longer link or links that consist of cabling
components that do not meet the specifications of Category 3 UTP. Greater range can be
achieved by the use of higher quality (e.g. Category 5) cabling or by adopting one of the
lower, optional bit rates.

The design goal of this specification isatotal link length of 100m using Category 3 cables
and interconnect components. The connection is duplex using a pair of wiresfor each
direction of transmission.

2.1 Bit Rates and Bit Rate Symmetry
2.1.1 Bit Rates

Bit rate (datarate) refersto the logical bit rate for data (expressed in Mb/s). Encoded line
rate (symbol rate) refers to the modulation rate of the electricad signal on the media
(expressed in Mbaud).

(R) The bit rate shall be 51.84 Mb/s (the SONET STS-1 rate as described in ANSI
T1.105(2).

Extensions to support lower data rates are optional. This PMD specification may also be
used to specify the physical interface for link lengths that are longer than those specified for
Category 3UTPin EIA/TIA-568-Al3].

(O) Operation at 25.92 Mb/s and/or 12.96 Mb/s shall be optional (See Sections 2.5.2
Encoding and 2.8, Link Length Using a Reference Channel Modél).
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2.1.2 Bit Rate Symmetry

(R) Interfaces shall be symmetric, i.e., the bit rates are the same in both transmit and
receive directions.

2.2 Bit Error Rate (BER)

(R) TheActive Input Interface (All) shall operate with a BER not to exceed 1019 when
presented with an Active Output Interface (AOI) signal (i.e., avalid signal as specified in
Section 2.5) transmitted through the cable plant specified in Section 2.7 Copper Link
Characteristics with the worst-case attenuation and Near End Crosstalk (NEXT) loss as
specified in EIA/TIA-568-Al3]. The cable plant encompasses all components between any
two communicating stations which include cords, wall outlets, horizontal cables, cross-
connect fields, and associated patch cords.

2.3 Timing

On alink connecting an ATM user device and an ATM network equipment, the transmitter
at the ATM user device uses atransmit clock which is derived from its received data clock,
i.e., the ATM user deviceisloop timed.

(R) The bit rate shall be the nominal rate of 51.84 Mb/s, or one of the optional nominal
rates of 25.92 or 12.96 Mb/s, all with atolerance of £20 ppm for network equipment.

(R) Thetransmitter at the user device shall use atransmit clock which is derived from its
received data clock.

(R) Inthe absence of avalid clock derived from the received signa, the transmitter at the
user device shall use afree-running transmit clock that operates at the nominal bit rate with
atolerance of £100 ppm.

2.4 Jitter

(R) Jitter of the transmitter, t, shall be obtained by transmitting an all ones pattern at the
input of the encoder, shown in the Block Diagram in Figure 2-2, into the test load specified
in Section 2.5.3.2. and measure the variation of the zero-crossings of the resulting
waveform as shown in Figure 2-1. For all measurements, the network equipment
transmitter clock is used asthe reference clock. for network equipment shall not exceed
2.0 ns peak-to-peak and for user devices shall not exceed 4.0 ns peak-to-peak with an
input from the network of the maximum specified jitter.
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(R) Transmitters shall be capable of transmitting an all ones signal as observed at the
input of the encoder functional block in the Block Diagram of Figure 2-2.

a

Amplitude of
Outout Signal

¥
¥

g ZA—

FIGURE 2-1 ILLUSTRATION OF TRANSMITTER JITTER

2.5 Carrierless Amplitude Modulation/Phase M odulation

This PMD specification uses the Carrierless Amplitude Modulation/Phase Modulation
(CAP) technique to provide bit transmission capability and bit timing. The sublayer
includes functions to generate and receive waveforms suitable for the medium, and the
insertion and extraction of symbol timing information. The implementation of the PMD
receives a bit stream from the TC sublayer, scrambles, encodes, and transmits the signal to
the adjacent PMD sublayer over a Category 3 UTP link. The receiving implementation of
the PMD decodes and descramblers the signal and deliversit as abit stream to the TC
sublayer. These operations are described below. Design principlesfor a CAP system are
referenced in Annex A.

2.5.1 Transmit Functionality

The PMD sublayer is comprised of transmit functionality obtained from the blocks shown
in Figure 2-2. Any implementation that produces the same functional behaviour at the
Active Output Interface is equally valid. The transmit function scrambles and encodes the
bit stream received from the TC into an equivalent CAP encoded symbol stream and then
into amodulated signal for presentation to the medium at the Active Output I nterface.
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n — In-Phase

Filter
+
Data - Low _
In—>{ Scrambler | Encoder B Csbﬁ Pass |—> Signal
7 Filter Out
Quadrature
bn —  Filter

FIGURE 2-2 BLOCK DIAGRAM OF DIGITAL 16-CAP TRANSMITTER
FUNCTIONALITY

The symbol stream from the encoder is divided into two paths, a, and by, where n

designates the n'h symbol period. The two symbol streams are sent to passband in-phase
and quadrature shaping filters, respectively. The output of the in-phase filter and the
negative of the output of the quadrature filter are summed into a single signal, the result
passed through alow-pass filter, and then transmitted onto the twisted pairs.

2.5.2 Encoding

The amplitudes of the a, and b, components in the k-CAP constellations shall maintain the

relative values 1 and 3, with atolerance of £0.06, as depicted in the respective constellation
diagrams of Figures 2-4, 2-6, and 2-7.

2.5.2.1 Operation at 51.84 Mb/s

(R) For 51.84 Mb/s, the encoding used shall be the 16-CAP code. The symbol rateis
12.96 Mbaud.

(R) For 16-CAP, the encoder shall map data four data bits into a symbol as shown in

Figure 2-4. Bits shall be mapped from the PMD scrambler (see Section 2.6) into the four
bit symbol. Thefirst bit out of the PMD scrambler into a given symbol shall be b1.
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Increasing Time ——>

b4 | b1 | b2 | b3 | b4 | b1 | b2 | b3 | b4 | b1
M —— v /

d

Quadrant Symbol n+1
Point within
a Quadrant
\ 7
wV
Symbol n

FIGURE 2-3 BIT-TO-SYMBOL MAPPING FOR 16-CAP
(R) For 16-CAP, the signal constellation shall be as shown in Figure 2-4.

Each incoming group of 4 bitsis Gray encoded into a 16-CAP symbol. Therelative levels

of the amplitude of the symbolsin each dimension are proportional to the four different
levels, +1 and £3. Bits bqby (circled in Figure 2-4) designates the quadrant. Bits b3by

designates the point being used within the quadrant.

For example, an incoming bit stream 10010110 would translate into two symbols:
(8n= *+1, bp=-3) and (an+1= -3, bp+1= +1).
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° o 3
10 10
Ve 11 °
3 1 3
] l : an
1 1
10° 00® %0
1.3
11® 01® ° 1

FIGURE 2-4 16-CAP SIGNAL CONSTELLATION

2.5.2.2 Operation at 25.92 Mb/s

Operation at 25.92 Mb/s is optional.

However, if operation at 25.92 Mb/s is

implemented, the following statements marked CR are required.

(CR) For 25.92 Mb/s, the encoding used shall be the 4-CAP code. The symbol rate

shall be 12.96 Mbaud.

(CR) For 4-CAP, the encoder shall map two data bits into a symbol as shown in Figure

2-5. Bits shall be mapped from the PMD scrambler (see Section 2.6) into the two bit
symbol. Thefirst bit out of the PMD scrambler into a given symbol shall be b1.
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Increasing Time ——>»

b2 | b1 [b2 [b1 [b2 |b1 |b2 | bl | b2 | b1
N ——

/N

Symbol n Symbol n+1

FIGURE 2-5 BIT-TO-SYMBOL MAPPING FOR 4-CAP

(CR) For 4-CAP, the signal constellation shall be as shown in Figure 2-6.

Each incoming group of 2 bitsis Gray encoded into a4-CAP symbol. Therelative levels
of the amplitude of the symbolsin each dimension are proportional to the four different
levels, +1 and +3.

For example, the first two symbols in an incoming bit stream 10010110 would translate
into (gy= +1, b= -3) and (an+1= -1, bp+1= +3).

bn
o 3}
01
14 °
00
t } ! an
3 -1 1 3
o 14+
11
34 ()
10

FIGURE 2-6 4-CAP SIGNAL CONSTELLATION
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2.5.2.3 Operation at 12.96 Mb/s

Operation at 12.96 Mb/s is optional. However, if operation at 12.96 Mb/s is
implemented, the following statements marked (CR) are required.

(CR) For 12.96 Mb/s, the encoding used shall be the 2-CAP code. The symbol rate
shall be 12.96 Mbaud.

(CR) For 2-CAP, the encoder shall map each data bit into a symbol. Bits shall be
mapped from the PMD scrambler (see Section 2.6) from left to right, each bit to be mapped
into a symbol.

(CR) For 2-CAP, the signal constellation shall be as shown in Figure 2-7.

Therelative levels of the amplitude of the symbolsin each dimension are proportiona to the
two different levels, +3 for an and =1 for bn.

For example, the first two symbols in an incoming bit stream 10010110 would translate
into (gh= -3, bp=-1) and (an+1= +3, bp+1= +1).

bn
34
14 ®
0
4 4 } an
-3 -1 1 3
{ ] 14+
1
31

FIGURE 2-7 2-CAP SIGNAL CONSTELLATION

2.5.3 Active Output Interface

10
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This section specifies the impulse response for the transmit filters, transmit level, and the
transmit signal power spectrum of the AOI.

2.5.3.1 Impulse Response for the Transmit Filters

The impulse response of the in-phase and quadrature filters shown in Figure 2-2 is
described as follows.

Let

14 coser 1] T

g(t):}_“ [1- (4t/T)?] 4
'Ifl,t:iz

be a square-root raised-cosine pulse with 100% excess bandwidth. The in-phase filter
impulse response is defined as

f(t)=g(t)- cos@r t/T)
and the quadrature filter impul se response,

f(t) = g(t) - sin@n t/T)
where T is the symbol period.
The actual impulse responses of the transmitter will be truncated approximations of the
above equations over afixed interval suchas -TEt£T. (See Annex A for technical
references.)
Since the symbol rates for the required bit rate and the two optional bit rates are the same,
the line interface components, including low-pass filter and transformer, can be identical

for all three rates.

2.5.3.2 Active Output Signal Spectrum

(R) The Active Output signal shall have a power spectrum equivalent to the square root
of araised-cosine shaping with 100% excess bandwidth.

(R) Thenormalized power spectrum of the Active Output signal of the k-CAP transmitter
shall fit within the template of the spectral envelope shown in Figure 2-8.

11
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FIGURE 2-8 TEMPLATE FOR THE POWER SPECTRUM OF THE SIGNAL AT THE
OUTPUT OF THE TRANSMITTER

Values are normalized to the mean value at the Center Frequency. Table 2-1 gives
quantitative values for breakpoints of the curvesin Figure 2-8. The frequency resolution of
a spectrum analyzer when measuring the spectrum of Figure 2-8 should be 30 kHz or
better.

Table 2-1 Breakpoints for the Power Spectrum Curvesin Figure 2-8

Frequency (MHZ) [ 0 1 2 3 5 7 9 11 | 13 | 15
Upper Limit(dB) | -25 | -159 | -112.1 | 81 | 41 | -1.7 | 02 | 06 0.8 0.5
Lower Limit(dB) | NA | NA | 224 | -138 | -72 | 39 | -19 | -1.1 | -09 | -12
FrequencyMHZ) | 17 | 19 | 21 | 22 [ 23 | 24 | 25 | 26 | 27 | 30
Upper Limit(dB) | 03 | -15 | 33 | -46 | 62 | -84 | -115 | -167 | -27 | -30
Lower Limit(dB) | -20 | -35 | -59 | -7.8 | -109 | -158 [ NA NA NA NA

Note: NA indicates that no lower boundary is specified for the frequencies.

12
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2.5.3.3 Voltage Output

(R) Thetest load shall consist of a single 100 ohm +0.2% resistor connected across the
transmit pins of the AOI. For frequencies less than 100 MHz, the series inductance of the
resistor 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 AQI
shall be 4.0 +0.2V when terminated with the specified test |oad.

2.5.3.4 AOIl Return Loss

The Return Loss of the AOI (RL ) specifies the amount of the differential signal incident
upon the AQI that is reflected.

(R) RL o, specified at the AQI, shall be greater than 15 dB for the frequency range

1-30 MHz. The Return Loss shal 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.

RL o isdefined in terms of the receiver impedance or as adifferential reflected voltage:

RLo=20log (|Zr + Zref|/ [Zr - Zrefl) = 20 log (Vi / Vrl)

where

Zy isthe impedance of the AQI,

Zref isthe reference impedance (85-115 ohms),

Vi isthe differential voltage incident upon the AOI, and
Vr isthe differentia voltage reflected from the AQI.

2.5.4 Receive Functionality

A CAP receiver decodes the incoming k-CAP signal stream received from the Active Input
Interface and convertsit into an equivalent bit stream for presentation to the TC sublayer.
Design principles for a CAP system are referenced in Annex A. An example of receiver
equalizer start-up isdescribed in Annex B.

(R) Thereceiver shal require no more than 500 msto reach a state that achieves the BER

specified in Section 2.2 from the time presented with avalid signal transmitted through the
cable plant specified in Section 2.7 Copper Link Characteristics.

13
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2.5.4.1 Receiver Return L oss

The Return Loss of the All (RIj) specified the amount of the differential signal incident
upon the All that is reflected.

(R) RLj, specified at the All, 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.

RL; isdefined in terms of the receiver impedance or as adifferential reflected voltage:

RLj = 20log (|Zr + Zref|/ |Zr - Zref]) = 20 log (Vil / [Vrl)
where

Zy isthe impedance of the receiver,

Zref isthe reference impedance (85-115 ohms),

Vi isthe differential voltage incident upon the receiver, and
Vr isthe differentia voltage reflected from the receiver.

2.6 PMD Scrambler/Descrambler

(R) A sdf-synchronizing PMD scrambler/descrambler shall be provided in the
implementation of the PMD.

For performance reasons, two different scrambler polynomials are used to ensure that the
signal in one direction is uncorrelated to the signa in the other direction.

(R) The generating polynomial for network equipment scramblers and user device
descramblers shall be:

GPN(x) =x28 + x18 + 1.

(R) The generating polynomia for user device scramblers and network equipment
descramblers shall be:

GPU(X) =x&3+ x5+ 1.

2.7 Copper Link Characteristics
The copper medium consists of one or more sections of Category 3 UTP along with
intermediate connectors required to connect sections together, and terminated at each end

using the connectors specified in Section 2.10. The cable isinterconnected to provide two
continuous electrical paths, one for each direction.

14
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(R) The cable and patch cords shall meet or exceed the requirements of
EIA/TIA-568-Al3l for Category 3 horizontal cabling and flexible cordage respectively.
Thisincludes requirements on NEXT loss, attenuation and characteristic impedance.

(R) AIll connecting hardware (outlets, transition connectors, patch panels and cross-
connect fields) shall meet or exceed the Category 3 electrical requirements for NEXT loss
and attenuation specified in EIA/TIA-568-Al31.

The intent of these requirementsis to minimize the effect of degradation of UTP connecting
hardware on end to end system performance. However, it should be noted that the
requirements are not sufficient by themselves to ensure adequate system performance.
System performance also depends on the care with which the cabling plant, especially the
connectors, isinstalled, and the total number of connections.

(R) The connector termination practices and UTP cable installation practices described in
Chapter 10 of EIA/TIA-568-Al3! shall be followed.

2.8 Link Length Using a Reference Channel M odel

2.8.1 Operation at 51.84 Mb/s

The reference channel model as described in Annex E of EIA/TIA-568-Al3 is defined to be
alink consisting of 90 meters of Category 3 cable, 10 meters of Category 3 flexible cords,
and four Category 3 connector pairsinternal to the link.

(R) The composite channel attenuation shall meet the Category 3 attenuation performance
limits defined in Annex E of EIA/TIA-568-Al31.

(R) The composite channel NEXT loss shall meet the Category 3 NEXT loss
performance limits defined in Annex E of EIA/TIA-568-Al3].

Since the above two requirements are derived from the eectrica performance of the
reference channel model, the reference channel model (properly installed) is by definition a
compliant link. Additionally, properly installed links consisting of no more than 90m of
Category 3 UTP cable, no more than 10m of Category 3 flexible cords, and no more than
4, 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 this section is
compliant.

Annex C contains guidance on the use of cable types other than Category 3 UTP.

15
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2.8.2 Operation at 25.92 Mb/s

Operation at 25.92 Mb/s is achieved by changing the encoding to 4-CAP. The spectral
properties of the signal are the same as Figure 2-9 and Table 2-1. However, it is still
possible to achieve greater reach as the smaller number of constellation points are more
widely separated, and, therefore, greater attenuation can be tolerated while still maintaining
the required bit error rate. Thereisvery little decrease in NEXT loss for cable lengths
greater than 100m, and so the link NEXT loss requirement remains the same.

(CR) Systemsoperating at 25.92 Mb/s shall work over a channel having an attenuation
no greater than 24.0 dB at 16 MHz and meeting the Category 3 link NEXT requirements
of Annex E of EIA/TIA-568-Al3l.

This requirement implies that any implementation of a 25.92 Mb/s system will operate over
alink distance up to 170m of Category 3 cable.

2.8.3 Operation at 12.96 Mb/s

Operation at 12.96 Mb/s is achieved by changing the encoding to 2-CAP. The spectral
properties of the signal are the same as Figure 2-7 and Table 2-1. However, it is still
possible to achieve greater reach as the smaller number of constellation points are more
widely separated, and, therefore, greater attenuation can be tolerated while still maintaining
the required bit error rate. Thereisvery little decrease in NEXT loss for cable lengths
greater than 100m, and so the link NEXT loss requirement remains the same.

(R) Systemsoperating at 12.96 Mb/s shall work over any channel having an attenuation
no greater than 27.8 dB at 16 MHz and meeting Category 3 link NEXT requirements of
Annex E of EIA/TIA-568-A3,

This requirement implies that any implementation of a 12.96 Mb/s system will operate over
alink distance up to 200m of Category 3 cable.

2.9 Noise Environment

The noise environment isdiscussed in Annex D.

2.10 Media I nterface Connectors

ATM user device and ATM network equipment implementing the mid-range PMD
specification shall be attached to the twisted-pair medium by Twisted-Pair Media Interface
Connectors (TP-MIC). The media connection between a user device and a network
eguipment consists of a duplex cable assembly with TP-MIC modular jacks. To ensure
interoperability between conforming user devices and network equipment, TP-MIC
connectors are specified at the interfaces for user devices and network equipment.

16
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2.10.1 Connectors for Category 3 UTP Cabling

(R) The cable assembly shall connect the corresponding pins of plugs at either each end
of thelink (i.e., pin 1topin 1, pin 2to pin 2, etc.).

This method of connection assures that the cable assembly is straight through (no
cross-overs) and that the correct polarity is maintained.

2.10.1.1 UTP-MIC Modular Plug

(R) Each end of the Category 3 UTP link shall be terminated with Media Interface
Connectors specified in Section 4 and Figure 1 of 1SO 8877[4. This connector is an 8-pin
modular plug and shall meet or exceed the requirements for EIA/TIA-568-Al3] Category 3
100 ohm UTP connecting hardware. An illustration of the plug is shown in Figure 2-9.

FIGURE 2-9 EXAMPLE OF A UTP-MIC MODULAR PLUG

2.10.1.2 UTP-MIC Jack

(R) Thejack/socket of the Category 3 UTP link shall be a connector specified in Section
4 and Figure 2 of 1SO 88774l. The connector hardware used within this implementation
of the PMD shall be an 8-contact jack and meet or exceed the electrical requirements of
EIA/TIA Category 3 100 ohm UTP. These include specificationson NEXT loss. An
illustration of the jack is shown in Figure 2-10.

17
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FIGURE 2-10 EXAMPLE OF A UTP-MIC JACK
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(R) Theassignment of contacts for EIA/TIA cable shall be as shown Table 2-2.

Table 2-2 Contact Assignmentsfor UTP-MIC Connectors

Contact | Signal at the User Signd at the
DeviceMIC Network
Equipment MIC
1 Transmit+ Recelvet
2 Transmit- Recelve-
3 Unused Unused
4 Unused Unused
5 Unused Unused
6 Unused Unused
7 Recelvet Transmit+
8 Recelve- Transmit-

These unused pairs may transport non-interfering signals providing the bit error rate of the

pair in use meets the BER specified in Section 2.2.

3. Transmission Convergence (TC) PHY Sublayer Specification

The Transmission Convergence (TC) sublayer deals with physical aspects which are
independent of the transmission medium characteristics. Most of the functions comprising
the TC sublayer are involved with generating and processing a subset of the overhead bytes
contained in the SONET based STS-1 frame. The description of the SONET based STS-1
frame format and overhead bytes will be covered in Section 3.3

18
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3.1 SONET based TC Sublayer Functions

The B-ISDN independent TC sublayer functions and procedures involved at the UNI are
defined in the relevant sections of ITU-T Recommendation 1.432[51 and T1E1 B-ISDN
Draftle].

(R) Equipment supporting the mid-range PHY shall perform the SONET procedures
related to STS1 frame scrambling, timing and framing as defined in ITU-T
Recommendation 1.432[5] and T1E1 B-ISDN Draftl6l,

3.2 Cell Specific TC Sublayer Functions

The B-1SDN specific TC sublayer contains functions necessary to adapt the service offered
by the SONET based physical layer to the service required by the ATM layer. Some of
these functions are not specified within SONET, but are required in the mid-range PHY .
The B-1SDN specific physical layer functions are described in the following sections.

3.2.1 HEC Generation/Verification

The entire header (including the HEC byte) is protected by the Header Error Control (HEC)
sequence. The HEC code is contained in the last octet of the ATM cell header.
The HEC sequence code is capabl e of :

. Single bit error correction.
. Multiple-bit error detection.

(R) Equipment supporting the mid-range PHY shall implement error detection as defined
in ITU-T Recommendation 1.432[5] and T1E1 B-ISDN Draftl6].

Error correction as described in ITU-T Recommendation 1.432[3], if implemented, is not
effective. It isrecommended that error correction not be implemented.

(R) Equipment supporting the mid-range PHY shall generate the HEC byte as described
in ITU-T Recommendation 1.432(5] and T1E1 B-ISDN Draftl®l including the recommended
modulo 2 addition (XOR) of the pattern 01010101 to the HEC bits.

(R) The generator polynomial coefficient set used and the HEC sequence generation
procedure shall be in accordance with ITU-T Recommendation 1.432[51 and T1E1 B-ISDN
Draftl6l,

3.2.2 Cell Scrambling and Descrambling
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Cell Scrambling/Descrambling permits the randomization of the cell payload to avoid
continuous non-variable bit patterns and improve the efficiency of the cell delineation
algorithm.

(R) Equipment supporting the mid-range PHY shall implement the self synchronizing
scrambler polynomial and procedures as defined in ITU-T Recommendation 1.432(5] and
T1E1 B-ISDN Draftlel.

3.2.3 Cell Mapping

The mapping of ATM cellsis performed by aligning by row, the byte structure of every cell
with the byte structure of the SONET based STS-1 payload capacity, e.g. Synchronous
Payload Envelope, (SPE). The entire STS-1 payload capacity, except for columns 30 and
59 (see below), isfilled with cells, yielding a transfer capacity for ATM cells of 48.384
Mb/s. Because the STS-1 payload capacity is not an integer multiple of cell length, a cell
may cross an SPE boundary” .

3.2.4 Cell Delineation

The cell delineation function permits the identification of cell boundariesin the payload. It
uses the Header Error Control (HEC) field in the cell header.

(R) Equipment supporting the mid-range PHY shall perform cell delineation using the
HEC based algorithm described in ITU-T Recommendation 1.432[5 and T1E1 B-ISDN
Draftlel.

(O) Equipment supporting the mid-range PHY may implement the cell delineation times
in conformance with the state transition timing requirements as described in ITU-T
Recommendation 1.4325] and T1E1 B-ISDN Draftl6l:

. Thetimeto declare "Hunt state”" once cell delineation islost shall be 7 cell times.
. Thetime to declare "Sync state”" once "Pre-Sync state” is obtained (e.g. one valid
HEC) shall be 6 cell times.

3.2.5 ATM Payload Construction Indication

*The two columns, number 30 and 59, listed above, are fixed stuff columns. These
columns are used to compensate for the difference between the bandwidth available in the
STS-1 and Virtual Tributary Synchronous Payload Envel opes and the bandwidth required
for the actual payload mapping, (i.e. DS1, DS2, DS3 and so on). The bytesin these
columns have no defined value, see Section 3.3.1 for the actual transmitted value.
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The construction of STS-1 SPE loaded with ATM cell isindicated through the STS path
signal label (C2) bytein the STS Path Overhead (STS POH).

3.3 SONET based STS-1 Frame

This section defines the STS-1 frame structure and describes its overhead bytes. First, in
Section 3.3.1, the frame structure is given and then, in Section 3.3.2, the description of the
overhead bytesis provided.

3.3.1 Frame description

The format of the STS-1 frame used at the 51.84 Mb/s B-ISDN User-Network Interfaceis
givenin Figure 3-1.

AlA2C1
B1 X | X
R XX POH
H1H2H3 Col 1 Col 30 Col 59
B3 X|K2 J1
X X|X B3
X | X| X 2
X x| X G1
X 72| X X
X
X
X
SPE/ X

Y

87 Columns

A

FIGURE 3-1 SONET BASED STS-1 FRAME

Active overhead bytesbits A1, A2, C1, J1, B1, B3, C2, H1(1-4,7,8), H2, H3,
G1(1-5), K 2(6-8), Z2(5-8)

All other bytes (shown by X) and partial bytes are reserved.

Shaded areas: Fixed Stuff bytes
Bits are numbered from left to right, 1 to 8 with bit 1 being the first to be transmitted.
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(R) Transmitting equipment supporting the mid-range PHY shall encode all undefined
overhead bytes/bits to zero patterns before scrambling and transmission.

(R) Receiving equipment supporting the mid-range PHY shall ignore all overhead
bytes/bits undefined at the mid-range PHY .

(R) Transmitting equipment supporting the mid-range PHY shall encode all Fixed Stuff
bytes, (e.g. shaded bytesin Figure 3-2), the contents of which may be any value with the
congtraint that the two bytesin each row be identical.

(R) The contents of the Fixed Stuff bytes are not placed in ATM cells. The BIP
operations are applied to al bytesin the SONETI2] based payload.

3.3.2 Active Overhead Bytes Description

The following describes each of the overhead active bytesin the STS-1 frame.

3.3.2.1 Framing Bytes: A1, A2

(R) Transmitting equipment supporting the mid-range PHY shall transmit in these bytes
the values:

. A1l:11110110
. A2: 00101000

(R) Receiving equipment supporting the mid-range PHY shall check that A1 and A2
bytes have the value specified above and implement the states, (e.g. Out Of Frame, (OOF),
Loss Of Frame, (LOF), and Loss Of Signal, (LOS)), and related procedures, defined in
ITU-T Recommendation 1.432[5] and T1E1 B-ISDN Draftl6] when detecting error patterns.

3.3.2.2STS-11D: C1

(R) Transmitting equipment supporting the mid-range PHY shall transmit in this byte the
value: 00000001.

3.3.2.3 Section Error Monitoring: B1

(R) Transmitting equipment supporting the mid-range PHY shall generate and transmit in
the B1 byte, the bit interleaved parity 8 code using even parity over the bitsin the previous
STS-1 frame as specified in T1.105-199112]
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(O) Receiving equipment supporting the mid-range PHY may check the B1 byte valuein
the received STS-1 frame and process it according to the algorithm, states and procedures
defined in ITU-T Recommendation 1.432[51and T1E1 B-1SDN Draft{6l.

3.3.2.4 New Data Flag, Pointer Value and Pointer Action Bytes: H1, H2,
H3

(R) Transmitting equipment supporting the mid-range PHY can either support only fixed
SPE or support floating SPE.

(CR) Transmitting equipment supporting the mid-range PHY which supports
transmission of floating SPE shall transmit valid values in these bytes according to the
algorithm specified in T1.105-1991(2]-

(CR) Transmitting equipment supporting the mid-range PHY which only supports
transmission of fixed SPE shall transmit the following values in these bytes:

(1) H21:0110xx10

(2) H2:00001010

(3) H3: 00000000

(4) OR, setdl bitsin these three bytesto 1 if Path AlS, (Alarm Indication
Signal), isissued, (see below).

NOTE: The pointer value is fixed to 1000001010, (20A HEX), which is 522 decimal.
Thisfixesthe J1 byte to immediately follow the C1 byte.

(R) Transmitting equipment supporting the mid-range PHY shall generate Path AIS by
setting all bitsin H1, H2 and H3 bytesto 1, (aswell asall bits in the payload), in the cases
defined in ITU-T Recommendation 1.432(5] and T1E1 B-1SDN Draftl6l, (e.g. LOF, LOS,
LOPandLine AlS).

(R) Receiving equipment supporting the mid-range PHY shall process the H1, H2 and
H3 bytes according to the algorithm, states, (including Loss Of Pointer, (LOP)), and
procedures specified in ITU-T Recommendation 1.432[51, and T1E1 B-ISDN Draftl€l and
T1.105-1991[2].

3.3.2.5Line Error Monitoring: B2

(R) Transmitting equipment supporting the mid-range PHY shall generate and transmit in
the B2 byte, the bit interleaved parity 8 code using even parity over the bitsin the previous
STS-1 Line overhead and Envel ope Capacity as specified in T1.105-1991(21
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(O) Receiving equipment supporting the mid-range PHY may check the B2 byte valuein
the received STS-1 frame and process it according to the algorithm, states and procedures
defined in ITU-T Recommendation 1.432(5] and T1E1 B-ISDN Draftl®l.

3.3.2.6 Line Status: K2 bits 6-8

(O) Transmitting equipment supporting the mid-range PHY may generate and transmit in
the K2 byte bits 6-8, the Line AlS, Line RDI, and removal of Line RDI, according to the
states, (e.g. LOS, LOF and incoming Line AlS), and procedures defined in ITU-T
Recommendation 1.432[5] and T1E1 B-ISDN Draft.[€]

(O) Receiving equipment supporting the mid-range PHY may check the K2 byte bits 6-
8, and act upon detecting Line AlS, Line RDI and removal of Line RDI, according to the

states and procedures defined in ITU-T Recommendation 1.432[51 and T1E1 B-ISDN
Draftl6],

(CR) If thisfield is not used, it must be set to a zero pattern before scrambling and
transmission.

3.3.2.7 Line Far End Block Error, (FEBE): Z2 bits 5-8

(O) Transmitting equipment supporting the mid-range PHY may transmit in these bits the
count of B2 errors according to the definition in ITU-T Recommendation 1.432[5 and
T1E1 B-ISDN Draftl6l,

(O) Receiving equipment supporting the mid-range PHY may process the count of B2
errors transmitted in these bits according to the states and procedures defined in ITU-T
Recommendation 1.432[5] and T1E1 B-ISDN Draftl6l,

(CR) If thisfield is not used, it must be set to a zero pattern before scrambling and
transmission.

3.3.2.8 Path Trace: J1

(O) Equipment supporting the mid-range PHY can perform facility testing by repetitively
sending the appropriate 64 byte code in the J1 POH byte as defined in ITU-T
Recommendation 1.432[5] and T1E1 B-ISDN Draftlel.

(CR) If thisfield is not used, it must be set to a zero pattern before scrambling and
transmission.
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3.3.2.9 Path Error Monitoring: B3

(R) Transmitting equipment supporting the mid-range PHY shall generate and transmit in
the B3 byte, the bit interleaved parity 8 code using even parity over the bitsin the previous
STS-1 SPE as specified in T1.105-1991(2],

(R) Receiving equipment supporting the mid-range PHY shall check the B3 byte valuein
the received STS-1 frame and process it according to the algorithm, states and procedures
in ITU-T Recommendation 1.432[5 and T1E1 B-ISDN Draftl6l,

3.3.2.10 Path Signal Label: C2

(R) Transmitting equipment supporting the mid-range PHY shall transmit in the C2 byte
the value 00010011.

(O) Receiving equipment supporting the mid-range PHY may check the C2 byte value
and if detecting a value other than the one specified above act according to the states and
procedures defined in ITU-T Recommendation 1.432[5 and T1E1 B-ISDN Draftl6l.

3.3.2.11 Path Status: G1 bits 1-5

(R) Equipment supporting the mid-range PHY shall detect the Out-of-Cell Delineation
(OCD) anomaly when the HEC coding rule is determined to be incorrect 7 consecutive
times for the incoming signal. A Loss-Of-Cell (LCD) Delineation state shall be declared
after persistence of the OCD anomaly for atime period of 4 ms, at which time the "Path
RDI" shall be generated and transmitted.

(R) Transmitting equipment supporting the mid-range PHY shall generate and transmit in
the G1 bit 5 the Path RDI, (Remote Defect Indicator), and the in bits 1-4 the count of B3
errors, (Far End Block Error, FEBE), according to the states, (B3 errors for bits 1-4 and
LOS, LOF, Line AlS, Path AlS and LOC for RDI), and procedures defined in ITU-T
Recommendation 1.432(5] and T1E1 B-ISDN Draft(6l,

(R) Receiving equipment supporting the mid-range PHY may check the G1 byte value
and if detecting Path RDI or Path FEBE, act according to the states and procedures defined
in ITU-T Recommendation 1.432(5 and T1E1 B-ISDN Draftl6l,

3.4 Frame Duration

The TC includes the transmission and reception of the 810 bytes STS-1 frame as described
in Section 3.3.1. The different rates are achieved as follows:

(R) 51.84 Mb/s: frames repeat at 125 microsecond intervals.
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(CR) 25.92 Mb/s: frames repeat at 250 microsecond intervals.
(CR) 12.96 Mb/s: frames repeat at 500 microsecond intervals.
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Annex B: An Example of Receiver Equalizer Start-Up

Start-up for a CAP receiver is an implementation issue. If the receiver's equalizer consists
of two paralldl fractionally spaced adaptive filters, the following smple procedureis
adequate.

(1) A set of initial coefficientsisloaded into the two filters.

(2) Let the equalizer converge with the slicer set to two levels on each dimension (i.e.
4-CAP).

(3) After initial convergence, the slicer is set to four levels on each dimension and
continues to converge. Correct convergence may be verified by correct delineation
of ATM cells.

(4) If correct convergence is not observed for a period of time, go to 1.
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Annex C: The Use of Alternative Cable Types

Category 5 Cable at 51.84 Mb/s

It is possible to achieve greater than 100m reach by the use of higher performance,
Category 5 cable. Thisissuperior in bothits NEXT loss and attenuation performance, and
so the attenuation to crosstalk ratio (ACR) is very much higher, which offers the prospect
of much greater reach. However, some care has to be exercised when trading attenuation
for crosstalk, and thisis outside the scope of this document.

It isstill possible to gain from the superior attenuation performance of Category 5 cable
while retaining the channel specification requirements of section 2.7.1. This should permit
amaximum reach of about 160m using alink made of Category 5 components and a
receiver having a dynamic range which does not exceed what is required for a100m
category 3 cable. Linkswith lengths substantially in excess of 160m can be achieved with
receivers having a dynamic range which is larger than the dynamic range required for a
100m Category 3 UTP cable.

The following table summarizes supportable link lengths for Category 3 and Category 5
UTP cabling.

Table C-1 SupportableLink Lengthsfor Allowable Bit Rates

Bit Rates
Cable Type 51.84 Mb/s 25.92 Mbl/s 12.96 Mb/s
Category 3 100m 170m 200m
Category 5 160m 270m 320m

Other Cable Types

There are avariety of cable typeswhich have attenuation and crosstalk characteristics that
are different than those of Category 3 which may be used to provide the copper link
function. 1SO 11801 describes cabling which may meet the requirements of the copper link
specification, and possibly provide the copper link function at lengths other than 1200m.
Link lengths using these cablesis not specified in this 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 the
following method. Let Lx(f) and La(f) be the worst case NEXT loss and
attenuation/insertion loss (in dB) at frequency for a given cabling system. At frequency f,
the NEXT loss-to-insertion loss ratio NIR(f) is defined as

28



September, 1994 AF-PHY-0018.000

NIR(f) = Lx(f) - La(f).

Thelink length that can be supported using the alternate cable system is estimated by
determining the cable length for which NIR(f) > NIFref(f) at all frequencies between 1 and
16 MHz. Thereference, NIRref(f), is determined from the link performance data for
Category 3in Annex E of EIA/TIA-568-A asfollows:

at 51.84 Mb/s determine NIRref(f) for a 100m Category 3 cable
at 25.92 Mb/s determine NIRref(f) for a 170m Category 3 cable
at 12.96 Mb/s determine NIRref(f) for a200m Category 3 cable.

For example, at the sub-rate of 25.92 Mb/s, NIRref(f) at frequenciesof 1 and 16 MHz is
30.7 and -10.5 dB, respectively.
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Annex D: Noise Environment

The noise environment consists of two primary, external contributors: induced impulse
noise from other office and building equipment and other, non-impulse background
radiation.

I mpulse Noise

The implementation of the PMD, operating over the specified cable plant, should recover
without operator intervention when subjected to 0.5 kV impulse noise (fast transient) as
described in IEC 801-4, Level 2. The implementation of the PMD should be tested using
the methods described in IEC 801-4.

Electromagnetic Susceptibility

The implementation of the PMD should operate within the specified BER during the 3 V/m
field EMC test described in IEC 801-3, Level 2. The implementation of the PMD should
be tested using methods described in IEC 801-3.
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