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The information in this publication is believed to be accurate as of its publication date.
Such information is subject to change without notice and The ATM Forum is not
responsible for any errors.  The ATM Forum does not assume any responsibility to update
or correct any information in this publication.  Notwithstanding anything to the contrary,
neither The ATM Forum nor the publisher make any representation or warranty, expressed
or implied, concerning the completeness, accuracy, or applicability of any information
contained in this publication.  No liability of any kind shall be assumed by The ATM
Forum or the publisher as a result of reliance upon any information contained in this
publication.

The receipt or any use of this document or its contents does not in any way create by
implication or otherwise:

• Any express or implied license or right to or under any ATM Forum member 
company's patent, 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 any product(s) and/or service(s) related thereto, or if such announcements
are made, that such announced product(s) and/or service(s) embody any or all of 
the ideas, technologies, or concepts contained herein; nor

• Any form of relationship between any ATM Forum member companies and the 
recipient or user of this document.

Implementation or use of specific ATM standards or recommendations and ATM Forum
specifications will be voluntary, and no company shall agree or be obliged to implement
them by virtue of participation in The ATM Forum.

The ATM Forum is a non-profit international organization accelerating industry cooperation
on ATM technology.  The ATM Forum does not, expressly or otherwise, endorse or
promote any specific products or services.

NOTE:  The user's attention is called to the possibility that implementation of the ATM
interoperability specification contained herein may require use of an invention covered by
patent rights held by ATM Forum Member companies or others.  By publication of this
ATM interoperability specification, no position is taken by  The ATM Forum with respect
to validity of any patent claims or of any patent rights related thereto or the ability to obtain
the license to use such rights.  ATM Forum Member companies agree to grant licenses
under the relevant patents they own on reasonable and nondiscriminatory terms and
conditions to applicants desiring to obtain such a license.  For additional information
contact:

The ATM Forum
Worldwide Headquarters
2570 West El Camino Real, Suite 304
Mountain View, CA 94040-1313
Tel: +1-415-949-6700
Fax: +1-415-949-6705
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1. Introduction

This document specifies the requirements for the ATM Forum E1 Physical Layer interface
operat-ing at 2048 kbit/s.

The specification shall apply to 2048 kbit/s interfaces at the public UNI, the private UNI and
private NNI.

Figure 1 shows the ITU-T Recommendations on which this specification is primarily based.

Figure 1 Physical Layer Functions for E1 ATM UNI

2. Acronyms

CRC Cyclic Redundancy Check

DIN Deutsche Industrie Norm

ETSI European Telecommunications Standards Institute

HDB3 High Density Bipolar of order 3

HEC Header Error Check IEC International Electrotechnical Commission

ISDN Integrated Services Digital Network

ISO International Organization for Standardization

ITU-T International Telecommunication Union - Telecommunication

NNI Network-Node Interface
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OAM Operation, Administration and Maintenance

PMD Physical Medium Dependent

PRC Primary Reference Clock

PRI Primary Rate Interface

RDI Remote Defect Indication

TC Transmission Convergence

UNI User Network Interface

3. Physical Medium Dependent (PMD) Sublayer

3.1 Physical Connection

A list of recommended connectors is given in Appendix A on page 13.

3.2 Electrical Characteristics

The rate, electrical characteristics, and other attributes of the E1 signal are defined in ITU-T
Recommendation G.703[1], section 6.

3.2.1 Bit rate and Line Code

(R) For receiver design purposes, the bit-rate shall be 2048 kbit/s ± 50 ppm and the bit
encoding shall be HDB3 as specified in section 6.1 of ITU-T Recommendation G.703[1].

3.2.2 Physical/Electrical Characteristics

(R) The output signal shall have the pulse characteristics, test load impedance, and jitter
specifica-tions as specified in section 6.2 of ITU-T Recommendation G.703[1].

(R) The signal presented at the input port shall be as defined above but modified by the
character-istics of the interconnecting pair such as specified in section 6.3 of ITU-T
Recommendation G.703[1] and with the jitter tolerance specified in the next section.

3.2.3 Jitter

(R) The maximum level of jitter at the network side output shall be as specified in ITU-T
Recom-mendation G.823[4].

Note: This requirement is equivalent to the requirements contained in specification ETS 300
247[19].

(R) The maximum level of jitter at the output and the jitter transfer characteristics in the loop
tim-ing clock slave mode shall be as specified for the 2048 kbit/s rate in ITU-T
Recommendation I.431[10], Section 5.4.3.

Note: This requirement fulfills also ITU-T Recommendation G.823[4].
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3.2.4 Timing Requirements

This section specifies the timing requirements for public UNI, and private UNI/NNI. The
require-ments are based on ITU-T Recommendations G.811[6] and G.812[7], and
specification ISO/IEC 11573[16].

3.2.4.1 Timing for public UNI

When used as a public UNI, the E1 interface must be synchronized to a primary reference
clock (PRC)1 .

(R) In normal synchronous operation, the transmit timing at the public UNI from the network
toward the customer shall be traceable to a PRC.

(R) In normal synchronous operation, the transmit timing at the public UNI from the
customer toward the network shall be traceable to a PRC. This can be achieved by performing
loop timing on the incoming signal (traceable to a PRC) or by synchronizing the interface to
an alternate source traceable to a PRC (see ITU-T Recommendation I.431[10], section 5.3,
for further details).

(R) In the absence of traceability to a PRC, the signal timing shall be maintained within ± 50
ppm of 2048 kbit/s.

3.2.4.2 Timing for private UNI/NNI

When used as a private UNI or NNI, the E1 interface may or may not require synchronization
to a PRC. In the case of dial-up/ISDN lines, synchronization to a PRC is required. In the case
of trans-parent lines, synchronization to a PRC is not required.

(R) When synchronization to a PRC is required, it shall be provided as described in Section
3.2.4.1 for public UNI.

(R) When synchronization to a PRC is not required, the transmit timing in both directions of
trans-mission shall be within ± 50 ppm of 2048 kbit/s as specified in G.703[1], section 6.

(R) When synchronization to a PRC is not required in the private NNI environment, one side
shall be defined as a clock master and the other side (slaved) shall be loop-timed to it.

Note: Refer to ISO/IEC 11573[16] for more details on synchronization methods and
technical requirements for Private Integrated Services Networks.

                                                
1 Note that Primary Reference Clock (PRC) is the expression used in ITU-T Recommenda-
tions [6] while Primary Reference Source (PRS) is used in ANSI standard specifications.
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4. Transmission Convergence (TC) Sublayer

4.1 Transport Specific TC Functions

4.1.1 E1 Transmission Frame Format

The E1 transmission frame structure shall be as specified in ITU-T Recommendation
G.704[2], Section 2.3 and Section 5.2.

(R) The E1 transmission frame shall consist of 32 time slots (octets), numbered 0 to 31. The
E1 frame repetition rate is 8000 Hz. Slots 0 and 16 shall be reserved for framing, OAM and
signalling functions. Slots 1 to 15, and slots 17 to 31 are available for carrying data traffic.
This is shown in Figure 2.

Figure 2 E1 Frame Structure

The following sections give the requirements for usage of time slots 0 and 16.

4.1.1.1 Time slot 0

(R) Time slot 0 shall be used for framing and OAM functions. Processing of bits number 1 to
8 in slot 0 for frames containing the frame alignment signal and for frames not containing
the frame alignment signal shall be as specified in ITU-T Recommendation G.704[2]. Figure
3 shows the structure of slot 0 over multiframes I and II.
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(R) The A bit in time slot 0 shall be used for Remote Alarm Indication (RAI). The A bit shall
be set to binary "0" for no remote alarm indication and shall be set to binary "1" for remote
alarm indication.

(R) The CRC-4 multiframe structure and procedures as defined in ITU-T Recommendation
G.704[2], Section 2.3.3 and in ITU-T Recommendation G.706[3] shall be used.

(R) The E-bits in time slot 0 shall be used as specified in ITU-T Recommendation G.704[2],
Sec-tion 2.3.3.4.

Note: The E-bits are used to report loss of CRC-4 multiframe alignment.

Note: In the short term, there may exist equipments which do not use the E-bits; in this case
the E-bits shall be set to "1" (see ITU-T Recommendation G.704[2], Section 2.3.3.4).

(R) The Sa bits shall be used as defined in ITU-T Recommendation G.704[2], section 2.3.2
Table 4a.

4.1.1.2 Time slot 16

(R) Slot 16 shall be reserved for the use of signalling as defined in ITU-T Recommendation
G.804[5], section 3.1, and ITU-T Recommendation G.704[2], section 5.2.1.



E1 Physical Interface Specification af-phy-0064.000

Page 10

4.1.2 Reframe Time

(R) The maximum average reframe time to achieve multiframe alignment shall be 8
milliseconds as specified in ITU-T Recommendation G.706[3], Section 4.2.

4.2 ATM-Specific TC Functions

4.2.1 ATM Cell Mapping

(R) The ATM cell is mapped into bits 9 to 128 and bits 137 to 256 (i.e. time slots 1 to 15 and
time slots 17 to 31) of the 2048 kbit/s frame as specified in ITU-T Recommendation
G.704[2] and as shown in Figure 4. The ATM cell octet structure shall be aligned with the
octet structure of the frame.

(R) There shall be no relationship between the beginning of an ATM cell and the beginning
of an 2048 kbit/s transmission frame.
Note: Since the frame payload capacity (30 octets) is not an integer multiple of cell length
(53 octets), ATM cells will cross the E1 frame boundary.

Figure 4 E1 Frame Structure Used to Transport ATM Cells.
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4.2.2 Cell Rate Decoupling

(R) The cell rate adaptation to the payload capacity of the E1 transmission frame (1920
kbit/s) shall be performed by the insertion of idle cells as defined in ITU-T Recommendation
I.432[11] Section 4.4. The idle cell header shall be as defined in [11], Table3/I.432.

4.2.3 Cell Header Error Check (HEC) Processing

(R) The Header Error Control (HEC) value shall be verified as specified by ITU-T
Recommenda-tion I.432[11], Section 4.3.1.

(O) When single bit HEC errors are corrected, this shall be done as specified by ITU-T
Recom-mendation I.432[11], Section 4.3.1.

(R) The Header Error Control (HEC) value shall be generated in compliance with ITU-T
Recom-mendation I.432[11], Section 4.3.2.

4.2.4 Cell Delineation and Scrambling

(R) The cell delineation function shall be performed using the HEC mechanism as defined in
ITU-T Recommendation I.432[11], Section 4.5.

(R) The ATM cell payload shall be scrambled using a self synchronizing scrambler as
defined in ITU-T Recommendation I.432[11], Section 4.5.3.
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Appendix A Recommended E1 Connectors

Although it is not a requirement, it is recommended to use one of the following connectors
for E1 interfaces.

• Balanced 120 ohm (symmetrical twisted pair):
— 8 contact connector socket specified in ISO/IEC 10173[15]
— 8 contact connector socket specified in ISO/IEC 8877[14]
— 15 contact connector socket specified in ISO 4903 [13]

• Unbalanced 75 ohms (coaxial cable):
— 1.6/5.6 coaxial type socket as defined in DIN 47295[8], Type A
— 1.0/2.3 coaxial type socket as defined in DIN 47297[9], Type A
— IEC SC46D connector
— IEC 169-8 connector [12]


