
INTERNATIONAL  TELECOMMUNICATION  UNION

ITU-T I.414
TELECOMMUNICATION
STANDARDIZATION  SECTOR
OF  ITU

(09/97)

SERIES I: INTEGRATED SERVICES DIGITAL
NETWORK

ISDN user-network interfaces

Overview of Recommendations on Layer 1 for
ISDN and B-ISDN customer accesses

ITU-T  Recommendation  I.414
(Previously  CCITT  Recommendation)



ITU-T  I-SERIES  RECOMMENDATIONS

INTEGRATED SERVICES DIGITAL NETWORK

For further details, please refer to ITU-T List of Recommendations.

GENERAL STRUCTURE I.100–I.199

Terminology I.110–I.119

Description of ISDNs I.120–I.129

General modelling methods I.130–I.139

Telecommunication network and service attributes I.140–I.149

General description of asynchronous transfer mode I.150–I.199

SERVICE CAPABILITIES I.200–I.299

Scope I.200–I.209

General aspects of services in ISDN I.210–I.219

Common aspects of services in the ISDN I.220–I.229

Bearer services supported by an ISDN I.230–I.239

Teleservices supported by an ISDN I.240–I.249

Supplementary services in ISDN I.250–I.299

OVERALL NETWORK ASPECTS AND FUNCTIONS I.300–I.399

Network functional principles I.310–I.319

Reference models I.320–I.329

Numbering, addressing and routing I.330–I.339

Connection types I.340–I.349

Performance objectives I.350–I.359

Protocol layer requirements I.360–I.369

General network requirements and functions I.370–I.399

ISDN USER-NETWORK INTERFACES I.400–I.499

Application of I-series Recommendations to ISDN user-network interfaces I.420–I.429

Layer 1 Recommendations I.430–I.439

Layer 2 Recommendations I.440–I.449

Layer 3 Recommendations I.450–I.459

Multiplexing, rate adaption and support of existing interfaces I.460–I.469

Aspects of ISDN affecting terminal requirements I.470–I.499

INTERNETWORK INTERFACES I.500–I.599

MAINTENANCE PRINCIPLES I.600–I.699

B-ISDN EQUIPMENT ASPECTS I.700–I.799

ATM equipment I.730–I.749

Management of ATM equipment I.750–I.799



Recommendation I.414     (09/97) i

ITU-T  RECOMMENDATION  I.414

OVERVIEW  OF  RECOMMENDATIONS  ON  LAYER  1
FOR  ISDN  AND  B-ISDN  CUSTOMER  ACCESSES

Summary

This Recommendation describes the configurations of ISDN and B-ISDN customer accesses, and lists the relevant
reference points for the access network interfaces. This Recommendation gives an overview of the relevants
Recommendations mainly on Layer 1 aspect for ISDN and B-ISDN customer accesses.

Source

ITU-T Recommendation I.414 was prepared by ITU-T Study Group 13 (1997-2000) and was approved under the WTSC
Resolution No. 1 procedure on the 19th of September 1997.
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FOREWORD

ITU (International Telecommunication Union) is the United Nations Specialized Agency in the field of telecommuni-
cations. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of the ITU. The ITU-T is
responsible for studying technical, operating and tariff questions and issuing Recommendations on them with a view to
standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, establishes the
topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

The approval of Recommendations by the Members of the ITU-T is covered by the procedure laid down in WTSC
Resolution No. 1.

In some areas of information technology which fall within ITU-T’s purview, the necessary standards are prepared on a
collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a telecommunication
administration and a recognized operating agency.

INTELLECTUAL  PROPERTY  RIGHTS

The ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve the
use of a claimed Intellectual Property Right. The ITU takes no position concerning the evidence, validity or applicability
of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of the Recommendation
development process.

As of the date of approval of this Recommendation, the ITU had not received notice of intellectual property, protected by
patents, which may be required to implement this Recommendation. However, implementors are cautioned that this may
not represent the latest information and are therefore strongly urged to consult the TSB patent database.

  ITU  1998

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation I.414
Recommendation I.414     (09/97)

OVERVIEW  OF  RECOMMENDATIONS  ON  LAYER  1
FOR  ISDN  AND  B-ISDN  CUSTOMER  ACCESSES

(Geneva, 1997)

1 Scope

This Recommendation describes the configurations of ISDN and B-ISDN customer accesses, and lists the relevant
reference points for the access network interfaces. This Recommendation gives an overview of the relevant
Recommendations mainly on Layer 1 aspect for ISDN and B-ISDN customer accesses.

2 References

The following ITU-T Recommendations and other references contain provisions which, through reference in this text,
constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All
Recommendations and other references are subject to revision; all users of this Recommendation are therefore
encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references
listed below. A list of the currently valid ITU-T Recommendations is regularly published.

– ITU-T Recommendation G.701 (1993), Vocabulary of digital transmission and multiplexing, and Pulse Code
Modulation (PCM) terms.

– ITU-T Recommendation G.704 (1995), Synchronous frame structures used at 1544, 6312, 2048, 8488 and
44 736 kbit/s hierarchical levels.

– ITU-T Recommendation G.707 (1996), Network node interface for the Synchronous Digital Hierarchy (SDH) .

– ITU-T Recommendation G.784 (1994), Synchronous Digital Hierarchy (SDH) management .

– ITU-T Recommendation G.804 (1993), ATM cell mapping into Plesiochronous Digital Hierarchy (PDH) .

– ITU-T Recommendation G.902 (1995), Framework Recommendation on functional access networks – Architecture,
and functions, access types management and service node aspects.

– ITU-T Recommendation G.960 (1993), Access digital section for ISDN basic rate access.

– ITU-T Recommendation G.961 (1993), Digital transmission system on metallic local lines for ISDN basic rate
access.

– ITU-T Recommendation G.962 (1993), Access digital section for ISDN primary rate at 2048 kbit/s .

– ITU-T Recommendation G.963 (1993), Access digital section for ISDN primary rate at 1544 kbit/s .

– ITU-T Recommendation G.964 (1994), V-interfaces at the digital Local Exchange (LE) – V5.1-interface (based on
2048 kbit/s) for the support of Access Network (AN).

– ITU-T Recommendation G.965 (1995), V-interfaces at the digital Local Exchange (LE) – V5.2-interface (based on
2048 kbit/s) for the support of Access Network (AN).

– ITU-T Recommendation I.112 (1993), Vocabulary of terms for ISDNs.

– ITU-T Recommendation I.113 (1997), Vocabulary of terms for broadband aspects of ISDN .

– ITU-T Recommendation I.411 (1993), ISDN user-network interfaces – Reference configurations.

– ITU-T Recommendation I.413 (1993), B-ISDN user-network interface.

– ITU-T Recommendation I.430 (1995), Basic user-network interface – Layer 1 specification.

– ITU-T Recommendation I.431 (1993), Primary rate user-network interface – Layer 1 specification.
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– ITU-T Recommendation I.432.1 (1996), B-ISDN user-network interface – Physical layer specifiction: general
characteristics.

– ITU-T Recommendation I.432.2 (1996), B-ISDN user-network interface – Physical layer specification:
155 520 kbit/s and 622 080 kbit/s operation.

– ITU-T Recommendation I.432.3 (1996), B-ISDN user-network interface – Physical layer specification: 1544 kbit/s
and 2048 kbit/s operation.

– ITU-T Recommendation I.432.4 (1996), B-ISDN user-network interface – Physical layer specification:
51 840 kbit/s operation.

– ITU-T Recommendation I.432.5 (1997), B-ISDN user-network interface – Physical layer specification:
25 600 kbit/s operation.

– CCITT Recommendation I.601 (1988), General maintenance principles of ISDN subscriber access and subscriber
installation.

– ITU-T Recommendation I.610 (1995), B-ISDN operation and maintenance principles and functions .

– ITU-T Recommendation I.731 (1996), Types and general characteristics of ATM equipment .

– ITU-T Recommendation I.732 (1996), Functional characteristics of ATM equipment .

– CCITT Recommendation M.3602 (1992), Application of maintenance principles to ISDN subscriber installations .

– CCITT Recommendation M.3603 (1992), Application of maintenance principles to ISDN basic rate access .

– CCITT Recommendation M.3604 (1992), Application of maintenance principles to ISDN primary rate access .

NOTE – Recommendations M.3602 to M.3604 were formerly numbered as Recommendations I.602 to I.604, respectively.

– ITU-T Recommendation Q.512 (1995), Digital exchange interfaces for subscriber access.

3 Abbreviations and definitions

3.1 Abbreviations

This Recommendation uses the following abbreviations:

ATM Asynchronous Transfer Mode

ET Exchange Termination

NT Network Termination

PDH Plesiochronous Digital Hierarchy

PMD Physical Media Dependent

SNI Service Node Interface

SDH Synchronous Digital Hierarchy

TE Terminal Equipment

TC Transmission Convergence

UNI User Network Interface

VC Virtual Channel

VCC Virtual Channel Connection

VP Virtual Path

3.2 Definitions

Definitions of terms and abbreviations for ISDN customer access used in this Recommendation and the listed
Recommendations are defined in the Recommendations I.112 and G.701.
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Definitions of terms and abbreviations for B-ISDN customer access used in this Recommendation and the listed
Recommendations are defined in Recommendation I.113.

3.2.1 B-ISDN Layer 1: The functions of the Physical Layers of the B-ISDN Protocol Reference Model as defined in
Recommendation I.321, which includes the PMD (Physical Media Dependent) and TC (Transmission Convergence)
sublayers only.

4 ISDN customer access

Figure 1 shows an overview of access arrangements and gives the relevant Recommendations on layer 1 for ISDN
customer access. Relevant Recommendations are given in Tables 1-1 and 1-2. Requirements for V-reference points are
defined in Recommendation Q.512.

The access arrangements shown in Figure 1 are not intended to be either exhaustive or mandatory. Other
Recommendations also affecting Layer 1 aspects (e.g. protection against overvoltages, electric safety requirements, etc.)
are referred to in some Layer 1 Recommendations at the appropriate place.

5 B-ISDN customer access

Figure 2 shows an overview of access arrangements and gives the relevant Recommendations mainly for B-ISDN
customer access. Relevant Recommendations and their status are given in Tables 2-1 and 2-2.

The access arrangements shown in Figure 2 are not intended to be either exhaustive or mandatory. Other
Recommendations also affecting Layer 1 aspects are referred to at the appropriate clauses of these Recommendations.

The following types of broadband access arrangements have been identified:

a) Direct access arrangements

In a direct access arrangement the UNI is connected to the ET function in the SN through its individual broadband access
digital section which is using a transmission system. There is functionally an individual VB1 reference point between the
ET function and the broadband access digital section for any individual customer.

Two applications are contained in the direct access arrangement:

1) the homogeneous case where the transport capacity at the UNI is identical to the transmission system used in
the broadband access digital section;

2) the non-homogeneous case where a transmission system with lower transport capacity is used other than at the
UNI.

The additional requirements for case 2) are defined in an annex to Recommendation G.96x.

This case is illustrated at the top part of Figure 2.

b) Remote access arrangements with ATM multiplexing/cross connecting in the access network

In this remote access arrangement, the UNI is connected to the ET function in the SN through an access network which
performs multiplexing/cross connecting functions at the VP and/or VC layer under control of the access network
management. The access network may include broadband access digital sections, further digital sections, and
multiplexing/cross connecting functions at the transmission layer (e.g. SDH).

This case is illustrated as the second type in Figure 2.

c) Remote access arrangements with additional on-demand allocation of VCCs in the access network

As for the remote access arrangement described in case b), the UNI is connected to the ET function in the SN through an
access network. In addition to the functions described for case b), this type of broadband access arrangement includes
on-demand VC connection allocation functions in the access network under control of the service node.

This case is illustrated at the bottom part of Figure 2.
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Other remote access arrangements and relevant VB reference points may be defined later if required for specific
broadband network design and interface specifications.
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Figure 1/I.414 –  Overview of Recommendations on Layer 1 for ISDN customer access

FIGURE 1/I.414...[D01] = 3 CM
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Table 1-1/I.414 – Recommendations related to Layer 1 of ISDN UNI
and direct customer access

Table 1-2/I.414 – Recommendations related to access networks
(remote customer access)

Access type

User network
interface

Access digital
section (media
independent)

Digital transmission system
(media dependent)

Maintenance
principles

Medium Recommendation Medium Recommendation

Basic rate
access

Metallic
pair

I.430 G.960 Metallic
pair

G.961 M.3603

Primary
rate access

Metallic
pair

I.431 G.962
G.963

(Note) M.3604

NOTE – Not yet defined.

Access types V reference point SNI
Recommendation Bearer handling Architecture

Recommendation

Basic rate
access

V5.1 G.964
(Note 1)

Multiplexing

V5.2 G.965
(Note 1)

Concentration

G.902

Primary
rate access

V3 G.962
(Note 1)

G.963
(Note 2)

Transparent transport

V5.2 G.965
(Note 1)

Concentration

Recommendations G.964 and G.965 support PSTN access types as well.

NOTE 1 – Using 2 Mbit/s interfaces.

NOTE 2 – Using 1.5 Mbit/s interfaces.
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Figure 2/I.414 – Overview of Recommendations for B-ISDN customer access
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Table 2-1/I.414 – Recommendations related to Layer 1 of B-ISDN UNI
and direct customer access

Table 2-2/I.414 – Recommendations related to B-ISDN access networks

Appendix I

Examples of access network implementation and the related basic
requirements on VB interfaces

I.1 Introduction

This Appendix provides examples of access network implementation and the related basic requirements on VB interfaces.
The examples are not intended to be either exhaustive or mandatory. Under the open networking concept, a study of
standard Service Node Interface, SNI (VB5), specifications is one of the important issues to allow us to have flexible and
service integrated B-ISDN access networks.

User network interface
Access digital
section (media
independent)

Digital transmission
system (media dependent)

Maintenance
principles

Medium Recommendation Recommendation Medium Recommendation

TB SB

Twisted pair
cable

I.432.3 I.432.3
I.432.4
I.432.5

(G.96x) (Note) None
I.610 (ATM)

Coaxial cable I.432.2
I.432.3

I.432.2
I.432.3

G.784 (SDH)

Optical fibre I.432.2 I.432.2

NOTE – Under study.

Access
configuration

V reference
point

SNI
Recommendation Bearer handling Architecture

Recommendation

Direct access VB1 (Note 2) B-ISDN access digital section
G.96x (Note 1)

Remote access VB5.1
(Note 3)

G.VB51
(Note 1)

Remote access with VP and/or
VC multiplexing/
crossconnecting under the access
network management (Note 1)

G.902

VB5.2
(Note 3)

G.VB52
(Note 1)

Remote access with additional
on-demand connection allocation
of VCCs under Service Node
control (Note 1)

NOTE 1 – Under study.

NOTE 2 – Interface specification at this reference point is not considered at present.

NOTE 3 – PSTN and narrow-band ISDN access may be supported through this interface by use of direct ATM circuit emulation or
by V5.1 and/or V5.2 interface with ATM circuit emulation in the access network.
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I.2 Examples of access network implementation and the related basic requirements

I.2.1 Access network architecture

Figure I.1 shows the role of the access network in the overall network architecture. ATM-PON (Passive Optical Network)
is shown as an example of the optical access systems. The access network assures a link between a final user and one of
four main kinds of service nodes for such as PSTN/ISDN services, B-ISDN services, and non-ATM based networks (e.g.
for digital video delivery service and IP-based Internet-like service). The four types of network services are logically
separated, but can be supported by the same transport layer in the access network. A minimum set of standard SNIs
should be specified between the service integrated access network and each service node.

T1309540-97/d03

User

UNI

SNI

ATM-PON

ONU OLT

PSTN/ISDN SN

B-ISDN SN

Non-ATM based SN
(e.g. Video Server)

Non-ATM based SN
(e.g. IP Router)

Figure I.1/I.414 – Basic network model

FIGURE I.1/I.414...[D03] = 3 CM

Figure I.2 shows an access network system architecture based on Recommendation G.902 that is capable of supporting
various services such as PSTN, ISDN, VOD (Video-On-Demand) and ATM (PVC, SVC). The access network function
consists of four functions, the transport function, the core function, the user port function and the service port function.

1) Transport function

– Line transmission

– Multiplexing

– Crossconnect

2) User port function

– UNI line termination

– A/D conversion

– Network termination

3) Service port function

– SNI line termination

4) Core function

– Concentration

– Circuit emulation

– Channel selection

The transport function is independent of services, and the three others are dependent of services. These functions are
equipped in ONU (Optical Network Unit) and OLT (Optical Line Termination) as illustrated in Figure I.2.



Recommendation I.414     (09/97) 9

Q3

T1309550-97/d04

SNIUNI

Access OpS

MUX XC

ONU

User  
port 

function

L
T

L
T

SNI

OLT
M
U
X

M
U
X

Service Node C

Service Node B

Service Node A

Transmission network

Service
port

function

Core 
function

Core 
function

Service Node Interface dependent

Access Network

Service independent (Transport function)

Figure I.2/I.414 – Access network system architecture based on Recommendation G.902

FIGURE I.2/I.414...[D04] = 3 CM

I.2.2 Service specific functions

Figure I.3 shows the layered structure of an access network based on Recommendation G.902. This can be elaborated
according to the services actually provided. Figures I.4, I.5, I.6, I.7 and I.8 show examples of protocol stacks and
functional blocks for an access system, each corresponding to a different service such as IP routing, SVC, VOD, switched
video and PSTN/ISDN. To identify the interface requirements for the UNI and the SNI, the required signalling or control
channels should be clarified.
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TE SN
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Figure I.3/I.414 – Layered structure of an access network based on Recommendation G.902

FIGURE I.3/I.414...[D05] = 3 CM
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A case of IP routing service is shown in Figure I.4. Two types of ONU are depicted to support Internet service access to
carry IP data over ATM. One has IP filtering function to provide the IP access over the Ethernet interface directly. The
other ONU directly accommodates the ATM interface defined by I.432-Series Recommendations. The ATM signalling
among IP router, OLT, ONU and TE will not be needed to provide the IP access to the IP router, if permanent ATM
VP/VC connections carry IP signals. Necessary control will be made in a higher layer. As an example of the economical
Internet access provision, EPD (Early Packet Discarding)-based multiplexing can be adopted to increase multiplexing
efficiency to the IP router (Service node). The EPD can be implemented at the ATM layer in the access node independent
of the service node management, which discards all ATM cells in the IP packet when an ATM cell in one IP packet is
lost. An ATM-based SNI like VB5.1 should be specified.
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Figure I.4/I.414 – Example for functional architecture of protocol stack 
and functional block diagram (IP Routing)

802.3

IP
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A case of ATM-SVC service is shown in Figure I.5. The VC concentration function that improves VB interface efficiency
is controlled through BCC (Bearer Control Channel) in the VB interface by the ATM switch on-demand basis. The
Q.2931 protocol, which is used as signalling between a terminal and the ATM switch, is not terminated in access
networks. The VC concentration function is usually associated with the UPC function to regulate the activated VC traffic.
An ATM-based SNI like VB5.2 with remote concentration in the access network will be used.
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Figure I.5/I.414 – Example for functional architecture of protocol stack 
and functional block diagram (SVC)

FIGURE I.5/I.414...[D07] = 3 CM

A case of VOD service case is shown in Figure I.6. No specific function dedicated to this service is required in access
networks. To manage digital video resources in the server, server control signalling (e.g. UDP/IP/AAL5/ATM) will be
adopted between a TE (e.g. Set Top Box) and the VOD server (Service node) and is not terminated in access networks. It
will be cost-effective to use IP routing network mentioned above for transporting this signal. The ATM connection to
carry the signalling channel is semi-permanently provided by provisioning basis. An ATM-based SNI like VB5.1 should
be specified.

A case of switched video service is shown in Figure I.7. Digital video channel is selected at the channel selector in OLT
using a channel-selecting protocol according to a customer request. The control signal for channel selection is exchanged
between STU (Set-Top-Unit) in customer premises and the video channel selector in the OLT. In case of pay per view,
the signalling is needed between the STU and the Service Node, that is the headend. In this case, the video channel
selector might be controlled by the Service Node to restrict some customers to select specific channels. ATM-based SNIs
like VB5.1 should be specified.

A case of PSTN/ISDN service is shown in Figure I.8. CLAD (Cell Assembly and Disassembly) function is required to
convert the transfer mode for information between STM and ATM. This function is usually in ONU as well as OLT.
There can be a case the concentration function for POTS/ISDN channels is included in the access network, although the
figure does not show this case. The existing T and V interfaces are supported transparently over the ATM access
networks to the existing service nodes.
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I.2.3 Possible access system architecture example

ONU and OLT will equip various interfaces and functions depending on a providing service. However, a service actually
provided will be changed depending on a service introduction planning and a schedule of a carrier. Therefore, user port
function, core function and service port function which are dependent of service can be equipped in ONU and OLT as an
optional function according to the carrier’s request. On the other hand, the transport function which is independent of
service will be a common platform of access network.

An example of an access system architecture is shown in Figure I.9.

I.3 Specific interfaces for UNI and SNI

The following examples of UNIs and SNIs will be required to be equipped with ONU and OLT. It is proposed that two
types of VB interfaces should be defined. One is VB5.1 for the remote access network with VP/VC multiplexing and
crossconnection under the access network management. The other is VB5.2 for the remote access network with
on-demand connection allocation control via VB5.2 under the service node management. See Table I.1.

I.4 Performance parameters

Performance parameters for an ATM-based access network will be bandwidth, access transmission delay, access delay,
response time and cell discard ratio. A specification of this performance is varied depending on services. The specific
parameters require further study.

Table I.1/I.414 – Examples of specific interfaces for UNI and SNI

Service UNI SNI

IP routing Ethernet (e.g. IEEE802.3), 25 Mbit/s (Rec. I.432.5) VB5.1

ATM switched VC 25 Mbit/s (Rec. I.432.5), 155 Mbit/s (Rec. I.432.2) VB5.1, VB5.2

Video-on-Demand 25 Mbit/s (Rec. I.432.5), 155 Mbit/s (Rec. I.432.2) VB5.1

Switched video broadcasting 25 Mbit/s (Rec. I.432.5), 155 Mbit/s (Rec. I.432.2) VB5.1

ISDN 64 kbit/s (Rec. I.430), 1.5/2 Mbit/s (Rec. I.431) V5, etc.
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