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• I. 462 Support of Packet Mode Terminal Equip
ment by an ISDN-

Refers to CCITT Recommendation X. 31, Vol
ume VIII, Fascicle VIII.2, which describes how 
X.25 packet switched terminals are supported 
on an ISDN. Specifies two different rate adap
tion techniques (HDLC or 1.461), packet-level 
handling and establishing and clearing calls. 

• 1.463 Support of Data Terminal Equipments 
(DTEs) with V-Series Type Interfaces by an 
ISDN: 

Refers to CCITT Recommendation V .110, Vol
ume VIII, Fascicle VIII. 1 , which describes how 
terminals connected to V-Series modems are 
supported on an ISDN. Specifies Layer 1 inter
face conversion, rate adaption, establishing and 
clearing calls, and data synchronization. 

• 1.464 Multiplexing, Rate Adaptation and Sup
port of Existing Interfaces for Restricted 64K-bit
per-second Transfer Capability: 

A variation on 1.460, 1.464 describes how Re
stricted 64K bps (56K bps) interfaces are sup
ported on an ISDN. The eighth bit of each octet 
is automatically set to 1 in support of existing 
networks with Restricted 64K bps channels. 

• 1.465 Support by an ISDN of Data Terminal 
Equipment with V-Series Type Interfaces with 
Provision for Statistical Multiplexing: 

Refers to CCITT Recommendation V.120? Vol
ume VIII, Fascicle VIII. 1. 

• 1.470 Relationship of Terminal Functions to 
ISDN: 

Gives direction to potential terminal functions, 
providing more detailed examples than the gen
eral functions described in 1.310. 

I.SOO-Series 
The 1.500 Series encompasses Recommendations 
for communicating between different ISDN net
works or between ISDN and dedicated networks 
(called interworking or intemetworking). They deal 
with the network aspects of interworking. 

• 1.510 Definitions and General Principles for 
ISDN Interworking: 

General principles for intemetworking within 
and among ISDNs and between ISDNs and 
other networks. 
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• 1.511 ISDN-to-ISDN Layer 1 Internetwork Inter
face: 

Defines interworking at Layer 1, including refer
ence configuration and interworking functions. 

• 1.515 Parameter Exchangefor ISDN Interwork
ing: 

Describes how different ISDNs exchange net
work parameters for intemetworking, such as 
terminal compatibility, modem type, and voice 
encoding parameters. 

• 1.520 General Arrangements for Network Inter
working between ISDNs: 

Describes general arrangements and functions 
for the ISDN-to-ISDN interface. 

• 1.530 Network Interworking between an ISDN 
and a Public Switched Telephone Network 
(PSTN): 

Describes general arrangements for interwork
ing between an ISDN and a PSTN for both 
voice and data services. 

• 1.540 General Arrangements for Interworking 
between Circuit Switched Public Data Networks 
(CSPDNs) and ISDNs for the Provision of Data 
Transmission: 

Refers to CCITT Recommendation X.321, Vol
ume VIII, Fascicle VIII.6. 

• I. 550 General Arrangements for I nterworking 
between Packet Switched Public Data Networks 
(PSPDNs) and ISDNs for the Provision of Data 
Transmission: 

Refers to CCITT Recommendation X.325, Vol
ume VIII, Fascicle VIII.6. 

• 1.560 Requirements to be Met in Providing Telex 
Service within the ISDN: 

Refers to CCITT Recommendation U.202, Vol
ume VII, Fascicle VII.2. 

I.600-Series 
The 1.600-Series encompasses general maintenance 
principles of ISDN subscriber access and sub
scriber installation. 

• 1.602 Application of Maintenance Principles to 
ISDN Subscriber Installation: 

Describes optional maintenance for a subscriber 
installation, except for mandatory physical and 
electrical interface characteristics required in 
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Figure 2. 
Schematic lheniewo/the ISDN User Inter/aces 
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TE2 is a non-ISDN subscriber terminal, connecting through the R-interface to an ISDN via a Terminal Adapter 
(TA). TEl is an ISDN terminal. Either connects over the S-Interface to NT2, the local communications control
ler (possibly a LAN or digital PBX). The T-inter/ace connects NT2 to NTI, which terminates the local loop at 
the customer premises; the loop is the U-inter/ace. LT, the loop termination, ends the local loop at the local 
switching exchange. It connects to ET, the exchange terminal (local exchange switch) through the V-interface. 

1.430 and 1.431. Associated protocols are speci
fied in CCITT Recommendation Q.940.f 

• I. 603 Application of Maintenance Principles to 
ISDN Basic Accesses: 

Describes maintenance for the network portion 
of basic access (144K bps) attached directly to a 
central office switch. Explains the concept of 
"controlled maintenance" for maintaining sub
scriber basic access. 

• I. 604 Application of Maintenance Principles to 
ISDN Primary Rate Accesses: 

Describes maintenance and troubleshooting for 
the Primary Rate interface from the network 
side, following principles from 1.603. 

• 1.605 Application of Maintenance Principles to 
Static Multiplexed ISDN Basic Accesses: 

Describes maintenance for a multiplexed basic 
rate interface, controlled by the network, includ
ing the V 4 interface. 

The User-Network Interface 
The user-network interface concept contained in 
the 1.400-Series describes a common user interface 
to an ISDN. It encompasses the functions ofsev
eral network entities (pieces of communications 
hardware); defines several standard reference 
points (interfaces between network entities); and 
specifies a number of communications channels 
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(portions of the network bandwidth), establishing a 
number of protocols for using those channels. In 
ISDN nomenclature, Network Entity names com
prise two letters and optionally include a number 
(e.g., TEl, LT, NT2); Channel names are a single 
letter from the first half ofthe alphabet, sometimes 
combined with a number (e.g., B, D, HI); and 
Standard Reference Point names are a single letter 
from the second half of the alphabet (e.g., R, S, T). 
Figure 2 is a schematic illustration of the reference 
configuration. 

Network Entities 
The physical devices that constitute the common 
user interface in the reference configuration model 
(1.411) comprise the following: 

• TE1-(Terminal Equipment-Type 1) a termi
nal device equipped with a standard ISDN 
physical interface. 

• TE2-(Terminal Equipment-Type 2) a termi
nal device equipped with a non-ISDN physical 
interface such as V.24 (RS-232-C) or X.21. 
ISDN does not support this type, which would 
require a terminal adapter (T A). 

• TA-(Terminal Adapter) an interface adapter 
for connection of one or more TE2 devices to 
the network. Equivalent to a protocol or inter
face converter. 
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Figure 3. 
ISDN Physical Configurations 
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Source: CCITT. 

• NT2-(Network Termination) a possibly intel
ligent device responsible for the user's side of 
the connection to the network, performing such 
functions as multiplexing and switching. 

• NT I-a device responsible for the carrier's side 
of the connection, performing such functions as 
signal conversion and maintenance of the loop's 
electrical characteristics. These functions are 
similar to those provided by DSU/CSUs. 

C11!191 McGraw-HiK, IndCfjKIrated. Reproduction Prohib~ed. 
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• LT -(Loop or Link Termination) the equiva
lent of NT 1 at the carrier's central switching 
office; NT 1 and L T terminate the local loop at 
their respective ends. 

• ET -(Exchange Termination) the carrier's local 
exchange switch. 

At first glance, the functions of these entities seem 
obvious; in practice, however, things are more 
complicated. Some devices, especially TEl and 
NT2, might take various forms. Others, such as 
ET, might not be single devices at all. In general, 
TE2, the non-ISDN terminal, is a present-day tele
phone, data terminal, voice/data workstation, or 
similar communicating device. TEl may be its 
ISDN-compatible equivalent or may be a terminal 
cluster controller, a multiplexer, or a very local 
branch of a local area network. In the schematic 
drawing, NT1 equals the Data Service Unit (DSU) 
and Channel Service Unit (CSU) in AT&T's cur
rent Dataphone Digital Service. NT2 will probably 
be a digital PBX or a local area network. The cen
tral office switch (ET) may be a single, digital de
vice such as AT&T's No.5 ESS (currently only a 
circuit switch) or may be a cluster of specialized 
devices for terrestrial circuit switching, satellite 
uplink, and packet switching. 

User-Network Reference Points 
The reference points specified in the CCITT refer
ence configuration model (1.411) determine bound
aries between ISDN functions; these do not, 
however, necessarily correspond to discrete inter
faces between user-premises equipment (see Figure 
3). The reference points include the following: 

• R-a reference point between a non-ISDN ter
minal (i.e., TE2) and a terminal adapter; the 
reference point between TE2 and T A. 

• S-a reference point between a terminal and 
the network; the reference point between TEl, 
or T A and NT2. 

• T -a reference point between the subscriber's 
portion of the network and the carrier's portion; 
the reference point between NT2 and NT 1. Re
quires a four-wire interface. 

• U-the carrier's local loop; the reference point 
between NTI and LT. Requires a two-wire in
terface. 
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• V-the reference points between the carrier's· 
end of the local loop and the exchange switching 
equipment; the reference point between LT and 
ET. 

The Sand T reference points are most important 
to the end user. In fact, the reference configuration 
specifies these two reference points as identical. 
Recommendation I.411 provides several possible 
examples of equipment configurations grouped 
around the R, S, and T reference points (see Figure 
4). Multiplexing and switching can occur at any 
one of several places on the user side of the T inter
face. 

A CCITT standard for the U reference point 
has been slow to develop, because Europe consid
ers it a network component proprietary to the car
riers. In Europe and Canada, the user network ends 
at the NT2 level; therefore, the CCITT never ad
dressed a U-interface standard. In the U.S., how
ever, the U interface connects user-premises 
equipment to the network at the NT 1 level. 

An ANSI line coding standard for the U
interface was adopted in 1988 for use in North 
America. Called Two Binary One Quaternary 
(2B 1 Q), it is based on a four-level signaling code 
and operates over a single wire pair. Although 
somewhat complex, the new coding standard pro
vides many advantages over previous Basic access 
arrangements, including full-duplex operation over 
two wires and extended transmission range. The 
CCITT is evaluating 2B 1 Q for use as an interna
tional ISDN standard. 

User-Network Communication Channels 
In general, the reference configuration specifies 
two types of channels: transparent and nontrans
parent. Transparent channels may carry the user's 
choice of voice or high-speed data services inde
pendently of protocol. Nontransparent channels 
have been assigned specific protocols for specific 
functions in the network. The currently specified 
channels are: 

• B-(bearer) a transparent digital channel of 
64K bps, to be used for digital, voice, or high
speed data transmission. 

• D-a nontransparent digital channel of 16K or 
64K bps, used for signaling in association with 
one or more B-channels; also to be used for te
lemetry and for low-speed, packet switched 
data. 
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4 Figure 4. 
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• H-(high speed) transparent digital channels, 
roughly equivalent to current T -carrier chan
nels, used for carrying multiplexed data, data 
and voice, or facsimile at rates of millions of 
bits per second. Although H-channels have not 
been fully defined, an HO channel will operate 
at 384K bps; an HI channel will operate at 
1535K bps (Hi1) or 1920K bps (H12), An H4 
broadband version has been proposed that 
would operate at 135M bps. 

In the preceding listing, A- and C-channels are 
missing. Originally meant to accommodate analog 
telephone connections and related signaling, these 
channels are viewed as obsolete by the CCITT and 
will not be specified in the I-Series Recommenda
tions. Nevertheless, old analog subscriber loops 
will continue to be terminated on ISDN switches 
while the network migrates to digital subscriber 
loops. 

The goal is to provide all users with some 
combination of B-channels in association with a 
single D-channel for signaling (i.e., call establish
ment, call progress monitoring, call termination, 
and enhanced telephone features). The heaviest 
users may require one or more H-channels. Two 
specific levels of service are planned: 

• A Basic Rate service providing two 64K bps 
B-channels and one 16K bps D-channel per in
terface (2B+D). The Basic Rate service would 
allow two voice connections (or one voice and 
one data connection) or two data connections 
over the B-channels along with one or more 
low-speed, low-priority packet switched data or 
telemetry exchanges over the D-channel. The 
total data rate is 192K bps, with 144K bps 
available to users. 

• A Primary Rate service providing twenty-three 
64K bps B-channels and one 64K bps D
channel (23B+D). This service is based on the 
U.S. Tl specification of 1.544M bps. The Euro
pean Primary Rate service, based on the CEPT 
specification of 2.048M bps, provides 30 B
channels and 1 D-channel (30B+D). 

The 64K bps bandwidth for the B-channel is based 
on the currently accepted bit rate necessary for 
pulse code-modulated (PCM) digital voice. Some 
technologies coming into use, such as Adaptive 
Differential Pulse-Code Modulation (ADPCM), 
allow compression of the digital voice stream into 
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Figure 5. 
The ISDN Addressing Format 

ISDN ISDN National Country 
Subadclress Subscriber Destination 

Number Code Code 

32K bps. Should such technologies become com
monplace, a single B-channel could, in theory, 
carry two voice conversations or one voice call and 
32K bps of data. 

ISDN Numbering Plan 
Another ISDN goal is the deployment of a number
ing and addressing plan, CCITT 1.331, allowing a 
graceful evolution from analog telephony. The tele
phone country codes for 1.331 were borrowed from 
CCITT Recommendation E.163; the rest of the 
numbering scheme devolves to each individual 
country. The quest for a U.S. ISDN numbering 
plan is a politically hot subject that has been stale
mated by the industry. Technical difficulties in
clude devising a uniform numbering scheme and 
transferring data calls between different types of 
networks. Bellcore is the administrator of the 
North American Numbering Plan (NANP), but the 
ISDN numbering plan must be approved by the 
ANSI TID I subcommittee. Bellcore is acting the 
role of mediator and has proposed an interim num
bering plan to cover the period ending in 1995; if 
necessary, the FCC will resolve the deadlock. 

The objective of the ISDN numbering plan is 
to identify unique physical interfaces, virtual inter
faces, and multiple interfaces at reference point T 
and point-to-point and multipoint configurations 
at reference point S. An ISDN address comprises a 
I5-digit international number plus an ISDN subad
dress of up to 32 digits (see Figure 5). 

Representatives of U.S. long-distance carriers 
formed an organization to represent their interests 
regarding an ISDN numbering plan. Called the In
terexchange Carrier Industry Committee, it allows 
interexchange carriers to discuss issues brought up 
in industry forums. 

Broadband ISDN 
Broadband ISDN (B-ISDN) is intended to provide 
communications services at bit rates much higher 
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than U.S. Tl and European CEPT transmission 
channels. Providing two aggregate bit rates of 
around 155M bps and 600M bps, B-ISDN will sup
port such applicat~ons as high-quality television, 
videoconferencing, and video telephony; high
speed facsimile, image, and graphics communica
tions; and broadband data communications. ISDN 
planners are now devising broadband networks 
with subscriber interfaces that make use of H2 
(32.768M and 44.16M bps), H3 (60M to 70M bps), 
and H4 (132.48M to 138.24M bps) channels. 

Although a general B-ISDN framework and 
principles were established in the last study period, 
comprehensive B-ISDN specifications will not be 
completed until the middle or end of the 1989 to 
1992 study period-and possibly not until later. 
The CCITT's Study Group XVII is preparing 13 
B-ISDN Draft Recommendations and has made 
their swift completion a priority. 

Although originally mired in controversy,B
ISDN's direction has been resolved and is moving 
in parallel with efforts on Synchronous Optical 
Network (SONET) standards. Developed by Bell 
Communications Research (Bellcore) in the U.S., 
SONET was conceived as an evolutionary step in 
developing all-digital public networks using fiber 
optic backbones. It is a carrier technology support
ing bit rates from 51M bps to 82.5G bps. SONET 
standardizes fiber interfaces and will reduce carrier 
costs, simplify carrier and user connections, and 
stimulate broadband service offerings. 

Although they address different markets, 
SONET and B-ISDN are complementary concepts 
and share similar techniques and principles at the 
lower OSI layers. Perhaps the most important is a 
switching/multiplexing technique called asynchro
nous transfer mode (ATM) (see Figure 6). In ATM, 
user information is organized into blocks of a pre
defined length. Each block is appended with a 
header, forming a cell. Associating cells with user 
calls or channels at the opposite end of transmis
sion is directed by information in the cell header. 
Cells need not be placed in any particular order, or 
synchronized, in theSONET bit stream; hence the 
use of the term "asynchronous." 

A TM is radically different from the conven
tional synchronous transfer mode (STM) used by 
carriers today, which organizes information frames 
by predefined time slots, using time-division multi
plexing and switching. ATM has several advan
tages over STM, including more efficient 
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bandwidth utilization; eventually, most public tele
communications networks will conform to ATM. 
An A TM standard is not expected until 1991 or 
1992; therefore, broadband services based on cell 
relay techniques will probably not be available un
til the late '90s. B-ISDN and SONET trials are 
scheduled in the interim but will probably use 
frame relay, an access method for fast-packet net
works using variable-length information blocks. 
Experts expect that frame relay will be upwardly 
compatible with future cell relay techniques .. 

Common Channel Signaling 
In telephony, signaling is the process of establish
ing, maintaining, accounting for, and terminating a 
connection between two endpoints. Most tele
phone users are familiar with certain forms of sig
naling, namely the basic means of establishing 
calls-pulse dialing and dual-tone multifrequency 
(DTMF, better known by the AT&T trademark 
"Touch-tone"). Both of these signaling techniques 
are transmitted in-band, along the same channel as 
the voice conversation (or data session). In-band 
signaling generates tremendous overhead for the 
carrier, since all signaling information must be car
ried end to end and since signaling uses up part of 
the channel that otherwise could carry part of the 
actual exchange between users. On heavily multi
plexed channels, such as those on trunks between 

Figure 6. 
B-ISDN Protocol Model/or ATM 
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Source: CCITT. 
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switching offices, overhead multiplies, causing in
efficient use of large portions of the network. 

With common channel signaling, all signaling 
information is carried out of band on a special digi
tal signaling channel. This can be a relatively low
bandwidth channel, since digital signaling uses 
bandwidth many times more efficiently than the 
analog signaling methods previously mentioned. It 
also allows for quicker establishment and routing 
of calls, since the call establishment and routing 
information is sent ahead over a less crowded 
channel. 

The bit rate of the D-channel in the reference 
ISDN interfaces relative to that of the collected 
B-channels is a good example of the efficiency of 
out-of-band, digital signaling. In the Basic Rate 
specification, the D-channel occupies one eighth 
the combined bandwidth of the two B-channels. In 
the U.S. version of the Primary Rate specification, 
the D-channel uses the same bandwidth as 1 of the 
23 B-channels. Even with these efficiencies, only a 
small fraction of the D-channel bandwidth will be 
used for signaling. The leftover bandwidth may be 
used for applications such as telemetry, videotex, 
or packet switched data. 

Common Channel Signaling System 
Number 7 
Communicating between different ISDN networks 
hinges on carriers' implementing the CCITT's 
Common Channel Signaling System Number 7 
(CCSS7), an out-of-band signaling protocol de
signed for high-speed backbone networks. CCSS7's 
end-to-end signaling capabilities provide a reliable 
and flexible communications medium for passing 
routing information between switches and routing 
centers. 

To implement CCSS7, carriers must build a 
separate signaling network parallel to the 
information-carrying network, using special signal
ing switches. In the U.S., ANSI's TIXI subcom
mittee is the standards group responsible for the 
ISDN User Part ofCCSS7 (as well as for 64K bps 
clear-channel capability) and is working with TIDI 
on coordinating CCSS7 and D-channel call estab
lishment procedures. 

Although not specifically developed for 
ISDN, CCSS7 is a natural fit for ISDN switch-to
switch signaling requirements. ISDN deployment 
is predicated on the ubiquitous availability of 
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CCSS7 facilities; using CCSS7 in a digital environ
ment, the telephone companies can also provide 
other new intelligent services. All of the major in
terexchange carriers have deployed or nearly de
ployed CCSS 7. Most of the BOCs and larger 
independent LECs are also converting to CCSS7, 
although it will take them longer to do so. 

CCSS7 uses packet switching to transmit sig
naling information and comprises two parts. The 
Message Transfer Part (MTP) provides communi
cation between intelligent network nodes for call 
establishment, disconnection, supervision, and 
billing. The User Part accommodates user-defined 
requirements for intelligent services; it uses the 
MTP to relay these user signals. The User Part 
deals with the content and coding of the signaling 
messages. CCSS7 User Parts correspond to the OSI 
Model higher layers, although CCSS7 does not yet 
follow the clean segmentation in the upper four 
layers suggested by the OSI model. 

CCSS7's structure is generally based on the 
OSI Reference Model. CCSS7 is composed of pro
tocol specifications for the first three layers of the 
OSI model, a small number of functions at Layers 
4 through 7, as well as several functions above 
Layer 7 (the true application level, particularly for 
interworking with computerized Operations Sys
tems that monitor the telephone plant and collect 
telemetry data-systems also used to design, engi
neer, provision, and maintain the plant). 

Layer 1 specifies the physical, electrical, and 
functional characteristics of a signaling link (type 
A, B, or C). It pertains, for example, to the plug 
characteristics for a DSU/CSU, to voltages re
quired to identify a bit, and so on. 

Layer 2 defines the functions and procedures 
for transferring signaling messages between two 
physical nodes over a link in an error-free and reli
able manner, pertaining to message blocking and 
retransmissions. Messages are transmitted using 
signal units patterned after the CCITT's High
Level Data Link Control (HDLC) protocol. 

Layer 3 defines networking (transport) func
tions common to all individual links in the end-to
end circuit. It provides the means to multiplex 
several logical links on a single physical link. In the 
signaling environment, this implies the capability 
to carry control information about several calls on 
one channel call. CCITT Q. 70 1 to Q.707 specify 
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the MTP, which comprises all three layers. The 
MTP provides a service similar, but not identical, 
to an X.25 network. 

The OSI model specifies four other layers, 
which are, in ascending order, Transport, Session, 
Presentation, and Application Support. CCSS7 
ISDN User Part corresponds to these higher layers, 
although the clean segmentation suggested by the 
OSI model is not followed in the upper four layers. 
When CCSS7 was being developed, the higher OSI 
layers were not yet fully defined (they are now); 
thus, there is an ongoing effort to migrate CCSS7 
protocols to the OSI model. 

Currently there are three versions of CCSS7: 

• The true CCITT recommendation formulated 
in 1980 and 1984 and codified in the standards 
Q.701 to Q.741. 
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• The AT&T Communications and Telecom Can
ada specification of the CCITT protocols, 
worked out in 1985. 

• The American National Standards Institute 
(ANSI) TIXI Working Group specification of 
the CCITT protocols, worked out in 1986. 

The last two systems are based on the first, with 
additional specifications on the options incorpo
rated by CCITT for national use. International 
communications using CCSS7 is becoming a real
ity; yet, national networks will differ in their par
ticular domestic interpretation of some of the 
protocol fields. CCSS7 will be the primary signal
ing method between an ISDN and public switched 
telephone networks (PSTNs), other ISDNs, value
added networks (VANs), and private networks .• 

SEPTEMBER 1990 




