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1.0 INTRODUCTION 

The primary objective of this paper is to review the current 
status and future direction of ISDN standards/specifications 
emerging from the CCITT, .and identify the nature and scope of 
traffic engineering and network design related ar.tivity that 
will be required as the ISDN proceeds towards full deployment 
to support current and future services defined by the CCITT. 

ISDN is characterized by integrated access for a variety of 
telecommunication services through ·a small set of standardized 
user-network interfaces, end-to-end digital connectivity and end
to-end out of band signalling and call control. These characteris
tics represent a significant departure from the current dedicated 
networks, and the traffic engineering and network design pro
cedures used for these dedicated networks may have only limited 
application for ISDNs. The major points of departure being: 

o radically different call setup and control procedures in ISDN; 

o heterogenous traffic demand profiles and divergent performance 
requirements resulting from the wide variety of network 
services to be supported by ISDN; and 

o universal requirement that ISDN fully interwork with -the 
existing dedicated networks. 

A structured approach will ensure that all major ISDN traffic 
engineering tasks are identified and addressed taking due 
account of their cross-impacts. 

2. ISDN STANDARDS ACTIVITY IN CCITT 

As indicated in Figure 1, Study Group XVIII is the focal point 
of ISDN standards activity in CCITT. Besides ensuring that 
the necessary standards and specifications are in place for 
rapid introduction of ISDN, Study Group XVIII is also providing 
the leadership and direction for coordinated and graceful 
evolution towards such services as Additional Packet Mode (APM) 
and Broadband ISDN. The APM services currently include: Frame 
Relay, Frame Switching and X.25-based additional packet mode. 
Whereas Study Group XVIII has the overall mandate to drive the 
ISDN standards in CCITT, as shown in Figure 1, it works closely 
with other Study Groups on specialized areas. 
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Study Group XVIII: Digital Networks including ISDN 
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Figure 1: ISDN-related activity in CCITT (of potential interest to ITC participants) 

Study Group 11 is developing a series of Recommendations 
on traffic engineering of ISDN. It is also responsible for 
Recommendations on Numbering, Numbering Plan Interworking and 
Routing for the ISDN era. Similarly SG XI is responsible for 
all Recommendations on ISDN access and network protocols, which 
will impact ISDN traffic performance related to call setup and 
release. SG XI is also responsible for establishing benchmark 
traffic performance standards for ISDN exchanges. 

3. FRAMEWORK FOR ISDN TRAFFIC ENGINEERING TASKS 

The major traffic-related tasks for ISDN that need to be addressed 
are shown in Figure 2. The traffic functions fall into four major 
categories. 

3.1 Traffic Load Characterization: 

In the Public Switched Telephone Network (PSTN), the traffic load 
is generally assumed homogenous and specified in terms of erlangs/ 
line or erlangs/circuit. Similarly for Public Switched Packet Data 
Networks (PSPDN), the traffic load on a given channel is estimated 
using the number of packets/sec and the average packet length. 
Further, due to the inband signaling implied in these networks, 
no special attention need be paid to the signaling load. However, 
in the case of ISDN, each ISDN line (basic access at the SIT 
interface) will support a set of diverse services representing 
a wide range of traffic loads for the Band D channels. Additional 
factors that will influence the load characterization process 
for ISDN include: 

o multiple, multi-service terminals per ISDN line: 
o peakedness and non-stationarity of traffic streams; 
o supplementary services: and 
o end-to-end services like user to user information and other 

applications. 
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Figure 2: Major traffic engineering related tasks for ISDN. 

3.2 Grade of Service Specification: 

Choice of suitable traffic grade of service parameters and their 
target values for ISDN poses some special problems. The reason being 
the multi-service nature of ISDN, the layered approach for end to end 
communication, and impact of supplementary and network services. 

A simple example of this conceptual difficulty is provided by 
trying to define 'blocking' in the presence of automatic call 
reattempts, call completion to busy subscriber, and other 
supplementary services that may lead to alternate call disposition. 

Since the major application of traffic grade of service parameters 
is for dimensioning the network and network components, the objective 
of GOS specification should be to harmonize and consolidate traffic 
performance of different services into a common set of network 
performance parameters. This will simplify dimensioning procedures 
and economies in network implementation and operation for ISDN. 

3.3 Performance and Capacity Modeling 

To facilitate implementation of ISDN, traffic dimensioning and 
capacity models will be required for local and transit exchanges, 
access and inter-exchange signaling channels, and the information 
(or trunking) network. The initial impact of current ISDN archi
tecture and protocols will be most pronounced for traffic model
ing of local ISDN exchanges and the signaling network. Since the 
access and network protocols are now well defined for basic call 
setup, modeling activity in this area is already in progress [1], 
[2]. An overview of some useful traffic modeling techniques and 
their potential application in the ISDN are provided in [3]. 
Increased protocol complexity, integration of different services 
and mixes of different supplementary services with each call in 
ISDN will translate into significant additional processing load 
on the ISDN network components, and also into more complex traffic 
modeling requirements. Because a large number of subscribers with 
diverse services will be supported by the same local exchange, 
their overload behaviour and congestion control strategies 
will need to be modeled and developed with more accuracy and care. 
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3.4 Traffic Administration and Operations: 

For the ISDN, new or revised traffic administration and 
operations procedures will be needed. As far as possible, 
these should evolve from the existing procedures for public 
voice and data networks. The procedures would address the 
following areas: 

o operational measurements; 
o grade of service monitoring; 
o traffic forecasting; 
o exchange and network dimensioning; 
o load balancing; 
o numbering; 
o routing; and 
o network management and control. 

4. INTERWORKING OF ISDN WITH DEDICATED NETWORKS 

To ensure rapid introduction of ISDN, CCITT has recognized the 
need and has already developed a set of Draft Recommendations 
for interworking between ISDNs, and between ISDN and existing 
dedicated networks (i.e. telephone, packet data and circuit data 
networks). An important series of Recommendations in this category 
are the Numbering Plan Interworking Recommendations developed by 
CCITT Study Groups XVIII, 11 and VII, - which represent a major step 
towards service interworking between different networks. These 
Recommendations will be ratified by the · CCITT Plenary Assembly 
in November 1988. 

4.1 Progress in CCITT 

The 1.500 series of Recommendations from Study Group XVIII addresses 
the network issues associated with interworking of ISDN with other 
networks (including other ISDNs). The general approach has been 
to develop a matrix of interworking issues for each scenario 
(ISDN/ISDN, ISDN/PSTN, ISDN/PSPDN etc.) and seek network solutions 
and associated functional requirements in the IWF (Interworking 
Function). Some of the major network operations issues identified 
and addressed for ISDN/PSTN interworking include: 

o signalling conversion between inband (PSTN) and outband (ISDN) 
o modem pooling and selection for data calls; 
o rate adapt ion and terminal adapt ion; 
o call progress tones and announcements; 
o echo control; 
o .numbering and addressing; 
o parameter exchange; 
o end-to-end performance; 
Q· supplementary services; and 
o terminal selection. 

4.2A.2.4 



ITe 12 Torino, June 1988 

4.2 Network Performance and Design Issues 

The end-to-end performanc7 ' in the presence of interworking, will 
be measured by such tra~f~c parameters as blocking, post-selection 
delay and an~wer supervlslon delay for circuit-switched calls. Some 
of t~e functl?nS performe~ and the resources provided by the IWF are 
now lncluded ln the trafflc models for calculating the end-to-end 
network performance. 

;he I~F is,c?nsidered as a logical entity that provides the 
L~nc~l?nalltles and resources to support interworking between two 
dlSsl~'. lar networks. These are network functions, and each inter-
working c~ll may require one or more of these functions. The location 
and capaclty (for provisionable resources like buffers and modem 
pools) of th7se resources enter into the network design process 
from a trafflc and routing viewpoint. 

5. FRAME RELAY SERVIC}~S IN ISDN 

5.1 Evolution of Packet Mode Services in ISDN 

The principle of separation of the user and control planes 
for all telecommunication services has been established 
as a fundamental concept of ISDN protocol reference model. 
Currently, packet mode services in ISDN are based on 
Recommendation 1.462 (X.31) which provides access to packet 
services through an integrated physical interface, while 
minimizing deployment and interworking difficulties. 

Recently CCITT Study Group XVIII has proposed an architectural 
framework for providing additional packet mode services on ISDN, 
which is based more fully on the-protocol reference model in 
Recommendation 1.320, thereby achieving: 

o integration of C-plane (control plane) procedures: and 

o decoupling of user information transfer requirements 
from C-plane transfer requirements, for these services. 

Four bearer services in the virtual call and virtual circuit 
cat~gory are currently included within this architecture [4]. 
These are: Frame Relay 1, Frame Relay 2, Frame switching, dnd 
X.25-based Additional Packet Mode services. The user-network 
interface protocol reference model for these services is shown in 
Figure 3, where the core 1.441 functions include: 

o frame delimiting, alignment and transparency: 
o frame multiplexing/demultiplexing using the address field: 
o check for frame length and byte integrity; and 
o detection of transmission errors. 
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Figure 3: User-network interface protocol reference model for Additional 
Packet Mode Services. 

5.2 Key Traffic Design and Performance Issues: 

1.451 

1.441 

.In Frame Relaying, the processing-intensive functions of 
layer 2, and all layer 3 functions are moved towards the 
network edges. If the error rates in the transmission medium 
are very low, it is expected that the end-to-end retransmissions 
will be few, leading to low delay, high throughput service. 

The choice of frame length and window size in frame relaying will 
be dictated by the increase in retransmission traffic for error 
recovery. It is shown in [5] that the expected number of retrans
mitted frames for a frame relay system is given by: 

where: 

N = WP/(l-P) 

N= expected number of retransmitted frames 
W = number of outstanding frames until an ACK 

(maximum value of W = window size) 
P = probability that the frame is corrupted 

P is a function of the bit error rate, number of bits in the 
frame, number of links in the end-to-end path. Thus, for 
a given transmission performance the frame length and the 
window size can be adjusted to provide optimal performance. 

Congestion can occur in a Frame Relay network due to traffic 
variations (bursty traffic) or network failures. The congestion 
control mechanism should place minimal demand on node processing 
resources for its operation. CCITT Study Group XVIII has been 
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evaluating various congestion control al~ernatives for Frame Relay 
networks using the following criteria: 

o impact on node processing; 
o load vs throughput characteristics; 
o reaction time and frame loss; 
o interface complexity; and 
o network and terminal requirements. 

Some of the models and results of these studies are given in [6], 
[7] and [8]. As a result of these studies, SG XVIII recently 
decided that the IMPLICIT congestion control method should be 
preferred for Frame Relay because it does not require the network 
to generate or transport any congestion control messages to the 
user. 

In the IMPLICIT control, the network simply rejects the excessive 
traffic after it has detected that congestion has occurred. No 
explicit network signal is generated. It is up to the user to 
reduce its flow rate (window size) after it has sensed that 
it has to retransmit its frames. This method is also called 
'Adaptive Windowing'. 

6. ASYNCHRONOUS TRANSFER MODE (ATM) 

Studies on Asynchronous Transfer Mode (ATM) are at a preliminary 
stage in CCITT Study Group XVIII, and are being carried out under 
Sub-Working Party 3 of the Broadband Task Group SWP-3/BBTG. The 
two main areas of contributions and study have been the cell size 
and the requirement for ATM to be able to support synchronous 
channels and services. 

6.1 Preliminary Architectural Model for ATM Networks 

Flexibility is recognized as the major requirement for broadband 
ISDN, and the Asynchronous Transfer Mode (ATM) is defined to meet 
this requirement. °ATM uses an Asynchronous Time-Division Multi
plexing (ATDM) technique, in which the user information is 
organized in fixed-size cells. Cells belonging to different 
channels are explicitly identif.ied by information contained in 
headers which are associated with them. ATD is a connection
oriented technique: the label value is assigned to a channel 
at call setup and released at the end of the call. The 
preliminary Functional Architecture for the ATM network proposed 
by the CCITT is shown in Figure 4. The two specific layers 
related to ATM are: 

o an ArM layer that is common to all services and basically 
provides cell transfer capabilities using such functions as: 
cell delimiting, cell multiplexing and switching, and access 
monitoring; and 

o an adapt ion laYt.!r that is service dependent that supports 
functions like time stamping, clock transparency, segmen
tation-reassembly, and stuffing. 
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Figure 4: Functional Architecture for the Asynchronous Transfer Mode 

6.2 Key Traffic Design and Performance Issues: 

Cell size (payload + header) in ATM is currently under active 
study ~n CCITT. There are a number of factors that influence the 
size of the payload in ATM. As indicated by the following list 
[9], [10], quite a few of these are traffic oriented and require 
traffic modeling studies: 

o nature of input traffic (bitrate,burstiness,burst length) 
o packetizing delay for continuous bitstream traffic; 
o call transfer delay jitter for continuous bitstream traffic; 
o amount of buffer capacity in the network; 
o processing capabilities in the network; 
o transmission efficiency; 
o effect of cell losses (for data applications); and 
o compatibility considerations with UNI, NNI. 

The header size will depend on the no of logical channel 
numbers needed, transmission efficiency and the need to 
support current and future functions (e.g. header error checks). 

Congestion control in ATM is another important and urgent 
area that is being addressed. An additional constraint in 
ATM {relative to Frame Relay networks} is that there is no 
error recovery mechanism at the cell level. Thus any cells 
lost during network congestion are 10st forever, or the end 
user must recover from the cell loss by retransmiting the 
whole frame or sequence of frames. 

Under these circumstances, the type of congestion controls that 
have been proposed in [11] emphasize congestion avoidance through 
routing and access control and invoke bandwidth enforcement using 
the 'leaky bucket method'. Bandwidth reservation and buffer 
reservation a~ call setup time, are proposed as possible flow 
control and congestion avoidance strategies for bursty traffic in 
[12). 
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7. SUMMARY AND CONCLUSIONS 

This paper has presented an overview o~ ~he ~urrent status and 
future direction of ISDN standards actlvlty In CCITT, and has 
identified traffic-related areas that need to be addressed to 
ensure rapid introduction of ISDN, ~nd ~raceful.and co?rdinated 
evolution towards future telecommunlcatlon serVlces belng 
defined by the CCITT. 
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