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The IBCN -the pan-European broad band network capable of supporting 
all kinds of narrowband and broadband services- is recognized to 
represent the ultimate stage of the ev~lution from the ISDN towards 
network configurations suitable to face the new traffic and architec
tural requirements. Expected key services will be videotelephony 
which requires a telephone-like broadband network; broadband video
tex and TV distribution, which call for new types of connections 
such as point-to-multipoint and viceversa. Transmission infrastruc
tures capacity is likely to be increased by several times and new 
routing rules are to be established ' according to severe network 
management requirements. Switching of different types of connections 
at very different bit rates calls for new architectures resulting 
from the accurate analysis of possible integration strategies and 
competing techniques. 

1. INTRODUCTION 

The IBCN (Integrated Broadband Communication Network) will be a pan-European 
broadband network capable of supporting all kinds of narrowband and broadband 
services and constructed according to the principles of the B-ISDN (Broadband 
ISDN) ~ [1]. The IBCN will evolve from the ISDN; its ultimate configuration will 
be implemented using digital techniques and technologies. 
This paper investigates whether planners' dreams of a unique service-indepen
dent network can really be a suitable solution for the IBCN. It describes the 
major requirements that will be imposed on telecommunication networks by the 
introduction of broadband services, which differ from narrowband services in 
terms of peak hours, BHCA (Busy Hour Call Attempts), bit rates, holding times 
and, to some extent, routing patterns. Continuity will remain a primary requi
site of telecommunication networks, and must be guaranteed by the intermediate 
network configurations during the evolution towards the IBCN. 

2. TRAFFIC CHARACTERISTICS OF BROADBAND SERVICES 

It is generally expected that narrowband ISDN services have only a limited 
impact on the existing network structures; the only exception is 64 kbit/s 
videotex, as the ·French experience of 1.2 kbit/s videotex seems to indicate. 
Broadband services, however, have the potential to make the existing transmis
sion structures inadequate and to demand switching capabilities not available 
in today's networks. Narrowband non-voice services are mainly intended for 
business users and require point-tp-point connections; broadband services are 
intended for both business and residential users, and require both point-to
point and point-to-multipoint connections. A network that supports narrowband 
and broad band services must deal with traffic parameters (BRCAs, holding 
times, bit-rates) which assume a much wider range of values than those of a 
network that supports only narrowband services. With reference to CCITT servi
ce classification [2], it can be noted that: 

Of the INTERACTIVE SERVICES, conversational and messaging services will 
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require enhanced bit rate switching capabilities, while retrieval services 
may cause heavy traffic imbalances with high traffic concentrations on 
predefined routes, and even higher concentrations at server accesses. 

DISTRIBUTION SERVICES will require both one-to-many and many-to-one swit
ching. Table 1 reports the likely bandwidth requirements of some envisaged 
broadband services, compared with those of the most closely comparable 
narrowband services. In an hypotetical evolution from today's environment 
to a broadband environment, where voice services are replaced by video 
services with no change in service usage, traffic volumes (bit/s) will be 
increased from 1000 to 10 million times. It can be inferred that the mix 
of etherogeneous narrowband and broadband services will be seen by the 
network as a very high traffic service with unusual peak hours (high bias 
value and long evening/night peaks); variable bit-rates and grade of servi
ce requirements; and variable connection types. This "bulk service" will 
perhaps impose the heaviest constraints on the network. 

TABLE 1 - NARROWBAND vs. BROAD BAND SERVICE BANDWIDTH REQUIREMENT 

SERVICES ANALOGUE FIXED DIGITAL BIT-RATE VARIABLE DIGITAL 
BANDWIDTH TODAY's TECHNOLOGY TOMORROW's TECHNOLOGY BIT-RATE 

- VIDEOTELEPHONY 5·5 MHz 40 MBIT/s 2 MBIT/s 2 MBIT/s 
- TELEPHONY 4 KHz 64 KBIT/s 16 KBIT/s --
- VIDEOCONFERENCE 2 MHz ' 2 MBIT/s 384 KBIT/s 2 MBIT/s 
- AUDIOCONFERENCE 4 KHz 64 KBIT/s 16 KBIT/s --

- HIGH DEFINITION TV 20 MHz 1 GBIT/s 140 MBIT/s 140 MBITS 
- STANDARD QUALITY TV 5·5 MHz 70 MBIT/s 34 MBIT/s 15 MBIT/s 
- NOT APPLICABLE -- -- -- --

- BROADBAND VIDEOTEX 5·5 MHz 70 MBIT/s 34 MBIT/s --
- VIDEOTEX -- 1·2 KBIT Is 16-64 KBIT/s --

- HIGH SPEED DATA TRANSFER -- la MBIT/s 100 MBIT/s --
- DATA TRANSFER -- 1.2 KBIT/s 9.6-19.2 KBIT/s --

- COLOUR FACSIMILE -- 384 KBIT/s 384 KBIT/s --
- FACSIMILE (64) -- 64 KBIT/s 64 KBIT/s --

2.1. Key Service Traffic Characterization 

VIDEOTELEPHONY has the highest potential penetration among conversational 
services, being theoretically a candidate to replace telephony. It requires 
end-to-end full-motion image capability on telephone-like patterns and calls 
for a telephone-like broadband network. Traffic characteristics are expected 
to be similar to those of telephony, unless purposely modified by tariffs. 
Implementation alternatives range from fixed-bit-rate codecs to variable-bit
rate codecs, producing bandwidths ranging from 2 Mbit/s to 140 Mbit/s. Because 
a fixed-bit-rate codec provides variable quality, and a variable-bit-rate 
codec provides stable quality, the latter provides better for the same bit
rate. An) implementation should realize a trade off between demand for cheap 
end-user terminal equipment favoring full band solutions, switching and tran
smission economics favoring reduced bandwidth solutions. 
Possible implementations are: 

A limited bandwidth reduction (34-40 Mbit/s) for TV quality service (TV 
compatible display) with optional reduced-quality service; 
A codec, with a fixed or variable bit-rate, able to support the whole 
range from 40 Mbit/s to 2 Mbit/s supporting negotiable quality (at call 
set-up or even during the call). 
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Because a videotelephone call requires as much as 30 to 1000 times the band
width of a telephone call, even limited penetration of videotelephony can make 
today's transmission facilities inadequate. However an implementation based on 
a variable bit-rate codec opens the possibility of statistical mUltiplexing a 
number of videotelephony sources, thus reducing the overall bandwidth require
ment. For a video telephone call with mean bit-rate of 4.4 Mbit/s and a peak 
bit-rate of 14 Mbit/s, Table 2 gives per call an overview of the bandwidths 
needed when 16, 32 and 64 calls are multiplexed [3]. 

TABLE 2 - BANDWIDTH REQUIREMENT AS FUNCTION OF MULTIPLEXED CALLS NUMBER 

Number of multiplexed calls Allocatable bandwidth 

1 14 .Mbit/s 

16 6.8 Mbit/s 

32 5.8 Mbit/s 

64 5.2 Mbit/s 

B ROAD BAND VIDEOTEX will offer a promising new service, film retrieval, allow
ing users to receive on demand a-Ia-carte moving-image programs. ~en the 
programs are displayed in real time, broadband retrieval services, particular
ly film retrieval, can generate calls with very long holding times. The guaran
tee of call continuity is therefore of immediate concern to users, and places 
new reliability constraints on the network. Broadband videotex places heavy 
demand on predefined routes, putting very heavy loads on certain intra-exchan
ge connections. The importance of accurate traffic forecasting and management 
is demonstrated by the catastrophic congestion suffered in the past by dedica
ted networks because of videotex. Adequate overload mechanisms must be provi
ded, such as rerouting traffic and limiting number of simultanenous calls. 
Today's videotex experiences different penetration and service usage depending 
on countries' strategies. For example, in France there were 7000 service 
distribution points at the end of 1987, serving 3.5 million subscribers, with 
an overall penetration of 4 to 5 million hours of connection per month. This 
is the amount of traffic generated by 2 million telephone subscribers at 0.1 
erlang each. It is like saying that a new city the size of Paris is served at 
no cost for additional subscriber network. 

TV DISTRIBUTION is likely to be the most popular residential service. The 
traffic characteristics of TV will be far different from those of interactive 
service traffic, with long holding times and BHCAs characterized by heavy 
peaks coinciding with breaks between major TV programs. First implementations 
should be at standard TV quality (34-40 Mbit/s), while future enhanced 
applications could require as much as 140 Mbit/s. TV signals across this range 
can be coded according to a fixed or variable coding scheme. Distribution of 
TV will introduce a new concept in telecommunication traffic planning: no 
losses are acceptable. Users accustomed to aerial TV and CATV, both of which 
guarantee an absolutely non-blocking service access, would never accept a 
blocking probability. Both broadband retrieval and TV distribution services 
call for revision of the classical average busy hour concept in favor of an 
"instantaneous" peak traffic concept. Performance changes requested of the 
B-ISDN (Table 3) demand a highly flexible and distributed network, not one 
that is specialized and centralized. 

3. NETWORK IMPACT OF BROADBAND SERVICES 

To allow the B-ISDN to evolve from the ISDN, it is essential to identify at an 
early stage the likely impact of broadband service requirements on the 
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TABLE 3 - EXAMPLE OF SERVICE REQUIREMENTS 

USER SERVICE SPECIAL ACCEPTABLE BLOCKING MAX BER 
CONTINUITY PROBABILITY 

VIDEOTELEPHONY x 1 % 10-6 

RESIDENTIAL TV x 0 10-7 

BB VIDEOTEX x 1 % 10-4 

HIFI SOUND x 0 10-8 

VIDEOTELEPHONY x 1 % 10-6 

VIDEOMEETING x 1 % 10-6 

BUSINESS RESERVED VIDEOCONFERENCING x 0 10-6 

BB VIDEOTEX x 1 % 10-4 

HS DATA x 1 % 10-7 

network. The two following network segments are considered: 

The transmission network, including long distance and junction networks. 
The local exchange with considerations extended to the transit exchange. 

3.1. Impact on Transmission 

Only conversational and messaging services engage the long distance network. 
Retrieval services will probably engage the junction network only partially, 
since service centers are likely to be connected at tandem level. Distribution 
services should either follow the routing of retrieval services or be dropped 
into the network at local exchange level. Assuming that (1) videotelephony is 
the far most important traffic contributor to the trunk network, (2) its usage 
is similar to that of telephony, and (3) only two levels of quality are possi
ble, (no negotiatable quality or variable bit-rate is assumed), under simple 
hypotheses (10% of today's telephone traffic will move to videotelephony and 
5% new video telephone traffic will emerge), it is possible to demonstrate [4] 
that trunk traffic will increase about 23 or 75 times with respect to today's 
telephony, respectively when residential users subscribe to the reduced or to 
the full quality videotelephone service. Values between these two extremes can 
be expected when quality negotation at call set-up or quality modification 
during the call is introduced. In an environment of variable rate coding, 
these factors will be reduced by one-third to one-half if statistical multi
plexing gain is taken into account. Other issues emerge with regard to the 
junction network: in a purely circuit-switched environment, rules such as 
direct vs. overflow routing should a priori consider the type of traffic to be 
handled; retrieval services could require oversizing of specific routes, since 
their traffic is likely to be characterized by long holding times. 
In conclusion the junction network will be required to support some heavy 
routes from local to tandem exchanges, in addition to the traffic increase 
foreseen for the trunk network. It is likely that a mesh structure would 
provide the most cost-effective solution for high traffic areas, avoiding 
extremely large trunk connections, .heavy transit traffic rerouting and double
switching. The balance of mesh to star structure should be based on the 
optimal use of modules of transmission media. Overflow techniques should 
change in scope and applications, becoming a network management tool. 

3.2. Impact on Switching 

Some of the 
characterized 

IBCN services, e.g. 
by holding times of 

TV distribution and video retrieval, are 
' p 3 hours. Because these services are 
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currently offered by CATV in a very reliable way, the rBCN cannot afford to 
provide less reliability. This imposes severe constraints on network manage
ment and control. Some rBCN services generate call request patterns that are 
not independent, but triggered by program starts and ends. This will result in 
the generation of large numbers of call requests in a short period. Due to the 
comparison with the existing CATV network, these call requests should be gran
ted very quickly. The need for both reliable support and fast processing of 
the call requests favors a distributed control approach for the exchange [5]. 

3.2.1. Traffic characteristics impacting broad band switching 

Narrowband interactive services (e.g. telephony) are characterized by: (1) 
only one bit-rate (64 kbit/s), or at most a few bit-rates; (2) all connections 
are bidirectional and symmetric; (3) almost all connections are point-to-point 
and (4) call attempts are poisson-distributed during the entire busy period 
(leading to the busy hour dimensioning concept). rBCN services, on the other 
hand, are characterized by: 

A wide range of channel bit-rates, from nearly 0 up to 140 Mbit/s or more. 

Three different types of channel flux: (1) constant bit-rate channels 
(like circuit switching); (2) continuously variable-bit-rate channels with 
a permanent but variable information flux (e.g. use of variable-bit-rate 
video codec); (3) sporadically variable-bit-rate channels, with short 
bursts of information, separated by long periods of silence (e.g. high 
speed data transfer and TV channel selection and retrieval). 

Asymmetry of connections: all types of connection symmetry will exit, from 
full symmetry (e.g. for videotelephony); to complete asymmetry (e.g. non
interactive distribution of TV and RiFi programmes). There will be many 
intermediate cases (interactive but asymmetrical) in which each direction 
carries a different bit-rate, e.g. (1) high bit-rate from network to user, 
low bit-rate from user to network (teleshopping, etc.); and (2) low bit
rate from network to user, high bit-rate from user to network (home 
medical monitoring, etc.). 

Point-to-multipoint connections and viceversa: e.g. (1) from one point to 
a very large number of points, without blocking (e.g. broadcast); (2) from 
one point to a small number of points, with a blocking probability similar 
to telephony (e.g. retrieval services). 

The main consequences of implementing broadband services on switching centers 
involve the integration of switching techniques and services, and the selec
tion of switching network architectures best able to handle one-to-many and/or 
many-to-one connections. 

3.2.2. Unidirectional connections 

If a 
nient 
will 

large 
to use 

consist 

proportion of the connections are asymmetrical, it may be conve
an unidirectional switching network. Each both-way connection 

of two independent unidirectional connections, which may use two 
interexchange digital links. This solution would provide better 

to variations of traffic between symmetrical and asymmetrical types 
non-correlated 
resistance 
of services. 

3.2.3. Integration of switching techniques 

An rBCN switching center must be able to handle all the types of bit-rates and 
channels described previously. Two families of solutions may be used: 

Non integration of switching techniques: provide one switching network per 
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range of bit-rates or per type of channel and orient the channels to the 
appropriate switching network. A switching cent er might be equipped with a 
narrowband time division switching network for narrowband services, a 
broadband space division switching network for constant-bit-rate broadband 
services, and an ATM/ATD switching network for bursty services. 
Integration of switching techniques: use the same switching network for 
all service types and bit-rates, e.g. ATM/ATD-based. 

3.2.4. Integration of point-to-point and point-to-multipoint techniques 

The implementation of a unique switching network to support all types of servi
ces raises questions about the convenience to integrate and switch point-to
point and point-to-multipoint connections. Non-switched support of point-to
multipoint connections will obviate problems of ·call setup delay, but create 
the need for large bandwidths on the transmission system between the local 
exchange and the subscriber. Switched support of these connections will allo
cate bandwidth to the transmission system connecting the local exchange and 
the subscriber only when the need arises, but will create the need to provide 
sufficient processing power to deal with grouped call requests. The decision 
to support connections on a switched or a non-switched basis can be based on 
the costs of transmission system bandwidth and processing power. 
Assuming a folded switching network topology with distributed control, the 
following architectures carrying both point-to-point and point-to-multipoint 
connections could be identified: (1) integrated networks with dedicated copy 
function, with distributed copy function or with copy function in a module and 
(2) dedicated networks. 

INTEGRATED NETWORKS WITH DEDICATED COPY FUNCTION. Figure 1 shows this architec
ture in the folded and unfolded forms. Point-to-point connections pass direct
ly from the randomization function to the routing function, while the point-to
multipoint connections pass from the randomization function via the copy func
tion to the routing function. The copy function produces a number of identical 
copies of a master call. In this type of network, the number of interconnec~ 
tions passing through the copy network as well as its copying capacity, 
determine the maximum point-to-multipoint traffic; while the number of direct 
interconnections between the randomization function and routing function 
determine the maximum point-to-point traffic. The traffic load created in the 
network steps up after the copy function, then remains constant for all stages 
of the routing function. The blocking probability is thus identical for all 
stages of the routing function. The management of the copy function is a basic 
task in the point-to-multipoint connection management. 

INTEGRATED 

FIGURE 1 - INTEGRATED NETWORK WITH DEDICATED COPY FUNCTION 
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provide copying capacity 
DISTRIBUTED COPY FUNCTION. These architectures 

in every stage of the network. Figure 2 shows a 
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folded and unfolded representation of such a system. This type of architecture 
opens the possibility of distributing traffic optimally over the switching 
network. This can be achieved by routing the point-to-multipoint traffic to 
selected outputs in a treelike structure. This network completely integrates 
point-to-multipoint and point-to-point connections; it also reduces the proba
bility of blocking, since the load is minimal in every stage of the routing 
and randomization function [6]. The management of the tree is a basic task in 
the point-to-multipoint connection management. 

FIGURE 2 - INTEGRATED NETWORK WITH DISTRIBUTED COpy FUNCTION 
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INTEGRATED NETWORK WITH COPY FUNCTION IN A MODULE. Figure 3 shows this archi
tecture, in which a broadband switching network, supporting only point-to
point connections, is used to interconnect a number of modules. One of these 
modules has a copying capacity which enables the support of point-to-multi
point connections. The load is identical in all stages of the switching 
network, since all traffic is reduced to point-to-point connections. 
The management of the copy module is a basic task in the point-to-multipoint 
connection management. 

FIGURE 3 - INTEGRATED NETWORK WITH COpy FUNCTION IN BROADCAST MODULE 

PT .-Ml TPT MOD 

DEDICATED NETWORKS. Figure 4 shows this architecture. The point-to-point and 
point-to-multipoint switching network are separated, making it necessary to 
dimension them individually. Both must be dimensioned for the maximum point-to
point and point-to-multipoint traffic envisaged. The management of the copy 
function is a basic task in the point-to-multipoint connection management. 
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FIGURE 4 - DEDICATED NETWORKS 
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3.2.5. Integration of distributive and interactive services 

Three types of distributive/interactive service integration may be considered: 

Minimum Integration. The same optical fiber is used for distributive and 
interactive services. The selection of programs is decentralised and 
located in the subscriber premises network. No switching functions are 
required in the exchange for "distributive services. Two problems remain to 
be solved: (1) how to multiplex distribution and conversational informa
tion in the subscriber line equipment, and (2) how to provide an adequate 
number of programmes to the user. 

Maximum Integration. The selection of programs is centralized in the swit
ching center. The same switching network is used for both distributive and 
interactive services. The main technical problems are related to the requi
rements for no blocking and short selection time even in extreme peak traf
fic conditions (many simultaneous programs). The best solution is to use 
only the first stages of switching matrices for programme distribution. 

Intermediate Solutions. 
example the separation 
subscriber equipment and 
Figure 5. 

Some intermediate solutions may be envisaged, for 
of distributive and interactive services in the 

the use of separate switching networks [7]. See 

FIGURE 5 - INTEGRATION ALTERNATIVES 
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4. CONCLUSIONS 

The following major conclusions can be drawn: 

1) Broadband service traffic will impose changes on the narrowband ISDN 
structure, generating a need for: 
- the introduction of flexibility points with either switching or, more 

likely, statistical multiplexing capabilities; 
- the introduction of very high capacity junction connections with 

flexible use of the capacity throughout the day; 
- the creation of partial-mesh configurations, probably with changes to 

the primary functions of tandem exchanges: from traffic rerouting to 
merging of ' conversational, retrieval and distributive traffic. 

2) New switching capabilities will be required to cope with the broad and 
uncertain range of expected traffic conditions: a primary issue will be to 
establish whether a unique switch will be able to handle all the expected 
traffic requirements or, hybrid solutions should be investigated not only 
in the short term, but also as possible long term objective. 

3) The IBCN will be a highly complex network where reliability will be a 
primary requirement. Therefore network management will assume growing 
importance, eventually becoming the key operation activity. This requires 
that efforts be shifted from traffic engineering to network management, 
specifically under variable traffic conditions, to solve in real time 
problems such as: 
- traffic rerouting as a function of instantaneous and periodic 

conditions; 
- service priorities in absence of sufficient traffic handling capacity; 
- acceptable grade-of-service variations when service quality must be 

decreased. 
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