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�������� Guidance on traffic engineering for fixed networks and telephone service has been successfully developed by ITU-T
(formerly CCITT). This guidance has been based on a communication paradigm which has included regulated operation

environment, operation domains matched to national boundaries, centralized control and predictable service quality. These
assumptions are being more and more challenged with the introduction of new communication modes, the increasing

popularity of mobile and personal communications services, and deregulated operation. As a result, new paradigms are
emerging for the 21st century telecommunications. In such a framework, continued user satisfaction and operator revenue

growth with personal communications services require that suitable traffic engineering methods be devised. These methods
should help in reconciling the expected service quality with cost-effective dimensioning and operation of networks and

infrastructure for supporting a range of services as well as provide means for capitalizing on investments in
traditional/existing telecommunication infrastructure. The paper notes that  in order to arrive at sensible ITU-T

Recommendations on traffic engineering for personal communications networks, practice and theory should be mutually
supportive.
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raffic engineering has as its ultimate
objective the cost-effective
dimensioning of network resources to
handle the user's demand for

telecommunications services - and hence the induced
user information and signaling traffic streams. At the
international level, traffic engineering is being guided
through the activity of ITU-T1 (formerly CCITT2)
where the related procedures are cast in
Recommendations covering such issues  as traffic
characterization, service quality targets, dimensioning
methods, and measurements. As opposed to
Recommendations dealing with the procedural aspects
of interconnection/interworking in a multi-vendor and
multi-operator environment, Recommendations on
traffic engineering provide advice on “good practice”
for network operation and are not binding. However
their recognized value is based on input from
Administrations, ROA's (Recognized Operating
Agencies) and  scientific bodies who collectively
provide a broad range of experiences and knowledge,
and who have developed an understanding of the
relationships (by a given technological scenario and

                                                
1 International Telecommunication Union Telecommunication
Standardization Sector.
2 International Telegraph and Telephone Consultative
Committee.

communications paradigm) between such interrelated
aspects as traffic demand, cost of communications
infrastructure, sustainable service quality, and
acceptable tariffs. The bulk of ITU-T work on traffic
engineering assumes the existence of operation
domains comprised within national boundaries for
supporting telecommunications services between users
located anywhere in the world. This work has been
instrumental in enabling (national) operators to conduct
business on a global scale, and has performed well in
ensuring user satisfaction and continued revenue
growth. In particular, traffic engineering for fixed
communications, and PSTN-based services, has a long
tradition in ITU-T. The underlying communications
paradigm has been characterized, in addition to
regulated operation and operators’ domains matched to
geographical boundaries, by centralized network
control, fixed bandwidth allocation, and predictable
service quality -  among others. This paradigm which
has held throughout the 20th century, is now being
challenged, [1], since: i) its cornerstones are either no
longer valid (spread of  deregulated operation,
ownership of network segments and Points-of-Presence
beyond national boundaries) or, ii) new services and
other operation modes are flanking the traditional ones
(e.g. multi-party communications, highly variable
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bandwidth requirements, on-demand bandwidth
allocation, terminal and personal mobility support 3).

An intensive study activity is being undertaken to
understand and model the key aspects of  the emerging
telecommunications systems associated with this
changing scenario so as to arrive at a sensible traffic
engineering methodology for them and continue to
successfully operate telecommunications services
under the developing paradigms. The progress of these
studies in ITU-T shows a variegated picture, with areas
where investigation is approaching saturation
complemented with substantial traffic engineering
standardization activity (ISDN, ATM), areas where
traffic engineering is progressing (IN and signaling
systems), and areas where traffic engineering has been
started but progress is not yet adequate to the advances
in system deployment and service penetration (mobile
networks).

Personal communications4, plays a vital role in
shaping the 21st century communications paradigms.
Indeed, the associated dimensions of space/time
dependence of traffic demand, “hostile” operation
environment, unpredictable quality, and changing user's
network attachment point represent major deviations
with respect to the traditional communications
paradigm. Although mobile services have been
commercially available since the late seventies, traffic
engineering for personal communications has been
based - and to a great extent still is - on “current
practice” of mobile operators, and has been dominated
until recently more by radio transmission and coverage
considerations rather than by classical traffic loading
and service quality arguments. The justification for this
has been that an (elite) customer base has traded-off
impairments of service quality against ubiquitous
service that is perceived as a major value. In addition,
there are many factors which have been hiding the
inefficiency of network planning for operators. As a
matter of fact, to circumvent poor network quality,
users have been inclined to develop a pattern of
                                                
3 Personal mobility refers to the ability of users to have flexible
access to telecommunication services from  any terminal, fixed
or mobile, to meet the users requirements. These requirements
may then be relocated from terminal to terminal. Personal
mobility involves the network capability to locate the user on
the basis of a unique personal telecommunication identity (i.e.,
"personal" number) for the purposes of addressing, routing and
charging of the users calls.
Terminal mobility involves the ability of the user to be in
continuous motion whilst accessing and using
telecommunication services and the capability of the network
to keep track of the user's terminal. This requires the
telecommunication services to be available as the terminal
moves within the radio coverage and ideally at all times (ITU-T
Recommendation I.114, [3]).

4 The term personal communications will be used to refer to the
collection of terminal (PCS, Personal Communications
Services) and personal (UPT, Universal Personal
Telecommunication) mobility services.

complex avoidance behavior in order to work around
the perceived network congestion and impairment.
Furthermore, in order for an operator to meet both wide-
area and in-building coverage requirements of network
roll-out, a large spare capacity has been implicitly built
into the network from an early day of operation. This
process is further exaggerated by the large “build-
ahead” margin adopted by most operators which is
necessary to  meet the predicted intensive subscriber
growth and to alleviate long delay in site acquisition
for building new base sites. Finally, infrastructure
vendors have introduced many temporary capacity
relief features such as “directed retry”, “cell load
sharing”, [2], and “queuing” to dynamically exploit the
(temporary) unused resources due to short-term traffic
fluctuations5. Naturally, all these processes and
techniques have adverse implications to the cost and
efficiency of a network.

In the last decade mobile services have been
experiencing an accelerated penetration which has
culminated in the explosive growth to mass market
dimensions over the last few years, with outlooks for
continued growth. Accordingly, mobile-related traffic is
forecast to be comparable in volume with that related
to fixed networks in a not too distant future. Even with
the prediction of such a strong growth in the mobile
market, increasing competition in service provision has
meant that mobile operators have to be more prudent in
their cost-management and vigilant in maximizing their
income. While over-dimensioning of a network is
equivalent to poor capital investment, congestion at
busy hours could mean lost calls and lost revenues.
These factors,  combined with the impact that mobile-
related traffic may have on the fixed infrastructure, and
the convergence of mobile and fixed services, drive
towards a rationalization of the resource allocation and
management procedures (both inter- and intra-operators'
domains) and make it urgent to address traffic
engineering for personal communications at the
international standardization level. Furthermore, with
the introduction of mobile data services such as
General Packet Radio Services (GPRS) for GSM and
IS-707 for cdmaOne (also known as IS-95, [4]), the
integration of voice and data traffic is becoming a
reality. This adds yet more dimensions to the
complexity of traffic engineering. Table 1 tries to
illustrate the challenges in  the planning and operation
of personal communications networks and the expected
benefits from a traffic engineering activity.

To accommodate the need for standardization on
traffic engineering for personal communications, ITU-T

                                                
5 "Directed retry" means a terminal is redirected by the
network to setup a call with a base station which is not the best
server due to network congestion reasons. "Cell load sharing"
is to dynamically move the boundary of the cells so that calls in
progress can continue in cells which are less congested.
"Queuing" is used to temporarily buffer calls e. g. on a
dedicated control channel when all the traffic channels are
congested.
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has started a dedicated series of Recommendations, the
E.750 series, [5]. Having first addressed framework
setting aspects for a traffic engineering activity - such
as reference configurations and GOS6 parameters, and
target values - the E.750 series is now giving priority to
studies on traffic demand modeling and dimensioning
methods.

In parallel with the increasing penetration of
personal communications, a range of related studies on
architecture, service offerings and performance aspects
have been proliferating in the open literature, also
fueled by the international efforts aimed at designing
advanced, "third generation" mobile systems such as
IMT-2000, [7], [8], developed in ITU and UMTS, [9],
[10], studied in ETSI. Although these studies do not

                                                
6 Grade of Service (GOS): "A number of traffic engineering
variables used to provide a measure of adequacy of a group of
resources under specified conditions; these grade of service
variables may be probability of loss, dial tone delay, etc.”,
ITU-T Recommendation E.600, [6].

necessarily exhibit the combination of simplicity and
coverage of key aspects which matter for traffic
engineering, and frequently favor the analysis of
specific technical solutions rather than relate
fundamental parameters, they have a great potential for
traffic engineering work. The current operators’ practice
and this wealth of literature are, in a sense, two
extremes that traffic engineering (and related ITU-T
activity) has to reconcile in order to provide a sensible
guidance for a cost-effective use of network resources
while meeting users expectation on service quality.

Although personal communications implies both
terminal and personal mobility, this note concentrates
on terminal mobility for which Fig. 1 gives two
fundamentally different supporting architectures. As
shown in the figure, the key difference lies in the
organization (signaling and database arrangement) of
the mobility management functions resulting in “stand-
alone” (or separated mobile and fixed network) and in
“integrated” architectures. The interfaces and
functionality shown in the figure, in addition to having

TERMINAL MOBILITY

Key Aspects & ProblemsRequirements & SolutionsAspects of Traffic Engineering  &
Challenges

Limited amount of radio spectrumSpectrum re-use (cellular lay-out
architecture) to meet capacity
requirements.
Interference management, dynamic
channel allocation (DCA), use of smart
antennas

Spectrum partitioning between cell
layers, considering traffic overflow to
“umbrella cells” (or mutual overflows in
non-hierarchical cell lay-outs).
DCA performance models.

Hostile transmission environment for
wireless communications

Channel quality monitoring and
recovery to combat adverse
transmission conditions.
Smart antennas, advanced equalization,
handover and admission control, high
frequency re-use.

Handover  (combining) handling and
priority service; Call Admission Control
for trading off service quality against
carried traffic; modeling of co-channel
interference as dependent on traffic load.

Mobility behavior of the customer baseLocation, registration and authentication
of the customer base to track users and
provide a seamless communications
space shielding from mobility
implications and roaming technicalities.

Mobility models. Space/time traffic
demand dependence modeling, mapping
user mobility into signaling traffic.
Signaling network dimensioning.

Long term subscriber growth, intensive
in-building coverage and wide-area
coverage

Minimum infrastructure build and just-
in-time delivery of capacity.

Description of the  traffic characteristics
and modeling of the traffic processes.
Generic dimensioning methods
complemented with network traffic
dimensioning for specific mobile
technology classes.

Traffic demand  fluctuationCapability of moving spare resources
around in the network to accommodate
periodic and instantaneous traffic
variations.

Traffic modeling for dynamic trunking of
shared resources.

Integrated voice and data servicesProviding additional resources for data
services on a dedicated basis or shared
basis.

Service quality requirements for data
services. Traffic dimensioning for
packet data.

PERSONAL MOBILITY

Key Aspects & ProblemsRequirements & SolutionsAspects of Traffic Engineering  &
Challenges

Registration on and interaction from
current user equipment

Authentication of user data, negotiation
capabilities to cope with actual
equipment characteristics/performance,
impact of  actual service provider
offerings and visited network
constraints.

Determination of traffic mix resulting
from user-network negotiation actions.
Signaling network dimensioning.

Interaction with  and personalization of
the user profile

Manipulation capability of user data to
provide a familiar (VHE, Virtual Home
Environment)  and user-friendly
communications space.

Modeling IN services; mapping user
mobility into signaling traffic.
Signaling network dimensioning.

Table 1. Key aspects and problems in personal communications and related traffic engineering implications.
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logical significance, also indicate the scope for
teletraffic engineering.

The thread followed in the paper is as follows.
Initially, the specifics of mobile related traffic demand
are briefly introduced. Obviously, these specifics are
key to the whole traffic engineering process. Since

mobile services have been
supported before a
systematic traffic
engineering activity had
been initiated in ITU-T, the
current practice on which
operation of mobile
networks is based is then
described. This description
highlights the relationship
between the dimensions
associated with radio
transmission and network
planning, and considers
some typical actions to be
taken for estimating and
accommodating the traffic
demand assuming that the
radio coverage problem is
solved. Subsequently, the
organization of the E.750
series is briefly reviewed
and it is indicated that the
underlying traffic modeling
and dimensioning studies
try to provide tools to be
used for rationalizing key
phases comprising the
operator's practice. In the
face of the scope of
teletraffic engineering as
envisaged in the E.750
series, a selection of
representative theoretical
contributions addressing
both mobility and traffic
demand modeling as well
as typical traffic
engineering issues is
surveyed. The survey is
intended to provide an
overview on the kind of
theoretical support currently
available for the
standardization activity.
The paper finishes by listing
and commenting on some
commonly accepted
assumptions underlying
theoretical work, and
stating the ITU-T needs for
progressing a useful
standardization activity.
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Note 1 - User information and signaling traffic flow through the radio interface.

Note 2 - MMF can be contained in the MSC or operated separately.

Note 3 - In some cases no protocol adaptation functions are required between the signaling functionality

in the mobile and in the fixed domain.

Note 4 - SCP provides Service Data Function (processing).
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Figure 1. Interconnection architecture for land mobile and fixed network domain and

scope for traffic engineering ; a): separated mobile and fixed networks; b): integrated

mobile and fixed networks).
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Specifics of Mobile Related
Traffic

n a sense, user mobility has always been
considered also for fixed networks and
telephone traffic. As far as the origination
and destination of calls is concerned, a

fixed network may be viewed as a collection of
communication devices rigidly associated with network
attachment points. “Fixed” users, i.e. users of fixed
devices,  may change their location over a specific
area, for example when moving from home to the
working place and vice versa, and then initiate (place
or receive) calls from the fixed device location they
have reached.

For traffic engineering purposes, the traffic load
during “busy hours” for a geographic region is often
referred to. The location of the busy-hour during the day
depends on, for example, whether the region is used as
a business or residential area. Although users move
from one place to another, the peak-hour traffic load

implicitly considers such mobility. This, combined with
the condition of sufficiently large (“infinite”)
population has led to models  of the fixed traffic
demand based on characterizing call arrival statistics
(e.g., exponential law between call arrivals) that
capture the aggregate behavior of the users in a
geographical area.

To dimension transmission, switching and
processing resources bound to a geographical area,  the
other two needed elements are the distribution of the
call length and the arrival rate of calls during the
reference (“busy hour”) period. Again, under the above
conditions, the call length distribution - at least in the
case of telephony - has been found to be only
dependent on aggregate models of  user  “behavior”
which has resulted in a robust, parametric and universal
model with very little dependence on user class,
country, etc. In conclusion, although the basic
assumptions underlying traffic engineering of fixed
networks are continuously challenged and tested (for
example see [11], [12] and [13]), for any practical
purpose the fixed traffic demand can be expressed in
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terms of the distribution of call inter-arrival times, the
call arrival rate and the distribution of call duration,
with virtually no dependence on space per se and a
dependence on time dictated by the general level of
daily and/or seasonal activity.

By contrast, as concerns the initiation of calls, a
mobile network may be viewed as a collection of
communication devices in no rigid association with
network attachment points (radio ports), and normally
traveling together with the (mobile) users. To
appreciate the specifics of mobile related traffic one
has to note that:

•The user mobility is no longer confined to possibly
traveling within a few places with long intervals of
stationariness (as in the case of fixed users), but is
generally characterized by wider range user
movements and more frequent location change;

•The association between calling device and network
attachment point is dynamic (in-between call
attach/detach) and may also change during the
same call (in-call association re-arrangement due to
handover or combining);

•The resources to be dimensioned (e.g., radio
channels carrying user and signaling traffic, and the
fixed infrastructure for supporting mobility) continue
to be bound to a geographical area.

As a consequence, the underlying user behavior  has
a higher traffic impact  (both in space and in time)
than in the fixed network case. For example, the
distribution of population density may be stationary, but
calls are initiated while users are “on the move” thus
giving rise to mobility related traffic loads and “traffic
volatility”, i.e.: i) the call initiation sites are scattered
and dynamically changing over a geographical area; ii)
bandwidth associated with a connection may have to
be provided to different sites throughout the call, viz.,
changing radio cells during a call.

For terminal mobility traffic, Fig. 2 illustrates an
example of the variation of the user density in space
and time over a geographical area. The same figure
also suggests that the mapping of the user density into
traffic demand may not be simply a matter of scaling
but may require more elaborate considerations since
the call initiation rate may not be linearly dependent
on the user density. For example, a high user density as
a result of a traffic jam may also trigger users to place
calls at an extraordinarily high rate. Moreover, in the
case of cellular systems this mapping may be impacted
by deep fading and/or insufficient radio coverage
causing tides in the distribution of the traffic demand
not present in the user density. In fact, the traffic
demand in such systems may be conditioned (to a
varying degree) by the provisions made by the network
operators and service providers (e.g. deployment of
communication facilities, roaming agreements, tariff
structure, marketed service features, etc.). This
conditioning, however, shall not impact the logical
framework for carrying out the traffic engineering
activities.

Finally, the in-call behavior of mobile users does
not necessarily align with that related to the fixed
network, for example as concerns the average length
and length distribution of the calls. This area is the
object of intensive study and investigation, [14].

Current Practices for the
Operation of Cellular

Systems

s engineering procedures for mobile
systems have only recently started to be
standardized, the operation of cellular
systems is frequently  based on simple

rules for traffic demand estimation and resource
allocation, complemented with monitoring and tuning
the system performance in the field as the network
evolves, [15]. To illustrate this process, it is instructive
to assume a “green field” situation, although in many
instances similar issues could be faced by operators
who are still evolving their infrastructure. Key aspects
are summarized in Fig. 3. In the figure, a simplified
view of the complex relationship between the radio
planning and the capacity dimensioning process is also
shown. In addition, a numerical example of the
dimensioning process  is shown in Table 2.

The dimensioning process starts with an estimation
of the user population by using the density of the
inhabitants in a specific area together with an
anticipated service penetration rate. Radio and network
planners continue with the identification of sites where
the cellular infrastructure has to be laid down
(typically, base transceiver stations, base station
controllers and mobile switches), and the mapping of
user density into traffic demand. The process then
finishes with the allocation of the traffic (radio)
channels making judicious use of the available
spectrum7.

The accomplishment of the dimensioning cycle
requires that numerous optimization problems be solved.
These range from minimizing the number of the base
sites while guaranteeing sufficient coverage and
acceptable service quality, to planning the re-use of
spectrum so as to accommodate the traffic demand
while ensuring stable system operation and user
satisfaction - to name just a few.

                                                
7  It should be noted that the ultimate traffic capacity of a base
site is highly dependent on the exact locations of the base sites.
While every effort is usually made during the planning stage to
ensure that a base site can be well positioned, the actual site
acquisition process is subject to many factors including the
physical location, real estate cost,  the height of the location,
the availability of equipment and antenna space, etc.

A
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The success in operating a system is assessed,
among others, by the degree of control exercised over
such phenomena as dropped calls, repeated call
attempts and handover cases. All these phenomena will
penalize user expectations about good service quality
and, more often than not, many of these shortcomings
are due to poor balancing of operation parameters.
The following sections are intended to illustrate the
current approach to the operation and management of
cellular systems (together with some deficiencies).
They provide a reference list of key issues to be
covered in future standardization work on traffic
engineering in ITU-T.

Figuring out the Traffic Demand

For traffic engineering of cellular systems,
information on geographical population distribution is of
vital importance to an operator. For new entrants to a
market, this information can only be estimated using
published census information. This may vary in
resolution, with the better ones being rather detailed,
and may resolve down to municipal or district level.
From the census database and the size of the
geographical area, it is possible to estimate the
population density for the location. Together with the
year-on-year user penetration forecast and the average
traffic intensity per subscriber, the traffic demand can
be obtained. (Occasionally, road traffic information may
also be available. This information is either too detailed
or very specific, which renders its use difficult. The
reason is that this information is collected usually in the
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Figure 3. A summary of the radio planning and capacity dimensioning processes.



D. Grillo, R. A. Skoog, S. Chia, and K. K. Leung, "Teletraffic Engineering for Mobile Personal Communications in ITU-T
Work -- The Need for Matching Practice and Theory”, to appear in IEEE Personal Communications

����������	�
����	
��
form of number of vehicles passing a specific junction
per 24 hour period rather than the number of vehicles
using the road. As urban roads could have many turn-
offs, extrapolating the information to give traffic volume
for a coverage area is by no means a simple task).

In parallel with the traffic engineering process, radio
coverage planning is also performed to enable network
infrastructure roll-out. Based on the terrain database and
the morphology database together with the desired
signal level necessary to provide suitable in-building
and outdoor services, base site locations are identified.
Frequently, contiguous coverage is required and, hence,
the coverage area of base sites are packed closely
together in order to eliminate coverage gaps as far as

possible. In reality, the terrain is rather undulated. In
order to eliminate the majority of the coverage gaps and
to provide adequate in-building and in-vehicle services,
one needs to significantly overlap the coverage between
base stations. Thus the dividing lines defined by the
equal signal level from two or more base sites will form
the boundary of the “best server” region for individual
base sites. In other words, when a mobile is within the
best server region of a specific base site, it will receive
the strongest signal from that base site even though the
signal from other base sites may still be adequate for
communications. By associating mobile stations with
the base site of a best server region, the highest
downlink carrier-to-interference ratio can be obtained. In

Year 0
through

10

Year 0Year 5Year 10

Traffic demand estimation

Population1,000,000

Penetration10%20%50%

Number of subscribers100,000200,000500,000

Traffic per subscriberE0.020.0120.012

Traffic demandE2,0002,4006,000

Coverage design

Size of service areakm
2

1,000

Traffic distributionUniform

Nominal cell radiuskm2

Nominal cell area (assuming circular)km
2

12.6

Number of base sites for coverage80

Number of cells / site (3-sector sites)3

Frequency planning and network dimensioning

Spectrum allocationMHz7.4

Radio carrier spacing (as an example)MHz0.2

Number of radio carriers37

Nominal frequency reuse12

Average number of carriers / cell3

Average number of voice channels / cell (8 channels per
carrier, excluding control channels)

22

Call carrying capacity per cell (2% blocking, Erlang B)E14.9

Capacity dimensioning

Total call carrying capacityE3,575

Average base site traffic efficiency  due to terrain)60%

Actual call carrying capacityE2,145

Spare capacity (negative means insufficient capacity)E145-255-3,855

Additional capacity

Additional capacityE02553,855

Limiting factorCoverageCapacityCapacity

Number of additional base sites0687

Adjusting for base site traffic efficiency010145

Total number of base sties8090225

Infrastructure increase-12.50%181.25%

Table 2. A simple numerical example of the radio planning and capacity dimensioning process.
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addition, when power control is used in the uplink, a
minimum transmit power is required which could in turn
prolong battery life of the handsets.

As the best server regions are rarely regular in shape
due to terrain undulation and geographical features, the
traffic capture ability of each base site could be quite
different. By mapping the best server region into the
population density map, a first order estimation of the
traffic demand per sector can be realized. However, this
may lead to substantial inaccuracies since users are
generally congregated along roads and  buildings and
rarely located in open spaces. A method to obtain a
more accurate estimation of the traffic demand is to
polarize the population into areas where it is most
likely to be located.

This can be achieved by assigning weightings to
different geographical features. Based on these

weightings, the traffic for each cell can be more
accurately estimated. Evidently, for a cell which
contains lots of open spaces, the amount of traffic is
expected to be very low. By contrast, for a cell which
contains buildings and shopping areas, the traffic
density is expected to be high. Fig. 4 tries to illustrate
this principle. Specifically, Fig. 4a shows the
geographical features and the best server regions of an
area under study. Fig. 4b shows a 100 x 100 m

2
 grid

overlay on the area. This represents the resolution of the
digital terrain database which will eventually determine
the resolution of the best server map as well as the
traffic distribution map. It should be noted that both the
best server map and the traffic maps now become an
approximation of the real life situation. Assuming that
census information indicates that this 1.1 x 1.6 km

2
 area

has a population of 17,600 people, this corresponds to a
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4.15
Erlangs

Cell 1

Cell 2
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KEY

a)  Geographical area with a population of 17600 and a predicted traffic of 17.6 Erlangs

b)  Overlaying a grid of 100x100 m
2
 on the geographical area for traffic weighting

c)  Signal level computer prediction of the best server region

d)  Traffic weighting map for the geographical area

e)  Traffic distribution map based on the traffic weighting

f)  Predicted traffic for individual cells in the geographical area

Figure 4. Estimating traffic demand from population distribution, city lay-out and radio coverage arrangements.
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population density of 1 person per 100 m

2
. With a

service penetration rate of 5%, there will be 880
subscribers in the area. Given that each user will
generate 20 mErlangs of traffic, the total traffic in the
area amounts to 17.6 Erlangs. This corresponds to an
average traffic density of 1 mErlangs per 100 m

2
. As the

resolution of the digital terrain database is accurate to
100 x 100 m

2
, computer prediction of the signal level

for the best server region will be quantized into bins of
the same size.

FeatureWeight
Road2
Open1
Water0

Road and building3
Open and road2

Open and building3
Open and water1

Table 3. Weighting factors for the offered traffic in
relationship to the geographical features.

This is shown in Fig 4c. Finally, also assume some
weighting factors for the traffic load in relationship to
the geographical features as represented in Table 3.

By mapping the best server region to the traffic bins,
the traffic demand for each cell can be calculated.
Applying the weighting to the geographic area as shown
in Fig 4b, a weighting map as shown in Fig 4d can be
obtained. Summing the total weights in the area and
knowing the total traffic, the traffic demand for each
individual bin can be apportioned as shown in Fig 4e.
Finally, mapping the best server region to the traffic
map, the traffic prediction for each cell can be
obtained, Fig. 4f.

To show the importance of using the weighting
factor, consider the demanded traffic of Cell 1. Without
the weighting factor, a traffic load of 3.3 Erlangs is
predicted. However, with the weighting, a traffic load of
4.2 Erlangs (30% higher) can be anticipated. It should
be noted that the weighting factors shown in this
example are indicative and for a real application more
calibrations are necessary to ensure good accuracy. The
boundary effects between geographical areas will also
have to be accounted for but this is beyond the scope of
this discourse.

Evidently, the example shown here is related to a
green field deployment where an operator has no “a
priori” knowledge of the actual traffic and mobility
pattern of the users. As the network evolves, with traffic
statistics collected through the mobile switches over
time, a much more accurate picture of the traffic
distribution down to the resolution of a cell can be built.
With this information, the above technique can be
applied again to  refine the network optimization.
Furthermore, as the radio network is always
dimensioned for the peak traffic together with a safety
margin, variations of the daily traffic due to the
mobility pattern of the users are usually adequately
taken into account as well as extraordinary events such

as major incidents or scheduled gatherings. In the latter
instances, operators have to employ special measures to
cope with the surge in traffic demand. An example of
these temporary measures is the “Cell Site on Wheels”
deployed by an operator following the Los Angeles
earthquake in 1994.

Sizing the Channel Capacity of Cells

Based on the knowledge of the traffic for each cell,
the number of traffic channels - and hence of
transceivers - can be determined. Using the GSM
system as an example, the relationship between offered
traffic and the number of transceivers is indicated in
Table 4. Specifically, for GSM one transceiver supports
one carrier  which in turn supports eight time slots. The
time slots can be assigned as traffic channels or control
channels depending on the specific configuration of a
network. (The results in Table 4 consider the
requirement of control channel assignment and assume
a 2% probability of blocking for fresh calls using the
Erlang B model).

Offered traffic
per cell

[Erlangs]

Number of traffic
channels (or time

slots)

Number of
transceivers

2.361
8.2142
14.9223
18.4264

Table 4. Examples of allocation of transceivers to a cell
as a function of offered traffic.

As a network is normally dimensioned for growth
and traffic fluctuations, it is not uncommon that a three
to six months build ahead is incorporated in the traffic
dimensioning plan in order to accommodate safety
margins, [16]. These margins have proven to be
adequate in most cases.

In addition to normal calls, handover requests also
require radio resources especially for a “make-before-
break” scheme as in some implementations of the GSM
system, [17]. In a real network, the number of handovers
per call is dependent on the length of the calls as well
as the mobility pattern of the users. The contribution of
handovers to the total traffic loading is difficult to
predict and is normally assumed as an acceptable
overhead to a system. When an operator detects an
exceptionally high volume of handovers in a cell,
measures will have to be taken to bring it under control.
Typical techniques at the disposal of an operator are to:
Increase the hysteresis margin; change the handover
thresholds; and reduce the overlap between adjacent
cells by using narrower beam antennas. As an example,
60

o
 antennas are frequently used among three sector

cell sites in dense urban areas for minimizing the
number of repeated handovers. Otherwise, the small cell
size and large coverage overlap between neighboring
sectors coupled with highly variable shadow fading in
an urban area might trigger an excessive number of
handover requests.
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The ability to prioritize handover handling with
respect to fresh calls is infrastructure equipment
specific. In dense urban environments where cells are
heavily overlapped with each other in outdoor areas due
to their short inter-site distances and the requirement for
indoor coverage, it is generally not necessary to
prioritize handover handling as calls can be maintained
even if the mobile moves away from the best server
region. This large overlap can be visualized by
understanding that the indoor penetration margin for
urban areas is typically required to be 15 dB or more. A
handover failure will not normally lead to a dropped
call as calls, which are not successfully handed-over,
can be reverted back to the originating base station.
Evidently this will degrade the service quality due to
the increased uplink interference as calls are dragged
outside the best server region.

Similar to handover prioritization, the handover
algorithm and parameters are typically infrastructure
equipment specific and are usually omitted from
standardization. For instance, for GSM, it is possible to
employ received signal level, received signal quality,
timing advance as well as traffic reasons for initiating
handovers, [18]. For a properly engineered network, the
majority of the handovers should be initiated because of
insufficient  signal level, i.e. the system operation
should be power-limited. A high volume of handovers
due to poor received signal quality normally indicates
that there are interference problems in the network
(interference-limited operation). In this situation, the
dropped call rate is expected to be high as well. An
operator will have to minimize this by re-tuning the
frequency plan and optimizing the base sites in the
vicinity of the affected region.

As an example, Table 5 shows a break-down of
handover cases according to initiating reason for a GSM
system. In the table, “signal criterion” signifies that the
handover is triggered by insufficient signal level,
whereas “UL quality” and “DL quality” stand for

handover due to excessive
error rate on the uplink and
downlink, respectively.  In
GSM, signal quality is
directly related to  the bit
error rate measured prior to
channel decoding. There are
eight quality levels defined
and the threshold for poor
quality is between 5 and 6.
Evidently, all handover
thresholds are operation
parameters. As shown in the
table, not all unsuccessful
handovers lead to dropped
calls, many are reverted back
to the original channel where
a repeated handover request
may be initiated.

 As it may be observed
from the table, in an evolving
cellular network, on the
average about 25% of the
handover cases could be due

to interference impairments though the scatter around
this value is very significant. This is similar to what
observed in [19]. It should be noted that the example is
for a typical European capital city and only the cases
which are in excess of 300 handovers per observation
period are cited.

More recently, with the proliferation of the use of
frequency hopping and power control in the GSM
community, it was found that quality based intra-cell
handover can help to improve the robustness of the
radio link significantly. Up to now, operators have
normally used this more as a safety feature rather than
as an active approach to optimize the frequency reuse.
The dimensioning rules and the relationship with
interference are still not fully understood.

As for code division multiple access (CDMA)
systems such as cdmaOne, [4], the dimensioning rules
are, in principle, similar in many respects to other
cellular systems. For instance, handovers from base
station to base station will be largely based on the
power level measurements from adjacent base stations.
However, a CDMA system has the flexibility of soft
quality degradation which allows more room for facing
traffic fluctuations. As CDMA is inherently an
interference-limited system, soft handover (by
combining or selection) is required to control
interference. To this end, additional radio hardware is
required at the base station. This amounts to a 40% to
70% increase in channels and this is included as part of
the hardware dimensioning rules. Thus, there is a subtle
tradeoff between the system loading, mobility and
capacity.

In order to maintain QOS8 objectives, CDMA
admission control can be either enforced by physically
                                                
8 Quality of Service (QOS): “The collective effect of service
performances which determine the degree of satisfaction of a
user of the service. The quality of service is characterized by

Handover Triggering ReasonOutcome Of Handover Handling

HO’s
per
cell

Signal
criterion

Bad UL
quality

Bad DL
quality

SuccessFailure

SuccessFailure:
Total

Failure:
Returned

to old
channel

Failure:
Dropped

calls

[%][%][%][%][%][%][%]
37777.1916.186.6346.9553.0539,5212.53
40766.3415.2318.4386.4913.5111,32.21
48170.4810.8118.7184.4113.5912,473.11
166190.015.724.2752.4447.5646,421.44
64893.212.014.7854.9445.0644,60.46
86556.6522.3121.0486.0113.999,5954.39
61854.538.4137.0683.3316.6713,273.39
31437.903.5058.6086.9413.069,5543.50
58383.537.209.2689.0210.983,0877.89
30276.1618.874.9750.3349.6747,022.64

Table 5. Examples of classification of handover cases for a set of ten cells with
exceptionally high volume of handover (courtesy of AirTouch International).
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limiting the number of user codes  which can be used,
or it can achieved by allowing the interference level or
noise rise in the system to determine the capacity
naturally. However, as most of the CDMA systems are
still in their early phase of deployment, the
effectiveness and the adequacy of these techniques
need to be better understood. At present, where capacity
is expected to be a problem, usually more carriers are
added. Thus, the relationship between admission control
and QOS control is still very much an undetermined
issue from a practical network operation point of view.

Adjusting the System Dimensioning

As a network evolves, the number of subscribers will
grow in time while the average traffic intensity per
subscriber will gradually decline over time. This is
because at network start up, the initial customers are
generally business customers who generate a high
amount of “minutes of use”. However, as time
progresses, more (non-business) subscribers are added
and the minutes of use by them are much lower than the
business users. This will serve to dilute the average
traffic intensity per subscriber across the network. For
instance, at network startup, the traffic per subscriber is
typically around 18-20 mErlangs per subscriber and this
declines to 12-13 mErlangs as the network matures. As
for the net effect, although the subscriber growth may
induce a decline in minutes of use, the growth in the
volume of traffic demand is still quite significant. An
operator has to closely monitor the traffic statistics of
the busy hour traffic channel utilization for all the cells.
This information is obtained from the mobile switch
statistics on an ongoing basis. When the level of
blocking reaches a pre-determined threshold, action has
to be taken to increase the number of transceivers per
cell. Of course this is subject to the constraint of the
spectrum allocation and availability. Once the
maximum number of transceivers for a specific reuse
pattern is reached, the frequency reuse has to be
tightened in order to enable an operator to increase the
number of carriers per cell.  This normally takes time to
plan the frequency re-tune and the installation of new
equipment at the appropriate base sites. The overall
optimization cycle for network capacity is summarized
in Fig. 5.

When spectrum and frequency reuse become the
limiting factors, for the longer term capacity relief, it
will be necessary to increase the number of base sites
in order to cell split9, or to introduce a hierarchical cell

                                                                               
the combined aspects of service support performance, service
operability performance, service integrity and other factors
specific to each service.", ITU-T Recommendation M.60, [20].

9 This is different from tightening the frequency reuse as cell
splitting is to increase the spatial reuse of the frequency set
rather than tightening the frequency reuse pattern. By
tightening the frequency reuse pattern, the number of carriers
in the frequency group per cluster is reduced. For instance, a
nominal frequency reuse pattern for GSM is a 12 carriers

structure (HCS) with microcells overlaying the
macrocell network. The traffic dimensioning rules for
estimating the number of traffic channels required
become more complex for HCS. For example, directed
retry, [21], i.e. attempting to serve a call in the second
best server cell when the best cell has no channels
available, could improve the trunking efficiency of the
microcells but not the macrocells 10.

A recent approach, [22], may enable efficient reuse
of frequencies between microcell and macrocells,
although the new technique is yet to be tested in the
field. In addition, the effectiveness of speed sensitive
handover algorithms, [23], [24], [25], etc., could also
impact the traffic capturing ability of the microcells. At
the time of writing, operators and infrastructure
suppliers are still actively testing the viability of the
handover algorithms and the appropriate channel
allocation strategies.

As mentioned before, for shorter term capacity
relief, it is possible to temporarily borrow the spare
capacity in the neighboring cells. In practice, the
temporal distribution of the traffic among the base sites
in a dense urban area could be rather uneven and not all
the cells neighboring to a congested cell are
simultaneously congested. Evidently, cells have to be
significantly overlapped in order to be able to share
capacity with each other.

In general, there are many optimization issues
surrounding a cellular radio system. Most of these have
multiple variables and constraints. Precise
mathematical formulations are often difficult if not
intractable. For instance, the traffic loading for a
specific cell is dependent on the traffic distribution, the
mobility pattern, spectrum allocation, handover
algorithm, switch parameters setting, and so on.
However, automated planning tools are beginning to
emerge to assist engineers to plan and optimize their
network. An example is the proliferation of automatic
frequency assignment tools which put theory, [26], [27],
[28], into practice. Yet there is still a long way for tools
to evolve to become fully effective for the many other
optimization problems of more direct relevance to radio
network dimensioning.

                                                                               
reuse. However, operators with a generous spectrum allocation
may relax the reuse pattern to 15 carriers or more. Although, to
increase the network capacity, a tighter reuse pattern of 9
carriers or lower may be required after the first transceivers.
10 Assuming a split band arrangement for the microcell and the
macrocell, the coverage of the microcells is only a subset of the
macrocell. Splitting the spectrum allocation  would imply that
the number of carriers for the macrocell will be reduced. In
areas where there is microcell implementation, it is possible to
have better trunking efficiency as the mobiles in the microcell
will be able to access both the microcell and the macrocell.
However, in areas beyond the coverage of the microcell, the
macrocell will have less carriers and can only offer a lower
volume of traffic.
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ITU-T Framework for Traffic
Engineering of Personal

Communications

s already mentioned, traffic
engineering for networks supporting
mobile and UPT services is addressed in
the ITU-T E.750-series of

recommendations. This series covers traffic engineering
for the user plane, while traffic engineering for the
control plane is handled under separate ITU-T
recommendations, typically those related to common
channel signaling systems and IN (Intelligent
Network)11. The characterization of personal
communications user traffic demand is expected to
deliver input to the demand processes for traffic
engineering of the control plane.

                                                
11 A separation between the definition of the user plane and the
control plane is that the former is associated with user data
handling, whereas the latter relates to signaling traffic
normally consisting of short messages and packet data.

The E.750-Series of
Recommendations

The goal of the E.750-series is to recommend
procedures for cost-effectively dimensioning network
resources for terminal and personal mobility support.
The scope of the E.750-series covers land, maritime
and aeronautical services, as well as terrestrial and
satellite based networks. To achieve the objectives of
the E.750-series the following study areas need to be
addressed:

•Mapping of user density and mobility for typical
operating scenarios into user traffic demand (offered
traffic);

•Definition  of GOS parameters with user perception
significance and related target values to set
objectives for  traffic engineering;

•Development  of methods for meeting the GOS
targets for specified demand patterns;

•Specification of measurement procedures for
monitoring the GOS target attainment in the service
operations environment.

Correspondingly, the series is organized into five major
groupings (general aspects, traffic modeling, Grade of
Service, dimensioning methods, and traffic
measurements). Orthogonal to this grouping is the
organization of the series into recommendations
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Figure 5. The network capacity optimization cycle.
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addressing terminal and personal mobility12. The
organization of the E.750-series is summarized in Fig.
6.

The development of the series has been mainly
focused until recently on reference connections and
GOS aspects for both land and maritime/aeronautical
services, with particular stress on terminal mobility
issues. The E.750-series consists currently of twelve
recommendations whose status ranges from
approved/revised to draft recommendations to be
finalized.

The Traffic Engineering Cycle

The approach taken in ITU-T is that for both fixed
and mobile services the traffic demand should be
characterized based on those aspects which are under
no or little control of network operators and service
providers. In the case of terminal mobility, these
aspects relate essentially to the environmental
propagation conditioning (e.g., indoor/outdoor,
metropolitan/urban), mobile terminal speed, and user
base characteristics (e.g., mobility behavior, fresh and
repeated call arrival processes). As an example, Table
6 lists some parameters which characterize the
operating scenarios envisaged for IMT-2000 .

                                                
12 Recommendations on terminal mobility apply to both
existing, - e. g. GSM (Global System for Mobile
communications, Europe), NADC (North American Digital
Cellular, North America), and PDC (Personal Digital Cellular,
Japan) - and developing mobile systems, e. g. IMT-2000 and
UMTS (Universal Mobile Telecommunication System, ETSI).

ApplicationDelivery
 Mode

Physical
Attributes/

Propagation

Level of
Mobility

Public cellularTerrestrialIndoor and/or
outdoor

Stationary
(0 km/h)

Private
business

SatelliteOutdoor in
urban,
suburban, rural,
hilly or coastal
areas

Pedestrian
(up to 10 km/h)

Residential
cordless

Terrestrial or
satellite
operation

Typical
vehicular
(up to 100
km/h)

Fixed
subscriber loop
replacement

Land, maritime,
or aeronautical
operation

High speed
vehicular (up to
500 km/h)

Residential
neighborhood

Aeronautical
(up to 1,500
km/h)

Mobile base
station

Satellite
(up to 27,000
km/h)

Paging

Table 6. Operating scenarios for IMT-2000, [29].

A key task in characterizing the traffic demand is
how to capture the space-time relationship with due
consideration given to the scope of ITU-T traffic
engineering. Once the traffic demand is defined, traffic
engineering for mobile systems should proceed by
exercising the dimensioning methods with specific
GOS/QOS objectives and cost constraints. Possibly, the
dimensioning methods have to be repeatedly exercised
to meet in the field GOS/QOS objectives and to cope
with the necessary adjustments of the many operation
parameters which, by necessity, cannot always be
explicitly accommodated in the dimensioning
procedures (e.g. power control, interleaving depth,
frequency hopping patterns, source/channel coding,
etc.). With a focus on radio resources for systems
supporting terminal mobility, Fig. 7 schematically
shows the envisaged traffic engineering study areas to
be covered in the E.750-series. Note that these areas are
closely related to the stages followed in the practice of
radio planning and capacity dimensioning as depicted
in Fig. 3. As a matter of fact, existing and envisaged
recommendations in the E.76x (Traffic
Characterization), E.78x (Engineering Methods), and
E.79x (Measurements and Performance Monitoring)
decades, relate, respectively, to the actions described
under “figuring out the traffic demand”, “sizing the
channel capacity of cells”, and “adjusting the system
dimensioning” described in the section on the current
practices for the operation of cellular systems. As
indicated in the figure, the tasks associated with traffic
engineering of cellular systems are part of a complex
cycle which includes radio coverage design and
frequency planning as key components.
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Figure 6. Organization of the E.750-series of
Recommendations.
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Scope of Traffic Engineering for
Networks Supporting Terminal

Mobility

The scope of traffic engineering for networks
supporting terminal mobility can be classified according
to two inter-related dimensions, i.e. the
geographical/operation-domain dimension and the
functional dimension. As for the former dimension, as a
general rule, traffic engineering in ITU-T has been
related to the international segments in the

communication path. However, with the trend towards
deregulation, competition and proliferation of roles in
the provision of telecommunication services and the
incurred dependency of service performance on
interworking of an increasing number of subsystems in
the communication path, the scope of traffic
engineering has widened. Correspondingly, the span of
traffic engineering for networks supporting terminal
mobility ranges from metropolitan to international
areas, as indicated in Fig. 8. As for the functional
dimension, three major network segments can be
identified (see also Fig. 1): i) the radio interface, ii) the
fixed infrastructure of the mobile network; and, iii) the
fixed core network. The radio interface comprises the

transport and signaling functionality between the mobile
terminal and the Base Transceiver Station (for
simplicity in Fig. 1, BSS, Base Station System). The
fixed infrastructure of the mobile network, spanned
between the Base Transceiver Station and Mobile
Switching Center (MSC), comprises the functionality
for exercising/activating control on radio channel
quality and availability as impacted by user population
activity and mobility. Finally, the fixed core network,
extending beyond the MSC, includes the functionality
for user location, tracking, location updating, and call
routing. For the case of  separated fixed and mobile
networks, [30], the figure also shows the allocation of

mobility management functions
(MMF) within the mobile network, as
is typically the case with second
generation mobile systems (e.g.
GSM). Depending on the actual
implementations and traffic
requirements, the MSC (Mobile
Switching Center) can be connected
with the fixed network at the LE
(Local Exchange) or TE (Tandem
Exchange) level. This is succinctly
indicated in Fig. 8 through the
combination LE/TE. As a matter of
fact, the allocation of MMF has a
range of possible options including
the arrangements resulting from
integrated mobile and fixed network,
[31]. The figure indicates two obvious
teletraffic interfaces at which traffic
demand has to be characterized for
traffic engineering purposes. One
traffic demand relates to the radio
interface and has collected most of
the contributions in the literature. The
other is associated with the
characterization of mobile related
traffic which requires fixed network
resources.

The traffic engineering tasks for
networks supporting terminal mobility
relate to all three above functional
segments. For the traffic engineering
of the radio interface, the key GOS
parameters are “probability of call

blocking” and “probability of handover failure”, [32],
[33]. The traffic engineering problems that must be
addressed include (see also [34]):
•A tradeoff of radio spectrum reuse with call

blocking and handover failure;
•Estimating the signaling load and allocating

adequate bandwidth to handle mobility related
signaling functions (e.g., paging and location
updates);

•Radio resource allocation policies;
•Admission control strategies.

For the fixed part of the network, the key GOS
parameters related to mobility are:
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Figure 7. Traffic engineering stages of E.750 for cellular systems (radio aspects
and resources).
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•Post selection delay (consisting of authentication

delay, paging/alerting delay, time to obtain the
routing number, and the fixed network ISDN/PSTN
delays);

•Call blocking and lost signaling transactions;
•Profile lookup and update response times.

Fig. 8 shows the two parts of the fixed network: The
fixed infrastructure of the mobile network (the middle
band in Fig. 8 consisting of the BS, MSC, MMF and
associated trunking and signaling) and the core network
(the upper part of Fig. 8).

The mobility related traffic engineering problems
that must be addressed for the fixed network are:

•Dimensioning the mobile infrastructure real-time
resources in BS, MSC, and MMF systems to handle
the mobility processing needs;

•Developing database architectures and
dimensioning database real-time capacity in both
the mobile infrastructure and core network to handle
mobility functions;

•Dimensioning signaling and trunking capacity in
both the mobile infrastructure and core network.

To characterize the traffic demand for these
problems, models of user behavior must be developed.
These models must characterize user density and
mobility, user calling behavior (e.g., arrival, destination
and holding time statistics), and user re-attempt
behavior. These user behavior models are then coupled
with system characteristics and operations to derive

traffic load parameters such as rate of handovers, rate of
location updates, channel occupancy time, etc. These
traffic loads are then used to dimension the system and
meet specified GOS targets.

Probing the Literature

Much research efforts have been spent to
characterize user density and mobility, calling behavior
and their performance impacts on wireless networks.
Given the large volume of results in the literature, it is
impossible to give a comprehensive review of them
here. Rather, the purpose here is to present a brief
overview of some of the models and results that, in our
view, are representative. Readers can find other work
on the subject referenced by the papers cited here.
When appropriate, areas that require further study will
also be pointed out.

The basic purpose of the mobility and teletraffic
models is to capture the movement and calling
behavior of subscribers as a means to predict or
evaluate capacity and performance of wireless
networks. Specifically, user movement in terms of
direction and speed affects the time duration in which
users stay in a cell or location area. In turn, a short
time duration results in a frequent call handover when
users are making calls, or a frequent update to location
databases for call delivery even when users are not
making calls. Highly mobile users may also require
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Figure 8. Scope of traffic demand characterization for cellular networks
(separated mobile and fixed network, mobile-to-mobile communication).
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more network resources for paging and other signaling
functions for call delivery than is required for slower
moving users. Furthermore, as discussed earlier, user
density and service penetration play an important role
in network planning and engineering. An area with a
high user density is likely to yield high traffic demands,
for which sufficient equipment has to be deployed to
handle the projected traffic load. Last but not least,
these models should capture the calling behavior in
terms of call arrival rate, re-attempt, and call holding
time distribution for proper system dimensioning. As
traffic load of new and handover calls, location
updates, call delivery and other signaling load have
significant impacts on service quality (e.g., call
blocking and dropping probability), there is always a
strong demand for mobility and teletraffic models for
analyzing and engineering cellular networks.

Radio Interface

Mobility and teletraffic models related to the radio
interface typically address traffic load characterization
and handover performance. By assuming uniform user
density, and randomly chosen fixed movement
direction and speed, the model proposed by [35]
expresses the cell-crossing (i.e., handover) rate as a
function of mobile density, mean velocity, and cell
perimeter. The model is often referred to as the fluid-
flow model. Although it neglects many aspects of
practical situations, it appears to be the simplest
mobility model with closed-form formulas. In fact, the
assumption of uniform user density and movement
direction or its variant are commonly used to study
network performance; for example, see [36], [37], [38],
and [39]. As pointed out below, [40] shows that the
fluid model can closely approximate certain practical
scenarios, but fails to do so in others.

In [38], the authors prove that the uniform
assumption leads to a biased sampling condition. That
is, the speeds of cell-crossing terminals are statistically
different from those that remain within a cell. The
probability distribution function for the speed of cell-
crossing terminals are derived for use in performance
analysis and simulation to obtain consistent
comparisons among different design alternatives. Using
the same assumption, [39] shows that (a) the handover
rate (i.e., the mean number of handovers per call)
increases as the square root of the increase in the cells
per unit area; and (b) the handover rate is given by the
ratio of mean call duration to the mean cell sojourn
time. These results offer an understanding of design
trade-offs and sizing issues in evolving wireless
networks.

Although [41] also assumes uniform user density,
the author proposes that the speed and direction of a
mobile terminal are regenerated randomly and
independently after an exponentially distributed random
time (i.e., a random traveling distance). The mobility
model is motivated by the need of reducing the
complexity of simulation models for studying channel
occupancy time, but [41] also presents arguments to
justify the mobility assumption in certain settings. It is

found that the channel occupancy time can be closely
approximated by an exponential distribution in
practical situations.

Recently, [42] develops a mathematical formulation
for tracking movement of mobile terminals, which
move randomly with degrees of freedom matching the
mobility conditions in practical networks. The model
can be used to characterize cell residence time,
channel holding time, and the average number of
handovers per call. It is found that cell residence time
can be described by generalized gamma distributions,
while channel holding time can be approximated by
exponential distributions. The latter is consistent with
the findings in [41], although the formulation in [42]
provides additional modeling flexibility and capability.

Instead of tracking user movement, [43] studies
various channel assignment strategies for handover
calls by assuming that the residence times of a mobile
terminal staying in different cells are independent and
identically distributed. Such an assumption is made for
tractability reasons. If it can be validated by actual
field measurements, the mobility model will be useful
in system design and engineering.

It is evident that the assumption of random user
movement is not appropriate for cases such as users
placing phone calls while driving. For this reason,
researchers have observed the need of combining
teletraffic theory and vehicular traffic theory [44] to
estimate call and signaling traffic load. For example,
[40] proposes a simulation method, which keeps track
of terminal locations in cellular networks by using a
vehicular traffic model based on realistic relationships
among vehicle speed, density and volume. For uniform
street layouts such as the Manhattan street patterns, it
is found that the fluid-flow model [35] yields accurate
cell/area boundary crossing rate when compared with
the detailed simulation. However, the fluid-flow model
can over or under-estimate the crossing rate in non-
uniform street patterns. Furthermore, [45] proposes a
simulation and analytic model to consider teletraffic
load and vehicle movement. The authors also use the
models to study the impacts on call blocking
probability in case of sudden change of vehicular
density in a ring-shaped service area.

Another mobility model used to capture time and
space dynamics in cellular networks along a highway is
presented in [46]. Assuming that each vehicle
alternates between calling and non-calling state
randomly, the model uses differential equations to
describe the movement of both vehicle types. As a
result, call traffic load for each cell along the highway
and handover rates at cell boundaries can be obtained.
With vehicles arriving to the system according to time-
dependent Poisson processes, new call load and
handover also form Poisson processes. The model can
be viewed as a traffic demand and useful in studying
the time and spatial dynamics in mobile networks. For
instance, their analysis shows that a significant
increase of offered load results if users initiate calls
with a rate inversely proportional to their speed (e.g., in
a traffic jam). In fact, this coupling effect between
movement and calling behavior has not been fully
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understood. Additional study will be worthwhile on the
subject as well as on re-attempt behavior, and two-
dimensional traveling space. These aspects are
addressed in other studies, although not in the
framework of one comprehensive model. As examples
of recent work: The impact of the user re-attempt
behavior on protecting handovers against fresh calls is
addressed in [47] (although disregarding the spatial
dynamics); a two-dimensional space is addressed in
[48] by reducing the problem to a combination of one-
dimensional geometries (but assuming, among others,
that the distribution of users on a segment is uniform);
“spatial point patterns” modeling (two-dimensional)
space, time-frozen distributions of mobile users while
accommodating in a flexible and computation-friendly
way a range of possible geometrical constraints are
considered in [49] as a multi-dimensional extension of
the Markovian Arrival Process (MAP), [50], based on
arrival rates dependent on the “environment state” of
the system.

It is worth noting the potential importance of the
concept of different realms of traffic and mobility
models with different levels of details for street, region,
metropolitan and national areas, as reported in [51] and
[52]. This is so because different amounts of details
simplify the models, while adequately capturing the
major essence of mobility and traffic situations in
question.  As a result, the simple models may be
proven to be sufficient and useful in planning and
engineering practical networks. Towards this goal,
additional research work will be highly desirable.
Recently, [52] introduces a set of mobility models with
scope ranging from city to street level. Three models
that cover city, zone and street, respectively, are
intended to capture mobility at different scales as a
means to estimate mobility and traffic parameters for
engineering procedures. (As discussed later, [51] also
makes a similar observation that mobility models with
different levels of details are needed.)

Before leaving the discussion on the radio interface,
it must be pointed out that mobility and traffic models
for overlaid, micro/macrocell architecture [53], [54] are
even more complicated than those for the single layer
architecture. Due to the overlapping coverage of micro
and macrocell, a call can be served either by micro or
macrocell. This brings about new approaches of
dynamic channel assignment according to the mobility
of users; see e.g., [19], [20], [55], [56] and [21]. Further,
efficient reuse of radio spectrum in the overlaid
networks also becomes an issue [57], [18]. In terms of
teletraffic issues, when a call is blocked by a
microcell, it can be “overflowed” to the associated
macrocell to see if the latter has spare radio channels.
Existing methods such as [58], [59] and [60] may be
useful for analyzing the call overflow, but additional
factors such as mobility need also be considered to

balance performance for new and handover calls [61].
A survey of some of these issues for micro/macrocell
overlays can be found in [62].

It is clear that additional research will be needed to
fully address the mobility and teletraffic issues for the
overlaid networks.

Fixed Infrastructure

In the study of teletraffic issues for the signaling
functions and the fixed infrastructure, terminal or
personal mobility need not, in general, be considered
as detailed as in most of the models discussed above.
Rather, models with large scales will be adequate.

Adding new base stations and reducing cell size are
a common approach to meet increased traffic demand.
Small cell and registration areas however tend to
increase signaling traffic. Using the fluid-flow model
[35], [63] reveals a potentially significant increase of
traffic load on the signaling links due to a combination
of high terminal density and mobility, and small
location area in PCS networks. Using the number of
location updates between two calls, [64] proposes a
framework for estimating the signaling load. Similarly,
[65] and [66] predict a large increase of workload for
the network databases to support mobility when
compared with IN  network services.

To avoid the performance impacts of signaling and
database load due to mobility, many new mobility
management or location tracking algorithms have been
devised and analyzed. The common goal of these new
methods is to reduce the network signaling (including
paging over the radio channels [67], [68], [69]) and
database load, thus improving call-setup delay, network
capacity and perceived service quality, while
efficiently delivering calls to mobile users. Since the
details of the algorithms lie beyond the main scope of
this paper, instead of discussing them here, readers are
referred to the papers and their cited work on the
subject that are published recently in two special issues
of IEEE JSAC [70] and [71].

Last but not least, it is worth noting that [51]
proposes a realistic teletraffic modeling framework,
which consists of topology, call and mobility model.
The call model is characterized by actual call data in
an existing telephone network. The mobility model
considers user movement at three different scales,
resulting in metropolitan, national, and international
submodel. The mobility parameters in the first
submodel is estimated from personal transportation
surveys, while those for the latter two are approximated
from the airplane passenger traffic data. Using this
framework, workload for the location database can be
studied by simulation. Potentially, it can also be useful
for evaluating various mobility management algorithms
and network topology design.
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A summary of these mobility and traffic models,
and related teletraffic issues for mobile networks is
given in Table 7. The purpose there is to show the
potential of the models in studying network
performance and design issues.

Where Do We Stand?

espite a large volume of (at times)
quite sophisticated mobility, traffic
demand and dimensioning models,
theorists, for the sake of tractability,

often make simplifying assumptions about user density,
and assume certain statistical properties of channel
holding time, cell residence time and other mobility
related parameters, when modeling mobile
communication networks. As the mobile and UPT
services will undoubtedly provide users with rich
features and multimedia capability, mobility and
teletraffic issues for the future networks will become
more complicated than those in the current second
generation networks. It will be a challenge to the
teletraffic community to provide engineering tools for
different system generations meeting the robustness and
simplicity requirements demanded for a smooth system
operation.

Some Popular Assumptions: Traffic
Engineering "Myths"?

In the area of terminal mobility and cellular
systems, there has been increasing consensus in the
open literature on a series of working assumptions
which have led to mathematically tractable problems.
Given the complexity of mobile system operation and
the need for traffic engineering procedures with ITU-T
significance, it is important to revive considerations of
how well the models being used represent “real world”
systems. This is by no means meant to undermine the
value of traffic models, but rather to stress the need of
validating with field data the indications from the
models and determine that the models are accurate
enough to justify their adoption in a sound teletraffic

engineering practice. A point to note is that traffic
statistics, and in general information on network
operation, for a specific cellular radio network are
highly sensitive proprietary information for an operator
due to the competitive nature of the industry. This
information is rarely published in the public domain nor
shared outside the companies. (Infrastructure suppliers
may occasionally have access to a limited amount of
this information, but this could mostly be restricted to
the start-up phase of a network). Since access to the
wealth of information on real life network operation is
effectively very restricted, contributions on traffic
engineering to the open literature usually have to work
from abstractions whose rationale and impact may not
be backed in all cases by deep knowledge about real
system operation and needs. These factors contribute to
some of the disconnects between theory of traffic
engineering and the real world.

Some of the most popular assumptions related to
traffic and mobility modeling have included:

•Radio cells have regular (hexagonal) shape.
Cells are defined in terms of radio coverage as
provided by the power emitted by the base
transceiver station/radio port antenna around which
a cell is constituted. As such, the cell “boundary” is
associated with the limiting distance from the
antenna site beyond which communication with a
mobile terminal becomes troublesome. Due to
terrain characteristics and existence of obstacles of
various nature interfering with propagation of radio
waves, the boundary of a cell is normally fuzzy and
a cell coverage may even be jeopardized over an
area.

•Handovers (in FDMA/TDMA systems) are
accomplished as soon as a user crosses the
boundary between adjacent cells).
Since cells are usually not regularly shaped, their
radio coverage must overlap to some extent. This
overlap provides a window during which the
handover should be completed without substantially
affecting the quality of the connection in a pre-
determined time interval. How effective and rapid
the handovers are depends on the efficiency and
sophistication of the (proprietary) handover
algorithms and the processing power.

Radio InterfaceFixed Infrastructure

Traffic/mobility
model

Fluid [35]; random change of direction and speed
[41], [42]; i.i.d. cell residence time [43];
vehicular traffic movement [40], [45], [46], [52]

Fluid [63], [65], [66], [64]; city/area model [52];
metro/national gravity model [51]

Call processNew and handover calls [36], [37], [43]; new and
re-attempts  [47]; call overflow in overlaid
networks [61]

G/G/1 model [72] for signaling links and nodes

Typical traffic
issues

Handover traffic rate [41], [39]; handover
prioritization [36], [73], [37], [43], [21]; paging
[67], [68], [69]; dynamic channel assignment
[74], [19], [20], [55], [56]; bandwidth reuse in
overlaid networks [18], [57]

Signaling link load [63], [64]; location database
load and processing capacity [65], [66], [51];
mobility management [70], [71]

Table 7. A classification and typical use of some traffic demand models.

D
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Moreover, although distance from the antenna site
(i.e. the emitted power) plays an important role,
(co-channel) interference is another major aspect
impacting channel quality and hence the handover
process. Although energy-saving and interference-
reducing techniques based on activity periods of
traffic sources (discontinuous transmission) are
normally employed, co-channel interference may
well override the effect of distance and become a
major driver in the handover process. This is
particularly true for CDMA systems where soft
handover is a key system function.

•The user flow rate out of a cell equals the flow
rate into the cell contributed by users from
neighboring cells.
Uniform distribution of users over a certain area for
a specific time is a condition hard to be met in
practice. Instead, user densities tend to exhibit
accumulation points and considerable dynamics,
especially in metropolitan areas and for a high
penetration service such as the telephone service. In
these conditions the accumulation points in the
density move across cells, with incurred
consequences on the balance of out- and in-flow
rate of users even over relatively short periods.

•The handover rate is an input parameter to the
traffic engineering process similarly as the call
arrival rate.
The call arrival rate is associated with the user
propensity to request a service. The call arrival
process characterizes the traffic demand and, unlike
the mobility behavior, has some dependence on the
communication infrastructure provided by the
network operator and/or the service provider.
Instead, the handover process is totally
“transparent” to the user in that it is out of his or her
control and is conditioned by the actual
arrangements provided to ensure coverage and call
carrying capacity while accommodating user
mobility. For this reason, the E.750-series envisages
that the characterization of the handover process is
part of the engineering methods as opposed to be
handled under terminal mobility traffic modeling
proper.

To summarize, frequently used assumptions have
included: Pure geometrical considerations for (radio)
channel quality degradation; uniform and/or time-
invariant distribution of the user base over the studied
area; random or unidirectional motion of users, etc.
Moreover, in the case of handover handling, the
handover rate is often postulated as opposed to being
derived based on such aspects as base station
deployment, user mobility behavior, channel quality
degradation due to uneven radio coverage and/or user
activity, and system operation.  The models based on
the above assumptions have been typically used to
estimate the transition rate of moving users in
(cellular) wireless communication systems when
crossing the “boundaries” between adjacent “regions”,
be these latter radio cells or location areas. The
purpose of the models has been  to devise strategies for
maintaining target GOS and QOS objectives to

established user traffic connections - e.g. handling
handovers - and/or to estimate the signaling load
involved in supporting both in-call and in-between-call
mobility (messages for handover control,
registration/authentication and location updating).

As already explained, given the safety margins with
which cellular networks have been dimensioned, the
assumptions have not diminished the value of (first
order) indications drawn from the models. In particular,
always more sophisticated computer aided tools are
being developed to address the various stages of
network planning, including estimation of the radio
area coverage with a resolution depending on the
granularity provided by the terrain data base. In actual
situations, these tools may help in providing estimates
of the transition rates - although normally at the cost of
massive computation effort. As for the time-space
dependence of traffic demand, the common operators'
attitude has been to dimension for the "worst case" and
basing on fixed channel allocation. This has meant that
what has really mattered has been the identification of
the envelope of the population maxima over the
considered service area across the 24-hour period. With
such an approach, studies on population density and
related dynamics have been interesting for cellular
operators to the extent that they have been able to
provide indication on maximum resource allocation.
Finally, the handover phenomenon is considered an
extremely complex issue, impacted by a multitude of
operation factors. As a rule, a substantial deviation
from an "endemic" amount of handovers is taken as a
flag for incorrect system operation (e.g. non-optimal
handover hysteresis or wrong choice of antenna beam-
width) leading to corrective actions based on switch
statistics on a case-by-case basis. In this respect,
studies providing an insight on the basic mechanisms
underlying the handover process have been useful for
relating key operation parameters.

In conclusion, models based on common,
simplifying assumptions have had merits in helping to
understand basic relationships between operation
parameters. The extent to which these models have
been used as an integral part of the traffic engineering
practice is, however, quite limited. This is due to both
the complexity of cellular networks planning and
optimization and to the safety and plan-ahead margins
in network dimensioning which have been affordable
until recently for the network deployment. Increased
competition in service offerings and higher
expectations on service quality will drive for higher
efficiency in operating network resources and for
adequate, more comprehensive traffic engineering
models.

The Challenges

Some of the challenges theorists have to face for
supporting traffic engineering activity in a fast evolving
design environment such as that relating to mobile
systems are as follows:

•While second generation (digital) mobile systems
are flanking and replacing first generation (analog)
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systems, third generation systems with even more
advanced capabilities are being studied and
standardized. The performance objectives of these
new systems  and the techniques on which they are
based are different. The resulting GOS targets and
the control and dimensioning methods have a
dependence on the type of system being considered,
and this  widens and specializes the range of issues
that need to be considered for traffic engineering
purposes, thus making the traffic engineering task
more arduous;

•One of the major thrusts in developing advanced,
third generation mobile systems is to enable
flexibility and efficiency in accommodating a
variety of operation and traffic demand scenarios.
This should be made possible by the adaptive
capabilities  underlying the system design. The
wide-range that  these adaptive capabilities will
take (from adaptive source/channel coding to
dynamic allocation of radio resources) has not only
a profound impact on traffic engineering, but also
makes the relationship between traffic engineering
and network planning extremely intricate. Since the
operation details of advanced mobile systems are
still the object of ongoing standardization activity,
relatively few firm results are available on which
traffic engineering for advanced systems can be
based;

•Traffic engineering studies for mobile systems have
many objectives and use quite different modeling
techniques. A common ingredient to these studies is
the modeling of mobility which is very often
tailored to the particular objective or tuned to the
actual modeling technique chosen for the sake of
problem tractability. This has not led to the
development  of mobility models general or flexible
enough to be universally used for testing the
effectiveness of control methods and/or the
efficiency of dimensioning procedures.

Non-Voice Traffic

Although the problems addressed in this note are in
principle related to the characterization of any kind of
teletraffic demand, the main focus of the existing
literature and ITU-T studies has been to concentrate on
characterizing voice traffic demand in a PCS
environment. However, with the increasing penetration
of circuit switched and packet data and video services,
the steadily growing popularity of interactive
communication modes, and the prospects for advanced,
post-IN architectures for supporting “agent based”
execution of communication and processing tasks, the
dimensions of traffic engineering for PCS (and personal
communications) necessarily increase. As a matter of
fact, not only does traffic engineering for fixed
networks need to be revisited to account for the
mentioned aspects, but a range of issues involving
mobility, service accessibility and customization of
user service environment have to be addressed to take
care of the parallel, associated evolution of the PCS
landscape.

The study of problems related to the above aspects
are also in the scope of traffic engineering for PCS in
ITU-T. In the current ITU-T work-program it is
envisaged that a satisfactory description, for ITU
purposes, of the traffic demand related to more
traditional services, such as voice services, will be
instructive and beneficial for paving the way to traffic
demand description of other non-voice services.

Status and Prospects of
ITU-T Work

he ITU-T activity on traffic
engineering for Personal
Communications is set in a framework
where: i) mobile personal

communications services continue to have
exceptionally high penetration growth; ii) awareness
among operators of the need for more efficient use of
resources that were previously over dimensioned; iii)
users have high expectations on both new mobile
services and service quality; and, iv) a new generation
of mobile systems with advanced features and self-
organization capabilities is being standardized which
will allow a truly seamless communication
environment, shielding the user from many of the
technicalities associated with using his or her terminal
and accessing services across different operator
domains.

Against this background, ITU-T is progressing the
E.750 series trying to strike a balance between
usefulness to operators, soundness of theoretical
approach, and timeliness in covering advances in
system design. To meet these objectives, the needs of
ITU-T should first be expressed, and then a strategy for
developing the E.750 series should be identified.

The Needs of ITU-T

Currently, the needs of ITU-T in terms of terminal
mobility traffic demand modeling could be formulated
as follows:

•Fundamental parameters associated with in-call and
in-between-call user behavior as well as customer
base mobility characteristics should be investigated,
also considering the dependence on the variety of
service types and offerings;

•The scope of traffic engineering encompasses
metropolitan, national and international areas. This
translates into the need for models with different
level of detail;

•The teletraffic interfaces for which the traffic
demand should be characterized divide into two
broad categories: The radio interface(s) and the
interfaces related to boundaries within the fixed
network. While the embodiment of the mobility
aspects are key for the radio interface category, the
second type of characterization requires that the

T
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nature of the traffic streams resulting from the
composition of mobile related and fixed network
related traffic demand be understood;

•Radio coverage aspects and user re-attempt
behavior have a definite bearing on traffic demand
and should become essential ingredients of the
related characterization. Moreover, the interrelation
between user density, speed of motion and radio
coverage should be understood and expressed.

The needs of ITU-T in terms of traffic engineering and
dimensioning methods can be characterized as follows:

•Models and methods need to be described for
translating forecasts of traffic demand into capacity
expansion of the available radio spectrum. For
example, methods need to be described for cellular
systems on how to modify the cellular layout/design
and frequency re-use patterns to increase the overall
channel capacity;

•Methods need to be provided to translate models of
user behavior  (e.g., user density, mobility, and
calling behavior) into traffic demand (i.e., new and
repeated call attempt rates) and then determine the
GOS for a proposed use of radio spectrum.  In
addition, this traffic demand needs to be used to
determine real-time processing load in the fixed
infrastructure of the mobile network (e.g., in the
MSC and MMF systems), and standardized
methods are needed to dimension those resources;

•User density, call behavior and mobility models

need to be used to standardize how to characterize
and determine signaling loads in both the radio link
and fixed network related to location updating,
paging and location tracking.  Standard methods
need to be developed for dimensioning the needed
resources in the radio link and the fixed network to
handle these loads by evaluating and trading-off
such aspects as: Paging and location update
signaling costs; designing location areas to achieve
a desired level of location update load; designing
alternative database layouts (e.g., centralized vs.
distributed HLR environments) in developing an
overall system design.

Finally, the proposed methodology for
standardization is to decouple the traffic demand
characterization from the dimensioning and control
procedures; this would then  harmonize with the
methodology used for traffic engineering of fixed
networks and services. To accomplish this, the traffic
demand processes have to be kept distinct from
processes induced by network operation, such as
channel quality maintenance and handover handling.

A Way Forward for Progressing the
E.750 Series

Given the many dimensions of the traffic
engineering tasks on one hand and the evolving
technological scenario for mobile systems and services

TERMINAL MOBILITY TRAFFIC MODELING
(Recommendation E.760)

TopicCommentsPriority
Mapping population density into traffic
demand associated with radio
resources for metropolitan areas (user
plane)

Account should be taken of re-attempt behavior; inclusion of short-term
(daily) and longer-term (seasonal) population density shift over the
investigated area; in-call mobility behavior highly desirable

High

Cell crossing rate for metropolitan
areas

Geometrical considerations, different classes of usersHigh

Characterization of traffic demand  at
the interface between the radio access
network and the fixed infrastructure of
the mobile network (user plane)

Medium

Location area crossing rateGeometrical consideration, different classes of usersMedium

DIMENSIONING METHODS FOR LAND MOBILE SYSTEMS
(Recommendation E.780)

TopicCommentsPriority
Dimensioning methods for cellular
systems (phase 1)

One layer cellular lay-out, circuit switching (FDMA/TDMA), handover
protection against fresh calls, repeated call attempts; no co-channel
interference considerations

High

Dimensioning methods for cellular
systems (phase 2a)

One layer cellular lay-out, circuit switching (FDMA/TDMA), handover
protection against fresh calls, co-channel interference modeling

Medium

Dimensioning methods for cellular
systems (phase 2b)

Two- (multi-) layer cell architecture, circuit switching (FDMA/TDMA),
handover protection against fresh calls, repeated call attempts; no co-
channel interference considerations

Medium

Dimensioning methods for cellular
systems (phase 3)

Two- (multi-) layer cell architecture, circuit switching (FDMA/TDMA),
handover protection against fresh calls, repeated call attempts; co-
channel interference considerations

Low

Note  - Inclusion of CDMA radio transmission technique and packet-switching in the scope of Draft
Recommendation E.780 is pending, at the time of writing, due to the definition process on related

matters going on in ITU-R TG 8/1 (IMT-2000).

Table 8. Short-term work-plan and allocation of priorities for the progress of Draft Recommendation E.760
and E.780 on terminal mobility and land mobile, terrestrial-based systems (example).
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on the other hand, it is clear that a development path
has to be identified for producing Recommendations in
the E.750 series. Restricting the attention to terminal
mobility aspects, this path should enable the coverage
of all important aspects of traffic engineering in the
complex relationship between radio coverage and
frequency planning, and radio network dimensioning -
while allowing for a progressive extension of the
subjects covered so as to build on consolidated
material.

In particular, from the preceding sections it seems
that a sensible approach should be based on the
following principles:
• Traffic engineering for mobile networks is part of a

complex cycle whose aim is to optimize the
dimensioning of the radio network. Traffic
engineering should help in rationalizing some key
phases in the cycle and contribute to the
identification of operation regions which are both
stable and cost-effective from a resource usage
point of view. The actual operating region shall be
identified in the field through fine-tuning of the
operation parameters, with radio transmission and
coverage constraints playing a decisive role.

 An effective way for traffic engineering to feed
in the cycle would be to make available a series of
“modules” for addressing mobility, traffic demand
and dimensioning issues. These modules should be
scaleable and accommodate both the geographical
scope of the network and the fundamental
differences in the architecture of mobile systems
and the technique (Radio Transmission Technique)
used in the radio interface.

• The scope of traffic engineering for networks
supporting terminal mobility depends on a multitude
of factors affecting, among others, network
architecture, network planning principles and
network operation. The combination of the possible
options related to these factors identifies scenarios
characterized by different frequency of actual
system deployment and operation complexity - and
consequently different degree of complexity from a
traffic engineering point of view. It is suggested that
the work to be progressed in the E.750 series
relating to terminal mobility modeling and
dimensioning methods for land mobile systems be
organized in the framework of scenarios of
increasing complexity, with less complex system
being addressed first. This “phased approach”
(exemplified in Table 8) would enable to address a
large base of actual systems and capitalize on
stable results.

Conclusions

t the cross-point between
fundamental changes in the
communications paradigms, coexistence
between different generations of mobile

systems, intensive competition between operators and
need to optimize network resource usage, and user’s
aspiration to access, interact with and manipulate a
personalized set of services in a genuine seamless
communication environment, ITU-T traffic engineering
for networks supporting terminal mobility has to
develop an adequate path for producing related
Recommendations in the E.750 series. This path should
reconcile such issues as usefulness to operators,
soundness of theoretical approach, and timeliness in
covering advances in system design, among others.
Clearly, this path will reflect both a priority choice in
progressively advancing the coverage of the
Recommendations and a strategy in building on
consolidated material along the dimensions of
geographical scope, functionality of the spanned
network segments, architecture of the mobile and fixed
network, supported services and transport modes, etc.

Key to the process of progressing the E.750 series is
the understanding of the role of traffic engineering in
the radio planning and capacity dimensioning cycle.
This role identifies traffic engineering as an enabler for
helping in locating regions for optimal resource usage
and stable operation, with final setting of operation
parameters decided in the field and dictated by radio
transmission and coverage constraints. As a
consequence of the complex relationship between
traffic engineering and radio coverage planning for
different mobile systems on one hand, and the ever
increasing support of computer aided tools for
addressing the stages involved in coverage and
capacity planning on the other hand, a modular
structure of the traffic engineering procedures seems
appropriate. This structure should help in matching the
traffic models to the characteristics of the network
architecture and design of the radio interface.

Finally, the need for increased efficiency in network
resource usage calls for mobility, traffic demand and
dimensioning models which are comprehensive (e.g.
reflect the self-organizing capabilities characterizing
the design of advanced mobile systems) and
incorporate a sufficient degree of realism - while
remaining robust and manageable. Being able to
respond to these requirements will continue to be a
challenge for the teletraffic community.
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