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23.1 Introduction

One of the important aspects of frequency reuse-based cellular radio as compared to early land mobile
telephone systems is the potential for dynamic allocation of channels to traffic demand. This fact
had been recognized from the early days of research (e.g., see [18, Chapter 7], [7, 8]) in this field.
With the emergence of wireless personal communications and use of microcell with nonuniform
traffic, radio resource assignment becomes essential to network operation and largely determines the
available spectrum efficiency. The primary reason for this lies in the use of microcell in dense urban
areas where distinct differences exist as compared to large cell systems due to radio propagation and
fading effects that affect the interference conditions.

In this chapter, we will first review the channel reuse constraint and then describe methods to
accomplish the assignment. Subsequently, we will consider variations of fixed channel assignment
and discuss dynamic resource assignment. Finally, we will briefly discuss the traffic modeling aspect.

23.2 The Resource Assignment Problem

The resources in a wireless cellular network are derived either in frequency division multiple access
(FDMA), time division multiple access (TDMA), or joint frequency-time (MC-TDMA) [1]. In
these channel derivation techniques, the frequency reuse concept is used throughout the service
areas comprised of cells and microcells. The same channel is used by distinct terminals in different
cells, with the only constraint of meeting a given interference threshold. In spread spectrum multiple
access (SSMA) such as the implemented code division multiple access (CDMA) system (1S-95) [24]
each subscriber spreads its transmitted signal over the same frequency band by using a pseudorandom
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sequence simultaneously. Asany active channel isinfluenced by the others, anew channel can be setup
only if the overall interference is below a given threshold. Thus, the problem of resource assignment
in CDMA relates to transmission power control in forward (base station to mobile terminal) and
reverse (mobile terminal to base station) channels. Of course, the problem of power control applies
to TDMA and FDMA as well, but not to the extent that it impacts the capacity of CDMA. Here we
first focus on time- and frequency-based access methods. We subsequently present some preliminary
discussion on spread spectrum CDMA systems.

Fixed channel assignment (FCA) and dynamic channel assignment (DCA) techniques are the two
extremes of allocating radio channels to mobile subscribers. For a specific grade of service and
quality of transmission, the assignment scheme provides a tradeoff between spectrum utilization and
implementation complexity. The performance parameters from a radio resource assignment point
of view are interference constraints (quality of transmission link), probability of call blocking (grade
of service), and the system capacity (spectrum utilization) described by busy hour erlang traffic that
can be carried by the network. In a cellular system, however, there exist other functions, such as
handoff and its execution or radio access control. These functions may be facilitated by the use of
specific assignment schemes and, therefore, they should be considered in such a tradeoff [14].

The problem of channel assignment can be described as the following: Given a set of channels
derived from the specified spectrum, assign the channels and their transmission power such that for
every set of assigned channels to cell i, (C/I); > (C/I)o. Here, (C/I)g represents the minimum
allowed carrier to interference and (C/1I); represents carrier to interference at cell ;.

23.3 Fixed Channel Assignment

In fixed channel assignment the interference constraints are ensured by a frequency plan independent
of the number and location of active mobiles. Each cell is then assigned a fixed number of carriers,
dependent on the traffic density and cell size. The corresponding frequency plan remains fixed on
a long-term basis. In reconfigurable FCA (sometimes referred to as flexible FCA), however, it is
possible to reconfigure the frequency plan periodically in response to near/medium term changes in
predicted traffic demand.

In FCA, for a given set of communications system parameters, (C/I)o relates to a specific quality
of transmission link (e.g., probability of bit error or voice quality). This parameter in turn relates to
the number of channel sets [18] (or cluster size) given by K = 1/3(D/R)?. Thus, the ratio D/R is
determined by (C/I)o. Here D is the cochannel reuse distance and R is the cell radius. For example,
in the North American cellular system advanced mobile phone service (AMPS), (C/I)o = 18dB,
which results in K = 7or D = 4.6R. Here, we have used a propagation attenuation proportional to
the fourth power of the distance. The radius of the cell is determined mainly by the projected traffic
density. In Fig. 23.1 a seven cell cluster with frequency sets F1 through F7 (in cells designated A-G)
has been illustrated. It is seen that the same set of frequencies is repeated two cells away.

The number of channels for each cell can be determined through the erlang-B formula (for example,
see Cooper [6]) by knowing the busy hour traffic and the desired probability of blocking (grade of
service). Probability of blocking Pg is related to offered traffic A, and the number of channels per
cell N by

AN /NI

N
> Al
i=0

This applies to the case of blocked calls cleared. If calls are delayed, the grade of service becomes the

Pg =
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FIGURE 23.1: Fixed channel assignment.

probability of calls being delayed P and is given by the erlang-C formula [6],

AN
B NI(1— A/N)
Po = N-1 AN
D A+ NI(1— A/N)

i=0

FCAis used in almost all existing cellular mobile networks employing FDMA or TDMA. To illustrate
resource assignment in FCA, we describe the FCA schemes used in global system for mobile commu-
nications (GSM or DCS) [17]. Here, the mobile terminal continuously monitors the received signal
strength and quality of a broadcast channel along with the identity of the transmitting base station.
This mechanism allows both the mobile and the network to keep track of the subscriber movements
throughout the service area. When the mobile terminal tries and eventually succeeds in accessing
the network (see Fig. 23.2), a two way control channel is assigned that allows for both authentication
and ciphering mode establishment. On completion of these two phases, the setup phase initiates and
a traffic channel is eventually assigned to the mobile terminal. Here, the terminal only knows the
identity of the serving cell; the (control and traffic) radio channel assignment is a responsibility of
the network and fulfills the original carrier to cell association, while simplifying the control functions
during normal system operation.

23.4 Enhanced Fixed Channel Assignment

FCA has the advantage of having simple realization. Since the frequency sets are preassigned to
cells based on long-term traffic demand, however, it cannot adapt to traffic variation across cells and,
therefore, FCAwill resultin poor bandwidth utilization. To improve the utilization while maintaining
the implementation simplicity, various strategies have been proposed as enhancements to FCA and
deployed in existing networks. Two often used methods are channel borrowing and directed retry,
which are described here.
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FIGURE 23.2: Radio resource assignment in GSM/DCS. Source: Jabbari, B., et al., Network issues
for wireless personal communications. IEEE Commun. Mag., 33(1), 1995.

In the channel borrowing strategy [11, 12, 18, 29], channels that are not in use in their cells
may be borrowed by adjacent cells with high offered traffic on a call-by-call basis. Borrowing of
channels allows the arriving calls to be served in their own cell. This implies that there will be further
restrictions in using the borrowed channels in other cells. Various forms of borrowing have been
surveyed in Tekinay and Jabbari [23].

Indirected retry [10, 13, 14], a call to or from a mobile subscriber may try other cells with channels
with sufficient signal strength meeting the C /I constraint if there are no channels available in its own
cell to be served. In some cases it may be necessary to direct some of the calls in progress in a given
congested cell to adjacent lightly loaded cells (those calls that can be served by adjacent cells) in order
to accommodate the new calls in that given cell. This is referred to as directed handoff [13, 20]. The
combination of these two capabilities provides a significant increase in bandwidth utilization.
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23.5 Dynamic Channel Assignment

In dynamic channel assignment [2, 3, 4, 7, 8, 9, 12, 21], the assignment of channels to cells occurs
based on the traffic demand in the cells. In other words, channels are pooled together and assignments
are made and modified in real time. Therefore, this assignment scheme has the potential to achieve
a significantly improved bandwidth utilization when there are temporal or spatial traffic variations.

In DCA, the interference constraints are ensured by a real-time evaluation of the most suitable
(less interfered) channels that can be activated in a given cell (reassignment may be needed). That
is, the system behaves as if the frequency plan was dynamically changing to meet the actual radio
link quality and traffic loads, realizing an implicit sharing of the frequency band under interference
constraints.

The implementation of DCA generally is more complex due to the requirement for system-wide
state information where the state refers to which channel in which cell is being used. Obviously, it is
impractical to update the system state in a large cellular network at any time, especially those based
on microcells, as the controller will be overloaded or call set delay will be unacceptable. Therefore,
methods have been devised based on a limited state space centralized control [15] or based on a
distributed control to perform the necessary updating. A method referred to as maximum packing
suggested in Everitt and Macfadyen [15], records only the number of channels in use. Distributed
control schemes, however, where channel assignments are made at mobile stations or base stations
may be attractive. These schemes are particularly suitable for amobile controlled resource assignment
where each mobile measures the actually perceived interference and decides to utilize a radio resource
in a completely decentralized way.

Design of DCA algorithms is critical to achieve the potential advantages in efficiency and robust-
ness to traffic heterogeneity throughout cells as compared to FCA and enhanced FCA. Poor DCA
algorithms, however, might lead to an uncontrolled global situation, i.e., the locally selected channel
might be very good for the specific mobile terminal and at the same time very poor for the interference
level induced to other traffic sources.

Two classes of regulated DCA and segregation DCA are discussed here due to their importance.
In a regulated DCA, appropriate thresholds tend to maintain the current channel, avoiding useless
handoffs that can tie up channels; in a segregation DCA, channel acquisition obeys priorities assigned
to each channel. In the latter, the channels successfully activated in a cell have a higher assignment
probability than those found to have a high interference in the cell; of course, priorities change in
time depending on changes in the system status. These types of assignment lead to a (frequency)
plan still changing dynamically but more slowly and, in general, only because of substantial load
imbalance. In steady-state conditions, the plan either tends to be confirmed or fluctuates around a
basic configuration, proven to be suboptimal in terms of bandwidth efficiency.

Both digital European cordless telecommunications (DECT) and cordless technology known
as CT2 are employing the DCA technique [25], and the next generation cellular systems are foreseen
to deploy it. In CT2 the handset and the base station jointly determine a free suitable channel to
serve the call. In DECT, the mobile terminal (portable handset) not only recognizes the visited base
station (radio fixed part) through a pilot signal but continuously scans all of the system channels and
holds a list of the less interfered ones. The potentially available channels are ordered by the mobile
terminal with respect to the measured radio parameters, namely, the radio signal strength indicator,
measuring and combining cochannel, adjacent-channel, and intermodulation interference. When a
connection has to be established, the best channel is used to communicate on the radio interface.

It is possible to have a hybrid of DCA and FCA in a cellular network in which a fraction of
channels are fixed assigned and the remainder are allocated based on FCA. This scheme has less
system implementation complexity than the DCA scheme but provides performance improvement
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(lower probability of call blocking) depending on the DCA-FCA channel partitioning [19].

In general, DCA schemes cannot be considered independently of the adopted power control mech-
anism because the transmitted power from both mobile terminal and base station substantially affects
the interference within the network. For a detailed discussion of DCA and power control, the readers
are referred to [5]. Despite the availability of several power control algorithms, much work is needed
to identify realizable power and channel control algorithms that maximize bandwidth efficiency.
Nevertheless, realization of power control mechanisms would require distribution of the system sta-
tus information and information exchange between mobile terminal and network entities. This in
turn will involve overhead and terminal power usage.

The performance of DCA depends on the algorithm implementing this capability [13, 16] In
general, due to interactions between different cells the performance of the system will involve mod-
eling the system as a whole, as opposed to in FCA where cells are treated independently. Therefore,
mathematical modeling and performance evaluation of DCA becomes quite complex. Simplifying
assumptions may, therefore, be necessary to obtain approximate results [15, 22]. Simulation tech-
niques have been widely used in evaluation of DCA performance. For a representative performance
characteristics of DCA and a comparison to enhanced FCA schemes the readers are referred to [14].

23.6 CDMA Systems

Now we turn our attention to systems based on direct sequence spread spectrum CDMA. Examples
include the second generation system based on 1S-95 and the proposed third generation system based
on Wideband CDMA (W-CDMA) [28]. Due to the simultaneous availability and reuse of the entire
frequency spectrum in every cell, opportunity for dynamic channel assignment exists inherently.
However, the problem of dynamic channel allocation turns into the problem of allocation of resources
such as spreading codes, equipment limitations, intracell and intercell interference. Added to this
is the practical implication of the soft capacity, which allows temporary degradation of the links.
Furthermore, the use of voice activity compression technique allows increase in channel utilization
while adding new performance measures such as speech freeze-out fraction.

The capacity of the CDMA system in terms of Erlang for both forward and reverse directions has
been derived in [27]. The effect of imperfect power control, other cell interference has been taken
into account for traffic sources with a given user activity. This capacity reflects the average traffic load
the system can carry under a specified performance measure. This measure, although it is treated
similar to the probability of blocking, in actuality is somewhat different from those commonly used in
orthogonal time and frequency systems and indeed reflects the outage probability. The performance
measure has been defined in [27] as the ratio of background noise density to total interference density,
No/Ip, being greater than a specified value (for example 0.1). For the simple equally loaded cells
case where the limiting direction is the reverse link, with a bandwidth of W, source data rate of
R bits/second, required energy to interference ratio of E,/Io, and ratio of other cells to own cell
(sector) interference of f, the condition to have an outage is given by [27]:

K(1+f)

Pouage =Pr| > v (Ey/Io); > (W/R) (1— No/Io)
i=1

In the above formula, v; represents the event the bi-state source is in the active state and K is the

number of sources in a single cell. Note that (E};/Ip); is the energy per bit-to-interference ratio of
source i as received at the observed base station. Additional scenarios and some approximations
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for special cases have been further carried out and discussed in [26]. Such analysis can be used to
evaluate the system capacity for when traffic is nonuniformly distributed across the cells/sectors.

23.7 Conclusion

In this chapter we have classified and reviewed channel assignment techniques. We have emphasized
the advantages of DCA schemes over FCA in terms of bandwidth utilization in a heterogeneous traffic
environment at the cost of implementation complexity. The DCA schemes are expected to play an
essential role in future cellular and microcellular networks.

CDMA inherently provides the DCA capability. However, the system capacity depends on factors
including power control accuracy and other cell interference. We presented a brief discussion of
capacity of CDMA.
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