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Resumo -Um conjunto de trés algoritmos de alocagac de
canais é proposto e analisado. Ao contrério de muitos algo-
ritmos, cuja performance depende grandemente do perfil de
trafego, as técnicas propostas adaptam-se dinamicamentie s
mudangas da carga de wéifego, combinando as caracteristicas
da alocacio dindmica de canais com as de alocagfo fixa de ca-
nais, migrando suavemente de uma para outra técnica para dar
a melhor performance em guaisquer circunstincias, Embora
os algoritmos propostos alocam o8 canais de maneira total-
mente dindmicg, isto £ feito dentro de umna dada disciplina de
forma que 0s canais sejam empacotados em grupos de reuso
¢ a distdncia de reuso &€ mantida em um minimo, aumentando
a eficiéncia de reuso.

Abstract - A set of three allocation algorithms is pro-
posed and analysed. As opposed to a number of allocation
algorithms, whose performance is greatly dependent on the
traffic profile, these techniques are dynamically adaptable to
the change of the traffic load, combining the featvres of dy-
nami¢ channel allocation and fixed channel allocation, mi-
grating smoothly from one to another technique to give the
best performance in any- circumstances. Although the pro-
posed strategies assign the channels in a fully dynamic fash-

_ iom, this is carried out in a disciplined way so that channels
are packed mmto reuse groups and the reuse distance is kept to
‘a minimum, increasing the reuse efficiency.

Keywords :wireless c6m151ﬁhjcalions, channel allocation,
traffic performance.

1. INTRODUCTION

Efficient use of radio resources has always represented a ma-
jor concern in wireless commumnications due to the scarcity of
the frequency spectrum. A substantial effort has been spent
towards investigating techniques that lead to a better systemn
performance with a direct impact on capacity. Channel allo-
cation is certainly one of such techniques.
A great moany channel allocation algorithms have been pro-
posed and extensively explored in the literature (e.g. [1-4]).
- Essentially, these algorithms can be grouped into Fixed Chan-
nel Allocation (FCA), in which the channels are assigned on a

rigid way according to a given traffic distribution and a given
grade of service, and Dynaric Channel Allocation (DCA), in
which an arbitrary proportion of the channels is assigned ona
demand basis. The performance of these techniques is greatly
dependent on the traffic distribution and, in general, DCA per-
forms less satisfactorily than FCA for high load [5-8]. In fact,
in DCA, the continuous change of the usage pattern easily
leads to spatial inefficiency because of the channel locking, a
technique used to keep the cochannel interference within ac-
ceptable limits by impeding the channels to be reused unless
the required minimum reuse distance is satisfied. If this is not
appropriately handled, as the wraffic grows the number of lo-
cked channels also grows and the DCA techniques are outper-
formed by the FCA one, where the channels are packed into
reuse groups and the reuse distance is kept to a minimum.

This paper proposes three channel allocation algorithms
dynamically adaptable to the change of the traffic load. They
conveniently combine the features of FCA and DCA, migra-
ting smoothly from one to another technique to always give
the best performance In any circuamstances.

2., THE TECHNIQUES

The aim of the techniques to be proposed here is to assign
the channels dynamically but on an orderly and compact ba-
sis such that the channel locking is minimised. Because of
the disciplined usage of the dynamic channels, as the traffic
grows, the systemn evolves gradually and smoothly to the fixed
allocation pattemn, combining, then, the benefits of DCA for
low waffic and of FCA for high traffic.

Before proceeding to the description of the techniques we
explore the terminology to be used and the basic procedures
to be assumed in a dynamic allocation. Define ;

- I(v) as the set of the cells interfering with cell v

- D(v) as the set of cells with the minimum reuse distance
with respect to cell v

- A; as the set of cells where channel 7 has been assigned

- v, as the cell where a new call arises
In order to maintain the cochannel interference within
the specification limits, the minimum requirement for a
channel 7 to be assigned to a call arising in cell v, is the
folfilment of the basic condition v, ¢ A; and I(v,)N.A;
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= &, where @ denotes the null set. The new call will
be blocked if v, ¢ A;or I(v,) N A #0VieEN,
where NV is the set of channels within the system. The
algorithm choosing the first channel satisfying this basic
condition is the well-known First Available (FA) algo-
rithm, the simplest form of DCA. Some of the allocation
techniques proposed here include the FA as part of their
overall decision procedure, It must be emphasised, ho-
wever, that many other forms of DCA, as available in
the literature, could be used, instead.

The next subsections describe 1) the procedure cororuon
to the three proposed techniques, 2) the proposed techniques,
nammed o Algorithm, § Algorithm, and v Algodithm, and 3)
the call reshuffle process.

2.1, Common Procedure

In a procedure common to all of the proposed algorithms,
the sets Z;(vg) = A;ND(v,) Vi € N are built and a channel
is chosen that satisfies the condition max | Z;(v;)| Vi € N,
where the module representation |.X | signifies the number of
elements within the set X. The chosen channel is then assi-
gned to a new call.

Note that Z; (v, ) gives the cocells of cell v, using charmel
1i at the minimum reuse distance and that max | Z;{v,)| gives
the channel with the highest usage in the nearest cocells at the
time of the assignment procedure.

2.2, o—Algorithm

This algorithm follows the common procedure whenever
Zi(vg) # 0. However, when Z;{(v,) = OV i € N and
Bi(vs) < GOS, where By, (v,) is the mean blocking proba-
bility of v, and GOS is the specified grade of service, a chan-
nel 7 is assigned that satisfies the basic condition v, & 4;
and I(vg) N A; = 0. Incase Z;{v,) = OV i € N and
Bm{va) > GOS but A # 0 such a call will be blo-
cked even if a chanmel n exists that satisfies v, ¢ A, and
) NAr=0. -

In essence, in this algorithm a new call is assigned the
channel with the bighest usage in the nearest cocells at the
time of the assignment procedure. In case no channel is found
that satisfies such a condition and the mean blocking probabi-
lity of the cell satisfies the specified grade of service the first
available channel is allotted. If the mean blocking probability
exceeds the required grade of service, a channel is selected
among those not being used. If this fails, the call is blocked.

23. pB-Algorithm

This algorithm follows the common procedure whenever
Z;{vs) # 0. However, when Z;{v,) = 0 Vi € N and
L{vg)/N < {r —l)/r, where L(v,) is the number of lo-
cked chamnels in v, and = is the chosen reuse patterni, a chan-
nel j is assigned that satisfies the basic conditon v, ¢ 4;
and I{vg) N A; = 0. In case Zi{vg) = @ Vi € N and
L{v,)/N > {r —I)/r, a a channel k is assigned that sa-
tisfies the condition A = 0. If Z;(v,) = Vi € N and
L{va)/N > {r—1) /r but Az # 0 such a call will be blocked
46

even if a channel » exists that satisfies the basic condition
Vo & An and I{vg) N A, =0.

The motivation to choose the ratio (r — {)/r as a decision
point is that, when FCA is used with a given reuse pattern r
say r = 7, .. 7 cells per cluster) only a proportion {/r (1/7,
for » = 7) of all the channels can be used within the cell ; the
(r — 1) /7 (6/7, for r = 7)) remaining proportion represents
that of the locked channels.

In essence, in this algorithm a new call is assigned the
channel with the highest usage in the nearest cocells at the
time of the assignment procedure. In case no channel is found
that satisfies such a condition and the proportion of locked
channels of the cell is less or equal than the corresponding
proportion for the chosen reuse pattern the first available
channel is allotted. If the proportion of locked channels of
the cell exceeds that of the chosen reuse pattemn, a channel is
selected among those not being used. If this fails, the call is
blocked.

2.4. ~-Algorithm

This algorithm follows the common procedure whenever
Z;(vg) # 0. However, when Z;(v,) = @ Vi € N, a channel
7 is assigned that satisfies the condition 4; = @. The call will
be blocked in v, if Z;{v,) = 0and A; # 0Vi,j € N, even if
a charmel k exist that satisfies v, ¢ Ay and I(v,) NAg = 6.

In essence, in this algorithm a new call is assigned the
channel with the highest usage in the nearest cocells at the
time of the assignment procedure. In case no channel is found
that satisfies such a condition, then a channel is selected
among those not being used. If this fails, the call is blocked.
Therefore, this algorithm keeps a rigid control of the reuse
distance which is constantly maintained to its minimum

2.5. Call Reshuffle

Atthe end of each call a call reshuffle procedure takes place
aiming at increasing the number of active cocells using the
same channel at the minimum rense distance.

Suppose a call using channel § in cell v; has ended
and assume that & is the channel satisfying the condition
min | Z;(v,)| Vi € N, where Z;(vs) = A; N D(v,). A 1e-
shuffle from the call using channel % to the released channel §
will take place if the mumber of cocells at the mintmum reuse
distance using channel j is bigger than that of cocells at the
minimum reuse distance using channel k.

3. SYSTEM UNDER
TION

The performance of the proposed technigues has been as-
sessed in several cellular network configurations with distinct
traffic distributions[9] In particular, the results to be shown
here consider the traffic to be uniformly distributed over an
™infinite” system of 49 cells displaced on a toroidal surface,
as shown in Figure 1. The parameters used as decision criteria
in the algorithms are GOS = 5% and r = 7, with clusters
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having 105 channels. Traffic is considered to be Poisson, hol-
ding time has a negative exponential distribution with mean
equal to 2 minutes, and subscribers are assumed to be fixed.
A Monte Carlo simulation has been used to assess the perfor-
mance, given in terms of the system mean blocking probabi-
lity.
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F1G. 1: Infinite cellular layout.

4. RESULTS

Broadly speaking, among the three proposed algorithms,
there are two distinet strategies, namely those carried out in
the a and in the 5 Algorithms and those carried out in the
v Algorithm. The -~y Algorithm is included in the other two
and it is accomplished in the o Algorithm when the mean
blocking probability of the cell exceeds that of the required
grade of service (GO.S), chosen as a decision parameter. In
the same way, it is accomplished in the 8 Algorithm when
- the proportion of locked channels of the cell (a function of the

reuse pattern) exceeds that of the specified value for the cho-
“sen reuse pattern. In fact the performance of the o Algorithm
- will approach that of the ~ Algorithm as the GOS, chosen as
a threshold, tends to 0%. The same reasoning applies to the
- B Algorithm with the allowed proportion of locked channels.
These threshold points can be set as required and this is a use-
ful mechanismo that can be exercised to check the simulation
programs. '

Figure 2 shows the system mean blocking probability as a
function of the traffic load per cell normalised with respect
to 8 erl.. Because some of the allocation algerithms proposed
here (namely o and /5) include the FA technique as part of
their overall decision procedure we also compare their per-
formances with that of FA. As mentioned before, it must be
emphasised, however, that many other forms of DCA, as avai-

_ lable in the literature, could be used, instead of FA. Figure 2
also shows the performance of FCA for comparison.

Note that, as quoted previously, FA performs better than
FCA for low traffic but it is outperformed by FCA with high
load. And this behaviour is noticed in a number of DCA tech-
niques [5-8]. Note also that all of the three algorithuns propo-
sed here perform substantially better than FCA and FA both
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F1G. 2: Mean blocking probability versus traffic normalised
with respect to 8 erl. per cell.

for low traffic and for high load. It is interesting to note that
all of the three algorithms Iead the system asymptotically to
the FCA performance with the increasing traffic. In the limit
as the traffic tends to infinity the performance of the proposed
algorithms coincides with that of the FCA. In other words, al-
thongh the proposed techniques assign the channels in a fully
dynamic fashion, this is carried out in a disciplined way so
that channels are packed into reuse groups and the reuse dis-
tance is kept to a minimum, as in FCA.

It can be seen that among the proposed techniques the v
Algorithm gives the best performance, followed by the 3 Al-
gorithm, and the o Algorithm in this order. For a 2% system
mean blocking probability, for instance, the traffic gain with
respect to FCA is 35%, 32%, and 16% for the respective algo-
rithms. (Note that in such a case FA is already outperformed
by FCA.) The traffic gain is noticeably higher than this in an
unbalanced traffic system [9].It is clear, from these resulis,
that a flexibility in assigning the channels must be allowed
and, at the same time, a careful control of the channe] locking
condition is mandatory in order for the system to adapt itself
to the variation of the traffic load to give the best performance.
An interesting point to be mentioned is that the best strategy,
performed by the « Algorithm, presents decision rules that are
rather simple to implement and are coropletely independent
of any threshold parameter.

5. CONCLUSIONS

A set of three dynamic channel allocation algorithms have
been proposed and analysed. A Monte Carlo simulation study
has been carried out having an "infinite” cellular network
with uniform traffic distribution as the system under investi-
gation. In general, these techniques maximise the number of
cochannels already in use and minimise the number of chan-
nels in a locked condition.

As opposed to a number of allocation algorithms, whose
performance is greatly dependent on the traffic, these tech-
niques are dynamically adaptable to the change of the traffic
load. They combine the features of dynamic channel alloca-
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tion and fixed channel allocation conveniently, and a smooth
migration from one to another technique occurs so that the
best performance is accomplished in any circwmstances. Al-
though the proposed techniques assign the channels in a fully
dynamic fashion, this is carried out in a disciplined way so
that channels are packed into reuse groups and the reuse
distance is kept to a minimum, increasing the reuse effi-
ciency. Therefore, the techniques require, as an input parame-
ter, among others, the target reuse pattern, which is chosen to
fulfil the interference specifications. In theory, if in the course
of the system operation a new reuse pattern is found that suits
the network more adequately, the algorithm can then be up-
dated with the new input, and the new reuse pattern shall be
targeted. (In practice, things are certainly much more intri-
cate.)

The proposed algorithms are rather simple and have their
decision rules based on the number of active cochannels, the
specified grade of service, and the allowed proportion of lo-
cked channels. It is noteworthy that the best strategy, perfor-
med by ~ Algorithm, is independent of any threshold para-
meter and bases its decisions on the target reuse pattern.

These techniques have been simulated in several network
configurations, with different traffic distributions, and it has
been observed that the qualitative results shown here are also
applicable to these systems.
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