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Abstract- Optimization of handover boundaries has been 

suggested to cope with non-homogeneous traffic distribution in 
GSM/GPRS networks. In this paper, an automatic optimization 
algorithm is proposed, which is able to maximize the overall 
traffic carried in the network by equalizing long-term blocking 
effects. Field trial results indicate that system capacity can be 
significantly improved with respect to homogeneous handover 
parameter settings. 

I. INTRODUCTION 

Current procedures for mobile network design predict 
system performance based on analytical models. During the 
subsequent operational stage, parameter planning is performed 
in order to optimize the performance of radio resource 
management algorithms residing in various network elements. 
Within this process, it is common practice to deploy default 
parameter values across the network. However, propagation 
conditions, interference levels and traffic distributions vary 
strongly for each cell in the network. Thus, it can be 
concluded that potentially significant gains can be obtained by 
cell specific parameter tuning. 

Offered traffic is one of the main contributors to network 
irregularities. Several studies (e.g. [1,2]) have shown that 
traffic in a cellular network tends to appear unevenly 
distributed both in time and space, which is counteracted in 
the long term with planning strategies such as TRX expansion 
or cell splitting. In the short term, parameter optimization 
remains the only solution for those cells that cannot be 
upgraded quickly. This problem may be even worsened by the 
tariff policy of network operators. In particular, the offer of 
free evening calls will inevitably lead to an increase in the 
level of evening traffic in residential areas where day-time 
traffic is comparatively low. As a consequence, network 
capacity is to be added in these areas to cater for calls that 
provide no extra revenue. Hence, operators aim to handle this 
additional traffic demand with the existing network 
infrastructure, which can be achieved if spare capacity, 
available in some cells, is utilized to carry traffic from 
congested cells. 

Several strategies that take advantage of the overlapping 
area among neighboring cells have been proposed in the 
literature. Congestion relief techniques such as directed retry 

[3] or load sharing [4] make use of the overlap among cells in 
a cellular network to relief the temporary congestion at the 
expense of a higher co-channel interference. Unfortunately, 
these techniques suffer from inefficiencies caused by the fact 
that handover of the most distant users in the congested cell is 
not assured. Moreover, very shortly after the establishment of 
a new connection, a handover from the non-optimal cell to the 
best-serving cell will be attempted. To overcome these 
limitations, load sharing through adaptive cell resizing has 
been suggested by several authors [5-7]. In these references, 
the adaptation of handover margins is commonly identified as 
the means to attain such resizing effect, differing mainly in the 
time interval of applying the method.  

Reactive approaches for real-time adaptation of handover 
boundaries have been proposed to cope with the dynamic 
behavior of cellular traffic [5]. In these methods, control 
theory principles are applied to adjust the handover parameters 
based on instantaneous load indicators. On the other hand, 
predictive approaches have been suggested to cope with non-
uniform spatial user distribution in current networks [6,7]. 
Within this long-term approach, a model of the system under 
optimization is built making use of mobile measurements from 
previous time periods. Determination of the optimal handover 
boundaries is then performed through resolution of a classical 
optimization problem. This ability to substitute simple local 
(i.e. adjacency) balancing rules by a global (i.e. system) 
optimization criterion leads to a more powerful strategy. 
Unfortunately, this analysis tool is not usually available in 
current networks due to data storage restrictions. 

In this paper, an algorithm for automatic off-line 
optimization of handover margins is proposed. The adoption 
of a simple traffic balancing rule on an adjacency basis deals 
with spatial traffic variability, while the discrimination of 
several time periods through differentiated parameter settings 
copes with variations of center of activities during the day. 

The remainder of the paper is organized as follows. Section 
II provides a brief background on the role of handover 
parameters in the definition of cell service area over these 
networks. Section III introduces the proposed optimization 
algorithm. Field trial results are discussed in sections IV. 
Concluding remarks are finally presented in section V.  



II. HANDOVER MARGINS 

In cellular networks, the handover (HO) process takes on 
the responsibility of ensuring that any Mobile Station (MS) is 
always connected to the most suitable cell. In GSM/GPRS 
networks, power budget (PBGT) handover assures that, under 
normal conditions, any MS is served by the cell that provides 
minimum pathloss. Such a process is initiated whenever the 
averaged signal level from a neighbor BS exceeds the one 
received from the serving BS by a certain margin, provided a 
certain minimum signal level is assured. Both conditions can 
be formulated in the following expressions: 

PBGTi→j = RXLEV_NCELLj – RXLEV_DL  ≥  HoMargini→j    (1)  

RXLEV_NCELLj   ≥  RxLevMinCelli→j                 (2)  

where PBGTi→j is the power budget of neighbor cell j with 
respect to serving cell i, RXLEV_NCELLj and RXLEV_DL stand 
for the received signal levels from neighbor cell j and serving 
cell i, HoMargini→j and RxLevMinCelli→j are the parameters that 
define the relative handover margin and the absolute handover 
threshold considered for that adjacency. 

Fig. 1 shows the influence of handover margins on the 
operational area of a pair of adjacent cells, where the handover 
of a MS moving from cell A to cell B is analyzed. Cell signal 
level distributions and the connection signal level experienced 
by the user is represented over distance. In the example, the 
HO margin A→B is raised from 6 dB to 12 dB so as to 
enlarge cell A with respect to cell B. It is clearly observed in 
the graph that the service area of cell A has been enlarged in 
the direction of cell B. It is worth noting that only one 
direction of the adjacency has been reflected in Fig. 1 for the 
sake of clarity and simplicity. Likewise, Fig. 1 only shows the 
HO boundary principle for a pair of cells, although this 
principle can be simultaneously applied to all neighboring 
cells of a cell.  

In common environments, this margin parameter is set to a 
fixed value, providing a hysteresis region to avoid ping-pong 
handovers for slow users due to shadow fading. Subsequent 
modification of this parameter on a local basis enables 
operators to shape the operational area of every cell in the 
network. Thus, this technique helps the operator to cope with 
traffic hotspots using existing network resources.  

Obviously, the gain obtained from this adaptation process 
does not come without a penalty. The benefits are obtained at 
the expense of a reduced call quality and an increased co-
channel interference level throughout the system, since calls 
are being carried in cells other that their nominal (i.e. optimal 
in terms of radio conditions) cells. If restriction of these 
undesirable effects is targeted, limits to the handover 
parameter adaptation must be considered, which in turn may 
reduce the overlapping area at the disposal for traffic sharing 
purposes (thus limiting the potential gain of the optimization 
process). 

Once the main aspects of the handover adaptation process 
have been discussed, the next section covers the detailed 
explanation of the optimization algorithm proposed here. 

III. DESCRIPTION OF THE OPTIMIZATION ALGORITHM  

A. Outline of adaptation rule 

As stated previously, the goal of the optimization process is 
to minimize the overall blocked traffic in the network. For that 
purpose, it is assumed that the total congested traffic is 
minimized when congestion problems are distributed over the 
network. Hence, the optimization algorithm will aim at 
equilibrating the blocked traffic through the repeated 
application of a balancing rule on a per-adjacency level.  

 Basically, the algorithm entails the adaptation of the 
handover margins in the adjacencies of a cell based on 
statistical information about traffic congestion gathered from 
previous time periods. The adaptation rule is shown in (3),  

(3) 

 
(4) 

where ∆HoMargin i→j is the suggested margin change , Abj, Acj  
are blocked and carried traffic in cell j expressed in Erlangs, 
respectively, and K is a constant for loop gain control.  

From (3), it is inferred that the increment of the handover 
margin between adjacent cells is proportional to the difference 
in blocked traffic (instead of the instantaneous loads used in 
many real-time reactive approaches). Hence, the equilibrium 
state in the adaptation process will not be reached until this 
difference is negligible. As in any feedback control loop, the 
number of steps to achieve this balance situation and the 
absence of oscillations around the stable point will depend on 
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Figure 1.  HO boundary displacement through margin adaptation. 
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the value of  the loop gain. Likewise, equation (4) shows how 
a certain degree of hysteresis is ensured by means of the 
synchronization of the margin adaptation processes in both 
directions of the adjacency. A hysteresis value of 12dB has 
been selected so as to counteract a slow fading deviation of 6-
8dB, typical in urban environments. 

The blocking probability Pb is estimated from the 
congestion rate (C.R.), i.e. percentage of time a cell is in 
congestion, gathered from previous periods, as expressed in 
(4). Thus, the effect of other congestion relief strategies (e.g. 
directed retry) is discarded. 

 (4) 

B. Period differentiation  

The optimization procedure described so far is unable to 
cope with variations of the spatial traffic distribution between 
urban and residential areas during the day. Several references 
(e.g. [2]) have stated that, under normal conditions, this spatial 
distribution maintains its shape throughout the day, with slight 
traffic dispersion during night-time. However, operator tariff 
policies may alter this situation completely. Such a especial 
case is here considered, where free evening calls produce a 
high traffic demand in residential areas. 

To provide temporal adaptation in the optimization 
algorithm, discrimination between several temporal intervals 
for a day has been considered, giving rise to differentiated 
parameter sets. First, peak (i.e. day-time) and off-peak (i.e. 
evening) periods have been defined, to cope with changes of 
spatial MS distribution during the hours of the day when 
traffic congestion may occur. During the night, when 
congestion problems disappear, homogeneous settings are 
used again so that an optimum radio performance in terms of 
interference is ensured. Finally, the optimization procedure is 
run twice daily on working days, based on the congestion time 
observed on the previous day. 

C. Implementation details  

Some minor practical issues have been taken into account to 
ensure the deployment success in a real environment. First, 
only symmetric adjacencies (i.e. handover allowed in both 
directions) are considered for optimization.  

In order to minimize the changes in the network, only those 
cases where congestion problems exceed a pre-defined 
threshold are considered for optimization. Likewise, only 
significant adjacencies (i.e. large share of handovers) are 
included in the reckoning process in order to reduce the 
processing load and the download time required for parameter 
re-configuration. For this purpose, an indicator of adjacency 
usage has been defined as in (5), 

(5) 

where #HO and Nadj stand for number of HO and adjacencies, 
respectively. 

In addition, limits to the adaptation process are set by the 
operator to avoid excessive increase of co-channel 
interference. Subsequently, both directions of the adjacency 
are jointly analyzed since the hysteresis region must remain 
constant after optimization. 

For those cases where congestion problems disappear (e.g. 
due to TRX expansion or cell splitting in the vicinity), a slow 
return to the homogeneous default settings is achieved by 
means of a procedure that steps back gradually to the initial 
situation. Obviously, small step sizes are used in order to 
avoid instabilities in the adaptation process.  

D. Execution example 

In the following, an example of the application of the 
proposed algorithm over the adjacencies of a cell in a real 
network is presented. For the sake of clarity, only open-loop 
behavior is shown (i.e. proposal for new parameter values). 
Table I makes a breakdown of the relevant figures involved in 
the reckoning process. Table II summarizes the parameter 
setting for the algorithm under study. 

In Table I, each row presents the outcome for the outgoing 
adjacencies of a particular cell (site 1-sector 1). For the sake of 
clarity, these adjacencies have been ranked based on the 
significance criterion defined in (5). Likewise, congestion 
rates of source and target cells in the adjacencies have been 
represented for both peak and off-peak period, along with the 
change of the HO margin. In addition, those cases in which 
handover parameter adaptation is recommended are 
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TABLE I 
 EXAMPLE OF THE ALGORITHM  APPLIED IN A REAL NETWORK 

Source Cell  Target Cell  
ADJ 

Usage 
[%] 

Source  
PEAK Cong 

Rate [%] 

Target  
PEAK Cong 

Rate [%] 

PEAK    
HO margin  
(Old→New) 

Source  OFF-
PEAK Cong 

Rate (%) 

Target  OFF-
PEAK Cong 

Rate [%] 

OFF-PEAK 
HO margin 
(Old →New)  

Status Reason 

Site 1-Sector 1 Site 2-Sector 3 45.06 0.004 0 6 → 6 0 0 6 → 6 No changes  
Site 1-Sector 1 Site 5-Omni 25.32 0.004 47.153 6 →1 6 0 17.541 6 →1 6 BOTH periods changed PEAK & OFF-PEAK congestion 
Site 1-Sector 1 Site 3-Sector 3 9.97 0.004 43.943 6 →1 6 0 0.009 6 → 6 PEAK period changed PEAK congestion 
Site 1-Sector 1 Site 1-Sector 3 5.85 0.004 0 6 → 6 0 0 6 → 6 No changes  
Site 1-Sector 1 Site 1-Sector 2 5.40 0.004 0 8 → 6 0 0 6 → 6 PEAK period changed Step back 
Site 1-Sector 1 Site 6-Sector 3 4.07 0.004 4.518 6 →1 6 0 14.958 6 →1 6 BOTH periods changed PEAK & OFF-PEAK congestion 
Site 1-Sector 1 Site 6-Sector 2 2.18 0.004 0.024 6 → 6 0 0.952 6 → 6 No changes Low usage in adjacency 
Site 1-Sector 1 Site 4-Sector 3 2.15 0.004 0 6 → 6 0 0 6 → 6 No changes Low usage in adjacency 



highlighted, where a brief explanation of the underlying 
reason for the changes is given. This concrete example 
clarifies how the algorithm adapts the outgoing HO margins in 
an empty cell (site 1-sector 1) to relief congestion in 
surrounding cells (e.g. site 5-omni, site 3-sector 3). 

IV. THE ALGORITHM  IN A REAL NETWORK 

The described algorithm was tested in a live environment to 
deal with the congestion effects caused from operator tariff 
policy. The trial area consisted of 95 cells in a BSC providing 
seamless coverage, where an average of 3.5 TRX/cell had 
been deployed. In this particular scenario, the existence of 
localized hot spots resulted in unacceptably high blocking 
rates in isolated cells as displayed in Fig. 2. 

Distinction between peak (i.e. 8a.m.-6p.m) and off-peak 
(i.e. 7p.m.-11p.m) periods was considered in the trial, in 
accordance with the different tariff duration defined by the 
operator. The PBGT handover margins on the adjacencies of 
all these cells were amended in both periods based on the 
respective congestion time figures observed on the previous 
day. This optimization approach proved appropriate, since the 
call volume in a cell remained almost constant from Monday 
to Friday within both periods. The algorithm parameters 
presented in Table II were also used when applying the 
optimization algorithm in the network. 

The results displayed in the following section cover a time 
interval of two consecutive weeks during which the 
optimization process took place. During the first week, the 
method was enabled (i.e. ON), whereas it was disabled (i.e. 
OFF) in the following week. To determine the impact of the 
method on the network, comparison of the main traffic and 
quality key performance indicators was carried out. 

The first effect derived from the application of the algorithm 
was a decrease in the blocking figures. Fig. 2 shows the 
histogram of the cell Busy Hour (BH) blocking distribution, 
before and after the optimization process in the trial area. In 
this figure, it is observed how high congestion rates in some 
cells are reduced at the expense of increases of low congestion 
rates in other cells, thus distributing congestion amongst cells 
in the network. Fig. 3 displays the daily call blocking rate 
averaged over the trial area for both weeks. It can be noticed 
that the average blocked call rate was 1.7% when the method 
was active, whilst this rate raised to 3.7% (i.e. 54% increase) 
when the method was inactive.  

As a consequence of this congestion relief, an increase of 
the traffic carried in the network was observed. Fig. 4 depicts 
the sum of BH traffic carried by the cells in the trial for four 
consecutive days with and without the use of the method. It 
can be observed that the traffic level during both weeks was 
quite similar, thus validating the conclusions drawn from the 
application of the method. The overall daily BH traffic 
averaged over the corresponding four days was 1012.1 Erl 
when the method was ON, while the respective traffic during 
the OFF period was 979.9 Erl. This means that the traffic level 
in the active period was on average 3.3% higher than during 
the inactive period. It is worth noting that this blocking rate 
reduction after the optimization was noticed despite the fact 
that the carried traffic increased. These results show 
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Figure 3.  Daily BH call blocking average in the trial area. 

TABLE II
 PARAMETERS IN THE OPTIMIZATION ALGORITHM  

K 1000 
Hysteresis 12 dB 

∆ HO Margin [2-10] dB 
HO Margin [-24-24] dB 

Adjacency use Threshold  0.04 (=4%) 
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conclusively that the method enables the network to carry 
more traffic and reduce call blocking, thus increasing the 
effective network capacity. 

Meanwhile, the variation of user connection quality was 
negligible in spite of some calls were not carried by the best-
serving cell, but the next best cell offering spare capacity 
instead. More unexpectedly, the quality of the network 
benefited from the application of the method. In this case, 
congestion relief in the network leaded to a higher handover 
success rate, thus improving the performance of macroscopic 
diversity (i.e. multiple base station) from cell area overlap, and 
consequently reducing the dropped call probability. Fig. 5 
depicts the failure rate of Traffic Channels (TCH) averaged 
over the cells in the trial area. This performance indicator was 
1.6% in the active period, while it raised to 2.3% (i.e. 31% 
increase) when it was inactive. Only minor improvements are 
expected from further traffic management optimization, 
because of the residual from coverage problem reasons. 

 
 
 

 
Finally, handover behavior is taken into consideration. Fig. 

6 depicts the main HO statistics in the trial area, where the raw 
number of HO attempts (primary axis) and the share of HO 
triggering causes (secondary axis) are broken down. From the 
figure, it is deduced that the raw number of handover attempts 
in the area increased in a 20% after optimization. Likewise, no 
large differences were appreciated in the share between urgent 
(i.e. quality, level) and optimization (i.e. PBGT) HO triggering 
causes.  

V. CONCLUSION 

Automatic optimization of radio network parameters on a 
per-cell basis will be crucial to enhance both operability and 
performance of complex future mobile networks. Within this 
framework, uneven spatial distribution of users is identified as 
a main reason for inefficient usage of network resources. In 
this paper, the principle of HO boundary modification has 
been applied in a real network in order to deal with congestion 
problems caused by operator tariff policy. Modifying the HO 
margins twice a day on an adjacency-by-adjacency basis, it 
was shown that more traffic could be carried in the network 
while the blocking of call set-up attempts could also be 
reduced. In addition, better dropped call rate figures were 
achieved, even though call quality deteriorated slightly. This 
deterioration is out-weighted by the fact that more traffic can 
be handled by the network without the need for any hardware 
upgrades, providing a cost-effective method to increase 
network capacity.  

 Further work is now focused on the addition of quality 
indicators in the adaptation rules applied in the optimization to 
handover margins.  
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