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ABSTRACT

A new easy to implement channel allocation scheme suitable
for GSM, called G-CBWL (GSM Channel Borrowing Without
Locking) is described. This channel allocation scheme takes
the advantages of the well known CBWL strategy to make a
GSM network more resistant against local and temporary traffic
overloads. The proposed allocation scheme is easy to introduce
in an existing GSM network as it does not affect fixed frequency
planing and it only marginally increases the signaling loadin the
network. A system architecture using this strategy is explained
taking into account the constraints of an existing network topol-
ogy. Implementational issues for usage of the proposed algorithm
in GSM are considered. A GSM simulation tool is presented and
the performance of the algorithm is simulated. It is shown that
this channel allocation strategy can lower the rate of blocked calls
significantly.

I. INTRODUCTION

A rapid growth of GSM (Global System for Mobile Communi-
cations) took place in the last few years. The huge increase in the
number of subscribers and the introduction of new services like
pre-paid cards and mobile data communication further increased
the traffic offered to the network. At the same time the variance of
the traffic rised. In city centres and on airports there are more cells
on smaller ground (micro cells) compared to a rural area where
one cell covers a larger area (macro cells).
Many users of mobile equipment do not move statistically inde-
pendent from each other but gather at certain places at certain
times. If too many users come together in one place an overload
situation occurs. Usually, such hotspots develop around centres
of public interest like railway stations or city centres during peak
time. Sporting grounds and traffic jams on a highway are other
examples of hotspots.
It is very difficult for network planning to deal with such a tempo-
rary local overload situation. As the traffic is unevenly distributed
in time and space cell planning usually considers this distribution
and plans network capacity according to a required grade of ser-
vice (GoS) at peak load. It is very expensive to use smaller cells so
that the network can permanently carry a higher load since most
of the time the offered traffic is much lower than the peak load.
On the other hand a high blocking rate for new calls significantly
decreases the GoS and results in low customer satisfaction.
A way out of this dilemma is the usage of dynamic resource allo-
cation schemes [1, 2]. This includes dynamic channel allocation
(DCA) and channel borrowing strategies. The main concept be-
hind these dynamic schemes is that the network is able to cope
with these overload situations automatically. In this paper one
main objective is to show a way of using a dynamic resource

allocation scheme suitable for GSM. This scheme is called G-
CBWL (GSM Channel Borrowing Without Locking) and repre-
sents a modified version of the channel allocation scheme pre-
sented in [3].
Channel Borrowing strategies are an enhanced kind of fixed fre-
quency assignment (FCA) because they are based on an initial
frequency planning for the whole network but offer DCA capa-
bility in traffic overload situations. Such schemes make useof
the fact that although one cell may experience an overload situa-
tion, in neighbouring cells unused resources can be available. The
right to use these resources is transfered to the hotspot cell and
increases the network capacity there. When the overload situation
no longer exists the resources are given back to the originalcell.
Since the GSM standard is fixed by the ETSI1 and GSM networks
are widely in use it is not possible to introduce major changes to
the standard. Channel borrowing schemes seem to be suitablefor
the application in existing GSM networks since in principlethe
introduction of these strategies requires no change of an existing
frequency plan. Channel borrowing causes low signaling traffic
between cells and can be implemented easily. Thus, with borrow-
ing schemes DCA-like capabilities can be introduced step-by-step
only in hotspot areas at low costs.
The paper is organized as follows: the next section describes sev-
eral borrowing strategies. Section III explains the problems when
introducing a channel borrowing scheme in GSM. In section IV
an algorithm called G-CBWL is introduced which meets the con-
straints mentioned in III. After that a system architectureis ex-
plained that describes which parts of the GSM network need tobe
modified in order to use G-CBWL. In section VI the environment
used for our simulations is described and in section VII the results
are presented and discussed.

II. CHANNEL BORROWING SCHEMES

Channel borrowing schemes follow a simple idea. When all
channels in one cell are allocated, a channel from a neighbour-
ing cell may be borrowed if interference constraints are fulfilled.
In the following we will refer to a cell borrowing resources from
a neighbour asacceptor cell. The cell lending out the resources
is called thedonator cell. Since a borrowed channel is used at
a closer distance to its co-channel cells the co-channel interfer-
ence increases. The increase depends on several factors such as
cluster size, morphological and topographical parametersetc.. To
keep co-channel interference at a low levelchannel lockingcan
be used. This means that when an acceptor cell uses a certain
frequency it is locked for usage in all cells that may interfere with
this channel. This strategy has several disadvantages: first channel
locking reduces the capacity in other parts of the network. Under
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high load conditions this can reduce the capacity of the network
drastically. Furthermore one needs a central administration unit in
the network that keeps track of which cell locks which frequency
at a given time. In [2] several channel borrowing schemes arepre-
sented. The main difference between the strategies listed there is
the way a channel to be lent out is selected at the donator cell.
In [3] an approach that avoids the disadvantages of channel lock-
ing while keeping the co-channel interference low was introduced
[3]. This approach calledChannel Borrowing Without Locking
(CBWL) uses the borrowed channels with reduced transmit power
for both uplink and downlink. It is shown in [3] that this is a useful
way to avoid channel locking and to maintain a required C/I inthe
network. Since the algorithm presented in this paper is based on
CBWL this allocation strategy is explained in more detail. CBWL
is based on two basic principles: channel grouping and directional
lending. The channels available at a given base stationN0 are
grouped into 7 groups(i0; i1; i2; i3; i4; i5; i6). All neighbouring
cells are labeled in an arbitrary order that is equal for all cells in
the network. In a hexagonal cell layout this results in 6 neighbours
counting from neighbourN1 to N6. Channeli0 can only be used
at the base stationN0. The other channels can only be lend out to
specific neighbours. Channels belonging to groupi1 are candidate
channels for neighbourN1 and so on.
In [4] it is shown that two neighbouring cells may share one com-
mon group of channels, e.g. neighboursN1 andN2 share groupi1 and i2. This scheme called DCBWL reduces the number of
groups at the donator cell from 7 to 4 and increases the numberof
candidates for borrowing for each neighbour.
To determine whether a mobile can use a borrowed channel at a
given cell the base station emits aBorrowed Channel Sense Sig-
nal (BCSS) with the reduced transmit power. If a mobile station
can received this signal with sufficient quality it can use borrowed
channels.
CBWL and DCBWL have shown significantly better blocking
performances under all traffic conditions than FCA [3, 4].

III. GSM CONSTRAINTS

There are many existing GSM networks around the world. Due
to the huge investments made in these networks, the introduction
of a DCA scheme has to be done at low costs without changing
anything specified in the GSM standards. All channel locking
strategies are difficult to implement in GSM since there is nocen-
tral control unit keeping track of the locking conditions [5]. Direct
communication between different base station controllers(BSC)
is not planned for.
The major problem with CBWL is that it is originally based on the
transfer of single channels between cells. GSM is a TDMA system
using up to 8 channels per frequency (16 with half-rate coding).
The BCCH channel which continuously transmits the configura-
tion parameters of the cell cannot be transfered. The transfer of
single timeslots cannot be done easily since the propagation delay
between two cells can exceed the guard time between successive
timeslots and therefore can cause inter-timeslot-interference even
if the cells are synchronized. GSM cells are usually served by
up to 4 transceivers. The transfer of a whole frequency, i.e.8
channels, between two cells will reduce the capacity in the dona-
tor cell drastically. Furthermore, it is not possible to split these 4
transceivers into 7 different groups for lending into 6 directions.
Another problem inherent to the use of CBWL in GSM is that

there is no such thing as a BCSS signal. It is not possible to deter-
mine whether a mobile can use a borrowed channel or not before
call setup has been completed. It might be possible to use there-
ceived signal level during the random access burst (on the RACH)
but this measurement is short and likely to be inaccurate.
With most GSM hardware currently in use the transfer between
two base stations will not happen instantaneously. The timeit
takes to shut down a transceiver at the donator cell and ramp one
up at the acceptor cell can extend to 60 seconds. During this pe-
riod the frequency cannot be used in any of the two cells. This
means that the number of frequency transfers must be kept at a
minimum.

IV. THE G-CBWL STRATEGY

Because of the small number of nominal frequencies currently
assigned to a GSM cell, these nominal frequencies were grouped
in a way that only three lending directionsfN1; N2g, fN3; N4g
andfN5; N6g are taken into account, i.e. each channel in a group
can be lent to two adjacent cells as in DCBWL. Since the BCCH
frequency cannot be borrowed four frequencies per cell are needed
for a hexagonal cell layout, if every neighbouring cell is able to
borrow channels.

A. Lendig Hysteresis

To cope with the channel transfer time caused by hardware
constrains, a lending hysteresis has been introduced. Every cell
monitors the number of free channels available for new calls. If
this number drops below a certain threshold an overload situation
is detected for this cellN . This threshold is calledborrowing
thresholdTB .
When the number of free channels rises above a second threshold
called return thresholdTR one of the borrowed frequencies can
be released.
The two thresholdsTB andTR generate a hysteresis. This is to
prevent the bouncing of a frequency between two cells. To make
the concept work the difference between the two thresholds must
be higher than the number of channels per frequency. For GSM
using TCH/F2 this meansTR � TB > 8.

B. Borrow and Release Algorithm

If a cell N0 detects an overload situation with respect to the
borrowing threshold, it sends a borrowing request to all neigh-
bouring cellsN1 toN6 asking for a list of candidates for borrow-
ing. Every neighbour that has an empty frequency available in the
group belonging to cellN0 reports this back to cellN0.
If N0 receives more than one positive answer one frequency is ran-
domly selected and a frequency transfer request is sent to the cell
currently using this frequency. This cell, the donator cell, powers
down its transceiver and informs the acceptor after completion.
After that the acceptor cell can use the frequency with reduced
transmit power. The allowed power has to be determined a priori,
e.g. via the operation and maintenance centre (OMC).
Every new call is put on a nominal channel at first. Nominal
means that this channel belongs to this base station and can be
operated with normal power. From now on the base station re-
ceives measurement reports from the mobile station every 480ms.
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The values for signal strength and BER included therein are ac-
curate enough to allow a good prediction whether the mobile can
operate on a borrowed channel or not. If there is a free borrowed
channel available and there is a mobile station that can use it an
intra-cell handover is initiated and the call is transferedto the bor-
rowed channel. This frees capacity on the nominal frequencies for
new calls.
If a cell detects a low-load situation with respect to the return
threshold and there a borrowed frequencies is use, one frequency
is randomly selected to be released. All active calls on thisfre-
quency are handed over to other frequencies at the same base sta-
tion. After that the frequency is returned to its donator cell.

V. SYSTEM ARCHITECTURE

The G-CBWL algorithm will run in the base sub system (BSS)
of GSM on the base station controller (BSC) as shown in Figure
1.

BTS BTS BTS

OLD

DBHLH

MSC
A

BSC

OMC

Abis Interface

Abis

BaR

HOC

Fig. 1: Implementation of the G-CBWL algorithm in the BSC

The algorithm can be split into the following tasks:� overload detection: this includes the management of the two
thresholds and a reliable measurement of the current load con-
ditions.� database handling: management of a data structure storing a
set of attributes for every frequency/BTS-pair. These attributes
include the ID of the donator cell and the maximum allowed
transmit power for uplink and downlink for every possible ac-
ceptor cell.� link handling: this unit determines for every mobile station
whether it can use borrowed channels or not.� borrow and release: the channel transfer algorithm. This
includes signaling on the A-bis interface and control of the
transceivers. Also the intra-cell handovers for clearing afre-
quency are triggered from here.

All routines to control and run the algorithm can be imple-
mented in software on the BSC. All necessary information is
available locally if the transfer between neighbouring cells is only
allowed if they are controlled by the same BSC. This requires
planning in such a way that possible hotspots and their neighbour-
ing cells are served by the same BSC. This should be no problem

since a modern BSC can serve up to 180 BTS.
The only required modifications for the BTS are the configura-
tion of additional transceivers. This is not necessary for all base
stations in a GSM network but only for those which serve poten-
tial hotspots. The BTS have to have tuneable synthesizers. If the
BTS still uses older cavity coupling techniques G-CBWL cannot
easily be used due to the much longer time it takes to tune the
transceiver to a new frequency. The impact of the transfer time on
the G-CBWL performance is shown in section VII.

VI. SIMULATION

Evaluation of the algorithm was done using a tool called
GOOSE (GSM Object Oriented Simulation Environment). This
GSM simulator was developed at ComNets3 and allows the simu-
lation of a complete GSM network. Supported features of the sim-
ulator include mobility of the mobile terminals in realistic scener-
ies considering radio propagation, several handover and power
control algorithms and many different channel allocation strate-
gies. The basic CBWL algorithm was implemented and produced
the same results as published in [3]. G-CBWL was implemented
as described in section IV.
To evaluate the performance of G-CBWL only handovers due to
CBWL were allowed. The mobile stations did not move once a
call was set up. The scenario used contained 37 hexagonal cells
arranged in clusters of 7 cells. Each base station used an omnidi-
rectional antenna. Minimum access level was set to -96 dBm.
Every cell initially used 4 frequencies with 8 timeslots each. One
frequency contained the BCCH channel on timeslot 0. The other
31 channels were available for carrying traffic. Every pointin the
graphs was gained by simulating 100000 calls in the whole sys-
tem.
In case of G-CBWL the frequencyf0 containing the BCCH was
fixed to the cell. The other frequenciesf1 to f3 could be lend out
to two neighbouring cells each. For borrowed channels the up-
and downlink power was reduced from 35 dBm to 25 dBm.
Both, the inter arrival time and the call duration followed aPois-
son process. Three traffic distributions were examined:

1. homogeneous traffic- every cell was offered the same amount
of traffic

2. one local hotspot cell- the cell in the middle of the scenario
was offered higher traffic of 32, 34 and 40 Erlangs

3. three local hotspot cells- three adjacent cells in the middle of
the scenario were offered an overload of 32, 34 and 40 Erlangs

VII. SIMULATION RESULTS

In Figure 2 the performance of FCA and G-CBWL under ho-
mogeneous traffic conditions are compared. Even under lighttraf-
fic where DCA schemes are known to outperform FCA the G-
CBWL algorithm hardly offers a lower average blocking proba-
bility. Little or no gain can be achieved since the distribution of
the resources in the network matches the distribution of thetraffic.

As soon as there is a discrepancy between these two distribu-
tions G-CBWL shows superior performance for the average call
blocking probability. Figure 3 shows the blocking probability for
a central hotspot consisting of one cell. The load of the hotspot
was fixed at 34 Erlang. For FCA the blocking probability is
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approx. 18% in the hotspot cell, independant of the load in the
neighbouring cells. With G-CBWL the value depends on the
utilization of the surrounding cells. The higher the load inthe
neighbouring cells the lower the probability to find a candidate
frequency for borrowing and the higher the blocking probability.

The performance of G-CBWL is also dependant on the size
of the hotspot. Figure 4 shows the average blocking probability
for one central hotspot consisting of three neighbouring cells
with a load of 34 Erlang. In this case the number of candidates
available for borrowing is lower than in the previous configura-
tion since two of the neighbours are also in a high-load situation.
Therefore the blocking probability rises in comparison with fig-
ure 3.

The relationship between the reduction of the transmit power
on the borrowed channels and the call blocking probability is only
small. Figure 5 shows the portion of the mobile stations thatcan
still use borrowed channels if the transmit power is loweredto a
certain value. Figure 6 depicts the call blocking probability in the
hotspot cell with a load of 34 Erlang depending on the transmit
power on the borrowed channels. Down to a transmit power of
10 dBm, which relates to a portion of mobile stations suitable
for borrowed channels of approx. 25%, no significant rise in the
blocking probability can be seen. This is due to the fact all mobile
stations, which can use borrowed channels, are handed over onto
these channels. This makes room for new call arrivals on nominal
channels and keeps the blocking probability low. Below a portion
of 25% there are not enough mobile stations suitable for borrowed
channels and the blocking probability rises until it approaches the
value of the Erlang-B distribution.

Finally, figure 7 shows the impact of the time that is needed
to power down a receiver at the donator cell and ramp one up
at the acceptor cell. The depicted curve is valid for one cen-
tral hotspot cell with 34 Erlang of traffic. A linear relationship
between the delay and the blocking probability becomes clear.
One can perceive that a transfer time shorter than the assumed
60s drastically decreases the average blocking probability of the
system.
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Fig. 2: blocking probability at uniform traffic
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Fig. 3: blocking probability for one local hotspot cell at 34Erlang
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Fig. 4: blocking probability for three hotspot cells at 34 Erlang

VIII. CONCLUSION

In this paper a channel borrowing strategy suitable for GSM is
presented. The reasons for this specific design are explained and a
possible implementation within the architecture of the GSMbase
station subsystem is described. It is shown that the proposed al-
gorithm is easy to implement as the implementation only affects
the BSC software. Furthermore an existing frequency plan can be
maintained while applying G-CBWL. To minimize signaling traf-
fic the channel borrowing capability can be introduced only for
those cells that are potential hotspot cells with temporarytraffic
overload. Simulation scenarios are described and the performance
gain over fixed channel allocation is shown by simulations. From
the simulation results one can conclude that the G-CBWL scheme
performs best under local hotspot conditions with a large differ-
ence in the the utilization of the hotspot and its surrounding cells.
As a requirement to the BTS hardware one can conclude that the
frequency transfer time should be as small as possible to improve
the performance of G-CBWL.
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