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Abstract

Continuous increase in amount of cellular phone users, demand
constant progress of methods for extending the radio network capacity.
Two features that are used to increase the capacity today is CLS1 (cell
load sharing) and offsets. Offsets and CLS increase the capacity in the
radio network through distributing mobiles located in cells with high
traffic load to cells with less load. The CLS takes care of the rapid
changes and the offsets take care of the slow varying changes of the
traffic. The parameters that control the CLS and the offsets are today
set by hand, which can be both tricky and time consuming.

The purpose of this thesis work is to investigate a new type of locating2

algorithm [1], which consist of two parts, the offset and the Quality-
Based- CLS. In this thesis the two features are meant to be set
adaptively. The evaluation of the algorithm is performed through an
investigation of the ability to even out the load among the cells and still
maintain the quality in the cellular network. The evaluation is carried out
for the different parts by them selves, as well as together for the
possibility to see the effect of each part in the algorithm.

The results show that the new locating algorithm have potential to
increase the capacity in the radio network through even out the traffic
load in the system and still maintain the link quality for the connections.

                                                                                              
1 See appendix A.6, for further description of CLS.
2 See Appendix A.5, for an explanation of locating.
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1 Introduction

1.1 Background

In a cellular network there are traffic hot spots where the demand for
capacity is high. These hot spots can be crowded streets, malls, sports
arenas, traffic jams and working sites at office hours. One solution to
provide these traffic hot spots with capacity is to let the cells in these
hot spots decrease in coverage and thereby let the surrounding cells
take more traffic, see figure 1.1. Cell C has a heavy traffic load, while
cells A and B have not. Both cell A and B is expanded to take some of
the traffic from C.

Figure 1.1, Load sharing to increase capacity.

Due to the fact that these hot spots can have various durability and
differ in speed of change, it could be advantageous to have something
that both take care of the rapid changes and of the slow varying
changes in traffic.

With offset and CLS we can achieve this. The offset takes care of the
slow varying changes of the traffic and the CLS handle the rapid
changes of the traffic. The offsets works through moving cell borders to
diminish or expand cells against their neighbour cells, depending on the
amount of traffic in the serving cells. The CLS works in the same way
as the offset, but instead of controlling the cell borders it controls the
hysteresis3, non-symmetrically.

                                                                                              
3 See appendix A.3, for explanation of hysteresis.
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When introducing offsets and CLS it means an increase of interference
in the cellular system. Other bad phenomena that can arise when
introducing offsets and CLS are Merry-go-round and Ping-Pong; these
are described further in chapter 2.
However there are interests among the network operators to increase
the capacity in the system, by letting the mobiles with good quality
proceed further into neighbour cells than what is done today. To make
the parameters of both the offset and the CLS adaptively handled are
also of great interest, because it can be tricky and time consuming to
set these parameters by hand.One way to achieve this performance of
capacity is to use some quality statistics so that those mobiles with
good quality, (compared to the mobiles within the neighbour cell), can
retain the connection further into the neighbour cell. With quality
measurement taken from both sides of the cell border and the newest
quality measurement taken from the mobile, a decision can be made
whether the mobile should do a handover4 or not. Depending on
whether the serving cell has congestion or not, it will be more or less
easy to stay in the cell.

1.2 Objectives

The theme of this thesis is the design and evaluation of modified
functionality of the locating algorithm[1]. The modified functions are
offset and CLS. The offsets are going to be adaptive and based on
traffic load. The CLS modification includes quality statistics and has its
parameters set adaptively. The work deals with the following tasks:

• Even out load in the system, i.e. increase network capacity.

• Maintain speech quality.

These tasks are to be fulfilled through:

• Offsets that are cell-cell related and dependent on traffic load and
restricted by quality and signal strength.

• CLS that is cell-cell related and dependent on traffic load and
quality.

The offset and quality based algorithms are implemented in a radio
network emulator called RUNE (RUdimentary Network Emulator) which
is developed at Ericsson Radio Systems.
To see any gain of capacity in the network, the mean value for
congestion in percent of time for all cells, have been used. As a
measurement of the quality we have used FER (Frame Erasure Rate)
[2] , which will be a better measurement of the quality than C/I.

                                                                                              
4 Explanation of handover see appendix A.1.
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The locating algorithm decides which base station a mobile should be
located at. The main goal is to choose the base station with the best
signal strength among all the base stations. This will imply that the
lowest interference is received from neighbouring cells. In the
simulations the link gain will be used to describe the instantaneous
propagation between mobile and base station, each base station –
mobile station combination of the link gain is gathered in a matrix and it
will get the proportions M x B (where M correspond to nr of mobiles,
and B to nr of base stations)5. Each mobile chooses the base station
with the best link gain, see chapter 3.2 for further details.

However there can be a great difference in traffic load between different
cells, due to traffic hot spots in some areas. If the difference between
the cells could be evened out it would imply that the capacity in the
system is increased. This can be done through offsets and CLS. The
proposed algorithm uses quality statistics to ensure that the link quality
does not get too bad when using CLS and offset.

The algorithm works as follows:

• The link gain is calculated between all mobiles and all base stations.

• A hysteresis value is added to the link gain, this is done by the CLS.
The CLS uses both quality statistics and load statistics from the
neighbouring cells.

• The offset is added to the link gain. The offset uses the load
statistics from neighbour cells when adding an offset step to the link
gain. Quality statistics are just used here to prevent the offset from
proceed into a bad quality area.

Gnew = G � hysteresis ± offset (1.1)

This results in a new link gain matrix, Gnew, from which each mobile
choose the base station with the best link gain. Throughout this report,
the meaning of “base station” and “cell”, overlap, when referred to,
since there is one base station in each cell. E.g. when writing, “a
handover is done to cell A”, it has the same meaning as “a handover is
done to base station A”.

1.3 Previous work

Within the locating area today either HCS [3] or CLS and offsets can be
used to increase the traffic capacity in certain geographical areas where
the traffic density is high.

                                                                                              
5 See chapter 4 for further explanation.
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The HCS is a multilayer system. One common way to implement HCS
is to create one coverage layer and one or several capacity layers. The
ambition in a HCS system is often to direct as many calls as possible to
the capacity layer. In order to minimise the interference one might use
urgency handoff in these systems, which is studied in [4].

When using CLS and offsets for load sharing, only one layer of cells is
used. Like the HCS systems there is also a need for some quality-
based handover in these types of systems.

This thesis investigates a possibility to use quality statistics from
neighbour cells to do quality-based handover and to restrict the offsets.

1.4 Outline of thesis report

The rest of this thesis is organised as follows:

• Chapter 2 gives an introduction to the algorithm.

• Chapter 3 shows what the system model looks like.

• Chapter 4 gives an overview over how the simulations have been
done.

• Chapter 5 is where the results are presented.

• Chapter 6 gives a conclusion of the results.

• Chapter 7 gives a discussion about the results and some words of
further studies.

• Appendix A-D contains explanations of radio network concepts; a
method for burst level simulations; simulation parameters and
abbreviations respectively.
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2 The Algorithm

The algorithm is based on pure, downlink signal strength ranking as
seen below, in equation 2.1. The mobiles use ranking when choosing
base station. The ranking depends on where the mobiles are located in
relation to the base stations. The offset and the hysteresis, in equation
2.1, are subtracted from the signal strength of base station B, in order
to diminish cell B and let cell A take some traffic.

Rank_A = SS_A  and (2.1)

Rank_B = SS_B - OFFSET_A,B - HYST_A,B

Where SS_A and SS_B is the signal strength from cell A and B
respectively. OFFSET_A,B is the offset set from cell A into cell B and it
follows that,

 OFFSET_A,B = - OFFSET_B,A.

HYST is the hysteresis, which is set by the Quality-Based CLS. For
OFFSET_B,A that would mean that cell B is serving and cell A is
neighbour cell.
 Ranking is used for arranging the downlink connections, i.e. from the
base station to the mobile, in order of signal strength. The highest
signal strength connection is ranked as the best and so on. The mobiles
are then using the base stations with the best ranking to serve their
connection. The signal strength ranking is illustrated in figure 2.1, as a
signal strength diagram and in figure 2.2, from a geographical view.

Figure 2.1, Signal strength ranking.
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The original cell border in figure 2.1, where the signal strengths from
the two cells are equal, corresponds to the border in figure 2.2, where
SSB = SSA. The offset, as seen in figure 2.1, is the displacement of the
original cell border to the nominal cell border. The nominal cell border is
seen as a dashed-line in figure 2.2 and is called SSA + OFFSET_A,B. In
figure 2.1 the hysteresis area range is between the dotted-lines, while
the corresponding area in figure 2.2 is the greyish surface. The mobile,
in figure 2.2, is connected to cell B

Figure 2.2, Geographical presentation of signal strength
ranking.

Both the load and the quality distribution are performed on a cell-cell
basis and are managed by two different parts of the algorithm. The slow
part, the offset, is described in this chapter as well as the fast part, the
Quality-Based CLS.

 By changing the offset stepwise the offloading is achieved. All the cell
borders can be changed individually to share the traffic load individually
with different adjacent cells. These individual cell border changes
causes evident risks for Merry-go-round, more about those risks and
how the algorithm prevents them are discussed below in section 2.2.

The idea is to use CLS and offset instead of HCS to distribute load
adaptively. As said earlier the algorithm is based on pure, downlink
signal strength ranking, which is illustrated below.
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Figure 2.3, Hysteresis area and quality-measures.

When a mobile is located in the hysteresis area it can be served by
either cell A or B. This area is defined in the signal strength plane
according to figure 2.3 above. The quality of the mobiles served by cell
A, inside the hysteresis area and on each side of the nominal cell
border is monitored and reflected by one quality measure. Equivalently
there is one quality measure on each side of the nominal cell border for
those mobiles that are served by cell B. As seen in figure 2.3 the quality
measure for area A-B is called QA-B(A) and QA-B(B) for mobiles served
by cell A and B respectively. The corresponding quality measurements
in area B-A is QB-A(A) and QB-A(B) for mobiles which has cell A and B as
serving cells respectively. The computation of the quality, QA-B(A) and
QA-B(B) in area A-B, are based on the latest mobile reports from that
area, where the following signal strength criterion is fulfilled.

(SS_A > SS_B - OFFSET_A,B)
 and
(SS_A < SS_B - OFFSET_A,B + HYST_A,B) (2.2)

The quality measurements must reflect the current quality situation, the
computations must be based on enough measurement reports, but a
report will be erased if it is too old. The quality measure is the rxqual6

value at the 95-percentile of the quality histogram given by the reports
in the specific cell border area. The algorithm will compare this value
with a desired value. The offsets are typically set to zero as default.

                                                                                              
6 Appendix A.10 explains rxqual.
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2.1 Offset

New offset values are computed every other minute and if there is not
enough reports for the algorithm to base the quality measurements on,
the quality measure is kept in that step and upgraded by reports from
the next. As previously said, too old values are erased in order to have
values corresponding to the current quality, therefore a maximum of
three steps, without resetting the quality measure is the limit.
In order to keep the system stable the offsets are changed with small
steps to prevent too many mobiles to change serving cell at the same
time and cause congestion in the new serving cells. When the quality in
a cell border area gets too bad the offset is decreased in favour to a
neighbour cell. To avoid bad quality an offset is not applied to a
neighbour if,

SS_s – SS_n < SS_diff dB.

Where SS_diff is the maximal differences in signal strength that is
allowed, between serving connections, when changing serving cell. The
reason is that the risk of getting poor speech quality is impending when
you make a handover to a neighbour cell with low signal strength.

2.2 Merry-go-round

Merry-go-round is a phenomenon that is likely to occur when cell-cell
relations are used in handover decision making. It occurs when cell-cell
related offsets are used, i.e. different offset relations between different
cells, in contrary to per cell relations, where one cell have the same
offset towards all other cells.

 As seen in figure 2.4 a, the shaded area illustrates where mobiles are
exposed to the phenomenon. The problem is that all cells have different
relations among themselves, i.e. when served by different cells the
relations from the serving cell to neighbouring cells differ. This is
visualised in figure 2.4 b-e, in figure 2.4 b, the mobile is served by cell B
and no offset is activated. In figure 2.4 c, the mobile have changed
serving cell to cell A, due to the offset from A into cell B. Further figure
2.4 d, shows that cell C is favoured before cell A with an offset and
therefore cell C is taking over to serve the connection. While in cell C,
the relations change and cell B is favoured compared to cell C, due to
an offset cell border, as depicted in figure 2.4 d. When in cell B again it
is all repeated as described above in a merry-go-round manner.
Thereby the name Merry-go-round.
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Figure 2.4, Merry-go-round.

2.3 Quality Based-CLS

Quality-Based CLS, the momentaneous part of the algorithm, is
designed to take care of fast fluctuations in the traffic load and radio
environment quality. It is limited to perform in the hysteresis area. QB-
CLS is restricted by a linear Quality-curve, (Q-curve), which is based on
rxqual values and shown in figure 2.5 b) below. Figure 2.5 a) shows the
signal strength relation around the border area, between the two cells A
and B. The Q-curve consists of two parts, one collective and one
individual. The collective Q-curve is based on filtered quality values
from the cell border areas, A-B and B-A respectively. There are two
collective quality values for each serving cell, in each cell-cell relation.
These values are QA-B(A), QB-A(A) and QA-B(B), QB-A(B), for cell A and
cell B as serving cell respectively. The Q-values that form the solid
curve in figure 2.5 are those that have B as serving cell. The dashed
curve represents the Q-values, which have A as serving cell. Mobiles
that are about to do handover from cell A to cell B are using the solid
curve for quality comparison and vice versa. Quality measurements
from the cell border areas are gathered to form these four Q-values.
The Q-values are updated from the filtered measurements and alter the
collective Q-curve. When a Q-value is worse than the Q-curve, a
quality-based handover is performed. The collective Q-curve is, as said
above, based on rxqual values from mobiles in the cell border areas.
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Figure 2.5, a) Signal strength relationship between cells A
and B. The cell border is located where SSA and SSB

are equal. b) The collective quality-curve.

When a mobile is doing a handover from for example cell A to cell B,
the collective Q-curve have been exceeded, that is, the mobile’s
downlink quality is worse than the collective Q-curve of cell A. If the
quality in cell B is better, but the handover was performed before the
equal signal strength border, the individual Q-curve is altered/lifted to
prevent a Ping-Pong from appearing. The adaptive-CLS is achieved by
adjusting the collective Q-curve. When a cell is near congestion the
collective Q-curve is down-tilted towards a non-congested neighbour
and the cell is off-loaded. See figure 2.6, below. An alternative to tilting
the curve is to lower/lift it, but it would probably cause more
interference. When a curve is down-tilted the range into the neighbour
cell of the hysteresis area is diminished and that will cause less
interference in the neighbour cell. The down tilting brings the advantage
that the hysteresis step-length is large at first, but decrease in an
exponential way. This gives a fast offloading at first, with focus on load
levelling, and then a slower with more aim on quality. Worse quality in
the new cell results in a handover back to the initial cell, but better
quality stopshandovers from occuring.
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Figure 2.6, Tilting of the Quality-curve.

2.4 Ping-Pong

Like Merry-go-round, Ping-Pong is a common occurrence when cell-cell
relations are being used, if the handover algorithm can not handle such
a situation. The phenomenon can be induced by quality-based
handovers. When a mobile is about to do a handover, it receives quality
statistics from the border area of the neighbour cell. If the neighbour cell
has better quality statistics, (Q-value), than the serving cell, a handover
is followed-through. Sometimes when a handover has been made, the
new serving cell does not fulfil the quality expectations and a handover
back is taking place. If the quality once again seems to be better in the
neighbour cell after the handover back, then a Ping-Pong is about to
take place. In GSM-networks, large amounts of handovers cause both
extra computational load that could be effecting the networks capacity
and mobile users to experience annoying discontinuities in their
ongoing calls. Thus, a Ping-Pong is when a mobile does a handover
from for example cell A to a neighbour cell B, back to the initial cell A
and then back once again to cell B. At least that is the definition that are
used in this thesis work.
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3 System model

This chapter describes the model used in the simulator. The simulator
used, is FHRUNE [5], which is based on RUNE (Rudimentary Network
Emulator) [6]. RUNE is developed at Ericsson Radio Systems and
written in Matlab. Burst level simulations are included in FHRUNE,
which makes it possible to use FER as a measurement of the quality.
Rayleigh fading and frequency hopping is also included in FHRUNE. As
the burst level simulations are very time consuming two different types
of time steps are being used, the major and the burst level time step.
During the burst level simulations only the parameters that vary quickly
such as those influenced by Rayleigh fading will be updated.

3.1 Cellplan

The outline of the cellplan has a rhombic shape because of a special
functionality in the simulator called wrap around [7], that make all the
cells get the same amount of interference amongst one another. I.E. the
cells at the border of the cellplan get as much interference as the ones
in the middle. Instead of having a large cellplan and use statistics from
cells in the middle in order to get accurate amount of interference. A
large cellplan would make the simulations unnecessary time
consuming, but now we can be content with a cellplan of only twelve
cells as seen in figure 3.1 below. The base stations covering the cell
area will be using 120-degree sector antennas.

Figure 3.1, Cellplan with 12 hexagonal shaped cells, i.e. ideal cell
form. Through lognormal fading the cells get a more
“realistic” asymmetrical shape or coverage area.



Dokument – Document Sida – Page

Report           17(41)
Datum – Date Rev.

04/11/00          PA1
Dokumentnr – Document no.

LVR/D-99:xxxx

3.2 Propagation

The burst level simulator that is used has two different types of time
steps the major and the burst (short) time step. The reason for this is
because simulations with the burst time step require extensive
computing.

The propagation model that are used during the major time step looks
as the following:

G=GD+GA+GF. (3.1)

• Distance attenuation G D

The signal attenuates due to the distance between the transmitter
and the receiver. The attenuation GD is given by the Okumura- Hata
formula [8]:

GD = −{β + 10 ⋅ α ⋅ log(d)}  [dB] (3.2)

The parameter β is a constant that depends on the carrier frequency
and the height of the base station antenna. α describes the
attenuation with distance.

• Shadow fading G F

Hills, buildings etc. between the mobile and base station has a
shadowing effect on the radio wave. As the mobile moves around the
received signal will increase and decrease depending on the
obstacles currently between the transmitting and receiving antennas.
The gain due to shadow fading is modelled by a lognormal stochastic
variable and is computed as a sum of two components. The first
component is associated to the mobile station and included in all
links to the mobile station. The second part is independent for each
link.

• Antenna gain G A

In the cellplan , base stations are placed in one of the corners of
each cell , and three base stations are situated at the same
geographical spot. This is possible using directional antennas, which
concentrate power in some directions, instead of beaming equally in
all directions, like the Omni antenna. The antenna gain varies with
the mobile’s angel relative to the base stations forward direction ,
and is measured in terms of dB relatively to an Omni antenna , dBi.
The maximum gain 17.5 dBi is achieved in the forward direction .
The antenna diagram is shown in figure 3.2.
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The propagation model that are used during the burst level timestep is
almost the same as in equation 3.1 it is only updated with Rayleigh
fading. This is an approximation, which relies on the assumption that
the lognormal (slow) fading variations are small during a period
between two major time steps.

• Rayleigh fading
Rayleigh fading occurs when the radio signal travels along several
paths between the transmitting and receiving antennas. Because of
the difference in travel path for the signal it will have different phases
at the receiver, and they can extinct or amplify each other when they
are combined at the receiver.

In figure 3.2 it is shown how the received signal strength is changed
with the distance

Figure 3.2, Signal strength against distance.

3.3 Traffic

The traffic is modelled according to a Poisson process. This means that
the time between subsequent arrivals of new calls (births) is
exponentially distributed, as are the times between subsequent
departures (deaths).

The mobiles are randomly distributed over the cell area. The movement
pattern of these mobiles depends on the velocity and acceleration. That
is, a fast moving mobile will drive pretty straight ahead and not wind as
much as a slowly moving mobile.
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3.4 Channel plan

The cells are implemented with normal cell planing technique. FCA,
Fixed Channel Allocation [9]. In each cell there are a number of
transceivers each transceiver are able to carry one connection. This
does that the maximum number of mobiles that can be located in a cell
is the number of transceivers in that cell. All cells will get the same
amount of transceivers.

In the table below an example is shown where 5 transceivers are used
for each cell. The reuse pattern for the cells are 1/3, which means that
the clusters contain 3 cells and 1 base station. Each base station is
using three 120-degree directional antennas and serve three cells. In
figure 3.1, one cluster will be cell, 1, 5 and 9 with the base station in the
middle.

cell 1 2 3 4 5 6 7 8 9 10 11 12

channel 1 1 1 1 2 2 2 2 3 3 3 3
4 4 4 4 5 5 5 5 6 6 6 6
7 7 7 7 8 8 8 8 9 9 9 9
10 10 10 10 11 11 11 11 12 12 12 12
13 13 13 13 14 14 14 14 15 15 15 15
16 16 16 16 17 17 17 17 18 18 18 18
19 19 19 19 20 20 20 20 21 21 21 21
22 22 22 22 23 23 23 23 24 24 24 24
25 25 25 25 26 26 26 26 27 27 27 27
28 28 28 28 29 29 29 29 30 30 30 30
31 31 31 31 32 32 32 32 33 33 33 33
34 34 34 34 35 35 35 35 36 36 36 36
37 37 37 37 38 38 38 38 39 39 39 39

Table 3-1, Example of cellplanning with 5 transceivers per
cell and 1/3 reuse.

The number of cells in a cluster is the same as number of frequency
groups in the system; i.e. the cells in a cluster will not use the same
frequencies.

The shadowed channels will be used for frequency hopping; the not
shadowed channels are used in the major time step when we don’t
have any frequency hopping.
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3.5 Cell selection and channel allocation

The decision on what base station a mobile should be located at is
based on the G, which is calculated in equation 3.1. The mobiles
connect to the base station with the best link gain in G. At each step, it
is checked whether a new base station has a link gain that exceeds the
link gain of the current base station by at least the handover margin. So
the old serving base station get a handover margin added to its link
gain.

In this investigation the cell selection will be modified so that both the
quality and the load are taken into consideration when deciding which
base station the mobile should be located at. Instead of using the
handover margin, the hysteresis is put in use here.

GNEW=G ± offset ± hysteresis. (3.2)

The mobile is assigned a channel randomly out of the set of free
channels at the desired base station. If there is no channel available,
the call is blocked.
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4 Solution methods

Since the objectives of this thesis work is to investigate quality based
CLS and offsets restricted due to quality, FER is used as quality
measurement. The FHRUNE simulator, (Frequency Hopping
Rudimentary Network Emulator) [5], which have been used, is Matlab
based and supports burst level simulations. The parameter settings are
shown in appendix B.

4.1 Evaluation criterias

• Quality. The frame erasure rate, FER, is an estimation of the
quality. To study FER we use the Cumulative Density Function,
CDF, at 95% level.

• Capacity. The total capacity in the system will always remain the
same, but the capacity can be said to increase in the system, if
the total time that the cells are blocked decrease. From a GPRS
point of view, there are more important with some available
channels in all cells, than a lot of available channels in some
cells.

• Ping-Pong and Merry-go-round are counted to see that the
algorithm not cause too much of these phenomena, which will
affect the performance of the system and indicate weaknesses of
the algorithms.

4.2 Traffic

The traffic is modelled according to a Poisson process and distributed
randomly over the cellplan. In the first part of the result simulations with
different traffic loads are used. In the rest of the simulations the traffic in
the cells is set to correspond to 2% blocking according to Erlang B7,
except for one cell8 that get some extra traffic so that it will have more
than 5% blocking about 80% of the time. The simulation time is set to
give more than 4000 conversations.

4.3 Channel plan

The available frequency spectrum is limited to 18 MHz or 90
frequencies. To allow enough traffic in the system for the quality
statistics, 15 transceivers per cell are being used. One cell has
frequencies that are different from the rest of the cells in order to
simulate two different frequency bands. The number of frequency
groups used in the simulations are 3 in a 1 site reuse pattern, i.e. the
reuse is 1/3.

                                                                                              
7 See appendix A.9, for Erlang B.
8 This extra loaded cell is cell nr. 6, which can be seen in the cellplan in figure 3.1.
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4.4 Offsets

The main part of the offset is a matrix where each row corresponds to a
serving cell and each column to a neighbour cell, each element shows
how much a neighbour cell should be punished (minus) or favoured
against the serving cell. The offset matrix gets the size bxb where b is
the number of base stations. The matrix just contains zeros as default,
but will change with time and reflect the load situation in the system.
The offset matrix will be updated after Toffinit seconds. As seen in figure
4.1, the matrix is symmetrical, if sign is ignored. I.e. if cell 1, (serving
cell), favour cell 2 with 0.8 dB, cell 2, (serving cell), punishes cell 1 with
–0.8 dB. This is because the nominal cell border should be located at
the same place for both cells 1 and 2, this can be observed in figure
2.2.

Figure 4.1, Offset matrix.

In figure 4.2 a block diagram over the offset part is shown. The traffic
load is one of the input parameters to the offset part; the traffic load is
gathered and stored in a matrix. Every Toffinit second a value will be
present for each column representing the filtered load for each base
station under the last Toffinit seconds. This value will be input to an
Erlang B function which will give the blocking probability for each base
station. The blocking probability is then used to decide whether the
offset matrix should be updated for a cell or not. A cell’s value, in the
offset matrix, is updated if it has a blocking probability that has
exceeded the 5% blocking threshold or falls below the 1% blocking
threshold. When the blocking in a cell is above the upper threshold, it
starts to offload traffic to neighbour cells, and when it is below the lower
threshold, it takes traffic from neighbours.
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The offset matrix is then added to the path gain for every connection
and the connection with the best path gain is chosen.

If T off = Toffinit

Get a filtered
blocking
probability
for each cell
based on the
traffic load
matrix

Quality check
To see that the
cell border
movment  not
cause worse
quality.

Create a
temp. offset
matrix from
the blocking
probability
values.

The  new
offset matrix
is created
old offset
matrix +
temp offset
matrix.

Traffic load in the cells

New G matrix
are created
offset are added
to the G matrix.

Base station
with the best
link gain are
chosen for all
links.

Control that
chosen link gain
not divided to
much from
strongest server.

Merry -go-round
are checked and
base station dec-
sion are correct-
ed if necessary.

old offset matrix

New offset matrix or old offset matrix

G matrix

Desired base
station for
each mobile

The  traffic
load matrix
is reseted

If Toff <> Toffinit

The  current traffic load
is addded to the traffic
load matrix

New offset matrix or old offset matrix

Old base station

Quality matrix

Figure 4.2, Block diagram over the offset algorithm.

To avoid bad quality in the system, a check is done to see that the
chosen connection does not differ too much from the strongest server,
without offsets and hysteresis. As a last check the Merry-go-round
problem are considered, and some restrictions are made. Through
defining a Merry-go-round as three handovers between three cells, from
the first, to the second, to the third and further on to the first again. To
solve the problem, mobiles that are about to do two handovers in a row,
possible Merry-go-rounds, are forced to choose the base station with
the lowest blocking. This way most of the Merry-go-rounds will be
avoided.
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4.5 Quality based CLS

The CLS part of the new locating algorithm is the one that is most
dependent of quality statistics. The input to the CLS part is the current
quality for every connection. It is then evaluated if a mobile lies in a
hysteresis area, if so, the quality value is stored in a 3D-matrix. If then
TCLS = TCLSinit each stack in the 3D-matrix will be filtered and
represented by a single value. This filtered value will describe the
quality in the serving cell in relation to a specific neighbour cell.

Check if a
mobile is lying
in a hysteresis
area and if so
store the quality
value in a 3D-
matrix

If Tcls= Tclsinit

If Tcls <> Tclsinit

90 % percentile
is calculated for
stored quality
values in the
3D-matrix.

Updating the
quality matrix
Qhyst with new
quality values.

The Qhyst
matrix is
adjusted with
consideration to
current traffic
load.

G matrix

The Qhyst
matrix is
individual
adapted for
each mobile
that has done a
handover
recently.

A quality
function is
made from the
Qhyst matrix
and which sets
the hysteresis
value for the
mobile.

The hysteresis
values are
added to the G
matrix. The new G matrix

sends to the offset 

G matrixCurrent quality for all mobilesQuality history

Current quality Old Qhyst matrix or new  Qhyst matrix

Old Qhyst matrix

Figure 4.3, Quality-based CLS

The Qhyst matrix is then updated with these new quality values. The
Qhyst matrix is then adapted to the load situation in the system, i.e. if a
cell has over 5% blocking probability and a neighbour cell has less then
1% in blocking probability the Qhyst matrix is updated.
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4.5.1 The CLS curve

The curve is modelled as a function of the straight line and is built up
with two points. One of the points comes from quality statistics taken in
area QB-A(B) and the other one is a fixed value. The fixed value is used
instead of quality statistics from area QA-B(B), it is set to 20% FER, this
is based on [10], which say that 20% FER lies between acceptable and
bad in speech quality. The reason for not using quality statistic from
area QA-B(B) is that we can get a positive slope of the individual quality
curve and that can lead to wrong values on the hysteresis for the
mobile, because we assume that the slope of the curve always will be
negative. The quality curve will be down tilted if there are too much load
in the cell.

4.5.2 To avoid Ping-Pong

As described earlier there can be some problems with Ping-Pong if the
hysteresis is changed. To come through with this problem an individual
quality curve can be used. It works by remembering the old quality the
mobile had in the former cell. Which means that when a mobile makes
a handover the quality it had before the handover is stored. How long
the value is stored depend on the global timer for the individual quality
curve, it may cause some problem that the timer is global here instead
of an individual timer for each mobile.

As an example, if the global time for keeping the old quality is set to 15
seconds, and a mobile makes a handover when the global time is 15
seconds, then there will not be any old values stored for this mobile.
This is because the matrix that stores the old values will be cleared and
the next iteration the matrix is empty. But even if the old cell quality is
erased and we will not have any individual quality curve the collective
quality curve will still reflect the quality in the old cell. Problems can
occur if the old quality was worse than the 90-percentile quality and if
the new received quality value also is bad.
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5 Results

The simulation results are divided into three sections. The first section
presents how different traffic load, influence the algorithm with various
settings. Then the second section illustrates how the algorithm evens
out the traffic from an extra loaded cell to its neighbours and whether
the quality is maintained. The third section describes how the Merry-go-
round and the Ping-Pong problems are handled. The reference system
mentioned throughout this chapter uses the “old” locating algorithm,
without the two new features, introduced in this thesis work. The
hysteresis is achieved through a handover margin, instead of through
the QB-CLS.

5.1 Different traffic load

This subchapter deals with how different traffic load environments are
handled by the offset and Quality-Based CLS. Simulations have been
done with four different traffic cases, and four offset and/or QB-CLS
parameter setting combinations. Cell nr 6 is exposed to extra traffic
load, in order to force the algorithm to perform load sharing with the
neighbour cells. Each traffic case corresponds to different amount of
blocking probability, which is based on Erlang B9, that the neighbour
cells are subjected to. As said earlier in the Solution Methods chapter,
15 trx’s are used for each cell. The various traffic cases are 3, 6, 9 and
12 Erlang. The blocking probability is increasing with Erlang. The
different combinations of algorithm parameters are compered through
these various traffic cases.
When cells have over 5% blocking, the algorithm starts to off-load them,
as mentioned before. Cells that are subjected to loadlevels that cause
short intervals of time with blocking probabilities above 5%, are better
handled by the QB-CLS. If the cells are instead subjected to loadlevels
that cause longer time intervals, where the blocking probability is above
5%, the offset is the best feature to take care of thoses situations. To
investigate the ability to handle these different load situations, cell nr 6
is exposed to extra traffic load. Figure 5.1, shows the congestion in
percentage of time for cell nr 6, when its neighbour cells are situated to
different traffic load. It can be seen in figure 5.1, how the offsets has
some problems at first, when the traffic load is low. When situated to
low load the offset has to deal with short-term load peaks, but the offset
functionality is designed to take care of slow changes and have to be
able to stabilise. I.e. when the average load is low, the offset fails to
take care of the extra traffic load and distribute it evenly among the
neighbour cells.

                                                                                              
9Definition of Erlang, see Appendix A.
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The QB-CLS is illustrated in figure 5.1, and as seen, it handles fast
shifts rather good, but when the load variations get more long term
characteristic it gets worse. This behaviour depends on the design to
take care of fast traffic fluctuations around the border areas and the fact
that the QB-CLS statistics lacks load filtering.

 In figure 5.1, when comparing the offset-curve with the QB-CLS-curve,
observations can be made that the offset handles load with more than
10.5 Erlang, with more success than the QB-CLS. The reason for this is
that the offset have had time to stabilise and adapt to the traffic load
environment, while the QB-CLS does not have any load filter and this
makes it badly designed to perform when situated to long-term changes
in traffic load. For comparison reference simulations with neither the
offset nor the QB-CLS functionality are runned. Simulations with both
offset and QB-CLS are runned to examine their combined efforts.
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Figure 5.1, [%] Congestion of simulation time, when
neighbour cells to cell nr 6 are exposed to various
traffic cases.

As seen in figure 5.1, the reference system suffers congestion for over
3% of the time at 3 Erlang, while the thesis algorithm keeps the
congestion at zero, except when only the offset is activated.
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At 6 Erlang the algorithm maintain the congestion below 1% of the time,
when the combination of offset and QB-CLS are activated as well as for
when only the QB-CLS parameter is activated.

With the offset active the congestion is barely 3 % of time and the
congestion in the reference system is above 10 %. When the traffic load
is raised to 9 Erlang, the pattern changes, it is clear that the QB-CLS
does no longer succeed, as well as before, in distributing load to the
neighbour cells. While the offset keeps the congestion at about 6, 7 %
of time, the QB-CLS approach the offset-curve at about 5 %. The traffic
load is getting to high, and the 5% blocking level is overrode a great
deal of time, for the QB-CLS to handle the situation better than the
offset. Still the simulated algorithm performs a lot better than the
reference system. Above 10 Erlang the offset- and the QB-CLS- curves
cross one another, and the QB-CLS rise above 13percentage points of
time with congestion, when the traffic load is at 12 Erlang. Almost 2
percentage points below, the offset can be seen. The distinct
differences in purpose of design between offset and QB-CLS comes out
clearly in the figure. With both the offset and QB-CLS activated, the
algorithm surpasses the two algorithm functionalities if they are
activated one at a time. The combination of the two derive the
advantages from both of the features10 special qualities, and as seen in
figure 5.1 the algorithm succeeds to suppress the congestion nearly 3
percentage points more than the offset alone, 5 percentage points more
than QB-CLS and 10 percentage points better than the reference
system. The simulations illustrated above in figure 5.1, shows well how
the algorithm with various settings handles different traffic load
situations. With the different features activated one at a time, as well as
combined, and compered with a reference system, their special
qualities stand out and their improvement of performance are shown.

5.2 Load leveling and quality

As mentioned before one cell is subjected to extra traffic load. In order
to investigate whether the quality is maintained, while the capacity is
increased, the load sharing among the cells are illustrated in histograms
with the corresponding quality in 95% percentile. The percentage of the
total simulation time that each cell experience congestion, is examined
with three different algorithm settings and then compared to a reference
system. Figure 5.2 shows four histograms, where the ability of the
offset, QB-CLS and the combination of both, to handle the load sharing
are illustrated, along with the reference histogram. The latter is depicted
in figure 5.2 a), where it can be observed that cell nr 6 is exposed to an
extra load, which gives rise to a congestion at 15% of the time.

                                                                                              
10 Features; Offset is one feature, QB-CLS is another.
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The traffic load in the surrounding neighbours vary as seen in the
histograms, and as mentioned earlier, the algorithm starts to off-load
cells when they have over 5% blocking, or make them take load if they
have less than 1% blocking. In figure 5.2 b), the offset load sharing
contribution can be observed, and clearly the offset is off-loading cell nr
6 to its neighbouring cells. The percentage of time that cell nr 6 is
congested decrease to less than a half compared to the reference
simulation, i.e. hardly 7%.
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Figure 5.2, Congestion in % of time. Fig. 5.2 a) shows the
reference simulation. Fig. 5.2 illustrates in b) when
the offset is activated, in c) when the QB-CLS is
activated and in d) the performance of the
combination of them both.

When offloading cell nr 6 with the offset in figure 5.2 b), the congestion
in that cell naturally decreases, at the same time that the congestion in
some neighbouring cells increase. Other cells becomes less congested,
this depends on that the offset attempt to even out the traffic load
among all cells in the network. When a cell takes load form for example
cell nr 6, its blocking level increase, while there might be neighbours to
this offloading cell that have less blocking level, and therefore in turn
offloads the offloading cell. The meanvalue of congestion, in
percentage of time, for the reference system is 1.6 % with a standard
deviation of 4.1%.
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The meanvalue of congestion in the offset is less, barely 1.1%, with a
standard deviation of 1.8%, which clearly is a more even traffic load.
95% of the corresponding downlink quality for the whole reference
system is better than about 0.2% FER, where 2% FER is satisfactory.
The same goes for 95% of the offset downlink quality, and the goal was
to increase capacity and still maintain quality. Even if the quality had
been somewhat worse than that of the reference system, it is good
enough, while it is below 2% FER. 95% of both the reference and the
offset worst cell downlink quality is better than, approximately 0.5%.
In order to analyse the algorithm further, the traffic load distribution, at
one percent blocking is investigated. The limit, one percent blocking, is
used by the algorithm to make decisions whether to take load from
neighbour cells or not, i.e. when the traffic load in a cell is below one
percent blocking, it is allowed to offload neighbouring cells. Above this
limit, it is not. At one percent blocking, the reference system has a
meanvalue of 35.8% of the time above the one percent limit. The
corresponding standard deviation is 21.8%. In figure 5.3, four
histograms with the percentage of time that the cells have one percent
blocking or more, are shown.
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Figure 5.3, Load sharing at 1% blocking; a) Reference
system, b) Offset active, c) QB-CLS active and d)
Offset and QB-CLS both active.
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Figure 5.3 a) shows the reference simulation, where cell nr 6 has, at
least, one percent blocking at 96% of the time.

In figure 5.3 b), the offset has managed to offload cell nr 6 so that it only
has above one percent blocking at 74% of the time. The offset
meanvalue above one percent blocking is 37.8%, a small increase, but
at the same time the standard deviation decrease compared to the
reference system, to 16.7%. I.e. the load get more evenly distributed
among the cells. The QB-CLS in figure 5.2 c) handles both the load
sharing, between the cells, and the offloading of cell nr 6, with greater
success than the offset as well as the reference system. Cell nr 6 then
has a congestion of 5% of the simulation time. All the other cells have
congestion in percentage of time at one or below. When looking at
figure 5.2 d), the combination of QB-CLS and offset, all cells, including
nr 6, has congestion below 2%. The meanvalues for congestion of the
both simulations seen in figure 5.2 c) and d) are improvements
compared to the offset simulation, and more importantly than the
reference simulation. With meanvalues about 0.6% congestion and less
standard deviation, the QB-CLS and the combined algorithm are
showing better abilities to get the load evenly spread out among the
cells. The QB-CLS simulation, illustrated below in figure 5.3 c), offloads
cell nr 6 so that it has 1% blocking, or more, 83% of the time. Compared
to the 13 percentage points more that the reference system has. The
meanvalue for the QB-CLS, 1% blocking simulation, is 34.4%, with a
standard deviation of 18.6%. The QB-CLS thereby handles the
offloading pretty well, though not as well as the offset is.
The simulation with the both features activated, shown in figure 5.3 d)
outruns the offset simulation as well as the other two, with a peak value
on cell nr 6, at 69%. The meanvalue is at the same level as the offsets,
but the deviation is diminished to 13.2%. In figure 5.3 d), it is evident
that the spreading has decreased, the bars in the histogram have a
more even outline, than the other simulation histograms. 95% of the
overall downlink quality in the system are 0.30 % FER for the QB-CLS
simulation. In the worst cell for that simulation, 95% of the downlink
quality are 0.64% FER, which is a really good value, for a worst cell. As
said above, 2% FER is acceptable quality and to have that in a worst
cell is not bad. The combined offset, QB-CLS simulation has 95% of its
downlink quality at 0.34% FER or better. 95% of the downlink quality in
the worst cell for this simulation has 0.72% FER or better. That is
certainly not either a bad value, when talking about worst cell quality.
The goal to increase capacity, while maintaining the quality, has been
met satisfactory for all three algorithm-setting combinations, compared
to the reference. The offloading of an extra-loaded cell is carried out
very well, also the levelling of traffic load among all cells, to decrease
blocking and thereby increasing capacity have been good. While the
quality has been maintained satisfactory. Below all data is summarised
in table 5-1.
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Table

   5-1

Congestion
meanvalue,
in [%]

Congestion
standard-
deviation,
in [%]

1%
blocking,
meanvalue,
in [%]

1%
blocking,
standard-
deviation,
in [%]

95% of the
downlink
quality in
the system
have above
[%] FER

95% of the
downlink
quality in
the worst
cell have
above
[%] FER

Ref.
system 1.62 4.14 35.81 21.81 0.2111 0.5311

Offset
1.09 1.84 37.76 16.66 0.1911 0.4911

QB-CLS
0.63 1.42 34.45 18.57 0.3011 0.6411

Offset &
QB-CLS 0.57 0.51 37.85 13.15 0.3411 0.7211

Table 5-1, A synopsis of meanvalues, standard
deviation-values and quality values for the different
algorithm settings.

5.3 Merry-go-round and Ping-Pong

The cell-cell relations in the locating algorithm are likely to give rise to
such phenomenon as Merry-go-round and Ping-Pong, if there are no
precautions taken. In the locating algorithm of this thesis there are
some preventive actions taken. When a mobile is about to do a
handover, the algorithm checks the quality in the neighbour cell that is a
potential future serving cell. It also controls if the mobile just have done
a handover to the current serving cell and if so, what quality this cell
had. If there has been a handover and yet a handover is about to take
place, the algorithm makes the mobile choose the one cell, out of the
three, with the lowest blocking probability. According to our simulations
the algorithm takes care of all possible Merry-go-rounds, so there will
not be any at all.

A Ping-Pong is defined as follows in this thesis work, a mobile does
three handovers between two cells in three time instants. No Ping-
Pongs are detected in the reference system simulations, or in the offset
simulations, but both in the QB-CLS and the offset/QB-CLS simulations.
The reason why there are no in the two first cases, is the hysteresis at 3
dB, that both the reference system and the offset have. In the latter two
the hysteresis is managed by the CLS and its quality-curves.

                                                                                              
11 All FER values are gathered from CDF’s.
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Because of the use of a global timer, there are Ping-Pong present in the
QB-CLS and the combined simulations. The global timer use 15 second
cycles. For the individual quality-curve, quality measurements from all
handovers made the last 15 seconds are gathered and stored.

This means that a mobile’s history of handovers and serving cell
qualities are stored during this time. Note that there are only handovers
that are stored, so if a mobile does not do any, there will not be any
updates on the quality situation. And that during these 15 seconds there
might just be three values from one particular mobile gathered, because
it did three handovers. Then when 15 seconds have passed, the values
are considered old and are deleted. This is when the problem with Ping-
Pong occurs. There is no history of quality to base the individual quality-
curve on and then there will be no margin between the cells for
handover. So when the quality of a mobile has exceeded the collective
quality-curve, and does a handover to a neighbour cell it will exceed the
collective curve for this new serving cell as well.

 Then there will not be any margin, created by the difference between
the collective and the individual quality-curve that prevents it from doing
a handover back. But when back in the initial serving cell, there is one
old quality measurement report to base the individual quality-curve on.
This will stop the same situation from occurring once again, when back
in the initial serving cell. Still there are Ping-Pongs that the algorithm
does not take care off. In the QB-CLS simulation as well as in the
combined simulation, there are about 100 Ping-Pongs detected. There
are really no differences that can be proven, between them.
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6 Conclusion

This thesis project evaluates functions for a new type of locating
algorithm. The functions are offsets and quality based CLS. The
intention with this new type of locating algorithm is to adaptively even
out the load in the system and still maintain the quality in the system.

The load sharing in the system has been evaluated with the different
parts in the new locating algorithm. The result show that each part of
the locating algorithm has a load sharing mechanism that works and
that the combination of the different features, the offset and quality-
based CLS, are good complements to each other.

The principal conclusions of this thesis work are listed below:

• An extra loaded cell is successfully offloaded to neighbour cells, with
the two new features. This includes both the offset and the QB-CLS
features, activated one by one as well as combined, compared to
the non-modified locating algorithm, (or the reference algorithm).

• The capacity is increased through diminished time that the cells are
congested and more evenly spread time when the cells are blocked.
The levelling of traffic load among all the cells is achieved
satisfactory and the spreading between traffic load in different cells,
is diminished.

• The quality is kept with a minor degrade, when using the modified
locating algorithm. These results are satisfying the evaluation goals
to maintain quality.

• There are no Merry-go-rounds induced by the algorithm. There are
though some Ping-Pongs induced by the QB-CLS feature, but when
running a simulation with more than 5300 handovers there will only
be about 100 Ping-Pongs. In a real system there are Ping-Pong
induced at about 10-20% of the handovers. In the simulations of this
thesis work that percentage will be around 2%.
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7 Discussion

This investigation shows that QB-CLS and offsets gives a potential for
capacity gain, the mean value for the congestion in percent of time in all
cells is decreased with several percentage points. The gain with this
algorithm would probably be even greater if it was used between two
different frequency bands, where the link quality degradation because
of interference is neglectable.

The parameters used for the QB-CLS and offset are not optimised. The
parameters are chosen so that the probability to not cause degradation
in link quality is high. However an optimisation of the parameters in
order to maximise the load levelling and not decrease the link quality,
could perhaps give even better improvements than the achieved.

In this investigation no precaution is taken to the uplink quality when
using QB-CLS and offsets. In some situations can however the uplink
be the limiting factor. However no indoor traffic is simulated in this
report, and that is the kind of traffic that probably would have got the
strongest degradation in uplink quality, due to interference from
adjacent channels.

7.1 Further Studies

Based on the experiences in this thesis work, there are some
suggestions for further studies. The first is a more thorough evaluation
on how to filter the traffic load and the quality. Another thing that needs
to be studied more is how long the time punishment for each mobile
should be when a handover is performed in order to avoid Ping-Pong.
How the load thresholds should be set so that the best load levelling
and link gain quality is achieved. Further on, how the uplink quality is
influenced by the offsets and QB-CLS should be evaluated.
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Appendix A: Radio Network Concepts

Below follows a short introduction to GSM radio network, those readers
that are already familiar with the subject may skip this chapter/section.
In this chapter/section we clarify a number of keywords of GSM network
to make it easier for the reader to understand the rest of the report.

A.1 Handover
Handover is when a mobile station (MS) change from one base station
(BS) to another and take that base station to serve the connection.
Handovers are made because of bad connections due to weak signal
strength (SS), heavy traffic load or high amounts of interference.

A.2 Cell
When we talk about a cell, we mean the geographical area, ideally with
the shape of a hexagon, that is the coverage area of one base station.
In real life the cells have any shape, due to the fact that as an operator
you can not place your base stations wherever you want. For example,
in a city environment you have to have permission by the owner of the
house to place a base station on the rooftop. To get a symmetrical
network, in the placement of the base station point of view, you may
want to put a site/base station in the middle of a road, but that is of
course not possible.

A.3 Hysteresis
Hysterersis is a functionality to decrease the amount of handovers close
to the cell borders. It is illustrated “geographically” in figure 2.3, in
chapter 2. The hysteresis works like an extension of the border of one
cell into another. Say for example that a mobile connected to base
station A are moving towards base station B, with use of hysteresis the
mobile will not HO to base station B until it passes the rightmost
hysteresis border. The opposite behaviour would be present for a
mobile connected to base station B, moving towards A, the HO to base
station A would not take place until the leftmost hysteresis border. The
purpose of using hysteresis is to decrease high HO load, with
associated speech interruption. Figure 2.1, illustrates the nominal cell
border, offset and hysteresis from a signal strength point of view. The
nominal cell border is where the SS from two neighbouring cells are
equal.

A.4 Offset
Offsets are used for moving nominal cell borders in order to make cells
larger or smaller and thereby alter their load capacity. Figure 2.3 is a
geographical illustration of offsets and figure 2.1 is a signal strength
representation.
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Offsets are cell-cell related, which means that one cell can be
expanded at the expense of one or several neighbour cells or
diminished in favour of other neighbour cells.

A.5 Locating
The locating algorithm is the core in the handover decision making
process. The decisions for a handover to take place are based on
signal strength-, interference- and traffic load measurements. The SS
are attenuating the further away from the base station the mobiles are
moving, but the SS will also be diminished because of fading
environment like trees, mountains and buildings.

A.6 CLS
Cell Load Sharing, (CLS), is a fast, load dependent mechanism used to
even out load between cells, in order to maintain good quality in the
cells. It is a fast functionality contrary to the offsets.

A.7 Site
A site is a group of base stations, usually they are grouped three by
three and are then situated in the joint between three cells, but there
are Omni base stations as well, that are located one by one in the
centre of the cell. Omni base stations have a 360 degrees coverage,
while the base stations that are grouped together are directional and
have for example a 120 degree coverage. Co-sited base stations
means that two or more base stations from different layers are located
at the same place

A.8 Frequency hopping
To make the system less vulnerable/sensitive to bad radio environment,
with heavily interfered channels or fading dips, frequency hopping, (FH)
is being used. FH means that multiple frequencies are used for the
transmission of speech, signalling or data in a single connection. Each
connection is transmitted on a fixed frequency during one burst; (a burst
is a short time interval of transmission). Between bursts the frequency is
changed. If a mobile is located in a fading dip or subjected to
interference, a burst can easily be lost. When using FH, the next burst,
which is on a different frequency, is likely to come through. Due to the
coding and interleaving scheme in GSM, loss of a single burst will
cause minimal difference in speech quality.

A.8.1 Baseband Hopping

In Baseband Hopping each transmitter operates on a fixed frequency.
At transmission, all bursts, irrespective of which connection they belong
to, are routed to the transmitter of the proper frequency.
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A.8.2 Synthesiser Hopping

In Synthesiser Hopping each physical channel corresponds to a
transmitter, which is hopping on multiple frequencies.

A.9 Erlang B
Erlang B is a measure of traffic intensity and it is based on accessibility,
traffic interest and need for equipment.

A.10 Rxqual
Rxqual is a quality measure, that is based on BER. Rxqual is the quality
value that are calculated by the mobiles
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Appendix B: Simulator Parameters

Parameter Value

Frequency reuse 1/3

Number of cells 12

Lognormal fading standard deviation 6 dB

Lognormal fading correlation distance 110 m

Lognormal fading correlation between one
MS and different BS

0.5

Cell radius 300 m

Mean call holding time 40 s

Average mobile speed 10 m/s

Number of trancivers per base station 15

Adjacent channel attenuation 20 dB
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Appendix C: Abbreviations
BS Base station

CLS Cell Load Sharing

FER Frame Erasure Rate

FHRUNE Frequency Hopping RUNE

HCS Hierarchical Cell Structure

MS Mobile station

RUNE RUdimentary Network Emulator

SS Signal Strength

TRX Transmitter

QB-CLS Quality-Based-CLS

CDF Cumulative Density Function


