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Abstract

A multiple access scheme for terrestrial mobile communications using a spectrum overlay

of a narrowband  CDMA system on a TDMA system is investigated in this thesis. Though

a lot of investigation has been conducted on broadband CDMA overlay, very little research

has been conducted on narrowband overlay in the past.

In this study, a simulation methodology  has been adopted to ascertain the behaviour of the

CDMA and TDMA systems when using the same frequency spectrum, geographic region

and time. This study is exploratory in nature and the CDMA and TDMA systems that are

modelled, are based on the specifications provided in the GSM and IS±95. A hybrid  model

is developed  to assist in writing a simulation program, taking into account the cellular

parameters such as fading, pathloss etc. and system specific parameters such as frame

structure, channel allocation, sectorisation, discontinuous transmission, power control etc.

The depth of the frame structure for each system is selected, that is, enough for  the power

control and slow frequency hopping (for GSM) to work properly. Based on the hybrid

model, a generalised C++ based simulation program, Ovlsim, was written to imitate the

joint working of the two systems. A modular test process is outlined for verification of the

main parameters of the simulation program.

The performance is computed in terms of received interference energies at a burst level.

A burst corresponds to a transmission, on a time slot for GSM, and on a power control group

for IS±95. Threshold erasure rates are defined for the CDMA and TDMA system and are

compared with recorded erasure rates obtained via simulation.
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FDMA Frequency Division Multiple Access
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HSN Hopping Sequence Number
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MS Mobile Station

MAIO Mobile Allocation Index Offset

MSC Mobile Station Controller

N±CDMA Narrow±band Code division Multiple Access

PCN Personal Communications Network

PCG Power Control Group

PCG±ER Power Control Group ± Erasure Rate

SFH Slow Frequency Hopping

TDMA Time Division Multiple Access

TIA Telecommuniactions Industry Association
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Chapter 1

Introduction

1.1 The Inception of an Overlay

The insatiable demand of cellular radio on spectrum usage has created a burden on spectrum man-

agement. This inspires research on future multiple access schemes which provide a greater spec-

tral efficiency. The cellular spectrum efficiency is one of the most important parameters of mobile

radio systems [14]. One possible future multiple access is by the use of a frequency overlay of

a CDMA and TDMA system. In the past, much work has been done on the study of a broad band

CDMA / TDMA overlay issues. This thesis presents an insight into the problems that could be

encountered while overlaying a narrow band CDMA system on a TDMA system.

TDMA systems commonly start with a slice of spectrum, referred to as a 'carrier' or `frequency

slot'. Each carrier is then divided into time slots. Only one subscriber at a time is assigned to each

time slot, or channel. No other conversations can access this channel until the subscriber's call

is finished, or until that original call is handed off to a different channel by the system.

In  the middle of 1986,  the GSM ( Groupe Speciale Mobile) committee in Paris was given a task

to evaluate the performance of nine candidate systems that were proposed to be the future pan±

European system. The proposed digital systems employed a variety of access methods, transmis-

sion rates and modulation schemes. Six adopted TDMA, another two proposed hybrid CDMA

/ TDMA and one used FDMA in uplink. Subsequently, laboratory and field testing led to the con-

clusion that the spectrum efficiency of all candidate systems was equal or better that of the first
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generation analog systems. The two hybrid systems proposed, were not accepted because they

required broadband radio systems and very complex baseband signal processing. A broadband

system is susceptible to spurious interference and the predicted performance seemed impractical.

Also the implementation was not cost and time effective. Finally, the TDMA / FDMA  system

`GSM' system was chosen [4].

With CDMA, unique (nearly orthogonal) digital codes, rather than separate frequency slots or

channels, are used to differentiate subscribers. The codes are shared by both the mobile station

and the base station, and are orthogonal in nature. CDMA utilises a transmission bandwidth

which is many times greater than the transmission rate ( information bandwidth).

The genesis of a CDMA system took place with the need of an anti±jam system for military ap-

plications. Though the CDMA system was proposed theoretically in 1940's but a practical ap-

plication in the commercial world took place 40 years later. This was due to development of digi-

tal integrated circuits that reduced the size, cost and weight of subscriber stations to be acceptable

and the need to have a multiple access system in which the users transmission levels are very low.

In March 1992, the TIA ( Telecommunications Industry Association) established the TR±45.5

subcommittee with the aim of developing a CDMA standard, and in July 1993, the TIA gave its

approval to the CDMA IS±95 standard.

A question of particular importance for the design of future cellular radio systems, GSM in par-

ticular is whether the CDMA and TDMA systems can coexist, and if yes, up to what extent ? The

term coexist implies that both the systems share the same spectrum, operate simultaneously and

are situated at the same geographic region.
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1.2 The Research Problem

Can a multiple access scheme using a frequency overlay of a narrow band CDMA system and

a TDMA system provide a greater spectral efficiency and / or additional benefit with respect to

each system in isolation ?

There has been a long and still on±going ( at the time of writing this thesis ) debate, to decide the

superiority of either system. Currently CDMA and TDMA mobiles cannot be operated in the

same cell. The solution to the above problem would mean transportability of either mobile in any

type of system thus providing global usage ( given the two systems are available at that geo-

graphic location ) .

1.3 The Research Objective

In this work, a simulation approach is adopted to evaluate the performance of a cellular system

that has both CDMA and TDMA systems. The two systems co±exist using the spectrum overlay

technique. The TDMA system parameters are chosen such that it resembles the European GSM

system, whereas features from the Qualcomm CDMA are adopted for the CDMA case. The main

aim of the simulation is to explore the performance of either system in terms of received interfer-

ence energies in the two systems. This will be achieved by subjecting the two modelled systems

to changes in their operation parameters.

The simulation has two main objectives :±

1) To study the Impact of DS±CDMA on TDMA system.        ± Impact 1

2) To study the Impact of TDMA on DS±CDMA system         ± Impact 2

The first impact will be known by ascertaining the performance of both the systems keeping small

number of CDMA users and a large number of TDMA users within a cell. Conversely, the magni-

tude of second impact can be found out by computing the performance of both the systems by
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keeping a large number of CDMA users and small number of TDMA users.  The two scenarios

will  not only help us to understand the nature of CDMA /TDMA interaction, but are also import-

ant from a practical point of view. For example, one would like to know how many IS±95 users

could be added on an existing GSM system or vice versa ?

This work will aid in providing answers to whether any limitations or problems exist, in one or

both the systems in this scenario. We would like to ascertain if it is possible for the two systems

to harmoniously co±exist giving better capacity and / or quality to the users.

A simulation program named `Ovlsim' has been developed by the author to simulated the CDMA

and TDMA systems. This simulation program is strongly linked to `Cellsim' [2] where the latter

simulated the TDMA / FDMA ( typically GSM ) cellular radio environment only.

1.4 Interpretation

It has been clearly implied by  several authors that a need for a future multiple access scheme

employing an overlay is worth simulating. In [10]  a system was proposed in which an additional

and optional CDMA component can be introduced by pooling a number of, e.g. 8, adjacent fre-

quency slots of 200 KHz each to form a broader frequency slot of 1.6 MHz. Within the CDMA

spread bandwidth, 8 CDMA users are active. With the Introduction of the CDMA component on

GSM, interferer diversity and frequency diversity can be achieved. The optional component

could be activated or switched off depending on the cell type and mobile speeds in order to obtain

maximum possible capacity.

Whether a narrow band CDMA ( 1.25 MHz) system can overlay a TDMA system continuously,

remains unexplored ( to the authors knowledge) and needs to be investigated through analysis

and simulation.
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Recently, much emphasis has gone into the use of notch filters to cancel the narrow band interfer-

ence imposed on the CDMA channel. This suppression filter is matched to the interference pres-

ent. Simulation results on the use of agile notch transmit / receive filters in case of overlay of

broadband DQPSK±DS±CDMA (6 MHz) on GSM [19], show that at nominal 2/3 loading, the

B±CDMA overlay can nearly quadruple the total traffic with notch filters and approximately tri-

ple it even without filters. The results were obtained using some restrictive assumptions. Our

work should relax such assumptions.

Results for a simulation of an overlay of Narrow band CDMA ( N±CDMA, 1.228 MHz) system

on AMPS [20] showed that, at least two cells between AMPS and N±CDMA cells must be left

vacant ( as a dead±zone). The N±CDMA users need to transmit 180 times more power than in

systems without AMPS interference to achieve reliable communication. The cellular model with

hexagonal cells, 3 cell reuse and power control was assumed. The undesired dead±zone caused

a significant capacity loss. Both the power controls chosen were of the `constant target receive

power'  types, whereas, it is desirable to have a C/I balancing for the CDMA case. Also the AMPS

system in contrast to GSM system does not use SFH, thus interference and fast fading together

have a more pronounced effect.

In [22] the authors analysed the performance of a CDMA system with narrow band BPSK inter-

ferers. Notch filtering using an adaptive filtering technique was used. It was concluded that filters

would increase the performance of the hybrid system but at the same time if the number of inter-

ferers grew, the effectiveness of the filter decreased. Also the performance of the CDMA system

was found to be more sensitive to the number of BPSK than other CDMA users.

The fact that our work does not intend to use agile notch filters is justified by the above work.

We would like to study a hybrid system in which there are multiple CDMA and TDMA users.

A large number of TDMA users will occupy a considerable amount of bandwidth overlapping
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the narrow band CDMA channel.  An attempt to remove the unwanted TDMA interference exper-

ienced by a CDMA user by the use of filters would tend to deteriorate the performance of the

DS±CDMA system, especially when the number of TDMA users are large.

In [9] the authors conducted field tests in an overlay of DS±CDMA  PCN (personal communica-

tion network) signals on the fixed service narrow band microwave point to point links. Two kinds

of modulations for the narrow band signal were tested in two geographic locations. One used sim-

ple analog FDM±FM occupying 10MHz and the other 64 QAM (data rate of 45 Mbps). The ex-

periments were to demonstrate that the two fundamentally different systems could coexist. It was

noted that PCN voice waveforms which were spread to 48MHz using spread spectrum tech-

niques, experienced deep frequency selective fading, some of the fades having coherent band-

width exceeding 10 MHz but causing only a nominal loss to the waveform. It was concluded that

narrowband systems, such as FDMA, TDMA and even 10 MHz wide waveforms could suffer

significant attenuation due to what would appear to them to be ``flatº fading whereas the broad-

band spread spectrum signal were more immune to such conditions.

Efforts have been made in the past to study the performance of interference limited systems by

subjecting to variations in several parameters which govern the capacity greatly. Cellsim is a cel-

lular engineering TDMA simulation package for co±channel interference limited systems. It al-

lows a wide range of cellular system topology to be specified, and produces co±channel interfer-

ence distributions, frame erasure estimates and outage probabilities [2].

1.5 Outline of the Thesis

The study involved the investigation on the feasibility of an overlay, of  a DS±CDMA system on

a TDMA system. The thesis is divided into five chapters. Chapter 1 discusses the problem and

the benefit of the research on the available cellular radio technology by explaining the possibility
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of more spectrally efficient cellular radio technique. A literature review provides an understand-

ing of the past experiments in terms of their models and  methodology, thus indicating the motiva-

tion for the study.

Chapter 2 deals with the methodology adopted to attack the feasibility issues related to the joint

system under study. This chapter provides a mathematical model of the two systems, which form

the basis in understanding the joint system.  Methodology to compute the impact of one system

on the other is described. The most important factors which directly affect the mutual protection

between the two systems are accounted. It is quite evident that for a N±CDMA /TDMA overlay,

both systems impose interference on each other. The chapter describes a cellular model taking

into the account that the interference is a function of : channel allocation ( frequency overlap be-

tween the two systems), frame durations and their distribution along time ( time overlap), voice

activity (discontinuous transmission), topology ( e.g 9 cell reuse), degree of sectorization, slow

frequency hopping, power control and type of fading. The terminology used in the model is kept

same as that in [1], and a few more variables are introduced due to the addition of the CDMA

component.  The various performance metrics used for evaluating the CDMA and TDMA sys-

tems are explained and their reliability is discussed.

Chapter 3 gives the description of the flow diagram of the simulation program developed by the

author in C++ and the test procedure used to verify the various modules within it. An optimistic

analytical model is presented to predict the joint capacity of a TDMA / CDMA system using an

overlay technique. However, several assumptions were made that are not realistic in nature and

thus lead to an exaggerated prediction.

Chapter 4 provides results obtained through simulation for a very simple set-up which consists

of a single cell having users of each system type. System parameters were assumed such that the

CDMA and TDMA systems behave like IS±95 and GSM respectively. The performance of each
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system is produced by focussing on the impact of CDMA on TDMA and the impact of TDMA

on CDMA. The intention of using a single cell set-up was to confirm that the performance of each

system is met with satisfaction in a single cell before we should look at a much bigger (multi±cell)

topology with more complex channel allocation and different reuse schemes.

Finally, the results available in chapter 4 are concluded and discussed in chapter 5. The conclusion

explains the extent of feasibility of a joint system from the conditions that were simulated by the

author. Inferences with respect to other factors that were ignored for the sake of reducing the

complexity to attack the problem are also drawn. Discussions leading to future work that could

prove very useful for further understanding of the problem or any improvement to the results,

are provided with a wider perspective.
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Chapter 2

Cellular Model, Methodology  And 

Performance

2.1 Introduction

This chapter describes the main parameters of a cellular  model  that would affect the performance

of the CDMA and TDMA systems.  The parameters are split into common and system specific

with respect to the TDMA and CDMA systems.  The common parameters such as pathloss, fading

etc. are applicable to both the systems, whereas system  specific methods of implementation of

parameters such as discontinuous transmission, frequency hopping etc., are explained individual-

ly with respect to GSM and IS±95 standards. For the  CDMA / TDMA overlay, important factors

that  would influence the amount of interaction between the two dissimilar systems, in conjunc-

tion to the known cellular parameters, are explained.  A summary of link parameters is then de-

scribed in the form of a list of variables, to assist in  writing a mathematical model, with the objec-

tive to compute the amount of wanted and the unwanted signal levels received at a BS.  The

knowledge of wanted and unwanted signal levels  is required to compute the signal to noise ratio

at the input of the receiver at a BS, samples of which are then processed according to various per-

formance metrics schemes described at the end of the chapter for evaluation of the joint working

of the CDMA and TDMA systems.
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2.2 Propagation Loss

This section deals in various forms of signal losses between a transmitter and a receiver. The main

components of propagation loss are : free±space path loss, path loss due to reflections, loss due

to shadowing and  cancellation of signal due to arrival of signal by many paths. Each component

is discussed and a suitable model is indicated for incorporation within the simulation program.

2.2.1 Path Loss

A loss between a transmitter and a receiver is defined as the ratio of the received power  to the

transmitted power.  The Friis free±space transmission formula [5] indicates that the free space

loss is inversely proportional to second power of distance between the transmitter and the receiver

and is given as :±

  L(dB) � ±10 log(Gt) ± 10 log(Gr) ± 20log( � ) � 20 log(d) � 21.98 (2.1)

Where, Gt and Gr  are antenna gains at the transmitter and receiver respectively, �   the wavelength

of carrier, and d is the distance between the transmitter and the receiver.

However, a transmitted radio wave in a flat terrain environment does not have a direct path alone.

It may arrive through other indirect paths such as reflection through ground, surface wave etc.

The received signal is a summation of the direct and the indirect arrivals. Thus, the Friis± free

space formula is further modified due to the inclusion of factors like : absorption of signal in the

ground, phase shift between a direct and indirect arrival, angle of incidence, polarization, fre-

quency etc. The angle of incidence and the angle of arrival  depend on the height of the transmitter

(ht) and receiver (hr) leading to the Inverse Fourth±Power Loss formula :±

  L(dB) � ±10 log(Gt) ± 10 log(Gr) ± 20log( ht .hr) � 40 log(d) (2.2)
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A  loss due to diffraction of a signal through hills, buildings, trees etc. is given by the Fresnel's

knife edge diffraction loss [4, 5, 6]. If the signal suffers multiple and series of diffractions then

the loss is more complicated to be represented by a mathematical  model. Bullington, Epstein±

Perterson and Deygout  [5] have provided some approximate methods for this case.

Further, if the indirect and the direct waves arrive at the receiver with equal amplitudes and op-

posite phases, a null will occur and subsequently the link will cease. However, if the following

inequality is true then the null situation can be circumvented.

  d �
2 . ht . hr

�
(2.3)

Several path loss prediction model are available such as Egli, Bloquist±Ladell, Longley ± Rice,

Okumura, and Hata [4]. This is not an exhaustive list, and every model has some weakness and

applicability but Hata's model is most widely used.

A simplified path loss model was used in [1] for simulation purpose. 

The path loss lij , on each interference link is given as :

  l (dB) � l ref � 10.� .log10(
d

dref
) (2.4)

Where the attenuation factor  �   = 3.5,   and for simplicity, at a distance of dref = 1 meter, 

lref = 0 dB can be assumed. This reduces the above equation to :

  l (dB) � 35.log10(d) (2.5)

The above path loss formula provides a very simple method for prediction of a the path loss and

can be very easily accommodated in a simulation program. Yet, we would still want to know how

the results are affected with  the use of a more accurate prediction model. Hata [4] has derived

an empirical formula based on Okumura's results which were based on the measurements taken
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in the Tokyo area. The Okumura's results are not easy to use for computer simulation because

they are described by various curves. The following set of equations describes the Hata method.

  L(dB) � 69.55 � 26.16 log10hBS±a(hMS) � (44.9 ±6.55log10.hBS)log10(d) (2.6)

where   hbs  , hms are the heights of the base station and mobile station respectively .

For  large cities ,

  a(hMS) � 3.2[log10(11.75hMS) ]2 � 4.97 if f � 400 MHz (2.7)

  a(hMS) � 8.29[log10(1.54 hMS) ]2 � 1.11 if f � 200 MHz (2.8)

and for medium and small cities,

  a(hMS) � (1.1 log10 f � 0.7 ) hMS � ( 1.56 log10 f � 0.8 ) (2.9)

The undermentioned limits apply to the Hata's model : ±

150 < f < 1500 MHz,   30 < hBS  < 200 m,   1 < hMS < 10 m,   1 < d < 20 Km

2.2.2 Slow Fading

A mobile radio signal apart from the path loss as described in the previous section  additionally

suffers from attenuation due to obstructions in form of buildings, vehicles, terrain feature, tunnels

etc.  Shadowing attenuation has a log±normal distribution of the local mean signal. Denoting R

as the local mean received signal power in mW and defining

  s (dBm) � 10 . log ( R) (2.10)

the probability density function ( PDF ) of s is given as :

  Pshad(s) � 1
� s 2�� e

±(s±m)2

2� s
2 (2.11)
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Where m and � s  are the mean (dBm) and standard deviation (dB) of the local mean signal s.

The above equation resembles a normal distribution, and since all variables are expressed in loga-

rithm of the actual scale, the distribution is termed log±normal. The parameter  �   is called shadow

dB spread and quantifies severity of shadowing. For urban environments the typical shadow

spread lies in the range of 6 to 8 dB [1,4,5].

2.2.3 Fast Fading

In a typical terrestrial mobile radio environment, the received signal is rarely constituent of a di-

rect component only. This is due to multi± path propagation and vehicle motion. The randomly

placed obstructions impose different attenuations and phases on the signal. As a result the re-

ceived signal is a summation of inphase and quadrature components. The phases of the waves

are assumed to be uniformly distributed from 0 to 2��  and the amplitudes and phases are assumed

to be statistically independent [7,5, 6, 24].

If  shadow fading is absent during a small distance then, the signal envelope is characterised by

Rayleigh  fading  and the PDF  of received envelope  r, with standard deviation � r  is given [5]

as :

  Prayl(r) � r
2�� � r

e
±r2

2 � r 2 , r � 0 (2.12)

The power spectra  input at a receiver due to motion of the mobile moving at a speed v  and carrier

wavelength �  is limited to a maximum frequency Doppler frequency fD.

  fD � v � � (2.13)
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The Doppler power spectral density for an ideal land mobile radio channel has the following re-

sponse [24] :

  W( f ) �






�

�

�

1
� f 2

D ± f 2� if | f | � fD

0 elsewhere





	

�

�

(2.14)

2.3 Discontinuous Transmission

The power spectral efficiency of a mobile radio system is enhanced by the use of discontinuous

transmission. The higher spectral efficiency is achieved due to reduction in interference caused

by each user on the remaining co±channel users. Additionally, the average power consumed by

a mobile is reduced. The discontinuous transmission scheme is made possible through the use

of digital speech interpolation technique. With this technique a transmitter is made to transmit

continuously only for durations of voice activity. During the other times, transmission is done

that would just be enough to convey the background (comfort) noise. By the use of spectral do-

main techniques and  threshold comparisons jointly, the problems of false noise triggering,

speech spurt clipping,  and heavy vehicle noise etc. are circumvented [4].

Voice activity for each user is represented by a Gilbert  2±state model [1].  The two states are

active and inactive respectively.  The transition probabilities of moving from one state to the other

are computed based on the parameters :  frame rate, voice activity ratio and mean talk spurt dur-

ation. For the GSM system the typical voice activity ratio and mean talk spurt duration is 50 %

and 1 second respectively[1]. Similarly, the typical voice activity ratio and mean talk spurt dur-

ation for the IS±95 is 35 % and 1 second respectively. The CDMA system has a smaller voice

activity ratio than the TDMA system, because of the time delay associated with reassigning the

channel resource during the speech pauses and thus does not turn out  to be cost effective [3].
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The discontinuous transmission for the TDMA system is based on Gilbert model, wherein, the

transmissions during each users burst is switched on or off, based on the transition probabilities

worked for the CDMA system.

The same method applies for the CDMA system, except that the voice active state is worked out

for each frame, but due to the specific discontinuous transmission method for the IS±95 the meth-

od has a few more steps. The IS±95 system is assumed to implement discontinuous transmission

through variable data rates of 9600 bps (full rate) and 1200 bps. This is done by dividing a com-

plete 20ms frame in 16 subgroups called power  control groups. Each power control group is

transmitted as a unit with a  fixed data rate of 9600 bps. During inactivity (silent periods) all PCGs

are not transmitted. Only two are transmitted which are further pseudo±randomly arranged in

position within a complete 20ms frame, thus achieving 1200 bps data rate if viewed over 20ms

duration. This technique is also referred to as puncturing [3]. During activity all 16 PCGs are

transmitted utilising the complete frame time.

2.4 Frequency Plan

A fixed traffic density is simulated and call set-ups & handovers are not modelled. A TDMA sys-

tem user transmits on a narrow band channel called a frequency slot ( 200 KHz wide for GSM).

A cluster constituting a number of cells is assigned a section of the entire available bandwidth.

This sectioned bandwidth is further divided by the number of cells within the cluster and a sub±

band thus formed, is allotted to each cell.  The same sectioned frequency spectrum is  repeated

for cells that are sufficiently distant to avoid heavy co±cell interference. The technique of provid-

ing spatial isolation by virtue of path loss between co±cells is called frequency reuse and is given

as :

  � � 3. N� (2.15)
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 where N is the number of channels per cell. 

The capacity and transmission quality of a system are inversely and directly proportional to the

frequency reuse respectively.

In a TDMA system two or more users located  within the same cell, would never transmit at the

same time using the same frequency.  Further a TDMA user may hop slowly over the channels

allocated for its respective cell. If the hopping rate is much less than the data rate then the hopping

is termed as slow frequency hopping (SFH). This slow frequency hopping provides interferer di-

versity to a TDMA system. The amount of interference encountered by a TDMA user is spread

in time, thus reducing the chance of interference arriving through multiple co±cell interferers on

a single time slot.

Orthogonal hopping sequences as defined for GSM  are used in our work. The SFH  algorithm

computes the next channel for every GSM user [15, 4].The algorithm assigns ( hopping sequence

number ) HSN = 0 (cyclic hopping )  to the test cell and HSN  = 1 to 64 (orthogonal hopping)

are used by the interfering cells. Two channels bearing the same HSN but different MAIOs ( mo-

bile allocation index offset ), a parameter used by the SFH algorithm, never use the same fre-

quency on the same burst. On the other hand, two channels using the same frequency list and same

time slot numbers, but bearing different HSNs, interfere for 1/n ±th ( n is number of channels

available for hopping) of the bursts [15]. Thus, to minimise co±cell interference, all users within

a cell are allotted different MAIOs and all cells within same cluster are allotted the same HSN.

In the CDMA system, a wideband channel, 1.25 MHz wide as per IS ±95,  is used in every cell.

Each user experiences intra±cell and inter±cell interference. The frequency reuse efficiency of

a CDMA system is the ratio of intra±cell interference to inter±cell interference. A typical reuse

efficiency is 65 % [3]. Although  a similar channel allocation as for TDMA system can be applied

to a CDMA system too. This would mean arranging cells within clusters, with each cell within
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a cluster using a different CDMA channel. But the latter type of channel allocation would bring

hand±off issues under concern because a mobile moving from one cell to another would have to

be switched to another frequency, increasing synchronisation complexity for the CDMA system.

2.5 Power Control

The power control mechanism deployed in a mobile communication system is designed with an

objective of reducing the transmitted power level to a minimum level required for acceptable per-

formance. This mechanism reduces the interference, and thus requires lesser transmit power by

a user to combat it, thereby reducing the battery consumption. For the CDMA system, power con-

trol has the main objective to combat the near±far effect. If all the users in a CDMA system trans-

mit with fixed powers, then due to large variation in pathloss, a user that is near to the BS would

be received at extremely high power levels that would drown out the distant users. R. Steele in

his book [4] writes :±

º If the standard deviation of the receiver power from each mobile at the BS is not controlled to

an accuracy of �  1 dB ( approx.) relative to the target received power the number of users sup-

ported by the system can be significantly curtailed.º

This section explains constant receive power control and the Eb/N0 balancing type power control

used for the TDMA and CDMA systems. The two power control algorithms are explained with

respect to their system specific implementations with respect to GSM and IS±95.

2.5.1 GSM Power Control for TDMA

In the GSM system several power control strategies are mentioned  and are left for  the network

operator to decide [17]. For study purpose, we selected a constant receive power control wherein

each transmitter's power is adjusted to offset the link parameters on its respective wanted link,

so that all wanted received powers are at the same level as the test receiver irrespective of any
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interference present on the link [1].  However, a complete offset is not exactly practical due to

the finite step size ( dBm) of the power control strategy.  Most of the time, the difference of trans-

mission power ( dBm) and the loss is either above or below the target setpoint.  This  would tend

to cause oscillation of TDMA user's power around a mean value. However, this oscillation is mi-

tigated by introducing two thresholds. The upper threshold  pg_upper for wanted received power

is typically fixed at ±63 dBm and the lower threshold pg_lower is fixed at ±66 dBm [19]. A Power

up command is sent by the BS to the mobile if the wanted receive power is below the lower thre-

shold and power down command is sent  if the wanted receive level is greater than the upper thre-

shold, thus creating a hysteresis loop. The choice of these thresholds is flexible and  are left for

the network operator to set. However this target level is not achieved instantly. The transmitter

receives power up /down commands every 60 ms and the magnitude of the step is 2 dB  [15].

The minimum power level  `tg(min) 'of the GSM mobile is 13 dBm and maximum `tg(max)'  as

39 dBm. The maximum level is assumed on the basis that the mobile operates in class 2  category

[16],  creating a total  dynamic range of 26 dB. A reporting period is defined, having a duration

of 480ms corresponding to 104 TDMA frames, each with a duration of 4.615ms. During this re-

porting period, averaging is done on the power levels that are received on the wanted link and

a sample of the average is produced and stored. To obtain confidence on the receive power level

estimates, sampling is carried for a duration of 15 seconds [4]. This corresponds to 32 samples

in succession. Storage of these samples is analogous to storage of 32 samples in a FIFO ( first

in first out ) stack. A new sample is pushed in the shift register and the oldest is deleted. See figure

2.1. Power control scheme uses the last 32 samples stored, to make a power up or down decision.
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Fig. 2.1: A  Simple Analogy to Explain the Working of 

GSM type Power Control

Due to discontinuous transmission being modelled, it may happen that some reporting periods

receive no information. The network operator is allowed some flexibility to address this issue by

using the following power control algorithm :±

t(l) = tlast + 2   if P1 averages out of N1 are lower than  pg_lower and  tlast  < tg(max)     (2.16a)

t(l) =  tlast ± 2   if P2 averages out of N2 are greater than pg_upper and tlast > tg(min)     (2.16b)

Where tl  denotes the power level in dBm of the l±th TDMA burst and tlast is the transmission level

in dBm of the transmitter before  l±th burst ( ignoring inactivity) was transmitted.
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2.5.2 Qualcomm Power Control for CDMA

Eb/N0 balancing type power control is modelled for the CDMA system  wherein each user offsets

his link parameters to obtain a fixed ( target ) Eb/N0. The CDMA  transmissions have a frame

duration of 20ms each, further divided into 16 power control groups (PCGs) of 1.25ms durations

[18]. See figure 2.2 . These power control groups are gated on or off depending on the voice ac-

tivity. See section 2.3 for voice activity model. Each PCG carries information independently.  The

total interference received during a PCG as modelled in section 2.4.2 is calculated. After a com-

plete transmission of  a PCG, the  base station  receiver estimates the  average Eb/N0   received

during  1.25ms . This  corresponds to period of six modulation symbols input to the 64±ary or-

thogonal modulator at the transmitter (reverse channel), and compares it with a  target threshold

`� � �� typically 7 dB).  A  decision of power up / down command is made. This power command

is sent  on the  forward channel  to the mobile transmitter 1.25ms later.

An analogy of the mechanism is presented in figure 2.3. On the reception of the power command

the mobile transmitter steps its power up / down by a magnitude of 0.5 dB. The minimum control-

lable power level  t̀c(min) 'of the CDMA mobile is  ±50 dBm and maximum tg(max) is 8 dBW

assuming class 1 mobile [18]. Thus the total  dynamic range corresponds to 88 dB.

In terms of PCGs  the levels are adjusted as follows  :±

t(m) = t(m ±2) + 0.5      if    (Eb / No)av  <   � �    and  tlast < tc(max)                (2.17a)

t(m) = t(m ±2) ± 0.5      if    (Eb / No) av >   � �    and   tlast > tc(min)                (2.17b)

Where t(m)  represents the transmission level ( in dBm ) of m±th PCG transmitted and tlast is the

level ( in dBm ) of the transmitter before  m±th PCG ( ignoring inactivity) was transmitted.

It must be noted that  no power control command will be received if there was no PCG  transmitted

1.25ms before the last, as no averaging process is carried at the BS receiver.
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Fig. 2.2:  Illustration of Interference in Time Domain between a CDMA User and a TDMA

User Partially or Completely Overlapping their Frames.

Fig. 2.3: A Simple Analogy to Explain the Working of IS±95 Type 

Reverse Link Closed loop CDMA Power Control.
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2.6 Sectorization and Radiation Pattern of the

Antenna

Sectorization is a design feature of a mobile communications system that tends to eliminate as

much interference as possible by virtue of its antenna radiation pattern. With directional cell cite

antennas, typically 120o sectors, interference is  simply divided  by 3 because, it receives in the

direction of one±third of the mobile stations [3].  A 9 cell, corner excited, cloverleaf pattern is

shown in the figure 2.4. The test cell ( a cell whose performance is under concern) and seven inter-

fering co±cells for the TDMA system can be seen. Basically, the CDMA and TDMA system will

receive interference from all over, but due to sectorization, the  radiation pattern of the BS antenna

determines which CDMA and TDMA interferers are received. The radiation pattern and the cell

sites of the CDMA and TDMA sites are chosen to be the same. This relies on the fact that both

are collocated such that the sites do not cause any interference to each other. A typical BS radia-

tion pattern is as shown in figure 2.5, see Appendix A for the corresponding table. Thus the Gain

of a BS antenna with a given azimuth and elevation angle is given as :±

  GBS (dB) � g (dB) � gaz (dB) � gel ( dB) (2.18)

Where 'g'  is the nominal gain ( gain over an isotropic antenna ) typically 17 dB, and 'gaz'  and

'gel'  are the azimuth gain and elevation gain respectively.

A mobile's antenna radiation pattern is assumed to be omnidirectional. 
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Fig. 2.4: Sectorization for  a 9 ± Cell Reuse Structure

The Radiation Pattern of the BS Antenna receives 1/3rd interference 

as compared to a Centre Excited Structure

Fig. 2.5: A Typical Radiation Pattern of the BS Antenna 

with 0 dB Elevation Gain
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2.7 The Hybrid Model

In [1] a terminology for co±channel interference was developed for pure TDMA system. The

author has used the the same terminology and has introduced a few more variables relevant to

the joint model. Table 2.1 lists the variables that can be applied to both the forward (not implem-

ented in the simulation program)  and reverse links and will form the basis for a mathematical

model to be developed. Let user (i,j) represent the j±th user in cell  `i'. See figure 2.6.

All parameters are assumed to be time invariant over each TDMA frame duration.

Fig. 2.6: Illustration of Interference Link Parameters as Applied to a Co±Cell 

W => Wanted Link;  I => Interference Link

A test cell is defined, which contains the wanted link between test mobile (0,0) and the base sta-

tion. All other links on the same  radio channel  are considered to be interference. The    simulation

runs under the assumption that adjacent channel interference can be neglected [1].
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Variable                            Description        Type / Value

   zij  user (i,j) system type indicator 1 = GSM, 2 = CDMA

  cij

 Radio Channel of the user (i,j).
 If zij = 1 then cij points to the GSM radio
channel, If zij  = 2 then cij points to the CDMA
radio channel

               ±

  tij  user (i,j) transmitter power level             dBm

  vij  voice activity indicator 1 = active, 0 = inactive

  lij  Path loss from transmitter (i,j) to receiver (0,0)             dB

  sij
 Shadow fading attenuation form transmitter (i,j) to
receiver (0,0)             dB

  r ij
 Rayleigh fading attenuation from transmitter (i,j)
to receiver (0,0)             dB

  pij
 Received power from transmitter (i,j) to receiver
(0,0)             dB

  L ij  Path loss fromm transmitter (i,j) to receiver (i,j)             dB

  Rij
 Rayleigh fading attenuation from transmitter (i,j)
to receiver (i,j)             dB

  Pij
 Received power from transmitter (i,j) to receiver
(i,j)            dBm

  dij  Distance from transmitter (i,j) to receiver (0,0)           meters

  Dij  Distance from transmitter (i,j) to receiver (i,j)           meters

  gij  Gain link from transmitter (i,j) to receiver (0,0)           dB

  Gij  Gain link from transmitter (i,j) to receiver (i,j)           dB

  Oij
 Bandwidth overlap of transmitter(i,j) on receiver
channel           Hz

� � �ij
 Percentage time overlap of transmitter(i,j) with
test transmitter            ±

Table 2.1: List of Main Parameters that Affect the 

Performance of a joint System
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2.7.1 Wanted Received Power

The received wanted power level for the user (0,0)  is given by :±

  p00(dBm) � t00 ± l00 ± s00 ± r00 � g00 if v00 � 1

p00 � 0 mW if v00 � 0

(2.19)

The wanted link is defined as a link between the test receiver and test transmitter of the same sys-

tem type and within the same cell.

2.7.2 Interference Power

The received interference from user(i,j) is given by :±

  pij (dBm) � tij ± lij ± sij ± rij � gij if vij � 1

pij � 0 mW if v00 � 0

(2.20)

For the TDMA system the user  experiences interference from the co±cells (GSM users in the

cells transmitting on the same radio channel) and from CDMA users located  within and outside,

if  they partially or completely use the same frequency spectrum.

Whereas for the CDMA system the users receive interference from GSM users and also the

CDMA users both located within and  outside the cell, if they partially or completely use the same

frequency spectrum.

Each CDMA user occupies a Bandwidth  1.25 MHz ( 1.23 MHz effectively with 10 kHz guard

band each side)  and the GSM user occupies the specified  200 kHz with a power spectral density

assumed to be uniformly spread . A CDMA user thus occupies the equivalent 6.25 GSM fre-

quency channels. A case arises, e.g. for the 7±th GSM frequency channel, that only a portion of

first CDMA channel  is superimposed. A similar situation for the CDMA channels with partially

overlapped GSM channels will occur. The frequency plan is as shown in figure 2.7.
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Therefore the received interference power is dependent on the amount of bandwidth overlap of

the CDMA and GSM user. It must be noted that maximum overlap cannot exceed 200 kHz.

Fig. 2.7: Radio Channel Allocation Scheme For Hybrid Structure

2.7.3 TDMA on TDMA Interfer ence

The TDMA interference contributed by the TDMA users (Co±cell interference)  on the wanted

link is given by :±

  I1(dbm) � 10.log10( �
i,j

i� 0,j� 0

Cij . 10
pij

10 . vij . � ij ) (2.21)

where Cij   = 1 if coo = cij    i.e user ( i , j ) is using the same radio channel.

Note : ± In GSM a physical channel is defined by both timeslot and frequency.

2.7.4 CDMA on TDMA  Interfer ence

The interference contributed by the CDMA users  on the wanted link is given by

  I2 (dbm) � 10.log10( �
i,j

j � 0

Cij .
Oij

Wc
.10

pij

10 .vij . � ij ) (2.22)
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where Cij   =1 if user ( i , j )'s CDMA channel  overlaps the TDMA frequency slot

partly or  completely and Wc = 1.25 MHz.

2.7.5 CDMA on CDMA  Interfer ence

The CDMA interference contributed by the CDMA users on the wanted link is given by

  I3 (dBm) � 10.log10( �
i,j

j � 0

Cij . 10
pij

10 .vij . � ij ) (2.23)

 where Cij  = 1, if  coo = cij    i.e user ( i , j ) is using the same radio channel.

Note :± The above equation is same as 2.21 but cij  represents CDMA channels.

2.7.6 TDMA on CDMA  Interfer ence

The interference contributed by the TDMA users  on the wanted link is given by :

  I4 (dBm) � 10.log10( �
i,j

j � 0

Cij .
Oij

Wt
.10

pij

10 . vij . � ij ) (2.24)

where Cij  =1 if user(i,j) is  overlapping the CDMA frequency slot partly or 

completely and Wt = 200 kHz.
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2.7.7 Thermal Noise

The CDMA and TDMA systems are interference limited, but an instant can arise when a user

receives no interference. In reality there is always a thermal noise present at the receiver. This

noise is negligible as compared to interference, thus the systems are called interference limited

[10]. During computer simulation, if interference is zero, the signal to noise ratio goes infinite,

and may lead to wrong computation. Thus for simulation work, it should not be ignored.

The thermal noise is given by :±

  Nth (dBm� MHz) � k . T. B (2.25)

where ' k'  is the Boltzmann's constant, 

' T'  is the temperature in Kelvin

                    ' B' is the Bandwidth.

A thermal noise power spectral density of ±106 dBm/MHz for a  narrow band CDMA system is

used as given in [20]. Assuming that the systems under study produce a far greater noise floor

than the value quoted in the said reference, and letting the CDMA BS noise floor to be as high

as ±100 dBm / MHz . Then the proportional noise spectral density will be ( due to 200KHz band-

width) for  the TDMA system.

Therefore, the thermal noise sets an upper limit of signal to noise ratio at the receiver.

2.8 System Performance

This section explains the various metrics that could be used to evaluate the performance of the

joint system. A satisfactory working of the joint system would mean that TDMA and CDMA sys-

tem achieve their performance above the respective thresholds. Typically, a GSM mobile is re-

ceived satisfactorily if a C/I value of 9 dB [15] is achieved. Similarly, an IS±95  mobile's Eb/N0
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value of 7 dB is adequate [33]. However, due to the benefit of coding in a mobile communication

system, the thresholds need not be met 100 % of the time.  See section 4.4 for selection of per-

formance criteria for the GSM and IS±95 systems.

2.8.1 TDMA Performance

The TDMA performance in terms of burst erasure rate, outage, and average C/I have been used

before [1, 4, 15, ]. These metrics are defined as follows :±

Burst Erasure Rate   : ±

For each timeslot, an erasure is declared when  poo  /  I < � ��  , where  �� � ��is the threshold erasure

value . An erasure is decided based on the above mentioned metric. The burst erasure rate is calcu-

lated as :±

  Rburst �
Number of Erasures

Number of Bursts(Transmitted)
(2.26)

Outage Probability :±

A TDMA Outage is said to have occurred if the ratio of the mean Wanted power to mean Interfer-

ence power lies below the threshold outage value `� � ���An Outage is computed after every fixed

interval of time ( called a realisation in the simulation program). On the completion of all realisa-

tions the probability that an outage shall occur is calculated as :±

  Poutage�
Number of Outages

Number of realisations(Transmitted)
(2.26)
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Average C/I :±

The  mean C/I  is computed by summing, the C/I received over each burst and then dividing by

the total number of bursts that were transmitted.

  C� I �
C� I1 � C� I2 � .... � C� In±1 � C� In

n ( Number of Transmitted Bursts)
(2.27)

2.8.2 CDMA Performance

The performance of a digital system is measured as bit error rate ( BER ), but the modelling of

the two systems has a frame structure that does not allow us looking the performance at the bit

level. For a CDMA system a similar approach is adopted as described for the TDMA system. In

this case the transmission is done in bigger bursts called the power control groups.

The performance metrics for the CDMA system are defined as follows :±

Power Control Group Erasure Rate ( PCG ± ER) :±

For each 1.25ms timeslot, an erasure is declared when  poo  /  I < � ��   where� ��  is the power control

group erasure threshold value.  The PCG±ER is calculated as :±

  RPCG �
Number of Erasures

Number of PCGs(Transmitted)
(2.28)

Outage Probability :±

A CDMA Outage is said to have occurred if the ratio of the mean Energy per bit to mean Interfer-

ence power  over a realisation  lies below the threshold CDMA outage value `� � ��

  Poutage�
Number of Outages

Number of realisations(Transmitted)
(2.29)

Average Eb/N0  :±

An average value of wanted to interference signal is evaluated and the average Energy per bit to
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interference noise spectral density is found by the following equation [3].  The average  Eb/N0

is the mean of all Eb/N0  received over each power control group on the wanted link.

  Eb� I0 �
Eb� I01

� Eb� I02
� .... � Eb� I0n±1

� Eb� I0n

n ( Number of Transmitted PCGs)
(2.30)

Where,

  Eb� I0i
� C� I i .

Wc
Rb

(2.31)

and the spread bandwidth (for IS±95) Wc = 1.23 MHz and bit rate Rb = 9600 bps (assumed ).

2.8.3 Summary of Performance Metrics

Summarising, the section, three basic performance metrics have been provided. The burst or PCG

erasure rate gives the statistics of the performance, by dividing the time into small time units,

and tells us about the probability that this time unit would be below a certain threshold. This met-

ric based on calculating the number of erasures, however does not provide us about the know-

ledge that these erasures have occurred continuously or not. A complete loss of link may occur

if  the BS receives no transmission from the mobile for a long time. The outage method is a sub±

optimal way of finding the signal level below the respective threshold for longer periods ( roughly

1/2 second assumed ) . Another alternate and a coarse method of knowing the system performance

is by taking the average of the signal to noise ratios of the small time units. This method is how-

ever unreliable because there may be times when the user's signal is below the system threshold

and at other times it is received at very good levels. Thus the knowledge of the signal quality for

short durations would remain uncertain.
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Chapter 3

Simulation and Testing

This chapter, with the help of a flow chart, explains how the simulation program works. The basic

modules within the simulation program ( Ovlsim ) are described with the aid of a simulation flow

chart. Any output from a simulation program will not be reliable unless the program has been

properly tested. A modular test procedure describes the testing of major blocks of the simulation

program such as : mobile positioning, channel allocation, path loss, power control, fading, voice

activity, etc. Finally, an optimistic analytical model to predict the joint capacity is presented.

However, this model suffers with respect to a number of restrictions owing to the system specific

methods used in the working of practical systems such as GSM and IS±95.

3.1 The Simulation Program

This section describes the simulation program Ovlsim developed by the author for CDMA /

TDMA overlay simulation. This would help the reader to understand how the hybrid model ex-

plained in chapter 2 is modelled in a computer program. The simulation flow diagram in [1] is

the basis for the simulation program and the reader is advised to refer to it first, though it is meant

for pure TDMA simulation .

The program, divides time into small realisations or snapshots, typically 1/2 second [2]. This cor-

responds to the time duration over which slow variables such as : shadow fading, mobile positions

( although mobility was not incorporated in the simulation program ), path loss etc. remain con-

stant. Another reason for dividing the time into realisations is to define regular time intervals to
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compute outage, see section 2.8.  A 1/2 second realisation period corresponds to 108 TDMA

bursts for GSM, 25 CDMA frames or 400 PCGs for IS±95.

A time slice of 60 ms was found to be very convenient for programming the IS±95 and GSM to-

gether. This is because, a period of 60 ms corresponds to 13 consecutive TDMA bursts and is

equivalent to a period of 3 CDMA frames. A look up table is constructed with respect to the 60

ms  duration. This table maps time overlaps of 13 bursts and 48 PCGs. Instead of computing the

time overlap every time a user computes the amount of interference from a potential interferer,

this time overlap ± look±up table is referred. This greatly reduces the computer time required to

simulate a number of realisations.  Another, important reason for selecting the 60 ms time slice

is that a new transmission level for a GSM user would be after the elapse of a minimum interval

of 60ms. That is, the transmission levels of all 13 bursts within this period remain the same.

A  smaller segment of time is chosen to update the fast variables such as : Rayleigh fading, TDMA

channel allocation ( slow frequency hopping ), voice activity etc. The period selected is the dur-

ation between two successive TDMA bursts ( a duration of 4.615 ms ). However, for the CDMA

this period is approximated to 5 ms, as the duration of a PCG is 1.25 ms, and it is not easy to update

every 4.615 ms. This means that the fast variables in the IS±95 case are slightly slower than the

GSM case. However, this small difference in the rate of change of fast variables is assumed to

have a negligible affect on the simulation results.

The simulation flow diagram is shown in figure 3.1. The initialisation routines read the antenna

pattern, test user locations, channel allocation, cell size, GSM power control parameters etc. See

Appendix C.2 for a typical example of configuration file. Based on the information provided in

the configuration file, look±up tables are created to optimise the program. Only those users are

simulated which directly or indirectly affect the test CDMA and TDMA users. The program effi-

ciency would be dramatically lost if a new fade level is computed for each user, approximately
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after every TDMA burst. A huge buffer of Rayleigh and Shadow samples is created based on the

methods described in section 3.2. Each user is given a random index to the buffer at the start of

the simulation and this index keeps advancing in a cyclic order within the file. For each user to

have independent fading, the buffer size should be infinite, which is practically impossible.

Therefore, a trade off is made between independence and memory size ( explained further in sec-

tion 3.2 ). 

Although the simulation program works serially, some method must be devised, to account for

interference subjected by either system simultaneously. For the GSM system constant receive

power control is modelled. This power control adjusts the TDMA user power levels irrespective

of any interference present on the link. Therefore, the 60 ms TDMA snapshot is invoked first.

The voice activity of 13 TDMA burst are set and the transmission levels of all TDMA users are

adjusted according to the GSM power control. Following this, a CDMA snapshot of 60ms is in-

voked, though in real time the two snapshots would happen in parallel.

Eb/N0  balancing is employed for the CDMA, this implies that the each CDMA user computes

interference received from all potential interferers every 1.25 ms. CDMA on CDMA and TDMA

on CDMA interference is computed for each 1.25 ms time slot. CDMA power control is applied

based on the knowledge of  the Eb/N0 level 1.25ms before the transmission time. Once the power

levels of the CDMA users are ascertained, using these iterations, the CDMA on TDMA interfer-

ence is evaluated for the 60 ms snapshot. Having decided all the transmission power levels,

wanted and unwanted signal levels, for the 60 ms snapshot the performance is calculated in terms

of erasure and outage for both the systems, see section 2.8.

Alternatively, C/I samples for TDMA, and Eb/N0  samples for the CDMA are stored in a file to

generate (post processed) probability distribution plots. The distribution plots give a wide scope

of the signal levels whereas the burst erasure rate computed during the program cannot tell how
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bad the performance could get. The distribution plots are obtained by processing the data file

using Matlab or other similar application. For the system set±up described in chapter 4, a C/I data

file consumed about 800 Kb and a Eb/N0  data file consumed about 3.5 Mb.

The simulation program was developed in C++ and follows a strict object oriented hierarchy as

shown in figure 3.2. The program was written with the aim of experimenting on 9 cell and 12

cell reuse structures for TDMA. Depending upon the kind of topology ( 9 cell or 12 cell) selected,

a group of cells are made to join to form a cluster, and a number of clusters group to form a com-

plete topology. Each cell has a CDMA BS and a TDMA BS along with a number of CDMA and

TDMA users.

3.2 Simulation of Shadow and Multipath Fading

In the simulation methodology the mobiles are kept stationary resulting in a fixed pathloss. How-

ever, shadow fading and multipath fading model have been incorporated in the simulation pro-

gram.

A method of finding two log±normally distributed random variables from two uniformly distri-

buted random variables is given in Appendix B. This method reduces the computation time by

reducing the number of steps required to compute a shadow fade level. This method would im-

proves the simulation ( in terms of computation time ) especially if a shadow variable is computed

during the wanted and interference link power computations. However, a more optimised solu-

tion with a some loss of independence is to create a huge buffer or a file and store a large number

of samples in advance.

Flat multi±path fading is assumed for both the systems. A Doppler model is used to generate cor-

related fading for each user. The sampling rate is 216.66 Hz  i.e. a new fade level is available every

TDMA frame. For the GSM users, a mid value between two consecutive fade levels is chosen
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to be an approximation of the fade for the entire TDMA frame. After every TDMA frame a new

level is updated. For the CDMA users  a fade level is computed same as for the GSM users, but

the level computed is kept same for 4 consecutive PCGs each 1.25ms in duration (approximately

equal to one TDMA frame). Using Matlab, the filter coefficients are computed by passing the

piece±wise linear Doppler spectrum (bath tub shaped) to an FIR filter. The filter coefficients cor-

respond to a vehicle speed of 40 miles /hour with sampling rate of 216.66 Hz ( see Appendix E.1).

Due to FIR filter implementation in the simulation program, a buffer of Rayleigh fading samples

must be stored. Thus computation of Rayleigh fading during the simulation program will cause

a heavy computational load because the same process is done for all users in a given topology.

Each observes fading that is independent with respect to other users but correlated within the fad-

ing signal waveform of each user. Further, each user has to maintain independent fading wave-

form with respect to his own BS and other potentially interfering BSs.

The generated filter coefficients are then used by the program to write a buffer containing 108000

Rayleigh correlated samples. This size is enough to produce correlated samples for 1080 realisa-

tions for a CDMA user and 1000 realisations for a TDMA user, each realisation being 1/2 in dur-

ation. Each user is given a random index to the file at the start of the simulation and it keeps ad-

vancing in a cyclic order within the file.
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Fig. 3.1: Simulation Flow Diagram
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Fig. 3.2: C ++ Object Hierarchy Incorporated in the Simulation Code

3.3 The Test Procedure

A simulation tool would not be reliable unless each module within it is tested and compared with

standard results, if any. Also the test procedure helps in understanding of each component of the

hybrid system in more detail. This section explains how each major block within the whole pro-

gram was tested.
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3.3.1 Mobile Positioning

The simulation program menu provides an option to generate a checklist that shows user coordi-

nates along with the centre coordinates ( see Appendix C.4). Cell centres are first verified for both

9 cell and 12 cell topology. A complete topology is created, a number of cells are selected that

are situated around the test cell and in different clusters. The cell centres of each  were verified

using hand calculation.

The following steps were followed for verification of user locations.

� A configuration with cell radius = 1 meter and a  circular cell shape is chosen.    Mo-

bile coordinates within cell 0, which always has a cell centre at (0,0), are manually

graphed to check if they lie within a unit circle around (0,0).

� Above step is repeated a number of times with  a new seed value input to the random

number generators.

� The configuration file is then changed to hexagonal cell shape. User coordinates for

cell 0 are manually graphed  to check if they lie within a Hexagon.

� Above step is repeated a number of times with a new seed value input to the random

number generators.

� Same procedure was observed for mobiles outside the cell 0 and for different clusters

too. This was done by picking a number of cells at random and around  Cell 0.

� The above steps are carried for different reuse schemes available within the scope of

the simulation tool.

The program uses a different seed value for mobile distribution, than for the remaining program,

and is kept fixed after the above tests are carried. This is due to sensitivity of results on mobile

distribution due to the difference in pathloss if the seed value was changed after every new simu-
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lation [2]. However, this could be remedied by moving the mobile user within the cell, but mobili-

ty is not modelled for simplicity.  Further the test mobiles are placed at the worst location in a

test cell to obtain the lower bound. This worst location corresponds to maximum loss, taking into

account of the gain of the BS antenna. A routine for finding the worst position in a given cell is

available in the main menu ( see Appendix C.4 and C.5). The coordinates obtained through the

routine are compared with hand calculations.

3.3.2 Verification of Channel Allocation

The channel allocation can be confirmed by running the checklist utility ( see Appendix C.4 and

C.5) from the main menu. This utility outputs initialised sub±band and RF channels (within a

given sub±band) used by the TDMA users. Each cell is assigned a TDMA sub±band and the GSM

users  slowly  frequency hop within this sub±band. The TDMA sub±band and CDMA RF chan-

nels are static in nature. These static channel parameters are read  from their respective files, and

they do not change till a new simulation is run. The TDMA RF channels are dynamic in nature

and are a function of slow frequency hopping algorithm. The check SFH utility ( see Appendix

C.4 )  from main menu generates samples that show how a GSM user's RF channel hops every

TDMA frame.
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Fig. 3.3: Slow Frequency Hopping Patterns Used By GSM System

Figure 3.3 shows hopping waveforms obtained for different users. Figures 3.3 A, B & C are for

two users in cluster 0 ,within same cell, having same time slot numbers. At any instant of time

the channels used by the two users are not the same. Further cyclic hopping is used by all users

in cluster 0 [15].

Figure 3.3 C, D & E show hopping pattern for three users on the same timeslot located in another

cell of a different cluster . This cell uses a different sub±band (which can be confirmed by check-

list).  It must be noted that with or without the use of SFH, TDMA users within the same cell do

not interfere with each other.
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Fig. 3.4: SFH Performance With Hopping Over Five Channels

9 cell, 2 tiers, VA = 0.6, Centre Excited, Shadow and 

Rayleigh fading, GSM Power Control.

Figure 3.4 shows improvement in performance obtained for a complete 9 cell topology. SFH has

produced a decrease in area, under the curve below 10 dB, by a factor of 20% ( roughly ) . This

corresponds to a gain of 6 dB. Wyrwas in [2] indicates a reduction in outage probability by 20

%, and Mouly and Pautet in [15]  indicate a gain of 6.5 dB, with the use of SFH.  This is in agree-

ment with our results, a small difference in results can be due to the selection of different param-

eter values such as voice activity, excitation etc.
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3.3.3 Testing of Time and Frequency Overlap

Ovlsim creates look±up tables that store correction factors in the event of partial overlap of frames

in time and frequency. These values were output during run±time, to check if they do not lie out-

side the limits by simulating specific and easy instances. The look±up tables were confirmed by

running check frequency and check time overlap routines from the main menu which were com-

pared with hand calculations.

3.3.4 Verification of  Signal Level Estimates Made by the 

Simulation Program

Several time domain signal levels can be obtained that show wanted, interference, transmission

power, voice activity, C/I for TDMA and Eb/N0 for CDMA system respectively. For testing pur-

poses, the most useful configuration would consist of two or few users that have a potential to

interfere with each other. Time domain plots of their transmission power, voice activity, wanted

receive levels, and unwanted receive levels are then plotted. The coordinates and other conditions

are assumed to be known through configuration file and with the help of utilities from the tool.

Having obtained all the information, the C/I for TDMA and Eb/N0 for CDMA obtained through

the tool are compared with the ones that are hand calculated.

3.3.5 Verification of Path Loss

The difference of transmit power and wanted receive power in the time domain plots indicate the

amount of pathloss the user is facing with respect to its own (centre excited) BS.  As a further

check, the check pathloss routine in the main menu computes the pathloss according to the model

specified in the configuration file. This routine accepts two coordinates and computes the path-

loss between them. These were confirmed using hand calculations. Figure 3.5  shows a compari-

son of a simple path loss model and Hata  pathloss model ( described in section 2.2.1 ) as a func-
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tion of distance. This comparison allows allows us to know much variation in path loss could be

caused with a change in the path loss model.

Fig. 3.5: Pathloss Values Computed by the Simulation Program

3.3.6 Power Control Verification

For the TDMA system the GSM power control parameters P1, N1, P2, N2 were varied to see the

power level changes. Figure 3.6 shows how the above parameters affect the power control algor-

ithm. Table 3.1 lists the values of GSM power control parameters to obtain time plots of power

levels of the test user in figure 3.6. The test user was placed at the worst position in a corner ex-

cited hexagonal cell of radius 1 Km. The pathloss between the test user's own BS and the worst

position is approximately 100 dB.
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Figure P1 N1 P2 N2

3.6 ± A 5 20 20 20

3.6 ± B 20 20 5 20

3.6 ± C 20 30 20 30

3.6 ± D 20 20 20 20

Table 3.1: Description of GSM Power Control Parameters for Explaining Figure 3.6

Fig. 3.6: Influence of GSM Power Control Parameters

Corner Excited Cell, VA = 0.5, Pathloss = 100dB, pg_lower = ±66dBm, 

pg_upper = ±63 dBm, Test User at the Worst Position in the cell

As is apparent from the GSM power control algorithm, a small value of P1 tends to keep the user

transmitting at a level greater than the target receive level. And conversely, keeping P2 small,

tends to drop the user's power level as often as possible. Resolving the data obtained from the

simulation program in time revealed that the power level changes were no sooner than 60 ms.

The envelope of transmission power was observed while subjecting to changes in its parameters.

The results were compared with hand calculations with 100 %  voice activity. If the loss between
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the BS and the test user is known, then the envelope of the transmitted receive power can be

roughly estimated.

For a pure CDMA simulation, the system target Eb/N0 was varied and corresponding change in

power level was noted. Figure 3.7 shows distribution of power samples obtained.  The power

level changes in the time domain obeyed the Qualcomm power control, no increase or decrease

in power was observed if  there was no transmission of power control group, 1.25ms before. Fig-

ure 3.8 shows the distribution of the power transmission with the variation in the number of users.

Fig. 3.7: CDMA user's Power Level Distribution as a Function of Target Eb/N0

Pathloss With Own BS = 100 dB, Single Corner Excited Cell, 

VA = 0.5, No TDMA Interference, 30 CDMA users, No Fading

Although the distribution of power levels does not confirm the working of CDMA power control

completely, but it gives the information about the expectation of the user's transmitted power

level. In section 4.4.2, results obtained for pure CDMA case are discussed in detail and will form

a part of the verification process for the simulation program.
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Fig. 3.8: CDMA User's Power Level Distribution as a Function of number of Users 

User's Pathloss With Own BS = 100dB, Single Cell, Corner Excited, 

VA = 0.5,No TDMA Interference , No Fading

3.3.7 Fading Check

Rayleigh distributed samples created by simulation program were processed using Matlab to gen-

erate a probability plot, confirming Rayleigh distribution. Correlation in spectrum, was con-

firmed by plotting the frequency spectrum of the envelope of the Rayleigh distributed signal. Fig-

ures 3.10 and 3.9 show the Rayleigh distribution and bathtub shaped Doppler spectrum of

samples from simulation. This verifies that the FIR digital filter implemented within the simula-

tion program, filters the normally distributed samples, to produce a resultant spectrum, specified

by the filter coefficients obtained from a Matlab program that receives the frequency magnitude

piece wise linear model, as an input (see Appendix E.2 ) . However, a proper Rayleigh distribu-

tion is completely confirmed if it has some correlation properties in time [24].
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Fig. 3.9: Comparison of Ideal and Simulated Doppler Response

Log±normally distributed samples obtained through the simulation program were processed by

plotting the probability distribution. The shape of the distribution is Gaussian, with zero mean.

Standard deviation of the samples confirmed that the shadow spread was extremely close to the

one input ( 6 dB) in the configuration file. Figure 3.10 shows the log±normally distributed sam-

ples S obtained from Ovlsim.
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Fig. 3.10: Rayleigh and Shadow Distribution of Samples Obtained Through Simulation

3.3.8 Voice Activity Check

Check voice activity routine in the simulation program generates N voice activity samples with

respect to a selected user ( CDMA or TDMA). Then the voice activity test is done as           follows

:±

� Total number of active samples are counted as n. Then n/N gives voice activity ratio.

� A mean of number of consecutive active samples is counted as m . Then m/fs ( where

fs is the sampling frequency ) will give the mean talk±spurt duration in seconds.

� Same procedure is repeated a number of times, with different users and seed values

for the random number generators.

� Base station coordinates obtained from the program were checked according to the

type of excitation using hand calculations.
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� Boresight angles of the BS obtained for all cells within a cluster were hand calculated

for both excitations.

� Few mobiles were picked at random, based on the knowledge of their coordinates and

the boresight of the BS antenna, antenna gain was hand calculated and compared with

the gain computed from simulation program.

� To assist further, the check gain routine in the main menu, allows to input the BS and

MS coordinates along with the boresight angle and returns the gain. The values ob-

tained from the routine verify that the antenna pattern is read accurately from the an-

tenna configuration file.

An average of voice activity ratio and talk±spurt were calculated. These were found very close

to the values input to the simulation. The transition probabilities for the voice activity model of

the CDMA and TDMA system can be seen from checklist available from main menu. The time

domain plots also show how the voice activity is distributed.

3.3.9 Antenna Radiation Pattern Check

Checklist obtained from the simulation program shows each user's gain, the mobile and base sta-

tion coordinates, and the boresight angle. Testing was done with the following steps :±

� Checklist obtained from the simulation program shows each user's gain, the mobile

and base station coordinates, and the boresight angle. Testing was done with the fol-

lowing steps :±

� Base station coordinates obtained from the program were checked according to the

type of excitation using hand calculations.

� Boresight angles of the BS obtained for all cells within a cluster were hand calculated

for both excitations.
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� Few mobiles were picked at random, based on the knowledge of their coordinates and

the boresight of the BS antenna, antenna gain was hand calculated and compared with

the gain computed from simulation program.

� To assist further, the check gain routine in the main menu, allows to input the BS and

MS coordinates along with the boresight angle and returns the gain. The values ob-

tained from the routine verify that the antenna pattern is read accurately from the an-

tenna configuration file.

3.4 Prediction of Results Using a Simple Analytical

Model

The results obtained through simulation would be more reliable if they are supported by analysis

also. In this section an optimistic analytical model is explained to predict the joint capacity. The

assumptions made for this model are discussed.

We would like to ascertain the variation of hybrid capacity as a function of the proportion of

CDMA and TDMA users out of the entire user population. Table 3.2 defines a list of variables

that would form the basis of the model explained in this section.
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Variable Description Type / Value

� CDMA Signal to Noise Ratio 0.039 
( Eb/N0 = 7 dB )

� TDMA Signal to Noise Ratio 7.94 ( or 9 dB )

N1 Number of CDMA Users ±

N2 Number of TDMA Users ±

M Total Number of Users N1 + N2

� Proportion of CDMA users out of M ±

Pc CDMA Receive Power at the CDMA BS Watts

Pt TDMA Receive Power at the TDMA BS Watts

� Voice Activity Ratio 0.5

� TDMA Transmission Duty Cycle 1/8

� TDMA on CDMA Interference Reduction Factor
Due to Partial Frequency Overlap

1

� CDMA on TDMA Interference Reduction Factor
Due to Partial Frequency Overlap

0.2 / 1.25

Table 3.2: List of Variables Used in a Simple Analytical

 Model to Predict Joint Capacity

The following list of assumptions are made to develop the analysis :±

� There exits a single cell, interference from outside the cell is ignored.

� There are no multi±path or shadowing effects ( no fading ).

� The TDMA users suffer interference from CDMA users only.

� All  TDMA mobiles apply C/I balancing and are received by a power Pt at the BS all

the time.

� All  CDMA mobiles apply C/I balancing power control and are received by a power

Pc at the BS all the time.



54

� The two systems are not power limited or bandwidth limited.

� The power controls are unaffected by the nature of interference ( as a function of

frame structure )  subjected by the other system.

The CDMA signal to noise ratio is given by :

  � �
Pc

N1. Pc..� � N2. Pt..� .� .�
(3.1)

  Pc �
� . N2. Pt..� .� .�

1 ±� . N1. �
(3.2)

The signal to noise ratio for a TDMA mobile is given by :

  � � Pt.
N1. Pc.� .� (3.3)

=>

  � � Pt

N1.
� . N2. Pt..� .� .�

1 ±� . N1. � .� .�
(3.4)

Acoording to the definition ( table 3.2 )  of �  and M,

  � � N1� M and 1±� � N2� M (3.5)

=>

  � .� .M2� .(1±� ).� .� 2.� .� � � .� .� .M.� ±1 � 0 (3.6)

Solving the above quadratic equation by ignoring the negative root yields :

  M �
� .� .� � (� .� .� )2 � 4 � .� .� .(1±� ).� .� 2.� .��

2(� .� .� .(1±� ).� .� 2.� .� )
(3.7)
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Fig. 3.11: Total Capacity vs Variation in Proportion of CDMA Users

The variation of M with respect to �  plotted with respect to equation 3.7 is given in figure 3.11.

With no CDMA users the TDMA capacity is infinite, because the TDMA users receive no inter-

ference. As the CDMA users are added into the system the joint capacity drops down suddenly

due to the interference imposed by CDMA on TDMA and vice versa.

The results however suffer from several unrealistic assumptions outlined in this section. The fol-

lowing limitations ( as will be shown in chapter 4) play a major role in deciding the joint 

capacity :±

� A maximum of 6 GSM channels can be accommodated within 1.25 Mhz CDMA

bandwidth. Therefore a maximum of 48 TDMA users can be allowed at any time.

� In practise the power controls are not perfect and  have a finite dynamic range.
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� A constant receive type power control  for the TDMA system does not take into ac-

count of any interference present on the link, and hence does not achieve the optimum

signal to noise ratio most of the time.

�  The CDMA power control was assumed to combat the TDMA interference, however

it may not be ( as shown in chapter 4) suitable to balance the interference arising from

TDMA users completely.
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Chapter 4

Simulation Results

In this chapter we will study the feasibility of the hybrid CDMA / TDMA system by  experi-

menting with a simple  model, which consists of a single cell only, and ignoring fading and

any  interference arising from  outside this cell. A simple model  has a beneficial effect that it

reduces the amount of complexity to determine the feasibility of a CDMA / TDMA frequency

overlay. If the hybrid CDMA / TDMA system performance within this single cell model is

found satisfactory, only then would it be worthwhile to look at a more complex model. To

elaborate further, if the two systems are not workable jointly, even by neglecting the param-

eters that are known to adversely affect each system alone, there is no point  simulating with a

bigger topology, with or  without the use of more complex channel allocation schemes.

This chapter describes simulation results obtained for a single cell, 1Km in radius, corner ex-

cited with an antenna radiation pattern described in section 2.6, having TDMA and CDMA

users that are immobile, discontinuously transmitting with a voice activity ratio of 0.5 and a

mean talk±spurt duration of 1 second. Further, the TDMA mobiles were power controlled by

the GSM algorithm (section 2.5.1) and the CDMA users followed the Qualcomm power con-

trol strategy ( section 2.5.2). The justification for the selection of parameter values chosen for

experiments is provided.

The CDMA and TDMA systems have a test user each. Performance for the test users is  stu-

died at two special positions within the cell. These are  referred to as the good position and

the worst position respectively. The worst position is a location where a test mobile experi-
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ences a maximum  propagation loss (combination of pathloss and gain). This is done with the

objective of  knowing the worst performance that could be  expected within a hybrid situa-

tion. If the worst case performance is above the required threshold, then other users placed at

better locations will meet their requirements with complete certainty, and hence performance

of other mobiles within the test cell need not be checked. Although major focus is given  to

results obtained with respect to the worst position, alternatively,  results obtained at the good

position do help to draw a comparison for a given system configuration. All other mobiles

except the test ones, are uniformly distributed with their respective positions kept the same

when using the same number of CDMA and TDMA users.

The performance study for this simple single cell set-up was done by varying the following 

parameters  :±

1. Number of users of each system type.

2. GSM power control parameters ( section 2.5.1 )

3. CDMA target setpoint ( section 2.5.2 )

4. Position of the test users ( good and worst )

Performance indicators as mentioned in section 2.8 were recorded and a relative comparison

is made. Chapter 2 described the hybrid model. Looking at the model one would anticipate

that the TDMA transmissions are intermittent with a duty cycle of 1/8 and at high levels.

Thus, time domain, probability distribution and average signal to noise ratio plots, are dis-

cussed to  understand the nature of interference caused by the TDMA users on the CDMA

system.
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4.1 Selection of  Typical Design Parameters

This section describes various practical cellular system design values  and provides the justi-

fication for their selection. In the following sections, simulation results incorporating these

design values are discussed.

The cell size of 1Km is selected, this corresponds to a micro±cell in cellular terminology and

it is known that both the systems can easily support  a cell size of this order when working

isolation.

Raymond Steel in his book [4] states the following:±

GSM VAD (voice  activity detection) strikes a good compromise between lowest possible on±

air time, i.e.., activity and unobjectionable  talk±spurt  clipping. The typical channel activities

vary from 55% in quiet locations through 60% in office noise to 65%±70% in strong airport

or railway station noise.

The author  in [1] simulated  a TDMA only system with a voice activity ratio of 40%. Aver-

aging  up the previous  two sources for our case, the TDMA voice activity of 50% is selected.

For the CDMA system a  typical voice activity of 35% is indicated in [3] and [6].  Higher the

CDMA activity, greater would be the interference imposed on to the collocated TDMA and

CDMA. The reason why the CDMA systems claim to be operable with a lower voice activity

is explained in section 2.3. In our work we assume that the CDMA activity is far  worse that

35%,  thus a voice activity of  50% for the CDMA is selected.

A very simple channel allocation scheme is experimented in the single cell model study.  The

TDMA mobiles were allocated 3 GSM frequency slots ( 600 KHz wide ) and they cycled

over these channels as per the GSM slow frequency algorithm (with HSN = 0).  This allows a

maximum of   24 TDMA ( 8 physical channels / time slot) users to be accommodated accord-
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ing to the TDMA  assignment scheme.  The CDMA mobiles transmit on a single CDMA-

channel ( 1.25 MHz wide ) which  completely overlap the 3 GSM frequency slots.

For the test mobiles, a good position was selected as the centre of the corner excited cell. This

is because the BS is located at the corner, and points its antenna boresight  at the centre of the

cell.  Keeping the mobile in the line of boresight, and bringing the BS closer decreases the

loss but the pathloss fall slowly until the mobile is a few meters away from the BS, see figure

3.5.

For simplicity, a simple pathloss model is used ( section 2.2.1 ) , where the  test mobiles

experience 80 dB and 100 dB overall loss (approx) with respect to their own BS  when placed

at  the good and the worst position respectively. It must be noted that with the test user placed

at the worst location, the dynamic range of GSM user's power allows the user to be received

at ±61 dBm when at full power, this is still higher than the required ±66 dBm setpoint.

4.2 Selection of GSM Power Control Parameters

This section relates to the TDMA system only and describes the two sets of GSM power con-

trol parameters selected by the author for the study of the effect  of GSM power control on

the performance of  a hybrid CDMA / TDMA system. Any mobile within this section should

be referred to as a TDMA mobile. The two GSM power control parameter sets are named

GS1 and GS2 respectively. These  names have been assigned by the author to the power con-

trol sets and are not related to GSM specifications or terminology.

GSM Power Control Type P1 N1 P2 N2

Fast±up Slow±down (GS1) 5 20 20 20

Slow±up Slow±down (GS2) 20 20 20 20

Table 4.1: GSM Power Control Parameters Used for Experimentation
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The GS1  power control set increases the mobile's power, if 5 out of at least 20 samples re-

corded at the BS, during the last 15 second period, lie below the lower threshold (±66 dBm ).

The mobile is made to decrease his power level if 20 samples out of at least 20 recorded at

the   BS are above the upper threshold (±63 dBm). This type of power control can be named ±

fast up and slow down type as the mobile just has to wait for 5 samples to be averaged below

the lower threshold, out of 20 recorded at the BS, before increasing its power to a new level.

The second set, GS2 type power control, is selected such that the user is made to increase his

power if at least 20 samples are recorded by the BS during the last 15 second interval, and all

the 20 sample averages lie below the lower threshold. The mobile decreases his power level if

the BS has a record of at least 20 samples over the last 15 second period and all of  them lie

above the upper threshold level. This type of power control can be  named ± slow up slow

down type. This results into instances where the mobile stays at a certain power level and

waits for a period of at least 20 samples before moving to a  new  level. As mentioned in the

GSM power control algorithm the power level changes are made in steps of 2 dB / 60 ms.

4.3 Selection of Performance Criterion

For  satisfactory performance of the joint system, the test TDMA user must be received at the

BS with a signal to noise ratio not less than 9 dB [15, 13] whereas the test CDMA user must

be received at the BS with an Eb/I0 not less than 7 dB [ 33] .

Mouly and Pautet  in [15] indicate that a C/I level less than 7 dB can be assumed to erase a

TDMA burst completely. To be more tight in our case ( a worst case scenario), let us assume

that a C/I of  9 dB is required to receive a burst in good state.  In the GSM system, a frame

erasure rate of 5% would still produce acceptable speech quality. By the virtue of speech cod-
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ing technique, this corresponds to a burst erasure rate of 19 % [15]. In other words if 81% of

the time good bursts are received, then  the TDMA system performance is acceptable.

For the Qualcomm's CDMA system a frame erasure rate to produce acceptable quality speech

quality is 2% [3]. The power control groups (PCGs) within these frames carry information

independently of each other. Keeping speech coding in mind, a power control group  erasure

rate much higher than the frame erasure rate, can be imagined  to still allow the system to

work satisfactorily. However, the author  had no source to indicate a typical acceptable power

control group erasure rate value. Thus a power control group erasure rate of 5 % was se-

lected. From the definition of a PCG±ER ( section 2.8.2 ) this means that the distribution of

Eb/I0, estimated over each power control group, should be greater than 7 dB [33] at least

95 % of the time.

4.4 Verification of Each System in Isolation for the

Selected Design Parameters

The previous sections explained the set±up, the design parameters and the performance indi-

cators to examine the hybrid system. Before we start experimenting on  a hybrid situation, it

is reasonable to explore each system in isolation first, and examine if their performance is

satisfactory. Under the selected parameters if any system does not produce reliable perform-

ance alone, then a joint system which has more inter±system interference, would certainly be

unreliable. The results obtained for singular systems are not only useful for confirming the

verification of each system alone, but they also provide a reference for comparison with the

hybrid case.
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4.4.1 A Pure TDMA System

A pure TDMA system having 24 users within the test cell was simulated. For a pure system

no inter±system interference is present on the link. The test user was located at the worst

position. Power control was changed from GS1 to GS2 and results were noted. The perform-

ance criterion discussed in section 4.4 requires the system to achieve C/I of  9 dB at least 81%

of the time.

Figures 4.1a and 4.1b show C/I distribution at the BS with respect to the test TDMA user for

GS1 and GS2  cases of GSM power control respectively. For GS1 power control, the proba-

bility  that  C/I �  40 dB is unity. This is because, this power control kept the user transmitting

at full power (39 dBm) all the time, and with no interference from CDMA users, C/I was

limited by the thermal noise present at the BS receiver. With a change in power control to

GS2, the C/I has considerable probability around 20 dB. This was due to the time when the

user transmitted at minimum power level of 13 dBm. Due to  GSM power control steps of 2

dB / 60ms   a noticeable distribution between 40 dBm ( C/I corresponding to full power) and

20 dBm ( C/I corresponding to minimum power level) can be seen.
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Fig. 4.1a: Pure TDMA System Performance with GSM Power Control Type GS1

Fig. 4.2b:  Pure TDMA System Performance with GSM Power Control Type GS2
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The  results for TDMA  indicate that the design parameters and both GSM power control sets

selected for the TDMA system by the author, kept  the user at the worst position, high above

the required satisfactory performance threshold. However the GS1 type power control would

consume more power than GS2 case.

4.4.2 A Pure CDMA system

A CDMA system having 30 CDMA users within the test cell was simulated. Variation in per-

formance as a function of target setpoint and test position was noted. The performance criteri-

on discussed in section 4.4 requires the system to achieve Eb/I0 of 7 dB at least 95% of time.

The probability distribution plot for a target setpoint of 7 dB is shown in figure 4.3. The plot

indicates that the probability that the wost positioned test user has an Eb/I0 above 7 dB is 82

% ( approximately).

Although one would expect C/I balancing to achieve the desired setpoint all the time, this

does not happen in practice. An inspection of the signal levels in the time domain shows

where the performance is lost.

A single CDMA user, placed at the good location was simulated. This user, did not experi-

ence any interference.  Figure 4.4 shows time domain plot of the test user's Eb/I0.  The power

control had to balance the user's wanted signal at the BS to the thermal noise present at the

BS receiver such that Eb/I0 is 7 dB. However, due to a minimum transmission power step size

of 0.5 dB, Eb/I0 overshoots or undershoots its target value. Therefore, some performance is

lost due to the times when Eb/I0 is below the 7 dB performance threshold.
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Fig. 4.3: Pure CDMA System Performance

Fig. 4.4: Eb/I0 in Time Domain of a CDMA Test User Located at a Good Position, 

Receiving No Interference, and With a Target Setpoint at 7 dB. 

61.20 secs to 61.28 secs Correspond to Voice Inactive Periods
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However, the above problem can be remedied at the cost of higher transmission power, by

setting the target setpoint to a higher level. Figure 4.5 shows variation of pure CDMA per-

formance as a function of number of CDMA users and the target setpoint.

Fig. 4.5: CDMA Test User Performance, for a Pure CDMA System, 

as a Function of Target Setpoint and Position

The 7 db target setpoint renders the system beyond use above a couple of users. The test user

when placed at the good and the worst position had a marginal difference in performance.

This is not suprising because the CDMA system employs C/I balancing and one would expect

this difference to be important only when the worst case user is attempting to operate outside

his dynamic range.

A change to 8 dB target setpoint increased the performance greatly. With 25 users, perform-

ance remained above the 7 dB threshold, almost 100% of the time. Further increase in users

by 5 dropped the performance by 4% , but was still enough for acceptable speech quality. The

good and the worst positions have again a marginal difference.
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With a 9 dB setpoint, the CDMA system worked satisfactorily till 20 users by achieving per-

formance 100% of the time. Further increase in number of users drops the performance by

5%, with a marginal difference between the performance at good and the worst positions. Be-

yond 25 users,  due to saturation of worst positioned test user's power, performance dropped

drastically to 60%. This is because the users placed at better locations may have pathloss dif-

ference, as high as 40 dB, with respect to the worst position. The better positioned CDMA

users raised their power levels till the balance is met, consequently drowning the other users

who could not increase their power any further. This problem is the well known near ± far

effect in CDMA  [12].

To summarise, an optimum target setpoint for the pure CDMA system was found to be 8 dB.

With this setpoint, approximately 30 users could be accommodated according to the perform-

ance criterion selected by the author.  An increase in the setpoint by 1 dB reduced the capaci-

ty to 21 users due to near±far effect and a decrease by  1 dB could not support the system any

further than a couple of users.
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4.5 Time Domain Results for a Single TDMA User

and a Large Number of CDMA Users.

The previous sections verified each system in isolation for the design values selected for the

simple model under study. Having obtained confidence that each system is capable of provid-

ing acceptable performance with those design values, we now examine the nature of interfer-

ence that is caused to the CDMA system by a TDMA user.

A single cell having a single TDMA user and 25 CDMA users was simulated. Time domain

waveforms were studied in order to understand the nature of interference caused by a TDMA

user on a CDMA user. We would like to know the reaction of the CDMA power control to the

TDMA interfererence. In the time domain it is easier  to compare the CDMA test user's sig-

nal with respect to a single TDMA user's signal, than a large number of TDMA users. This

information provided by this experiment will then be extended to interference from multiple

interference in the later sections of this chapter.

Figure 4.6a shows time domain plots obtained for GS1 case. The plots show CDMA power

levels of the CDMA test user, his received Eb/I0 levels at the BS,  the TDMA test user's

power levels and his received C/I at the BS. The C/I levels are a function of test TDMA

user's transmit power, thermal noise at the TDMA BS receiver, and the CDMA interference

present on the link. The Eb/I0 levels are a function of CDMA mobile's transmit power, ther-

mal noise at the CDMA BS receiver, the processing gain and the CDMA and TDMA interfer-

ence present on the link.
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Fig. 4.6a: Time Domain Signal Levels For Test Users

Single Cell, Corner Excited, 25 CDMA Users, 1 TDMA User, SFH

No Fading, GSM Power Control Type± GS1, CDMA Target Setpoint = 8 dB

Due to presence of discontinuous transmission, several dark patches can be observed

extending below the abscissa of the CDMA test user's Eb/I0 and power level (CD PWR)

plots. This is due to the inactive periods when no sample value is recorded and are indicated

by a sample value equal to ±990.

The C/I and Eb/I0 waveform envelope shows rapid fluctuations, which are actually transitions

from their mean values due to presence of interference.

The C/I envelope is the ratio of the wanted signal to interference power levels. With a path

loss of 100 dB and a power level of 39 dBm , a wanted level at the BS of ±61 dBm is re-

ceived. If no interference is present, thermal noise ( ±107.888 dBm/ MHz )  limits the C/I to

46.88 dB. However, due to presence of CDMA interference, the C/I is varies depending on
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the number of CDMA users active over a particular instant, and the frequency overlap  and

time overlaps of power control groups onto the TDMA test user's slots.

The Eb/I0 envelope is the ratio of the wanted signal power level to interference, multiplied by

the processing gain (21 dB approx.) . C/I balancing type power control tries to achieve target

Eb/I0 of 7 dB . In the presence of other 24 CDMA users and a single TDMA user, the test

CDMA user's power swings in closely around ±9 dBm. The instantaneous value of Eb/I0  gets

reduced depending on the number of CDMA and TDMA users interfering  over a particular

instant.

By  zooming in the time domain, it can be seen in figure 4.6b that as the single TDMA user's

power level varies, the  Eb/I0 signal observes rapid fluctuations, bringing  Eb/I0 down to ±17

dB when the single TDMA user is transmitting at full power. Samples during voice inactivity

can be seen to be more resolved. During voice inactivity the CDMA user transmits only 2

PCGs every CDMA frame, and these PCGs are pseudo±randomly arranged within the frame.

The envelope of Eb/I0 plot, of these PCGs transmitted during voice inactivity, also fluctuates,

due to interference present on the link.

By further zooming in the time domain, figure 4.6c shows the variation of C/I and Eb/I0. It

can then be seen that the C/I waveform envelope ( difference of transmitted power and path-

loss) is dictated by the test (and single) TDMA user's power level with very small fluctu-

ations superimposed due to the presence of CDMA interferers. The Eb/I0  signal goes from 8

dB to ±10 dB at a constant rate of 4.615 ms over the instant of time when the TDMA test user

is also active and transmitting at full power. Although it appears from the TDMA test user's

waveforms that during the period of activity, this user is continuously transmitting, but in

fact, he is transmitting on a fixed time slot allocated to him. This means that this TDMA user

may switch on for a duration of 0.577ms and then go silent till next TDMA frame (4.615ms
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in duration), creating an intermittent ( with 1/8 duty cycle ) interference  for the CDMA mo-

biles.

The CDMA power control could not completely adapt to this kind of an intermittent interfer-

ence with a very low duty cycle, because the Qualcomm power control relies on an update in

power level, if the received Eb/I0 is below its target value during the PCG that was trans-

mitted 1.25ms before. During this last PCG transmitted, the test TDMA user may not have

transmitted at all because of the nature of TDMA discontinuous transmission. Even when

there was any interference, a power up command could only increase the level by 0.5 dB, and

at the next PCG transmission, receiving no TDMA interference, the power level has a high

probability of being stepped down again. With this, the CDMA user's power level never gets

completely adjusted to overcome the interference imposed by a single TDMA user. The like-

lihood of correctly adjusting the CDMA user's is extremely low especially during the silent

periods when only two PCGs are sent.

The time domain results showed that if the number of CDMA users were reduced keeping a

single TDMA user, the CDMA performance reduced slightly, because the mean power level

to obtain CDMA target Eb/I0 balance falls due to the reduced interference, making the Eb/I0

more vulnerable to the single discontinuously transmitting, time division multiplexed , GSM

power controlled interferer.
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Fig. 4.6b: Result as in Figure 4.6a  Graphed on a Smaller Time Scale

Fig. 4.6c: Results as in Figure 4.6b graphed on a Smaller Time Scale
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For the same scenario, with GS2 type power control, the time domain plots (see Appendix

D.2 ) proved to be slightly better for CDMA users, as the test user kept transiting from maxi-

mum (38dBm) to a minimum level (13dBm) after every 20 GSM reporting periods. During

the low level transmission periods, the CDMA users experience less interference. But this

power control slightly deteriorates the performance of the TDMA mobile, as the periods

when this single user was transmitting at low levels, reduces the C/I  appreciably.

Summarising the above, a single TDMA user caused an intermittent interference with a very

low duty cycle on the CDMA system, the power control of the CDMA users was not fast

enough to tackle such an interference completely. Whereas, the test TDMA user, located at

the worst position, received fast and very small fluctuations on its envelope, along with the

slow and large fluctuations imposed by the virtue of the GSM power control itself.

4.6 Results for the Hybrid System with Variation in

Load in Terms of Performance

The previous section, described the nature of interference caused by a single TDMA user on

the CDMA system was described. The CDMA users could not completely combat interfer-

ence from a single TDMA user due to the inability to adjust their power rapidly to an inter-

mittent interference with a very low duty cycle. However,  we do not know yet  how the

system would behave in presence of more than one TDMA user ? This section deals in the

study of impact of CDMA system on TDMA system and vice versa by experimenting with

different combinations of CDMA and TDMA users along with variation in their system spe-

cific parameters.

In the single cell model study, for the TDMA users, the interference comes purely from the

CDMA users. This is because, two or more TDMA users within the same cell and transmit-
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ting on the same time slot do not  transmit  on the same channel ( with or without the use of

SFH). Whereas for the CDMA user, the  interference comes from all CDMA users (intra±cell

CDMA interference) and all TDMA  users (intra±cell TDMA interference). Although in a

TDMA system the inter±cell ( or co±cell ) interference is the limiting factor for capacity, it is

ignored in the single cell case for simplicity.

The study of the Hybrid system was split into the following two impacts :± 

Impact 1 :    TDMA users were kept large  ( in three sets  ± 10, 18 24 ) and constant  

while varying CDMA users from 1 to 13 in steps of 3.   

Impact 2 :    CDMA users were kept large ( in three sets ± 10, 20, 30 ) and constant 

while varying TDMA users from 1 to 10 in steps of 3.

Further, the following system parameters (with the  mentioned type values ) were employed

to study their affect on the above mentioned scenarios :±

1)  CDMA target setpoint  ( SP ) 7 and 8 dB

2)  TDMA GSM power control types GS1 and GS2

3)  Test user positions WP ( worst position) ,  GP ( good position)

Probability distribution plots of signal to noise ratio samples (collected during one simulation

run) provide good knowledge of  the test  user's performance. To obtain a sense of accuracy

over these plots, the same simulation was run three times, and the resultant distribution plots

were superimposed ( see Appendix D.1). It was found that a period of 2000 realisations (

16.66 minutes real time) was adequate to obtain a good repetition of results. The same was

further confirmed by trying out different configurations to obtain a similar accuracy. All

probability distribution plots provided in this thesis are obtained by simulating for 2000 re-

alisations, unless otherwise mentioned.
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Although the probability distribution plots convey detailed information about  each case, a

quick picture of the two impacts under study, can be obtained from the percentage of time

when the BS received the test user above the required system threshold. This provides a short

cut, to make quick comparisons with respect to the two impacts under concern.

The variation of TDMA and CDMA test user performance with respect to an impact under

concern will be shown for Impact 1 and Impact 2 case.  All other parameters not mentioned

in the plots, remain the same as described for the simple single cell set±up in the introduction

of this chapter. The performance criterion selected by the author requires TDMA test user's

C/I to remain greater than 9 dB for 81% of time  and the CDMA test user's Eb/I0 should be

greater than 7 dB at least 95% of the time for the joint system to produce acceptable perform-

ance.

4.6.1 TDMA Performance for Impact 1

The variation of TDMA performance with respect to number of CDMA users, and other pa-

rameters is shown in figure 4.7a.

When the user was placed at the worst position, the performance dropped steadily with an

increase in number of CDMA users. A change in TDMA power control parameters from GS1

to GS2, keeping CDMA target setpoint (SP)  at 8dB and the number of TDMA users (Nt) at

24 improved the TDMA performance (by a factor of 20 % with 4 CDMA users). This was

because GS2 power control made the worst positioned TDMA test user bring its transmission

power level down for longer durations than the GS1 case, eventually causing  less interfer-

ence to the CDMA system. At these interference intervals, the mean power level transmitted

by a CDMA user reduced (by virtue Eb/I0 balancing), thus in turn reducing the amount of

interference back on to the TDMA system, resulting in better performance.
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Fig. 4.7a: TDMA Test User Performance for Impact 1

Increasing SP from 7 to 8 dB, while keeping Nt at 24  and  GS1 power control, was found to

further deteriorate the performance ( a drop by a factor of 15 % with 4 CDMA users). This

was due to increase in  mean transmit power levels of all CDMA users to obtain a new bal-

ance corresponding to a setpoint raised by 1 dB. This increased the CDMA interference on

the TDMA system causing the performance to drop.

Increasing the number of TDMA users ( Nt = 10, 18, 24 )  while keeping GS1 power control,

and SP at 8 dB, dropped the performance steadily ( 97%, 70%, 32%  respectively with 4

CDMA users). An increase in number of TDMA users indirectly impacted on the CDMA

power control to increase the CDMA user powers, in turn, returning more interference back

on the TDMA system.
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With a change in position from worst to good, keeping number of TDMA users at 10, SP at 8

dB, and GS1 power control, indicated that the TDMA performance at the good position was

almost unaffected, by achieving above 97% even with 13 CDMA users. This was because the

wanted power levels received at the BS were always high enough to produce a C/I greater

than 9 dB even with the interference corresponding to 13 CDMA users. It must be remem-

bered that the CDMA interference on the TDMA system is an indirect function of the number

of TDMA users, and with 10 TDMA users, the good positioned TDMA user could still

achieve performance high above the selected threshold of 81% for the TDMA system.

To summarise, out of all the experiments made by the author, the TDMA performance for

Impact 1 at the worst position within the single cell was satisfactory with 6 CDMA users and

other 10 TDMA users. Increasing the number of TDMA users to 18 and 24 required the

number of CDMA users to be reduced to at least 2 and 1 respectively. These results are for

GS1 case, a change to GS2 did not affect the performance greatly. Any increase in CDMA

target setpoint affected the TDMA performance adversely. However the good positioned

TDMA user was found to have a performance which was remarkably better than  the worst

position case, and with 10 TDMA users, the performance at the good position seemed insen-

sitive to interference corresponding to at least 13 CDMA users.



79

Fig. 4.7b: CDMA Test User Performance for Impact 2

4.6.2 CDMA Performance for Impact 1

The variation of CDMA performance with respect to the number of CDMA users, and other

parameters are shown in figure 4.7b.

With increasing number of CDMA users, the CDMA test user's performance improved very

slowly. On an average, with every increase in 3 CDMA users, the CDMA performance in-

creased by 0.005 %.  This is because, the increase in CDMA users increased the CDMA noise

floor, bringing the CDMA user power at a higher level. Subsequently, the discontinuous

transmissions from the TDMA system had a reduced impact on the CDMA system.

Increasing SP from 7 dB to 8 dB, keeping 24 TDMA users, with GS1 power control, im-

proved the CDMA performance by 10 %. This was due to finite power control step size of the
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CDMA power control. Oscillations of the received Eb/I0 values around the target (7 dB)

dropped performance when SP is set at 7 dB ( see section 4.7.2).

The CDMA performance as a function of TDMA users indicated that, as the TDMA users

were increased ( Nt = 10, 18, 24 ), the CDMA performance increased gradually (67.5 %, 70

%, 68.5%  respectively, at Nc =10 )  till 18 TDMA users, and then dropped ( but still better )

again at Nt = 24. With an increase in the TDMA load, the CDMA power control worked

better because it now receives more uniform TDMA interference (see section 4.6). This is

because a large number of TDMA users transmitting independently and discontinously would

tend to produce interference that is flat over the time.

Keeping the TDMA system loaded fully ( Nt = 24) , a change in power control from GS1 to

GS2  improved the CDMA performance by 2.5%, with 4 CDMA users. GS2 power control

enabled the TDMA users to bring their power levels down for longer duration than in GS1

case, thus reducing the amount of interference imposed on the CDMA system, and resulting

in improved performance.

Changing the test position affected the performance marginally.  Looking at figure 4.7b, one

would wonder why the performance seemed to be marginally better at the good position for

the same setpoint ( SP = 8 dB ) and number of TDMA users ( Nt =10 ) ? This is because, the

TDMA and CDMA test users are moved simultaneously from the worst position to the good

position. Bringing the test TDMA user nearer to the BS increased the interference levels re-

ceived at the CDMA BS receiver from the test TDMA user by 20 dB approximately. Further-

more, a TDMA user transmits with a minimum power level of 13dBm which is much higher

than its CDMA counterpart. This resulted in poorer performance at the good position, though

marginally, as compared to the case when test TDMA user was placed at the worst position.

Pure CDMA results had clearly indicated that the CDMA performance was insensitive to the
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CDMA test user positions ( see section 4.5.2 ). This indicates that the good position results

are actually better, in the sense that the performance was not greatly reduced even by placing

a TDMA interferer more closer to the BS.

To summarise, no combination of TDMA and CDMA users tried by the author produced

acceptable CDMA performance. Still it was inevitable that the CDMA system behaved a little

better when the CDMA and TDMA systems were moderately loaded ( Nc = 13, Nt = 18) and

with the TDMA system using the slow up slow down type ( GS2) power control.

4.6.3 TDMA Performance for Impact 2

The variation of TDMA performance with respect to number of TDMA users, and other pa-

rameters are shown in figure 4.8a.

When the user was placed at the worst position, the performance dropped  with an increase in

number of TDMA users. A change in TDMA power control parameters from GS1 to GS2,

keeping SP at 8dB and Nc at 30 improved the TDMA performance ( by a factor of 10 % with

4 TDMA users ). This is due to the same reason why GS2 was better for the TDMA perform-

ance for Impact 1. See section 4.7.1. However with a single TDMA user,  GS1 proves to be a

better choice. See section 4.6.

Increasing SP from 7 to 8 dB, while keeping Nc at 30  and  GS1 power control, was found to

further deteriorate the performance ( a drop by a factor of 45 % with 4 CDMA users). This

was due to increase in  mean transmit power levels of all CDMA users to obtain a new bal-

ance corresponding to a setpoint raised by 1 dB. This increased the CDMA interference on

the TDMA system causing the performance to drop.
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Fig. 4.8a: TDMA Test User Performance for Impact 2

Increasing the number of CDMA users ( Nc = 10, 20, 30 )  while keeping GS1 power control,

and SP at 8 dB, dropped the performance steadily ( 97.9%, 79 %, 11%  respectively with 4

TDMA users). An increase in number of CDMA users directly impacted on the CDMA

power control to increase the CDMA user powers, in turn, returning more interference back

on the TDMA system.

With a change in position from worst to good, keeping Nc at 10, SP at 8 dB, and GS1 power

control, indicated that the TDMA performance at the good position was almost unaffected, by

achieving above 97.2 % even with 10 TDMA users. This was because the wanted power le-

vels received at the BS were always high enough to produce a C/I greater than 9 dB even with

the 10 TDMA users impacting on the CDMA power control.
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To summarise, out of all the experiments made by the author for Impact 2, the TDMA per-

formance at the worst position within the single cell was satisfactory with 7 TDMA users

with other 10 CDMA users. Increasing the number of CDMA users to 20 and 30 required the

number of CDMA users to be reduced to at least 4 and 1 respectively.   These results are for

GS1 case, a change to GS2 did not affect the performance greatly. Any increase in CDMA

target setpoint affected the TDMA performance adversely. However the good positioned

TDMA user was found to have a performance which was remarkably better than  the worst

position case, and with 10 CDMA users, the performance at the good position seemed insen-

sitive to interference corresponding to at least 10 TDMA users.

4.6.4 CDMA Performance for Impact 2

The variation of CDMA performance with respect to the number of TDMA users, and other

parameters are shown in figure 4.8b.

With the variation in the number of TDMA users, the CDMA test user's performance

dropped rapidly with an increase in TDMA users, till Nt = 4. With a further increase of

TDMA users to 7, the CDMA performance improved by 7 % (on a average) with respect to 4

TDMA users. Increase of TDMA users to 10, resulted in no improvement.
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Fig. 4.8b: CDMA Test User Performance for Impact 2

With heavy CDMA loading, discontinuous interference from a few TDMA users is not uni-

form enough to create a moderate CDMA power control response to add any improvement.

But increasing the number of TDMA users beyond a few (four), created a more uniform

interference at the BS receiver, to send power update commands, which brought the CDMA

user's power at better level. Still, the power control could not obtain a complete Eb/I0  bal-

ance due to the dominant TDMA interference. Increasing the TDMA interference ( Nt =10 )

further, did produce a more uniform interference on the CDMA system, but at the same time

saturated the test user's dynamic range .

Increasing SP from 7 dB to 8 dB, keeping 30 CDMA users, with GS1 power control, im-

proved the CDMA performance by 5 % ( approximately). This improvement is due to the
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same reason for the CDMA performance improvement with a change in setpoint for a pure

CDMA case ( see section 4.5.2 ).

The CDMA performance as a function of CDMA users indicated that, as the CDMA users

were increased ( Nc = 10, 20, 30 ), the CDMA performance increased gradually ( 66.3 %,

73.6 %, 87.97%  respectively, at Nt =7 )  till 18 TDMA users. This is because the CDMA

power control adapts the user power to higher levels, thus reducing the impact of discontinu-

ous TDMA interferers on the CDMA system.

Keeping the CDMA system heavily loaded ( Nc = 30) , a change in power control from GS2

to GS1  improved the CDMA performance by 3 % with 4 TDMA users. This is due to the

same reason for the CDMA performance improvement with a change from GS2 to GS1 for

Impact 1 case ( see section 4.7.2) . Although the GS1 power control is little more suitable for

the CDMA power control, with 10 TDMA users, the worst positioned test user saturated more

quickly for GS1 than GS2 case as the former power control set keeps the GSM mobile trans-

mitting at high power most of the time.

Changing the test position affected the performance marginally.  Looking at figure 4.8b, one

would wonder why the performance seemed to be marginally better at the worst position with

respect to the good position when Nt = 1 and 10 for the curve Nc = 10, SP = 8 dB , GS1

power control ? This is because both the CDMA and TDMA test users are moved from good

to worst position together. Section  4.7.2 explains the consequence of this. The only differ-

ence with respect to impact 1 is that, the number of CDMA users are fixed here.

A single TDMA interferer, when moved closer to BS will naturally cause more interference,

specially when we know that the CDMA power control is highly incompatible with TDMA

interference. The number of TDMA users indirectly impacted on the CDMA power control,
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and with Nt = 10, the power level of worst positioned user saturated, resulting in reduced

performance with respect to the user at a good position.

To summarise, no combination of TDMA and CDMA users tried by the author for  Impact 2

case produced  satisfactory CDMA performance. But results make it quite evident that a few

(about four) TDMA users have a more harmful effect than more ( about 7). Any further in-

crease in the number of TDMA users starts to saturate the dynamic range of the CDMA user's

power. Further the CDMA user from the BS, more is the pathloss and more quickly would its

transmission level get saturated.



87

Chapter 5

Summary, Conclusions, Discussions And 

Recommendations

5.1 Summary

Mobile radio systems should be able to handle high traffic densities with the restriction of a li-

mited system bandwidth without increasing infrastructure costs. Therefore, the cellular spectrum

efficiency is one of the most important parameters of mobile radio systems [14]. One possible

method is by the use of an overlay of CDMA and TDMA.

This thesis presented an insight into the feasibility issues concerned with an overlay of a CDMA

and TDMA system. A review of the literature showed that much work had been done to under-

stand an overlay of a broadband CDMA and TDMA system[19], or CDMA and FDMA system.

There was no source ( to authors knowledge ) that explored the feasibility of an overlay of a nar-

row band CDMA system on a TDMA system. This study is important because the two popular

systems for mobile communications are the IS±95 ( Qualcomm's narrow band CDMA ) system,

and the GSM (TDMA) system. There has been a long, and still on±going debate, to decide the

superiority of either system [11]. The inter±operability of the two systems together could give

us, one or all benefits such as : spectral efficiency, spectrum sharing and portability of equipment.

A simulation methodology was adopted to study the behaviour of the two dissimilar cellular sys-

tems by placing the users and network BS of the two systems at the same geographic location,

spectrum and time. This required computation of interference caused by one system on the other.
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The main factors that governed the amount of interference subjected by one system on the other

were determined.

A reverse link ( uplink ) model of the cellular radio system was created and  studied. This was

because the down link is generally assumed to have a lower number of users than the  uplink be-

cause it suffers less variations in power [19] . And thus, emphasis was put on the reverse link.

The amount of interference received at the BS due to a particular interferer at the time when the

test user transmitted ( time overlap) , depended on the amount of frequency overlap with an inter-

ferer. The simulation assumed working parameters of the CDMA and TDMA system as similar

to those described in IS±95 and GSM respectively. These two systems have different  frame struc-

tures, power control schemes and discontinuous transmission methods. Further, slow frequency

hopping is used for TDMA. Thus the duration of time and frequency overlap  with respect to an

interferer is dynamic in nature and independent of other users. The combined overlap factors

actually reduce the amount of interference subjected by one system on the other. This is because

the smallest time slots are the burst ( 0.577 ms duration), and the power control group ( 1.25 ms

duration ), for the TDMA and CDMA systems respectively. Therefore, the maximum time over-

lap could not exceed the duration of a burst. Similarly, one TDMA channel in GSM system oc-

cupies a 200 kHz, whereas IS±95 uses 1.25 MHz. Therefore the maximum frequency overlap

could not exceed the GSM frequency slot.

Apart from the frequency and time domain factors, the magnitude of power received at the BS

from a user is a function of the transmit power, distance from the BS, and fading. The transmit

power of a user is decided by the power control strategy of the system used. For the GSM system,

a constant receive power type control was modelled. This required TDMA users to adjust their

power levels such that, a minimum level of ±66 dBm is received at the BS. Adjustment of power

depends on a moving average type mechanism at the BS where average power levels received
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at the BS during a past interval of 15 seconds decided the power up or down decision. Power up

/ down commands are sent by the BS in steps of 2 dB every 60 ms. Furthermore, the GSM power

control governing parameters, allowed a little more flexibility in customising the power control.

The author selected two sets of parameters for experimentation, the fast up ± slow down and slow

up ± slow down respectively. The latter set differed from the former in that the BS sent more fre-

quent power up commands and thus kept the user transmitting at high levels most of the time.

For the CDMA system Eb/Io balancing type power control was modelled. This required the

CDMA users to adjust their power levels such that they achieve an Eb/Io of 7 dB at the BS receiver.

This corresponds to implementation of closed loop power control mechanism, wherein the BS

sends power up/down commands to the mobile, by estimating the received signal's Eb/Io and

comparing it with a threshold. Power up / down commands are sent to mobile in steps of 0.5 dB

every 1.25 ms. No command is sent if there is no transmission from the user.

For experimentation, a scenario where a single cell (corner excited) having stationary CDMA and

TDMA users was simulated. For simplicity, fading was ignored  and channel allocation kept sim-

ple. Three GSM channels  completely overlapped  a single CDMA channel.  With this set±up the

TDMA system was subjected to interference from CDMA system only, whereas the CDMA sys-

tem suffered intra±system ( CDMA ) and inter±system ( TDMA) interference. A simple set±up

was was chosen with the intention, to verify that the joint system worked satisfactorily by ignor-

ing factors that are already known to adversely affect each system in isolation e.g. co±cell inter-

ference, shadow fading, rayleigh fading etc.

To evaluate each system's performance, a performance criterion was selected by the author, re-

quiring the TDMA system's C/I to  be greater than 9 dB [19, 13] with a probability of 81 % and

the CDMA system's Eb/I0 to be greater than 7 dB [33] with a probability of 95 %. The criterion

was selected based on GSM's acceptable 5 % frame erasure rate mapping into 19 % burst erasure
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rate [15] due to coding gain. Similarly, the CDMA's acceptable frame erasure rate is 2 % [3] and

a burst erasure rate of  5 % was assumed by the author taking into account the coding gain.  The

results were focussed on the good and the worst locations within the cell, the former being the

centre of the cell where the BS points its antenna boresight and the latter is the position where

the user suffers the maximum loss. If the performance at the worst position is acceptable, then

users placed at other positions would undoubtedly perform better. That is, the performance at the

worst location provides a type of a performance (lower) bound. Prior to experimentation on a

hybrid case, each system was verified in isolation with all the parameters kept as typical as pos-

sible with respect to a terrestrial cellular environment. The TDMA fast up ± fast down and slow

up ± slow down sets allowed the worst positioned TDMA user to achieve C/I of 9 dB all the time.

For the CDMA system in isolation, the CDMA power control mechanism caused the received

Eb/Io ( at the BS ) to oscillate around the target setpoint by a magnitude of 1 dB. With a setpoint

of 7 dB a lot of performance is lost due to times when the Eb/Io reached below the 7 dB perform-

ance threshold. Due to this, an optimum power control setpoint of 8 dB was found, which could

support 30 users. A further increase in setpoint to 9 dB,  again reduced to the capacity to 25 users.

This was because the power level of the worst positioned user got saturated with more interfer-

ence quickly with a higher setpoint.

An inspection of signal levels in time domain clearly showed that bursts transmitted by a TDMA

user imposed an intermittent interference with a very low duty cycle on the CDMA system. If

there is only one CDMA user and one TDMA user present in a cell, a power up command sent

by the CDMA BS ( a 0.5 dB step ) after the reception of a TDMA burst, with a high probability

will  be counteracted by a power down command sent by the BS, before the arrival of the next

TDMA burst. With a larger number of TDMA users, the TDMA interference becomes more uni-

form, generating more frequent power up commands. This more uniform interference still could
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not bring the CDMA power to the right level (to achieve Eb/Io of 7 dB). The power control be-

haved quite well for the CDMA system in isolation.

Further experimentation was split to the study the two scenarios, the impact of CDMA on TDMA

(Scenario 1) and the impact of TDMA on CDMA ( Scenario 2). The CDMA on TDMA scenario

consisted of a large number of TDMA users, and the performance for both the systems was noted

simultaneously when varying a small number (1 to 13)  of CDMA users. Conversely, the TDMA

on CDMA scenario consisted of a large number of CDMA users, and the performance for both

the systems was noted simultaneously when varying a small number ( 1 to 10  ) of TDMA users.

Table 5.1  and 5.2 gives a summary of the impact of CDMA on TDMA  ( Scenario 1) and the

impact of TDMA on CDMA impact ( Scenario 2) respectively.
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5.2 Discussion

In  this thesis focus had been given on the performance obtained at the worst position.  The worst

position case was given more emphasised more because if the performance at this location is sa-

tisfactory, then users other locations would certainly perform better. However, the performance

at the good position informs us about the sensitivity of results with a change in test position. 

TDMA
Users
(Nt)

CDMA
Users
(Nc)

Percentage time
when the
TDMA user's
performance
was acceptable

TDMA
test user
location
within the
single cell

Percentage time
when the
CDMA user's
performance
was acceptable

CDMA
Test User
Location

TDMA
Power
Control

10 6 82 % Worst 66 % Worst GS1

10 7 74 % Worst 66 % Worst GS1

10 13 97 % Good 65 % Good GS1

18 2 88 % Worst 67 % Worst GS1

18 4 66 % Worst 68 % Worst GS1

24 1 85 % Worst 67 % Worst GS1

24 1 80 % Worst 67 % Worst GS2

24 4 32 % Worst 68 % Worst GS1

24 4 51 % Worst 68 % Worst GS2

24 7  8  % Worst 68 % Worst GS1

24 7 25 % Worst 71 % Worst GS2

Table 5.1:  A Summary of Joint System Performance for Scenario 1

CDMA Target Setpoint = 8 dB

GS1 : Fast Up ± Slow down, GSM Type Power Control

GS2 : Slow Up ± Slow Down, GSM Type Power Control
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TDMA
Users
(Nt)

CDMA
Users
(Nc)

Time when the
TDMA user's
performance
was acceptable

TDMA
test user's
location
within the
single cell

Time when the
CDMA user's
performance
was acceptable

CDMA
test user's
location
within the
single cell

TDMA
Power
Control

7 10 81 % Worst 66 % Worst GS1

10 10 45 % Worst 67 % Worst GS1

10 10 97 % Good 64 % Good GS1

1 20 99 % Worst 82 % Worst GS1

4 20 79 % Worst 58 % Worst GS1

1 30 87 % Worst 78 % Worst GS1

1 30 60 % Worst 83 % Worst GS2

4 30 11 % Worst 77 % Worst GS1

4 30 21 % Worst 74 % Worst GS2

Table 5.2:  A Summary of Joint System Performance for Scenario 2

CDMA Target Setpoint = 8 dB

GS1 : Fast Up ± Slow down, GSM Type Power Control

GS2 : Slow Up ± Slow Down, GSM Type Power Control

Acceptability of a combination of CDMA and TDMA users requires the CDMA and TDMA test

users placed at the worst locations to meet their Eb/Io ( to be above 7 dB) and C/I ( to be above

9 dB ) requirements for 95 % and 81 % of the time respectively.  However, the CDMA perform-

ance was never found to be satisfactory with any combination tried by the author.  The table in-

cludes some cases when at least the test TDMA user's performance was met. If the number of

TDMA users are fixed, then the TDMA performance is inversely proportional to the number of

CDMA users. On the other hand, keeping the number of CDMA users fixed, the performance of

a CDMA user marginally increases with increase in number of TDMA user, only when the

TDMA users are above four. Below four TDMA users, the opposite happened. The CDMA test

user's performance at the good location is slightly poorer than the worst location because, the test

TDMA and test CDMA users are moved together. By bringing the TDMA user nearer to BS the

TDMA user created more interference to the test CDMA user, because a GSM user's minimum

transmission power level is 13 dBm, which is much higher than the minimum  transmission power
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level ( power level of ±50 dBm) for IS±95. The GS2 power control is little more suitable than

GS1 for the majority of the cases, except for the CDMA system in Scenario 2.

For the single cell case, the TDMA performance is a function of the CDMA interference. But the

magnitude of CDMA interference not only depends on the number of the CDMA users but the

number of TDMA users too. This was because, the number of TDMA users decided the amount

of TDMA interference subjected on the CDMA system, and the CDMA system's power control

had to obtain a balance including inter±system interference.  When the number of TDMA users

increased, the inter±system interference imposed on the CDMA system became more uniform

and thus more easily combated. Thus a better balance is achieved, provided the dynamic range

of power for the CDMA user is not saturated ( at 38 dBm power level ) . However, the better the

balance, the more CDMA interference is thrown back on the TDMA system. Thus the TDMA

performance is an indirect function of the number of TDMA users present in the cell. Moreover,

the TDMA users transmit with minimum power levels of 13 dBm which is much higher as com-

pared to a CDMA user's minimum level of ±50 dBm. Therefore with more uniform TDMA inter-

ference, the CDMA user's power gets saturated much faster than the case when the CDMA sys-

tem is in isolation.

In this thesis, the prediction of results is based on the assumption that no systemic errors would

be encountered in the measurement process at the BS.  Further the results assume that a correct

power control decision is made at the BS and the users receive the power command properly. This

would be untrue in reality due to the presence of interference and other noise in the environment.

The IS±95 analog power control ( open loop power control) was not modelled. However this does

not affect the results critically because the dynamic range of the reverse link closed loop power

control is large and fast enough to handle it. Further a warm up period of 10 seconds is given in

real time before the simulation program starts computing the performance for both the systems.
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This is enough to bring the CDMA user's power to reach a mean level. Also the analog power

control adjusts the transmit level downwards to prevent the mobile transmitting at high powers

in the event the propagation improves suddenly or the mobile is very close to the BS. This was

ignored in our case because all the users were kept stationary.

5.3 Conclusion

For all the  simulation experiments carried by the author, no combination of TDMA and CDMA

users was found where both the CDMA and TDMA system performance were found satisfactory

together. Although there were cases where the TDMA performance was acceptable for certain

combinations of CDMA and TDMA users, but then the hybrid situation was unfruitful due to the

CDMA performance being much below the required threshold. This was due to the system spe-

cific power control schemes that were incompatible and the minimum transmission levels of the

TDMA users that are very high as compared to the CDMA system.

A change in parameters within the GSM power control strategy (constant receive power control)

used by the author did not affect the results greatly. Deviation in TDMA performance by 15 %

and deviation in CDMA performance by 6 % is expected with respect to a change between slow±

up slow±down and fast±up slow±down type controls, which were selected by author for experi-

mentation. Combining Scenario 1 and Scenario 2, the GSM power control parameter set that kept

a TDMA user transmitting at high powers most of the time, reduced the performance of both the

systems except for the case when there was a small TDMA load and a large CDMA load.

A simulation methodology is prone to human errors and modelling imperfections. Further, mo-

bility  was not modelled, a simple pathloss model was chosen, adjacent channel interfere was neg-

lected and a constant noise level at the BS was assumed. The frame formats ignored the bit level

details of the burst relating to interleaving and coding. In reality, interleaving and coding tech-
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niques give an additional gain. Further, the accuracy of a simulation approach, under the assump-

tion that an absolutely correct model had be incorporated in the simulation program, is still li-

mited. This is because of the finite amount of time during which each case is simulated. A chance

of noting a rare event due to the finite time of the simulation run is very small. Further, the results

obtained through probability distribution of signal to noise ratio, hides details in time domain.

The results are sensitive to mobile positions, though uniform user distribution within a cell was

modelled. The position of each user was kept the same for all the simulation experiments. A

CDMA system in isolation, was hardly affected by change in position due to the Eb/Io balancing

algorithm. With the inclusion of the TDMA system using the constant receive power control, the

performance of the joint system would show appreciable sensitivity as positions of the TDMA

users within the same cell are varied.

The results obtained were for no co± cell and no adjacent channel interference ( ACI ). A further

degradation in performance should be expected in a real situation where the mobile is not station-

ary. In this situation there would be Rayleigh fading and inter±symbol interference. Co±channel

interference will depend on the frequency overlay plan of the CDMA / TDMA channels. The sys-

tem performance of two cells ( may be adjacent ) using consecutive CDMA channels being fre-

quency overlapped by a common GSM channel will be strongly affected by the TDMA users

using that channel, the exact effect will depend on the amount of frequency overlap.

With no fading and no TDMA ±TDMA co±cell interference ( single cell set±up), SFH has no

positive effect. This is because, even if the TDMA users hop, all TDMA users were allocated

channels which were completely overlapped by the CDMA channel.  SFH provides interfere di-

versity and mitigates fast fading to some extent. But with more TDMA co±cells and inclusion

of fading, SFH will undoubtedly provide a gain in the joint performance.
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5.4 Recommendations

The TDMA system was modelled with the GSM constant receiver power control scheme. This

power control operates irrespective of any interference present on the link. The GSM power con-

trol as mentioned in GSM also provides the network operator a choice of using C/I balancing.

Implementation of C/I balancing scheme is highly recommended for further study of feasibility.

Incorporation of C/I balancing for the TDMA system would improve the performance for both

systems because, the TDMA users would then try to attain a balance with themselves and the

CDMA system. This is still not expected to improve the performance dramatically, because the

GSM power control is slow in nature and the fact that minimum power level of the GSM user

is very large ( 13 dBm) as compared to a CDMA user's minimum ( ±50 dBm) power level.
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Appendix A

Radiation Pattern of the BS Antenna Used 

for Simulation

The radiation pattern  [2]  for a 120 degree sectored cell antenna is described by the  table A.1.

The pattern is symmetrical for the other half. Each antenna  boresight is pointed towards its re-

spective centre of the cell and the angle below is with respect to this axis [2]. See figure 3.3.Eleva-

tion  Gain = 0 dB for the above angles. Nominal Gain = 17 dB.

Azimuthal Angle(degrees) Azimuth Gain (dB)

0 0

1.5 0

3 0

4 0

7 ±0.1

9 ±0.2

13.5 ±0.3

20 ±2

25 ±2.9

35 ±5.1

40 ±6.2

80 ±14

90 ±15

105 ±22

125 ±32

145 ±29

160 ±34

180 ±32

Table A.1: Azimuthal Angle vs Gain of the BS Antenna Used for Simulation
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Appendix B

Uniform to Log±Normal Transformation

Let X and Y be two independent normally distributed random variables, and let

  X2
1 , X2

2 , ... X2
n±1 , X2

n also be i.i.d. normal random variables,

  X, Y, X1, ... Xn � N (0, 1) (B.1)

In general,

  X2
1 � X2

1 � ... � X2
n±1 � X2

n � � �
n� (B.2)

The joint probability of X and Y is given as :

  p(x, y) � 1
2 �

e
( x2 � y 2)

2 (B.3)

Expressed in polar coordinates (R,� ) ,

X = R cos�� � � � �� � � � � �Y = R sin� (B.4)

so that 

  R2 � X2 � Y2 (B.5)

We then have

  p(x, y) . dx .dy � p(r, � ) r.dr.d� (B.6)

=>

  
1

2 �
e

( x2 � y 2)
2 .dx. dy � 1

2 �
e

± r2

2 r.dr.d� (B.7)
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Thus,

  � � U( 0, 2� ) (B.8)

independently of R which has density

  
r e

± r2

2 � p(r) and R2 � � 2
2 � exp( 1

2 ) (B.9)

  
The CDF of R2 is F(v) � 1 ± e

±v
2 (B.10)

R2  may be generated as follows.

  Suppose,R2 � V � exp(� ) (B.11)

then 'V'  is a random variable with  distribution function

  F(v) � 1 ± e±� V which is uniformly distributed. (B.12)

=>

  u1 � e±� V � U( 0, 1) (B.13)

   or V � ±1
�

loge (U1) (B.14)

  For R2, � � 1� 2, �� R2 � ±2 loge( U1 ) �� R � ±2 loge( U1 )� (B.15)

Thus,

  X � R cos(� ) � 2 loge(U1)
� cos(2� U2)

Y � R sin(� ) � 2 loge(U2)
� cos(2� U2) are normal.

(B.16)
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To generate a pair of log±normals with underlying mean m and standard deviation � ,

  S� 10( �
10 X � m

10 ) T � 10( �
10 Y� m

10 ), (B.17)

where m is the path loss (in dB), �  is the shadow spread ( in dB),  and S and T are two independent

lognormals.
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Appendix C

Ovlsim 1.0 Documentation

Ovlsim is a cellular engineering simulation package for joint simulation of TDMA and CDMA

frequency overlaid systems.

Although the package allows each system to be simulated alone, the simulation code has two main

objectives :±

   1. To study the Impact of DS±CDMA on TDMA system

   2. To study the Impact of TDMA on DS±CDMA system

Input to the simulation is via a configuration file, antenna file, and channel allocation files which

completely describe the hybrid system to be simulated. Parameters in the configuration file in-

clude pathloss models, excitations, cell shapes, kind of fading, parameters for slow frequency

hopping, power control, file output status for viewing signal levels variation in time domain and

to obtain (after post processing through Matlab) probability distribution plots for signal to noise

ratios.

Output of the simulation is in the form of a table of resultant frame erasure rates, outage probabili-

ties, average C/I for the TDMA system and average Eb/No for the CDMA system, and their va-

riances. Data files of power levels, Eb/No samples, C/I samples and for probability distribution

estimation can also be created by a proper choice in the configuration file.

Availability of this program can be discussed with :±

Dr. John Asenstorfer or Mr. Bill Cooper

ITR, Signal Processing Research Institute, Warrendi Road. University of South Australia.
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C.1 Ovlsim Usage

Ovlsim < file name that contains system configuration >

If no file name is provided then the default configuration file ºosconfig.datº is read.

The following files must present in the same directory as the executable Ovlsim is in.

   1. sfh.dat ; Slow frequency hopping look±up table

   2. tdma_ch_alloc.dat ; TDMA channel allocation

   3. cdma_ch_alloc.dat ; CDMA channel allocation

   4. osconfig.dat ; Overlay simulation configuration data

   5. filt_coef.dat ; co±efficients for doppler filter ( pre±created by Matlab 

  program )

   6. osimant.dat ; Antenna Radiation Pattern described in Appendix A

   7. seed.dat ; A file that stores the seed value for random numbers

C.2 Configuration File Description

The configuration file is a plain text file that lists the various parameters that describe the CDMA

and TDMA systems respectively. The following table describes the meaning of variables used

in the configuration file.

Variable                 Value / Type Description

impact 0 pure TDMA simulation. 

1 pure CDMA simulation. 

2 CDMA on TDMA impact simulation only.  

Performance for CDMA system is not computed.

3  TDMA on CDMA impact simulation only. 

Performance for TDMA system not computed  

4 Joint simulation. Performance for both systems 



104

is computed.

vadt 0 ±>1 Voice activity talkspurt duration in secs. 

Applicable to both systems. 

vadr 0 ±>1 Voice activity detection ratio. Applicable to both 

systems.  

max_tdma_ms_tx_level 39 Maximum TDMA mobile station transmitter 

power level in dBm. This is GSM's maximum 

power limit for class 1 mobile.  

min_tdma_ms_tx_level 13 Minimum TDMA mobile station power level in 

dBm.  

frames_per_realzn 108 TDMA frames per realisation. 108 corresponds to

1/2 sec in duration. Slow variables such as shadow

fading updates are decided by this count. This

affects both CDMA and TDMA systems although

the count is in reference to a TDMA system only.

shadow spread 6 Standard deviation of shadow fading, which

follows log±normal distribution in dB.   

ms_height 1.5 Mobile station's height in meters. 

bs_height 50 Base station height.  

alpha 3.5 Path Loss Exponent, used in simple pathloss 

model. 

Path_Loss_Model 0 Simple path loss model. 

1 Hata model. 

fading 0 No fading 
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1 Only Rayleigh fading. (Multipath) 

2 Only log±normal fading. (Shadow) 

3 Both.  

tdma_FER_th 6 TDMA frame (or slot) erasure threshold in dB.  

tdma_OUTAGE_th 9 TDMA Outage threshold value in dB.  

cdma_PCG_ER_th             ±15 CDMA power control group erasure threshold 

value in dB. 

min_cdma_ms_tx_level      ±50 Minimum CDMA mobile stations transmitter 

power level. 

max_cdma_ms_tx_level       38 Maximum CDMA mobile stations transmitter 

power level. 

cdma_thermal_noise        ±100 Thermal noise floor in dBm at the CDMA BS

receiver.  

tdma_thermal_noise        ±107.88 Thermal noise floor in dBm at the TDMA BS 

 receiver.  

cdma_target_setpoint 7 CDMA system target Eb/No value in dB its 

C/I balancing power control.  

SHF 0 No slow frequency hopping for TDMA users.

1 Slow frequency hopping used for the TDMA 

users.  

cdma_PC 0 CDMA power control OFF. 

1 CDMA power control ON.  

cdma_ms_pwr_on_level    ±50 Initial value for the CDMA users at which they 

transmit in dBm at the start of a simulation.  
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tdma_PC 0 Power control OFF for TDMA users. 

1 Power control ON for the TDMA users.  

tdma_ms_pwr_on_level 13 Initial value for the TDMA users at which they 

transmit in dBm at the start of a simulation. 

gsm_pc_P1 20 P1 parameter for GSM power control. 

gsm_pc_N1 20 N1 parameter for GSM power control. 

gsm_pc_P2 20 P2 parameter for GSM power control. 

gsm_pc_N2 20 N2 parameter for GSM power control.  

tdma_L_target_setpoint        ±66 Lower threshold receive value in dBm on the 

wanted link for the GSM power control.  

tdma_U_target_setpoint ±63 Upper threshold receive value in dBm on the 

wanted link for the GSM power control.  

channels_per_cell 3 Number of channels available per cell.  

sfh_channels 3 Number of channels available for hopping for 

TDMA the system.  

design 9 9 cell reuse topology. 

12 12 cell reuse topology.  

number_clusters 1 ±> 19 For a 9 cell reuse structure. 

1  ±>13 For a 12 cell reuse structure.  

tdma_test_user a  b  c a ±> test users cluster number 

b ±> test users cell number 

c ±> test user's reference number.  

e.g  5  0  2   indicates the user number 2 in cell 0

of cluster 5 is the test user.  
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cdma_test_user a  b  c a ±> test users cluster number 

b ±> test users cell number 

c ±> test user's reference number.  

e.g  5  0  2   indicates the user number 2 in cell 0

of cluster 5 is the test user. 

Note : ± The CDMA and TDMA test user reference

addresses may match, yet they are unique by virtue

of their system type.  

cell_radius 1000 Radius of a cell in meters.

excitation 0 Center excited. Base station located at the centre of

the cell with an omnidirectional antenna.

1 Corner excited. Three cell share one Bs and the BS

is located at a corner of each cell with a directional

antenna pattern as described in file osimant.dat. 

cell_shape 0 Circular cell shape. 

1 Hexagonal cell shape.  

total_tdma_users 1±>24 Total number of TDMA users per cell.

total_cdma_users 1±>40 Total number of CDMA users per cell. 

test_user_location x , y Coordinate of the test users. e.g. 866,±500 for a 12

cell structure is the worst location for a user in cell

0 for a cell radius of 1km and corner excitation. 

This worst location can be found by running the 

option ºfind worst locationº when the main menu

is presented when a simulation is run. This value
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can then be input to the configuration file and the

simulation run again for some impact study.

realisations 2000 Number of realisations ( each 1/2 duration) to be

simulated.  

start_perf x Start calculating performance after 'x' realisations

have elapsed. This decides the initial warm up 

period before samples are dumped to their 

respective files and performance computation is 

done. e.g x =20. 

                    Off/On

write_data 0 / 1 Master switch for all switches listed below except

write_SIR.

write_td_wanted 0 / 1 TDMA test user wanted link signal.

Output file ± td_wanted.

write_cd_wanted 0 / 1 CDMA test user wanted link signal.

Output file ± cd_wanted.

write_C_I 0 / 1 TDMA C/I samples.

Output file ± td_C_I     

write_Eb_No 0 / 1 CDMA Eb/No samples

Output file ± cd_ebno

write_cd_intf 0 / 1 Interference signal at CDMA BS Receiver

Output file ± cd_intf

write_cd_va 0 / 1 CDMA Voice activity samples 
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Output file ± cd_va

write_td_va 0 / 1 TDMA Voice activity samples               

Output file ± td_va

write_td_pwr 0 / 1 TDMA transmitted power samples

Output file  ± td_pwr

write_cd_pwr 0 / 1 CDMA transmitted power samples

Output file ± cd_pwr

write_SIR 0 / 1 Outputs C/I samples to file CI and Eb/No samples

to file EB. These files are specifically created to be

processed by Matlab to obtain their respective PDF

plots and cannot be used for time ± domain 

viewing of data collected due to discontinuous 

transmission. 

window_start x Allows to collect data from x±th realisation 

onwards. 

window_end y Ends collection of data after y±th realisation has 

elapsed.
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C.3 A Typical Example of Configuration File

// varying tdma users while keeping cdma users constant.

impact = 4  // 0=>pure tdma;  1=> pure cdma , 2=> cdma on tdma,  3=> tdma on cdma, 4=> joint

cdma_fr_rate = 50

tdma_fr_rate = 216.66

vadt = 1.0        // 1 sec talkspurt

vadr = 0.4 // voice activity ratio

max_tdma_ms_tx_level = 39

min_tdma_ms_tx_level = 13

frames_per_realzn = 108

shadow_spread = 6

ms_height = 1.5

bs_height = 50

alpha = 3.5

Path_Loss_Model = 0   //0 => Rowe     1=> Hata

fading = 1   // 0 no fading, 1 only rayl, 2 only shad, 3 both

tdma_FER_th = 6     //dB

tdma_OUTAGE_th = 9  //dB

cdma_PCG_ER_th = ±15   //dB 

cdma_OUTAGE_th = ±13   //dB

min_cdma_ms_tx_level = ±50  //dbm

max_cdma_ms_tx_level = 38    //38   //dbm     38± (±50) = 88dB dynamic range.

cdma_thermal_noise = ±100  //dBm  thermal noise power at the  Bs Rx.

tdma_thermal_noise = ±107.888 //dBm thermal noise power at the BS Rx

cdma_target_setpoint = 7   //8    //dB

SFH = 0      // 0 OFF, 1 ON

cdma_PC = 1 // 0 OFF, 1 ON

cdma_ms_pwr_on_level = ±50  //dBm

tdma_PC = 1

tdma_ms_pwr_on_level = 13   //dBm

gsm_pc_P1 = 5     // power up if P1 out of N1 are below _L_target_setpoint

gsm_pc_N1 = 20  

gsm_pc_P2 = 20       // power down if P2 out of N2 are below _U_target_setpoint

gsm_pc_N2 = 20

tdma_L_target_setpoint = ±66;    // Lower threshold

tdma_U_target_setpoint = ±63;  // Upper threshold

sfh_channels = 3

channels_per_cell = 3

design = 9            // 9 or 12 cell corner reuse 
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number_clusters = 1  // 19(9±cell) or 13(12±cell) clusters including test cell

tdma_test_user =  0 0 0   // cluster, cell, number

cdma_test_user =  0 0 0   // cluster, cell, number

cell_radius = 1000     // in meters

excitation = 1        // 0 for center ; 1 for corner

cell_shape = 1        // 0 for circle ; 1 for hexagon

total_tdma_users = 2  // total number of tdma users in each tdma cell

total_cdma_users =  1   // total number of cdma users in each cdma cell

test_user_location = 866 , ±500    // x , y   ±866, ±500 for 12 cellrealisations = 322

start_perf = 20       // start calculating performance 10 realisations onwards

write_data = 1        // 1 ON    0 OFF

write_SIR  = 0        // dump C/I and Eb/No values in files CI and EB resp for pdf inspection

write_cd_va = 0 // for time domain inspection

write_td_va = 0 // for time domain inspection

write_td_pwr = 0 // for time domain inspection

write_cd_pwr = 0 // for time domain inspection

write_td_pwr = 0 // for time domain inspection

wirite_cd_intf = 0 // for time domain inspection

write_cd_Eb_No = 0 // for time domain inspection

write_td_C_I = 0  // for time domain inspection

write_td_wanted = 0 //for time domain inspection

write_cd_wanted = 0 //for time domain inspection

window_start = 21     // start dumping samples to files

window_end   = 321       // stop dumping samples to files

bell = 0      // 1 => ON 0=> OFF if cdma power control exceeds 38 dBm

+++++++++
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C.4 Program Menu

The following menu is presented when the simulation program is run. This menu provides a

number of diagnotic utilities along with the main program. This menu also shows how time do-

main samples of the main parameters governing the simulation can be obtained.

   

MENU

   

====

 1. Run Simulation

 2. Run Checklist

 3. Check Time Overlap

 4. Check Frequency Overlap

 5. Find Worst Position in test Cell

 6. Check Slow Frequency Hopping

 7. Check Voice Activity

 8. Run TDMA Simulation

 9. Run CDMA Simulation

10. Check Fading

11. Check Pathloss

12. Check Link Parameters

13. Check Gain

14. Read Config

15. Quit

____________________________________________

Enter your choice :
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C.5 A Sample of Checklist Generated by Ovlsim

Name of topology: Nine Cell

cluster ref. no# 0

cells per cluster # 9

anchor =(0,0)

cell number :0

cell radius :1000

cell center :(0,0)

Excitation : Corner

shape : Hexagon

total tdma users :  2

total cdma users :  2

tdma subband no: 0

cdma channel :0

Hopping Seq. No : 0

Base station located at : (±750,±500)

Boresight angle : 33.5558

tdma mobile ref:no. : 0

mobile locn : (866,±500)

sub±band : 0

Rf channel : 0

Time slot no: 0

VA P0 : 0.00462963

VA P1 : 0.00308642

gain_own_bs = 12.2177

tdma mobile ref:no. : 1

mobile locn : (±228.541,698.59)

sub±band : 0

Rf channel : 0

Time slot no: 1

VA P0 : 0.00462963

VA P1 : 0.00308642

gain_own_bs = 12.4132
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cdma mobile ref:no. : 0

mobile locn : (866,±500)

Cdma channel : 0

VA P0 : 0.02

VA P1 : 0.0133333

gain_own_bs = 12.2177



115

Appendix D

Mor e Output From Simulation Program

D.1 Repeatibility of Probability Distribution Plots when 

Simulation is Run for 2000 Realisations

Fig. D.1: Single Cell, SFH, No Fading, 24 TDMA Users, 4 CDMA Users, Corner Excited
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D.2 Time Domain Plots Corresponding to Figure 4.6, but GS2

Case

Fig. D.2: Time Domain Signal Levels For Test Users

Single Cell, Corner Excited, 25 CDMA Users, 1 TDMA User, SFH

No Fading, GSM Power Control Type± GS2, CDMA Target Setpoint = 8 dB
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Fig. D.3: Results as in Figure D.2 Graphed on a Smaller Time Scale

Fig. D.4: Results as in Figure D.3 Graphed on a Smaller Time Scale
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Appendix E

Doppler Filter For Rayleigh Fading

E.1 Matlab Program to Create Filter Co±efficients for 

Implementation of FIR 2 filter within the Simulation 

Program

%Generation of filter co±efficients for an FIR2 filter
%
clear all
clg

% Frequency Magnitude Response of an Approximated Doppler Filter 

f=(0.0:0.05:1.0);        % frequency variation

m=[1.0,1.2,1.5,1.9,2.8,4.0,6.0,9.0,15.0,25.0,1.00,0.05,0.03,0.02,0.01,0.005,0.005,0.005,0.00
5,0.005,0.005];     % magnitude variation

plot(f,m);         % show freq±mag plot

pause

title('Bathtub freq±mag response due to doppler');

B = fir2(8,f,m); %Generates the FIR filter ±coefficients of 8th order FIR whose freq±mag
response is as shown above

save filtcoef.dat B ±ascii % save filter coefficients in the file ( interface for Ovlsim )
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E.2 Matlab Program to View the Probabilty Distribution and

Spectrum of the Rayleigh Faded Samples Obtained from

Ovlsim

% To view the spectrum of the Rayleigh fading signal obtained from Ovlsim

% load data obtained from simulation program

load rayl_imag.asc   

load rayl_real.asc

load rayl_mag.asc

% plot a histogram to check the magnitude has Rayleigh envelope

hist ( rayl_mag, 20 )

R = rayl_real + j * rayl_imag; % Convert data to complex form

pause;

psd(R);

[Pxx,fr] = psd ( R ); % power spectral density estimate of R

pause

% view the spectrum 

plot( fr±1.0 , fftshift (Pxx));%  left and right halves swapped
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