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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
alot of investigation has been conducted on broadband CDMA oyedaylittle research

hasbeen conducted on narrowband overlay in the past.

In this studya simulation methodology has been adopted to ascertain the behaviour of the
CDMA and TDMA systems when using the same frequency spectrum, geographic region
andtime. 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 I1S+95. A hybrid model
is developed to assist in writing a simulation program, taking into account the cellular
parametersuch as fading, pathloss etc. and system specific parameters such as frame
structure channel allocation, sectorisation, discontinuous transmission, power control etc.
Thedepth ofthe frame structure for each system is selected, that is, enough for the power
control and slowfrequency hopping (for GSM) to work properBased on the hybrid
model,a generalised C++ based simulation progr@wisim,was written to imitate the

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

main parameters of the simulation program.

The performance is computed in terms of received interferencgieaeat a burst level.
A burst corresponds to a transmission, on a time slot for GSM, and on a power control group
for 1IS+95. Threshold erasure rates are defined for the CDMA and TDMA system and are

comparedwvith recorded erasure rates obtained via simulation.
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Chapter 1

Introduction

1.1 Thelnception of an Overlay

Theinsatiable demand of cellular radio on spectrum usage has created a burden on spectrum ma
agementThis inspires research on future multiple access schemes which provide a greater spec
tral efficiency. The cellular spectrumfefiency 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 o
a CDMA and TDMA system. In the past, much work has been done on the study of &&ndad
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 "carrifequency
slot'. Each carrier is then dividedto 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 subsziber

is finished, or until that original call is handed tf a diferent 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 mihe candidate systems that were proposed to be the future pant
Europearsystem. The proposed digital systems employed a variety of access methods,-transmis
sionrates and modulation schemes. Six adopted TDMA, another two proposed Gl

/ TDMA and one used FDMA in uplink. Subsequenidyporatory and field testing led to the eon

clusionthat the spectrum f&giency of all candidate systems wegual or better that of the first
1



generatiomnalog systems. The two hybrid systems proposed, were not accepted because the
requiredbroadband radio systems and very complex baseband signal processing. A broadban
systemis susceptible to spurious interference trepredicted performance seemed impractical.
Also the implementatiomvas not cost and timefettive. Finally the TDMA / FDMA system

"GSM' system was chosen [4].

With CDMA, unique (nearly orthogonal) digital codes, rather than separate frequency slots or
channelsare used to dérentiate subscribers. The codes are shared by both the mobile station
andthe base station, and are orthoganahature. CDMA utilises a transmission bandwidth

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

Thegenesis of a CDMA system took place with the need of an antitjam system for military ap
plications.Though the CDMA system was propogsbdoretically in 194@ but a practical ap
plicationin the commercial world took place 40 years latéis was due to development of digi

tal integrated circuits that reduced the size, cost and weight of subscriber stations to be acceptab
andthe need to have a multiple access system in which the users transmission levelslane very

In March 1992, the TIA (dlecommunications Industry Associatiastablished the TR+45.5
subcommitteavith the aimof developing a CDMA standard, and in July 1993, the TIA gave its

approvalto the CDMA 1S+95 standard.

A question of particular importance for ttesign of future cellular radio systems, GSM in par
ticularis whether the CDMA and TDMA systeran coexist, and if yes, up to what extent ? The
term coexist implies that both the systems share the same spectrum, operate simultandously

aresituated at the same geographic region.



1.2 TheReseach Problem

Cana multiple access scheme using a frequency overlay of a narrovCbaid system and
a TDMA system provide greater spectral &fiency and / or additional benefit with respect to

eachsystem in isolation ?

Therehas been a long and still ontgoing ( at the time of writing this thesis ) debate, to decide the
superiorityof either system. Currently CDMA and TDMA mobiles cannobperated in the
samecell. 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

graphiclocation ) .

1.3 TheReseach Objective

In this work,a simulation approach is adopted to evaluate the performance of a cellular systern
thathas both CDMA and TDMA systems. The two systemsexist using the spectrum overlay
techniqueThe TDMA system parameters are choseoh that it resembles the European GSM
systemwhereas 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
enceenegies in the two systems. This will behieved 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:tCDMA on TDMA system. + Impact 1

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

Thefirst impact will be known by ascertaining the performance of both the systems keeping small
numberof CDMA users and a lge number of TDMA users within a cell. Converséhe magni

tudeof second impact can be found out by computing the perfornwrmsh the systems by
3



keepinga lage 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 alsoimport
antfrom a practical point of viewror examplepne would like to know how many 1S+95 users

couldbe 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
boththe systems in this scenarioeWould like to ascertain if it is possible for the two systems

to harmoniously cozxexist giving better capacity and / or quality to the users.

A simulation program named "Ovlsim' has been develdyeithe author to simulated the CDMA
and TDMA systems. Thisimulation program is strongly linked to "Cellsim' [2] where the latter

simulatedthe 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 schen
employingan overlay is worth simulating. In [10] a system was proposed in which an additional
andoptional CDMA component can be introduced by poolingumber of, e.g. 8, adjacent-fre
guencyslots of 200 KHzach to form a broader frequency slot of 1.6 MH#hiw the CDMA
spreadbandwidth, 8 CDMA users are activeitiithe Introduction of the CDMA component on
GSM, interferer diversityand frequency diversity can be achieved. The optional component
couldbe activated or switchedfafepending on the cell type and mobile speeds in order to obtain

maximumpossible capacity

Whethera narrow band CDMA ( 1.25 MHz) system aarerlay a TDMA system continuously
remainsunexplored ( to the authors knowledge) and needs to be investigated through analysi:

andsimulation.



Recentlymuch emphasis has gone into the use of nidtehs to cancel the narrow band interfer
enceimposed on the CDMA channel. This suppression filtenasched to the interference pres

ent. Simulation results on the use of agile notch transmacéive filters in case of overlay of
broadband®QPSK+DS+CDMA (6 MHz) on GSM [19], show that at nominal 2/3 loading, the
B+CDMA overlay can nearly quadruple the totalficafvith notch filters and approximately -ri

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

work should relax such assumptions.

Resultsfor a simulation of an overlay of Narrdvand CDMA ( NxCDMA, 1.228 MHz) system

on AMPS [20] showed that, at least two cells between AMPS and N+CDMA cells mia$t be
vacant( as adead+zone). The NxCDMA users need to transmit 180 times more power than in
systemawithout AMPS interference to achieve reliabmmunication. The cellular model with
hexagonatells, 3 cell reuse and power control was assumed. The undesired dead+zone caus
a significant capacity loss. Both the power controls chosen were tédhstant taget receive
power' types, whereas, it is desirable to have a C/I balancing for the CDMA case. Also the AMPS
systemin contrast to GSM system does not use SFH, thus interference and fast fading togethe

havea more pronouncedfett.

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

ferers.Notchfiltering 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 grewthe efectiveness of the filter decreased. Also peeformance of the CDMA system

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

Thefact that our work does not intend to use agile nbtihs 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
5



thenarrow band CDMAchannel. An attempt to remove the unwanted TDMA interference-exper
iencedby a CDMA user by the use of filters woukehd to deteriorate the performance of the

DS+CDMA system, especially when the number of TDMA users age lar

In [9] the authors conducted field tegtsan overlay of DS£tCDMA PCN (personal communica

tion network) signals on the fixed service narrow band microwave point to point liwkskifids

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@xd he
perimentsvere to demonstrate that the two fundamentalfigiht systems could coexist. It was
notedthat PCN voice waveforms which were spread to 48MHz uspmgad spectrum tech
niques,experienced deep frequency selective fading, some of the fades having coaedent
width exceeding 10 MHz but causiogly a nominal loss to the waveform. It was concluded that
narrowbandsystems, such as FDMA, TDMA and evEh MHz wide waveformsould sufer
significantattenuation due to whatould appear to them to bdlat® fading whereas the broad

bandspread spectrum signal were more immune to such conditions.

Efforts have been made in the past to study the performance of interference limited systems b
subjectingto variations in several parameters which govern the capacity g&sitlsimis a cel

lular engineering TDMA simulation package for coxchannel interference limited systerns. It al
lows a wide range of cellular system topology to be specifiedpamdluces cotchannel interfer

encedistributions, frame erasure estimates and outage probabilities [2].

1.5 Outline of the Thesis

The study involved the investigation dine feasibility of an overlapf a DStCDMA system on
a TDMA system. The thesis is divided into five chapters. Chapter 1 discusses the problem anc

the benefit of the research on the available cellular radio technologygigiining the possibility
6



of more spectrally &tient cellular radio technique. erature review provides an understand
ing of the past experiments in termstléir models and methodolgdiius indicating the motiva

tion for the study

Chapter2 deals with the methodology adopted to attack the feasibility issues related to the joint
systemunder studyThis chapter provides a mathematical model of the two systems, fohch
thebasis in understanding the joint system. Methodology to compute the impact of one systen
ontheother is described. The most important factors which dirediégtahe mutual protection
between the two systems are accountad.quite evident that for a N*CDMA /TDMA overlay

both systems impose interference on each offtez chapter describes a cellular model taking
into the account that the interference is a functionabfannel allocation ( frequency overlap be
tweenthe two systems), frame durations and their distribution along tirme (overlap), voice
activity (discontinuous transmission), topology ( e.g 9 cell reuse), degree of sectorigation,
frequencyhopping, power control and type of fading. The terminology used in the model is kept
sameas 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.

Chapter3 givesthe description of the flow diagram of the simulation program developed by the
authorin C++ andthe test procedure used to verify the various modules within it. An optimistic
analyticalmodel is presented to predict the joint capacity of a TDMA / CDMA system using an
overlaytechnique. Howeveseveral assumptiongere made that are not realistic in nature and

thuslead to an exaggerated prediction.

Chapter4 providesesults 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

CDMA and TDMA systems behave like IS+95 and GSM respectiVlly performance of each
7



systemis 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
systemis met with satisfaction in a single cell before we should look at a much bigger (multixcell)

topologywith more complex channel allocation andefiént reuse schemes.

Finally, the results available in chapter 4 are concluded and discussed in chapter 5. The conclusio
explainsthe extent of feasibility of a joint system from the condititirag were simulated by the
author.Inferences with respect to other factors that were ignored for the sake of reducing the
complexityto attack the problem are also drawn. Discussions leading to future wock tict
provevery useful for further understanding of the problem or any improvement to the results,

areprovided with a wider perspective.



Chapter 2

Cellular Model, Methodology And
Performance

2.1 Introduction

This chapter describes the main parameters of a celfatadel that would &&ct the performance

of the CDMA and TDMA systems. The parameters are split into common and system specific
with respect to the TDMA and CDMA system§he common parameters such as pathloss, fading
etc.areapplicable to both the systems, whereas system specific methods of implementation o
parametersuch as discontinuous transmission, frequency hopping etc., are explained individual
ly with respect to GSM and 1S+95 standards. For the CDMA / TDMA oventgprtant factors

that would influence the amount of interactibatween the two dissimilar systems, in conjunc

tion to the known cellular parameters, are explaindcgummary of link parameters is then de
scribedin the form of a list of variables, to assist in writing a mathematical model, witbjbe

tive to compute the amount of wanted and the unwanted signal levels received at a BS. Th
knowledgeof wanted and unwanted signal levels is required to compute the signal to noise ratio
atthe input ofthe receiver at a BS, samples of which are then processed according to various per
formancemetrics schemes described at the efithe chapter for evaluation of the joint working

of the CDMA and TDMA systems.



2.2 PropagationLoss

This section deals in various forms of signal losses betadeamsmitter and a receiv@ihe main
component®f propagatioross are : freetspace path loss, path loss due to reflections, loss due
to shadowing and cancellation of signal due to arevaignal by many paths. Each component

is discussed and a suitable model is indicated for incorporation whthisimulation program.

2.2.1 PathLoss

A loss between a transmitter and a receiver is defined as the ratio of the received power to tf
transmittedoower The Friis freexspace transmission formula [5] indicates that the free space
lossis inversely proportional to second power of distance between the transmitter and the receive

andis given as :*

L(dB) £10log(Gy) £10log(G;) =20og( ) 20 log(d) 21.98 (2.1)

Where G; andG; are antenna gains at the transmitter and receiver respectivieé/wavelength

of carrier andd is the distance between the transmitter and the receiver

However,a transmitted radio wave in a fl@rrain 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 Friist free
spaceformula is further modified due to the inclusion of factors like : absorption of signal in the
ground,phase shifbetween a direct and indirect arrival, angle of incidence, polarizatien, fre
guencyetc. The angle of incidence and the angle of arrival depend on the dietiglttransmitter

(hy) and receiver (f leading to the Inverse Fourth+Power Loss formula :+

L(dB) £10log(Gy) £10log(G;) +200g( hy.hy) 40log(d) (2.2)
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A loss due to difaction of a signal through hills, buildings, trees &@iven by the Fresnsl’
knife edge difraction loss [4, 5, 6]. If the signal $efs multiple and series of #i&ctions 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
positephases, a null will occur and subsequently the link will cease. Howkthex following

inequalityis true then the null situation can be circumvented.

2 .h.h

d (2.3)

Severalpath loss prediction model are available such as Egli, BloquisttLadell, Longley + Rice,
Okumura,and Hata [4]. This is not an exhaustive list, and every model has some weakness ani

applicability but Hatas model is most widely used.

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

The path losé$j, on each interference link is given as :
d
| (dB) | ef 10. -|0910(d—) (2.4)
ref

Where the attenuation factor = 3.5, and for simplicityat a distance of;gt = 1 meter

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

1(dB)  35.log,(d) (2.5)

Theabove path loss formula provides a very simple method for prediction opatthioss and
canbe very easillaccommodated in a simulation prograret,Yve would still want to know how
theresults are &cted with the use of a more accurate prediatiadel. Hata [4] has derived

anempirical formula based on Okumuwsaesults which were based on the measurements taken
11



in the Tokyo area. The Okumumatesults are not easy to use for computer simulation because

theyare described by various curves. The followseg of equations describes the Hata method.

L(dB)  69.55 26.16 loghgs*alye  (44.9 £6.55l0g,hgs)log; (d) (2.6)

where Rs , hmsare the heights of the base station and mobile station respectively .

For lage cities ,

a(hyed  3.2[log;o(11.75h,9 12  4.97 if f 400 MHz 2.7)

a(hyd  8.290log;(1.54 912 111 if f 200 MHz (2.8)

and for medium and small cities,
athyg (Lllog,ef 0.7)hys (1.56logyf  0.8) (2.9)

The undermentioned limits apply to the Hatalodel : +

150 < f <1500 MHz, 30<d3 <200m, 1<fijs<10m, 1<d<20Km

2.2.2 SlowFading

A mobileradio signal apart from the path loss as described in the previous section additionally
suffersfrom attenuation due to obstructions in form of buildings, vehicles, terrain feature, tunnels
etc. Shadowing attenuation has a logtnormal distribution of the local mean signal. Dé&oting

asthe local mean received signal power in mW and defining

s(dBm) 10.log(R) (2.10)

the probability density function ( PDF ) sfis given as :

PshadS) L e 3. (2.11)



Wheremand s are the mean (dBm) and standard deviation (dB) of the local meanssignal
Theabove equation resembles a normal distribution, and since all variables are expressed in log:
rithm of the actual scale, the distribution is ternfegtnormal. The parameter is calledshadow

dB spreadand quantifies severity of shadowing. kmban environments the typical shadow

spreadies in the range @ to 8 dB[1,4,5].

2.2.3 FastFading

In a typicalterrestrial mobile radio environment, the received signal is rarely constituent-of a di
rectcomponenbnly. This is due to multit path propagation and vehicle motion. The randomly
placedobstructions impose dé@rent attenuations and phases on the signal. As a result the re
ceivedsignal is a summation of inphase and quadrature components. The gfhthsesaves
areassumed to be uniformly distributed from 0 to &nd 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 |
Rayleigh fading and the PDF oéceived envelope, with standard deviation is given [5]

as:

Prayi(V)  _ez2.,r O (2.12)

Thepower spectra input at a receiver due to motion ofrtblile moving at a speedand carrier

wavelength is limited to a maximum frequency Doppler frequefigy

fy v (2.13)
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The Doppler powesspectral density for an ideal land mobile radio channel has the following re

sponsg24] :

—L i 6
b (2.14)

W( )

0 elsewhere

2.3 DiscontinuousTransmission

The power spectral &tiency of a mobile radio system is enhanced by the use of discontinuous
transmissionThe higher spectral fiency is achieved due to reductioninterference caused

by each user on the remaining coxchannel users. Additiptielpaverage poweonsumedy
amobile is reduced. Theiscontinuous transmission scheme is made possible through the use
of digital speech interpolation techniqueitMthis technique a transmitter is made to transmit
continuouslyonly for durations of voice activitypuring the other times, transmissiordisne
thatwould just be enough to convey the background (comfort) noise. By the use of spectral do
main techniquesand threshold comparisons jointihe problems of false noise triggering,

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

Voice activity for each user is represented by a Gilbert 2tstate model [1]. The two states are
activeand inactive respectivelyThe transition probabilities ofioving from one state to the other
arecomputed baseohn the parameters : frame rate, voice activity ratio and mean talk spurt dur
ation.For the GSM system the typical voice activity ratio amehn talk spurt duration is 50 %
and1 second respectively[1]. Similaslhe typical voice activity ratio and metaik spurt dur
ationfor the 1S£95 i85 % and 1 second respectiveljne CDMA system has a smaller voice
activity ratio than the TDMA system, because of the time delay associated with reassigning the

channelresource during the speech pauses and thus does not turn out to Heatost £5].
14



The discontinuous transmission for the TDMA system is based on Gilbert model, wherein, the
transmissionsluring each users burst is switched on @rladsed on the transitiggrobabilities

workedfor the CDMA system.

The same method applies for the CDMA system, except that the voice active state is worked ou
for each frame, but due to the specific discontinuous transmission method for the |Sx@ththe

od has a few more steps. The 1S+95 system is assunmagleEment discontinuous transmission
throughvariable data rates of 96@ps (full rate) and 1200 bps. This is done by dividing a-com
plete20ms frame in 16 subgroups called power control groups. Each power control group is
transmittedas a unit with a fixed data rate of 9600 bps. During inactivity (silenods) all PCGs
arenot transmitted. Only two are transmitted which are further pseudo+randomly arranged in
positionwithin acomplete 20ms frame, thus achieving 1200 bps data rate if viewed over 20ms
duration.This technique is also referred tomscturing[3]. During activity all 16 PCGs are

transmitteautilising the complete frame time.

2.4 FrequencyPlan

A fixed traffic densitys simulated and cadlet-ups & handovers are not modelled. A TDMA-sys
temuser transmits on a narrow bartthnnel 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 sectionedandwidth is further divided by the number of cells within the cluster and a subx
bandthus formed, is allotted to each cell. The same sectioned frequency spectrum is repeate
for cells that are siitiently distant to avoid heavy cozcell interference. The techniqpeowfd

ing spatial isolation by virtue of path loss between cozxcells is called frequency reuse and is givel

as:

3.N (2.15)
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whereN is the number of channels per cell.
The capacity and transmission qualityabfystem are inversely and directly proportional to the

frequencyreuse respectively

In a TDMA system two or more users locatedthin the same cell, would never transmit at the
sametime using the same frequendyurther a TDMA user may hop slowly over the channels
allocatedfor its respective cell. If the hopping rate is much less than the data rate then the hoppinc
is termed as slow frequency hopping (SFH). This slow frequency hopping provides interferer di
versityto a TDMA system. The amount of interference encountered by a TDMA user is spread
in time, thus reducing the chance of interference arrithngugh multiple coxcell interferers on

asingle time slot.

Orthogonalhopping sequences as defined for GSM are used in our work. The SFH algorithm
computedhe next channel for every GSM user [15, 4].The algorithm assiwp{ng sequence
numbe ) HSN = 0 (cyclic hopping }o the test cell and HSN = 1 to 64 (orthogonal hopping)
areused by the interfering cellswb channeldearing the same HSN butfeifent MAIOs (mo-

bile allocation index offset, Ja parameter used by the SFH algorithm, never use the same fre
guencyon the same burst. On the other hand, two channels using the same frequency list and san
time slot numbers, bubearing diferent HSNs, interfere for A4th (nis number of channels
availablefor hopping) of the bursts [15]. Thus, to minimise cozxcell interference, all users within

acell are allotted dferent 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
Eachuser experiences intraxcell and intertcell interference. The frequency feuseayf of

a CDMA system is the ratio of intraxcell interference to intertcell interference. A typicse
efficiencyis 65 % [3]. Although a similar channel allocation as for TDMA system can be applied

to a CDMA system too. This would mean arranging cells withiisters, with each cell within
16



acluster using a dérent CDMA channel. But the latter type of chana&cation would bring
handzoffissues under concern because a mobile moving from one cell to another would have ftc

be switched to another frequenagcreasing synchronisation complexity for the CDMA system.

2.5 PowerControl

The power control mechanism deployed in a mobile communication system is designed with an
objectiveof 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 b
auser to combat it, thereby reducing the battery consumption. For the CDMA system, power con
trol has the main objective to combat the nearxfacefif all the users in a CDMA system trans

mit with fixed powers, then due to ¢g variation in pathloss, a user that is near to the BS would
bereceived at extremely high power levels that would drown out the distant users. R. Steele ir

his book [4] writes :+

° If the standad deviation of theaceiver power 'm each mobile at the BS is not coit&d to
anaccuracy of 1 dB (appox.) relative tothe taget received power the number of users-sup

portedby the system can be significantly curtaifed.

This section explains constant receive power control anégig, balancing type power control
usedfor the TDMA and CDMA systems. The two power control algorithms are explained with

respecto their system specific implementations with respect to GSM and 1S+95.

2.5.1 GSMPower Control for TDMA

In the GSM system several power control strategies are mentioned and are left for the networ
operatorto decide [17]For study purpose, we selected a constant receive power control wherein
eachtransmitters power is adjusted tofeét the link parameters on its respective wanted link,

sothat all wanted received powers are at the same level as the test receiver irrespective of ar
17



interference present on the link [1]. Howewercomplete déet is not exactly practical due to
thefinite step size ( dBm) of the power control stratejost of the time, the dérence oftrans
missionpower ( dBm) andhe loss is either above or below the&drsetpoint. This would tend

to cause oscillation of TDMA use power around a mean value. Howetas oscillation is mi
tigatedby introducing two thresholds. Thper thresholghg_uppefor wanted received power

is typically fixed at+63 dBm and the lower threshqdd_loweris 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
sholdand power dowsommand 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 fandblare left for

the network operator to set. However thigyetrlevel is not achieved instantlyhe transmitter
receivespowerup /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 maximug(max)' as
39dBm. The maximum level is assumedtba basis that the mobile operates in class 2 category
[16], creating a total dynamic range of 26 dBreforting periods 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 anc
asampleof the average is produced and storedoltain confidence on the receive povestel
estimatessampling iscarried 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 ( fi
in first out ) stack. A new sample is pushedhe shift register and the oldest is deleted. See figure

2.1.Power control scheme uses the last 32 samples stored, to pakeraup or down decision.

18
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Command

COMPARATOR AND DECISION LOGIC

T T L
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| Setpoint Setpoint |
\/
Parameter Values Provided by the Network Operator

Fig. 2.1: A Simple Analogy to Explain thedfking of
GSM type Power Control

Dueto discontinuous transmission being modelled, it may happen that some reporting period:
receiveno information. The network operator is allowed some flexibittgddress this issue by

usingthe following power control algorithm £

tn =tast + 2 if P1 averages out of N1 are lower tham lowerand tjast <tg(max) (2.16a)
t) = tast £ 2 if P2 averages out of N2 are greater fiarupperand fast> tg(min) ~ (2.16b)
Wheret; denotes th@ower level in dBm of the I£th TDMA burst atigk; is the transmission level

in dBm of the transmitter beforktth burst ( ignoring inactivity) was transmitted.
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2.5.2 QualcommPower Control for CDMA

Ey/Ng balancingtype power control is modelled for the CDMA system wherein each usetf
his link parameters to obtain a fixed (dat ) B/Ng. The CDMA transmissions have a frame
durationof 20ms each, further divided into péwer contol groups(PCGs) of 1.25ms durations
[18]. See figure 2.2 . These power control groups are gated ohdepEnding on the voice ac
tivity. See section 2.3 for voice activity model. Each PCG carries information independésetly
total interference received during a PCG as modelled in section 2.4.2 is calculated. After a com
pletetransmission of a PCG, the base station receiver estimates the &yéxggeeceived
during 1.25ms . This corresponds to pewddix modulation symbols input to the 64+ary or
thogonalmodulator at the transmitter (reverse channel), and compares it wittyed thaieshold
typically 7 dB). A decision of power up / down commasdnade. 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 recepti@pmdwer command
themobile transmitter steps its power up / ddwyna magnitude of 0.5 dB. The minimum control
lable power level t;(min) 'of the CDMA mobile is +50 dBm and maximugimax)is 8 dBW

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

In terms of PCGs the levels are adjusted as follows :+
tm=tm+2)+ 05 if E&/N)ay < and st < tz(max) (2.17a)
tm =tm+2)+ 0.5 if &/N)av> and jst> te(min) (2.17b)
Wheretn) represents the transmission level (in dBmmoth PCG transmittednd fastis the

level (in dBm ) of the transmitter befonextth PCG ( ignoring inactivity) was transmitted.

It must be noted that no power control command will be received ifwes@o PCG transmitted

1.25msbefore the last, as no averaging process is carried at the BS receiver
20
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Fig. 2.2: lllustration of Interference irirhie Domain between a CDMA User and a TDMA
User Partially or Completely Overlapping their Frames.
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2.6 Sectorizationand Radiation Pattern of the
Antenna

Sectorizations a design feature af mobile communications system that tends to eliminate as
muchinterference as possible by virtue of its antenna radiation pattéimditéctional cell cite
antennastypically 12(° sectorsjnterference issimply divided by 3 because, it receives in the
directionof onexthird of the mobile stations [3]. A 9 cell, corner excited, cloverleaf pattern is
shownin the figure 2.4. The test cell ( a cell whose performance is under concern) anchaven
fering coxcells fothe TDMA system can be seen. Basigalye CDMA and TDMA system will
receiveinterference from all ovebut due to sectorization, the radiation pattern of the BS antenna
determinesvhich CDMA and TDMA interferers are received. The radiation pattern and the cell
sitesof the CDMA and TDMA sites are chosen to be the same. This relies on the fact that both
arecollocated such that the sites do not cause any interference to each typeral BS radia

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

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

Gps(dB)  g(dB)  Qgaz(dB) g (dB) (2.18)

Where'g' is the nominal gain ( gaiover an isotropic antenna ) typically 17 dB, ang' 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. 2.5: A Typical Radiation Pattern of the BS Antenna
with O dB Elevation Gain
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2.7 TheHybrid Model

In [1] a terminology for coxchannel interference was develdpedure TDMA system. The
authorhas used the the same terminology and has introduced a few more variables relevant t
thejoint model.Table 2.1 lists the variables that can be applied to both the forward (not implem
entedin the simulation program) and reverse links ailtiform the basis for a mathematical

modelto be developed. Let user (i,j) represent the jtth user in cell “i'. See figure 2.6.

All parameters are assumed totimee invariantover each TDMA frame duration.

Pij =[ tij - Lij -Sij -Rij + Gij 1 vij
I = pij = [tij -ij - sij - rij +gij ] vij

0-th user in cell- 0

INTERFERING CELL

(34
(CELL ) W=poo=[ tij -lij -sij-rij+gij vij

TEST CELL (CELL i= 0)

Fig. 2.6: lllustration of Interference Link Parameters as Applied to a CozCell
W => Wanted Link; | => Interference Link

A test cell is defined, which contains thantedink between test mobile (0,0) and the base sta
tion. All other links on the same radio channel are considered to be interference. The simulatior

runsunder the assumption that adjacent channel interference can be neglected [1].
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Variable

Description

Type / Value

Zj user (i,j)system type indicator 1=GSM, 2 =CDMA
Radio Channel of the user (i,j).
_ If zij = 1 then cij points to the GSM radio +
G channel, If zij = 2 then cij points to the CDMA -
radio channel
tij user (i,j)transmitter power level dBm
Vij voice activityindicator 1 = active, 0 = inactive
li Path loss from transmitter (i,) to receiver (0,0) dB
_ Shadow fadingttenuation form transmitter (i,j) to dB
Si receiver (0,0)
) Rayleigh fading attenuation from transmitter (i,j)
ri . dB
) to receiver (0,0)
. Received power from transmitter (i,j) to receiver
Pij dB
(0,0)
Lij Path loss fromm transmitter (i,j) to receiver (i,)) dB
. Rayleigh fading attenuation from transmitter (i,j)
Ri . . dB
) to receiver (i,j)
P R_ecelved power from transmitter (i,j) to receiver dBm
: (i.J)
dij Distance from transmitter (i,j) to receiver (0,0) meters
Dij Distance from transmitter (i,j) to receiver (i,)) meters
Jij Gain link from transmitter (i,j) to receiver (0,0) dB
Gj Gain link from transmitter (i,j) to receiver (i,j) dB
o Bandwidth overlap of transmitter(i,j) on receiver H
j z
I channel
Percentage time overlap of transmitter(i,j) with +

test transmitter

Table 2.1: List of Main Parameters thafddt the

Performance of a joint System
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2.7.1 WantedReceived Power

Thereceivedwantedpower level for the user (0,0) is given by :*

Poo 0mw if \po 0
Thewanted link is defined as a link between the test receiver and test transmitter of tisgsame

temtype and within the same cell.

2.7.2 InterferencePower

Thereceived interference from user(i,j) is given by :+

Pi 0mw if \po 0
Forthe TDMA system the user experiences interference from the coxcells (GSM users in the
cellstransmitting on the same radio channel) and from CDMA users located within and outside,

if they partially or completely use the same frequency spectrum.

Whereasfor the CDMA system the users receive interference from GSM users and also the
CDMA users both located withemd outside the cell, if they partially or completely use the same

frequencyspectrum.

EachCDMA user occupies a Bandwidth 1.25 MHz ( 1.23 MHedafvely with 10 kHz guard
bandeach side) and the GSM user occupies the specified 200 kHz with a power spectral densit
assumedo be uniformly spread . A CDMA user thus occuples equivalent 6.25 GSM fre
guencychannels. A case arises, e.g. for the 7£th GSM frequency channel, that only a portion o
first CDMA channel is superimposed. A similar situation for the CDMA channelspaitially

overlappedcSM channels will occuiThe frequency plan is as shown in figure 2.7.
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Thereforethe receivednterference power is dependent on the amount of bandwidth overlap of

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

TDMA FREQ. 1 2 3 4 A 13 e 25 26 27
SLOTS

CDMA CH 1 CDMA CH 2 CDMA CH 3 CDMA CHA4

5.4 Mhz |

Fig. 2.7: Radio Channel Allocation Scheme For Hybrid Structure

2.7.3 TDMA on TDMA Interfer ence
The TDMA interference contributed lthe TDMA users (Cozcell interference) on the wanted

link is given by :+

Pjj

i 0j O
whereGj = 1ifceo=¢j i.euser(i,])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

Theinterference contributed by the CDMA users on the wanted link is given by

O Pjj
I, (dbm)  10.log; Cij.W”C.loﬂ'a.vij. i) (2.22)
i
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whereC; =1ifuser (i, )'s CDMA channel overlaps the TDMA frequency slot

partly or completely antlVc= 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
Pjj
I3(dBm)  10.dogy(  Cj.10 0. . ;) (2.23)

]
i o

whereGj = 1, if oo =¢j i.euser (i, ])isusing the same radio channel.

Note :+ The above equation is same as 2.2&jlueipresents CDMA channels.

2.7.6 TDMA on CDMA Interfer ence

Theinterference contributed by the TDMA users on the wanted link is given by :

O. Pjj
l,(dBm)  10.log; cij.W“t.lol—é.v-- i) (2.24)

ij -
]
j 0

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

completely andVt= 200 kHz.
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2.7.7 ThermalNoise

The CDMA and TDMA systems are interference limited, but an instant can arise when a user
receivesno interference. In reality there is always a thermal noise present at the réldaser
noiseis negligible as compared to interference, thus the systems are called interference limite
[10]. During computer simulation, if interference is zero, the signal to noise ratio goes infinite,

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

The thermal noise is given by :+

N, (dBm MHz)  k.T.B (2.25)

where 'k’ is the Boltzmanrs constant,
'T'" is the temperature in Kelvin

'B'is the Bandwidth.

A thermal noise power spectral densify:106 dBm/MHz for a narrow band CDMA system is
usedasgiven in [20]. Assuming that the systems under study produce a far greater noise floor
thanthe value quoted in the said reference, and letting the CDMA BS noise floor to be as high
as+100dBm / 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 SystemPerformance

This section explains the various metrics that could be used to evaluate the performance of th
joint system. A satisfactory working of the joint system would mean that TDMA and CDMA sys
temachieve their performance above the respective threshglisally, a GSM mobile ise-

ceivedsatisfactorily ifa C/I value of 9 dB [15] is achieved. Similar&n 1S£95 mobils'Ey/Ny
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valueof 7 dB is adequate [33]. Howeyelue to the benefit of coding in a mobile communication
systemthe thresholds need not be met 100 % of the time. See section 4.4 for selectien of per

formance criteria for the GSM and 1S£95 systems.

2.8.1 TDMA Performance
The TDMA performance in terms of burst erasure rate, outageaeerdge C/l have been used

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

Burst Erasue Rate : +
For each timeslot, an erasure is declared whgn/ 1< where is the threshold erasure
value. An erasure is decided based on the above mentioned metric. The burst erasure raie is calc

latedas +

R Number of Erasures
burst  Number of Burst§Transmittedl

(2.26)

Outage Pobability :+

A TDMA Outage is said to have occurred if the ratio of the meant¥d power to mean Interfer
encepower lies below the threshold outage value An Outage is computed after every fixed
interval of time ( called aealisation in the simulation program). On the completion of all realisa

tionsthe probability that an outage shall occur is calculated as :+

Number of Outages
Number of realisation§Transmittedl

Poutage (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

thetotal number of bursts that were transmitted.

T Cly Cl, .. Cluy C Iy
n ( Number of Transmitted Bur3ts

(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 k
level. For a CDMA system a similar approach is adopted as described for the TDMA dystem.
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 Contol Group Erasue Rate ( PCG = ER}

Foreach 1.25ms timeslot, an erasure is declared whgr I where is the power control

grouperasure threshold value. TREGxERis calculated as :+

R Number of Erasures (2.28)
PCG  Number of PCG$Transmittedl

Outage Pobability :+

A CDMA Outage is said to have occurred if the ratio of the meargiper bit to mean Interfer

encepower over a realisation lies below the threshold CDMA outage value °

b Number of Outages
outageé  Number of realisation§Transmitted

(2.29)

Averageby/Ng

An average value of wanted to interference signal is evaluated and the averagepEnbit to
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interferencenoise spectral density is found by the following equation [3]. The avedfgie

is the mean of alE,/Ny received over each power control group on the wanted link.

Eo lo. Eplp e Ep g E, lo
Ey, 1o L 2 T ! (2.30)
n ( Number of Transmitted PC(s
Where,

i Ry

and the spread bandwidth (for ISt9%) = 1.23 MHz and bit rat&, = 9600 bps (assumed ).

2.8.3 Summaryof Performance Metrics

Summarisingthe section, three basic performance metrics have been provided. The burst or PCC
erasurerate giveghe statistics of the performance, by dividing the time into small time units,
andtells us about thprobability 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 aboutthe knov
ledgethat these erasures hasecurred continuously or not. A complete loss of link may occur

if the BS receives no transmission from tibile for a long time. The outage method is a sub+
optimalway 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 performan
is by taking the average of the signal to noise ratios of the smalutirtee This method is how

ever unreliable becausieere may be times when the usesignal is below the system threshold

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

shortdurations would remain uncertain.
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Chapter 3

Simulation and Testing

This chapterwith the help of a flow chart, explains how simulation program works. The basic
moduleswithin the simulation program@vlsim) 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
properlytested. A modular test procedutescribes the testing of major blocks of the simulation
program such as : mobile positioning, channel allocation, path loss, power dauwliraj, voice
activity, etc. Finally an optimistic analytical model to predict the joint capacity is presented.
However,this model suers with respect to a number of restrictions owing to the system specific

methodsused in the working of practical systems such as GSM and 1S+95.

3.1 TheSimulation Program

This section describes the simulation progr@wisim developed by the author for CDMA /
TDMA overlay simulation. This would help the reader to understand how the hybrid medel ex
plainedin chapter 2 is modelled in a computer program. The simulfitendiagram in [1] is

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

for pure TDMA simulation .

The program, divides time into small realisationsoapshots, typically 1/2 second [2]. This-cor
respondgo 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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computeoutage, see section 2.8. A 1/2 second realisation period corresponds to 108 TDMA

burstsfor GSM, 25 CDMA frames or 400 PCGs for 1S+95.

A time slice of 60 msvas found to be very convenient for programming the 1S£95 and GSM to
gether.This is because, a period of 60 ms corresponds to 13 consecutive TDMA burists and
equivalentto 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 th
time overlap every time a user computes the amount of interference from a potential interferer
thistime overlap + look+up tableiisferred. This greatly reduces the computer time required to
simulatea number of realisations. Anothenportant reason for selecting theré8 time slice

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

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 thevéaigtbles such as : Rayleigh fading, TDMA
channelallocation ( slow frequendyopping ), voice activity etc. The period selected is the dur
ationbetween two successive TDMA bursts ( a duration of 4.615 ms ). Hovievtdre CDMA

this period is approximated to 5 ms, as the duration of a PCG is 1.2Zms,is not easy to update
every4.615 ms. This means that the fast variables ihSt85 case are slightly slower than the
GSM case. Howevethis small diference in the rate of change of fast variables is assumed to

havea negligible &ect on the simulation results.

The simulation flow diagram is shown in figure 3.1. The initialisation routreas the antenna
patterntest user locations, channel allocation, cell size, GSM power control parameters etc. Se
AppendixC.2 for a typical examplef configuration file. Based on the information provided in

the configuration file, looktup tables are created to optimise the program. Only those users are
simulatedwhich directly or indirectly déct the test CDMA andDMA users. The program fef

ciencywould be dramatically lost if a new fade level is computed for eachammoximately
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afterevery TDMA burst. A huge btér of Rayleigh and Shadow samples is created based on the
methodsdescribed in section 3.2. Each user is given a random indexlofteeat the start of

the simulation and this index keeps advancing in a cyclic order withifiléhé&or each user to
haveindependent fading, the hef size should be infinite, which is practically impossible.
Therefore a trade dfis made between independence and memory size ( explained further in sec

tion 3.2).

Although the simulatioprogram works serialjysome method must be devised, to account for
interferencesubjected by either system simultaneouBty the GSM system constant receive
powercontrol is modelled. This power control adjusts the TDMA user power levels irrespective
of any interference present on the link. Therefore 6thens TDMA snapshot is invoked first.
Thevoice activity of 13 TDMA burst are set and th@smission levels of all TDMA users are
adjustedaccording 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.

Ew/Ng balancing is employed for the CDMA, this implies that the each CDMA user computes
interferencaeceived 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
basedon the knowledge of theyf\glevel 1.25msbefore the transmission time. Once the power
levelsof the CDMA users are ascertained, using these iterations, the CDMA on TDMA interfer
enceis evaluated fothe 60 ms snapshot. Having decided all the transmission power levels,
wantedand unwanted signal levels, for the 60gnapshot the performance is calculated in terms

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

Alternatively, C/l samples for TDMA, and§iNo sampledor the CDMA are stored in a file to
generatépostprocessed) 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 ho
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badthe performance could get. ThHestribution plots are obtained by processing the data file
usingMatlab or other similar application. For the system settup described in chapter 4, a C/I date

file consumed about 800 Kb and gy data file consumed about 3.5 Mb.

The simulationprogram was developed in C++ and follows a strict object oriented hierarchy as
shownin figure 3.2. The program was written with the aim of experimenting on 9 cellzand
cell reuse structures for TDMA. Depending upon the kind of topology ( 9 cell or 12 cell) selected,
agroup of cells are made to join to form a cluséed a number of clusters group to forwoat
pletetopology Each cell has a CDMA BS and a TDMA BS along with a number of CI2KZ\

TDMA users.

3.2 Simulation of Shadow and Multipath Fading

In the simulation methodologie mobiles are kept stationary resulting in a fixed pathloss- How
ever,shadow fading@and multipath fading model have been incorporated in the simulatien pro

gram.

A methodof finding two logtnormally distributed random variables from two uniformly distri
butedrandom variables is given in Appendix B. This method reduces the computation time by
reducingthe number of steps requireddompute a shadow fade level. This method would im
provesthe simulation (in terms of computation time ) especially if a shadow variable is computed
duringthewanted and interference link power computations. Howeverore optimised solu

tion with a some loss of independence is to create a hufgr bufa file and store a lge number

of samples in advance.

Flat multitpath fading is assumed for both the systems. A Doppler nsogetd to generate eor
relatedfading for each useThe sampling rate is 216.66 Hz i.e. a new fade level is available every

TDMA frame. For the GSM users, a mid value betweencwisecutive 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
levelis updated. For the CDMA users a fade level is computed same as for the GSM users, bt
thelevel computed is kept same for 4 consecutive PCGs each 1.25ms in duration (approximatel
equalto one TDMA frame). Using Matlab, the filter ciefents are computed by passing the
piecexwisdinear Doppler spectrum (bath tub shaped) to an FIR.filtez filter coeficients cor

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

Dueto FIR filter implementation in the simulation program, adéubdf Rayleigh fading samples
mustbe stored. Thus computation of Rayleigh fading during the simulation program will cause
aheavy computational lodaecause the same process is done for all users in a given topology
Eachobserves fading that is independent with respect to other users but correlated within the fad
ing signal waveform of each uséurther each user has to maintain independent fadimge

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

The generated filter co&€ients are then used by the program to write &odontaining 108000
Rayleighcorrelated samples. This size is enough to produce correlated samples for 1080 realise
tions for a CDMA user and 1000 realisations for a TDMA usach realisation being 1/2 in dur
ation.Each user is given a random index tofileeat the start of the simulation and it keeps ad

vancingin a cyclic order within the file.
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Read Configuration file
Read Antenna pattern
Read Channel Allocation
Initialise lookup tabels for:
Time verl;g)
Frequency Overlap
Prepare a list of users that need to
be simulated.
Create Rayleigh samples based on
Doppler model.
Create Shadow samples based on

log-normal distribution.
V=

Start a 60 ms snapshot for TDMA users

Set Voice Activity for 13 TDMA bursts
Apply Power Control for TDMA users
Evaluate wanted received levels for TDMA users

Compute TDMA on TDMA interference

y

Start a 60 ms snapshot for CDMA users

Set Voice Activity for 3 CDMA frames

!

Select a CDMA frame
Select a PCG

Apply Power control to the PCG
Evaluate wanted receive levels

Compute CDMA on CDMA interference
Evaluate TDMA on CDMA interference

Repeat above for all CDMA frames

/

Evaluate CDMA on TDMA interference

L

Evaluate performance

Count Burst Erasures
Count PCG FErasures

Count TDMA outage
Count CDMA outage

Write C/I samples in a file for TDMA
Write Eb/No samples in a file for CDMA

y

NO

Are all Realisations done ?

Fig. 3.1: Simulation Flow Diagram
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Fig. 3.2: C ++ Object Hierarchy Incorporated in the Simulation Code

3.3 TheTest Procedure

A simulation tool would not be reliable unless each module within it is tested and comvjiared
standardesults, if anyAlso the test procedure helps in understanding of each component of the
hybrid system in more detail. This section explains how ezagbrblock within the whole pro

gramwas tested.
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3.3.1 MobilePositioning

The simulation program menu provides an option to generalteeklistthat shows useroordk
natesalong with the centre coordinates ( see Appendix C.4). Cell centres are first verified for both
9 cell and 12 cell topologyA complete topology is created, a number of cells are selected that
aresituated around the test cell and ifetiént clusters. The cell centres of each were verified

usinghand calculation.
The following steps were followed for verification of user locations.

A configuration with cell radius = 1 meter and a circular cell shape is choktn.
bile coordinatesvithin 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 gale@ input to the random

numbergenerators.

The configurationfile is then changed to hexagonal cell shape. User coordinates for

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

Abovestep is repeated a number of times with a new seed value input to the random

numbergenerators.

Sameprocedure was observed for mobiles outside the cell 0 and fiaredit clusters

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

Theabove steps are carried forfdient reuse schemes available within the scope of

the simulation tool.

Theprogram uses a digrent seed value for mobile distribution, than for the remaining program,
andis kept fixed after the above tests are carried. This is due to sensitivity of resukdibe

distributiondue to the dference 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 modelledor simplicity. Further the test mobiles are placed at the worst location in a
testcell toobtain the lower bound. This worst location corresponds to maximum loss, taking into
accountof the gain of the BS antenna. A routine for finding the worst position in a given cell is
availablein themain menu ( see Appendix C.4 and C.5). The coordinates obtained through the

routineare compared with hand calculations.

3.3.2 \Verification of Channel Allocation

The channel allocation can be confirmed by runningcthecklistutility ( see Appendix C.4 and

C.5) from the main menu. This utility outputs initialised subtband and RF channels (within a
givensubzxband) used by the TDMA users. Each cell is assigned a TDMA sulattzhtice GSM
usersslowly frequency hop within this subxband. The TDMA subzband and CDMéh&#
nelsare static in nature. These static channel parameters are read from their respective files, ar
theydo not change till a new simulation is run. The TDMA &fannels are dynamic in nature

and are a function of slow frequency hopping algorithm. cfteek SFHutility ( see Appendix

C.4) from main menu generates samples that show l@8Musets RF channel hops every

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

Figure3.3 shows hopping waveforms obtained fofedént users. Figures 3.3 A, B@&are for
two users in cluster 0 ,within sangell, having same time slot numbers. At any instant of time
thechannels used by the two users are not the same. Further cyclic hopping is used by all use

in cluster 0 [15].

Figure3.3 C, D & E show hopping pattern for three users on the same timeslot located in anothe
cell of a diferent cluster . This cell uses afdient sub+ban@wvhich can be confirmed bgheck-
list). It must be noted that with or without the use of SFBEIMA users within the same cell do

notinterfere with each other
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Fig. 3.4: SFH Performanceithl Hopping Over Five Channels
9 cell, 2 tiers, ¥ = 0.6, Centre Excited, Shadow and
Rayleigh fading, GSM Power Control.

Figure3.4 shows improvement in performance obtained for a complete 9 cell topdkidyhas
produceda decrease in area, under the curve below 10 dB, by a factor of 20% ( roughly ) . This
corresponds$o a gain of 6 dB. Wwas 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
mentwith ourresults, a small dérence in results can be due to the selection fdrdifit param

etervalues such as voice actiyigxcitation etc.
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3.3.3 Testingof Time and Frequency Overlap

Ovlsimcreates look+up tables that store correction factors in the event of partial overlap of frames
in time and frequencylhese values were output during runztime, to check if they do notie out
sidethe limits by simulating specific and easy instances. The lookzup tables were confirmed by
runningcheck fequencyandcheck time overlapoutines from the main menu which were eom

paredwith hand calculations.

3.3.4 \Verification of Signal Level Estimates Made by the
Simulation Program

Severaltime domain signal levels can be obtained that show wanted, interference, transmissior
power,voice activity C/l for TDMA and E/Ng for CDMA system respectivelyror testing pur
posesthe most useful configuration would consist of two or few users that have a potential to
interferewith each othefTime domain plots of their transmission poyasice activity wanted
receivelevels, and unwanted receive levels t#uen plotted. The coordinates and other conditions
areassumed to be known through configuration file and with the help of utflitiesthe tool.
Having obtained all the information, the C/I for TDMA ang/Eq for CDMA obtained through

thetool are compared with the ones that are hand calculated.

3.3.5 \Verification of Path Loss

Thedifference otransmit power and wanted receive power in the time domain plots indicate the
amountof pathloss the user is facing with respect to its own (centre excited) BS. As a further
check,thecheckpathloss outinein the main menu computes the pathloss according to the model
specifiedin the configuration file. This routine accepts two coordinates and computes the path
lossbetween them. These were confirmed using hand calculations. Figure 3.5 sluoasaai

sonof 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 kmaweh variation in path loss could be

causedwith a change in the path loss model.

Fig. 3.5: Pathlossalues Computed by the Simulation Program

3.3.6 PowerControl Verification

Forthe TDMA system the GSM power control parameters P1, N1, P2, N2 were varied to see the
powerlevel changes. Figure 3.6 shows how the above paramdtastaépower control alger

ithm. Table 3.1 lists the values of GSM power control parameters to obtain time plots of power
levelsof 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 te'st oserBS and the worst

positionis approximately 100 dB.
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Figure P1 N1 P2 N2
36xA 5 20 20 20
36+B 20 20 5 20
36xC 20 30 20 30
36D 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, ¥ = 0.5, Pathloss = 100dBg_lower= +66dBm,
pg_upper= £63 dBm, &st User at the @/st Position in the cell

As is apparent from the GSM power control algorithm, a small value of P1 tends to keep the use
transmittingat a level greater than thedet receive levelAnd converselykeeping P2 small,
tendsto drop the usés power level as often as possible. Resoltireggdata obtained from the
simulationprogram in time revealetthat the power level changes were no sooner than 60 ms.
Theenvelope otransmission power was observed while subjecting to changes in its parameters.

The results wereomparedvith hand calculations with 100 % voice activitythe loss between
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the BS and the test user is known, then the envelope of the transmitted receive power can b

roughly estimated.

For a pure CDMA simulation, the systemdat E/Ng was varied and corresponding change in
powerlevel was noted. Figure 3.7 shows distribution of power samples obtalinedpower

level changesn 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 poweansmission with the variation in the number of users.

Fig. 3.7: CDMA use's Power Level Distribution as a Function @iget 5/Ng
Pathloss Wh Own BS = 100 dB, Single Corner Excited Cell,
VA = 0.5, No TDMA Interference, 30 CDMA users, No Fading

Althoughthe distribution oppower levels does not confirm the working of CDMA power control
completely,but it gives the information about the expectation of the' siseansmitted 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 Use's Power Level Distribution as a Function of number of Users
User's Pathloss \th Own BS = 100dB, Single Cell, Corner Excited,
VA = 0.5,No TDMA Interference , No Fading

3.3.7 FadingCheck

Rayleighdistributed samples created by simulation program were processed using Matlab to gen
eratea probability plot, confirming Rayleigh distribution. Correlationspectrum, was cen
firmed by plotting the frequency spectrum of the envelope of the Rayleigh distributed Bignal.

ures 3.10 and 3.9 show the Rayleigh distribution and bathtub shaped Doppler spectrum of
sampledrom simulation. This verifies that the FIR digitdter implemented within the simula

tion program filters the normally distributed samples, to produce a resultant spectrum, specified
by the filter coeficients obtained from a Matlab program that receives the frequency magnitude
piecewise linear model, as an input (see Appendix)E.Bloweveya 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+normallydistributed samples obtained through the simulation program were processed by
plotting the probability distribution. The shape of the distribution is Gaussi#imzero mean.
Standarddeviation of the samples confirmed that the shadow spread was extremely close to the
oneinput ( 6 dB) in the configuration file. Figure 3.10 shows the logtnormally distributed sam

plesS obtained fromOvisim
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Fig. 3.10: Rayleigh and Shadow Distribution of Samples Obtained Through Simulation

3.3.8 VoiceActivity Check

Checkvoice activityroutine inthe simulation program generatésoice activity samples with
respecto a selected user (CDMA or TDMA). Then the voice activity test is done as follows
+

Total numberof active samples are countedna3henn/N gives voice activity ratio.

A mean of number of consecutive active samples is countad Bsenm/fs( where

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

Sameprocedure is repeated a numbetiwfes, with diferent users and seed values

for the random number generators.

Basestation coordinates obtained from the program were checked according to the

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

for both excitations.

Fewmobiles 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

thegain computed from simulation program.

To assist furtherthecheck 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
tainedfrom the routine verify that the antenna pattern is read accurately from-the an

tennaconfiguration file.

An average of voice activity rat@nd talk+spurt were calculated. These were found very close
to the values input to the simulation. The transition probabilitiethiowoice activity model of
the CDMA and TDMA system can be seen fronecklistavailable from main menThetime

domainplots also show how the voice activity is distributed.

3.3.9 AntennaRadiation Pattern Check

Checklistobtained from the simulation program shows ess#ts gain, the mobile and base-sta

tion coordinates, and the boresight angkestihg was done with the following steps :+

Checklistobtained from the simulation program shows eachaigam, the mobile
andbase station coordinates, and the boresight anggingwas done with the fol
lowing steps :+

Basestation coordinates obtained from the program were checked according to the

type of excitation using hand calculations.

Boresightangles of the BS obtained for all cells within a cluster were hand calculated

for both excitations.
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Fewmobiles 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

thegain computed from simulation program.

To assist furtherthecheck 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
tainedfrom the routine verify that the antenna pattern is read accurately from-the an

tennaconfiguration file.

3.4 Prediction of Results Using a Simple Analytical
Model

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

also.In this section aoptimistic analytical model is explained to predict the joint capatitg

assumptionsnade 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 populatiabld 3.2 defines bst 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
(Ex/Np=7dB)
TDMA Signal to Noise Ratio 794 (or9dB)
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
P 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| 1
Due to Partial Frequency Overlap
CDMA on TDMA Interference Reduction Factor 0.2/1.25

Due to Partial Frequency Overlap

Table 3.2: List of ¥riables 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 multixpath or shadowinggefs ( no fading ).

The TDMA users stiér interference from CDMA users only

All TDMA mobiles apply C/I balancing and are received by a powat the BS all

thetime.

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

P. at the BS all the time.
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The two systems are not power limited or bandwidth limited.

The power controls are urfatted by the nature of interference ( as a funation

framestructure ) subjected by the other system.

The CDMA signal to noise ratio is given by :

Pc
N,. Pe. N,. Py. . .
Ny Py ..
Pe 1+ .N;.

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

Pt
Ny Pe. .
=>
Py
NL.P,. ..
Nl. 1 iz . tNll ) '

Acoording to the definition ( table 3.2 ) ofandM,

N, M and 1+ N, M

L M?2 (% ). L 2. ..M. #2100

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

(..)2 4 ...(1) .2
2(. . (1 ). . 2 )
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Fig. 3.11: Total Capacity vs &fiation in Proportion of CDMA Users

Thevariation ofM with respect to plotted with respect to equation 3.7 is given in figurd 3.1
With no CDMA users th& DMA capacity is infinite, because the TDMA users receive no-inter
ference As the CDMA users are added into #ystem the joint capacity drops down suddenly

dueto the interference imposed by CDMA on TDMA and vice versa.

Theresults however stdr 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 systiees not take into ac
countof any interference present on the link, and hence does not achieve the optimum

signalto noise ratio most of the time.

The CDMA power control was assumed to combafltb®A 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 chapteme will study the feasibility of the hybrid CDMA / TDMA system by experi
mentingwith a simple model, which consisté a single cell onlyand ignoring fading and
any interference arising from outside this cell. A simple model has a beneffeet thiat it
reduceghe 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 wouldit be worthwhile to look at a more complex moded. T
elaboratefurther, if the two systemsire not workable jointlyeven by neglecting the param
etersthat are known tadversely déct each system alone, there is no point simulating with a

biggertopology with or without the use of more complex channel allocation schemes.

This chapter describes simulation results obtained for a single cell, 1Km in radius, cerner ex
cited with an antenna radiation pattern described in section 2.6, having TDMA and CDMA
usersthat are immobile, discontinuously transmitting with a voice actrdtio of 0.5 and a
meantalktspurt duration of 1 second. Furthitee 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

experimentss 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 ggtitepositionand

the worst positionrespectively The worst position is location where a test mobile experi
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encesa maximum propagation loss (combination of pathloss and gain). This is done with the
objectiveof knowing theworst performance that could be expected within a hybrid-situa
tion. If the worst case performance is above the required threshold, then other users placed
betterlocations will meet their requirements witbmplete certaintyand hence performance

of other mobiles within the test cell need not be checked. Although reajas is given to
resultsobtained with respect to the worst position, alternatjvedsults obtained at the good
position do help to draw a comparison for a given system configuration. All other mobiles
exceptthe test ones, are uniformly distributed with their respective positions kept the same

whenusing 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 usergodandworst)

Performanceandicators as mentioned in section 2.8 were recorded and a relative comparison
is made. Chapter 2 described the hybrid motdebking 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 plotsiisare
cussedto understand the nature of interference caused by the TDMA users on the CDMA

system.
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4.1 Selectionof 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

designvalues are discussed.

The cell sizeof 1Km is selected, this corresponds to a microzcell in cellular terminology and
it is known that both the systems can easily support a cell size of this ordewmtkamy

isolation.
RaymondSteel in his book [4] states the following:+

GSMVAD (voice activity detection) strikes a good coromise between lowest possible ont
air time, i.e.., activity and unobjectionable talktspurt clipping. The typical channel activities
vary from 55% in quiet locations tbugh60% in office noise to 65%+70% inaig airport

or railway station noise.

The author in [1] simulated a TDMA only system with a voice activity ratio of 4096r-A
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 Bhedy
TDMA mobiles were allocated 3 GSM frequency slots ( 600 KHz wide ) and they cycled
overthese channels as per the GSM slow frequency algorithm (with HSN = 0). This allows

maximum of 24 TDMA ( 8 physical channels / time slot) users to be accommodated accord
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ing to the TDMA assignment scheme. TG®MA 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. Th
is because the BS is located at the cqraed 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
lossbut the pathloss fall slowly until the mobile is a few meters dnay the BS, see figure

3.5.

For simplicity, a simple pathloss model is used ( section 2.2.1 ) , where the test mobiles
experienceB0 dB and 100 dB overall loss (approx) with respect to their own BS when placed
at the good and the worst positiogspectivelylt must be noted that with the test user placed
at the worst location, the dynamic range of GSM isspower allows the user to be received

at+61 dBm when at full powethis is still higher than the required 66 dBm setpoint.

4.2 Selectionof GSM Power Contmol 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 thetebf GSM power control on

the performance ofa 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
GSlandGS2respectivelyThese 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
Fasttup Slow+dowrGS) 5 20 20 20
Slow+up Slow+downGS2 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 mabipgwey if 5 out of at least 20 samples re
cordedat the BS, during the last 15 second periodhdéilmw the lower threshold (66 dBm ).

The mobile is made to decrease his power level if 20 samples out of at least 20 recorded &
the BS are above the upper threshold (£63 dBm). This type of power control can be named :
fastup and slow down typas the mobile just has to wait for 5 samples to be averaged below

thelower 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 |
powerif at least 20 samples are recorded by the BS during the last 15 second interval, and a
the 20 sample averages lie below the lower threshold. The mobile decreases his power level |
the BS has a record of at least 20 samples over the last 15 second period and all of them Ii
abovethe upper threshold level. This type of power control can be nanstalv up slow

down type This results into instances where the mobile stays at a cedaiar 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 Selectionof Performance Criterion

For satisfactory performance of the joint systeng 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 CDMAusster

bereceived at the BS with amyfiy 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
TDMA burst completelyTo be more tightn our case ( a worst case scenario), let us assume
thata C/I of 9 dB is required to receive a burst in good state. In the §&Stdm, a frame

erasurerate of 5% would still produce acceptable speech quitythe virtue of speech ced
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ing technique, this corresponds to a burst erasure rate of 19 % [15]. In othenfwgi#s of

thetime good bursts are received, then the TDMA system performance is acceptable.

For the Qualcomns CDMA system a frame erasure rate to produce acceptable quality speech
quality is 2% [3]. The power control groups (PCGs) within thizaenes carry information
independentlyof each otherKeeping speechoding in mind, a power control group erasure
rate much higher than the frame erasure rate, can be imaginetill tllow the system to

work satisfactorily However the author had no source to indicatg@cal acceptable power
control group erasure rate value. Thus a power control group erasurefratéo was se
lected.From the definitiorof a PCG£ER ( section 2.8.2 ) this means that the distribution of
Ey/lo, estimated over each power control group, should be greater than 7 dB [33] at leas!

95 % of the time.

4.4 Verification of Each System inlsolation for the
SelectedDesign Parameters

The previous sections explained the settup, the design parameters and the performance inc
cators to examine the hybrid system. Before we start experimentiray loybrid 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
ancealone, then a joint system which has more intertsystem 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 APure TDMA System

A pure TDMA system having 24 users within the test cell was simulated. For a pure system
no intertsystem interference is present on the link. The test user was locatedvatghe
position.Power control was changed from GS1 to GS2rasdlts were noted. The perform
ancecriterion discussed in section 4.4 requiressygem to achieve C/l of 9 dB at least 81%

of the time.

Figures4.1la andd.1b show C/I distribution at the BS with respect to the test TDMA user for
GSland GS2 cases of GSpbwer control respectivelfror GS1 power control, the preba
bility that C/I 40 dB is unity This is because, this power control kept the tregismitting

at full power (39 dBm) all the time, and with no interference from CDMA users, C/lI was
limited by the thermal noise present at the BS recelkh a change in power control to
GS2,the C/I hasconsiderable probability around 20 dB. This was due to the time when the
usertransmitted 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

20dBm ( C/I corresponding to minimum power level) can be seen.
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Fig. 4.1a: Pure TDMA System Performance with GSM Power Conypm¢ GS1

Fig. 4.2b: Pure TDMA System Performance with GSM Power Conyqmé GS2
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The results for TDMA indicate that the design parameters and both GSM power control sets
selectedor the TDMA system by the authdeept theuser at the worst position, high above
the required satisfactory performance threshold. However the GS1 type power control would

consumemore power than GS2 case.

4,42 APure CDMA system
A CDMA system having 3CDMA users within the test cell was simulatedrigtion in per
formanceas a function of tget setpoint and test position was noted. The performance-criteri

ondiscussed in section 4.4 requires the system to achjghyeoE7 dB at least 95% of time.

The probability distribution plot for a tget setpoint of 7 dB is shown in figure 4.3. Tlet
indicatesthat the probability thathe wost positioned test user has afiggabove 7 dB is 82

% (approximately).

Although one would expect C/I balancing to achieve the desetgoint all the time, this
doesnot happenn practice. An inspection of the signal levels in the time domain shows

wherethe performance is lost.

A single CDMA userplaced at the good location was simulated. This, usérnot experi
enceany interference. Figure 4.4 shows time donpdar of the test us&s Bylp. The power
control had to balance the usemwanted signal at the BS to the thermal noise present at the
BS receiver such thatfg is 7 dB. Howeverdue to a minimum transmission power step size
of 0.5 dB, K/lg overshoots or undershoots itsgetr value. Therefore, some performance is

lost due to the times whenylg is below the 7 dB performance threshold.
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Fig. 4.3: Pure CDMA System Performance

Fig. 4.4: B/l in Time Domain of a CDMA @&st User Located at a Good Position,
Receiving No Interference, anditWa Target Setpoint at 7 dB.

61.20 secs to 61.28 secs Correspondoicev/inactive Periods
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However,the above problem can be remedied at the cost of higher transmission ippwer
settingthe taget setpoint to a higher level. Figure 4.5 shows variation of pure CDMA per

formanceas a function of number of CDMA users and thgdasetpoint.

Fig. 4.5: CDMA Eest User Performance, for a Pure CDMA System,
as a Function ofdrget Setpoint and Position

The 7 db taget setpoint renders the system beyond use above a couple of users. The test us
when placed at thegood and the worst position had a giaal difference in performance.

This is not suprising because tB®MA system employs C/I balancing and one would expect
this difference to be important only when the worst case user is attempting to operate outsid

his dynamic range.

A change to 8 dB tget setpoint increased the performance gre#ilth 25 users, perform
ance remained above the 7 dB threshold, almost 100% of the time. Further increase in use
by 5 dropped the performance by 4% , but was still enough for acceptable speechThelity

goodand the worst positions have again agival difference.
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With a 9 dB setpoint, the CDMA system worked satisfactorily till 20 users by achipgimng
formancel00% of the time. Further increase in number of users drops the performance by
5%, with a maginal difference between the performance at good and the worst positiens. Be
yond 25 users, due tsaturation of worst positioned test usgoowey performance dropped
drasticallyto 60%. This is because the users placed at better locationsaveyathloss dif
ference,as highas 40 dB, with respect to the worst position. The better positioned CDMA
usersraised their power levels till the balance is met, consequently drowhengther users

who could not increase their power any furthhnis problem is the well known near * far

effectin CDMA [12].

To summarise, an optimum tgat setpoint for the pure CDMA system was found to be 8 dB.
With this setpoint, approximately 30 users could be accommodated accardiegperform

ance criterion selected by the authdmn increase in the setpoint by 1 dB reduced the capaci
ty to 21 users due to neartfafeet and a decrease by 1 dB could not support the system any

furtherthan 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
simplemodel undestudy Having obtained confidence that each system is capable of provid
ing acceptable performance with those design values, we now examine the naitedex

encethat is caused to the CDMA system by a TDMA user

A single cell having a single TDMAser and 25 CDMA users was simulategind domain
waveformswere studied in order to understand the nature of interference caused by a TDMA
useron a CDMA userWe would like to know the reaction of the CDMA poveantrol to the
TDMA interfererence. In the time domain it is easier to compare the CDMA te siger

nal with respect to a single TDMA ussrsignal, than a lge number of TDMA users. This
information provided by this experiment will then be extended to interference from multiple

interferencan 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 userhis received Elg levels atthe BS, the TDMA test user
power levels and his received C/I at the BS. The C/I leasdsa function of test TDMA
user'stransmit powerthermal noise at the TDMA BS receivand the CDMA interference
presenton the link. TheEy/lg levels are a function of CDMA mobiketransmit powerther

mal noise at the CDMA BS receivahe processing gain and the CDMA and TDMA interfer

encepresent on the link.
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Fig. 4.6a: Tme Domain Signal Levels Foe$t Users
Single Cell, Corner Excited, 25 CDMA Users, 1 TDMA Us®FH
No Fading, GSM Power Controypex GS1, CDMA @rget Setpoint = 8 dB

Due to presence of discontinuous transmission, several dark patches can be observe
extendingbelow the abscissa of the CDMA test usefy/lg and power level (CD PWR)
plots. This is due to the inactive periods when no sample value is recorded and are indicate

by a sample value equal to £990.

The C/I and E/lg waveform envelope shows rapid fluctuations, which are acttralgitions

from their mean values due to presence of interference.

The C/I envelope is the ratio of the wanted signal to interference power I8Vighsa path
lossof 100 dB and a power level of 3Bm , 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

46.88dB. However dueto 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'ssspts.

The Ep/lg envelope is the ratio of the wanted signal polseel to interference, multiplied by
the processing gain (21 dB approx.) . C/I balancing type power control tries to achgete tar
Ep/lp of 7 dB . In the presence of other 24 CDMA users asthgle TDMA userthe test
CDMA usefts power swings in closely around +9 dBm. The instantaneous valyd ofgets
reduceddepending on the number GDMA 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 TDN#A user
power level varies, the g signal observes rapid fluctuations, bringing/IEdown to £17

dB when the single TDMA user is transmitting at full pow&amples during voice inactivity
canbe seen to be more resolvdalring voice inactivity the CDMA user transmits only 2
PCGsevery CDMA frame, and these PCGs pseudozrandomly arranged within the frame.
The envelope of HIg plot, of these PCGs transmitted during vditactivity, also fluctuates,

dueto interference present on the link.

By further zooming in the time domain, figure 4.6¢ shows the variation of C/I gligl E
canthen be seen that the C/I waveform envelopeférmifice of transmitted power and path
loss) is dictated by the test (and single) TDMA usepowerlevel with very small fluctu
ationssuperimposed due to the presence of CDMA interferers. jge Bignalgoes from 8

dB to +10 dB at @onstant rate of 4.615 ms over the instant of time when the TDMA test user
is also active and transmitting at full powé&ithough it appears from the TDMA test user
waveformsthat during the period of activityhis user is continuousliyransmitting, 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 tlggnsilent 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, becauke Qualcomm power control relies on an update in
power level, if the received g is belowits taget value during the PCG that was trans
mitted 1.25ms before. During this last PCG transmitted, the test TDMA user may not have
transmittedat all because of the nature BDMA discontinuous transmission. Even when
therewas any interference, a power up command could only increase the level by 0.5 dB, anc
at the next PCG transmission, receiving no TDMA interferenceptiveer level has a high
probability of being stepped down againitivthis, the CDMA usés power level never gets
completely adjusted to overcome the interference imposed by a single TDMA bhedike

lihood of correctly adjusting the CDMA useris extremeljlow especially during the silent

periodswhen only two PCGs are sent.

The time domain results showed that if the nhumber of CDMA users were reduced keeping a
single TDMA user the CDMA performance reduced slightlgecause the mean power level

to obtain CDMA taget By/lg balance falls due to the reduced interference, making gthe E
more vulnerable to the single discontinuously transmitting, time division multiplexed , GSM

powercontrolled interferer
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Fig. 4.6b: Result as in Figure 4.6a Graphed on a Smaifer $cale

Fig. 4.6¢: Results as in Figure 4.6b graphed on a Smaither $cale
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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

whenthis single user was transmitting at low levels, reduces the C/I appreciably

Summarisinghe abovea 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
enoughto tackle such an interference complet&yhereas, the test TDMA usdocated at

the worst position, received fast and very small fluctuations on its envelope, alonth&vith

slow and lage fluctuations imposed by the virtue of the GSM power control itself.

4.6 Resultsfor 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 or
the CDMA system was described. The CDMA users could not completely combat interfer
encefrom a single TDMA user due to the inability to adjust their power rapidly to an inter
mittent interference with a very low duty cycle. Howevewe do notknow yet how the
systemwould 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 studfor 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 o
SFH).Whereas for the CDMA usethe interference comes from all CDMA users (intraxcell
CDMA interference) and all TDMAusers (intratcell TDMA interference). Although in a
TDMA system the inter+cell ( @oxcell ) interference is the limiting factor for capaaitys

ignoredin 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 lge (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 lge ( 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 theentioned type values ) were employed
to study their dect on the above mentioned scenarios :+

1) CDMA taget setpoint ( SP) 7and 8 @8

2) TDMA GSM power control types GS1andGS2

3) Test user positions WP ( worst position) ,GP ( good position)

Probability distribution plots osignal to noise ratio samples (collected during one simulation
run) provide good knowledge of the test Usgrerformance.d obtain a sense of accuracy
over these plots, the same simulation was thiee times, and the resultant distribution plots
were superimposed ( see Appendix D.1). It was found that a peri@D@d realisations (
16.66 minutes real time) was adequate to obtagoad repetition of results. The same was
further confirmed by trying out diérent configurations to obtain a similar accura@l
probability distribution plots provided in this thesis are obtained by simuld&in@000 re

alisations,unless otherwise mentioned.
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Although the probability distribution plots convey detailed informataiyout each case, a
quick picture of the two impacts under stuadyn be obtained from th@ercentage of time
whenthe BS received the test user above the required system threshold. This provides a sha

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
concernwill be shown for Impact 1 and Impact 2 case. All other parametemmemtioned

in the plots, remain the same as described for the simple single cell setxup in the introductio
of this chapterThe performance criterion selected by the author requires TDMA te& user
C/1 to remain greater than 9 dB for 81% of time and the CDMA testsuBgtg should be
greaterthan 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 variationof TDMA performance with respect to number of CDMA users, and other pa

rameterss shown in figure 4.7a.

When the user was placed at the worst position, the performance dropped steadily with ar
increasein number of CDMA users. A change in TDMA power control parameters from GS1
to GS2, keeping CDMA tget setpoint (SP) at 8dB and the number of TDMA udétsat

24 improved the TDMA performance (by a factor of 20 % with 4 CDMA users). This was
becausésS2 power control made the worst positioned TDMA test liseg its transmission

power level down for longer durations than the GS1 case, eventually causing less-interfer
enceto the CDMA system. At these interference intervals, the mean power level transmitted
by a CDMA user reduced (by virtueyfiy balancing), thus irurn reducing the amount of

interferenceback on to the TDMA system, resulting in better performance.
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Fig. 4.7a: TDMA BEst User Performance for Impact 1

IncreasingSP from 7 to 8 dB, whil&eepingNt 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
wasdue to increase in mean transmit power lewélall CODMA users to obtain a new bal
ancecorresponding to a setpoint raised by 1 dB. This increased the CDMA interference on

the TDMA system causing the performance to drop.

Increasingthe number of DMA 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

onthe 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
almostunafected, by achieving above 97% even with 13 CDMA users. This was because the
wantedpower levels received at the BS were always high enough to produce a C/I greatet
than9 dB even with the interference corresponding to 13 CDMA usersust be remem
beredthat 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

achieveperformance high above the selected threshold of 81% for the TDMA system.

To summarise, out of all the experiments made by the guth®rTDMA performance for
Impactl 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
numberof CDMA users to be reduced to at least 2 arrdspectively These results are for
GSlcase, a change to GS2 did ndeeffthe performance greathAny increase in CDMA
target setpoint dected the TDMA performancadversely However the good positioned
TDMA user was found to have a performance which was remarkably better than the wors
positioncase, and with 10 TDMA users, the performance at the good position sesered

sitive to interference corresponding to at least 13 CDMA users.
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Fig. 4.7b: CDMA Est 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

parametersire shown in figure 4.7b.

With increasing number of CDMA users, the CDMA test tssperformance improved very
slowly. On an average, with every increase in 3 CDMA users, the CDMA performance in
creasedy 0.005 %. This is because, the increase in CDMA users increased the CDMA noise
floor, bringing the CDMA user power at a higher level. Subsequetitty discontinuous

transmissiongrom the TDMA system had a reduced impact on the CDMA system.

IncreasingSP from 7dB to 8 dB, keeping 24 TDMA users, with GS1 power controt, im

provedthe CDMA performance by 10 %. This was due to finite power control step size of
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CDMA power control. Oscillations of the received/lg valuesaround the tget (7 dB)

droppedperformance 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
wereincreased (Nt = 10, 18, 24 ), the CDMA performanagcreased gradually (67.5 %, 70

%, 68.5% respectivelyatNc =10 ) till 18 TDMA users, and then dropped ( but still better )
againat Nt = 24. Wth an increasen the TDMA load, the CDMA power control worked
better because it now receives more uniform TDMA interference (see section 4.6). This is
because lage number of TDMA users transmitting independently and discontinously would

tendto produce interference that is flat over the time.

Keepingthe TDMA system loaded fully it = 24) , a change in power control from GS1 to
GS2 improved the CDMA performance by 2.5%, with 4 CDMA users. GS2 power control
enabledthe TDMA users to bring their power levels down for longer duration than in GS1
case,thus reducing the amount of interference imposed on the CBy4#fem, and resulting

in improved performance.

Changingthe test position &cted the performance ngamally. Looking at figure 4.7b, one
would wonder why the performance seemed to begmally better at thejood position for

the samesetpoint ( SP = 8 dB ) and number of TDMA useld €10 ) ? This is because, the
TDMA and CDMA testusers 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
ceivedat the CDMA BS receiver from the test TDMA user by 20 dB approximdtelgher
more,a TDMA user transmits with a minimum power levell&dBm which is much higher
thanits 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.

PureCDMA 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 result:
areactually betterin 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€DMA performance. Still it was inevitable that tB®MA system behaved a little
betterwhen the CDMA and TDMA systems were moderately loaddd £ 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

rametersare shown in figure 4.8a.

Whenthe user was placed at the worst position pirgormance dropped with an increase in
numberof TDMA users. A change in TDMA power control parameters from GS1 to GS2,
keepingSP at 8dB andlic at 30 improved the TDMA performance ( by a factor of 10 % with
4 TDMA users ). This is due to the same reason @By was better for the TDMA perform
ancefor Impact 1. See section 4.7.1. However with a single TDMA, u&81 proves to ba

betterchoice. See section 4.6.

IncreasingSP from 7 to 8 dB, while keepirigc at 30 and GS1 power contralas found to
further deteriorate the performance ( a drop by a factor of 45 % with 4 CDMA users). This
wasdue to increase in mean transmit power leeélall CDMA users to obtain a new bal
ancecorresponding 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 Est User Performance for Impact 2

Increasingthe number of CDMA usersNc = 10, 20, 30 ) while keeping GS1 power control,
and SP at 8 dBdropped the performance steadily ( 97.9%, 79 %8 lrespectively 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

onthe TDMA system.

With a change in positiofrom worst to good, keepingc at 10, SP at 8 dB, and GS1 power
control, indicated that the TDMA performance at the good position was almosecteat, by
achievingabove 97.2 % even with 10 TDMA users. This was because the wanted power le
velsreceived at the BS were always high enough to produce a C/I greater than 9 dB even witl

the 10 TDMA users impacting on the CDMA power control.
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To summarise, out of all the experiments made by the authdmfeaict 2, the TDMA per
formanceat 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 rettpaired
numberof CDMA users to be reduced to at least 4 and 1 respectivEhese results are for
GSlcase, a change to GS2 did ndeeffthe performance greathAny increase in CDMA
target setpoint dected the TDMA performancadversely However the good positioned
TDMA user was found to have a performance which was remarkably better than the wors
positioncase, 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

parametersre shown in figure 4.8b.

With the variation in the number of TDMA userdile CDMA test usés performance
droppedrapidly with an increase in TDMA users, tNlt = 4. Wth a further increasef
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 "BEst User Performance for Impact 2

With heavy CDMA loading, discontinuousterference from a few TDMA users is not -uni
form enough to create a moderate CDMA power comgeponse to add any improvement.
But increasing the number of TDMA users beyond a few (four), created a more uniform
interferenceat the BS receiveto send power update commands, which brought the CDMA
user'spower at better level. Still, the power control could not obtain a compjgige Bat
ancedue to the dominant TDMA interference. Increasing the TDMA interferemte=0 )
further, did produce a more uniform interference on the CDMA system, but at thetisaene

saturatedhe test usés dynamic range .

IncreasingSP from 7 dB to 8 dB, keeping 30 CDMA users, with Gfever control, im

provedthe CDMA performancdy 5 % ( approximately). This improvement is due to the
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samereason for the CDMA performance improvement vdatieshange 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 CDdéfs
wereincreased (Nc = 10, 20, 30 ), the CDMA performance increased gradyafig.3 %,

73.6 %,87.97% respectivelyat 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

ousTDMA interferers on the CDMA system.

Keepingthe CDMA system heavily loaded\c = 30) , a change in power control from GS2
to GS1 improved the CDMA performance by 3 % witfBMA users. This is due to the
samereason for the CDMA performance improvement with a change from GS2 tdoGS1
Impactl case ( see section 4.7.2) . Although the @&Aer control is little more suitable for
the CDMA power control, with 20'DMA users, the worst positioned test user saturated more
quickly for GS1 than GS2 case as themer power control set keeps the GSM mobile trans

mitting at high power most of the time.

Changingthe test position &cted the performance ngamally. Looking at figure 4.8b, one
would wonder why the performance seemed to begmally better at the worst position with
respectto the good position wheNt = 1 and 10 for the curvic = 10, SP = 8 dB , GS1
power control ? This is because both the CDMA and TDMA tesstirs are moved from good
to worst position togetheSection 4.7.2 explains the consequeotéhis. The only diier-
encewith 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,
speciallywhen 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 ofvorst positioned user saturated, resulting in reduced

performancewith respect to the user at a good position.

To summarise, no combination of TDMA and CDM&ers tried by the author for Impact 2
case produced satisfactory CDM&rformanceBut results make it quite evident that a few
(aboutfour) TDMA users have anore harmful dect than more ( about 7). Any furtherin
creasdan the number of TDMA users starts to saturate the dynamic range of the CDM&A user
power.Further the CDMA user from the BS, mordhg pathloss and more quickly would its

transmissiorievel get saturated.
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Chapter 5

Summary, Conclusions, Discussions And
Recommendations

5.1 Summary

Mobile radio systems should be able to handle higficrdénsities with the restriction of a li
mited system bandwidth without increasing infrastructure costs. Therefore, the cgetarum
efficiencyis one of the most important parameters of mobile radio systems [14]. One possible

methodis by the use of an overlay of CDMA and TDMA.

This thesis presented an insight into thasibility issues concerned with an overlay of a CDMA
andTDMA system. Areview of the literature showed that much work had been done to-under
standan overlay of a broadbar@DMA and TDMA system[19], or CDMA and FDMA system.
Therewas 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
systemdor mobile communications are the 1S£95 ( Qualcosnmarrow band CDMA $ystem,
andthe GSM (TDMA) system. There has been a long, and still ontgoing debate, to decide the
superiorityof either system fi]. The intertoperability of the two systems together cgiud

us,one or all benefits such as : spectréicegncy, spectrum sharing and portability of equipment.

A simulation methodology wasdopted to study the behaviour of the two dissimilar cellular sys
temsby placing the users and network BS of the two systems at the same geographic locatior

spectrumand time. This required computation of interferecaased by one system on the ather
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The main factors that governede amount of interference subjected by one system on the other

weredetermined.

A reverse link uplink ) model of the cellular radio system was created and studied. This was
becausehe down link is generally assumed to have a lower number of users than the uplink be
causet suffers less variations in power [19And thus, emphasis was put on the reverse link.
Theamount of interference received at the BS due to a particular interferer at the time when the
testuser transmitted ( time overlap) , depended on the amount of frequency overlap with-an inter
ferer. The simulatiorassumed working parameters of the CDMA and TDMA system as similar
to those described in 1IS£95 and GSM respectividigse two systems havefdient frame struc
tures,power control schemes and discontinuous transmission methods. Flawdrequency
hoppingis used for TDMA. Thus the duration of time and frequency overlap resimect to an
interfereris dynamic in naturand independent of other users. The combined overlap factors
actuallyreduce the amount of interference subjected by one systéme otherThis is because
thesmallest time slots are tiharst ( 0.577 ms duration), and the power control group ( 1.25 ms
duration), for the TDMA and CDMA systems respectivelherefore, the maximum time over

lap could not exceed the duration of a burst. SimiJashe TDMA channel in GSM system-oc
cupiesa 200 kHz, whereas 1S+95 uses 1.25 MHz. Therefore the maximum frequency overlag

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 useis a function of the transmit powelistance from the BS, and fading. The transmit
powerof a user is deciddoly the power control strategy of the system used. For the GSM system,
aconstant receive power type contwas modelled. This required TDMA users to adjust their
powerlevels such that, a minimum level of +66 dBm is received at the BS. Adjustment of power

dependn a movingaverage type mechanism at the BS where average power levels received
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atthe BS during a past interval of 15 seconds decided the power up or down decision. Power u
/ down commands are sent by the BS in steps of 2 dB every 60 ms. Furthermore, the GSM powe
controlgoverning parameters, allowed a little more flexibility in customigiiregoower control.

The author selected two setsmdrameters for experimentation, the fast up + slow down and slow
up = slow down respectivelffhelatter set diiered from the former in that the BS sent more fre
guentpower up commands and thus kept the user transmitting at high levels modtiirokthe

For the CDMA system El, balancing type power control was modelled. This required the
CDMA users tadjust their power levels such that they achievedy Bf 7 dB at the BS receiver

This corresponds to implementation of closed loop power control mechanism, wherein the BS
sendspower up/dowrcommands to the mobile, by estimating the received sgybgll, and
comparingit with a threshold. Power up / down commands are sent to mobile in steps of 0.5 dB

every1l.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 simplicitsgding was ignored and channel allocation kept sim
ple. Three GSM channelsompletely overlapped a single CDMA channelithvthis settup the
TDMA system was subjected to interference from CDMA system witigreagthe CDMA sys
temsufered intraxsysterfiCDMA ) and intertsystem ( TDMA) interference. A simple settup
waswas chosen with the intention, to verify that the joint system waskgsfactorily by ignor

ing factors that are already known to adverselgcifeach system in isolation e.g. cot o

ference shadow fading, rayleigh fading etc.

To evaluate each systesrperformance, a performanceterion was selected by the autha
quiring the TDMA systens C/l to be greater than 9 dB [19, 13] with a probability of 81 % and
the CDMA systens Bylg to be greater than 7 dB [33] with a probability of 95 %. The criterion

wasselected based dBSM's acceptable 5 % frame erasure rate mapping into 19 % burst erasure
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rate[15] due to coding gain. Similatlthe CDMAs acceptable frame erasure rate is 2 Yafil

aburst erasure rate of 5 % was assumed by the author taking into account the coding gain. Tt
resultswere focussed on the good and the worst locatigtisn the cell, the former being the
centre of the cell where tH&S points its antenna boresight and the latter is the position where
the user sudiérs the maximum loss. If the performance at the worst position is acceptable, then
usersplacedat other positions would undoubtedly perform beflat is, the performance at the
worstlocation provides a type of a performance (lower) bo@mihr 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 tldast 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, tfeDMA power control mechanism caused the received
Ey/lo (at the BS) to oscillate around thegeirsetpoint by a magnitude of 1 dBithVa setpoint

of 7 dB a lot of performance is lost due to times when gl Eeached below the 7 dB perform
ancethreshold. Due to this, an optimum power control setpoint of 8 dBauasl, which could
support30 users. A further increase in setpoint to 9 dB, again reduced to the capacity to 25 users
Thiswas because the power level of the worst positioned user got saturated with more interfer

encequickly with a higher setpoint.

An inspection of signal levels in time domain clearly showed that bursts transmitted by a TDMA
userimposed an intermittent interference with a very low duty cgol¢ghe CDMA system. If
thereis 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 nex
TDMA burst. Wth a lager number of TDMA users, the TDMA interference becomes more uni

form, generating more frequent power up commands. fioie uniform interference still could

90



not bring the CDMApower to the right level (to achievg/g of 7 dB). The power control be

havedquite well for the CDMA system in isolation.

Furtherexperimentation was split to the study the two scenarios, the impaEtMA on TDMA
(Scenarial) and the impact of TDMA on CDMA ( Scenario 2). The CDMA on TDMA scenario
consistedf a lage number of TDMA users, and the performance for both the systems was noted
simultaneouslyvhen varying a small number (1 to 13) of CDMA users. ConvergeyTDMA

on CDMA scenario consisted of a ¢gr number of CDMA users, and therformance for both

the systems was noted simultaneously when varying a small number ( 1)tof TDMA users.

Table5.1 and 5.2 gives a summary of the impad€BMA on TDMA ( Scenario 1) and the

impactof 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 wor:
positioncase was given more emphasised more because if the performance at this location is s:
tisfactory,then users other locations would certainly perform béttewever the performance

atthe good position informs us about the sensitivity of results with a change in test position.

TDMA |CDMA |Percentagdime | TDMA Percentagdime | CDMA TDMA
Users Users when the|test user|when the| Test User|Power
(N (N:) TDMA userfs |location [CDMA usefs |Location |Control

performance within the|performance

wasacceptable | singlecell |wasacceptable
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 GS?2
24 4 32 % Worst 68 % Worst GS1
24 4 51 % Worst 68 % Worst GS?2
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, GSMpe Power Control
GS2 : Slow Up = Slow Down, GSMyppe Power Control

92



TDMA |CDMA |Time when thg TDMA Time when the CDMA TDMA
Users Users TDMA usefs [test useirs |CDMA usefs |test usefs | Power
(N (Ne) performance [location |performance [location |Control
wasacceptable |within the|wasacceptable |within the
singlecell singlecell
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 Tarmget Setpoint = 8 dB
GS1 : Fast Up = Slow down, GSMpe Power Control
GS2 : Slow Up * Slow Down, GSMppe Power Control

Acceptabilityof a combinatiorof CDMA and TDMA users requires the CDMA and TDMA test
usersplaced at the worst locations to meet thejittJ{ to be above 7 dB) and C/tq be above

9 dB ) requirements for 95 % and 81 % of the time respectidébwevey the CDMA perform
ancewas never found to be satisfactory with any combination tried by the adthertable in
cludessome cases when at least the test TDMA'agerformance was met.tie 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 nurab@DMA users fixed, the performance of

a CDMA user maginally increases with increase in number of TDMA useily when the
TDMA users are abovieur. Below four TDMA users, the opposite happened. The CDMA test
user'sperformance at the good location is slightly poorer than the worst location because, the tes
TDMA and test CDMA users are moved togetBgrbringing the TDMA user nearer to BS the
TDMA user created moiaterference to the test CDMA useecause a GSM ussminimum

transmissiorpower 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 corigrottle more suitable than

GS1for the majority of the cases, except for the CDMA system in Scenario 2.

Forthe single cell case, the TDMA performance is a function of the CDMA interferenctheBut
magnitudeof CDMA interference not only depends on the number of the CDMA users but the
numberof TDMA users too. This was because, tluenber of TDMA users decided the amount

of TDMA interference subjected on the CDMA system, and the CDMA systeower control

hadto obtain a balance including intertsystem interference. When the number of TDMA users
increasedthe intertsystem interference imposed on the CDMA system became more uniform
andthus more easily combated. Thus a better balance is achieved, provided the dynamic ranc
of power for the CDMA user is not saturated ( at 38 dBm power level ) . Hovikegdretter the
balancethe more CDMA interference is thrown back on the TDMA system. Thus the TDMA
performancas an indirect function of the number DDMA users present in the cell. Moreoyer

the TDMA users transmit with minimum power levels of 13 dBm which is much higher as com
paredio a CDMA useis minimum level of £50 dBm. Therefore with mar@form TDMA inter
ferencethe CDMA use's power gets saturated much faster tharcéise when the CDMA sys

temis in isolation.

In this thesis, the prediction of results is based on the assumption that no systemvecericbrs

be encountered in the measurement process &3%heFurther the results assume that a correct
powercontrol decision is made at the BS and the users rettevygower command properlihis

would be untrue in reality due to the presence of interference and other noise in the environment
ThelS£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 reversgdsad loop power
control is lage and fast enough to handle it. Further a warm up period of 10 seconds is given in

realtime before the simulation program starts computing the performance for both the systems
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This is enough to brinthe CDMA use's power to reach a mean level. Also the analog power
controladjusts théransmit level downwards to prevent the mobile transmitting at high powers
in the eventhe propagation improves suddenly or the mobile is very close to the BS. This was

ignoredin our case because all the users were kept stationary

5.3 Conclusion

Forall the simulation experiments carried by the aythorcombination of TDMA and CDMA
userswas found where both the CDMA and TDMA system performance were found satisfactory
togetherAlthough there were cases where the TDMA performance was acceptable for certain
combinationsof CDMA and TDMA users, but then thgbrid situation was unfruitful due to the
CDMA performance being much below ttegjuired 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 corstirglitegy (constant receive power control)
usedby the author did not fct the results greatlpeviation inTDMA performance by 15 %
anddeviation in CDMAperformance by 6 % is expected with respect to a change between slow+
up slowzxdown and fasttup slowtdowype controls, which were selected by author for experi
mentation.Combining Scenario 1 and Scenario 2, the GSM power control parameter set that kep
a TDMA user transmitting at high powers most of the time, reduced the performance of both the

systemsexcept for the case when there was a small TDMA load andaGIPMA load.

A simulation methodology is prone to human errors and modelling imperfections. Foroher
bility was not modelled, a simple pathloss mada$ chosen, adjacent channel interfere was neg
lectedand a constant noise level at the BS was assumed. The frame formats ignored the bit leve

detailsof the burst relating to interleaving aodding. In realityinterleaving and coding tech
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niquesgive an additional gain. Furtheéhe accuracy of a simulation approach, under the assump
tion that an absolutely correct model Haglincorporated in the simulation program, is still li
mited. This is because of the finite amounttiofie 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. Ftintheesults
obtainedthrough probability distribution of signal to noise ratiajes details in time domain.
Theresults are sensitive to mobile positions, though uniform user distribution within a cell was
modelled.The position of each user was kept the same for akithalation experiments. A
CDMA system in isolation, was hardlyfedted by change in positiatue to the FI, balancing
algorithm.With the inclusion of the TDMA system using the constant receive power control, the
performanceof the joint system would show appreciable sensitivity as positions of the TDMA

users within the same cell are varied.

Theresults obtained were for no cox cell and no adjacent channel interference ( ACI ). A further
degradationn performance should be expected in a real situation where the mobile is not station
ary. In this situation there would be Rayleigh fading and intertsymbol interference. Coxchannel
interferencewill depend on the frequency overlay plan of the CDMA / TDMA channels. The sys
temperformance of two cells ( may be adjacent ) using consecutive CDMA channels being fre
guencyoverlapped by a common GSM channel will be stromdfigcted by the TDMA users

usingthat channel, the exactieft will depend on the amount of frequency overlap.

With no fading and no TDMA +TDMAo=cell interference ( single cell settup), SFH has no
positive efect. This is because, even if the TDMA users hop, all TDMA users were allocated
channelsvhich were completely overlapped by the CDMA channel. SFH provides intdifere
versity and mitigates fast fading to some ext@&t with more TDMA coz+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
powercontrol operates irrespective of any interference present on the link. The GSM power con
trol as mentioned in GSM also provides the network operatboie of using C/I balancing.
Implementatiorof C/I balancing scheme is highly recommended for further study of feasibility
Incorporationof C/I balancing for the TDMA system would improve the performance for both
systemsecause, 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 dramatizatjuse the

GSM power control is slow in natui@nd the fact that minimum power level of the GSM user

is very lage ( 13 dBm) as compared to a CDMA useninimum ( £50 dBm) power level.
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Appendix A

Radiation Pattern of the BS Antenna Used

for Simulation

Theradiation pattern [2] for a 120 degree sectored cell antenna is described by the 1table
The pattern is symmetrical for the other half. Each antenna boresight is pointed towards its

spectivecentre of the cell and the angle below is with respect to this axis [2]. SeeJiguEteva

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 LogtNormal Transformation

Let X and Y be two independent normally distributed random variables, and let

X2,X2, ... X2, ,Xa  also be i.i.d. normal random variables,

X,Y, X;, ..Xn  N(0,1) (B.1)
In general,

Xz XF .. X2, Xi n (B.2)

The joint probability of X and Y is given as :

(2 y?
pxy) e 2 (83)

Expressed in polar coordinates (R,

X =R cos Y =R sin (B.4)
so that
RZ X% Y2 (B.5)

We then have

p(x,y) . dx.dy p(r, )r.drd (B.6)
=>

(x y? £12
2—1 e % .dx dy 2—1 e ? r.drd (B.7)
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Thus,

u(0,2 )

independently oR which has density

I+
=
[N

re p(r) and R? 2 exdy)

The CDF ofR2is F(v) lzte

R2 may be generated as follows.

SupposeR? V exf )

then'V' is a random variable with distribution function

F(vyv 1xe*V which is uniformly distributed.

u e*V U0, 1)

or V. +lloge(U,)

ForR?, 12, R?  #2logg( U, ) R
Thus,

X R cos() 2loge(U,) coq2 U,)

Y R sin( ) 2loge(U,) coq2 U,) are normal.
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(B.10)
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(B.12)
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(B.16)



To generate a pair of logtnormals with underlying nmaamnd standard deviation
s 10X 1 , T 101 10 (B.17)

wherem s the path loss (idB), is the shadow spread ( in dB), @dndT are two independent

lognormals.
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Appendix C

Ovlsim 1.0 Documentation

Ovlsimis acellular engineering simulation package for joint simulation of TDMA and CDMA

frequencyoverlaid systems.

Althoughthe packagellows each system to be simulated alone, the simulation code has two main
objectives.+
1. To study the Impact of DS£tCDMA on TDMA system

2. To study the Impact of TDMA on DSzCDMA system

Input to the simulation is via a configuration file, antenna file, and channel allocation files which
completelydescribe the hybrid system to be simulated. Paramat#dre configuration file in

clude pathloss models, excitations, cell shapes, kind of fading, pararfatsisw frequency
hopping,power control, file output statdsr viewing signal levels variation in time domain and

to obtain (after post processing through Matlab) probability distribution plots for signal to noise

ratios.

Outputof the simulation is in théorm of a table of resultant frame erasure rates, outage prebabili
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

estimationcan also be created by a proper choice in the configuration file.

Availability of this program can be discussed with :+
Dr. John Asenstorfer or MBill Cooper

ITR, Signal Pocessing Reseealn Institute, \&rrendi Road. University of South Australia.
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C.1 OvlsimUsage

Ovlsim< file name that contains system configuraton
If no file name is provided then the default configuration file °osconfig.dat® is read.

The following files must present in the same directory as the exec@ualsienis 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 ; cozeficients for doppler filter ( prexcreated 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 respectivelyfl he followingtable 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

Performancdor 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
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vadt

vadr

max_tdma_ms_tx_level

min_tdma_ms_tx_level

frames_per_realzn

shadow spad

ms_height

bs_height

alpha

Path_Loss_Model

fading

39

13

108

1.5

50

3.5

is computed.

Voice activity talkspurt duration in secs.
Applicable to both systems.

Voice activity detection ratio. Applicable to both
systems.

Maximum TDMA mobile station transmitter
power level in dBm. This is GSM'maximum
power limit for class 1 mobile.

Minimum TDMA mobile station power level in
dBm.

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
affectsboth CDMA and TDMA systems although
thecount is in reference to a TDMA system only
Standard deviation of shadow fading, which
follows logxnormal distribution in dB.

Mobile station$ height in meters.

Base station height.

Path Loss Exponent, used in simple pathloss
model.

Simple path loss model.

Hata model.

No fading
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1

2

3
tdma_ FER th 6
tdma_OUTAGE_th 9
cdma PCG_ER th +15

min_cdma_ms_tx_level +50

max_cdma_ms_tx_level 38

cdma_thermal_noise £100

tdma_thermal_noise +107.88

cdma_target_setpoint 7
SHF 0
1
cdma PC 0
1

cdma_ms_pwr_on_level+50

Only Rayleighfading. (Multipath)

Only logtnormal fading. (Shadow)

Both.

TDMA frame (or slot) erasure threshold in dB.
TDMA Outage threshold value in dB.

CDMA power control group erasure threshold
value in dB.

Minimum CDMA mobile stations transmitter
power level.

Maximum CDMA mobile stations transmitter
power level.

Thermal noise floor in dBm at the CDMA BS
receiver

Thermal noise floor in dBm at the TDMA BS
receiver

CDMA system taget Eb/No value in dB its

C/1 balancing power control.

No slow frequency hopping for TDMA users.
Slow frequency hopping used for the TDMA
users.

CDMA power control OFF

CDMA power control ON.

Initial value for the CDMA users at which they

transmit in dBm at the start of a simulation.

105



tdma_ PC

tdma_ms_pwr_on_level

gsm_pc_P1

gsm_pc_N1

gsm_pc_P2

gsm_pc_N2

tdma_L_taget_setpoint

tdma_U_target_setpoint

channels_per_cell

sth_channels

design

number_clusters

tdma_test_user

13

20

20

20

20

12

1+>19

1 +>13

abec

Power control OFF for TDMA users.

Power control ON for the TDMA users.

Initial value for the TDMA users at which they
transmit in dBm at the start of a simulation.
P1 parameter for GSM power control.

N1 parameter for GSM power control.

P2 parameter for GSM power control.

N2 parameter for GSM power control.

Lower threshold receive value in dBm on the
wanted link for the GSM power control.
Upper threshold receive value in dBm on the
wanted link for the GSM power control.
Number of channels available per cell.
Number of channels available for hopping for
TDMA the system.

9 cell reuse topology

12 cell reuse topology

For a 9 cell reuse structure.

For a 12 cell reuse structure.

a > test users cluster number

b +> test users cell number

C +> test uses reference number

e.g 5 0 2 indicates the user numben zell O

of cluster 5 is the test user
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cdma_test _user

cell_radius

excitation

cell_shape

total_tdma_users
total_cdma_users

test_user_location

abec

1000

1+>24

1+>40

X,y

a +> test users cluster number

b £> test users cell number

C +> test usés reference number

e.g 5 0 2 indicates the user numben 2ell O

of cluster 5 is the test user

Note: + The CDMAand TDMA test user reference
addressemay match, yet they are unique \agtue

of their system type.

Radius of a cell in meters.

Centerexcited.Base station located at the centre of
the cell with an omnidirectional antenna.
Cornerexcited. Threeell share one Bs and the BS
is located at a corner of each cell with a directional
antenngattern as described in file osimant.dat.
Circular cell shape.

Hexagonal cell shape.

Ttal number of TDMA users per cell.

otal number of CDMA users per cell.
Coordinateof the test users. e.g. 866,+500 for a 12
cell structure is the worst location for a user in cell
O for a cell radius of 1km and corner excitation.
This worst location can be found by running the
option®find worst location®when the main menu

is presented when a simulation is run. T¥adue
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realisations

start_perf

write_data

write_td_wanted

write_cd_wanted

write_C_|

write_Eb_No

write_cd_intf

write_cd_va

2000

afon

0/1

0/1

0/1

0/1

0/1

0/1

0/1

canthen be input tohe configuration file and the
simulation run again for some impact study
Numberof realisations ( each 1/2 duration) to be
simulated.

Startcalculating performancafter 'x' realisations
haveelapsed. This decides the initial warm up
period before samples are dumped to their
respective files and performance computation is

done. e.g x =20.

Masterswitch forall switches listed below except
write_SIR

TDMA test user wanted link signal.
Output file £ td_wanted.

CDMA test user wanted link signal.
Output file £ cd_wanted.

TDMA C/I samples.

Output file £ td_C _|

CDMA EDb/No samples

Output file £ cd_ebno

Interference signal at CDMA BS Receiver
Output file £ cd_intf

CDMA Voice activity samples
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write_td_va

write_td_pwr

write_cd_pwr

write_SIR

window_start

window_end

0/1

0/1

0/1

0/1

Output file £ cd_va

TDMA Voice activity samples

Output file £ td_va

TDMA transmitted power samples

Output file £ td_pwr

CDMA transmitted power samples

Output file £ cd_pwr

OutputsC/l samples to fil&€Cl and Eb/Nosamples
to file EB. These filesare specifically created to be
processedby Matlabto obtain their respective PDF
plotsand cannot be used for time + domain
viewing of data collected due to discontinuous
transmission.

Allows to collect data from xxth realisation
onwards.

Ends collection of data after y+th realisation has

elapsed.
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C.3 A Typical Example of Configuration File

/Il varying tdma users while keeping cdma users constant.
impact=4 // 0=>pure tdma; 1=> pure cdma , 2=> cdma on tdds&, tdma on cdma, 4=> joint
cdma_fr_rate= 50
tdma_fr_rate = 216.66
vadt = 1.0 /I 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 /I 0 no fading, 1 only rayl, 2 only shad, 3 both
tdma_FER th=6 //dB
tdma OURGE_th =9 //dB
cdma PCG _ER th=+15 //dB
cdma_OUBRGE_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_taget setpoint=7 //8 //dB
SFH=0 //0OFH 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 _getasetpoint
gsm_pc_N1 =20
gsm_pc_P2 =20 /I power down if P2 out of N2 are below _gkttagetpoint
gsm_pc_N2 =20
tdma_L_taget_setpoint = £66; // Lower threshold
tdma_U_taget_setpoint = +63; /I Upper threshold
sth_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(12xcell) clusters including test cell
tdma_test_user = 000 // clustesll, number

cdma_test user= 000 // clustll, number

cell_radius = 1000 //in meters

excitation = 1 /I O for center ; 1 for corner

cell_shape =1 /1 O 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 /I start calculating performance 10 realisations onwards
write_data=1 /[ 1ON 0 OFF

write_SIR =0 /l dump C/I and Eb/No values in files Cl 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 /I stop dumping samples to files

bell=0 // 1 =>O0N 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
numberof 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 Tme Overlap

4. Check Frequency Overlap

5. Find Worst Position in test Cell
6. Check Slow Frequency Hopping
7. Check gice 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 Ovlisim
Nameof 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)
subtband : 0

Rf channel : O

Time slot no: 0

VA PO : 0.00462963

VA P1 :0.00308642
gain_own_bs =12.2177

tdma mobile ref:no. : 1

mobile locn : (¥x228.541,698.59)
subtband : 0

Rf channel : 0

Time slot no: 1

VA PO : 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 PO : 0.02

VA P1:0.0133333
gain_own_bs = 12.2177
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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 Figue 4.6, but GS2
Case

Fig. D.2: Time Domain Signal Levels Foes$t Users
Single Cell, Corner Excited, 25 CDMA Users, 1 TDMA Us®FH
No Fading, GSM Power Controypex GS2, CDMA @rget Setpoint = 8 dB
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Fig. D.3: Results as in Figure D.2 Graphed on a Smailee Bcale

Fig. D.4: Results as in Figure D.3 Graphed on a Smailee Bcale
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Appendix E

Doppler Filter For Rayleigh Fading

E.1  Matlab Program to Create Filter Cozefficients for
Implementation of FIR 2 filter within the Simulation
Program

%Generatiorof filter coxeficients 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 fregtmag plot
pause
title('Bathtub freqgtmag response due to dopjler

B = fir2(8,f,m); %Generates the FIR filter +cheitnts of 8th order FIR whoskeq+tmag
responses as shown above

save filtcoef.dat B tascii % save filter co@énts in the file ( interface for Ovisim )
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E.2 Matlab Program to View the Probabilty Distribution and
Spectrum of the Rayleigh FadedSamples Obtained fom
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( frt1.0 , ftshift (Pxx));% left and right halves swapped
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