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ABSTRACT

INTRODUCTION _

Network planning is a complicated process consisting of several phases and involves through
estimation by outdoor propagation models. The final target for the network planning process isto
define the network design, which is then built as a cellular network. The network design can be
an extension of the existing GSM network or a new network to be launched. The difficulty in
network planning is to combine all of the requirements in an optimal way and to design a cost-
effective network using outdoor propagation models. Outdoor propagation models helps in
calculating propagation loss using collected data. The basic requirements for the cellular network
are to meet coverage and quality targets. Terrain factors such as area, foliage, rain etc also

greatly affect network planning.

BACKGROUND OF RESEARCH WORK

Careful network planning has become increasingly critical with the rising deployment, coverage
and congestion of wireless area networks. Efforts have been made by researchers to analyze the
performance of outdoor propagation models. Some researchers have even designed new
waveguides and algorithm. Outdoor propagation models have been analyzed on the basis of
collected data which allow estimating cell coverage area while minimizing path loss. Models
analysis describes features, configuration requirements, parameters, statistics and scenarios for
network planning. Propagation models have been estimated for performance analysis in terms
RxLevel strength and Errors. In thé present analysis an attempt has been made to achieve
prediction accuracy of Okumura, COST 231 HATA, COST W-I, Egli and ECC 33 models for
fringe area of Uttarakhand. Best model is selected and tuned to minimize path loss. Further the

_ analysis is extended to analyze the effect of terrain on electromagnetic wave.

OBJECTIVE OF THE PRESENT RESEARCH WORK

Efficiency of present path loss models suffers when they are used in the environment other than
for which they have been designed. If these models are used for network planning in any place
other than where they are desighéd, than correction factor is to be introduced and tuning has to
done according to new environmental conditions. The aim of the present research is to analyze



outdoor propagation models like eg. Okumura, COST 231 HATA, COST W-I, Egli and ECC 33
for efficient network planning and tuning of best fit model is estimated to minimize path loss in
the fringe area of Uttarakhand. Further the effect of terrain on wave propagation has been

analyzed and rain fade margin is introduced during link budget design.
The outline of present analysis is as follows:

» Outdoor propagation models available in open literature has been reviewed
» Field data of BSNL GSM network has been collected over the period of one yearlusing
TEMS 8.01 navigation tool in changing environmental conditions of Dehradun -
Uttarakhand.
» Performance analysis of the Okumura, COST 231 HATA, COST W-I, Egli and ECC 33
outdoor propagation models has been carried out.
» Tuning of best fit outdoor propagation model for Dehradun- Uttarakhand region has been
estimated.
> Effect of attenuation on eleétromagnetic waves due to rain has been analyzed using fuzzy.
| approach.
» Proper link budget has been estimated by introducing rain fade margin in up link and down
link. o |
Outdoor propagation'mbdels and methodology of field data collection:

For carried ouf the above analysis in fringe area of Dehradun Uttarakhand Coordinates,
LATITUDE: 30.3539 LONGITUDES: 78.0245 is chosen. Data (RxLev., SQI, Interference etc)
has been collected in a measurement campaign accomplished in three areas of Dehradun. -
» BSNL GSM (900-1800MHz) network has been selected for field data collection.
> Field measurement data is collected using Ericson’s TEMS investigation 8.0 and 10.0 the
leading air interface test tool for GSM network. TEMS drive test for route analysis has
been carried out in changing environmental condition over the course of one year.
» Data is collected over the range of 100 m to 2 km and its analysis is Iused to tune an
empirical path loss model for the fringe area of Uttarakhand. Region around the BTS is
divided into 3 sectors a, B,y each 120° oriented and drive for data collection is made

around it starting from 100 m to 2 Km. The mean value of received signal levels for each



location is calculated by averaging the total number of samples within that particular
measurement sector.

Performance Analysis and tuning of outdoor propagation models

The collected data (RxLev, SQI, Interference etc) has been analyzed using DESKCAT and
Mapinfo simulation tools. The present analysis is carried out in a frequency range of 900 and
1800 MHz that is globally | being allocated for broadband wireless GSM network. The
dependency of the propagatlon models on excess path loss and terrian in dxfferent seasons has

been investigated by researchers.
Our contribution

> Path loss for above propagation models is determined using the parameter of four BTS
ID’s selected at Dehradun Uttarakhand. | )

> The resﬁlts have been used to evaluate the performance analysis of Okumura, CQS'ﬁ-BI
HATA, COST W-I, Egli and ECC 33 outdoor prediction models. B

» Model has been selected to estimate the path loss.

» Correction factor has been introduced for tuning of best fit model in order to impf0V¢ its
performance. '

> Finally path loss is plotted as a function of path distance by using linear regfeékion

g e
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analysis, obtain best fit model at minimum of path loss curve.

The assessment of effect of rain fall attenwation on outdoor propagation model using fuzzy
approach:
Fuzzy logic is a branch of science which rationalizes uncertain events. It is more of a
mathematical tool dealing with uncertainties. Fuzziness in real terms is defined as the degrqe of
. impreciseness associated with a certain problem of significance. Fuzzy logic has been
extensively implemented in many fields like Communication, Process, and Power etc. for
solving problems. Propagation prediction is a combination of Science, Erilg'ineering and Art. An
experience RF engineer, willing to compromise between theory and practice, would accomplish

the most. In the present analysis fuzzy logic approach has been used to predict the signal



attenuation related to terrain like rain, foliage, building etc. At the core of the functionality of
Fuzzy predictioﬁ technique, ITU-R model fundamentals have been deployed. The annual rainfall
data for district Dehradun —Uttarakhand, has been obtained as per the courtesy of Indian
Meteorological Department, Hydrometeor division for the time period of 2006-2010.Fuzzy
system involves analysis of rainfall data & prediction of attenuation for each month specifically
for year from 2009 to 2010. The more emphasis has been laid on the months of monsoon season

i.e. May, June, July, August & September.

Our contribution

> Field data is collected in different rain fall rates and terrain. Based on this data fuzzy
inference system estimates specific attenuation as an output. ‘

» Different fuzzy rule based has been estimated usihg MATLAB.

> The range of membership functions have been classified as: Low, Very-low, Medium,
High, and Very-high in ANFIS to depict the attenuation prediction logically.

. » Mamdani FIS based scheduiing-has been used to predict rainfall attenuation to different

terrain.

> Based on the fuzzy results efficient network planning for other regions of Uttarakhand
having same rain rate and terrain can be predicted.

> From the result it has been exémined analyzed that fuzzy logic approximation is effective

to determine an unknown terrain from the set of known terrain anywhere in Uttarakhand.

The assessment of effect on link budget due to rain fade margin:

Insufficient link budget planning can result in overdesign, under design, wastage of resources
health hazards and poor system' performance. Prior to planning a network, the parameters
controlling the perfdrmance of each individual link must be understood. For link planning; a link
budget is prepared that accounts for the transmitter effective isotropically radiated power (EIRP)
and all of the losses in the link prior to the receiver. Link budget parameters has been analysed
by several researchers for solving constrain of path loss during up -link and down link. The link
budget is computed in decibels (dB), so that all of the factors become terms to be added or

subtracted. Radio equipment is designed in such a way that when the link budget for the uplink



and downlink are put together, they should have the same maximum allowable path loss in both
directions. Rain fades is a significant factor depending upon the link distance and the geographic
location. There is always the temptation to argue that the rain margin is not being used most of
the time, so it can be used to compensate for link budget shortfalls. The measurement .is
conducted in Fringe area of Uttarakhand in order to determine the amount of attenuation caused
by the vrain. Four base stations is selected for measurement. Measurements is performed at the
edge of each selected site, during rain which gives the maximum rain attenuation experienced by

" Mobile Station in a cell.-
Our Contribution

Based on the collected data it is observed that difference in the path loss without rain and path

loss during rain indicates that there is a need of rain fade margin to be introduced in link budget.

> The amount of rain attenuation estimated is used as rain fade margin anc‘;li?;hit' 1s
incorporated in the link budget. »

> From the result it has been analyzed that there is significant path loss with respecf: fto tﬁe
power budget considering the rain attenuation. The maximum allowable path loss with
and without rain fade is analyzed for proper link budget design. » ‘ _

> We analyzed that due to increase in path loss the maximum allowable coverage ;ééult-’in
decreases of cell radius by 10 m. B

> In order to compensate this loss caused by the rain, there is a need to increase the link

budget.

Future scope and feasibility of implementation of current research results

Based on the results of current research GSM network planners can adopt outdoor propaéation
model after analysis of their performance. Tuning and correction factor implementation provide
more precise network planning. A fuzzy logic result of current research is effective to determine
an unknown environment from the set of known environment anywhere in Uttarakhand. Further

embedded system may be designed which can accommodate variable gain depending on tuning.

vi
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GLOSARRY

PCMCIA Card: It is used to connect the trace phone and GPS to a notebook computer. The test
data will be transferred from.the trace.phone and GPS to the notebook computer through this

card.

Average end-to-end delay: This indicates the end-to-end delay experienced by packets from
source to destination. This includes the route discovery time, the queuing.delay at node, the
retransmission delay at the MAC layer and the propagation and transfer-time.in the wireless

» channel.

Speech Quality Index (SQI)

SQlis an esti-mate of the perceived speech quality as experienced by the mobile user, is based on
handover events and on the bit error and frame erasure distributions [53]. The SQI scale goes
from -15 to 21 for Full Rate (FR) speech coders and from -15 to 30 for Enhanced Fﬁell Rate
(EFR) speech codefs.

Integrated Digital Enhanced Network (iDEN)

This mobile telecommunications technology is developed by Motorola. iDE Network seats more
users in a specified spectral space, compared to analog cellular and two-way radio systéms, by

using speech compression and Time Division Multiple Access (TDMA).
Network Intrusion Detection System (NIDS)

It is aninvasion detection system which detects malevolent activities such as defense of
service attacks, port scans or even attempts to crack into computers by

monitoring network traffic.
High Speed Uplink Packet Access (HSUPA)

It is a 3G mobile telephony protocol in the HSPA family with uplink :speeds up to 5.76 Mbit/s.
The official 3GPP name for 'HSUPA' is Enhanced Uplink (EUL).
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CHAPTER 1

" INTRODUCTION

In the present scenario wireless communication is spreading throughout the world, it has
covered each and every area and can reach anywhere in any form [17], [6]. In the recent
years, for increasing the intensity of the wireless communication technolbgy is changing
exponentially with the telecommuﬁication landscape continuously. Next generation will be
benefitted by the introduction of the high speed data communication in addition to voice
calls[103],[96]. For getting efficient utilization of the mobile networks, factors like cost
effective, high quality services and effect of terrain. should be taken into account.
Propagation models are used to calculate the propagation characteristics. The propagation
channel [3] is used to characterize the mobile radio system in tefms of transmission power
and frequéncy re-use. The accuracy of propagation model should be high due to the
increased expectation of the customers as compare to the past users whose requirements

are limited and vendors does not identity the uncovered bins[97],[29],[49].

1.1 Background

' Radio systems and technologies have undergone a wide change, since the first cellular and
cordless telecommunication devices were introduced in 80’s. The 1G cellular and cordless
telecommunication devices were based fundamentally on the foundation of analog
Frequency Modulation (FM) and were deployed only for cérrying narrow-band voice data.
Whereas 2G cellular and telecommunication systems introduced in the early 90’s were
focused more on digital modulation techniques, and provided better spectral efficacy. and
quality. Still, these systems were deployed for voice and data transmission only. 3G
wireless systems, presently under development can offer easefully higher data rates
ranging from 9.6 kb/s for satellite propagation, 144 kb/s for mobility prone transmission,

384 kb/s for steeply mobile propagations to 2.048 Mb/s for indoor profile propagations



[93]. These-are deployed to-provide :audio, ‘data, -and the “bandwidth hungry ‘multimedia
services, while following constraints of tight availability and Quality of Service (QoS)
requirements in all varieties of available niches. Fourth generation devices in near future
are expected to further strengthen the broadband wireless services with a variety of
available bit rate packages-ﬂlat‘toa irr increased size. The present analysis is:based-on 2G
and 3G network. To design an efficient wireless network system in a given region, proper
understanding and awareness regarding the radio wave propagation models is required.
Wireless. propagations are fundamentally described on the basis. of region of influence and
available bandwidth (as depicted in Figusel 1) Mobility prone- satellite communications
offer wide influence to mobile subscribers but at a reduced data rate. Terrestrial mobile
radio vendors deploy cell-site and microcell-site configuration approach to achieve wider
influence zone as compared to other kinds of mobile services. Pivoted radio deployment
can establish: connection-links: throughout the street or any- institutional zone to- accessing
subscribers. Moreover, WLAN can provide indoor subscriber’s high data rate derived

performance.

- EARTH'SSURFACE (GROUNDLEVEL) = -~ @

Sl T e e fe e . eI et “rat L L T R Tt RN

Figure 1.1 A Fundamental Wireless communicationr system



1.2 Spectral Radio Differentiation [35]

Radio spectrum is generally differentiated into various frequency based sub-bands for a -
particular class of implementation. Deployment stability is directly proportional to the
atmospheric propagation characteristics for a specified frequency and other parameters
such as transmitter height and channel vulnerabilities [70]. Laid on such fundamental
aspects, the radio spectrum is primarily resolved into the following sub-spectra’s:

3KHz 30KHz 300KHz 3MHz 30MHz 300MHz3GHz 30GHz 300GHz
00km 10km Ikm  00m  Om  Im  lem Llem  lmm

Figure 1.2: The Electromagnetic Spectrum

- Extremely Low Frequency (ELF) [300 —3000 Hz]
Very Low Frequency (VLF) [3 —30 kHz]

Propagation Features: The wave propagates between the surface of the Earth and the
1ono'5phere. It can penetrate deep underground and underwater, As the required antenna
size is proportional to the waveleﬁgth, the large wavelength in this case mandates the use
of large antennas.

Use: mining, underwater communication (submarines), SONAR.

Low Frequency (LF) ‘ 130 — 300 kHz]



Propagation Features: Here ground wave is the dominant mode and the radiation
- characteristics are strongly influenced by the presence of the Earth. The antennas which are
used for these ranges are still quite large and high power transmitters are used.

Use: broadcasting, radio navigatid_n.
Medium Frequency (MF) [300 — 3000 kHz]

Propagation Features: The propagation characteristics are similar to the LF but the .
increased in bandwidth allow MF band application for commercial purpose. Ground wave
gives usable signai strength up to 100 km from transmitter. |

Use: AM radio broadcasting (550 — 1600 kHz).

High Frequency (HF) [3 —30 MHz]

Propagation Features: Ground wave propagation also exists in'HF band but the sky wave -
is the main propagation mode. The ground wave is used for communication over shorter
distances than the sky wave. As propagation loss increases with increase in.frequency, the
use of repeaters is required. -

Use: Broadcasting over large areas, amateur radio and citizens band (CB) radio.
Very High Frequency (VHF) [30 —-300 MHz] [107]

Propagation Features: Diffraction (bending of waves due to obstruction) and reflection
give rise to communication beyond the horizon. Propagation distances are thousands of
kilometers. The diffraction and reflection enables reception within buildings.

Use: TV broadcast, FM radio (88 — 108 MHz), radio beacons for air traffic control.

Ultra High Frequency (UHF) [300 — 3000 MHz] [107] |

Propagation Features: Reflection via. atmospheric layers is possible. Impact of rain and
moisture are negligible. '

Use: satellite broadcasting, all generation land mobile phones, cordless, air traffic control.

Super High Frequency (SHF) [3—-30 GHz]



Propagation Features: Range becomes limited and the attenuation of radio waves
becomes more prominent as the frequency increases. Propagation is limited by absorption,
rain and clouds.

Use: Satellite services for telecommunications, mobility prone services of future
Extremely High Frequency (EHF) [30 — 300 GHz]

Propagation Features: Considerable attenuation via. Hydrometeors like water, oxygen

and vapors.

Use: Short distance communications (within.line of sight), satellite broadcasting in HDTV
(for information exchange between satellites in space)
BSNL Wireless system used in current analysis falls in the radio spectrum between Ultra

High Frequency (UHF) [300 — 3000 MHz].

o ."“f)\' .

Now after a brief study of the radio spectrum and ‘its differential classification we nee’d?to
consider different available wireless radio systems and standards which form the core of
modern day technology lead communications. Moreover, this will also facilitate better

perception of the radio propagation deployment in use today.

1.3 Wireless Radio Standards [7], [51]

The development in the field of radio communication technology has been going on since
the late 50°s, although the first business&gghnology was brought into existence in the late
70’s and early 80’s. Here a short block on the radio wireless technologies and the related
networks s presented which created a considerable impact on the fast evolution of the

wireless communications[38],[47],[45].

1.3.1 First Generation Systems [1G]

In 1976, the World Allocation Radio Conference (WARC) passed the bandwidth approval
for cellular communications for implementation of mobile systems. In the early 1980s,

most of the nations across the world began implementation of 1G cellular systems based .



on frequency division multiple accesses (FDMA) and analog FM technology. During 1979,
the first analog cellﬁlar system, the Nippon Telephone and Telegraph (NTT) system, came
. in to functionality. In 1981, Ericsson Radio Systems AB fielded the Nordic Mobile
Telephone (NMT ) 900 system, and in 1983 AT&T deployed the Advanced Mobile Phone
Service (AMPS) as a trial in USA. Several other first generation analog systems were also
deployéd in the early 1980s -including TACS, ETACS, NMT 450, C-450, RTMS, and
RADIOCOM 2000 in Europe, and JTACS/NTACS in Japan. The basic parameters of
NTT, ETACS, and AMPS are shown in Table 1.1.

Table 1.1: First Generation cellular standard

CHARACTERSTICS |  NIT |  ETACS AMPS
Frequency Band . © 925-940 and 935-960 and 824-849 and
[Forward and Reverse ] 870-885 890-915 . 869-894
Channel spacing 25KHz 25KHz 30KHz
Spectral Efficiency 0.012 bps/Hz 0.33 bps/Hz 0.33 bps/Hz
1.3.2 Second Generation Systems {2G]

Second generation digital cellular systems include the GSM/DCS1800/PCS1900 standard
in Europe, the PDC standard in Japan and the IS-54/136 as well as IS-95 standards in the
United States. Parameters of the air interfaces of these standards are summarized in Table
1.2 and 1.3.



Tablel.2: Second generation Digital Cellular Standards

Feature

- GSM/DCS1800/PCS1900 - IS-54/136

Frequency Band
RL/FL (MHz)

GSM:890-915 824\829
935-960 | 869/894

Muitiple Access,

Carrier Spacing (KHz)

200 . 30

Modulation

- Frame Size (ms)

GMSK  wADQPSK

4615 40

Slots/Frame

816 306

'Voice Coding (Kb/s)

"Channel Coding

(RPELTR(FR13) -
- ACELP(EFR122) ° © - ACELP(122)"

VSELP(HR 6.5) -~ ~ VSELP(FR795)

.. | ACELP (EFR7.4)

Rate-1/2 CC_ . Rate-1/2 CC

Frequency Hopping

- yes - ‘ e - no

Handoff

“hard - < . ‘had -




Tablel.3: Second generation digital cellular standards PDC and IS-95

Feature PDC IS-95
Frequency Band 810-826 824-829
RL/FL (MHz) 940-956 " 869-894

' 1429-1453 1930-1990
T o T 1477-1501° .1850-1910-
Multiple Access TDMA CDMA
Carner Spacmg (KHz) 25 1250

-Slots/Frame , -

Voice Coding (Kb/s) PSI-CELP(HR 3.45) QCELP(8,4,2,1)
7 7 77 VSELP(FR6.7) TRCEP T
Channel Coding Rate-1/2 BCH FL: Rate-1/2CC
Frequency Hoppmg - no , NA -

Global System for Mobile Communications (GSM) [108]

European countries witnessed the deployment of incompatible. first generation cellular
systems which prevents roaming throughout the Europe. As a result, a Conference of
European Postal and Telecommunications Administrations (CEPT) took place and as an
outcome of this Groupe Speciale Mobile (GSM) in 1982 with the mandate of defining
standards for future Pén-European cellular radio systems were formed. The GSM system
(now “Global System for Mobile Communications”) was nourished to operate in a new
frequency band and to be more quality based, Pan-European roaming, and the sup?ort of
data services was its prime aim[34]. GSM came in to deployable phase in late 1992 as the

world’s first digital mobile system. In its present form, GSM facilitate full and half rate



functionality. provides different aligned and non-aligned communication services at 2.4,
4.8, and 9.6 kb/s that operate in interfacial f_node with voice band modems. GSM deploys
TDMA with 200 kHz carrier separation, eight channels per carrier with a time slot (or
burst) duration of 0.577 milli-seconds, and Gaussian minimum shift keying (GMSK)
modulation technique with a rough data rate of 270.8 kb/s. The time slot outlook of the
GSM traffic channels is shown in Figurel.3. Varieties of GSM are available now days to
operate in higher frequency bands. In Europe, the Digital Cellular System 1800 (DCS
1800) was developed by ETSI as a standard for Personal Communication Networks
(PCNs). DCS 1800 was derived from the GSM system, but differs in a number of ways.
Firstly, DCS1800 operates in the 1710-1785 MHz (MS transmit) and 1805-1880 MH; (BS
transmit) bands, whereas GSM operates in the 900-1800 MHz band. Secondly, DCS 1800
is optimized for two classes of hand held portable units (rather than mobile units) with a
peak power of 1 W and 250 mW, respectively. There are also some changes in thé DCS
1800 standard.to support overlays of macro cells and micro cells. GSM is deployed in
North America as PCS 1900 and operates in the 1880-1990MHz PCS bands. PCS 1900 is
similar to DCS 1800, but with a few differences. One is the use of the ACELP EFR
(Enhénce Full Rate) vocoder that was developed for the North American market. GSM has
been a phenomenal success. In late 1997, 66 million GSM subscribers were serviced by
256 network operators in 110 countries. Moreover nearly 80% of world’s communication
systems are GSM driven. Four BTSID of BSNL GSM network has been chosen for data

collection in current analysis.
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TCH Traffic Channel
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G - Guard bits

Figurel.3: Time slot format for GSM

1S-54/136 and 1S-95

6.67 ms Time slot

Guard time for burst transient response (Ramp time)’

L FACCH)

130

" RvsD |
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F_ 6.67 ms Time Slot :i

Reverse

G Guard Bits -
R Guard Time for burst transient response (Ramp Time)
SACCH Slow Associated Control Channel
FACCH Fast Associated Control Channel
“SW “Synchronization Word
CcC Color Code
TCH Traffic Channel

RSVD Reversed

F‘igm'-e':-h 4: Burst format for'IS. 54. /136 traffic: channel

Personal Digital Cellular

Around 1991, the Ministry :of Posts and Telecommunications in Japan-authorized Personal
Digital Cellular (PDC). The free to air interface of PDC is alike in some of the aspects as
to 1S-54/136. It deploys TDMA with 6 half speed channels per carrier, 25 XHz carrier
separation and 45° DQPSK modulation techniques with a rough information rate of 42
Kb/s. '
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}5 6.67 ms Time Slot

T’CH R )
(FACCH)

TSW | CC | SF

| 20 |8 1

| @acen

122

[ 6.67 ms Time Slot ;{

Reverse

LR P TCHY SV C , - TCH

| @acem|

7Y RN SRR KONRNN ) S (R0 -

H)

G- Guard: bits-

R Guard time for burst transient response (Ramp Time)
SACCH Slow Associated Control Channel

FACCH Fast Associated Control Channel

Sw Synchronization Word

CC Color Code

TCH Traffic Channel, RSVD Reversed

P _Preamble

SF Steal Flag

Figure 1.5: Time slot format of Japanese PDC
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LCeordless Telephone Systems

Cordless equipment has several applications including local telephones, telepoint (cordless
phone booth), wireless PABX (Private Access Business Exchange), and wireless local
loops or radio drops. Sumilar to cellular telephones, first generation cordless telephones

were used to work on analog FM technology.

Tablel.4: Cordless Telephone Standard

1 Featare : C12 CT2+ DECT PHS .

ISR R0 Ib“)'l 3;

T e e )

. OPRIOYIG RSV
4 rbc” TRy R n"'T (Vi /) Rp1=-263 HNARGHYS

Bltrate (kb/s) I 7 7 1152 _
,Spe,ech _C_odu;g I [ ADPCM . . ADPCM '
T 32Kkbfs -32kb/s o

Frame Slze (msl

Peak TX Power (mW)

£3 36 Cellular Systen (WCDMA) [32]

The third generation cellular networks were developed with a target of offering high speed
information [2] and multimedia services to the subscribers. The International
Telecommunication Union (ITU) [41] under the initiative IMT-2000 has defined 3G
systems as being capable of supporting high speed data ranges of 144 kbps to greater than
2 Mbps. A few technologies are able to fulfill the International Mobile
Telecommunications (IMT) standards, such as CDMA [4], [43], UMTS and some variation
of GSM such as EDGE. WCDMA (Wideband Code Division Multiple Access) is the main

third generation air interface in the world: and: deployment of third generation: cellular -
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networks has been started in Europe, Asia, Japan and Korea, in the frequency band around
2 GHz [112],[111].

Table 1.5: Comparison between 3G and 2G

PARAMETERS WCDMAQG) - GSM(2G)
Carrier spacing o |5MHz | . 200kHz
Frequency reuse factor 1 : 1-18
Power control frequency | 1500 Hz o | 2 Hz or lower
Quality control . . Radio resource - Network planning _
» . - management - (frequency planhing)_, o
) , algorithms | . : - _
Frequency diversity - | 5 MHz bandwidth - | Frequency hopping
' gives L ‘ S
multipath diversity -
_ _ with receiver -
Packet data IR Load-based = packet | Time slot based scheduling - -
scheduling ) ’ - :
| S with GPRS ‘
Downlink ~ transmit | Supported for Not supported by the standard,
diversity - improving but can be applied o
downlink capzikity

The main differences between the third and second generation air interfaces are described
in Table 1.5. BSNL 900-1800 MHz GSM and IS-95 (the standard for CDMA systemsj are
the second generation air interfaces considered in thesis. Table 1.6 gives difference
between WCDMA and IS-95.1In this comparison only the air interface is considered. GSM
also covers services and core network aspects. and this GSM platform will be used
together with the WCDMA air interface. '

14



Table 1.6: Comparison table between WCDMA and IS-95 air interfaces

PARAMETERS WCDMA IS-95
Carrier spacing 5 MHz ‘ 1.25 MHz
Chip rate 3.84 Mcps - . 1.2288 Mcps

Power control frequency

1500 Hz, both uplink and B

‘Downlink

Uplink: 800 Hz downhnk

slow power control

 Base station
synchronization

Not needed

Yes, typically obtained via GPS

Inter-frequency handovers

Yes, measurements with

slotted mode

Possible, but measurement
method not specified

Efficient radio resource

management algorithms

Yes, provides required'quality

of service

Not needed for speech only
Networks

Packet data

Load-based packet scheduling

Packet data transirﬁtted as short
circuit switched calls

Downlink transmit
diversity

Supported for 1 improving
downlink capacn:y

Not supported by the standard ‘

1.4.1 Specification of 3G (WCDMA) [75]
WCDMA has two modes characterized by the duplex method ie. FDD (Frequency

Division Duplex) and TDD (Time Division Duplex), for operating with paired and

unpaired bands. The chip rate of the system is 3.84 Mcps. The frame length is 10 ms and
each frame is divided into 15 slots (2560 chip/slot at the chip rate 3.84 .Mcps). Spreading
factors range from 256 to 4 in the uplink and from 512 to 4 in thé downlink. Table 1.7 lists
the parameters of WCDMA.

15




Table 1.7: WCDMA parameters

Multiple access method

Duplexing method

Base station synchronization
Chip rate
Frame length

Service multiplexing

Multirate concept
Detection

Multiuser detection, smart antennas

DS-CDMA

Frequency Division Duplex/Time Division
Duplex

Asynchronous operation

3.84 Mcps

10 ms

Multiple services with different quality of
service requiremehts multiplexed on one
connection.

Variable spreading factor and multicode

Coherent using pilot symbols or common
pilot

Supported by the standard, optional in the

implerrientation

Table 1.7 summaries the main parameters related to the WCDMA air interface. Signal

transmitted from transmitter to receiver in 1G, 2G and 3G has to face different channel

noises and propagation loss which is unpredictable to the receiver, so for the wireless

‘network design the propagation effect, channel noises and fading must be consider to

deliver the baseband signals to its final destination with as few error as possible.
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1.5 Effect of terrain on signal propagation {17]
Path less [7]

Path loss normally includes propagation losses caused by spreading of radio waves
(Diffraction, Absorption, Reflection, Refraction, and Shadowing) in free space ﬁom‘
transmitting antenna which result in overall decrease in signal/field strength and it depends
on the distance between the transmitter and receiver. Outdoor propagation modeI; are used

to determine the path loss due to terrain i.e. foliage, rain, buildings etc.
Diffraction loss

When a part of radio wave front is obstructed by an obstacle then losses occur in signal is
known as diffraction loss (Figure 1.6). In outdoor propagation this loss occurs due to;

building, mountains ete.

Figure 1.6: Diffraction Loss

Absorption loss

When the signal passes through media not transparent to electromagnetic waves then
penetration losses occur in signal which is also known as absorption losses. In fringe area
of Dehradun , Uttarakhand this loss occurs due to rain | fog ete.

17



Reflection losses [61]

Reflection occurs in signal from the smooth surfaces of walls and hills produce losses in

signal which is known as reflection losses (Figure 1.7).

Tropospheric scatter

o e

..., Diffraction

-,

Figure 1.7: Reflection Loss

Refraction losses

Due to different layers of atmosphere refraction takes place which result in refraction
losses in signal. Losses due to scattering of signal from the surfaces which are not smooth

such as sea, rough ground, branches and leaves of trees.
Shadowing

Shadowing is caused by the superimposing of signal via refraction, reflection etc.

shadowing is also known as slow fading. When the amplitude of radio signal changes

18
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quickly in a short time period or in a short travel distance then it cause slow fading in

signal.
Fﬁst fading

The signal radiated by transmitter to a receiver may also travel along simultaneously
different paths and at receiving antenna these multipath waves combined to produce
resultant receiving signal that may vary widely, depending on relative time of propagation
of signal, transmitted signal bandwidth and on the distribution of the intensity. These
occurs fading in signal which is known as multipath fading and also called as fast fading.
Concentrating the size of antenna and traffic densities in the process of wireless

communication there are two main outdoor systems which are microcells and microcells.

~Macro cells A /

To provide mobile services with in medium traffic densities areas macro cells are used
[16]. These macro cells are designed basically in rural and suburban areas [99] and other
areas having medium traffic densities with base station antenna having greater heights than
the surrounding buildings. As in these cells traffic density is low so it can cover large
region and hence providing a cell radius from around 1 km to many 5 Km. It is mostly

operated at VHF and UHF. According to the definition of a macro cells: hy>hgpst
Microcells

To provide mobile services in high traffic densities areas microcells are used. Microcells
are defined in urban : .. suburban areas and other areas having high traffic densities wifh
base station antennas having lower heights than nearby building rooftops. As it is used for
high traffic densities so it can cover small region and hence having cell length up to around
500m. It also mostly operated at VHF and UHF. According to the definition of microcells:

hb<hobst

19



Figure 1.8: Cell Structure

Pico cells
Pico cells are defined as the same layer as micro cells and are usually used for indoor

coverage.

1.6 Area Types [16]

The clutter areas generally classified as four types those are mentioned below:

Dense Urban

The dense urban area contains large population and high buildings. In this type of areas
there exist few or no trees due to the density of buildings. In India Southern part of
Mumbai can be taken as an example for dense urban areas. In these types of environments,

even 100-foot cells have micro cell preparation, which is dominated by building location.

Urban
The urban of areas contains metropolitan regions (cities), industrial areas and closely
spaced residential building and multistoried apartments. Building density is high along

with trees and some other vegetation.

Suburban

The sub urban areas consist mainly of single family homes, shopping malls and office
parks along with noticeable vegetation and tree. In this area most Buildings are 1 to 3
stories but significant exceptions do occur. Towns near to urban areas are main examples

of this type of environment.

20



Rural
The Rural areas consists lots of open space with few residential areas and less population.
The significant variations in cell coverage area are found in rural areas due to differences

in vegetation and terrain.

This Chapter" deals with the basic background of wireless communication followed by brief
description of the parameter i.e. Spectrum allocation, wireless radio standards, 1G, 2G,
GSM, cordless telephone systems and 3G, selected for present analysis. Most of the

description like comparison of 2G, 3G are shown in the tabular.(Table 1.1 — 1.7) form.

Different outdoor path loss models are introduced in wireless communication system to
predict the path loss encountered in macro cells between the base station and every
possible mobile location. The brief description of different outdoor path loss modéls are

described in Chapter 2.
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CHAPTER 2

OUTDOOR PROPAGATION MODELS AND METHODOLOGY OF
| FIELD DATA COLLECTION

2.1 Background

Path loss is the phenomenon which occurs when the received signal becomes weaker and
weaker due to increase in the distance between rﬁobile and base station. The path loss
between a pair of antennas can also be expressed as the ratio of the transmitted power to
the received power. It includes all of the possible elements of loss associated with
interactions between the propagating wave and any objects between transmit and the
receive antennas. The elements of a simple wireless link are shown in Figure 2.A1. The

power appearing at the receiver input terminals Pg, is expressed in equation 2.1
PR= (PTGTGR)/LTLLR (21)

where Gr is Transmitting antenna gain, Gr Receiving antenna gain Lt Transmitting Feeder

Loss, L Path Loss expressed as power ratios and powers expressed in watts.

Antenna gain  Antenna gain
- Gy Gq
Transrgit power EAﬁ-'“/f\J—%;%ﬂecewed power
. T j ‘Z_ ___--/ I./__’;r g e \ PR
. %‘"\J-—\/-‘NJ
Transmitter Path loss
L
Feeder loss Feeder loss
LT LH

Receiver |-

Figure 2.1: Elements of a wireless communication system

The antenna gains are expressed with reference to an isotropic antenna, which radiates the
power delivered to it equally in all directions. The Effective Isotropic Radiated Power

(EIRP) is given by equation 2.2.
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EIRP = (P1Gr)/Lr= Pqy . _ (2.2)

where, Pry is the effective isotropic transmit power. Similarly, the effective isotropic
received power Pgy, is given in equation 2.3.

PR1=(PRLR)/GR (2.3)

The advantage of expressing the powers in terms of EIRP is that the path loss L, can then
be expressed independently of system parameters by defining it as the ratio between the
transmitted and the received EIRP, ’
Path loss,

L =Pp/Pri=(PrGrGg) /(Pgr LT Lg) 2.4

The main goal of propagation modeling is to predfct L as accurately as possible, allowing
the range of a radio system to be determined before installation. The maximum range of
the system occurs when the received power drops below a level which provides just
acceptable communication quality. This level is often known as the receiver sensitivity.
The value of L for which this power level is received is the maximum acceptable path loss.

The path loss in decibels can be expressed as equation 2.5
L (dB) =10 log ( Pr1/ Pri1) ' (2.5)

2.2 Path Loss Prediction Model

The prediction of path loss is a very important step in planning a mobile radio system, and
accurate prédiction methods [71] are needed to determine the parameters of a radio system,
which will provide efficient and reliable coverage of a specified service area. A path loss
prediction or propagation model is the fundamental tool for designing anyv wireless
communication system. Since it become very costly if site measurements is used to design
a system, so as an alternative propagation model has been developed which are more
suitable, convenient and low cost. These models typically focus on. path loss realization
and predict what will happen to the transmitted signal as it travel from transmitter to the

receiver. The propagation model can be broadly categorized into outdoor and indoor

24



. propagation models. The outdoor propagation models are use‘d to understand the link
performance ‘of macro cellular systems while indoor model. are used for micro cellular

environment.

2.2.1 Indoor Models
With the advent of Personal Communication System (PCS), there is a greaf deal of interest:
in characterizing radio propagation inside buildings. Indoor chan\ne]:sj,wmay be classified
either as Line of 'Sight (LOS) or obstructed, with varying degrées. vof biutter. Some of the
key models which have recently emerged for Indoor are:

a) Log distance Path Loss Model

b) Ericsson Multiple Breakpoint Model

c) Attenuation factor model

2.2.2 Outdoor Models -
Radio transmission in a mobile communication system [105],[106] often takes place o{;ér ~
irregular terrain. The terrain profile of a particular area needs to be taken into account for
estimating the path loss. The terrain profile varies from a simple curved earth profile to a
highly mountainous profile. The presence of trees, building and other obstacles also must
be taken into account. A number of outdoor propagation models are available to brediét
path loss over irregular terrain. While all these models aim to predict signal strength at a
~ particular recéiving point or in a specific local area (called a sector), the methods vary
' widely in their approach, complexity an"d'accuracy. Most of these models are bg'séd on a
systematic interpretation of measured data obtained in the service area: ;Thg;_dutdoor

propagation models can further be classified as Theoretical, Physical ahdﬁ_mpifichl.

Theoretical Model

Theoretical models are based on some theoretical assumptions about the propagation
environment. These models are also called statistical model. These rriodels are useful for
analytical studies of the behavior of communication systems under a wide variety of |

channel response circumstances. These models do not deal with any specific propagation
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information, so they are not suitable for planning communication systems to serve a
particular area. These types of models usually rely on assumptions that lead to
mathematical formulations. The Geometrically Based Single Bounce Macro cell (GBSBM)
channel model and Quasai — Wide Sense Stationary Uncorrelated Scattering (Quasi-

WSSUS) channel model are examples of theoretical models.

Physical Model

Physical models depend on the basic principles of physics and take into account the
propagation environment. These models can be either site specific or not site specific. An
example of these types of models is Walfisch-Bertoni model given by W. Ikegami and
H.L. Bertoni for mobile radio systems in urban areas, where roof edges are considered as a
series of diffracting screens with final diffraction from building roof to the street level
being included. A physical and site specific channel model not only uses the physical law
of electromagnetic wave propagation but also have a systematic technique for mapping the
real propagation environment into a model of propagation environment. Epstein-Peterson
method, Deygout method, Longley Rice model, Anderson two dimensional (2D) model
which only predict signal attenuation over terrain and ray tracing model, which provides’
time dispersion information and angle of arrival information are the examples of physical
and site specific channel model. These models make use of the laws governing
electromagnetic wave propagation in order to determine the received signal power in a

particular location.

Empirical Model

Empirical models fundamentally use experimental measurement data to produce a
relationship between the propagation circumstances and expected field strength or time
dispersion results. It can also be developed from measurements made in laboratory or with
scale models of propagation environments. This approach is based on fitting curves or
analytical expressions that recreate set of measured data. This has advantage of taking
account all propagation factors, both known and unknown through actual field

measurements. However, the validity of an empirical model at transmission frequencies or
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~environments other than those used to derive the model can only be established by
additional measured data in new environment at the required transmission frequency. By
definition, an empirical model is based on data used to predict, not explain a system and
are based on observations and measurements alone. It can be split into two subcategories,

time dispersive and non-time dispersive:
2.3 Empirical Outdoor Propagation Models [99],[101]
2.3.1 Free Space Path Loss Model

Free space path loss is a loss in an electromagnetic wave’s signal strength that would result

from an unobstructed line of sight path through free space.
2.3.2 Egli Model

Ease of irﬁplementation and agreement with the empirical data makes Egli model a popular
choice for a first analysis. Egli model provides the entire path loss, whereas the Okiﬁhura
model discussed below provides the path loss in addition to free space loss [72],[109j%?‘irhis
model is empirical in nature and applicable to scenarios where the transmission hasftf"o':}pass
an irregular terrain. Egli model is not applicable to scenarios where some vegetétive

obstruction is in the middle of the link.

2.3.3 Okumura Model

Okumura model is the most widely used model for signal prediction in the urban areas.
This model is applicable for frequencies in the range 150 MHz to 1920 MHz (although it is

typically extrapolated up to 3000 MHz) and distances to 1 km to 100 km. It is used for

base station antenna heights ranging from 30 m to 1000 m. S
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Figure 2.2: Median attenuation relative to free space A, (f,d), over a quasi-smooth terrain

A set of median attenuation curves relative to free space (Am,) were developed by
Okumura (Figure 2.2), in an urban area over quasi smooth terrain with a base station
effective antenna height (h,) of 200 m and a mobile antenna height (h;;) of 3 m. These
curves were developed from extensive measurement using vertical omni directional
antennas at both the base and mobile. Curves are plotted as a function of frequency in the
range 100 MHz to 1920 MHz and also as a function distance from base station in the range -
1 km to 100 km. To determine path loss using Okumura model, the free space path loss
between the points of interest is first determined and then the value of Ap, (from curve) is

added to it along with the correction factors to account for the terrain type [76].

2.3.4 Hata Model

Hata developed a mathematical formulation from Okumura prediction curves in order to
obtain simple computational applications. Therefore, this model is then called Okumura-
Hata model or Hata model. Hata prediction model is based on propagation measurement
conducted in Kanto (near Tokyo), Japan by Okumura. This model presents signal strength
prediction curves over distance in a quasi-smooth urban area (terrain undulation is less
than 20 m). In order to predict other types of area classifications, correction factors for

suburban and open areas is considered [73], [74].
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2.3.5 COST 231 Hata Model
| A model that is widely used for predicting path loss in mobile wireless system is the COST
231 Hata model . It was an extension of Hata model. The COST 231 Hata model is
designed to be used in the frequency band from 1500 MHz to 2000 MHz. It also contains

corrections for urban, suburban and rural (flat) environments.

2.3.6 ECC-33 Model [22] _ ' .

The medium; city model is more appropriate for European cities whereas the large city
environment-should only be used for cities having tall buildings. It is interesting to note
that the predictions produced by the ECC-33 model do not lie on straight lines when

plotted against distance having a log scale.

2.3.7 Lee Model
The Lee model is a modified power law model, with parameters taken from measuré}ne‘nts
in a number of locations, together with a procedure for calculating an effective base station

antenna height which takes account of the variations in the terrain.

MODELS FREQUENCY APPLICABLE DRAWBACKS/ ~

RANGE DIFFERENT ¢

TERRAIN SUPPORT

ITU Terrain Model Any LOS Support all terrains based “on
diffraction theory o

Egli model Not specified LOS Not applicable in the foliage

area, rugged terrain and
significant obstruction.

Weissberger’s model 230 MHz-95 GHz LOS Only applicable when foliage
: obstruction in the microwave .
link

Lee model . 900 MHz LOS/NLOS _Use more correction factors to
: make it flexible in all
conditions -

Longley —Rice model 20 MHz-20 GHz LOS/NLOS Suitable in VHF and UHF use.
* €annot considér the correction
» factor' due to building and
" foliage.

_Multipath is not considered.
Slow response to rapid changes
in terrain. It is not good for
rural area,

Okumura Model 150 MHz-1920MHz  LOS
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Hata Model

Cost- Hata Model

Cost 231-walfish-Ikegami
Model

Stanford University
Interim (SUI)

ECC-33

Bullington Model

150 MHz-1500MHz

1500MHZ-2GHz

2.5 GHz-2.7GHz

Up to 2 GHz

30

LOS

LOS

LOS

LOS

LOS

LOS

It does not provide for any path
specific correction factor , as is
available in Okumura Model.
For distance d>1km, The Hata
model well approximate the
Okumara model. Not good for
personal communication

It has the correction factor for
urban, suburban and, rural area.
This model does not consider
the impact of diffraction from
rooftops, building and scatter
loss. '

It is improved version of Cost-
Hata model.

It is used to predict the path
loss in all three environments.

This is modified version of
Okumura model.

It gives better response in
medium city. It does not give
good result in rural
environment.

This is used to compute the
diffraction loss over multiple
knife edge.

Not applicable for suburban
areas.



2.4 Methodology of Field Data Collection

The collection of data is necessary requirement to ensure the acceptance of existed design.
The collection of data or measurement procedure is generally based on the drive test
system. The meaning of drive test is simply collecting or testing the data while, the mobile
station is moving. RF coverage details or the performance of a network details can be
collected by using drive test. The RF coverage includes the performance such as power
strength (Ey/Io), the transmitting power (Tx), the downlink receive power (Rx) and
the Frame Error Rate (FER) while roaming in the wireless network. Prior to the evaluation
of drive test it is important to identify the base stations in the route in which drive test to be

carried out.

2.5 Drive Test Tool for Measurement

The tools contain both software and hardware devices. In the present day scenario various

test tools are available to calculate the Field data, some of the tools are as follows:

2.51 NEMO
NEMO is a drive test tool for measuring and monitoring the air interface of wireless
networks with outdoor and indoor measurement with various options like voice , video..

quality, data and application. '

Characteristics of NEMO .
* Concurrent testing of different nef‘\JVbrk standards
» Multiple voice and data measurements
» Single, multi voice and data measurements
» Frequency scanning can be done with external scanner
» Compatible for Maplnfo digital maps
* In single software platform it supports more than 40 test terminals like Nokia,

Sagem, Motorola, LG, Samsung, and Qualcomm etc.
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» It also supports all major wireless technologies like GSM, HSCSD, GPRS, EDGE,
WCDMA, HSDPA, AMPS, TDMA, CDMAOne, CDMA2000 and TETRA as

shown in Figure 2.3.
' . . IV T Y HANDY
. Soppported Termianls :T” oﬁ!qglag&\gmsgge!:‘-Jga'lrsE&Rdlil‘lniggsL5 || TERMINALS
Supperted

Technologies
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~ Measuorement INDOOR ATA
Options . J.eTioN, Ao | OPTION: LorrIoN
s TESTING(|- -~ I~ 250
 Data Collection NEMO OQUTDOOR MEASUREMENT PLATFQRM
. Post Processiag

Figure 2.3: Features of NEMO drive test tool

2.5.2 Agilent

Agilent’s data test platform or GPRS presents a true drive test solution.

Features of Agilent :

» Jtprovides Endto End data testing combined with-air interface testing.
o It allows the addition of up to four phones or a combination of phones and digital

receivers as shown in Figure 2 4. ,
e It can evaluate 2G, 2.5G and 3G networks simultaneously from the same laptop.
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253

Figure 2.4: E7478A Drive Test System with E6455C IMT2000 Digital Receiver.

It allows complete scalability on current formats (GSM, GSM-GPRS
900/1800/1900, TDMA, CDMA, W-CDMA/UMTS).

The E7478A has features for site selection, optimization, troubleshooting, end to
end data measurement, data application simulation, indoor analysis, - and

benchmarking

TEMS

It offers one equipment with many functions like collection of data, analyzing and
post processing the network data used on a daily basis for network monitoring,
troubleshooting and optimization. This reduces the complexity of multiple tools,
costs and time. TEMS protects network infegrity and provides benefits of the
network at the same time. It collects data beyond the abilities of other.tools in the
market. It employs specially developed algorithms [33] to collect unique

information not available in other vendor’s tools.
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Table 2.1: Comparison of Air Navigation Tool

. Qualcomm
Aircomm RandS (RohdeandSchwarz) Anite
TEMS 10.1 ROMES4 .NEMO Outdoor 5.40
GSM/EDGE, GSM/EDGE, TETRA,
WCDMA/HSPA+, WCDMA/HSPA+, GSM/EDGE/GPRS,
Supported CDMA2000® 1xEV-DO | CDMA200, 1xEV-DO WCDMAZ2100/1900,
P Rev.A, WLAN (IEEE | Rev.A, WLAN (IEEE | CDMAZ2000, 1XEV-DO,
Technology 802.11b, g), | 802.11b, g), WiMAX™(IEEE | DVB-H,
: WiMAX™(IEEE 802.16€),LTE,DAB, DVB- | HSDPA/HSUPA/HSPA+,
802.16€),LTE ,iDEN, T,DVB-H and TETRA WiMAX, LTE
TS-CDMA Support both circuit-switched | Support both circuit-
Support both circuit- | and packet switched | switched and packet
switched and packet | measurement switched measurement.
switched measurement '
Voice quality, video | GSM Interference, Voice quality, video quality,
quality,  voice call | Position Estimation, voice call quality and
quality, video streaming | Data Quality Analyzer for | psytechnics PVI  video
quality, C/1 | Quality of Service | streaming quality
Measurement  (GSM), | Measurements (DQA), measurement are supported.
QoS measurements | Video Streaming Quality | Handover/Neighborhood :

Index — VSQI, Video | Analysis for 3GPP
Streaming and the Video | (HOA/NBA 3GPP),
Monitor (UMTS) | Speech Quality,
measurement are | Speech Quality Server
supported. Software

FTP, SMS, MMS, E-

SMS, MMS, email (POP3 and

End to End SMS and MMS

Applicaﬁon mail, HTTP, Ping, Video | IMAP), ping, .| application Testing, FTP,
. Streaming and WAP | UDP, FTP, HTTP, video | PoC, Video Streaming, E-
Testing measurement streaming mail, ICMP Ping, Video call
,WAP, TCP/UDP testing /
measurements

Support of numerous | Support of numerous map data | Data formats such as

map data formats such as | formats such as MaplInfo, Maplnfo is supported.
Maplnfo, ArcView, | ESRI, Map and Guide, LS | NEMO Outdoor maps can be
Supported Format Macroni Planet, Ethereal | telcom and CMRG exported to Google Earth

and MDM.
Maps can be exported to
Google Earth maps.

Measurement data can also be
converted to Google Earth
format in addition to an ASCII
export allowing users to easily
visualize a test drive on maps
without any additicnal '
expense.

maps.

The present analysis has been carried out using TEMS navigation 8 and 10 versions.
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It also supports multimode functionality for system verification, troubleshooting
and optimization of WCDMA/HSPA, CDMA and GSM/GPRS/EDGE networks.
This unique multi-mode functionality makes' the following possible to:

e Verify, optimize intersystem handover and cell reselection

e Verify compressed mode behavior

e Verify , compare coverage and performance

e Verify WCDMA/HSPA and GSM system accessibility

Introduction to TEMS Investigation

N

TEMS Investlgatlon 10.0 is an air interface test tool for cellular for networks whlch 1s used
for measurement, it supports more technologies like GSM/GPRS/EGPRS (mcludmg _
interaction with GAN), WCDMA/HSDPA/HSUPA/HSPA+, TD-SCDMA (mclpdlng
interaction with GSM),CDMA One/CDMA2000/1XEV-DO, plus basic iDEN support.
Table 4.1 shows the ability of scanning LTE and WiMAX carriers [102]. It has the ability
to check the voice and video telephony as well as a variety of data services over-*b‘acket
switched and circuit switched connections. TEMS offers all in one product because it
investigation combines data collection, real time analysis and post processing. The Data
Collection and Route Analysis are two modules. Data Collection is the part of TEMS
Investigation that interfaces with phones"-';i"r"id other measurement devices, collects data and
records it in log files. It also allows presentation and analysis of a single log file at 5 time.
It also includes major functionality found in TEMS Investigation CDMA 4.0. Route
Analysis is a module that allows rapid analysis of multiple log files, originating from
TEMS Investigation itself or from TEMS Automatic, TEMS Drive Tester, or TEMS
Pocket. Statistical binning of log file data by area, time, or di:v's'tance is Supperted.‘ The
- means of presentation — maps, line charts and so on are fundamentally the séme, in both

modules.
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TEMS 9.0

TEMS 10.0 | TEMS 9.1 TEMS 8.0
CDMA support Yes Yes Yes Yes
Audio quality measurement with Yes Yes  Yes Yes
PESQ ‘
HSUPA support Yes Yes Yes Yes
Video Telephony Quality Index Yes Yes Yes Yes
(VTQD
Video Streaming Enhancements Yes Yes Yes Yes
WiMAX Support Yes Yes Yes No
WCDMA / GSM Scanning Yes Yes Yes No
LTE Support Yes Yes No No
NIDS Support Yes Yes No No
Mobile to mobile Audio Quality ~Yes Yes No No
Measurement (AQM)
TD-SCDMA Support Yes No No No
iDEN Support Yes No No No
HSPA Support . Yes No No No

Table 2.2: Features of TEMS 10.0, TEMS 9.1, TEMS 9.0, TEMS 8.0
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2.6 Terminology associated with Drive Test [12]

High Speed Packet Access (HSPA)

HSPA

Figure 2.5: HSPA Classification

HSPA is an union of two mobile telephony protocols, one is High Speed Downlink Packet
Access (HSDPA) and second is High Speed Uplink Packet Access (HSUPA), that extends

and improves the performance of existing WCDMA protocols.-
Integrated Digital Enhanced Network (iDEN)

This mobile telecommunications technology is developed by Motorola. iDE Network
seats more users in a specified spectral space, compared to analog cellular and two-way

radio systems, by using speech compression and Time Division Multiple Access (TDMA).
Network Intrusion Detection System (NIDS)

It is an invasion detection system which: detects malevolent activities such as defense of
service attacks, port scans or even attempts tfo crack into computers by

monitoring network traffic.
High Speed Uplink Packet Access (HSUPA)

It is a3G mobile teléphony protocol in  the HSPA family with uplink speeds up to
5.76 Mbit/s. The official 3GPP name for ' HSUPA' is Enhanced Uplink (EUL).
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3GPP Long Term Evolution (LTE)

LTE is the latest standard in the mobile network technolbgy tree that produced the
GSM/EDGE and UMTS/HSPA network teﬁhnologies. It is a project of the 3rd Generation
Pértnership Project (3GPP), operating under a name trademarked by one of the
associations within the partnership, the Europeén Telecommunications Standards Institute.
The current generation of mobile telecommunication networks is collectively known
as 3G (for "third generation"). Although LTE is often marketed as 4G, first release LTE
does not fully comply with the IMT Advanced 4G requirements. The pre-4G standard is a
step toward LTE Advanced, a 4th generation standard (4G) of radio technologies designed -
to increase the capacity and speed of mobile telephone networks. LTE Advanced is
backwards compatible with LTE and uses the same frequency bands, while LTE is not

backwards compatible with 3G systems.
WIMAX [11], [15]

Worldwide Interoperability for Microwave Access (WiMAX) is telecommunications

protocol that provides fixed and mobile internet access.

Handoff [30], [95]

The coverage area in cellular mobile communication [104] is divided into number of cells.
Each cell is covered by an individual base station. When a mobile unit is moving from one
cell area to another -adjacent cell area Handoff takes place [55]. In cellular
telecommunications, the term handoff refers to the proeess of transferring an ongoing call
or data session from one channel connected to the core network to another [9]. It is a
flawless service to active mobile phone users while data transfer is in progress.

Purpose
o When the mobile user is moving away from the range of one cell to another cell
then the call is transferred to the second cell by avoiding call termination when the

mobile user went outside the range of the first cell.

. The'capacity of connecting new calls of one cell can be shared with another.
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o« When mobile user is moving faster than a certain threshold, the call can be
transferred to a larger umbrella-type of cell to minimize the frequency of the
handoffs due to this movement.

o In CDMA networks a soft handoff may be induced to reduce the interference to a

smaller neighboring cell due to the "near-far" effect.

Rx Level

Drive test results will give the penetration level of signals in different regions of the
network, These results can then be compared with the plans made before the network
launch. In urban areas, coverage is generally found to be less at the farthest parts of the
network, in the areas behind high buildings and inside buildings. These issues become
serious when important areas and buildings are not having the desired level of signal e\}én
when care has been taken during the network planning phase. This leads to an immediate
scrutiny of the antenna locations, heights and tilt. The problems are usually sorted but by
moving the antenna locations and altering the tilting of the antennas. If optimization is
being done after a long time, new sites can also be added. Coverage also becomes critical
in rural areas, where the capacity of the cell sites is already low. Populated areas and
highways usually constitute the regions that should have the desired level of coverage. A
factor that may lower the signal level could be propagation conditions, so study of llnk
budget calculations along with the terrain profile [52 Jbecomes a critical part of thé rural

optimization. For highway coverage, additions of new sites may be one of the solutions.

Rx Quality [53]

" The quality of the radio network is dependent on its coverage, capacity and frequéncy
allocation. Most of the severe problems in a radio network can be attributed to signal
interference. For uplink quality, BER statistics are used and for downlink FER statistics are
used. When interference exists in the network, the source ne_:eds to be found. The entire
frequency plan is checked again to determine whether the source is iﬁtemal or.external.
The' problems may be caused by flaws in the frequency plan, in the configuration plans

(e.g. antenna tilts), inaccurate correction factors used in propagation models, etc.
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Speech Quality Index (SQI)

SQI is an estimate of the perceived speech quality as experienced by the mobile user, is
based on handover events and .on the bit error and frame erasufe distributions [53]. The
SQI scale goes from -15 to 21 for Full Rate (FR) speech coders and from -15 to 30 for
Enhanced Full Rate (EFR) speech coders.

2.7 Check list for field measurement

Various Tools used for drive test are as follows:

* A drive test tools (TEMS)

« TEMS compatible mobile station with RF antenna and Serial Port data cable
. A laptop with minimum Pentium-III Processor, 256MB RAM

* Analysis software (Mapinfo, Actix etc.)

. = Inverter

» Extension board

* GPS receiver having DC Power cable and Serial Port data cable.

2.8 Hardware Requirement
o T est Kit --- for hardware holding and protection
e Mobile Computer --- for test control and data collection
e Trace Mobile --- for wireless parameter collection
e GPS --- for geographic positioning
e Power Supply System --- Supplying power for GPS and notebook computer
e PCMCIA Card --- for communication between the notebook computer and GPS

2.9 Software requirement

The network drive test software used is TEMS Investigation as shown in Figure 2.6. This
software is combined with the above hardware to perform a GSM network drive test.
TEMS works with real time nétwork parameters such as LAC, CI, Rxlevel, Rx quality etc -
on basis of a digital geographic map and cell database [62].
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TEMS NAVIGATION TOOL PERIPHERALS VERSION - 8.01
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Figure 2.6: Drive Test principle illustration

2.9.1 Specification of Hardware and Software
Usually, the TEMS test system requires a hardware configuration in the following aspects

Trace Phone: The following phones (supporting both GSM and WCDMA Unless otherwise
stated) can be delivered with TEMS Investigation 10.0
e Sony Ericsson C905, Sony Ericsson C905a, Sony Ericsson Z750i, Nokia N96 EU,
Nokia N96 US (Table 2.1 shows the features of these mobile phone)
o Other Connectable UMTS Devices
Sony Ericsson C702, Sony Ericsson K600i, Sony Ericsson TMS506, Sony Ericsson
W760i, LG CU320, LG CU500, LG U960, Motorola E1000, Motorola E1070,
Motorola M2501, Motorola Razr Maxx V6, Motorola Razr V3x, Motorola Razr
V3xx, Motorola Razr2 V9, Nokia 0120, Nokia 6121, Nokia 6280, Nokia 6680,
Nokia 7376, Nokia N75, Nokia N80, Nokia N95

Figure 2.7: TEMS test kit
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It is recommended that a status configuration of the trace phone required as below prior to

atest:

* Data Rate: 9600bps; Menu: Accessories\Data parameters\Speed

* Modem type: Data; Menu: Accessories\Data pafameters\Mode.-~
* Protocol: Secure link; Menu: Accessories\Data parameters\Protocol

Table 2.3: TEMS supported Mobile phone’s feature

: ‘i_ll’:_honelFeat_ure o

HSPDA, Mbits/s

| HSPA, Mbitss -

‘WCDMAS50

weoMas
| WEDMA 1900

WepMA2100
GsMssH

YGsmisop

[ Externa Antenms

< Scaning

Sony Ericsson C905 |

< 5'.7" .

AN

<
\

N'GsM900

<\

\

Sony Ericsson C905a’

Sony Ericsson 77501

18

<

Nokia N96 EU

Nokia N96 US

361,

Option GT Expr. HSUPA

7.2

2.00

GPS Units: The recommended GPS units for TEMS are mentioned below
* Bosch/Blaupunkt Travel Pilot
* Garmin 10 Mobile Bluctooth (NMEA-0183)
*  Garmin 12XL (NMEA-0183)
+  Garmin 35 (NMEA-0183)
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+ Global Sat BT-359 (NMEA-0183)
* Global Sat BT-368 (NMEA-0183)
* Global Sat BU-303 (NMEA-0183)
* Global Sat BU-353 (NMEA-0183) -
* Holux GPSlim 236 (NMEA-HS; Bluetooth or USB)
» Magnetti Marelli Route Planner NAV200
» Nokia LD-3W Bluetooth (NMEA-0183)
"« Sanav GM-44 (NMEA-0183)
* Sanav GM-158 (NMEA-0183)
» NMEA-HS Holux GPSlim 236 BT
» NMEA-HS Holux GPSlim 236 USB
For poor receiving conditions the recommended GPS units are Bosch/Blaupunkt Travel

Pilot or Magnetti Marelli Route Planner, since they have dead reckoning facilities.

Notebook: A notebook computer or laptop is used to run the test software TEMS
Investigation. In general the recommended configuration of notebook when running the
TEMS for GSM network test is. | -

« CPU: PII 400MHz

* Memory: 128M SDRAM

- Hard Disk Drive: 10GB

» . Display Resolution: 1024 * 768 pixel

*  Operation System
The following operating systems are supported:

»  Windows Vista with Service Pack 1

* Windows XP Professional with Service Pack 3

»  Windows XP Tablet PC Edition with Service Pack 3
In addition, all the latest Windows updates should always be installed. Supported languages
are English (U.S.), Chinese (simplified characters), and Japanese.

Cables to use with Phones: Sony Ericsson C702, C905, C905a, TM506, W760i, Z750i. It
is necessary to use the USB cable supplied with the phone (DCU-65, part number RPM
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131 12/1 R1B). Using a USB cable delivered with older phones such as K800i and K790i

is not recommended.

External Antenna to Phones: An external monopole antenna is connected to a phone by
means of a coaxial cable (and possibly an adapter) supplied with the phone. Phone specific
details are as follows:
* Sony Ericsson Z750i .
An external antenna with the Sony Ericsson Z750i, the phone is delivered with the
antenna adapter already mounted. Just connect the antenna to the adapter. A Sony
Ericsson Z750i phone with an external antenna mounted cannot use its internal
antenna.
*  Nokia N96
Press the antenna adapter into the hole provided for it and then connects the antenna to

the adapter.

PCMCIA Card: It is used to connect the trace phone and GPS to a notebook computer.
The test data will be transferred from the trace phone and GPS to the notebook computer

through this card.

Power Supply System: It is used to supply power for both the notebook and GPS unit.

2.10 Assembling / Installation / Setup Procedure
The Setup proc.edure for the entire drive test is given below.

2.10.1 Plugging in Phones and Data Cards
All supported phones connect to the laptop via USB. The USB cable transfers the data on

the phone to a USB port on the laptop (both TEMS measurements and data service

measurements are transferred through this cable).

2.10.2 Plugging in GPS Units .
In the same way the Supported GPS units connect via USB or Bluetooth to a COM port.
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2.10.3 Configuring TEMS Investigation soffware for Data Collection
Launch the application from the Staﬁ menu:
» Choose Start — Programs — Ascom— TEMS Products — TEMS Investigation 10.0
Data Collection. | '
In Windows Vista the application has been run as administrator. This option is selected by
right clicking the Start menu item above and choosing Properties (Figure 2.7)
.— Shortcut tab — Advanced
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Figure 2.8: TEMS window

ANl devices that are known to TEMS Investigation can be automatically detected or
manually added, are listed in the Equipment Configuration window Figure 2.8.
In the Name column of the Equipment Configuration window, each device is represented
by an EQ item, containing within it one further item (called “channel”) for each data
source furnished by the device:
» for user terminals, an “MS” channel representing TEMS measurements and a “DC”
channel representing data service measurements

» _for scanners, an “MS” .channel
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for GPS units,

a “PS” channel (P for “positioning™). GPS units built info scanners

also appear as separate devices.
The colored dot to the left of each channel shows the status of the channel in TEMS

Investigation: red means “not connected”, green means “connected™.

i ' Cquipment Configuiation ‘

e VSZ - Ar lnterfece

i@ DI4-Data
o WGA - Sir Interface

For Help, press F1.
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Figure 2.9: Equipment Configuration window

2:10.4 Recording L.og files
Log files can be recorded in the following ways in TEMS Investigation:

"« From the Record toolbar or Log file menu

» From within command sequences.

All these procedures

produce ‘the same type of output file, with extension .log. The

functions available for controlling the recording and modifying the log file are however

somewhat different in each case.

2.11 L‘oading‘Sit’e data, Vector, Map, Path

Cell Data

TEMS Investigation can present information on individual cells in cellular networks. In

particular, it-is possible to draw cells on ‘maps and to- display cell“names in various

windows. Cell data is also made use of in log file reports.

Cell data can be provided in two ways:
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» In a plain text XML file (*.xml) whose format is common to several TEMS products.
« In a file with a plain text, TEMS Investigation specific format (*.cel). This format is for
UMTS only. GSM and WCDMA cells can be mixed in one file.
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Figure 2.10: Cell data configuring window

Loading Cell Files
For making a cell file in active mode, it must be loaded first in the General window.
Several cell files can be load in the application at a time as shown in Figure 2.9.
+ From the Navigator, open the General window.
» In the General window, double-click the item “Cellfile Load™.
« To add a cell file, click the Add button and browse to select file. The cell file is
added in the list box.
» To remove a cell file from the list, select it and click Remove. To remove all cell
files, click Remove all.
» When.done selecting cell files to load, click OK.

Any time loaded cell files can be modified. The correlation is possible if multiple files of
the same type (CEL or XML) are loaded.

« To load a map file, right-click the Map Files item in the Navigator and choose Add from
the context menu, then broMe for the desired TAB or GST file.
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2.12 Test Procedure for Drive Test
The test procedure is as follows after connecting the drive test tool.

1. On opening the TEMS Investigation 10.0 application software window in the Laptop.
The system by default opens ‘GSM’ window by displaying the empty tables and charts for

RF information.

2. The external devices, TEMS Handset and GPS unit both are configured in the ‘Control
and configuration’ window. The system immediately detects all the devices existing but
shows red color symbol indicating disconnectivity and the red color symbol changes to

green color after connecting devices by clicking ‘Connect All’ in the Connection Toolbar.

3. The mobile using is now connected in the ‘idle mode’. After connecting the mobile the.
GSM window starts displays the live network data in the corresponding tables and charts.

The window also displays Latitude and Longitude of the place.

4. Save the log file trailed after starting call on the TEMS phone by clicking the ‘Record’

tool bar.
5. The Drive test must conduct on routes covering the cell and all neighboring cells.

6. Cell coverage, Received signal strength, Quality and many other RF parameters can be

measured.

7. Call connection, call mobility control, call release and many other events are checked

and recorded.

In this drive test radial and azimuthally routes have to be tested. In urban area the effects of
street orientations have to be considered. Measurements have to be evenhanded, i.e. the
field data must cover all typical coverége scenarios. The selection of drive test routes
should be based on the: | '

e The terrain variations
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Subscriber distributions
Major highways and thoroughfares
Critical Areas

Potential Shadowing areas and-handover regions

The drive test must be carried out along the cell radius typically 2-3 times.

2.13 Various Issues during Measurement

The issues to be considered during measurement are:

Overshooting

OVershooting means, it serves at very long distance with good Rx Level where in
this area it is supposed to be served by another closer site having approximately the
same signal strength. It can cause high interference which leads to bad quality.

Usually the advice for this case is down tilt the antenna.

Figure 2.10 shows an example for overshooting.
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Figure 2.11: Example of Overshooting
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Figure 2.12: Example of Bad quality

Bad Quality

¢ Bad quality can occur-due to two' reasons-one is ‘bad coverage  and -second is high-
interference (It is mainly co channel which is known from C/I data in the TEMS
data collection).The remedies to reduce bad quality . Figure 2.11 shows an example
for the above case.

« The bad coverage can be rectified by checking the infected site or antenna.

o The high interference can be reduced by rechecking the RF planning using planning

¢ 2R LY

ar .

B
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Figure 2.13: Example of Bad coverage
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e The signal strength of the antenna is weak at a reasonable distance.™ LT ROORV‘

Bad Coverage -

e It may occur due to wrong azimuth in the field. Low power transmission from the
BTS can also be a reason for this bad covérage and it can be checked by a power
meter. If the power is ok then it is a hardware failure. Figure 2.12 shows an
example for the above case.

Missing neighbors

« This case may cause to dropped calls and bad coverage, the MS will not be ableto.
handover on the target site as it’s not known for the serving site.
Dropped calls

e A drop call may occur due to the above case as mentioned.
e It may also occur due to an abnormal release in'the TCH or SDCCH after it's being
occupied successfully. In the downlink case the radio link time out may decrease

to zero.
Blocked calls

It‘s usually due to congestion on the serving cell or the assigned BCCH is high
interfered.
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* Practically calls can be established at maximum distance from the site 35 Km with
timing advance of 68, in some cases the si gnal reaches up to 40 and 50 Km and this
is due to water reflection if the site is near a source of water, for e.g. sea or a canal.
Therefore if the MS is served by this site at this huge distance with a fair signal,

block calls will occur as shown in Figure 2.13.

Handover failure and delay

The reason for handover delay is thét all possible neighbors may suffer blocking or
some of the handover parameters need to be adjusted.
High handover failure will probably be due to:
e High neighbor and source cell interference.
e Mobile on incorrect source cell.
* Poor planning Location area borders. That means if the boarders exist on road
junctions or ridges or on large water expenses.
* In correctly specified Database parameters like budget algorithms [86], Rx Quality
algorithms, Rx Level algorithms, Timing advance algorithms.
e Failure in leading server. It causes mainly due to the following
- Neighbors being received at similar levels.

- Missing cell site.

2.13  DATA ANALYSIS TOOLS
The Log files generated by TEMS Inveétigation are to be analyzed using the following |
tools by exporting the log files into .tab format.

e Maplnfo [87]

e Arc View

e Marconi Planet DMS 3.1

e [Ethereal

o MDM (CDMA)
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CHAPTER 3

PERFORMANCE ANALYSIS AND TUNING OF OUTDOOR PROPAGATION
MODELS

This chapter describes a selection of best fit model for the prediction of received signal
power and propagation path loss. A close comparison "of measurement values and
computed values from the outdoor propagation models formulae revealed that direct
application of these formulae is inappropriate for the prediction of these parameters in the
region of investigation, as computed values fell short significantly from the corresponding
measured values. Consequently, tuning has been introduced to best fit model and this
tuning has produced results which closely matched the measured values. Received signal
power measurements from four BTSID’s at Dehradun, Uttarakhand has been used to
deduce corresponding pafh loss values from the measured received signal power values.
High quality and high capacity networks are essentially required for the accurate
determination of modern cellular networks and signal strength measurement. In radio
services, the most important question is to tell about the propagation loss in advance. The
calculation of the path loss-in invariant conditions can be done by the number of empirical
models. The performance of wireless communication systems depends primarily on radio
channel. As a consequence, predicting the propagation characteristics between two
éntennas is one of the most important ‘tasks for the design and installation of wireless

communication systems.
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RECEIVED SIGNAL STRENGTH RxLev (dBm) OF FOUR BTS IDS
SELECTED FOR FIELD DATA COLLECTION AT DEHRADUN-

UTTARAKHAND
A\ 4 y
CALCULATION OF PATHLOSS CALCULATION OF FSPL
FROM FIELD COLLECTED DATA PATHLOSS FROM OUTDOOR »
PROPAGATION MODELS OKUMURA
EGLI

ANALYSIS USING |
v . . LINEAR REGRESSION [ COST231

COMPARISION OF CALCULATED PATHLOSS COSTWI
FROM FIELD COLLECTED DATA AND
PATHLOSS FROM I\(/)[ICJ)EI;S;)R PROPAGATION ANALYSIS USING ECC 33
MATLAB
Y v
RELATIVE ERROR SELECTION OF BEST FIT
MODEL

l

TUNING OF SELECTED BEST FIT MODEL

Figure 3.1: FLOW CHART OF STEP BY STEP EXECUTION OF WORK
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3.1 Background

Numerous outdoor propagation models have been developed to predict radio propagation
losses [1], [5]. The model analysis in this chapter is Free Space Path Loss (FSPL),
Okumura, COST 231 [14], COST Walfisch-Ikegami (WT) [28], ECC 33 [23], [24] and Egli
model. These modules are considerably taken into study for an efficient and reliable
coverage area. The predictions are required for a proper coverage planning, determination
of multipath effects as well as for interference and cell calculations, which is the basis for
any of the network planning process. Results of these models are based on experimental
and empirical works but unfortunately none of them are uniformly applicable. Work
reported in this chapter is based on the data collected from selected four BTS ID’S at
Dehradun using Ericson’s TEMS navigation. The collected data (RxLev, SQI, Interference
etc) has been analyzed using DESKCAT and Mapinfo simulation tools. Path loss for above
‘propagation models is determined using the parameter of four BTS ID’s selecféd at
Dehradun, Uttarakhand. The results have been used to evaluate the performance anal}rls;is:of
Free Space Path Loss (FSPL), Okumura, COST 231 HATA, COST 231 W-I [54], Egii and
ECC 33 outdoor predictioﬁ models. Best fit model has been selected to estimate the path
loss. Correction factor has been introduced for tuning of best fit model in order to improve
its performance. Finally path loss is plotted as a function of path distance by using linear
regression analysis and MATLAB to obtain best fit model at minimum of path loss éiuve.
The above aﬁalysis is carried out in a frequency range of 900 and 1800 MHz that is
globally being allocated for broadband wireless GSM network in India. The flow sheet of

execution of work is shown in Figure 3.1.

3.2 Related Work

Many outdoor propagation models for different type of networks [10] planning have been
reported in the literature [8], [42], [44]. A performance comparison of outdoor propagation
models for network planning is reported in [40],[101] in which analysis is carried out in
open/rural environments[26],[31],[57]. Shoewu O. and Adedipe A. has estimated
performance of propagation models [65] and tuned them by incorporating correction factor

F. in northern Nigeria [91]. Recently F D Alotaibi et al. [25] has reported the experimental
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setup for path loss and calculated the performance of outdoor propagation models for
densely cities in Riyadh Ci-ty,i Saudi Arabia region. Pavlos et al [78] provides that
measurement reports over the GSM network are transmitted periodically (480ms) from the
Mobile Terminal (MT) to the Base Transceiver Station on the Stand Alone Common
Channel (SACCH) assigned to each communication channel. M.L "‘Ahmed et al [2010]
analyze that Harmattan dust clusters resembles that of fog and the space they covered can
be considered as a dielectric since the clusters consists predominantly of quartz which non
coherently scatters and disturbs propagation of RF signals [74]. Dajab et al [18] in their
work at savannah region define sand storm as a weather condition in the tropics in which
dust particles(precipitates) are blown into the air by winds defined as air in horizontal
motion relative to the earth surface and pushed southwards from the Sahara desert by the

northwest winds.
3.3 Estimation of path loss from field collected data during Drive Test at Dehradun

Drive testing is the most common and is the best way to analyze network performance by
means of coverage evaluation, system availability, network capacity, network retainabilify
and signal quality [27]. Although it gives idea only on downlink side of the process, it
provides huge perspective to the service provider about what’s happening with a subscriber -
point of view [20]. Drive test result is useful to investigate the various parameters

associated with wireless network such as:

Non—working sites/sectors or TRXs
a) Overshooting sites — coverage overlaps .
b) Coverage holes
c) C/I, C/A analysis
d) High Interference Spots.
e) RxLevel
f) Capacity
g) Accessibility and Retainability of the Network

56



BTS SITES SELECTED FOR FIELD DATA COLLECTION IN
FRINGE AREAS OF DEHRADUN -UTTARAKHAND
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BTS SITE LOCATION AT DEHRADUN UTTARAKHAND FROM GOOGLE EARTH MAP
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Figure 3.3: Line Chart of Log file for current cell

Events are indicated by dashed vertical lines accompanied by a symbol identifying the
event type. The symbols used for predefined events have been given in Information
Elements and events. Names of the events are displayed in an events window. The chart
pane is synchronized with the legend and additional Information panes (as well as with all
other open presentation windows). In the chart, a solid line indicates the point in time
currently selected in the drive. Scrolling the chart by means of the scroll bar does not
change the time instant selected, so neither the text panes nor other presentation windows
is updated. The Y-axis pane of line chart, shows the scales of the information elements
plotted. Each scale is drawn in the same color as the information element. In the legend
pane full details has been provided (for one chart at a time) on the information elements

plotted for the currently selected time instant.
3.3.4 Samples Averaging

The temporal resolution of the scan is lowered by having the phone report sample
averages rather than raw samples. The GSM phone report s the mean value of N samples
with a frequency of f/N where f; is the sampling rate. With no averaging (i.e. N = 1) the
fast fading [56] occurs, whereas for higher values of N it is gradually smoothed out. The
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averaging operation is performed in the dBm domain. Sample avefaging is distinct from
the sample rate adaptation function.
RxLev Full (dBm)

144 f -

SsNss8BIBEg
%

Figure 3.4: Samples-RxLév of field collected data

3:3.5 Adaptation of Sample Raté to Speed [13],[64]

In order to optimize the scan presentation in terms of faithfulness to actual radio
conditions, the sample rate of the presentation must be controlled so that the samples are
suitably and evénly spaced along the route as shown in Figure3.4. This means that the
presented sample rate must be continuously adjusted to the vehicle speed. Sample spacing
used m current empirical analysis is 50 samples per 40 wavelengths. The optimum spacing
Sopt is picked and fixed. Further the sampling time ts in.:the current analysis depend on the
speed. The wavelength A used in the cﬂcuhﬁon corresponds to the center frequency of the

GSM band ie. 900MHz not the exact frequency used. The averaging involved in |

converting the sample rate is done in the mW domain.
Frequency=900 MHz

A=df=333m

Selected: 50 samples per 40 wavelengths |

Optimum Sample Spacing Sopt 40/50 x3=266
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V=60 Km/h or 16.7 m/s V,=90 Km/h or 25.0 m/s

ts'[= Sopt/Vlz 16.0 ms t52= Sopt/V2=10.7 ms

Sample rate adaptation function does not affect the actual sampling rate of the scanning
device, which is always constant and much higher. TEMS Tnvestigation converts raw
sample rate into a different rate. For the representation of drive test result, color code is
used for received signal power level as shown in the Figure 3.5. The range for each color is
not fixed, it is adjustable. In Figure 3.5 the blue color section represent excellent signal
strengtli, the light green color section indicates a good coverage level, the dark green color
shows the fair signal strength and the yellow color represent the poor coverage area , where

severe call drop could be experienced.

‘'max >x > -66 66 >x>-72 “72>x>-78 -78>x=-110
Excellent Very good Fair Poor

Figure 3.5: Code of color for received signal strength “X” in (dBm)

61




3.4 Received signal strength from selected sifes

Field signal strength measurement in Figure 3.6 shows that the received power (dBm)
depends on a distance between a transmitter and a mobile station. Signal variability

" depends-on-the-environment and-also-on the transmitter behavior.
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Figure 3.6: Measured received signal power in dBm from four selected BTS ID’s

"Each received signal strength .sample point which is §hown in Figure 3.6 is taken from all
predefined routes of the four base stations. Every 50 sample points of the received signal
strength and T-R separation distance are recorded for each base station. Each measurement

point is represented in an average of a set of samples taken over a small area of 1-2 Km in

order to analyze the etfects of fast fading.

3.5 Path loss calculation

The measured signal power is converted into path loss with the help of equation (3.1)

Lp=EIRP * Ggx- Prx (31)
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Where EIRP is effective isotropic radiated power, Grx is gain of receiver and Pry is power

at receiving end expressed in equation (3.2)
EIRP= Prx+ Grx- Lix (32)

“EIRP and measured path loss is calculated by substituting the parameters values in above

equations (3.1 and 3.2).
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Figure 3.7: Measured path loss from received signal power at selected sites
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Figure 3.8: Measured path loss from received signal power at selected sites using

MATLAB
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Measured Teceived ‘signal power is converted'into corresponding path Toss as shown in

" Figure 3.7 and 3.8.

160 : s BTSsiteid
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Figure 3.9: Measured path loss-and least squares approximation for field collected sample
Measured path loss and least squares approximation for field collected sample data set is
shown in Figure 3.9.

‘3.5.1 Simulation Parameters

‘The simulation parameters .used for the -calculation of received signal strength .for

propagation model and measured paﬂl loss is given in Table 3.1.
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Table 3.1: Simulation Parameters

Parameters Values
Base station transmitter power 40dBm
Mobile transmitter power 25dBm
Base station antenna height ~ 30m
Mobiie antenna heigh‘t ' 1.5m
Transmitter antenna gain : 17.5dB
Threshold level for mobile -101dBm
Threshold level for base station -108dBm
Frequency 900 MHz
Connector loss . 15dB
Cableloss B 1.5dB

Duplexer loss 1.5dB

3.6 Performance Analysis and Comparison of Free Space Path Loss (FSPL) Model with
Measured Path Loss using MATLAB and Linear Regression

The theoretical Free space path loss (FSPL) model and the measurement result has

been compared . The Free space path loss is evaluated using Friis equation (3.3)

Prsy (dB) =32.45 + 20 Logio (f) + 20 Loge (d) (3.3)
Where f is the operating frequency and d is the distance between transmitter and receiver.
The Free-Space Path Loss (FSPL) results from a line-of-sight path through free space
(usually air), with no obstacles nearb)" to cause reflection or diffraction. It does not include
factors such as the gain of the antennas used at the transmitter and receiver, nor any loss
associated with hardware imperfections. In practical height of the BS is 30m and MS-are -

often located in between the buildings, in street environment full of foliage, so there is no
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line of sight path available. Therefore, the received signal at the MS end is influenced by
the effect of reflection, diffraction and scattering which leads to the attenuation in received
signal. An analysis result indicates that increased path loss observed in the field

measurement as compared to the free space loss prediction.
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Figure 3.10: Comparision of Free Space Path Loss (FSPL) empirical model with
measurements from selected sites
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Figure 3.11: Comparision of Free Space Path Loss (FSPL) empirical model with
measurements from selected sites using MATLAB
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Figure 3.12: FSPL and least squares approximation using linear regression for field
collected sample data set

For comparison, Free Space Path Loss (FSPL) model and measurement data has been
plotted using MATLAB and least square method with the help of linear regression. Free
Space Path Loss Model and measured path loss from field data exhibits a linear property
-due to which their analysis has-been-carried out-more precisely. The measurement plot-in
Figure 3.8 is being compared to the Free Space Path Loss Model prediction plot in Figure
3.11 ,over 1-2 km from four selected BTS ID’s. Analysis of Figure 3.12 shows that there is
a significant difference around a value of 24.45 dB between FSPL prediction and the
measured path loss.

As analyzed from Figure 3.10 and 3.11 Free Space Path loss Model (FSPL) éiglﬁﬁcantly

underestimates the measured path loss calculated from the set of field collected data.

3.6.1 Why Least Square Approximation using Linear Regression?

Figure 3.11 show that, when distance is in logarithmic scale, the theoretical plot of path
loss does not increase linearly. These plots do not give much information for a good path
loss comparison. In view of this, a least square method has been selected to determine the
best fit of measured path loss as a function of linear regression. The observed path loss has

been plotted by using regression technique in the Figure 3.12.
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3.7 Performance analysis and comparison of Okumura Model with Measured Path

Loss using MATLAB and Linear Regression

Pathloss equation for Okumura’s model is expressed in equation (3.4)

Lsy (dB) = Lg + Ay () 6 (1) = G (hn) = G area- |, (3.4)

=
where: Lso (dB): is the 50 percentile value of propagation path loss, Lg: is free space

H

path loss, Amy: is free space attenuation, G(hy): is base station antenna height gain factor,

G(hy): is mobile antenna height gain factor, and Gars: is gain corresponding to specific

environment.
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Figure 3.13: Comparision of Okumura empirical model with measurements from selected

sites
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collected sample data set
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Pefformance analysis of Okumura’s model and field measurement is shown in Figure 3.13
and 3.14. From figures it is observed that the field measu'rement result are slightly higher
than the Okumura model i.e. Okumura model underestimates field measurement result. It
is obsewed from Figure 3.15 that there is difference of 10 dB exists between vLi:iear (data
fit) and Linear (Okumura model), which remains approximately constant throughout the
distance. The model indicates a good agreement with the measured path loss. This is
because Okumura model takes all the parameter into account, such as free space loss,
median attenuation relative to free space, transm-itting/receiving antenna gain and gain due

i

to environment. -

3.8 Performance analysis and comparison of Egli Model with Measured Path Loss

using MATLAB and Linear Regression

Egli model has been investigated with measured data. Egli model can be formally
expressed in equation (3.5) as:

PL(dB) = Gy Gy (“22)2 (3272 | 3.5)

Where

Gg = Gain of the base station antenna. Unit: dimensionless
Gy = Gain of the ﬁlobile station antenna. Unit: dimensionless
hg = Height of the base station antenna. Unit: meter (m)

hum = Height of the mobile station antenna. Unit: meter (m)

d = Distance from base station antenna. Unit: meter (m)

f=Frequency of transmission. Unit: megahertz (MHz)
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Egli model does not include the effect of clutter in the prediction of path loss. Due to this it
does not provide precise result for mobile link but it is useful for planning of fixed link.
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Figure 3.16: Comparision of Egli empirical model with measurements at selected sité's
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Figure 3.18: Eghi and least squares approximation using linear regression for field collected
sample data set

It is observed of Figure 3.16 shows that measurement data is attenuated as distance
between BTS and MS increases. This is due to the shadowing effect. As the distance
between BS and MS increases, difference between measured path loss and Egli prediction
reduces, since Egli path loss increases faster with the T-R separation. From Figure 3.17 it
is estimated that at 450 m the difference between both is minimum i.e. Egli model closely
approximates the measured path loss from field data. This is due to the characterstic of Egli
model. Basically Egli model is a terrain model and this type of model provides a measure
of path loss as a function of only distance and terréin roughness. A varied terrain can
produce diffraction loss, shadowing, blockage and diffuse multipath over a moderate

distance and when terrain is flat, only multipath reflection earth diffraction occurs.

It is observed of Figure 3.18 shows that there is a significant difference around a value of

20 dB between Egli model prediction and the measured path loss.
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3.9 Performance analysis and comparison of COST 231 Model with Measured Path
Loss using MATLAB and Linear Regression

The European Cooperative for Scientific and Technical (COST) [3] research extended the
Hata model to 2 GHz as given in equation (3.6):

Pp=46.3 +33.9l0og1(f) — 13.82 log1o( hs) — a(hy) + (44.9 — 6.55 logo ( hs)) logie d +
Cm (3.6)

where a(h,;) is the mobile antenna correction factor and for a small to medium sized city, it

is defined as

a(h,) = (1.1 log f—0.7) h,,— ( 1.56 log f— 0.8 ) dB

and for a large city, it is given by |
a(hu) = 8.29 (log 154N )~ I.I‘dB' for £.<300 MHz
a(h,) = 3.2 (log 11.75h,, )* —4.97 dB - for f.2 300 MHz

Cy, is 0 dB for medium sized cities and suburban areas and is 3 dB for metropolitan areas.

This model is restricted to the following range of parameters:
/11500 MHz to 2000 MHz

hy :20mto S0 m

hn :1mtol0m

d :1kmto5km
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Figure 3.19: Comparision of COST 231 empirical model with measurements at selected

sites

" WodelAnalyeis

160
140 = S =
- N Y- e
N L — il SV RN S -~
120 T e e
X B s R AN
. e o "'j:-fr - .
S 11 i ==
B B
. - e
8 N ———
ﬁ.- 80 ’J :
i COST231Model
o0 - + BTSsitelDDDNOO2.
. = BTSsitelDDDNO76
BTSsitelDDDN032
40 BTSsiteiDDDNO34
BTSsitelDDDN204
20 BTSsitelDDDNOOS

Figure 3.20: Comparision of COST 231 empirical model with measurements at selected

sites using MATLAB

74



160 A BTSsiteid
| DDN0O2
140 A BTSsiteid
DDNO76
120 &6 BTSsiteid
DDNO032
_ A BTSsite id
g‘f’“ DDN204
§80 A BTSsiteid
- DDN002
By A BTSsiteid
DDNO008
40 == Cost 231 Hata
mode!
20 — data fit
0 l , I ; 1 { — Linear (data fit)
0 0.2 04 IR g'esparatio% %km) 1 12 14

Figure 3.21: COST 231 and least squares approximation using linear regression for fild

collected sample data set

Performance analysis of COST 231 model and meaéﬁreﬁient tesult in Figure 3.20 and |
Figure 3.21 illustrates that the deviation of model from the measurement decreases as MS
moves away from the BS. At 900 m the deviation reached to a value of 20 dB. This is due
to the fact that more dense clutter exists between BS and MS, which contributes more
losses to received signal as MS moves away from BS. Therefore-it is concluded that the
uniform environment could not be classified using COST 231 model. It is 6bserved from

Figure 3.19 and 3.20 that COST 231 Model significantly overestimates the measured path

loss calculated from the set of field collected data.
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3.10 Performance analysis and comparison of COST WI Model with Measured Path
Loss using MATLAB and Linear Regression

This model is a combination of COST231 and J. Walfish , F. Ikegami model. The COST
231 project further developed this model. Now it is known as a COST 231 Walfish-
Ikegam1 (W-I) model. This model is most suitable for flat suburban and urban areas that
have uniform building height. Among other outdoor propagation models, COST 231 W-I
model gives a more precise path loss. It distinguishes different terrain with different
proposed parameters. The model distinguishes between two situations i.e. "Line of Sight"
(LOS) and the "None Line Of Sight" (NLOS) situation.

LOS situation [50]

For the LOS-case the prediction is very easy, as only one equation with two parameters is
necessary as shown in equation (3.7)

PLios=42.6 + 20 L0g10 m +26L0g10 (d) (37)
Where d is in Km and fis in MHz

NLOS situation [63]

The NLOS equation 3.8 is more complicated. The loss in the NLOS case is the sum of the
Free Space Loss ly, the Multiple Screen diffraction loss s and the Rooftop-To-Street

diffraction loss Iy
1= lo + Lrest Insa lrest Insa >0 (3,'8)
lo List Imsa <0
The Free Space Loss:

l;=32.45 + 20 Logyo (f) + 20 Logy, (d)
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The Rooftop-To-Street diffraction loss term l;s determines the loss which occurs on the
wave coupling into the street where the receiver is located. The origin of this loss comes
from the Tkegami model, but COST 231 has extended this to equation (3.9)

w
lrts =-16.9-10 log

f
+10log 37 77—+20 log [(h roor—h rx) / m].+ 1 o (3.9

Where, w is width of the roads, hyoof _is the rooftop height, hgx is the receiver height and ¢

is the road orientation.
With

—10 + 0.354¢for0 < ¢ < 35 ,
l,,=32.54+0.075(¢p — 35)for35 < ¢ <55
4—0.114(¢p — 55)for55 < ¢p <90 3

The orientation loss loi is an empirical correction term obtained from the callbratlon with |

measurements. The multi-screen diffraction loss is taken into account additionally:

bnsa= lysi+ kot ka logd +kelogf - 9 logh

Where
lb = {— 18 log[l + (hTX + hroof )] fOT hTX > hroof
0 fOT’ hTX = hroof
18 fOT hTX >'ihroof
ka- 18 — 15 ("”—";‘"’f)for hyy < hm,f
S54h;, > hroof
th - h f .
k= { 540 8—————d 2 0.5km and firx < hyoor
hrx_p.., d/km
54— 08X troor WK b e and hoy < Rroof

0.5
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f/MHz
ke=-4+ < ¢ 925

- 1) for medium sized city and suburban centers

f/MHz N

1.5 (?5— 1) for metroplitan centers

The factors ky and k¢ control the dependence of the multi-screen diffraction loss versus the
distance and the radio frequexicy. The factork,indicates the increase -of the path loss for

base stations below the rooftop.
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Figure 3.22: Comparision of COST- WI empirical model with measurements at selected
' sites
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Figure 3.23: COST -WI and least sduares approximation using linear regression for field

collected sample data set
_ Modet Analysis S
140 e e
! A O e
120 R A
A
100 s
— -
: ki
B g0l
g . ]
= /
1 ® eof T
o -
DR COsSTWI
40 4 BTSsiteIDDDNO02
+  BTSsitelDDDNO76
+ BTSsitelDDDN032
20 ©  BTSsitelDDDNO034
+  BTSsitelDDDN204
o £ BTSsitelDDDNOO8 3
0 TG e e F O B

Figure 3.24; Comparision of COST-W1 empirical model with measurements at sélected
: sites using MATLAB

79



COST-WI model and measurement data has been plotted using MATLAB and least square
method with the help of linear regression. COST-WI and measured path loss from field
data exhibits a linear property. The measurement plot in Figure 3.8 is being compared to
the COST-WI Model prediction plot in Figure 3.22 which the minimum difference
‘between them. Analysis of Figure 3.24 shows that there is a minimum difference around a
value of 05 dB between COST-WI results and the measured path loss. It is observed from
Figure 3.22 and 3.23 that COST-WI model nearly estimates the measured path loss
calculated from the set of field collected data. Measurement défé.is minimum attenuated as
distance BTS and MS increases. '

3.11 Performance analysis and comparison of ECC-33 MODEL with MEASURED
PATH LOSS using MATLAB and LINEAR REGRESSION
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Figure 3.25: Comparision of ECC -33 empirical model with measurements at selected sites
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Figure 3.26: Comparision of ECC-33 empirical model with measurements at selected sites

using MATLAB
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Figure 3.27: ECC-33 and least squares approximation using linear regression for field

collected sample data set
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Figure 3.25 and 3.26 shows that ECC 33 Model significantly overestimates the measured
path loss calculated from the set of field collected data. This is due to the design of ECC-
33 model. Performance analysis of ECC 33 model and measurement result is shown in
Figure 3.27.1t shows that the de_viation_ of model from the measurement decreases as MS

moves away from the BS. At 600 m the deviation reached to a vatue of 35 dB.

3.12 COMBINED GRAPH OF PERFORMANCE ANALYSIS AND COMPARISON
OF FSPL, OKUMURA, EGLI, COST 231, COST WI AND ECC 33 MODEL WITH
MEASURED FIELD PATH LOSS USING MATLAB

A BTSsiteid
DDNOO2

emm—— & BTSsiteid
DDNO76

A BTSsiteid
DDNO032

a BISsiteid
DDN204

0 ¥ ] T ¥ T 1 l
0 0.2 0.4 T-Ree?)eraticﬁﬁkm) 1 1.2 1.4

T
EIVK

100

AR S T S S S T ¢

LIS
i
!
l
|
!
1
|

R
A
i

!

|

§

e OkumuraModel
P EgliModel

oy // . COST231Model
CSOSTWI

S i : o o ECG33
-

BTSsitelDDDNOO2

BTSsitelDDDNO76
BTSsitelDDDNO32
BTSsiteIDDDNO34
BTSsitelDDDN204
BTSsitelDDDNO0OS

IXEE RN

Figure 3.28 (a) and (b): Combined performance énalysis of Free Space Path Loss,
Okumura’s, Egli, COST 231, COST WI, ECC 33 models with field measurement data
using MATLAB
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Okumura’s model, COST 231 model, COST WI, ECC 33 and the data collected during
field measurement over a distance up to 2 Km, COST-WI model is best fit model for
Dehradun Uttarakhand. Analysis from Figure 3.28 and 3.29 indicates that the path loss is
higher for FSPL, Egli , Okumura’s model but less for ECC 33 and COST 231 WI.

3.15 Model tuning [67]

By many researchers [25] relative error of the measured path loss to the existing path loss
models is determined for tuning. Figure 3.30 shows the relative errors of measured path
loss to the existing path loss model that are plotted versus T-R separation distance. The
relative error as given in equation (3.11) increases as the T-R separation distance is small
where LOS condition exists. This is due to the shadowing effect as the antenna.of the base . .

station is high.

Measured Value—Predicted Value

Relative Error = *100% (3.11)

Measured Value

The mean error is then estimated using equation 3.12

Y. Relative error

Mean Error = m : (3.12)
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Figure 3.31: Mean error of path loss model

The minimum mean relative error of measurement path loss to the reference path loss
model, it has been analyzed that the COST-WI model has the smallest mean relative error
of 3.5 % among the selected outdoor path loss models as shown in Figure 3.31. Relative
error is evaluated by using equation 3.11. By the comparison of various models with the
measured data, it is analyzed that the COST-W1 model is the best suitable model for the
fringe region of Dehradun, Uttarakhand since it has least mean error of 3.5%. After the
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model selectioﬁ, COST -WI model and field collected data is plotted against T-R
separation. A linear line is developed for COST-WI model and measured data with the
help of regression fitting method. The COST-WT linear line is compared to measured data
linear line and a mean relative error of 3.5 % is recorded. The linear line of measured data

is used as reference during the path loss model tuning process.

3.15.1 Tuned COST WI model

For model tuning purpose, three variables namely A, B and C has been added into the

equation of COST-WI model and the new modified COST -WI model is represented as:

COST WI model ly=1,+ Lyt bLysa
LTlmed (dB) =A *lo + B*lm + C*lmsd

Where A, B, C are the coefficient to be tuned in the tuned COST- WI model._The variables -
A, B, C are used to approach the measured data linear line based on smallest mean: relative
error. The analysis tool “solver” is used to determine the variables A, B, C for the smallest
mean relative error is equal to zero. The minimum mean relative error up to 0.0008% for
COST- WI is achieved where the value of ‘A, B, C determined. The obtained values. of

these variables are as follow:

A= 0.991943
B=1.010591
C =0.999026

Thus the Tuned COST-WI model is represented as
Lyunea (AB) = 0.991943%1,+ 1.010591 *114510.999026 *lpisa

From the Figure 3.32, the result clearly shows that the graph of tuned model is concurrent
with the measured data. This is because the COST-WI model is tuned by using tuning

technique.
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Figure 3.32: Tuned COST WI.model with minimum mean error
3.16 CONCLUSION

The free space model assume that there is no obstacle between BS and MS, which causes

reflection and diffraction and LoS path exist between BS and MS. It also not includes the

losses due to hardware and different type of antenna gain. That is the reason for a 24.45dR
difference which exists between free space path loss model -and measured loss.
Performance analysis of Okumura’s model and field measurement in Figure 3.13 and 3.14
illustrates that the Okumura model underestimates field measurement result. As analyzed
from Figure 3.15 there is difference of 10 dB exists between Linear (data fit) and Linear
(Okumura model), which remains approximately constant throﬁghéut the distance. The

-model indicates a good agreement with the measured path loss. This is because Okumura

model takes all the parameter into account such as free space loss, median attenuation
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relative to free space, transmitting/receiving antenna gain and gain due to environment.
Analysis of Figure 3.16 shows that measurement data is attenuated as distance between
BTS and MS. This is due to the shadowing effect. As the distance between BS and MS
increases, differenc¢ between measured path losé and Egli prediction reduces, since Egli
path loss inéreases faster with the T-R separation. From Figure 3.17 it is estimated that at
450 m the difference between both is minimum i.e. Egli model closely approximates the
measured path loss from field data. Analysis of Figure 3.18 shows that there is a significant
difference of 20 dB exists between Egli model prediction and the measured path loss. )
Performance analysis of COST 231 model and measurément result in Figure 3.21 \
illustrates that the deviation of model from the measurement decreases as-one move away
from the BS. At 900 m the deviation reached to a value of 20 dB. This ié due to the fact
that. mOre' deﬁse clutter exists between BS and MS, which contribute more losses to
received signal as-MS moves away from BS. Therefore it is concluded: that the uniform
terrain could not be classified using COST 231 model. As analyzed from Figure:3.19 and
3.20 that COST 231 Model significantly overestimates the measured path loss calculated
from the set of field collected data. COST-WI and measured path loss from field data
exhibits a linear. property. The measurement data is being compared to the COST-WI
Model prediction' in Figure 3.22, which indicates the minimum difference. Analysis-of .
Figure  3.24 shows that there is a minimum difference of around-05 dB’ ex-iéts between‘ :
COST-WI prediction and the measured path loss. As analyzed from Figure 3.22 and 3.23 .
that COST-WI model is in close approximation with the measured path loss calculated

from the set of field collected data. Measuremeﬁt data is minimum attenuated as distance

BTS and MS increases. The results of Figure 3.32 clearly show that the graph of tuned
4m0’del is concurrent with the méasured data and reduces the mean error for best fit model

i.e. COST WI model from 3.5% to .008%.
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CHAPTER 4

THE ASSESSMENT OF EFFECT OF RAIN FALL ATTENUATION ON OUT
DOOR PROPAGATION MODEL USING FUZZY APPROACH

4.1 Background and Motivation

It has been reported that radio propagation is affected under atmosphéric vulnerabilities, so
it is planned to analyze the effect of rain fall attenuation on outdoor propagation model
using fuzzy approa'ch. Most of the rainfall attenuation models developed so far focused
mainly on statistical prediction approach [88]. This has led to the development of many
successful models used and deployed worldwide[2 1'][36][37] The most important
parameter in radio propagation is the signal itself, which suffers attenuation in varlous

‘m

forms under variety of influences, one such influence is that of rainfall on gSlgnal.

\;\:

attenuation.

Related Work

Marc Bechler et. al. analyze in their paper Fuzzy Logic Based Handoffs in Vel]_lcular
Communication Environments and proposed a management entity called Mocca: Muxer
located in the network layer of a communication system which integrate itself seamlessly
into a proxy-based communication architecture. Tae Kyung Kim et. al suggested a Trust
Model using fuzzy logic in Wireless Network. They applied in their suggested model to
wireless networks how trust mechanisms are involved in communication system. A survey
of fuzzy logic applications and principles in wireless communications is presented by
Maria Erman et. al. , with the aim of highlighting successful usage of fuzzy logic
techniques in Wireless Communication and this paper proposes areas for further research
targeted to practice-oriented researchers. T. Meitzler , Harpreet S. et. al analyze search

time in visually cluttered scenes using Fuzzy Logic Systems for Wireless Communications

how they can handle a broad range of uncertainties totally within their framework [36].
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4.2 Why Fuzzj' Logic for attenuation prediction due to rainfall?

Fuzzy logic can be used as a tool to analyze the problem scenarios suffering from issues of
sub-optimality, impreciseness or vagueness and thus provide a rhore quick, simple and
sufficient solution to the problem. Fuzzy logic is becoming popular in the due course of
time and is widely being used in the modern applications of control systems , prediction
systems and for even the most complex systems. General fuzzy system consists of set of
inputs, predefined rules, membership functions defined for each input and the output based
on a defuzzification methodology in correlation with the fuzzy inference module. A Fuzzy
inference system for attenuation prediction due to rainfall has been developed, based on the
data of annual average rainfall which has been calculated as shown in Table 4.4. The data
set used here is more focused on rainfall for the region of Dehradun, India. A simple fuzzy
approach to predict the rainfall related signal attenuation has been reported in this chapter.
As the core of the functionality of this prediction technique, ITU-R model fundamentals
have been deployed. The rainfall data used in fuzzy approach is obtained from Indian
Hydrometeorology Division, Dehradun. This data summarizes rainfall-rates from 2006-
2010 .The task undertaken involves analysis of rainfall data and prediction of attenuation
for each month during monsoon. The more emphasis has been laid on the months of heavy
monsoon season i.e. May. June, July, August and September. Main input parameters to the
fuzzy inference system considered here are specific attenuation due to polarization, station
height and rainfall-rate. The three output membership functions have been classified as:
low, very-low, medium, high, and very-high to depict the attenuation prediction logically.
Mamdani FIS based scheduling has been used to predicf rainfall attenuation. Below Figure

4.1 depicts a general fuzzy inference module:
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Figure 4.1: General Fuzzy Inference System

4.3 Rain fall attenuation analysis

The rainfall attenuation analysis activities starts from the term called ‘Drop-Size
Distribution’- (DSD). This is due to the fact that the rain drops present in the atmosphere
as hydrometeors causes scattering of radio-waves propagating through them. The actual
problem of rainfall attenuation prediction deals with initial task of relating two quar;tities
i.e. the rainfall and rain rate, the most easily availablé data with the atteﬁﬁation.
Attenuation is also related with two distinct polarizations, which is also used as a prime
prediction step. All these factors are related to the integral of drop-size distribution
function represented as N (D), defined ma&lematically depicting N (D) dD as the number
of drops of rain collected per cubic meter with drop size lying between the integration
limits of D and D+dD. Generally, the drop shape ‘is taken to be spherical but in certain
cases it may be slightly non-spherical, in such cases measurements are carried out
considering volume of that of an equivalent equi-volumic sphere, thus N (D) is sometimes

also called as the shape factor.
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Table 4.1: Comparison of different DSD functions

DSD Function type Remarks

l.Eprnential Distribution Most Preliminary Model

2.Gamma Distribution More general

3.Laws-Parson Distribution | Empirical by nature, primitive

4 Marshall-Palmer Similar to 3 except larger no. of smaller

Distribution drops in the spectra.

According to drop-size distribution, 1mm and 2mm diameter contribute to about
60% of the total rainfall rate (Table 4.2) i.e. these drop size are the prime causes of

attenuation in the radio signal.

No single model at present can be used in exactness to represent the actual outlook
of drop-size distribution. Thus any kind of distribution can be used for preliminary

modeling purpose.

Rain drops observed generally are not perfect spheroids due to the free fall except
the small sized drops and more precisely they are oblate spheroid with a flat base.

For drop-sizes above 4mm the base becomes concave.

It has been found that gamma type distributions are more suitable as compared to

exponential distribution (Table 4.1).
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Table 4.2: Typical rain drop classification based on sizes

SUMMARY TABLE of typical rain raindrop Sizes

Drop Size |Terminal Velocity

Rain Type {mm |inch |m/sec |miles/hr

Light Stratiform Rain (.04" per hour)

Small Drop 5 |02 206 4.6

Large Drop ’ ' 20 [08 [6.49 [144

Moderate Stratiform Rain (.25" per hour)

Small Drop 1.0 |04 [4.03 (89

S R e B

Large Drop 2.6 .10 [7.57 16.1

Heavy Thundershower (1.0" per hour)

Small Drop iz 05 64 [103
Large Di'op 4.0 |16 8.83 : 196
LargestI;ossible Drop | 50 [20 [9.09 202
Haiistone H - 10 '0\.4 i0.0b 222 T
Hailstone | a0 [16 |00 :4~4.4V

4.4 Rain fall attenuation effect

- The total attenuation offered due to the rain is generally depicted as summation of the
contribution from each and every drop. Thus considering the drop-size distribution

function
N(D) the total attenuation obtained is computed as:

A=434 L[ CextN(D)dD decibels.
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Polarization Dependence

As hydrometeors are not being perfectly spheroids, a wave propagating through them
generally experiences a polarization change along LOS as it travels through it and this
cross polarity lead to severe consequences in case of communication systems and deploy

polarization orthogonality to maintain isolation between channels.
Principle planes and polarization basics

For a definite volume of hydrometeors on a LOS path there are two types of polarizations
occurs which propagate over the link .These polarization are frequency dependant and vary
with time as the amount of rainfall changes. These two types of the polarizations is called
principal planes, therefore the waves transmitted in direction of principle planes: are
transmitted without any change but due to absence of perfect non-spheroid drop particles,

the wave’s experience different attenuation and phase shift.
Spatial-temporal rain outiook

The most popularly used statistical parameters are those of annual rainfall, defined as rain-
rate exceeding for a given % of yearly time. Generally, the rainfall values observed over
different locations vary largely and thus averaged statistics is preliminary preferred over

many years of analysis data.
Depolarization

The  non-spherical  raindrop has another effect called depolarization.
Small rain drops are spherical but for diameters above 4mm, the base becomes concave as

shown in Figure 4.2.
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Raindrop shape Raindrop orientation
Drop Size

(mm)

Axial Ratio  [0.920.8210.65

Figure 4.2: Depolarization of rain drops _
Therefore different polarizations propagate at-different speeds through air containing Tain
and this lead to differential phase shifts and differential attenuation. If the polarization
plane (E-Field Vector) coincides with the symmetry of the raindrop, not a lot will change
apart from the horizontally polarized signal is delayed relative to the vertical signal. If the
drop is not aligned with the polarization, for example, if the drop is rotated by winds or if
the polarization is slanted or circular then, energy will be transferred between the

polarization states.

4.5 Rainfall —attenuation prediction models

Current analysis is based on rainfall-data for the region of Dehradun located in state of
Uttarakhand, India. Analysis facilitates understanding of attenuation over radio links for
GSM band at 1800 MHz and thus helps in pre-network planning. Several models are
available for estimation of rain aftenuation statistics over earth-area. Each of these models

has certain inen'ts and demerits of their own. Some of the models have been discussed

below:

* RICE-HOLMBERG MODEL
The Rice-Holmberg (R-H) model is based on two rainfall kinds namely convective
(‘model’, thunderstorm) rains and strait form (‘mode2’, uniform) rains. The
mathematical statistics encompasses sum of individual exponential modes of
rainfall-rates. According to this model, rainfall-rates is given as:
Rainfall<Mode1 rain + Mode?2 rain
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Exponential distribution selected here to describe’ Model rain’ is related to a
physical analysis of thunderstorms, while ‘Mode2 rain’, are viewed as a summation

of two exponential distributions.

= DUTTON-DOUGHERTY MODEL

The Dutton-Dougherty (DD) Model was proposed in 1973 and 1977 and includes
attenuation due to both rain and gases. The rainfall rate distributions it deploys are
derived from slight modifications in the Rice-Holmberg model. The DD model is
also available as a computer program for facilitation.
As the model is an improved form of R-H model the parameters are nearly similar,
the number of hours of rainy time. period in minutes for a surface rain rate in excess .

- as éxpected is given as: |
TR)=T; **Y ; R>Rc
. (Tr+ T;) R R<R,

= ITU-R MODEL _
The ITU-R Model has been deve-loped in 2 types and both of these types utilize
total attenuation statistics. The first type is called the ITU-R prediction ,Modelv
(CCIR-1978A, Dec,6 June), employs a mean path parameter ‘r’ to relate the point
rate to the average rain rate along the path from the base station to the point where
the hydrometeors exist in the form of ice crystals. The later form of the Model
(Crane and Blood -1979, Crane-1980a, 1980b) includes various percentages of time
to account for the types of rain configurations which dominate the total statistics for
the respective percentages of time.
Many models have Been proposed for prediction of radio waves attenuation due to rain but
all of these models are application and site specific. Hence optimal choices need to be
made before deploying any model for network planning. Summary of different.models has

been analyzed in Table 4.3 to facilitate the choice of models.

96



Table 4.3: Comparison table of different rain models

REGION OF

KIND OF
MODEL NAME FEATURES
MODEL DEPLOYMENT
* Rice-Holmberg | Statistical Temperate climates | Uses cumulative time
Model Model with heavy rainfall. | distribution of rainfall.
»  Dutton-
Dougherty Statistical Used for gaseous Exceedance time % used
Model Model and rain attenuation | with rain rate.
both
=  Global Model Statistical Used for rain only Globally accepted véii'ueé
‘Model conditions. for rain attenuation
parameters.
= Crane Model Statistical Used for different Surface point rain rate is
Model hydrometeors. the fundamental step:
» . Fixed Effective | Statistical Used for a fixed Assumes 6.6mm/h of
Rain Model Model rain intensity. fixed effective rain
intensity over all paths.
 Variable Statistical Used for variable Assumes attenuation
Effective Rain Model rain intensity. increases with rain
Model intensity.
= JTU-R Model Analytical Used for region Assumes algorithmic
Model wise rain intensity. | calculation approach for

attenuation calculation.
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4.5.1 Rain model selection

Based on the analysis of models (Table 4.3 ) it has been observed that rain attenuation
modeling is done usually based on Drop Size Distribution (DSD) but in agreement with the
fact that DSD varies for different climatic regions and case is more interesting for a
country like India, where there is a diverse climatic variability region to regidn. DSD
values depend both on the rainfall-rate and location, which means same rainfall rate lead to
different DSD’s. Thus the prime task is to choose among available DSDs for the one which
best suit for present analysis or diverse climatic variability as for the case of India. ITU-R
recommendations [81 Jis considered for prediction of specific attenuation with different
polarization levels in form of prime inputs to the FIS model for the prediction of
attenuation. ITU-R model is chosen as it incorporates in to it the features which are
simplistic and easy for implementation along with FIS Module of the Fuzzy logic

presented in comparison to other available models for attenuation prediction.

4.6 Fuzzy approach

The term fuzzy logic was first proposed by Lotfi Zadeh (1965). Fuzzy set theory was
developed to facilitate logical interpretation of control and prediction related issues. It is
more of a mathematical tool dealing with uncertainties .It is based on the fundamentals of
dependently -biased membership functions. Actually.there exists a relation between the
level of problem and fuzziness; As the level of problem rises, the problem starts
approacl'lingltowards fuzziness. Fuzziness in real terms is defined as the degree of

impreciseness associated with a certain problem of significance.

4.6.1 Data specifications and site-selection

The site selected for study purpose is located in the foothills of Himalayan region, named
Dehradun located in northern corner of India. The data of rainfall used has been obtained
as per the courtesy of Indian Meteorological Department, Hydrometeor division over the

time period of 2006-2010. The brief outlook has been provided in form of a Table 4.4.
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HYDROMET DIVISION -District DEHRADUN Uttarrakhand
INDIA METEOROLOGICAL DEPARTMENT
DISTRICT RAINFALL (MM.) FOR LAST FIVE YEARS

Note: (1) The District Rainfall (mm.) (R/F) shown below are the arithmetic averages of Rainfall of Stations under the District.
(2) % Dep. are the Departures of rainfall from the long period averages of rainfall for the District.

(3) Blank Spaces show non-availability of Data.

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMB:

R/F  %DEP. R/F  %DEP. R/F %DEP. R/F %DEP. R/F %DEP. R/F %DEP. R/F %DEP. R/F %DEP. R/F %DEP. R/F %DEP. |

2006 179  -68 24 95 137.5 229 148 -35 1650 304 1393 -11 540.6 -15 4783 -31 195.7 -3¢ 166 -72 1.7 -8l 2?.2 39
2007 0.4 -99 1114 122 96.1 130 156 -32 168 -59 79.2 -50 860.0 35 9435 36 801.0 186 106 -82 0.0 -100 59 -67

2008 13.1 -76 218 -56 2.6 -94 76.1 232 51.8 27 5889 A274 689.0 8 7364 6 1599 43 329 45 105 18 0.0 -100

2009 5.0 -91 395 -21 26 -94 18.8 -18 43.6 7 745 -53 4374 -31 4539 -34 2732 -3 168.7 182 2.0 -78 0.0 -100

2010 145 -74 545 9 2.0 95 5.0 -78 49.1 20 1294 -18 7774 22 8940 29 799.5 185 11.7 -80 17.8 100 26.2 45

Table 4.4: Annual rainfall distribution with % departures from mean values for the year
2006-2010. [Courtesy: Indian Hydrometeorology Division, Pune]
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4.6.2 Analysis of data with ITU-R

The rain model provided by ITU-R calculation approach (Recommend.P.838) depicts two
types of attenuation model and is used in the estimation of the annual attenuation
distribution to be expected on a specific propagation link. It is different from most of the
other rain models. The step wise approach deployed for attenuation calculation is as
follows:

STEP-1 In this step the instantaneous point rain rate (Rp) distributions is estimated. The
ITU-R provides median for large geographical areas i.e. it divides the geographical
regions into eight climate zones from A to H covering entire earth surface as shown in

Figure 4.3.

STEP-2 Other parameters of interest such as lat.-long , height above sea level ,angle of

elevation associated with fegion has been deployed as per ITU-R recommendations.

STEP-3 Input parameters specified in to the formulation for attenuation calculation along

with specific attenuation are calculated using ITU-R recommendations.

The algbrithmic approach is the simplest approach but the actual approach is bit
cumbersome as it involves éomplex calculations for obtaining attenuation values for a link
of interest and this usually increases complexity of the p.rocess indulged. Thus-a Fuzzy rule
base approach has been deployed for predicting attenuation over the links of interest for the
chosen region of interest, which is fruitful for betterment in design and pre-planning of
network based on findings in similar type of regions[85]. In case of GSM i.e. 1800MHz
band based transmission major design consideration involves pre-planning for installation
of BTS (Base Transmitting Station) and specifically for the region of Dehradun where
rainfall distribution is highly variable. Fuzzy rule base prediction and planning is widely
fruitful because regions in physiographic subdivisions of Uttarakhand are nearly similar
with respect to rainfall distribution. Further an importanf aspect is that as the height or the .

elevation for a location rises the wet form of water reduces in availability and thus reduces
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the attenuation value that is to be taken in to consideration as a part of fuzzy
parameterization. World physiographic divisions along with Indian physiographic sub-

divisions and then more detailed view of Uttarakhand sub-divisions shown in Figure 4.4

and 4.5.
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Figure 4.3: Division of geographical region in different climatic zones [Courtesy: ITU-R]

The point rainfall rate distribution as per ITU-R recommendations for world physiographic
divisions is shown in Figure 4.3. Further Figures 4.4 and 4.5 shows physiographic
subdivisions variation of rainfall rate for monsoon season with respect to that from Indian

. perspective as shown along with Uttarakhand region located in it.
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Figure 4.6: Rainfall rate exceedance curve as per ITU-R tables for some of the world
physiographic divisions

Figure 4.6 represents the annual rainfall exceedance values for world physiographical
divisions as per ITU-R. The region of interest here is Dehradun, which is a part of
Uttarakhand subdivision of Indian sub-continent lying between 29° 57" and 31°2' N. and
77° 35 and 78° 18’ E., with an area of 1209 square miles (now 300 sqr. Kms). Dehradun
district consists of 2 different portions. The larger part composes of a gentle sloping valley
45 miles long and 15 to 20 miles broad between the Himalayas and Shiwalik hills. The
other portion of the district is the Jaunsar-Bawar region or Chakrata region which strikes
north from the outer range of Himalayas. The region is drained by numerous tributaries of
Ganges. [Courtesy: The Gazetteer of India].
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rainfall rate distribution (in mméh)
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rainfall distribution for the year 2009
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Figure 4.8 (a)-(e): Rainfall rate monthly variations for different years from 2006-2010 for
Dehradun
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maximum attenuation in the fuzzy module itself and then these zones will be dealt as hot-
spots for better network planning and attenuation free communication. The classification of
attenuation in terms of fuzzy output primitives has been shown in Table 4.8.

Table 4.8: Rainfall-Attenuation ciéésiﬁcaﬁon

NUMERICAL FUZZY
RAINFALL-RATE | ATTENUATION | CLASSIFIED ZONES
RANGE PRIMITIVES

pre monsoon, post

0.25- 1.0 mm/h low monsoon
' pre monsoon, post

1.0 - 4.0 mm/h moderate monsoon

4.0 - 50.0 mm/h high monsoon

The fuzzy model used thus relies on three major input parameters and generates three
categories of prediction domain. ANFIS toolbox of MATLAB has been deployed for the
purpose of simulation. The results so obtained depict the predicted attenuation levels

categorized in to domains of interest.

Figure 4.9: Membership function defined for attenuation with horizontal

polarization
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Figure 4.11: Membership function defined for circular polarization
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Figure 4.12: Membership function defined for rainfall-rate
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It is analyzed from the Figure 4.8 that rainfall rate is considerably noticeable and
contribute to reasonable attenuation specifically in the months from May to September

each year.

4.6.3 Fuzzy input and output variables

Most of the fuzzy algorithms depend on inputs and rule set predefined, the key elements of
the design are the set of rules. Rules is based on certain important information obtained
from various meteorological websites, collected data and blogs which facilitated in
deciding the range for parameters under concern like with the increase in elevation
(altitude) for a station for which network planning is to be undertaken, it is seen that the
wet rain precipitation reduces whereas the snow or dry form of water is prevalent and
hence reduces the attenuation due to rain. Thus, elevation classification has been carried
out on the basis indicated in Table 4.5.

Table 4.5: Elevation variability

' RANGEOF | \LZZYOUB ' NATURE OF
ELEVATION NOMENCLATURE PRECIPITATION
0-1100 Meters Lower RAIN ONLY
1100-2200 Meters Middle RAIN,HAIL STONES
MOSTLY
SNOW,HAIL,SCANTY
2200-3000 Meters Greater . RAIN

‘The classification of polarization being specific to either it is horizontal, vertical or circular
has been done on the basis of phase shift of the electromagnetic wave [58] and horizontal
and circular polarization have a greater impact as compared to vertical polarization in case
of total rain attenuation (Table 4.6).
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Table 4.6: Polarization variability

POLARIZATION | RANGE OF PHASE SHIFT

TYPE PHASE SHIFT EQUIVALENT

HORIZONTAL (H) 90-180 degrees Specific attenuation

VERTICAL (V) 0-90 degrees Specific attenuation
MEAN OF H and

CIRCULAR \% Specific attenuation

Another important variable rainfall rate presumes is its range classification based on the
precipitation details as obtained from the precipitation chart for the region of interest i.e.
Dehradun as per the courtesy of IMD, Pune. The more detailed precipitation outlook in
variable measurement units has also been obtained before declaring the range of rainfall
rate for distinct regions, even more ITU-R marks entire Indian sub-continent under region
K with a rainfall rate of 42 mm/h in general. But being a more microscopic review and
enormously variable environmental outlook available for the region of concern the rain rate
has been taken in form of a range depicting variability in rainfall rates in the same region
for different zones. As depicted in the monthly precipitation chart available as per IMD-
Pune, it is clear that there has been huge variations in rainfall precipitation data from 2006-
2010 and also for same months in different years too from 2006-2010.The range taken here
is shown in Table 4.7.

Table 4.7: Rainfall variability

RANGE FOR MONTHLY
RAINFALL PRECIPITATION (in
RATE(mm/h) . mm)
30-50 PRE-MONSOON 20-100
50-80 POST-MONSOON 100-200
80-100-above MONSOON 200-500 -above 500

The rainfall-rate is obtained as averaged values based on the precipitation data of Table 4
depicted in the context above. All the input fuzzy variables has been classified for the
purpose of attenuation classification and thus predicting the zone (monthly-rainfall wise)of
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The results for the following inputs and outputs in terms of membership functions have
been shown in Figure 4.9 to 4.12. The membership functions are defined along with set of
rules which are the key parameters, sometimes the parametric values are scaled for better

implementation aspects and refined resuits.

4.6.4 Mamdani Fuzzy Approach
It is one of the two platforms provided in the MATLAB ANFIS toolbox .The main aspect
is to use this platform for designing a system for prediction of attenuation due to rainfall,
for this purpose the inputs are defined based on predefined rules to the FIS and the outputs
S0 obtained are defuzzified to obtain fuzzy sets and then these sets can be combined using
‘logical operators keeping in view the rules defined earlier. While rules are defined in fuzzy
Mamdani module, it is important to know that rules are simple conditional.. The Mamdani
fuzzy module simplifies the procedural steps in the prediction of attenuation due to rain,
this is in view of the approach deployed for the prediction. The basic Mamdani module in

correlation with problem under concerned is shown in Figure 4.13.
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Figure 4.13: Fuzzy rainfall attenuation prediction module using Mamdani ANFIS
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The module shows various inputs and outputs along with other parameters used for
prediction purpose with the fuzzifier. The rainfall rate, attenuation with horizontal, vertical
and circular polarization is the key parameters input to the module. Most of the fuzzy
algorithms depend on these inputs and rule set predefined, the key elements of the design

are the set of rules.

4.6.5 Fuzzy membership function
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Figure 4.14: Fuzzy membership function
Figure 4.14: shows the membership function from ANFIS editor.
4.6.6 Analysis of Result
Final results using ITU-R model recommendations obtained in the mamdani fuzzy
platform are generated using attenuation formula . The results obtained are predicted values
and can be further improved with membership function values adjustment. The attenuation
values are for the data of rainfall-rate for the region of Dehradun, Uttarakhand -India. It

has been found that the predicted values are fine agreement with the calculated values.
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Figure 4.15: Total predicted specific attenuation w.r.t horizontal polarization and

vertical polarization
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Figure 4.16: Total predicted specific attenuation w.r.t horizontal polarization and
circular polarization
Figure 4.15 and 4.16 indicates that as the rainfall rate exceeds the attenuation increases
and the attenuation values obtained at lower rainfall rates are generally constant up to a
certain level and then a slight depreciation in the attenuation is observed some way mid

and finally a normal hike continuously is observed.
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Figure 4.17: Total predicted specific attenuation w.r.t horizontal polarization and
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Figure 4.18: Total predicted specific attenuation w.r.t vertical polarization and
rainfall-rate
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Figure 4.19: Total predicted specific attenuation w.r.t circular polarization and
rainfall-rate
Figure 4.17 , 4.18 and 4.19 indicates that as the rainfall rate exceeds the specific
attenuation increases due to the change in polarization i.e. horizontal, vertical and circular
polarization. Normal hike in the attenuation wvalues obtained at horizontal and vertical
polarization is observed. With circular polarization, specific attenuation is constant up to a

certain level and then a slight depreciation in the attenuation is analyzed.
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Figure 4.20: Total predicted specific attenuation with rainfall-rate
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Figure 4.21: Total predicted specific attenuation with horizontal polarization
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For easy interpretation of result Figure 4.20 to 4.23 indicates the rainfall rate, specific
attenuation and polarization in two dimensions. )

Now focuses more on predicting the pathloss exponent also called as attenuation factor.
For this purpose input variables in the form of received and transmitted power at the
frequency of 1.8 GHz has been analyzed as per the result of test drive conducted during the
month of august 2010. More pondering fact to be focused on is that the august 2010
reported a five year highest precipitation for the month as noted from available databases.
The variation of parameters for rainfall rate, transmitted power along with path loss

exponent has been analyzed.
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Figure 4.24: Graph showing results between path loss exponent, rainfall rate and
transmitted power

The result shown in Figure 4.24 and 4.25 indicates that the path loss exponent decreases as
the transmitted power is increased and then attains a constant value thereafter, but the most
fascinating part of the result is the variation of path loss exponent with rainfall rates. It has
been analyzed that as the rainfall rates increase up to a certain valug of around 80 mm/h the
path loss exponent depreciates linearly but then suddenly peaks up. béfféining to the fact
that the higher rain rates leads to greater attenuation impact as that lower rates of rainfall
but again there is a slight depreciation observed which around and above 120 changes to
linear rise and then attains a constant value this depicts variability that might exist in the

form of precipitation content and rain drop shape parameters at an operational frequency of
1.8GHz.

119



01 1 _ 1 1 1 1 1 1 L _
N . 40 60 " 80 100 120 140 160 180 208 . .
o rainfall__retes : - : .

et e I T o o A . T M LI

lc:énsmﬁ'xed__pc'wer )

P st s T Tl T e En T e e R 2wt e e B b e ams T e T

Figure 4.26: Variation of transmitted power and received power with path loss exponent

Figure 4.26 focuses on another set of combination with respect to path loss exponent are
the transmitted power and received power.
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Figure 4.27: 2 D view of received power versus path loss factor

In Figure 4.26 and 4.27, the key parameters i.e. the transmitted power and received power
is analyzed as a function of path loss exponent. As variability of transmitted power has

been accounted, now analysis is more on the received power term along with the path loss
factor.

b recsived__pawer

Figure 4.28: Dual-level comparison of rainfall rate and received power with path loss
factor
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Analysis of Figure 4.29 indicates that the path loss factor values are initially constant for
increase in values of power received but suddenly at the 30% of total transmitted power
received there is a slight depreciation and furthermore the depreciation becomes more
severely linear at around somewhere in the 35%-45% of total transmitted power received
pertaining to the fact that at higher values departures of received power the path loss factor
values start declining quickly as compared to with at lower values departures. Afterwards
there is a slow decline and a slight hike at about 70% indicating most optimum reception
i.e. this is the optimum path loss exponent value that should be preferred for a better
design. The result after it is appropriate as a better possibility does not exists due to system
level hindrances. Figure 4.28 indicates the context on how the pathloss obtained is for
estimating a better point for optimum network design based on selection facilitation guided
by a set of rules governing the functionality of selection and allocation based on some sort
of adaptive strategy.

4.7 Conclusion

From the result it has been analyzed that fuzzy logic approximation is effective to determine an
unknown terrain from the set of known terrain anywhere in the region having the same terrain
condition. Based on the fuzzy resulfs efficient network planning for other regions having same rain
rate and terrain can be predicted. Based on received power values fuzzy logic can be deployed
"along with other parameters of significant contribution to the proper network planning for

the region.

122



CHAPTER 5

THE ASSESSMENT OF EFFECT ON LINK BUDGET DUE TC RAIN FADE
MARGIN

It is valuable to design a communication system for the intended environment and to
predict, with relative certainty, the system performance prior to installation and
deployment [19]. Radio planning for networks such as cellular telephone systems or
Wireless Local Area Networks (WLANS) is a key part of network deployment. Insufficient
planning results in overdesign and wasted resources or under design and poor system
performance. Prior to planning a network, the parameters controlling the performance of
each individual link must be understood. The essential parameters are the received ’siglial
strength, the noise that accompanies the received signal, and any additional channel
impairments beyond attenuation, such as multipath or interference [48], [39], [46]. F oerlink
planning, a link budget is prepared that accounts for the transmitter Effective Isotropically
Radiated Power (EIRP) and all of the losses in the link prior to the receiver [66]. Another
significant loss after free space loss is the signal attenuatlon due to rain. These ]osses affect
- both the uplinks and downlinks. As it is a function of rain rate, it varies from location to
location. As the signal transmits from transmitter to receiver via channel, so in the path
between transmitters and receivers signals. has to face different propagation losses which
may be more or less unpredictable to the receiver [110]. The receiver must be designed to
overcome the effect of these propagation losses, to deliver the baseband signals to its final

destination with as few errors as possible.
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LINK BUDJET ASSESSMENT AND INCORPORATION OF RAIN
FADE MARGIN FOR OPTIMAL CELL COVERAGE

\L ) y
ESTIMATION OF LOSSES DRIVE TEST AND
ASSOCIATED WITH LINK BUDJET CALCULATION OF SIGNAL

WITHOUT RAIN LOSS DURING RAIN

A 4
INTRODUCTION OF RAIN FADE MARGIN IN
LINK BUDJET FOR OPTIMIZE COVERAGE

Figure 5.1: FLOW CHART OF STEP BY STEP IMPLIMENTATION OF WORK

5.1 Background and Objective

vtf'Iﬁ.sufﬁcient link budget planning can result in overdesign, under design, wastage of
resources health hazards and poor system performance. Prior to planning a network, the
parameters controlling the performance of each individual link must be understood. For
link planning, a link budget is prepared that accounts for the transmitter Effective
Isotropically Radiated Power (EIRP) and all of the losses in the link prior to the receiver.
Link budget parameters has been analysed by several researchers for solving constrain of
path loss during up link and down link. The link budget is computed in decibels (dB), so
that all of the factors become terms to be added or subtracted. Radio equipment is designed
in such a way that whén the link budget for the uplink and downlink are put together, they
should have the same maximum allowable path loss in both directions. Rain fades is a

‘significant factor depending upon the link distance and the geographic location. There is
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always the temptation to argue that the rain margin is not being used most of the time, so it
can be used to compensate for link budget shortfalls. The measurement is conducted in
fringe area of Uttarakhand in order to determine the amount of attenuation caused by the
rain. Four base stations are selected for measurement. Methodology of work is given in
Figure 5.1. The assessment of effect on link budget due to rain fade margin is determined.
To understand the concept of link budget parameters associated with generic link budget

need to be studied.
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Figure 5.2: Elements of Link Budget

Related work

Performance evaluation results for link budget were reported in [110] which primarily
covered the power loss due to cables transmitter and Receiver. Recently J. Zyren et. al has
reported the experimental set up for link budget analysis . A performance comparison of
different link budget parameters has been reported by L. Chiaraviglio et. al. in which they

have tried to reduce power consumption in backbone networks. D. Coudert, et. al. tried to
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minimi;ing energy consumption by power-efficient radio configuration in fixed broadband
wireless networks. Prediction of attenuation by rain has been analyzed by R. K. Crane
[80] for proper link budget design in which effect of rain on Electromagnetic wave
propagation is observed.

The work has been extendedlto see the effect of rain on link budget design [98] in the
region of Uttarakhand. Signal strength is measured for the course of entire rainy season.

Based on collected data rain fade margin has been cohsidered for proper link design.
5.2 Generie Link Diagram

The link diagram for a generic radio system [94] is shown in Figure 5.2. Not all elements
will be present in all radio systemé,‘ but it is broadly representative; tuning units in
- particular may not be necessary unless the radio has to be capable of tuning over a wide
frequency range. If this is required, the tuning unit helps to match the antenna impedance
to the rest of the system. Figure 5.3 shows how the signal level may vary from the
' transmitter to the receiver, although not to scale. In general, specific sub-components
| downstream of the transmitting radio output will be connected via connectors and feeder
cables. Both connectors and feeders may cause a loss in signal strength each time they are
used. Radio systems that are able to operate over a wide frequency range (such as military
radios and some modern multi-band radios) may have a tuning unit that is used to match

the antenna impedance and thus maximize signal radiated from the antenna.
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Figure 5.7: Gain and loss components in a typical downlink budget



The GSM link budget parameters are explained in the following before proceeding to the

calculations in more detail:

5.3.1 Receiver Sensitivity

. The performance of a radio, when it is not subject to external interference is governed by
its sensitivity. This is the required input level to achieve a given degree of performance.
This description is important as it identifies that there is no such thing as a single
sensitivity, but rather that there will be different values for different degrees .of
performance. In some cases it will be necessary to determine sensitivity from graphs of Bit
Error Rate (BER), but in most practical cases, commercial equipments has been used they
are available with published technical characteristics, or figures defined in a standard such
as that for TETRA, TETRAPOL, GSM, UMTS etc. For digital equipment, the sensitivity
used must be that for the conditions prevalent at the antenna, particularly whether it is
moving or not. Digital receivers typically have resilience against fading built in for the
situation when the fading is occurring rapidly, and thus there will be a static sensitivity and »
a dynamic Sensitivity assuming a given vehicle speed. This is only strictly true.for the
speed identified and if the digital system is to be used outside. of its speciﬁe’d' speed range,.
and then it may well be necessary to perform measurements to determine its performance
at the wanted speed. It is important to determine whether the sensitivity yalues are for
unfaded conditions (in which fading must be accounted for additionally in the link budget)
or for the faded condition (in which this has already been accounted and should not be
added again). The fundamental limit on receiver sensitivity is set by the thermal noise
limit. This is the energy.caused by random movements of charge and current due to the

movement of electrons in the radio receiver. Thermal noise is described by the expression:

N=KT,W
where

N is the noise floor
k is the Boltzmann constant = 1.38*10%* (J /K )
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5.3 Link Budget Calculation

The radio link budget aims to calculate the cell coverage area. One of the required
parameters is radio wave propagation to estimate the propagation loss between the
transmitter and the receiver. The other required parameters are the transmission power,
antenna gain, cable losses, receiver sensitivity and margins, as shown in the Figure 5.4.
When defining the cell coverage area, the aim is to balance the uplink and downlink
powers. The links are calculated separately and are different from the transmission powers.
The BTS transmission power is higher than the MS transmission power' and therefo‘re‘ the
reception of the BTS needs to have high sensitivity. The other differences in calculations
between uplink and downlink have been estimated. The parameter that is same for both
downlink and uplink calculations are the propagation loss is shown in Figufe 5.5. The
radio signal experiences the same path loss when travelling from the BTS to the MS as

from the MS to the BTS.
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Figure 5.5: Link budget parameters
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Figure 5.3: Generic Link Budget

Energy entering the antenna at RF is then propagated into the environment, and sor;ne.‘_'of
this energy is picked up at the receiving antenna. At the receiver, there may be one or more
antennas to pick up the signal. A hand-portable system will ‘have a single antenné, But a
vehicle or .aircraft may have several 1o combat fast fading [89]. This is known as a
diversity antenna system [68]. If diversity antennas are present, then the individual signals
are picked up by a combiner or switch, which generates a single signal to be conducted
through the rest of the system. This may be'ampliﬁed (although it will also amplify any
noise or interfering signals) and may again pass through a tuning umt if one is" present
before finally arriving at the receiving radio. Figure 5.4 shows the'sa_ﬁiéé.'dOmpénents ofa
radio link, but this time spread out in a linear fashion with a representation of the signal |
strength as it travels from the transmit radio output through to the input of the receiving

radio. The signal will generally drop slightly as it travels through connectors and feeder
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cables, particularly if they are long. It will also be enhanced by amplifiers and possibly

antenna gain. There may also be a gain effect if there are multiple receiving antennas

(diversity gain), compared to the single antenna fading condition [90]. Other elements in
the link may cause losses. Eventually the signal reaches the receiving radio. If the signal

that arrives is higher than the minimum operating level required, then the original message

should be retrievable at the receiver. If it is not high enough, then the original message or

part of it may be lost.
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Figure 5.4: Generic link, showing typical elements that may be present in a Radio system

The process of determining a link budget is composed of two main elements; determining

the elements within the link that cause gain or loss between the radios and the antennas,

and also determining the minimum acceptable signal level that must be available at the

 receiving antenna as it moves through the service area, both at the fast fading and slow

fading scales.
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CLUTTER AND COVERAGE GRAPH OF BTS SITE ID’S SELECTED FOR FIELD DATA COLLECTION
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T, is the noise temperature of the receiver in Kelvin

W is the bandwidth in Hz

The concept of reference noise power is used, with T = 290 K. To build a link budget for
GSM 1800 first the MS and BTS sensitivity has been determined.

5.3.2 MS Sensitivity

It is minimum signal level at the input that leads to the signal to noise at the output, higher
than a threshold E./N, related to the modulator performance. The MS sensitivity can be
calculated using the information of receiver noise F and minimum Ey/N,. The value of
noise is 12 dB and the minimum E/N, is 8 dB for GSM 1800, which is defined in the
ETSI recommendation 03.30. The receiver sensitivity Si is determined with the input noise

power Ni is the product of three parameters: the Boltzman constant k, Temperature Ty =

290 K and Bandwidth W =271 kHz (54 dB):

Si/Ni _ Si/ (KT, W)

F =S Ne ~ Ew/N,
Where
N; = kT, W
and
E
S, ==L FrT, W
N,

Si=8dB + 12 dB + (290 K x 1.38 x 1072°J/K) dB + 54 dB
S;i=8dB + 12 dB— 174 dB + 54 dB
S;=-100 dB

133



5.3.3 BTS sensitivity

BTS sensitivity for 1800 MHz band can be calculated by using above equation but in this

case the value of noise is 8 dB, recommended by ETSI.

S;i=8dB + 8 dB + (290 K x 1.38 x 107*J/K)dB + 54 dB
Si=8dB+8dB— 174 dB + 54 dB =-104 dB

5.3.4 MS and BTS powers

MS and BTS powers are important along with the sensitivities. The MS TX (transmission)
power is defined by the MS class in ETSI specifications. There are two power classes with
a normal tolerance level of + 2 dB, while the worst case tolerance is + 2.5 dB. Power step
size is either = 2 dB, + 3 dB, = 4 dB, and + 5 dB starting at a peak level for the two
classes of mobile. The MS maximum output power and power steps are shown in Table
5.1. The BTS transmitter maximum power is shown in Table 5.2. The tolerance should be
such that the power level can be decreased in nominal steps of 2 dB with an accuracy of =+
1 dB shown in Table 5.3. Generally BTS TX power depends on the BTS type and vendor.
The TX power is adjustable, which enables the link budget to be balanced.

Table 5.1: Mobile Power Class ;and Their Tolerance

Power Maximum Peak Power Tolerance Tolerance
Class (W) - Normal(dB) Extreme(dB)
1 1 2 +2.5
2 : 0.25 32 +2.5
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Table 5.2: Power Steps and Their Tolerance

Power Control Peak Power Tolerance Tolerance Extreme

| Level .(dBm) Normal(dB) (dB)
0 30 +2 +2.5

1 28 +3 +4

2 26 +3 +4

3 24 +3 +4

4 22 + 3 +4

5 20 +3 + 4

6 18 +3 +4

7 16 +3 +4

8 14 +3 +4

9 12 +4 +5

10 10 + 4 +5

11 8 +4 +5

12 6 +4 +5

13 4 +4 +5

Table 5.3: BTS Power Class and Their Tolerance

Transmit Power Class Peak Power (W) . Tolerance (dB)
1 720 03
2 10 0,3
3 5 -0,3
4 2.5 -0,3
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5.3.5 Antenna gains [79]

Antenna gains can be found for both BTS and MS antennas. The BTS antenna gain is
dependent on the antenna type and whether the antenna is omnidirectional or directional .
BTS antenna has a gain of approximately 10 dBi. The gain of a directional BTS antenna is

dependent on the horizontal and vertical half power beam widths.

Recain &
HAnennsis g"‘?" 5N
Actual Gain g

A
A3x. Resehing
Antenna Gain

Figure 5.8: Antenna gain and alignment

It is also dependent on the physical size of the antenna which in turn has an impact on the
frequency range. Also frequency range is inversely proportional to the size of the antenna,
which is then connected to the radiating aperture of the antenna [84].The antenna gain is
around 16-20 dBi when there is a widely used antenna with 60-65¢ horizontal half power
beam width and 5-10 vertical half power beam width as shown in Figure 5.8. In the link
budget calculations for the MS antenna the gain is generally 0 dBi. The actual MS antenna
gain is complicated to estimate, because the gain is highly dependent on the mobile user’s
relative location towards the base station when the amount of body loss varies [92]. In

analysis the BTS antenna has a gain of 20.15 dBi and MS antenna gain is 0 dBi.
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5.3.6 Diversity gain

Diversity gain can be used for correcting unbalance between the uplink and downlink . The
typical way to arrange diversity is to have it in the BTS reception. One basic method is to
separate receiver antennas vertically or horizontally. This method is called space diversity.
The diversity decreased fading effect and gdin achieved can be around 5 dB. The selected

Base station has 3.5 dB diversity gain.

5.3.7 Feeder and connector loss
Feeders are the electrical cables that connect the radio output to the antenna, via connectors
at each end. If connectors or cables attenuate the power output by the radio, then the power
presented to the antenna will be less than otherwise and consequently transmitted radio
energy will be reduced. These losses are significant and amplifier should counter act feeder
and connector loss. Feeder Cable and connector losses are case specific and need-to ‘be
measured or calculated separately. Thicker cable causes less loss, but it is more difﬁculf to
install, due to weight and a larger bending radius.Thicker cables are also more expensive
and therefore the usage needs to be considered. Obviously a longer cable gives a higher
loss and because of this the shortest possible route for the cable should be used. An
individual connector gives a loss of around 0.1 dB, but depending on the cable install;ations
there can be several in one antenna lines.
The feeder and connector loss is given below which are used in power budget calculations:

a) Duplexer loss in BTS = 0.5 dB

b) Feeder/Jumper loss at BTS =3.25 dB

¢) Duplexer loss in TMA = 0.3 dB

5.3.8 Tuning Units, Amplifiers and Combiners
For radios that cover a wide proportion of the radio spectrum (of the order of an octave or
more), the antennas used will not be matched over the entire range. Uncorrected, this

would cause higher loss for those portions of the band that are more mismatched.
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To overcome this, the radio is fitted with a tuning unit. If so, the gain of the tuning unit, or
the overall gain or loss of the tuning unit, mated to the antenna must be taken into account
(being careful not to double count). For some sjrstems, an amplifier may also be fitted to
boost signal strength close to the antenna so that a higher power is fed into the antenna
unit. If an amplifier is fitted, then the affect of this must also be included in the link budget.
Combiners are used when signals from different systems are fed into the same antenna for
transmission. This may be done for reasons of efficiency or of space on a given antenna.
Given the further development of so-called MIMO (Multiple-In Mulﬁple—Out) systems
[77] and the general reluctance in many areas to allow more masts to be built, this will be

ever more present for future network designs. Combiners may involve a loss to each of the

systems feeding into the system. Each of these systems may be present in either the

transmitting or receiving end of the link shown in Figure 5.6 and Figure 5.7. Other
equipment loss factors consist of isolator, combiner and filter losses. The isolator isolates °
- the transmitted signal from the transmitter. The combiner combines TX (transmission) -
signals to one antenna. The filter combines transmitted and received signals to one feeder
cable as well as to a single antenna and antenna cable. The isolator, combiner and filter

together give around 2-3 dB losses.

5.3.9 Mast Head Amplifier (MHA) and Booster

Two other gain factors, which need to be considered in tﬁe link budget if used, are the mast
head amplifier (MHA) and booster. The MHA, which is located close to the antenna in
BTS reception, is used to amplifyAthe received signal. This decreases the unbalance
between the uplink and downlink by giving extra gain in the uplink the direction. The
booster can be used to arﬁplify the BTS transmission power. '

TMA loss = 0.3 dB.
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Receiving end: BTS MS Eq.
TX: MS BTS (dB}
Noise figure dB 8 12 A
Ec/Nomin. fading dB 8 8 B
RX RF-input sensitivity dBm -104 -100 C=A+B+W-174
(W=54.3 dBHz)

Interference degrad. margin dB 2 2 D
Cableloss + connector dB 5.85 0 E
RX-antenna gain dBi 20.15 0 F
Diversity gain dB 3.5 0 F1
Isotropic power. §3 % Ps dBm -1198 -98 G=C+D+E-F-F1
Lognormal margin 83 % -»959% Ps | dB 6 6 H
Isotropic power, 93 % Ps dBm -1138 92 I=G+H * —
Field Strength 95 % Ps dBu¥/m | 28.6 304 I=I~i—l42?i;=’f H
Transmitiing end: NS BTS e
RX: BTS MS {dB)
TX PA output peak power W - 127325
{mean power over burst} dB - 41734 K
Isolator + combiner + filter dB - 3 L :
RF Peak power,(ant. connector) dB 30/24 3831 M=K—L

W 10025 | 631126
Cableloss + connector dB 0 3.85 N
TX-antenna gain dBi 0 20.15 O
Peak EIRP W 100025 | 169.833.88 |

dBm 3024 52.3/453 P=NI-N+6
[sotropic path loss.85 % Ps dB 143871378 | 1443/1373 | Q=P-G-6
Isotropic path loss, 95 % Ps dB 137.8/131.8 | 138.3/1313 | R=P-I-6

Table 5.4: Radio Link Power Budget for GSM 1800 MHz (GSM)
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5.3.10 Interference degradation margin

The interference degradation margin describes the loss due to frequency reuse. Therefore
the frequency reuse rate corresponds to the degradation margin value. The suggested value
for the interference degradation margin in an average suburban and rural area is 3 dB
according to the ETSI recommendation 03.30. In the case of high frequency'reuse in urban
areas the degradation margin can have a value of 4-5 dB. The interference degradation

margin of 2 dB is considered.

5.3.11 Polarization Loss _
The polarization loss indicates the portion of the incident power which is coupled into the
receive antenna. The polarization loss of 1.5 dB occurs at each base station selected for
measurement. The power budget calculation is presented in Table 5.4. The link budgetbis ‘
-for GSM 1800 and the more calculations are described in detail using these values. The
poWer budget calculations start with the receiving end by calculating isotropic power (G
and I) both for the BTS and the MS. The isotropic power is the minimum received power, .
which enables the link balance situation. The receiver sensitivity (C) is the basis for the
isotropic power with the power budget gain pararﬁeters subtracted .from it and the loss

parameters added to it. The isotropic power (85 % Ps) for the BTS is

G=C+D+E-F-F1 =-104 + 2+ 5.85-20.15-3.5=-119.8

where .
C=A+B+W-174=8 + 8 + 54.3 -174 = -104

and isotropic power for 95% Ps (BTS)
I=G+H=-119.8+6=-113.8
The isotropic power (85 % Ps) for the MS

G=C+D+E-F-F1=-100+2+0-0-0=-98
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where

C=A+B+W-174 =12+ 8 + 54.3 - 174 =-100
and isotropic power for 95% Ps
I=G+H=-98+6=-92

The isotropic power is next converted to dB pV/m and the result is field strength (I). For
the BTS:

J=-113.8 dBm + 20 log (1800 MHz) + 77.2 = 28.6
and field strength for the MS:
J=-92 +20 log (1800 MHz) + 77.2
=504

The power budget calculation continues with the MS peak EIRP (Effective Isotropic
Radiated Power) calculation. The MS radiation power is presented in this way as the
antenna gain uses decibels over anisotropic antenna (dBi) format. If the antenna gain
format is in decibels over a dipole (dBd) the radiated power format is ERP (qgfective

radiated power). The transformation from EIRP to ERP is given by
EIRP = ERP + 2.15 dB

The MS antenna gain is 0 dBi and the losses are also zero, therefore the EIRP of the MS is
the TX output power (M).For power class 1, EIRP of MS is 30 dBm and for power class 2
it is 24 dBm. So the isotropic path loss (Q and R) for the uplink in both the power class is:

Q=P-G-6=143.8/137.8 for 85 % Ps
R=P-1-6=137.8/131.8 for 95 % Ps

Here -6 dBi is mean effective gain. The Mean Effective Gain (MEG) of handheld MS in

scattered field representing the cell range taking into consideration absorption, detuning
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and mismatch of the hand held antenna by the human body (MEG = -antenna/body loss) of
13 dBi for GSM 400, -9 dBi for GSM 900 and -6 dBi for GSM 1800 MHz. |

The path loss for the downlink direction equals the path loss for-the uplink direction. With
this the BTS TX output peak power calculation can be started. As mentioned before, the
BTS TX power is critical for the link balance. The BTS peak EIRP is |

M=K~-L+N+0=52.3/453 dBm
The isotropic path loss for downlink is
Q=P-G-6=144.3/137.3 for 85 % Ps

R=P-1-6=138.3/131.3 for 95 % Ps

5.4 Link Budget Balancing
Often, radio equipment is designed in such a way that wfxen the link budget for the uplink
and downlink are put together, they have the same maximum allowable path loss in both
directions. The investigatioﬁ of link budget for GSM 1800 MHz also reveals that
maximum allowable loss is same for both the direction. In this case, the links are said to be
balanced, and a radio link from a base station to a mobile element should have the same
probability of being established as the link from the mobile element back to the base
station[82]. Sometimes links are not balanced in both directions, often due to power
limitations on the mobile side. In this case, one link will be stronger than another, and thus
it may be possible to detect messages without being able to successfully send messages, or
vice versa. If the down link is greater than the uplink (limitation of the MS output power
and BTs receivers sensitivity) , then following results:

- Range of BTS > Range of MS.

- Call dropped on ﬁplink after initiation of handover.

- Coverage area is smaller in reality than the prediction.

- This is the most frequent case.

greater the uplink than the downlink results in following:
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- Range of MS > Range of BTS.

- No coverage problem from MS to BTS.
uplink > downlink condition is better than uplink < down link. In order to establish full
two-way communications, it will be necessary to plan the network coverage based on the
weaker of the two links. Calculating the link budget in both-the uplink and downlink
directions allows deterfn‘ination of which link is weaker.
The power budget caléulation provides the maximum allowable path loss. This value is
further used to determine the cell range or coverage area of a particular BTS and it is also

helpful in the analysis of link reliability.

5.5 Effect of rain on Link Budget

A key performance metric for most communication systems is the availability i.e. the
percentage of time that the link is providing commﬁnications at or below the specified. bit
error rate. There are number of factors that impact the availability, including h;rdware
reliability, interference, and fading [83]. There are variety of sources of exceés path
attenuation, including atmospheric absorption, diffraction, multipath effects (including

atmospheric scintillation), shadowing, foliage [69] and attenuation by hydrometeors.
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Figure 5.9: Received signal samples and RxLev in dBm during rain

Of these, the fades caused by rain (hydrometeor) is a major limiting factor of link
availability or link distance as shown in Figure 5.9. Rain fades is a significant factor

depending upon the link distance and the geographic location.
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Figure 5.10: Plot during rain
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The measurement has been carried out in fringe area of Uttarakhand in order to determine
the amount of attenuation caused by the rain as shown in Figure 5.10. Four base stations is
selected for measurement. Measurements are performed at the edge of each selected site,

during rain.
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Figure 5.11: Clutter Plot during rain

Measurement gives the maximum rain attenuation experienced by MS in a cell. The clutter
plot obtained by measurement is compared to another measurement which was earlier
conducted in the same city of Dehradun and around the same base station but not in the
rainy season shown in Figure 5.11. Analysis shows that there is an attenuation of .02 dB
exists due to rain. The amount of rain attenuation is used as rain fade margin which is
incorporated in the link budget. Table 5.5 shows the link budget calculation including the
rain fade margin.
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BIS

Receiving end: MS Eq.
I MS BIS (dB}
Noise figure dB 8 12 A
Eg/No min. fading dB 8 & B
RX RF-input sensitivity dBm -104 -100 C=A+B+W-174
(W=34.5 dB Hz)
Interference dagrad. Margin dB 2 2 D
Rain fade margin dB 0.02 0.02 D1
Cable loss + connactor dB 3.85 ] E
RX-antenna gain <128 20.13 o F
Diversity gain dB 3.3 0 Fl1
Isotropic power, 83 % Ps dBm -118.78 -07.98 G=C+D+D1+E-F-F1
Lognommal margin 85 3¢ 63 | dB 6 a H
% Ps dBm -113.78 -91.98 I=G+H
Isotropic power, 95 26 Ps dBuyy | 28.62 5042 FI+142.4
Feld Strength 93 26 Ps m
Transmitting end: NS BTS Egq.
X BTS S {dB)
TX PA output peak power W - 1273723
fmean power over burst) dB - 41554 K
Isclator + combiner + filter dB - 3 L
REPegk pover o 'dB 3024 53831 W=K-L
W 1.0/023 6317126
Cable loss + connector dB 0 383 N
TX-antenna gain dBi 0 20.13 o
Paak EIRP W 1.0/423 169.8/33.88
dBm 3024 323433 P=MN-0
Isotropic path loss, 83 %¢ Ps dB 143.78/137.78 | 144.28/137.28 | Q=P-G-¢
Isotropic pathloss, 93 % Ps dB 137.7%/131.78 | 158.28/131.28 | R=P-I.§

Table 5.5: Power budget calculation including rain fade margin

5.6 Conclusion

indicates that there is a needi of rain fade margin to be introduced in link budget. The

amount of rain attenuation estimated is used as rain fade margin and it is incorporated in
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Measurements is performed at the edge of each selected site, during rain which gives the
maximum rain attenuation experienced by Mobile Station in a cell. Based on the collected

data, it is observed that difference in.the path-loss without rain and path-loss during rain




the link budget. From the result it has been analyzed that there is significant path loss with
respect to the power budget considering the rain attenuation. The maximum allowable path
loss with and without rain fade is analyzed for proper link budget design. Analysis
estimates that due to increase in path-loss, the maximum allowable coverage result in
decreases of cell radius. In order to compensate this loss caused by the rain, there is a need
to increase the link bﬁdget. From the result maximum allowable path loss with and without
rain fade is analyzed. It is analyzed that there is a decreas}epf 0.02 dB in the maximum
allowable bath loss with respect to the power budget ‘without considering the rain
attenuation. Analysis estimates that due to decrease of .02 dB in maximum allowable path
loss results in decreases of cell radius. In order to compensate the loss caused by the rain,

link budget need to increase.
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.CHAPTER 6

CONCLUSION AND FUTURE WORK

Various outdoor propagation models have been described by researchers which is available
in open literature. Some of them which are applicable for 1800 MHz have been discussed
in the thesis. The results of each outdoor experiment depend largely on the environmental
conditions under which each experiment has been carried out (Figure 2.7 and Figure 2.8).
If model is applied under similar environmental condition it gives more accurate results
otherwise the results may be unrealistic. This thesis attempts to investigate the
effectiveness of the Free Space Path loss model , Okumura model, Egli model, ECC 33,
COST WI and COST 231 Hata model in the Uttarakhand region. A BSNL GSM“‘_:base
station operating at 1800MHz band has been used for the experiment data collection; The
field measurement results Were compared with Free Space Pathloss, Okumura, ECC 33,
Egli and COST 231 Hata model and COST WI. The results obtained from the combarison
indicate that there is a least variation with COST WI model for Uttarakhand region (Figure
3.28 and Figure 3.29). The pathloss distribution graph shows the relationship that exists
among the Various‘ propagation models in terms of pathloss. It has been analysed that there
are variations between field measurement results and the existing models. An exception is
that of COST WI model in which only a slight variation exists. Tuning and correction

factor implementation provide more precise network planning as shown in Figure 3.30.

The author C. Gomathy et. al. implement fﬁzzy logic scheduler for performance analysis of
wireless communication systems. In this thesis fuzzy polarization, rain rate and stati(;n
elevation has been taken as membership function. A fuzzy logic results in thesis is
effective to determine an unknown environment from the set of known environment

anywheré in Uttarakhand (Figure 4.24 , 4.26 and Figure 4.28).

The amount of rain attenuation estimated is used as rain fade margin and it is incorporated
in the link budget. From the result it has been analyzed that there is significant path loss

with respect to the power budget considering the rain attenuation (Table 5.2). The
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maximum allowable path loss with and without rain fade is analyzed for proper link budget
design as shown in Table 5.5. Analysis estimates that due to increase in path-loss, the"
maximum allowable coverage result in decreases of cell radius. In order to compensate this
loss caused by the rain, there is a need to increase the link budget. Further embedded
system may be designed which can accommodate variable gain depending on tuning.
Exploitation of graphics hardware for accelerating the computation of radio wave
propagation predictions using tuned out door prediction model can be done. Use of fuzzy
logic for other terrain conditions like foliage [59] and building as membership function can

be implemented in outdoor propagation prediction.
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Four Bharat Sanchar Nigam Limited (BSNL) GSM base stations have been selected for
field measurements. The coordinates of these BTS SITE ID’S has been by courtesy of
Google Earth Map. A map presentation has been exported as KML files and loaded in
Google Earth. A KML file is a kind of XML document designed to supply geographic
information to Google Earth. The export is performed from the Map window. The KML
ﬁvles have been saved in the Log files directory beneath the TEMS Investigation

installation directory.

3.3.1 BTS identification using Google Earth Presentation and GPS

The KML files have been appeared in the places pane in Google Earth. Beneath the file
containing cells, the cells are listed individually. Beneath the IE and events file, each
exported information element is represented by its own item; events are represented

| collectively by one further item. An information element has been plotted as:

e Successive route markers, as in TEMS Investigation, or as a 3D line chart winding

its way along the route, where the IE values are expressed along the vertical
e Dimension and successive points are joined by line segments.

Coordinates of these 4 base stations situated at Dehradun -Uttarakhand India is given
below: |

a) BTS SITE ID DDN 002 (LATITUDE: 30.3539 LONGITUDE: 78.0245)

b) BTS SITE ID DDN 204 (LATITUDE: 30.276 LONGITUDE: 78.0773)

c) BTS SITE ID DDN 034 (LATITUDE: 30.2895 LONGITUDE: 78.0738)

d) BTS SITE ID DDN 032 (LATITUDE: 30.32722 LONGITUDE: 78.04785)
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3.3.2 Channel Window Parameters
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Fignre 3.2: Channel window shbwing Coordinates and Parameters

Figure 3.2 shows the current channel window in which magnetic GARMIN GPS is

successfully latched wit}L satellite and showing the coordinates of latitade 30.3439 and

longitude 78.0255 of veh‘ieie in- which- drive test tool-is- instatled: Log file is created-with -
GSM network, working |at 900P band having a channel type BCCH. BCCH, ARFCN

during drive is 88 and call is established in ideal mode. CGI data (MCC, MNC, LAC, CI )

is available 404, 54, 28 46281 to search and match the current cell in the cell file.

3.3.3 Line chart for :lo'g‘iﬁle

Panes

The information element that has been plotted in a line.chart is. primarily measurements of

physical quantities as shown in Figure 3.3. Co-channel interferers, that is, other base
stations using the same fr|equency as the serving cell and thereby causing interference with
its transmissions has bee131 identified using line chart. Line chart can accommodated up to

L |
eight elements. The plotting has been done as a curve. The x-axis of chart is time.
| B
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