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Abstract: GSM network consist of different cells and each cell transmit signals to and receive signals
from the mobile station, for proper working of base station many parameters are defined before
functioning the base station such as the coverage area of a cell depends on different factors including
the transmitting power of the base station, obstructing buildings in cells, height of the base station and
location of base station etc. The Drive Test (DT) perform in RF optimization GSM network to assure
the availability, integrity, & reliability of the network.
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INTRODUCTION

RF planning plays a critical role in the Cellular design process. Accurate planning is essential in order to
ensure that the system will provide both the increased capacity and the improvement in network quality where
required. A properly planned system should allow capacity to be added economically when traffic demand
increases. The goal is to achieve optimum use of resources and maximum revenue potential whilst maintaining a
high level of system quality By doing a proper RF Planning by keeping the future growth plan in mind we can
reduce a lot of problems that we may encounter in the future and also reduce substantially the cost of
optimization On the other hand a poorly planned network not only leads to many Network problems, it also
increases the optimization costs and still may not ensure the desired quality. The initial allocation of spectrum
for GSM provided 124 carriers with Frequency Division Dupleex for uplink and downlink: Dplink sub band:
890MHZ to 915 MHZ, Downlink sub band:935 MHZ to 960 MHZ, Freqency spacing between carriers is 200
khz (0.2 MHZ) one carrier is used fore guard bands,giving:Totalnumber of carriears (ARFCNs)=(25-0.2)
/0.2=124 (ARFCN=Absoulat Radio frequency Carricer Number) Uplink frequencies: Fu(n)=890+0.2n
(1<=n<=124) Downlink freqncies: Fd(n)=Fu(n)+45 (where n=ARFCN).
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Fig. 1:

History:

Driving Factors:Incompatibility of the European analog cellular systemsReaching of capacity limitsCosts of
the equipment1982, Conference of European Post and Telecommunications formed Group Speciale Mobile
(GSM) 1987, 15 operators from 13 countries signed Memorandum of Understanding (MoU) 1991, Finland’s
operator Radiolinia launched first GSM network in July 19911992, Massive deployment of GSM started By
2000 GSM became the most popular 2G technology worldwide GSM standard still evolving and enriched with
new features and services.

Corresponding Author: Naser Parhizgar, Department of Electrical Engineering, Science and Research Branch, Islamic
Azad University, Fars, Iran.

448



Aust. J. Basic & Appl. Sci., 5(11): 448-468, 2011

Phases of Wireless Network:

Define Network Requirements, Acquire RF Planning Inputs, Initial Network Design ,Model Tuning and
Design Modification, Deployment (Installation and Commissioning), Optimization and Growth Planning

Network Requirements:Required coverage areas, Type of Coverage - In Car, In Building, Street Level
Required Capacity - No. Of Subscribers

Grade of Service, Technology - CDMA, TDMA (GSM), AMPS, Available Spectrum , Deployment
Schedule - Coverage /Capacity Vs. Time, Special requirements - Airport, Convention centers, Financial
Limitations

RF Planning Inputs:Digital Maps:
Street and Highways, Digital Terrain, Building Data (if needed), Traffic Demand Map -Subscribers
Distribution

Initial Network Design:

It is a process with following outcome :Number of BTS’s, Sites Locations, Site Configurations: Omni/
Sectored, Antenna Height, Antenna Type, Orientations, RF Power and other parameters, Managing Future
Growth in Subscriber Base

RF Planning Procedures:
Initial Design, Nominal Plan, Site Selection, Site Survey, Site Planning.

Tools Used For RF Planning:
Network Planning Tool, Propagation Test Kit , Traffic Modeling Tool, Project Management Tool, tems.

Network Planning Tool:

Fig. 2:

Planning tool is used to assist engineers in designing and optimizing wireless networks by providing an
accurate and reliable prediction of coverage, doing frequency planning automatically, creating neighbor lists etc.
With a database that takes into account data such as terrain, clutter, and antenna radiation.patterns, as well as an
intuitive graphical interface, the Planning tool gives RF engineers a state-of-the-art tool to:Design wireless
networks, Plan network. Expansions, Optimize network performance, Diagnose system problem.

Fig. 3:
Propagation Test Kit:

The propagation test kit consists of Test transmitter, Antenna (generally Omni). Receiver to scan the RSS
(Received signal levels). A laptop to collect data. A GPS to get latitude and longitude. Cables and accessories. A
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single frequency is transmitted a predetermined power level from the candidate site. These transmitted power
levels are then measured and collected by the Drive test kit. This data is then loaded on the Planning tool and
used for tuning models. This drive test is done to prepare generic models for network design, The objective is to
collect field data to optimize or adjust the prediction model for preliminary simulations.

Propagation Tool Adjustment:

For a given network design there may be more than one model like dense-urban, urban, suburban, rural,
highway etc. The predicted and measured signal strengths are compared and the model adjusted to produce
minimum error. These models are then used for initial design of the network.

Traffic Modeling Tool:

Traffic modelling tool is used by the planning engineer for Network modelling and dimensioning. It helps
the planning engineer to calculate the number of network elements needed to fulfil coverage, capacity and
quality needs

Project Management Tool:

Though not directly linked to RF Design Planning, it helps in scheduling the RF Design process and also to
know the status of the project. Site database: This includes RF data, site acquisition, power, civil, etc. Inventory
Control, Fault tracking, Finance Management.

Terrain, Clutter, Vector Data Acquisition And Setup:
Procure the terrain, clutter and vector data in the required resolution. Setup these data on the planning tool.
Test to see if they are displayed properly and printed correctly on the plotter.

Set Initial Link Budget:
Link Budget Analysis is the process of analyzing all major gains and losses in the forward and reverse link
radio paths.

Inputs:
Base station & mobile receiver sensitivity parameters, Antenna gain at the base station & mobile station.
Hardware losses(Cable, connector, combiners etc).

Output:
Maximum allowable path loss.

The Link (or Power) Budget:

The detailed radio network plan can be sub-divided into three sub-plans: (1) link budget calculation, (2)
coverage, capacity planning and spectrum efficiency, (3) parameter planning. Link budget calculations give the
loss in the signal strength on the path between the mobile station antenna and base station antenna.These
calculations help in defining the cell ranges along with the coverage thresholds. Coverage threshold is a
downlink power budget that gives the signal strength at the cell edge (border of the cell) for a given location
probability. As the link budget calculations basically include the power transmission between the base station
(including the RF antenna) and the mobile station antenna, we shall look into the characteristics of these two
pieces of equipment from the link budget perspective. Link budget calculations are done for both the uplink and
downlink. As the power transmitted by the mobile station antenna is less than the power transmitted by the base
station antenna, the uplink power budget is more critical than the downlink power budget. Thus, the sensitivity
of the base station in the uplink direction becomes one of the critical factors as it is related to reception of the
power transmitted by the mobile station antenna. In the downlink direction, transmitted power and the gains of
the antennas are important parameters. In terms of losses in the equipment, the combiner loss and the cable loss
are to be considered. Combiner loss comes only in the downlink calculations while the cable loss has to be
incorporated in both directions. For the other equipment (i.e. the MS), the transmitted power in the uplink
direction is very important. To receive the signal transmitted from the BTS antenna even in remote areas, the
sensitivity of the MS comes into play. The transmitting and the receiving antenna gains and the cable loss
parameters are to be considered on the BTS side

Cell Size/Count Estimation:

Once the Maximum allowable pathloss is known, the achievable cell size can be evaluated. Cell radius is
calculated using MAPL and Hata’s empirical formula. Cell radius is the distance from base station where the
path loss equals MAPL. Beyond this radius, the signal is too weak to be acceptable. Also the coverage
objectives are usually different for Urban, Suburban and Rural areas. Therefore MAPL has to be calculated for
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each area and then cell size determined separately. Once the cell radius is calculated, cell count estimates can be
made.

Initial Cell Count:

Coverage Sites:Once the cell radius for each area is calculated, then the minimum number of cells required
to provide coverage can be determined. For each area A = 2.6R* Where R - radius of cell A - Area of the
corresponding hexagon A - Area of the corresponding hexagon., Cell count = Urban Area(Km2) + Suburban
area(Km?2) + Rural Area(Km?2
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Fig. 4:

Capacity Sites:

The basic criteria are capacity and traffic. Traffic plan will include calculations of number of nominal sites
required for traffic growth in each phase.Agreed mErlangs per subscriber figure will be used to calculate final
subscriber traffic. Spreading of the traffic for each planning phase would be based on the existing traffic spread.

Capacity and Quality:

The major target of the radio planner is to increase the coverage area of a cell and decrease the amount of
equipment needed in the network, so obtaining the maximum coverage at minimum cost. Maximum coverage
means that the mobile is connected to a given cell at a maximum possible distance. This is possible if there is a
minimum signal to noise ratio at both the BTS and MS. Another factor attributing to the path length between the
two antennas (BTS and MS) is the propagation loss due to environmental conditions. Example 1: Calculation of
number of sites required in a region A network is to be designed that should cover an area of 1000km?,The base
stations to be used are 3-sectored. Each sector (cell) covers a range of 3.0km Thus, area covered by each site = k
* R2 Where: k = 1.95,Area covered by each site = 1.95 * 32=17.5km Thus: total number of sites = 1000/ 17.55
=56.98 = 57 sites

ITRX=2.9  Er.,l1+1+1=8.7, Er. 8%8.7=69.6
Capacity=69.6/0.025=2784 Subs.,Total Subs=1080+1523=2603

Existing Capacity=69.6/0.025=2784 Subs. .Total Subs=1080+13900=14980 Subs.

Er per Cell: 3TRX=15.7 Er.,Er per Site: 3+3+3=47.1 Er.,Total Er:  8*47.1=376.8

Capacity: 376.8/0.025=15072

Er.Erper  Sub=90/3600=25mEr.,Existing

Traffic Area 1:
Total Er.=80+140.48=220.48 Er. 1)Add TRX: 3*(2+2+2) 3*(4+4+4)New Capacity by Adding TRX :
3*63=189 Er.,220.48-189=31.48 Er.2)Adding New Site: a 3+3+3 site.

Table 1:
Traffic Area Er. per Area(25000subs) weight Er. per Areald3000subs)
Site Er. TrafficArea 1 80 0128 140.48
T+ 87 TrafficArea 2 120 0182 M0.72
Subs. Er. |
25000 625 =2 i TracArea 3 M 028 3073
- - - 3+3+3 471 Tt i
ficArea 4 250 0.4 439
43900 1097.5 raficAres
dvd+d 63
68900 7225 | Total 625 1 1097.5
Traffic Area 2:

Total Er.=120+210.72=330.72 Er.,1)Add TRX: 3*(3+3+3) 3*(4+4+4),New Capacity by Adding TRX :

3#63=189 Er.,330.72-189=141.72 Er.2)Adding New Site:2*(4+4+4) & 1*(2+2+2)
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Traffic Area 3:
Total Er.=175+307.3=482.3 Er.Capacity :3*63=189 Er.,482.3-189=293.3 Er.2)Adding New Site:4*(4+4+4)
& 1#(3+3+3)

Traffic Area 4:
Total Er.=250+439=689 Er.,Capacity :4*63=252 Er.689-252=437 Er.2)Adding New Site:7*(4+4+4)

Nominal Plan:

A nominal plan is initially a hypothetical wireless network the starting point fore the cell rolloutprocess
and will evolve into the final network design.As physical sites are identified and acquired,the nominal plan is
amended.

Simploifild network planning flochart:

Createnominal Define szarch [tutial network Idefiney site

plan areas dim ension option Bite selection

Detatled ste ke
design constuction

Create Nominal Plan:

Planning of cell sites sub-area depending on clutter type and traffic required.position hexagonal grid of
sites over the desired coverage area.

The radius of each hexagon can be determined from the initial dimensioning.The capacity of the network
can then be analy sed to detect.Hot spots that require cell.Splite.Under-used cells that coud be removed from the
plan.

Run Propagation Analysis:

Using generic models prepared by drive testing & prop test, run predictions for each cell depending on
morphology type to predict the coverage in the given sub-areas. Planning tool calculates the path loss and
received signal strength using Co-ordinates of the site location, Ground elevation above mean sea level, Antenna
height above ground, Antenna radiation pattern (vertical & horizontal) & antenna orientation, Power radiated
from the antenna.

Fig. 5:
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Reset Cell Placement ( Ideal Sites):
According to the predictions change the cell placements to design the network for contigious coverage and
appropriate traffic.

System Coverage Maps:

Prepare presentations as follows, Background on paper showing area MAP which include highways, main
roads etc. Phase 1 sites layout on transparency. Phase 1 sites composite coverage prediction. Phase 2 sites layout
transparency. Phase 2 composite coverage prediction on transparency. If more phases follow the same
procedure.

Prepare Initial Search Ring:

Note the latitude and longitude from planning tool. Get the address of the area from mapping software.
Release the search ring with details like radius of search ring, height of antenna etc. It is of utmost importance
for the quality of the system that the grid is kept. Thus, site hunters must find a site location as near as possible
to the nominal location. Practical guidelines recommend maximum off-grid tolerances of up to 20% of the site-
to-site distance for GSM systems. For GSM, this means that for a grid type of 1.5 kilometers in an urban area,
the proposed site location is allowed to be off-grid up to 300 meters maximum. If the network will expand in the
future, there is no risk of relocating the sites since the distances between sites are well maintained from the
beginning.

e Search radius |
- T - ’

Fropased .
ocation .

Mominal site

O 1 . Search ring or
off-grid hot.l'-u-ary\‘\i

Fig. 6:

In practice, search ring radius is normally set to 100 meters for urban areas and 200 meters for suburban and
rural areas. If there is a limitation on the number of frequencies in the network, search rings must be kept as
small as possible. This is very important because tighter re-use will be applied in the future and this will require
shorter site-to site distances. It should be emphasized that a site must cover its intended coverage, no more - no
less. It must be worked out to make it happen. If, however, unfavorable circumstance causes a site to be off-grid
by too much, appropriate measures must be provided to minimize the effects of interference which may lead to
capacity constraints. It requires creativity in dealing with the situation and may consider new antenna directions,
propose antenna tilts, or propose antenna beamwidths to be used.

Selection of Sites:
Release search rings to project management.

Site Hunting:
Site hunting must be done with care and precision in order to get right to where the sites will be for the first
time.

Visit Friendly Site Locations:
If there are friendly sites available that can be used (infrastructure sharing), then these sites are to be given

preference. If these sites suite the design requirements, then visit these sites first.

Enter Data In Propagation Tool:
Enter the sites exact location in the planning tool.
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Perform Propagation Analysis:

Now since the site has been selected and the lat/lon of the actual site (which will be different from the
designed site) is known, put this site in the planning tool and predict coverage. Check to see that the coverage
objectives are met as per prediction.

Site Survey & Site Selection:

The cell planning process results in a cell plan with nominal site positions.Once the search ring is released
the process of Site Survey begins. If the operator has access to existing locations, it is necessary to adapt the cell
plan according to these locations. For this reason, it is important that the cell planner has a basic knowledge of
the locations that can be used.Site survey forms one of the most critical part in Network Planning. A bad site
selection normally means a poor Network and once the sites have been installed it becomes difficult to rectify
the bad sites.

Site Survey Considerations:

Site survey may seem to be an ordinary and routinary task as part of the implementation process of a
cellular network. but the whole story will be as complicated as one can think of in the long run.

There is a lot of considerations in conducting site surveys and these require a lot of knowledge and
understanding to successfully conduct one.

Someone who wish to conduct site survey must have a thorough understanding of the system to be
implemented and how the system will work.

This draws particular attention on the aspects of radio wave propagation, air interface, equipment
configurations and functionalities, antenna systems, knowledge in the use of the planning tool, familiarity of the
place. Not just anybody can jump in to perform site survey especially when the project is a fast track and
meeting a tough deadline. The job requires some of the most experienced surveyors to make sure the sites to be
installed are on their right places doing the right things. The surveying stage must be done exactly right for the
first time. Otherwise, it will incur delays and entails more cost on the project.

Instruments For Site Surveys:

Camera (Film and batteries) / Video camera, GPS (with correct map datum setting), Maps, Compass, 10 or
50 meter tape measure, Site survey document, Computer, Binoculars, Planning tool prediction plots (if
available)

Camera:

The camera will be used to take photos of the sites to be surveyed. The photos will show surroundings of
the site, exact locations of the antennas and BTS cabinets, immediate obstructions, site ID and outlook of the
building. A handy, quality and auto-focus camera is preferable for site surveys because it will not require
complex operation and focusing. The availability of a digital camera would be a good advantage because
pictures taken on site can be interfaced directly into the computer as files. The picture files can also be easily
included as attachments to the reports and can be sent through e-mail to the main office.

This is especially convenient if the surveyor is far from the main office.

Panoramic View:

In site surveys, it is a must to take the panoramic view around the site. The panoramic view will show the
type of clutter on the surrounding environment including existing and upcoming obstructions. This will also
picture the actual situation of the site for the benefit of other planners and decision makers who have not been to
the site.Similarly, it will show the directions where the antennas will be pointing. This can be done by inserting
corresponding markings such as sticking fingers out or pointing the compass as superimposed in the photos.It is
always a practice to identify the north direction in the panoramic view. This is usually done by tilting the camera
vertically when taking the north direction and tilting it back horizontally for the rest of the view.Another method
is to point a compass towards north and take the picture which includes the compass. Normally, it only takes 9
to 10 shots for a complete panoramic view. Which means that an auto-focus camera has a normal capture angle
of 36 to 40 degrees. However, there are cases where taking a panoramic view at a single point is not possible.
This makes taking photos very irregular and may take more shots to complete a panoramic view.

Site Survey & Site Selection:

When taking photos, the camera eye window must be positioned approximately side by side. This will make
post processing of photos easier and with lesser unnecessary shots.
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Camera eye window

‘7 positions

South North South

(a) Panoramic view with only 5 shots represented.

Compass (picture-imposed)

South North South
(b) Panoramic view with only 3 shots represented.

Fig. 7:

GPS Instrument:

GPS stands for Global Positioning System. The GPS instrument receives information from signals sent
from the satellites.In order to derive accurate coordinates of a location, the GPS must be placed in unobstructed
location to sight as many satellites as possible. At least four satellites must be obtained to get accurate readings
assuming correct map datum is set properly into the GPS.

GFS recelving antanna

Fig. 8:

GPS features differ from one type to the other and it might be good to have one with required
functionalities for site survey. Full-featured GPS is not necessarily the best unit for site survey. In wide-scale
surveying where more than one team will perform surveys, it is a good practice to have only one type of GPS
equipment for each team. Site hunters must also have the same GPS type as the survey teams. This will set
standard results and avoid confusions in later site verifications.

GPS Procedures:

Waypoint list:Before going out for site surveys, make sure that all the nominal coordinates of the sites to be
visited for the day are logged in to the waypoint list with corresponding site names or IDs. It would be quicker,
once on site, to determine if the site is off grid or not by simply comparing the logged nominal coordinates with
the actual coordinates read on site. Likewise, take readings of site coordinates even if the site seems to be
rejected on the first visit. The saved coordinates will be used for future site verifications.
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Waypoint Tracking:

In some GPS, it is possible to track down the location of the nominal site.This function is recommended for
site hunters to get as close as possible to the nominal site. It is simply done by logging in the nominal
coordinates of a site into the waypoint list and the actual waypoint will automatically be set as the moving
waypoint.

s s :—--||.|'_’I =T
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Fig. 9:
Compass:

This is the most common and most used tool of the surveyor. When it is not available, the surveyor may not
be able to perform a complete site survey.

Ioad rose +

Eye-riscs -

|_ o

PR -
Measuring Tape:

This tool is used to measure distances or heights. When used independently, height measurements can be
performed by stretching out the tape from the top of the building to down below the ground.

Fig. 10:

Selection of Sites:

Candidate site Visit (Average 3 per ring). For each proposed location, surveys should carried out and at
least 3 suitable site candidates identified. Details of each candidate should be recorded on a copy of the Site
Proposal Form for that site. Details must include:Site name and option letter Site location (Lat./Long)Building
Height-Site address and contact number-Height of surrounding clutterDrive Test And Review Best Candidate:In
order to verify that a candidate site, selected based on its predicted coverage area, is actually covering all
objective areas, drive test has to be performed. Drive test also points to potential interference problems or
handover problems for the site. The test transmitter has to be placed at the selected location with all parameters
that have been determined based on simulations .Drive test all major roads and critical areas like convention
centers, major business areas, roads etc. Take a plot of the data and check for sufficient signal strength,
sufficient overlaps. Visit Site With All Disciplines (SA, Power, Civil etc): A meeting at the selected site takes
place in which all concerned departments like RF Engineering, Site acquisition, Power, Civil Engineer, Civil
contractor and the site owner is present. Any objections are taken care off at this point itself.
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Site Location:
Proper site location determines usefulness of its cells. Site are expensive and have to be chosen
carefully. The planner needs to visit each and every site.

Good Site Selection:

We need to understand various factors we must take into account to ensure that the selected site is good.
Simple way is to ask yourself three questions.

1)Why am I putting this site ?2) Will this selected site serve that purpose ?3) Are there any possible
problems that might arise if i select this site. If yes can I solve or avoid those problems ?

Why am I putting this site ? Before selecting a site it is important to know the purpose of installing that site.
We must know if the site is being installed for capacity or coverage. If it is for capacity we should know if it
should offload the traffic of some existing sites and if it should generate traffic of its own. Also if the site in
question is a hotspot or not. If the site is being installed for coverage we should know exactly the area it is
supposed to cover and if there is some existing coverage in that area.

Will this selected site serve that purpose ? Once we are clear about the objective of installing the site we
must analyze if the site in question serves that purpose or not.

It is important that the selected site serves its objective.

Are there any possible problems that might arise if I select this site. If yes can I solve or avoid those
problems ? It is important to foresee if the site is installed as planned if it will cause any problems.Some of the
common problems could be as followsThe neighboring sites might cause interference to the proposed site. The
proposed site could be a cause of interference to some existing sites.Once we have identified the problems it is
important that we tried to analyze if these problems could be overcome. If yes, then we proceed further with the
proposed site. If no, we reject the site.

Site Candidates:

There are times where other site candidates within the search ring were considered by the site acquisition
people. The said sites are to be visited as well. In doing so, choose the best site candidate with the following
considerations:closest to the nominal site.most strategic location to fulfill coverage objective.better leasing
contract offered.clear from present and upcoming obstructions.ease of equipment and antenna
installations.better access for installation equipment (i.e. crane, trucks, etc.) and delivery.

Building Selection:

In places where building heights are approximately the same, the best choice for the site is the one nearest
the nominal site location. For other areas where building heights are not the same, selection is addressed by
considering antenna heights, antenna directions, upcoming obstructions, access for equipment delivery and
installation, and others. For propagation purposes, the selected building must be high enough to allow clearance
for the antennas from immediate obstacles around the vicinity. However, the antenna height should not deviate
too far from the nominal height.

Average building height
Best choice

Alternative choice
— Nominal position
L — A -
T Ll s

Search ring

=

I

Fig. 11:

Bad Site Selection:

Hilltop locations for a BTS site should be avoided as they cause.Uncontrolled interference.Interleaved
coverage.Awkward HO behaviours.

But are good for microwave link

Good Site Selection:

Sites off hilltop locations are preferable for a BTS site as -hills can be used to separate cells-interference
can be easily controlled-minimum overlapping will result-can face problems for microwave links
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Site Selection Criteria:

Radio criteria for site selection:Good view in the main beam direction.No surrounding nearby high
obstacle,Good visibilty of terrain,Room for antenna mounting,LOS to the two microwave site and if possible to
the BSC Short cabling distance.

Non-Radio Criteria:
Space for equipment,Availaibilty of lease lines or microwave links,Power supply,Access restrictions,Rental
costs,Ease of acquisition

Nearby Obstacles:

It should be ensured that the main lobe of the antenna is not obstructed by any object near the antenna. This
may distort the antenna pattern and may affect the RF behaviour. A planning criterion is to have the first fresnel
zone free from obstacles.If optimal coverage is required, it is necessary to have the antennas free for the nearest
50-100 m. The first fresnel zone is approximately five meters at this distance (for 900 MHz). This means the
lower part of the antenna system has to be five meters above the surroundings.As a general rule, the antennas
must be free from obstacles up to 100 meters horizontally and 5 meters below the antenna (for 900 MHz). From
guidelines, it is also important to keep the cell sector free from obstacles. A safety margin of 15° should be
added on both sides of the sector borderlines relative to the -3 dB points and kept free from obstacles to reduce
risk of shadowing effects and beam distortion due to reflections.

100y

Horizontal beamwidth

Auribenne
LaTa T TELET] = L. 3dB;

Fig. 12:

Edge Clearance:

While on the roof, check for clearance in places where the antennas will be installed. Upcoming
obstructions must be noted as well. If possible, antennas must be installed at the edges of the roof to keep the
first Fresnel zone free.The problem comes when the roof is too wide sincelonger cables will be needed to
connect the antennas to the BTS. On the other hand, if the antennas will be installed somewhere on the roof, the
recommended height above the roof is given by the tables below. The following values apply only to directional
antennas.

OO 1o |

Fig. 13:
These values are valid irrespective of antenna tilt. If possible use 2 m minimum height if there is a risk that

people can walk close to the antenna.Other considerations such as antenna isolation, diversity and co-location
are discussed in Antenna configuration guidelines
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Table 2:
Distanca (D) 1o obstacle adoga Haight (h) above rool (obSstacla)
0-1 m 0.5 m
1-10 m 2 m
10-30 m 3 m
=320 m 3.5 m

Taba Antenna halght above roof for 800 Az

=5 ihj
O-2m 0.5 m
2-10 m 1 m
=10 m 21T

Tabla 2 A nilariis .'J:-:-r_n:_pn'p._' fabhovia rool for 78000 1900 AMHZF

LOS Survey:

The best point for network connection is established by the Microwave Design Engineer, and a Line-of-
Sight survey is then carried out. LOS details are recorded. Once satisfied that network connectivity is available,
the Microwave Design Engineer will sign off the site as acceptable, using the Site Proposal Form, If microwave
is required.

Wave Propagation Effects and Parameters:

The signal that is transmitted from the transmitting antenna (BTS/MS) and received by the receiving
antenna (MS/BTS) travels a small and complex path. This signal is exposed to a variety of man-made structures,
passes through different types of terrain, and is affected by the combination of propagation environments. All
these factors contribute to variation in the signal level, so varying the signal coverage and quality in the
network. Before we consider propagation of the radio signal in urban and rural environments, we shall look at
some phenomenon associated with the radio wave propagation itself

Free-space Loss:
Any signal that is transmitted by an antenna will suffer attenuation during its journey in free space. The
amount of power received at any given point in space will be inversely.

Fig. 14:

Proportional to the distance covered by the signal. This can be understood by using the concept of an
isotropic antenna. An isotropic antenna is an imaginary antenna that radiates power equally in all directions. As
the power is radiated uniformly, we can assume that a‘sphere’ of power is formed The surface area of this power
sphere is:A = 4 R%,The power density S at any point at a distance R from the antenna can be expressed as:S =
P*G/A

Were P is the power transmited by the antenna,and G is the antenna gain.thus,the received power Pr at a
distance R is : Pr=P*G*Gr*(\/41R)?

Wher Gt and Gr the gain ofe the transmitting and receiving antennas respectiveily.on converting this to
decibels we have:

Pr(db)=P(db)+Gt(db)+20log(A4J1)-20logd.
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Last two terms in equation 2.4 are together called the path loss in free space,or the free space loss.the firest
two terms(P and G)combined are called the effective isotropic radiated power,or EIRP.thus: Free-space
loss(db)=EIRP+Gr(db)-Pr(db)

The free-space loss can then be given as:Ldb=92.5+20logf wher f is frequency in GHZ and d is the
distance in km

Civil Considerations:

Once accepted by RF and Microwave Design Engineers, the Site Proposal Form with the relevant
signatures is passed to the Civil Engineer. A civil and structural survey is then carried out, taking into
consideration the RF and Microwave requirements as per the Site Proposal Form, and a preliminary site drawing
is produced.

Acquisition:

The preliminary site drawing will be passed to the RF and Microwave Design Engineers for approval, and
then to the Site Acquisition Manager. The Acquisition Manager will then negotiate with the landlord on the
basis of the preliminary drawing. Any change in the site design from the preliminary drawing arising from
constraints in the acquisition process must be approved by both RF and Microwave Engineers before acquisition
is finalised. If no further changes are required, the drawing will be approved for construction. The progress of all
sites through this process will be tracked using a site acquisition database management system.

Site Planning:
Site List:

Usually, list of sites to be surveyed is provided in advance at least one day prior to the actual site survey. It
is good to always check the immediate vicinity of the sites to be surveyed on the planning tool plots and maps to
have an understanding on what the site is intended to cover.If a site seems to be rejected, it will be easier to
identify the location of the alternative site and still maintain the purpose of the site.

Survey Materials:

Prepare all materials or instruments to be used and place them in a handy and comfortable bag. It might
happen that climbing a tower or penthouse is required and the instruments are needed on top. A clipboard is a
good material to bring in windy areas. It will keep your papers and maps intact and do not let them fly away
when the wind comes.

Antenna Direction:

Analyze the immediate vicinity for coverage considerations. As much as possible, maintain the nominal
antenna directions as planned. However, nominal directions might not necessarily be the best directions to fulfill
coverage objectives. The RF engineer will have to decide on the proposed antenna directions and configurations
considering the following items:Are there immediate or upcoming obstacles along the nominal antenna
directions such as buildings or hills? Do the antennas need to be re-directed to cover roads or more populated
areas instead of open areas or water? Is an omni or two-sectored site sufficient to provide coverage and traffic?

Antenna Type (Beamwidth, Gain, Diversity):

Normally, antenna types are already determined from the plan. However, it might be necessary to change
the type of antennas to be used to fulfill the site objective. The decision is affected by considering antenna
characteristics such as beamwidth, gain and diversity type. The decision is affected by considering antenna
characteristics such as beamwidth, gain and diversity type. For example, urban may use the typical 65°
antennas, while long roads may employ 30° high-gain antennas to provide long range coverage. From
guidelines, horizontal separation for diversity in the 900 MHz band is 4 to 6 meters and 2 to 3 meters in the
1800/1900 MHz band. Wider separation would be better still. For road sites, use of space diversity antenna may
sometimes be more favorable. Tall buildings in urban areas may require wider vertical beamwidth antennas to
cover as many building floors as possible.

3dB
2in = max

Gain = max -

Gain = max - 3dB

Fig. 15:
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Antenna Tilt:

If a network is on initial stage, antenna tilt is usually not recommended. The intention of the network is to
provide coverage, initially If the antenna height is too high from the nominal for high sites, antenna tilt may be
recommended. A rule of thumb is to point the centre of antenna lobe towards the theoretical cell border, i.e. 2/3
of site-to-site distance, and then add 3 dB. The results would be increased signal strength within the cell and
improved C/I. The tilt also tends to “widen” the horizontal beamwidth of the antenna. This effect is due to
ground reflections of the signal.The tilt also tends to “widen” the horizontal beamwidth of the antenna. This
effect is due to ground reflections of the signal. If excessive tilt is needed,evaluate lowering of antennas in
combination with the tilt.
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Fig. 16:

Exercise:

Assuming an antenna height of 35 meters and site-to-site distance of 1500 meters, calculate the proposed
antenna tilt of a 14° vertical beamwidth antenna as shown on Graph 1. Where: h = antenna height above mean
ground level,d = site-to-site distance, b = cell border distance,a = tilt at cell border,b = final antenna tilte

Calculations:

b =2/3 (d)= 2/3 (1500) b = 1000 meters,a = arctan (h / b) = arctan (35 / 1000) a = 2 °From Graph 1,
determine the vertical angle with respect to 3 dB gain reduction for the 14° vertical beamwidth antenna. This
corresponds to approximately 7°. The final antenna tilt would then be:b =2 ° + 7 °b = 9 °If, for this example, the
antenna has physical length of 1.6 meters, the horizontal displacement (x) would be calculated as follows:
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X
x
Antenna Height=1.6 m *
x=1.6m sinf h
=1.6m sin 9°
¥=0.250m BT
*»<=250mm Theoretical cell border (approx. 2/3 s-s distance)

Fig. 17:

Optimal Downtilt:

Although the use of downtilt can be a effective tool for controlling interference, there is a optimum amount
by which the antenna can be downtilted whereby both the coverage losses and the interference at the reuse cell
can be kept at a minimurn.

Mechanical Downtilting:
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Fig. 18:

Electrical Downtilt:
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Fig. 19:

Space For Antennas:

The radio propagation predictions provide an indication on what direction the antennas should be
orientedThe predicted antenna height should be used as a guideline when the on-site study starts. If space can be
found within a deviation of a maximum of 15% from the predicted height, the original predictions can be used
with sufficient accuracy.If it is possible to install the antennas at a higher position than predicted, the operator
must ensure that there is no risk for cochannel interference. If the antennas are to be installed at a lower position
than predicted, new predictions must be carried out based on this position.It is not necessary that all antennas in
one particular cell have the same height. it is possible to have cells on the same base station with different
antenna heights. This can be the case if space is limited in some directions. There are also cell planning reasons
for placing antennas at different heights, e.g. coverage, isolation, diversity, and/or interference.
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Antenna Separations:
There are two reasons for antennas to be separated from each other and from other antenna systems. They
are: To achieve space diversity, To achieve isolation.

Space Diversity:

In a system with space diversity on the base receiver part, the two receiver antennas must be separated in
space, horizontally or vertically. Horizontal separation is normally more efficient compared to vertical
separation. For mechanical reasons it is permitted to limit the separation to six meters. However, it is important
to emphasize that higher separation gives better diversity. The minimum distance should not be below four
meters (given values are for 900 MHz; the separation distance for 1800 - 1900MHz is 2 - 3 meters as depicted in

Figure).
Isolation:
HOREZONTAL SEPARATION
+ e Anisanns on dillssni
= Y,
Wi 3.4 m Wi 04 m ‘5.-
;:{J:f:l i
WERTICAL SEPARATEON | ALL ANTENMA TYPES)
| d=2to 3 meter |
Common
Tx/Rx Rx
Antenna Antenna
Fig. 20:
Feeder:

Information on the feeder length is needed to be able to make accurate predictions.It is to be noted that the
EIRP of a site located on top of a building or on the ground will differ significantly. Therefore, it is important to
estimate the feeder length to make sure that the feeder loss is within the tolerable value. As a recommendation,
the actual feeder loss must not be higher by 0.5 dB from the loss considered in the planning tool.

For practical purposes, the feeder length may vary up to 10 meters. Fill up the Feeder type, Attenuation, and
Approximate feeder lengths on the form.

Photos:

As discussed in last section, make sure to take photos of the following:building and building entrance (from
the street)

360-degree panoramic view, BTS location,antenna locations,antenna directions (usually included in the
panoramic view)

tower (if available),site ID, date and time on a sheet of paper,Fill up the form accordingly as each item is
completed during the process.

Obstacles:

Check for nearby obstacles on the surroundings that may possibly affect the propagation of the signal from
the antenna. Take approximate measurements on distance and height. The direction can be taken using the
compass.Fill up the survey form for impending obstacles.
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Comments And Sketches:

Before leaving the site, make sure all datas are gathered and recorded on the survey document. Rejected
sites should be commented as well indicating reasons for rejection.To support the photos, make an sketch of the
top of the building indicating north, antenna directions, main roads near the building, obstructions (buildings,
hills, towers) and clutters around the vicinity. It is better to do the sketch at the back of the survey form to avoid
messing up forms and sketches.

Survey Reports:

As a recommendation, it is a good practice to finish and submit survey reports at the end of each day to the
RND responsible for immediate processing. Also, if possible, develop photos the same day and affix to the
reports.

Project Database:

Information regarding the surveyed sites must be organised and properly compiled. A database of the
proposed sites must be established in a master computer indicating the status of each site. Information in the
database must be updated each time a site status has changed. The progress of the project should be trackable
from the database.

Typical Cell Sites:
Normally you have the following three types of cell sites or their combinations.Antennas mounted on
towers. (Macro cells), Antennas mounted on rooftops (Macro cells),Antennas mounted below roof tops (micros)

Antennas Mounted on Towers:

These are macrocells and mainly used in rural and semi urban areas. The serving area is much larger
compared to the macro cells

Interference to other cells must be taken into account while mounting the antennas.

Fig. 21:

Antennas Mounted on Roof Tops:
These are macrocells normally used both in rural and urban areas. Antenna backlobe problems must be
taken in account while designing the antenna placements.

Fig. 22:

Antennas Mounted on Walls:

These are microcells and mainly used in urban and semi urban areas. The serving area is much smaller
compared to the macro cells. Human safety (in terms of radiation) should be taken into account while mounting
the antennas.
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Fig. 23:

Equipments at a Cell Site:

Following equipments are normally found at a cell site, Wireless Antennas,Microwave Antennas,Feeders
(For wireless and microwave).

Power cables ,Grounding cable,Wireless equipment (e.g. BSC or BTS or both ),Power Rack and equipment
(including battery backup),Towers and Masts (Optional), Roof top solutions (Optional: Structure for mounting
antennas), Shelter (Optional), Temperature Control Equipment, Power Generator(Optional), TM A (optional)
Note: This is not an entire list but represents a typical list. Equipments may vary from site to site and a list can
be obtained from the Project Manager.

Cellular Antenna:

The Cellular Antenna receives the signal from the MS and transmits the information back to the MS. The
transmitted signal versus the distance between the MS and the Antenna is called the Air Link or Air Interface.
To have a good Air Link it is important to select the appropriate site location / height and of course the
appropriate antenna. Different types of antennas that are commonly wused are:Omni-directional
antennaDirectional antenna (vertically polarised).Crosspolar Antennas. Bi-directional antennas.

Omni-Directional Anterina:
The omni-directional antenna (omni) is an antenna that radiates in a perfect 360° isotropic pattern. If used in
a GSM system usually only one.

Fig. 24:

Frequency is transmitted. These setups are only used in areas where capacity is really not an issue. These
antennas are mainly used where antenna space is problemor ,where zoning regulations prohibit the use of larger
panel antennas. The antenna should not be blocked in any direction in order to achieve a good 360°
radiation.Sometimes the omni is specifically mounted in front of a pole to shape the pattern, but that is again
part of the RF design and should be explicitly documented.

Directional Antenna (Vertically Polarised):
Panel antennas are directional with a specific angle (e.g. 65°). Several panel antennas are used on a site to
cover the design objective.

Fig. 25:
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X-pole directional panel antennas providing diversity in a single enclosure:KathreinThe latest technology of
polarization diversity systems is based on so-called X-pol antennas, which provide two slanted polarizations at
an angle of +45° and -45°. These polarizations can be separated into vertical and horizontal components of equal
amplitude. The big advantage is that no second RX antenna is needed as the 90° polarization alignment of the
antennas inside the enclosure takes care of the Raleigh fading. Two feeders are however connected to the one
antenna. Azimuth and tilt will automatically be the same for both polarizations but it is still vital that the antenna
is not obstructed in any significant way. (Attachmentl). X-pole directional panel antennas providing diversity in
a single enclosure.

Fig. 26:

Bi-directional Antenna:

The Bi-Directional antenna looks like an omni antenna but has two main lobes 180° opposed. These
antennas are interesting if you need to cover one road or a small valley but you don’t have space for two
directional antennas. The gain is however less good than with the directional antennas so they are not often
used.

Feeder Cables:
Feeders for the Cellular Antenna:

The Feeder cable is the coaxial antenna cable that connects the base station on ground level to the antenna
system. Due to the high operational frequency the feeder cable must be of the highest quality. The nominal
impedance of the feeder system is SOW. The feeder loss measurement documents how close the feeder comes to
the S50W at the different frequencies. The length can vary between a few meters up to 100 meters and more. The
diameter of the feeder.will be chosen according to the feeder length and the maximum acceptable feeder loss.
Generally the feeder loss should not exceed 3 dB. Most common diameter sizes are 1/2 “ (minimum) 7/8” (most
common) 171/4, 1°5/8 and 17/8.

Fig. 27:

Jumper Cables:

Feeder cable has a large diameter and is stiff so that it will not be connected to the antenna directly. A small
size highly flexible jumper cable will be used.Due to it’s reduced length it will not alter the antenna system
significantly. A commonly used size is half inch flexible with lengths from Im to 4m (Although the
jumperlength should not exceed 2m50). Jumpers can be bought with the connectors already preinstalled. Power
cables:Power cables are used to connect call the equipments at the site with power connections.For this purpose
the cable has to be run form the power supply equipment to each of the equipment. The diameter of the cable in
this case also is dependent on the distance. Grounding Cable: Each equipment at the cell site has to be
grounded.It may be required to dig a new earth (For grounding) or use a existing one available at the site or
maybe connect to a existing water tank (based on requirement).The diameter of the cable in this case also is
dependent on the distance.

Wireless Equipment:

This includes the wireless equipment like BSC, BTS, Microwave equipment, Fiber Termination equipment
(SDH, PDH, Digital Crossconnect etc.Prope. space including working space for the technical persons
(engineers) must be provided.Space should also be provided for test equipments which maybe permanantly
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located at the cell site or could be brought to the cell site when necessary. There could also be MDF’s (Main
distribution frames) at the cell site in some cases like at a microwave hub.

Towers and Masts:

A certain antenna height is required for a cell site to function according to the RF design. This height is
achieved either with high buildings,Already.there, or, if installed in an open plane, with a tower. While the
height of the tower is always given by the RF or MW planning, (based on Line Of Site tests),the type an.design
of the tower is given by the numbers and types of Antennas to be installed. A tower may be required to be made
visible for planes. For a better day visibility the towers are generally painted in red and white while for the night
a special lighting is required. The light bulbs used should have 2 filaments. The localregulations have to be
considered prior to tower purchase.

Towers and Masts:

Generally: You can find monopole towers and lattice towers. While monopole towers are slim and fit
seamlessly into the environment, lattice towers are stronger and provide additional mounting space. They are
however also more costly. Very often governmental or zoning rules prohibit the use of lattice towers or towers
above a certain height.

Fig. 28:

Roof Top Solutions:

Roof top solutions or existing structures (i.e. watertowers) are the only solution for urban areas.Usually, a
certain high building is chosen by the RF planning to implement the site. This may be a flat or a steep roof or an
existing tower. The antennas may be mounted on a wall or on a single pole or several poles. These poles may be
fixed to the roof, the sidewall or standing on tripods with weights. Every cell site is different and therefore
requires special planning by experienced people. The building owner or the local authorities will not accept
every solution. Sometimes a fake chimney or similar has to be used to hide the antenna. It is important that the
static of the building is known or at least evaluated by an experienced architect.It is a primary goal to mount the
antennas so that the antenna pattern will not be obstructed. Consider also that you might want to tilt the antennas
in the future so that a little additional antenna height should be added. Special care should be given to lightning
protection as discussed. Consider also that the antennas should be easily accessible for maintenance reasons

Fig. 29:

Shelters:
The equipment shelters are housing the base station and transmission equipment of a cell site. Especially on
green field sites there is no other choice unless you opt for an outdoor base station.Of course an outdoor base
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station is relatively modest in size compared to an equipment A metal “can” pre-quipped shelter. A metal shelter
that you can buy of the shelf almost completely pre-installed with the necessary electrical and safety
equipment.A concrete “bunker” shelter.You request a contractor to build your own custom design
shelter.shelter, but has the big disadvantage that maintenance is uncomfortable in the rain season and you have
limite space for other equipment inside the cabinet. There are several other possibilities:

Number one and two are likely to be found on many cell sites, as they are easy and fast to install.
Sometimes local authorities will request you to install a multipurpose custom design shelter with a lot of
expensive features. This will not only be a lot more expensive, it will also take time for the design and the civil
works to finish it. It is absolutely recommendable to check what kind of shelter the authorities will accept,
including colour and roofing. Consider carefully how many base stations will Be installed inside the shelter and
how big the shelters ought to be for future extensions.

Indoor Shelters:
Indoor shelters will always be custom made, as no site is identical to the other. Space availability will never
be the same. There should however be rules.

Fig. 30:

About the regular equipment of an indoor shelter. (i.e. antistatic carpet, electrical equipment) It is important
to check fire regulations on site. Sometimes special fire retardant plaster and doors are required.If you try to
install your equipment in an elevator machine room, be aware that you are required to build an enclosure
around it. In some countries it is prohibited to have any other equipment then the one used for the elevators in
the same room.

Fig. 31:

Tower Mounted Amplifiers (TMA):

TMA’s are used in DCS (GSM 1800) or PCS (GSM 1900) networks to compensate feeder loss. A TMA
amplifies the received signal only. In GSM due 900 the increased Mobile Station output power (2W / 33dBm vs
1W /30dBm in DCS) TMA'’s are used less frequently. The TMA is generally mounted between the main feeder
and the jumper cable and is supplied with DC power injected at the lower end of the feeder or directly from the
Base Station

Other Possible Equipments:

At some sites you may encounter Fire Fighting Equipment.You may also find some Anti-intrusion
equipment at some cell sites. You may be required to provide some safety and first aid equipment at some cell
sites.
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