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1. Module Objectives

At the end of the module the student can:

· list the main steps of the radio network planning process

· define the main radio network parameters

· explain how the frequencies are reused

2. Introduction

The geographical distribution of the subscribers poses a difficult problem for GSM networks. Without wire-connected telephones the subscribers can be virtually everywhere, but still the network must be able to provide a connection in spite of their movements. A good geographical coverage is the basis for providing network services. Careful network planning is thus a primary aspect of implementing GSM networks. Several requirements must be taken into consideration already in the early stages of the planning process:



· Costs of building the network 

· Capacity of the network

· Coverage
· Maximum congestion allowed (grade of service)

· Quality of calls

· Further development of the network.

Various factors affecting the demand for network services must also be considered. These are mostly related to the inhabitants of the area, such as distribution of the population and vehicles, income of the population and statistics on telephone usage.



Figure 2.1
Main steps of Network Planning process

With these data it is possible to prepare a preliminary plan of site distribution, which enables the coverage prediction. During this phase the network is also dimensioned.

The survey of the installation sites refers to evaluating the intended location of each Base Transceiver Station (BTS), as well as its surroundings, possible structural and geographical obstacles and existing radio equipment. This determines whether the location is suitable for the installation.

The type and location of the BTS depends on the characteristics of the surroundings. In sparsely populated areas we use powerful BTS’s which are usually mounted on high ground to provide maximum unobstructed coverage to all directions. This type of BTS is called Omnidirectional BTS. The maximum theoretical distance from an omnidirectional BTS to the edge of the cell is 35 kilometres and the number of available frequencies depends on the traffic volume. In urban areas, where traffic volume is higher, the size of a cell is much smaller and the distance between BTS’s is shorter. The standard type of BTS is also different: the cell is divided into three sectors that have a few frequencies each. This is called Sectorised BTS. Another type of sectorised BTS is used to provide coverage for highways. Instead of three-sector BTS’s, a string of two-sector BTS’s is installed along the road.



Figure 2.1 
BTS configurations.

After all the installation sites have been surveyed, a detailed network plan can be made. This includes the design of a transmission network which is usually supplied by existing operators (leased PCM lines).

After the installation work has been completed, the radio environment has to be measured and tested to ensure its proper operation and coverage before putting it into use. This is carried out in the surroundings of each individual site using portable test transmitters that are normally installed in a vehicle.

3. Radio Network

3.1. Dimensioning Cells

A cell is the basic ‘construction block’ of a GSM network. One cell is the geographical area covered by one BTS. The actual size of a cell depends on several factors: the environment, number of users, etc. Cells are grouped under Base Station Controllers (BSC).
Dimensioning a cell means finding answers to two fundamental questions: How many traffic channels (TCH) does the cell need to handle and how many traffic channels are necessary? To solve these problems, i.e. to determine the traffic capacity, we have to calculate the number of Erlangs. Erlang is the measuring unit of network traffic. One Erlang equals the continuous use of a mobile device for one hour. The traffic is calculated using a simple formula:





Let’s take an example: if there are 400 calls per hour and the average conversation time is 100 seconds, the traffic capacity is approximately 11 Erlangs. After obtaining this value, we must take a look at to the Erlang Table.

	Chs
	
	1%
	2%
	3%
	5%
	
	Chs
	
	1%
	2%
	3%
	5%

	1
	
	0.01
	0.02
	0.03
	0.05
	
	21
	
	12.80
	14.00
	14.90
	16.20

	2
	
	0.15
	0.22
	0.28
	0.38
	
	22
	
	13.70
	14.90
	15.80
	17.10

	3
	
	0.46
	0.60
	0.72
	0.90
	
	23
	
	14.50
	15.80
	16.70
	18.10

	4
	
	0.87
	1.09
	1.26
	1.52
	
	24
	
	15.30
	16.60
	17.60
	19.00

	5
	
	1.36
	1.66
	1.88
	2.22
	
	25
	
	16.10
	17.50
	18.50
	20.00

	6
	
	1.91
	2.28
	2.54
	2.96
	
	26
	
	17.00
	18.40
	19.40
	20.90

	7
	
	2.50
	2.94
	3.25
	3.75
	
	27
	
	17.80
	19.30
	20.30
	21.90

	8
	
	3.13
	3.63
	3.99
	4.54
	
	28
	
	18.60
	20.20
	21.20
	22.90

	9
	
	3.78
	4.34
	4.75
	5.37
	
	29
	
	19.50
	21.00
	22.10
	23.80

	10
	
	4.46
	5.08
	5.53
	6.22
	
	30
	
	20.30
	21.90
	23.10
	24.80

	11
	
	5.16
	5.84
	6.33
	7.08
	
	31
	
	21.20
	22.80
	24.00
	25.80

	12
	
	5.88
	6.61
	7.14
	7.95
	
	32
	
	22.00
	23.70
	24.90
	26.70

	13
	
	6.61
	7.40
	7.97
	8.83
	
	33
	
	22.90
	24.60
	25.80
	27.70

	14
	
	7.35
	8.20
	8.80
	9.73
	
	34
	
	23.80
	25.50
	26.80
	28.70

	15
	
	8.11
	9.01
	9.65
	10.60
	
	35
	
	24.60
	26.40
	27.70
	29.70

	16
	
	8.88
	9.83
	10.50
	11.50
	
	36
	
	25.50
	27.30
	28.60
	30.70

	17
	
	9.65
	10.70
	11.40
	12.50
	
	37
	
	26.40
	28.30
	29.60
	31.60

	18
	
	10.40
	11.50
	12.20
	13.40
	
	38
	
	27.30
	29.20
	30.50
	32.60

	19
	
	11.20
	12.30
	13.10
	14.30
	
	39
	
	28.10
	30.10
	31.50
	33.60

	20
	
	12.00
	13.20
	14.00
	15.20
	
	40
	
	29.00
	31.00
	32.40
	34.60


Table 3.1 
Erlang B table

As you can see, the table contains also the grade of service (GOS) figure which is the maximum congestion allowed. Supposing that GOS is 5 % - which means that during a certain observation period (usually 1 hour) 5 out of 100 calls fail due to lack of resources - the required number of channels is 16. Since each carrier supports eight channels, we can make a rough estimation that this cell must be equipped with two carriers, i.e. two Transceivers or TRX’s.

Frequency Reuse

Now we have to resolve another problem. There is a limited number of frequencies available to each Base Station Subsystem and they must be distributed between the cells to ensure a balanced coverage throughout the BSS. Let’s take an exercise to illustrate the situation.

You are the network planner and the number of frequencies assigned to this project is 9. Your task is to distribute the frequencies in the network that is shown in the following figure with one frequency per cell.



Figure 3.1 
Frequency Planning exercise

As you can see, the frequencies have to be reused. If you do not distribute the frequencies properly throughout the network the result will be a high level of interference caused by overlapping frequencies. To avoid this, the GSM network includes a specification of the Frequency reuse patterns, one of which is presented in figure 3.2



Figure 3.2 
Frequency reuse pattern example

The next step involves the dimensioning of the Location Areas. This is carried out according to the traffic characteristics of each area. The final phase is the dimensioning of the Fixed Network on the basis of the traffic requirements and dimensioning of the entire radio network.

4. Summary of the Learning Points

· Two of the most important factors in planning a GSM network are the coverage and capacity of the network.

· The demographic data of the intended coverage area plays a major role in network planning.

· Frequencies have to reused in GSM network according to certain predefined methods.
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