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Abstract: 

The design and construction of a cellular network are complex processes that involve the selection and 

configuration of various components and the support infrastructure. This study aims to provide a net revenue 

maximizing model for network designers. The integer programming model takes into account various factors such 

as the cost of doing business, the availability of bandwidth, and the revenue potential of each customer area. It 

then takes into account the locations and sizes of each cell and the channels that it will be allocated. The research 

provides design and solutions for cell planning and cellular network building. It is specific research and given the 

spectrum (20 MHz), channel bandwidth (200 kHz), and C/I = 15 dB rate, a select city will need coverage by cells. 

So, for our research, we chose the startup point, network type, “duplex distance“, Multiple Access (MA), TDMA, 

and control principles, by knowing our frequencies band for frequency reuse and frequencies’ table building, the 

cells planning will be based on frequency division (GSM) and code division (WCDMA) because in code division 

case adjacent base station sites use the same frequencies and the different base stations and users are separated by 

codes rather than frequencies. We chose GSM 900 and based on our choice provide our solution. 

Keywords: DUPLEX DISTANCE, MA, TDMA, GSM, WCDMA 

  

1. INTRODUCTION  

In terms of tackling spectral congestion and user capacity, the cellular concept was a major 

development. It packed a lot of capacity into a little amount of spectrum and didn't necessitate 

any significant technical advancements A group several A single high-power transmitter1 is 

replaced with a series of low-power transmitters (small cells), each of which covers a piece of 

the service area in the cellular concept (large cell) [1][2]. Adjacent base positions are given 

different sets of channels, subsequent in only an insignificant number of base stations getting 

all the available channels. By allocating separate sets of channels to neigh boring base stations, 

interfering between base zones (and the cellular users under their control) is abridged. Ipoh is 

a 643-square-kilometer city with a population of 660,000 people. As an RF planning engineer 

for a single local operator with a 20MHz spectrum allocation and a 200KHz full-duplex 

channel bandwidth Propose cell planning with 6 tier-one co-channel cells and a minimum 

operational C/I of 15dB, assuming the cost of building one base station is RM500K, and one 

sector is just RM50K. The number of channels given to a cell becomes insufficient to supply 

the needed number of clients as the demand for cellular networks expands. Cellular design 

solutions now demand a greater number of channels per unit of the service area to increase the 
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capacity of cellular networks, techniques such as cell splitting, sectoring, and coverage zones 

are utilized., designs are utilized in practice. The cellular system may increase in a regulated 

manner because of cell splitting [3] [4] [5]. Directed Sectoring employs projection to prevent 

channel interference and frequency reuse [2] [6]. The notion of zone microcells expands the 

cell boundary and stretches out the coverage of a cell. To hard-to-reach locations. In a cellular 

radio system, the geographical area is split into several areas called cluster which use all 

frequency channels, and each of which is split again into cells. Each cell has one base station, 

and neigh boring base station is assigned different groups of channels so that the interference 

between base stations is minimized. This technology is frequency reuse, and if the frequency 

is reused M times, then it increase the capacity of the system M times. In addition to that, the 

cellular network employees sectoring and cell splitting. In sectoring, it replaces a single 

omnidirectional antenna at the base station by several directional antennas so that decrease the 

co-channel interference and improved SIR. In cell splitting, it splits one cell into several sub 

cells, and increase the number of base station so that, it increases the number of subscribers in 

the cellular system. As the result, of increasing base station, each base station can decrease the 

height of the antenna tower and the power of transmit. The cellular system was used in 2G/3G 

mobile system as well as 4G/5G system. By fundamentally altering the mechanism, cell 

excruciating boosts capacity. Cell splitting improves Reduce the cell size R while keeping the 

co channel reprocess ratio D/R constant to increase the figure of channels per unit zone. 

Another strategy to enhance the purpose of capacity is to maintain the cell size constant and 

look for new ways to expand it, for smaller cells [4]. As we've seen, sectoring increases SIR, 

enabling the cluster to expand, which lowers the D/R ratio2. There's a chance the size will be 

reduced. The SIR is first enhanced with turning projections, and then it is improved again. The 

number of cells in a cluster can be reduced by lowering the number of cells in the band, the 

capacity of the cluster can be improved. Repeat the process regularly. However, the relative 

risk must be minimized to be effective. By decreasing the transmission power, interference 

may be avoided. Co-channel interference can be decreased in a cellular structure by substituting 

only channels. One directional antenna is surrounded by several directional projections at the 

base station, each emitting within a defined range and industry [7] [8] [9] [10].Ipoh population 

is 660,000. The network has at least an operating C/I of 15 dB, Spectrum 20MHz, full-duplex 

channel bandwidth 200KHz. Network is based on GSM, stations (St, S) and run in the 900 

MHz diapason, which parcelled out into two scopes of 20 MHz (each canal 200 kHz), for 

downstream to the mobile St (BS to MS) make use of 890 to 910 MHz, for upstream to base 

St (MS to BS) apply 935 MHz - 955 MHz After the network boundaries defined, the work will 

go through the below steps: 

 Build our clusters with determinate the spectrum length and bandwidth for each channel, 

which will be done through the co-channel interference and co-channel tiers in hexagonal 

cellular system, “finding” cluster size, build clusters topology and determinate/find the 

positions of co-channel cells. Then apply it in the directional radio propagation case. 

 Build frequencies table, calculate cell size in the sites, capacity and BTS count. 

 Carry out financial calculations. 

 Provide nominal cell plan. 
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 2. PROPOSED DESIGN 

In this part, discuss our suggested monitoring and roaming decision method for cellular 

network interoperability. The suggested plan is a decision-making process. The connection 

manager (CM) of the end user's device performs this operation. Because the UE has altitude is 

in a unique position to receive both the operator's stated policies and real-time network data. 

The state of the neigh boring area, as a result, it is best to delegate roaming to the Earther than 

any other entity in the network, this entity makes the selection choice. As a result, the proposed 

strategy is a good one. Station with network assistance and host control. It's worth emphasizing 

that we don't think about handoffs. It fully follows the 3GPP Standard single local operator 

with a 20MHz spectrum allocation range between macro-cell BSs. The suggested design must 

not obstruct the macro-cell handoff strategy of the proposed plan: 

A. Interconnectivity 

An operator can allocate a portion of the base station's traffic to the regions served by the 

repeater by changing the coverage of a serving cell. The repeater, on the other hand, has the 

purpose is to reradiate the base station signal to areas, not to increase capacity to the system. 

Repeaters are increasingly being utilized to extend coverage inside and around buildings, which 

has historically been a weak point [Rap96], [Mor00]3. Many carriers have chosen to do so. Put 

microcells outside of huge structures to allow in-building wireless penetration, and then, within 

the buildings, multiple repeaters with DAS networks are installed. This method is advantageous 

since it has quick coverage into selected locations but does not allow for capacity upgrades. As 

a result of increased outdoor and interior user traffic, problems will occur. Dedicated base 

stations will be implemented in the future. To support the high number of in-building cellular 

users, additional infrastructure will be required within buildings. 

B. Dynamic and Circulated mobility 

The same channel is maintained while a mobile moves from one zone to the next inside the 

cell. As a result, unlike sectoring when the mobile moves between MSCs, no handoff is 

necessary. Zones that exist inside the cell the base station merely changes the zone location for 

the channel. In this case, in this method, a specific because the channel is only active in the 

area where the mobile is moving, the base station's radiation is limited, and interference is 

reduced. In the normal condition, all three zones distribute the channels in time and space, and 

they are also used in co-channel cells. On highways and in urban traffic corridors, this strategy 

is extremely useful. Because the cell features a large central antenna, zone cell technology 

decreases co-channel interference in the cellular system while maintaining a specified coverage 

radius. The channels are dispersed in time and space in all three zones, and they are reused in 

co-channel cells as normal. On highways and in urban traffic corridors, this strategy is 

extremely useful. The advantage of zone cell technology is that it decreases co-channel 

interference while keeping a particular coverage radius in the cellular system. Replace the base 

station on the outskirts. The inside of the cell Reduced co-channel interference increases signal 

quality while simultaneously lowering costs. Increased capacity without the loss of trunking 

efficiency that sectoring causes. 
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C. Network Coverage  

It has thoroughly covered the region to finally reach a 100 percent coverage level. Network 

Configuration is a shrinking coverage over the area and others have extensively covered the 

area to finally reach a 60 percent coverage level. Every cell is in a distinct environment, and as 

a result, they operate differently and have diverse impacts on one another. The minimum signal 

level inside the coverage region is -97dBm, which is sufficient for receiving a perfect quality 

signal. In general, the signal near the BSs is strong enough to offer a -80dBm level with 

minimal loss of coverage, and the signal farther away is reflected until it reaches an acceptable 

level5. As a final correction, the network created in this exercise is made up of 15dBand six-

cell clusters. Cell splitting and zone microcell approaches avoid the trunking inefficiencies that 

sectored cells suffer from, allowing the base station to operate more efficiently. 

  

3. MAP AND OPERATOR’S NETWORK BORDERS 

Ipoh Telecom LLC network service zone is divided as can be seen below:  

 Has an area of about 643 km2 

 Number of people - 660,000.  

First drawing the zone’s border where should be provided the services. 

Figure 1: Services’ zone border 
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A. Build our clusters “Frequency, spectrum length and bandwidth for each channel” 

Our stations (St, S) will run in the 900 MHz diapason, which will be parceled out into 2 scopes 

of 20 MHz (each canal 200 kHz): 

 For downstrm to the mobileSt (BS to MS) make use of 890 to 910 MHz  

 For upstrm to baseSt (MS to BS) apply 935 MHz - 955 MHz 

In GSM fruition the Frequency Division (FD) and Time Division (TD) for cell/cluster planning 

(FD), duplex gear (FD), and for multiple access (Figure 2 and Figure3). Duplex distance for 

900 MHz band is 45 MHz [11]. 

Figure 2: Frequency division and Time division in GSM 

 

Figure 3: Time division in GSM 
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B. Co-channel interference and co-channel tiers in hexagonal cellular system 

When doing design and building a cellular or any other wireless system, we should not only 

take care of radio coverage but support the needful capacity also [12]. Frequency reuse 

increases the capacity of the system. But, the downside to that is the interference in the same 

(co-channel) and from adjacent frequency channel. In recommendations and requirements 

pointed out the co-channel (C/I) and adjacent frequencies (C/A) interference rates. 

 C/I ≥ 9 dB; + additional 3 dB (allowance in engineering), so, C/I ≥ 12 dB 

 C/A ≥ -9 dB; + additional 3 dB, so, C/A ≥ -6 dB 

In our research, for the co-channel sites in tier 1, we should have C/I ≥ 15dB. 

C/I (carrier-to-interference rate) visualization can be seen in Figure 4 

D – Distance between co-channel cells  

R – Radius of main (victim) site/cell 

Figure 4: C/I (carrier-to-interference rate) visualization 

 

To reduce interference, the contiguous sites/cells do not operate on the same frequencies. All 

sites/cells with different frequencies are grouped in a cluster. 

In hexagonal architectures on each “n” tier exist “6 x n” co-channel sites/cells [13][14], and it 

does not depend on the count of cells in the cluster. I.e., on the first-tier, as the source of 

interference are six (6 x 1 =6) co-channel sites/cells, on the second-tier – 12, and so on. 
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Figure 5: Co-channel tiers in hexagonal cellular system 

 

C. Finding cluster size 

Increasing transmitter (TX) RSSI will not help to decrease the interference in all system. More 

TX RSSI maybe will increase the C/I ratio for this site/sell, but the co-channel site/cell will 

have the opposite effect. The cluster size based on C/I necessary rate and depend on the ratio 

of D (distance between co-channel sites/cells) to R (main (victim) site/cell radius) [15]. 

D

R
= √3 × N 

Equation 1_Co-channel reuse ratio 

N – Is a cluster size, i.e., is the count of sites/cells in the cluster.  

Now we will calculate cell count in one cluster. 

C

I
=

(
D
R)

α

6
 

Equation 2_C/I (carrier-to-interference rate) on R distance 

C/I = 15 dB = 31.6228 

α is a path-loss exponent, it can take below values [16]: 

Table 1: Path-loss exponent value 

Environment Path-Loss exponent, α 

Free space 2 

Urban area cellular 2.7  to  4.0 

Shadowed urban cellular 3 to 5 

In building LoS 1.6 to 1.8 

Obstructed in building 4 to 6 

Obstructed in factories 2 to 3 
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So, in our case, α = 2.7 to 4, we will use “4” value 

C

I
=

(
D
R)

4

6
 

D

R
= (

6 × C

I
)

1
4⁄

 

Equation 3_Cluster size calculation - part1 

We know that  
D

R
= √3 × N 

So, we get the following 

N =
1

3
× (

6 × C

I
)

2
4⁄

 

N =
1

3
× (6 × 31.6228)0.5 =

1

3
× 189.73810.5 =

1

3
× 13.775 

N =4.592 

Equation 4_Cluster size calculation - part2 

N can be 3, 7 or 12 (Tipper, n.d., p. 5)1. 

Finally, our cluster will have minimum 7 sites/cells. Our choice is N=7 

Figure 6: One cluster diagram 

 

A, B, C, …, G are the frequencies in the site/cell. As we know, the cells in the same cluster use 

different frequencies. So, we can use the whole 20MHz in one cluster and reuse the same 

frequency many times in other clusters.  
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Figure 7: Main cluster with six contiguous clusters 

 

D. Build clusters topology and determinate/find the positions of co-channel cells 

As wrote before, assuring the required capacity and continuous radio coverage are always 

important factors to pay attention to. Our cluster will have 7 sites/cells. We can set additional 

clusters and increase our cellular network if one cluster fails to cover the required zone during 

design and radio propagation calculations. Main cells and tier 1 co-channel 6 cells disposition 

preview in Figure 8. 

Figure 8: Main cluster’s cell and tier 1 six clusters’ co-channel sites/cells 
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During the design and build of the cellular network, we should determine the positions of the 

co-channel cells in contiguous clusters. Where is it should be? In the same place as the observed 

cell, for example, in the center of the cluster? Or at the junction of clusters?  

To find it we must from our observed site/cell shift “i” cells in any direction, then rotate 60° 

counter clockwise and continue moving through “j” cells. 

“i” and “j” values depend on cluster size (“N”) [14]. 

D = √(i2 + i × j + j2) × (R × √3) 

Equation 5_Calculation the distance between co-channel sites/cells  

We know that  
D

R
= √3 × N 

“N” value can preview as in Equation 6. 

N = i2 + i × j + j2 

Equation 6_"N" value preview via “i” and “j” 

In our case N=7, so, we have N=7 (i=2, j=1) 

Figure 9: Co-channel cell position determination 

 
 

4. SECTORING” FROM OMNIDIRECTIONAL TO DIRECTIONAL RADIO 

PROPAGATION” 

Base Station Systems (BSS) provides for mobile customers access to the provider's services. 

Each BSS consists of Base Station Controller (BSC) and Base Transceiver Station (BTS). BTS 

includes radio devices (transceiver, receiver, etc.) and antennas. BSC manages the BTS and 
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whole radio network [12]. We can set up in each BTS omnidirectional antenna and via one 

antenna will cover 3600. But we can split our 3600 directions into 3 (1200 sectoring). What do 

we have in this case? 

Figure 10: Sectoring decrease interfering co-channel cells from 6 to 2 

 
  

5. BUILD CLUSTERS TOPOLOGY FOR CELLS WITH SECTORING RADIO 

PROPAGATION  

For cells with sectoring radio propagation, we will apply other techniques for building our 

clusters, other than cells with omnidirectional radio propagation. We will not place BTS in the 

center of the cell and divide the cell into three zones. We will place BTS on the junction point 

of three cells. Each cell will be covered by a 1200 directional antenna, for each cell coverage 

will use its frequency (group of frequencies). So, from three cells will build one site, then from 

seven sites will build the cluster. We will use the following cluster notation – X/Y.  

X – Sites count in the cluster. 

Y – Cells count in the cluster. 

We already calculated our cluster size (page 7). Our cluster will have 7/21 pattern. It means 

that each cluster will have 7 three-sector sites which will cover/support 21 cells [12]. 

 

 

 

 

 

 

 



 
 
 
 

DOI 10.5281/zenodo.7124744 

 
 

1903 | V 1 7 . I 0 9  
 

 

Figure 11: Clusters topology for cells with sectoring radio propagation 

 
  

 6. FREQUENCIES TABLE, CELLS SIZE IN THE SITES, CAPACITY, BTS COUNT 

“USING BAND AND CHANNELS COUNT” 

As mentioned above, for BTS to MS will use frequencies from 890 MHz to 910 MHz, for MS 

to BTS from 935 MHz to 955 MHz, i.e., for each direction we have 20 MHz spectrum (for each 

canal 200 kHz). So, we will have 20 MHz/200 kHz = 100 carriers for duplex canals in each 

cluster. As we can see in Figure 2, each carriers provided multiple accesses, 8 connections 

canal per one carrier. So, our capacity for each cluster is 8 x 100 = 800 calls in a zone covered 

by one cluster. Our cluster will have a 7/21 pattern. If we assume that the subscribers’ load is 

evenly distributed in the cluster, then in the cluster we will have for 16 cells the 

5carriers/40canal per cell, for the remaining 5 cells the 4carriers/32canal per cell. 

Figure 12: Channel/connections count in cells 
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But in the real network, one cell maybe will need more channels, another one has fewer 

channels, it depends on subscribers' loads in the cell. I.e., we can “withdraw” channels from 

one cell to another one, as required. 

Channels/frequencies table for our cluster can see in Table 2. 

Table 2: Frequencies. Channels list 

 

A. Cell size, transition regions 

In some cases traffic intensity varies depending on the area and during the day. So, the cell can 

have different sizes. When traffic is high in a region, small cells are placed, and when traffic is 

low, large cells are placed, as shown In Figure 13. 
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Figure 13: Cells of different sizes 

 

To determine the radius of the cell (R), in addition to radio coverage calculation, the following 

data are analyzed: 

 direction and congestion of roads and highways; 

 the density of the subscriber load; 

 capacity requirements. 

 Cells by size qualified as [11]:  

 “MACRO” cell (up to 35 km); 

 “MICRO” cell (up to 2 km); 

 “PICO” cell (up to 100 m).  

When building clusters with small cells, totally will have more capacity, but cars, trains, any 

object moving at high speed, will frequently jump from one cell’s BTS to another one BTS. 

When building clusters with big cells, we will have another problem, total capacity will be 

lower. 

Thus, the topology of the BTS should be adapted to the value, density, and territorial 

distribution of the subscriber load. 

B. Transition regions 

If our clusters have assorted sizes of cells, it provides problems in channel planning because 

the reuse distance D is will be different for cells with different sizes. The small cells with half 

the D are interfering in the large cell. So, we will have the buffer zone where the small and big 

cells do not use the same frequencies. 

If we apply all frequencies in our cluster, we will not have a reserve for buffer zones, and will 

not reserve for additional BTS for future installation also. Additional BTS will need if will 

need increase capacity in the existing cluster. So, for cells we will not provide 5/40 and 4/32, 

we can for some channels, for example, Ch85-Ch100, Ch79, Ch67-Ch70, not use and reserve 

those for the future (Table 2). 

In another way, for the expansion of capacity, we should do our cells small, which will decrease 

cluster size. So, we should be building additional clusters. If our cellular network cannot be 
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covered by one cluster, for example, it is covered by “Z” count clusters, our system capacity 

will be = Z x 800 connections (traffic canal). 

C. Grade of Service (GoS) 

Cellular network capacity depends on the count of the available canal and grade of service 

(GoS). The probability of blocking calls (GoS) is the percentage of unsuccessful attempts at 

the establishment of a connection caused by network congestion. For simplicity of cell’s 

capacity calculations, the results of calculations are usually presented in the form of an Erlang 

B table [12].  Rows (n) – number of traffic canal 

Columns (GoS) – function of the GoS. 

Table 3: Erlang B table 

 

Is acceptable GoS = 2% (in table 2% = .02) [12]. 

D. Per cells subscribers count calculation 

We can calculate traffic by subscriber (Asub) (Arefín, et al., 2010, p. 42). 

Traffic is measured in Erlangs (E). 

n – Count of connection during the 1 hour 

T – Average talk time during connection (sec) 

3600 – 1 hour (3600 sec) 

A_sub = (n×T)/3600 
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Equation 7_Subscriber traffic calculation 

Researches showed that Asub typically = 15-20 m. We will choose Asub = 20 mE = 0.02 E. 

GoS = 2% = 0.02 

For our cluster with 7/21 pattern, in case of for cell 4/32 (4 carriers/32 canals), cell’s traffic 

channels = 32 – 2 (control channels) = 30, i.e., n=30 

Traffic value for our cell in cluster with 7/21 pattern will find in the Erlang B table (Table 3) 

[16]. 

Figure 14: Traffic value for cell in cluster with 7/21 pattern 

 

So, Acell = 21.932 E 

The subscribers count per cell = Acell ÷ Asub = 21.932 ÷ 0.02 = 1096 subscribers per cell. 

E. BTS count and R calculation 

The finally count of BS is determined by two parameters: 

 provide ongoing (continuous) radio coverage; 

 provision of the required capacity. 

First, keeping the requirements for signal strength and quality, we need to provide ongoing 

radio coverage of a given area. 

Second, the count of BTS should be enough to service the required number of subscribers and 

support the required capacity. 

Ipoh: 

 Has an area of about 643 km2 

 Number of people – 660 000.  

 Density - 1,023/km2  

The services’ zone border already drew. It is around 16 km x 21 km zone = 336 km2 area. 

Nearly 400 000 - 500 000 potential mobile users are available in Ipoh. Approximately in the 

next 5 years, we will occupy 20% of the mobile services market. We can assume that we will 

have around 92,000 subscribers.  
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We can provide service for 1096 subscribers per cell. So, we will need 92000 ÷ 1096 = 84 cells 

to provide service for 92 000 subscribers. 

In our 7/21 cluster, we have 21 cells and 7 BTS with 3 sectors to provide coverage for 3 cells 

per each BTS. For 92 000 subscribers, we should have 84 ÷ 21 = 4 clusters.  

So, in total, for 92 000 subscribers, we should have 4 x 7 (or 84÷3) = 28 BTS. 

If we assume that the load on the network will be uniform across the entire service area, take 

into account that we have 84 cells across the entire service area, take into account that services 

an area of about 336 km2, so, each cell will have near 336 ÷ 84 = 4 km2 area. 

Now we can calculate cell’s radius (R). 

S = π × R2 
4 = 3.14 × R2 
R2 = 4 ÷ 3.14 = 1.27 

R = √1.27 
R = 1.13 km 

Equation 7_Cell's radius calculation 

F. Financing “Initial investment for deployment of our cellular network” 

Already have calculation for one BS (BSS = BSC+BTS). BSS = 500K. It includes one BSC 

and one BTS with 3 sector TX (antenna + transmitter) (each sector cost = 50K) + all working 

which need to mount stations on the necessary places. For our start up network, we need 28 

BTS, i.e., 28 BSS. Investment for cellular station will be = 28 x 500K = 14000 K. 

We will deploy a fiber-optic (FO) network to connect the BSS to the MSC (Mobile Switching). 

It is expected that 100 km of FO cables will be laid, 30 FOSCs (FO splice closures) and 5 ODFs 

(optical distribution frames) will be installed/spliced, and so on.  

1 m FO cable with mounting/installing work (includes works, cable, fittings, clamps, etc.) = 9.  

For 100 km = 9 x 100000 = 900K. 

For mount 30 FOSC and 5 ODF = 35 x 230 = ~ 12K 

Startup investment for deployment of our cellular network will be = 14000 K + 900K + 12K = 

14912K  

First 5 years we will need to occupy 20% of the mobile services market and will have around 

92000 subscribers. 

So, per user our cellular network cost = 14912K ÷ 92K = 162K 

To recoup our investment in, say, 20 years, we must have an annual income of at least = 162K 

÷ 20 = ~ 8K per one subscriber.  

Our tariff plans must charge subscribers about 660 each month to provide such amounts. It is 

not real, so, if we provide voice services only, it is not possible to recoup even after 20 years. 
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We should provide other services and deploy other networks based on existing own FO 

infrastructure, for example, build GPON network in Ipoh city. 

G. Additional investment when will have growth in the number of subscribers 

When we have growth in the number of subscribers by 20%, we can increase our network in a 

few ways: 

 Every time, for every 20% growth in the number of subscribers, we will install 

additional BTS in those places where the overload is. Will need to use the additional 

frequencies or bring it from reserved (3.2.2 Transition regions). Or reduce necessary 

cells' R, then will mount in the emerging “black holes” new BTS. 

 Once increase capacity by 100% and in future will not do anything, so far, the count of 

subscribers will be = 92000 x 2 = 184000. 

Investment in deploying new FO cables will be insignificant. 

a) Every time will install additional BTS 

 If the number of stations is to be increased by 20%, in this case, we will not mount a new BSC, 

new BTS and new sectoring will be managed by available BSC. So, we will mount new 6 BTS, 

i.e., 6 x 3 = 18 new sectors.  

Additional investment in this case will be = 18 x 50K = 900K. 

b) Once increase capacity by 100% 

In this case, we will not mount a new BSC also, we will reduce the size of our clusters by half 

and install additional 28 BTS, i.e., 28 x 3 = 84 new sectors.  

Additional investment in this case will be = 84 x 50K = 4200K. 

  

7. NOMINAL CELL PLAN 

f we assume that the load on the network will be uniform across the entire service area, that 

our cell’s R = 1.13 km, that we should provide ongoing (continuous) radio coverage, so we 

will divide the selected area into circles with r = 1.13 km. 
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Figure 15: Services’ zone divided into 84 circles 

 

Based on Figure 15 we will draw nominal cell plan. 

Figure 16: Nominal Cell Plan -1 

 

Now we will draw a nominal cell plan with distribution of working frequencies. 
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Figure 17: Nominal Cell Plan -2 

 
  

8. CONCLUSION 

In this research, we designed a cellular network for Ipoh city with 643 square kilometres and a 

660,000 population. There are about 83 clusters, and each cluster has 12 cells and 100 radio 

channels. The cell has 3 sectors, each of which has 4 directional antennas. Also, we provided 

a solution for the cellular network in Ipoh city, all the stages of GSM mobile network design, 

MA, TDMA, carry out up to “nominal cell plan”, radio propagation/coverage, 

simulation/calculation, final cell plan (final design) implementation, and so on. We used 

frequency reuse and sectoring to increase the capacity of the system and improve SIR. 
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