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UNIT-3 
Content: Capacity in cellular systems, cell splitting and sectoring, cell-site antennas and mobile antenna, co 
channel interference reduction, Frequency management and channel assignment. 
 
Capacity in cellular system: It depends on number of clusters and number of cells in each cluster. 
C = MKN = MS  

C= capacity  
M= number of clusters  
K= allotted channel to a cell and N= no of cells in a cluster.  
 
Why cell splitting and sectoring? 
1> as users increases channel capacity decreases.  

2>Techniques are needed to provide extra channels.  

3> cell splitting and sectoring increases capacity.  

Cell splitting: Cell splitting is the process of subdividing a congested cell in to smaller cells, each with its own base station and 
corresponding reduction in antenna height and transmitter power. Cell splitting increases the capacity of a system since it 
increases number of times that channels are reused. 

 

 

 

 

 

 
 
 

 This technique utilizes the allocated spectrum efficiency in real time. In situations such as traffic jams, the 

ideal small cell sites may be rendered operative in order to increase the cell’s traffic capacity. At the beginning 
of this channel splitting process, there would be fewer channels in the smaller power groups. 

 As the demand increases, more and more channels need to be accommodated and hence the splitting process 
continues until all the larger cells have been replaced by the smaller cells, at which point splitting is complete 
within the region and the entire system is rescaled to have a smaller radius per cell. 

 If a cellular layout is replaced entirety by a new layout with a smaller cell radius, the signal-to-interference 
ratio will not change, provided the cluster size does not change. Some special care must be taken, however, to 
avoid co-channel interference when both large and small cell radii coexist. 

 It turns out that the only way to avoid interference between the large-cell and small-cell systems is to assign 
entirely different sets of channels to the two systems. 

 So, when two sizes of cells co-exist in a system, channels in the old cell must be broken down into two groups, 
one that corresponds to larger cell reuse requirements and the other which corresponds to the smaller cell 
reuse requirements. 

 The larger cell is usually dedicated to high speed users as in the umbrella cell approach so as to minimize the 
number of hand-offs. 

Limitations: 
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a) Handoffs are more frequent.  
b) Channel assignments become difficult.  
c) All cells are not split simultaneously so special care has to be taken for proper allocation of problem.  
 
Umbrella approach: Handoff issues must be addressed so that high speed and low speed traffic can be 
accommodated simultaneously. The smaller cell is grouped and assumed to be under a large cell. 
This method called as an umbrella cell concept. It can be used to provide a large area to high-speed users 
while small area coverage to users that travel at low speeds. 
 
 
 

 

 

 

 

 

 

 

Cell sectoring: In wireless telephony, a cell is the geographical area covered by a cellular telephone transmitter. It 

basically involves replacing an Omni directional antenna at the base station by several directional antennas. Cell 

sectoring is done mainly to reduce factors such as co-channel interference. 

It is a method to increase capacity is to keep the cell radius unchanged and seek methods to decrease D/R ratio. 

Sectoring increases SIR (Signal to Interference Ratio), so that the cluster size may be reduced. First the SIR is 

improved using directional antennas, then capacity improvement is achieved by reducing the number of cell in the 

cluster; thus increasing the frequency reuse. To achieve this, it is necessary to reduce the relative interference 

without decreasing the transmit power. 

 

 

 

 

 

 

 

 

 

 

 

Advantages: 

It improves S/I ratio.  

It reduces interference which increases capacity.  

It enables to reduce the cluster size and provides an additional freedom in assigning channels.  

 

Limitations: 

Increased number of antennas at each base station.  

Decrease in trunk efficiency.  

Loss of traffic.  

Since sectoring reduces the coverage area of a particular group of channels, the number of handoffs increases as well.  
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Cell-site antennas: A Cell Site Antenna refers to the antenna equipment and ground equipment that is used to transmit cell phone 

signals to and from the mobile phone back to the receiver. A Cell Phone Tower is the actual physical structure that the antennas are 

attached to. 

Cell site is used to refer to the physical location of radio equipment that provides coverage within a cell. 

 • For cellular radio systems, there is a need for Omni-directional antennas and for antennas with beam widths of 120º, and less for 

sectorized cells. 

 • Cellular and PCS base-station receiving antennas are usually mounted in such a way as to obtain space diversity.  

• For an Omni-directional pattern, typically three antennas are mounted on a tower with a triangular cross section and the antennas 

are mounted at 120º intervals. 

(i)Omni-directional Antennas: 

• For Coverage we deploy Omni-directional antennas and other high-Gain antennas  

• There are standard 6-dB and 9-dB gain Omni-directional antennas.  

• High-gain Omni-directional antennas Gain with reference to dipole. 

  (a) 6 dB; (b) 9 dB 

 

 

 

 

 

 

 

 

 

 
Cell-site antennas for Omni-cells: 
(a) for 3N channels  

(b) for 6N channels  
 

 
(ii)Ring Combiner:  
A ring combiner is used to combine two groups of channels into a single output. The function of a ring combiner is to 
combine two 16-channel combiners into one 32-channel output. Therefore, all 32 channels can be used by a single 
transmitting antenna. The ring combiner has a limitation of handling power up to 600 W with a loss of 3 dB. 

 

 

 

 

 

 

 

 

 

 

 

(iii) Directional/Sector Antenna for interference reduction: 
Directional antenna arrangement  
(a) 120◦ sector; 
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(b) 60◦ sector;  

(c) 120◦ sector.  
 

 
 

 

(iv)Umbrella-Pattern Antennas:  

An umbrella antenna is a top-loaded electrically lengthened monopole antenna, consisting in most cases of a mast fed 
at the ground end, to which a number of radial wires are connected at the top, sloping downwards. 

•They are useful in increasing coverage for wireless communications and reduce interference.  

•An "umbrella antenna" is basically a vertical monopole antenna that is top-loaded with a large "end-hat". The hat 
consists of a number of radial wires that slope away from the top of the antenna.  

•There are many types of umbrella pattern antennas:  

•Normal Umbrella-Pattern Antenna.  

•Broadband Umbrella-Pattern Antenna  

•High-Gain Broadband Umbrella-Pattern Antenna  

 

 

 

 

 

 

 

 

 

 

 

 

 

Cell-Site Antenna Mounting: 

  

 

 

 

 

 

 

 

 

 

 Arrangement or manner in which antennas are mounting on a tower 

is Antenna Mounting. Figure shows 

(a) Using Omni directional antennas 

(b) Using directional antenna. 

 

 Umbrella Antenna 
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Mobile and Portable Antenna: Mobile antennas are designed to be used for operation while in motion. Their uses 
include pedestrian mobile operation while walking, bicycle-mounted antennas for use while riding, and the most 
common form, automobile-mounted antennas for use while driving. Mobile and portable antennas used with cellular 
and PCS systems have to be Omni-directional and small. The simplest antenna is the quarter-wavelength monopole 
are these are usually the ones supplied with portable phones .For mobile phones, and common configuration is the 
quarter-wave antenna with a half-wave antenna mounted above it.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Co channel Interference reduction: 

Intracell Interference: interferences from other mobile terminals in the same cell. 

– Duplex systems  

– Background white noise 

Intercell interference: interferences from other cells. 

– More evident in the downlink than uplink for reception 

– Can be reduced by using different set of frequencies 

Design considerations: 

– Frequency reuse 

– Interference 

– System capacity 

It determines link performance which in turn dictates the frequency reuse plan and overall capacity of the system. 

 For simplicity, we consider only the average channel quality as a function of the distance dependent path loss. 

 Signal-to-Co-channel interference ratio, (S/I), at the desired mobile receiver which monitors the forward channel is 

defined by 

 

 

 S is the desired signal power from desired base station 

 Ii is interference power caused by the  i-th interfering co-channel cell’s base station. 

  NI is the number of co-channel interfering cells  

               (NI = Cluster size –1) 

 The desired signal power S from desired base station is proportional to r -, where r is the distance between the mobile 

and the serving base station.  is the path loss component. 
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 Likewise, from power viewpoint, the received interference, Ii, between the ith interferer (base station) and the mobile 

is proportional to (Di)-.Assume the transmits powers from all base stations are equal, then we have  

 

 

 

 

  Consider only the first tier of interfering cells, if all interfering base stations are equidistant from the desired base station and 

if this distance is equal to the distance D between cell centers, then the above equation can be simplified to   (i.e., r=R and 

assume Di=D and use q=D/R): 

 

 

 

 

Thus Frequency reuse ratio, q   

e.g., NI = 6   

Example: for =4, S/I > 18dB (the larger, the better), > (6101.8)1/4 = 4.41.  (dB=10Logx) 

The cluster size N should be (from eq. q=sqrt(3N) N = q2/3 > 6.79  7. 

i.e., A 7-cell reuse pattern is needed for an S/I ratio of 18dB. Based on q=D/R, we can select D by choosing the cell radius R. 

 

FREQUENCY MANAGEMENT AND CHANNEL ASSIGNMENT 

Frequency Management: Frequency management is the process of dividing the total number of available channels for 

mobile cellular system into subsets which can be assigned to each cell either in a fixed fashion or dynamically. 

Frequency management includes the process of allocation of setup channels and voice channels, numbering the 

channels as per the federal communications commission (FCC) and grouping the voice channels into subsets as per the 

each system according to its preference.  

 

Channel assignment: Channel assignment is the process of allocation of specific channels to cell sites and mobile units. 

A fixed channel set having of one more subsets is assigned to a cell site for a long-term basis. A specific channel is 

assigned to a mobile unit on a short-term basis during a call,    

 

Numbering the channels: The total number of channels in present system is 832 as fixed in January 1988. But 

maximum mobile units systems are operating on 666 channels. As the maximum mobile unit using 666 channel so we 

consider 666 channel numbering. A channel having two frequency channel bandwidths, one is in high band and one in 

the low band. Two frequencies in channel 1 are 825.030 MHz for mobile transmit and 870.030 MHz for cell-site 

transmit. The total 666 channels are divided into two groups: block A system and block B system as shown in figure 

below each block has 333 channels. 
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Figure : Frequency management chart 

Assignment of 42 set-up channels is as follows. 

Channels 313-333   block A 

Channels 334-354   block B 

The voice channels are assigned as follows. 

Channels 1-312 (312 voice channels)   block A 

Channels 355-666 (312 voice channels)  block B 

 

Grouping into subsets: Total number of voice channels in each system is 312. We can group this voice channels into 

any number of subsets. Generally, there are 21 set-up channels for each system, it is logical to group the 312 channels 

into 21 subsets. Each subset then consists of 16 channels. The closest adjacent channel is 21 channels away in each set 

as shown in figure above. 

  

FREQUENCY SPECTRUM UTILIZATION 

The main challenge is that the radio-frequency spectrum is finite and its efficient use. Frequency-reuse concept is 

implemented in mobile cellular system to increase spectrum efficiency but it depends on the geographical structure. 

Frequency management involving the assignment of proper channels in different cells can increase spectrum 

efficiency. Thus, within a cell the channel assignment for each call is studied. The techniques for increasing frequency 

spectrum can be classified as  

1. Increasing the number of radio channel by using time division or spread spectrum.  
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2. Improving spatial frequency-spectrum reuse.  

3. Proper channel assignment and frequency management.  

4. Improving spectrum efficiency in time. 

5. Reducing the load of invalid calls  

 

SETUP CHANNELS 

Set-up channels also called control channels these are used to setup calls. A system may be operated without set-up 

channels. If we are choosing such a system all the 333 channels in each cellular system can be voice channels. In this 

case each mobile unit must scan 333 channels and detect the signaling for its call continuously. A customer who wants 

to make a call must scan all the channels and find an idle i.e. unoccupied channel to use. In a cellular system, we are 

implementing frequency-reuse concepts. In this case the set-up channels are acting as control channels. The 21 set-up 

channels are taken out from the total number of channels. Set-up channels can be classified on the basis of usage as 

follows:   

1. Access channels  

2. Paging channels.  

Paging channels are used for land originating calls and access channels are used for the mobile originating calls. 

 

CHANNEL ASSIGNMENT 

Channel assignment is the process of allocation of specific channels to cell sites and mobile units. It can be done in two 

ways 

1. Fixed channel assignment (FCA) 

2. Dynamic channel assignment (DCA) 

 

Fixed Channel Assignment Schemes: Channels are pre-allocated to the cells during planning phase. This allocation of 

channel is done in following category 

 

Adjacent-Channel Assignment: Adjacent-channel assignment includes the channel assignment for neighboring-

channel as well as next-channel. The near end far end interference may be occurred between the neighboring 

channels. The channel assignment to neighboring channels is assign properly in an omni-directional or in a directional 

antenna cell system. In an omni-directional cell system, if one channel is assigned to the middle cell of seven cells the 

next channels cannot be assigned in the same cell. Also, no next channel should be assigned in the six neighboring 

sites in the same cell system area as shown in figure 4.2 (a). In case of a directional antenna cell system, if one channel 

is assigned to a face, next channels cannot be assigned to the same face or to the other two faces in the same cell. 

Also, next channels cannot be assigned to the other two faces at the same cell site shown in figure (b) below 

 
Figure: Adjacent channel assignment (a) Omni direction antenna cells (b) 

Directional antenna cells 

 

Channel Sharing: Channel sharing is a short-term traffic-relief scheme. A scheme used for a seven-cell three-face 

system is shown in figure below. There are 21 channel sets, with each set consisting of about 16 channels. Figure 

below shows the channel set numbers. When a cell needs more channels, the channels of another face at the same 
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cell site can be shared to handle the short-term overload. To obey the adjacent-channel assignment algorithm, the 

sharing is always cyclic. Channel sharing increases the trunking efficiency of channels.  

 
Figure :Channel sharing 

 

Channel Borrowing: Channel borrowing is done on a long-term basis. The extent of borrowing of extra available 

channels from other cells depends on the traffic density in that particular area. Channel borrowing can be 

implemented from one cell-site face to another face within the same cell site. In addition, the central cell site can 

borrow channels from neighboring cells. The channel-borrowing scheme is used mainly for slowly-growing systems. It 

is often helpful in delaying cell splitting in peak traffic areas. Since cell splitting is costly, it should be implemented only 

as a last resort.  

 

Sectorization: The total number of available channels can be divided into sets or subgroups depending on the 

sectorization of the cell configuration. The secorizations of channels can be done on the basis of 120° , 60° and 45° 

sector system. Seven-cell system more often uses three 120° sectors per cell which having 21 total number of channel 

sets. In some locations and special conditions the sector angle can be reduced for assignment of more channels in one 

sector without affecting the neighboring-channel interference. Sectorization serves the same purpose as the channel 

borrowing scheme in delaying cell splitting.  

 

 NON FIXED CHANNEL ASSIGNMENT ALGORITHMS:  

In non-fixed channel assignment technique no pre-allocation of channel is done. When a call comes/arrives at a cell 

then a channel which is not in use is selected. Following algorithms are implemented for non-fixed channel assignment 

of channels to cell 

1. Fixed Channel Algorithm: The fixed channel assignment (FCA) algorithm is the most common algorithm used in 

cellular systems. In FCA algorithm, each cell assigns its own radio channels to the vehicles within its cell.  

2. Dynamic Channel Assignment: In dynamic channel assignment (DCA), fixed channels are not assigned to each cell. 

Any channel from N radio channels can be assigned to the mobile unit.  Based on the overall system performance it 

can also be used during a call. 

3. Hybrid Channel Assignment: Hybrid channel assignment (HCA) is a combination of DCA and FCA . Some portion of 

the total frequency channels will be use FCA and the rest will use DCA.   

4. Borrowing Channel Assignment: Borrowing channel assignment (BCA) uses FCA as a normal assignment condition. 

When all the fixed channels are occupied, then the cell borrows channels from the neighboring cells.  

5. Forcible-Borrowing Channel Assignment: In forcible-borrowing channel assignment (FBCA), if a channel is in 

operation and but it required by the situation then channels is borrowed from the neighboring cells at the same time. 

In neighboring cells another voice channel will be assigned to continue the call.  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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