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The Cellular Concepts 

 Exploit the power falloff with distance of signal 
propagation, but why??? (In order to reuse the same 
channel at spatially separated locations)  

 The multiple access techniques are used to channelize 
the signaling dimensions of the system. 
 Orthogonal techniques (TDMA, FDMA) 

 Nonorthogonal techniques (CDMA) 

 Each channel obtained by channelizing the signaling 
dimensions is assigned to a unique channel set. Every 
cell is then assigned a channel set (these sets can be 
reused at spatially separated locations) 
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The Cellular Concepts 

 Goals of a Cellular 
System 
 High capacity 

 Large coverage area 

 Efficient use of limited 
spectrum 

 What are possible ways 
we could increase the 
number of channels 
available in a cellular 
system? 
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The Cellular Concepts 

 Large coverage area - 
Bell system in New York 
City had early mobile 
radio 
 Single Tx, high power, and 

tall tower 

 Low cost 

 Large coverage area - Bell 
system in New York City 
had 12 simultaneous 
channels for 1000 square 
miles 

 Small # users 

 Poor spectrum utilization 
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The Cellular Concepts 

 Small coverage areas 
called “cells” 

 Cells labeled with the same 
letter use the same group 
of channels. 

 Cell Cluster: group of N 
cells using complete set of 
available channels 

 Many base stations, lower 

power, and shorter towers 

  Each cell allocated a % of 

the total number of 

available channels 
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The Cellular Concepts 

 Nearby (adjacent) cells 
assigned different channel 
groups 
 to prevent interference between 

neighboring base stations and 
mobile users 

 Same frequency channels 
may be reused by cells a 
“reasonable” distance away 
 reused many times as long as 

interference between same 
channel (co-channel) cells is < 
acceptable level 

 This reuse of channels is 
called FREQUENCY REUSE 
or CHANNEL REUSE 
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The Cellular Concepts 

 Cells are assigned the same 

channel set, called CO-

CHANNEL CELLS 

 The required spacing 

depends on 

 the channelization technique 

 the signal propagation 

characteristics 

 the desired performance for each 

user  
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The Cellular Concepts 

 In each cell the BS is located 

 A cell center → omni-directional antenna (360° coverage) 

 not necessarily in the exact center (can be up to R/4 from the ideal 

location) 

 cell corners → sectored or directional antennas on 3 

corners with 120° coverage. 

 very commom 

 Note that what is defined as a “corner” is somewhat flexible → a 

sectored antenna covers 120° of a hexagonal cell. 

 So one can define a cell as having three antennas in the center or 

antennas at 3 corners. 
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The Cellular Concepts 

 MS within a given cell communicate with the BS in that cell 

 The handoff happens when the MS moves from cell to 

another 

 All BSs in a given region are connected to a mobile telephone 

switching office 

 As frequency reuse↑ → # possible simultaneous users↑→ # 
subscribers ↑→ but system cost ↑ (more towers) 

 To increase number of users without increasing radio 
frequency allocation, reduce cell sizes (more base stations) 
↑→ # possible simultaneous users ↑ 

 The cellular concept allows all mobiles to be manufactured to 
use the same set of frequencies 

 A fixed # of channels serves a large # of users by reusing 
channels in a coverage area  
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The Cellular Concepts 

 The switching office coordinates the following 
 user authentication  

 allocation of channels 

 the handoff between the BSs 

 The difference between the cellular systems and the 
conventional ones that the modification to accommodate the 
impact of the channel reuse. Besides, to deal with the intercell 
and intracell interference. 

 The intercell/ co-channel interference: the interference from outside 

the cell. 

 The interacell interference: the interference from within a cell 

(mul;tipath, synchronization errors and practical impairments). 
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The Cellular Concepts 

 The number of users accommodated within a given system 

can be increased by shrinking the size of a cell (as long as 

all aspects of the system scale so the SINR of each user 

remains the same) 

 The cell size can be shrunk by reducing transmit power. 

 Disadvantages:  

 propagation characteristics change as cell size shrinks, so the 

system does not scale perfectly 

 the rate at which handoffs occur increases 

 increasing the load on the backbone network 

 increasing the system cost by increasing the number of BSs   
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The Cellular Concepts 

 Design process of selecting & allocating channel groups 

of cellular base stations 

 Two competing/conflicting objectives: 

 maximize frequency reuse in specified area 

 minimize interference between cells 
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The Cellular Concepts 

 The cell shape is often chosen regular (rectangular, square, 

hexagon, triangular)  to approximate the contours of 

constant received power around the BS. 

 hexagonal cell shape assumed for planning 

 simple model for easy analysis → circles leave gaps 

 actual cell “footprint” is amorphous (no specific shape) 

 where Tx successfully serves mobile unit 

 Hexagon was commonly used to approximate the cell shape 

in the 1G, where BSs were mounted at the tops of buildings 

with coverage areas on order of a few square miles. 

 Very small cells are heavily dependent on the propagation 

environment, making it difficult to approximate contours of 

constant power using a regular shapes. 
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The Cellular Concepts 
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Frequency Reuse  

 Cellular radio system rely on an intelligent allocation and 
reuse of channels throughout a coverage region 
 group of radio channels are allocated to be used within a cell 

 the channel group must be completely different from the ones in 
the neighboring cells 

 the channel groups could be reused if the interference level is 
kept within a tolerable limits 

 Frequency Reuse; is the design process of selecting and 
allocating channel groups for all BSs within the cellular system. 

 The actual radio coverage of a cell is known as the 
footprint and is determined from field measurements or 
propagation prediction models 
 the real footprints in nature is amorphous (not regular) 

 for systematic system design a regular cell shape is needed  
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Frequency Reuse  

 A cell must be designed 
to serve the weakest 
mobiles within the 
footprint, and these are 
typically located at the 
edge of the cell 

11/1/2017 Dr. Omar R Daoud 17 



Frequency Reuse  

 The hexagon shape 
 has the largest area for a given 

distance between the center 
and its farthest perimeter point 

 geographically, within fewest 
number of cells the region can 
be covered 

 its closely approximates a 
circular radiation pattern 
(OMNIDIRECTIONAL BS 
ANTENNAS AND 
FREESPACE 
PROPAGATION)  
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Frequency Reuse  

 BS transmitters are 
depicted as either 
being 
 in the center ( omnidirectional 

antennas); center-excited cell  

 on three of the six cell vertices 
(sectored directional 
antennas); edge-excited cell  
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Frequency Reuse  
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Frequency Reuse  

 The total number of available radio channels 

can be expressed as  

        S= kN,  

   where, S is the total number of duplex channels to be used in 

a cellular system 

               k is the number of channels allocated to each cell (k<S) 

               N is the number of cells in the cellular system which 
use the complete set of available frequencies (cluster) 
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Frequency Reuse  

 The system capacity is given by 

        C= MkN= MS, 

     where, M is the cluster replication time within the system 

 If the cluster size (N) is reduced while the cell size is 
kept constant, more clusters are required to cover a 
certain area.  

 The larger cluster size, the smaller ratio between the 
cell radius and the distance between co-channel 
cells (since the co-channel cells are located at larger distances ) 

 The value of small N is desirable in order to 
maximise the capacity  
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Frequency Reuse  

 The frequency reuse factor is given by 1/N for 

a cellular system  

 How to locate co-channel cells in a cellular 

system? 
     - move i cells along any chain of hexagon 

     - turn 60o CCW and move j cells 

 The number of cells/cluster (N) can only 

have values satisfy  

      N = i2+ij+j2    (i,j non-negative integers)   
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Frequency Reuse  
 Ex: Let N= 19, then i = 3 and 

j =2    
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Frequency Reuse  

 As an example N in the AMPS is 7, while in 

the GSM its 3 or 4 

 Reuse clusters (hexagonal cells) 

 

 

N i j 

3 1 1 

4 2 0 

7 2 1 

9 3 0 

12 2 2 

13 3 1 

16 4 0 

19 3 2 

21 4 1 

27 3 3 
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Frequency Reuse  

 The cell dimensions 

are given by  

 

R 

R 

Area= 2.6 R2 

R3
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Frequency Reuse  

 The reuse distance for 

channel reuse pattern can be 

calculated as 
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Frequency Reuse 

 Ex1:  
If a total of 33MHz of BW is allocated to a particular FDD cellular 

system which uses two 25 kHz simplex channels to provide full 

duplex voice and control channels, compute the number of channels 

available per cell if a system uses  

     a) four-cell reuse 

     b) seven-cell reuse 

     c) 12-cell reuse 

     if 1 MHz of the allocated spectrum is dedicated to control channels, 

determine as equitable distribution of control channels and voice 

channels in each cell for each three systems? 
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Frequency Reuse 

 Solution  
 Total available channels = 33M/(25k*2)=660channels 

 The available channels per call for  

 a) N =4 ; 660/4 = 165 channels 

 b) N =7 ; 660/7 = 95 channels 

 c) N = 12; 660/12=55 channels 

 Total control channels = 1M/ (25k*2)= 20 channels 

 The available channels per call for 

 a) N=4; 5 control channels  (in practice 1) and 160 voice channels 

 b) N=7; 4 cells with 3 control channels      

                             2 cells with 3 control channels 

                             1 cell with 2 control channels 

 c) N= 12; 8 cells with 2 control channels 

                                4 cells with 1 control channel 
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Handoff Strategies 

Quick review: Decibels 

 

S = Signal power in Watts 

Power of a signal in decibels (dBW) is Psignal = 10 
log10(S) 

Remember dB is used for ratios (like S/N) 

dBW is used for Watts 

 

dBm = dB for power in milliwatts = 10 log10(S x 103) 

dBm = 10 log10(S) + 10 log10(103) = dBW + 30 

-90 dBm = 10 log10(S x 103) 

10-9 = S x 103 

S = 10-12 Watts = 10-9 milliwatts 

-90 dBm = -120 dBW 
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Handoff Strategies 

 When a mobile moves into a different cell while a 
conversation is in progress, the MSC automatically 
transfers the call to a new channel belonging to the 
new base station. 
 Transferring the live conversation to a new channel belonging 

to a new BS known by the handoff process  

 identifying a new base station 

 re-allocating the voice and control channels with the new 
base station 

 Due to the transferring process new control signals are 
required to be allocated  

 An optimum signal level (at which to initiate the handoff) must be 
specified (as the minimum usable signal for acceptable voice quality)   
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Handoff Strategies 

 Handoff Threshold 

 Minimum usable signal for acceptable voice quality (-90dBm to 

-100dBm) 

 Handoff margin                                        . It cannot be too large 

or too small. 

 If         is too large, unnecessary handoffs burden the MSC 

 If         is too small, there may be insufficient time to complete 

handoff before a call is lost.  

 choose a (handoff threshold) > (minimum useable signal level) 

 so there is time to switch channels before level becomes 

too low 

 as mobile moves away from base station and toward 

another base station 
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Handoff Strategies 
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Handoff Strategies 

 Handoff must ensure that the drop in the measured 

signal is not due to momentary fading and that the 

mobile is actually moving away from the serving base 

station. 

 What will happen if there is a momentary fading causes a drop in 

the signal quality??? 

 BS monitors the signal level for a certain period of time 

 If the slope of the short term average received signal in a given 

time interval is steep, the handoff should be made 
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Handoff Strategies 

 Handoff must ensure that the drop in the measured 

signal is not due to momentary fading and that the 

mobile is actually moving away from the serving base 

station. 

 Running average measurement of signal strength should be 

optimized so that unnecessary handoffs are avoided. 

 Depends on the speed at which the vehicle is moving. 

 Steep short term average -> the hand off should be made quickly 

 The speed can be estimated from the statistics of the received short-

term fading signal at the base station 
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Handoff Strategies 

 Handoff must ensure that the drop in the measured 

signal is not due to momentary fading and that the 

mobile is actually moving away from the serving base 

station. 

 Handoff Decision 
 signal level decreases due to 

 signal fading → don’t handoff 

 mobile moving away from base station → handoff 

 must monitor received signal strength over a period of time → 
moving average 

 time allowed to complete handoff depends on mobile speed 

 large negative received signal strength (RSS) slope → high speed 
→ quick handoff 
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Handoff Strategies 

 Dwell time is the time over which a call may be 

maintained within a cell, without handoff.  

 Dwell time depends on 

 Propagation 

 Interference 

 Distance 

 Speed 

 Handoff measurement 

 In first generation analog cellular systems,  signal strength 

measurements are made by the base station and supervised by 

the MSC. 

 In second generation systems (TDMA), handoff decisions are 

mobile assisted, called mobile assisted handoff (MAHO)  
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Handoff Strategies 

 Intersystem handoff: If a mobile moves from one cellular system to a 

different cellular system controlled by a different MSC. 

 Handoff requests is much important than handling a new call. 

 Different type of users 

 High speed users need frequent handoff during a call. 

 Low speed users may never need a handoff during a call. 

 Minimize handoff intervention 

 handle the simultaneous traffic of high speed and low speed 

users. 

 A dropped handoff can be caused by two factors 

 not enough time to perform handoff 
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Handoff Strategies 

 A dropped handoff can be caused by two factors 

 not enough time to perform handoff 

 delay by MSC in assigning handoff 

 high traffic conditions and high computational load on MSC 

can cause excessive delay by the MSC 

 no channels available in new cell 

 

11/1/2017 



Handoff Strategies 

 Large and small cells can be 

located at a single location 

(umbrella cell)  

 different antenna height 

 different power level 

 Cell dragging problem: pedestrian 

users provide a very strong signal to 

the base station  

 The user may travel deep within 

a neighboring cell 

 Microcells to provide capacity, the 

MSC can become burdened if high 

speed users are constantly being 

passed between very small cells. 
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Handoff Strategies 

 Handoff for first generation analog 

cellular systems 

 10 secs handoff time 

      is in the order of 6 dB to 12 dB 

 Handoff for second generation 

cellular systems, e.g., GSM 

 1 to 2 seconds handoff time 

 mobile assists handoff 

      is in the order of 0 dB to 6 dB 

 Handoff decisions based on signal 

strength, co-channel interference, 

and adjacent channel interference. 
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Handoff Strategies 

 IS-95 CDMA spread spectrum 

cellular system 

 Mobiles share the channel in every 

cell. 

 No physical change of channel 

during handoff 

 MSC decides the base station with 

the best receiving signal as the 

service station 
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Handoff Strategies 

 Practical Handoff 

Considerations  

 Problems occur because of a 

large range of mobile 

velocities 

 pedestrian vs. vehicle user 

 Small cell sizes and/or micro-

cells → larger # handoffs 

 MSC load is heavy when high 

speed users are passed 

between very small cells 
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Handoff Strategies 

 Different methods have been developed to improve the 

quality of service 

 Guard channel concept 

 Queuing of handoff requests 
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Handoff Strategies 

 Guard channel concept  

 % of total available cell channels exclusively set 

aside for handoff requests 

 makes fewer channels available for new call 

requests 

 a good strategy is dynamic channel allocation (not 

fixed) 

 adjust number of guard channels as needed by demand 

 so channels are not wasted in cells with low traffic 

 

11/1/2017 



Dr. Omar R Daoud 47 

Handoff Strategies 

 Queuing of handoff requests 

 use time delay between handoff threshold and 

minimum useable signal level to place a blocked 

handoff request in queue 

 a handoff request can "keep trying" during that 

time period, instead of having a single block/no 

block decision 

 prioritize requests (based on mobile speed) and 

handoff as needed 

 calls will still be dropped if time period expires 
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Handoff Strategies 

 Since handoff can occur at sides R1 and R2 

of a cell 

 

 where A=R 1 R 2 is the area and assuming it 

constant, differentiate with respect to R1 (or R 2) 

gives 

 

 

  Total handoff rate is 

 

  

 H is minimized when =0, giving 
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Interference and System Capacity 

 Usually the system performance is limited by a 

major factor; interference 

 Sources of interference 
 another mobile in the same cell 

 a call in progress in a neighboring cell 

 BS’s with the same frequency band 

 non-cellular systems’ interference (energy leakage)   

 For a voice call (causes a cross talk) 

 For control channels (causes blocking) 
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Interference and System Capacity 

 The probability of interference is more severe in 

the urban areas ??? (greater RF noise floor, large number 

of BS and MS ) 

 It limits the system capacity 

 Two types of interference can be recognized 

  - Co-channel interference  

   - Adjacent channel interference 
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Interference and System Capacity 

 Co-Channel Interference  

 the cells that operate with the same frequencies are called co-

channel cells. Thus, the interference between signals from these 

cells; co-channel interference 

 It can not be combated by increasing the power of the 

transmitted signal ???? (increasing the signal power will 
increase the interference to the other cells) 

 Mainly, it can be combated by increasing the distance 

between the cells with the same frequency-band   
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Interference and System Capacity 

 Co-Channel Interference  

 the cells that operate with the same frequencies are called 

When the size of the cell is approximately the same 

 co-channel interference is independent of the transmitted 

power 

 co-channel interference is a function of  

 R : Radius of the cell  

 D : distance to the center of the nearest co-channel cell 

 Increasing the ratio Q=D/R,  the interference is reduced. 

 Q is called the co-channel reuse ratio 
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Interference and System Capacity 

 For a hexagonal geometry 

 

 

 A small value of Q provides large capacity 

 A large value of Q improves the transmission quality - smaller level 

of co-channel interference 

 A tradeoff must be made between these two objectives 
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Interference and System Capacity 

 The total interference can be found by the 

summation of the interference power caused 

by the ith interference co-channel cell BS 
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Interference and System Capacity 

 The average received power is a function of 

distance (d)       
 

 

 

 

 

 

 

 

      Where, Po is the power received at a close-in reference point in the far field 

region of the antenna at a small distance do from the transmitting antenna and 

n is the path loss  exponent.   
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Interference and System Capacity 

 If Di is the distance of the ith interferer from the 

mobile, the received power at a given mobile 

due to the ith interfering cell will be proportional 

to (Di)
-n 

 If the transmit power of each BS is equal and the 

path loss exponent is the same, thus  
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Interference and System Capacity 

 The S/I is a function of N if the interfering BSs 

equidistant from the desired BS with D 

distance. This is for the first layer of interfering 

cells 
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Interference and System Capacity 

R 

D+R 

D+R 

D-R 

D-R 

D 

D 

For a seven cluster with n=4, find 

the S/I for the worst case for the 

co-channel cells? (Design the 

cellular system for a proper 

performance) 

Solution: 

S/I=R-4/(2(D-R)-4+2(D-R)-4+ 2D-4)  

    = 1/(2(Q-1)-4+2(Q-R)-4+ 2Q-4) 

If N =7 then Q = 4.6 

Then S/I = 17.8dB 
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Interference and System Capacity 

 Ex3: if a S/I of 15dB is required for satisfactory 
forward channel performance of a cellular 
system. What is the frequency reuse factor and 
cluster size that should be used for maximum 
capacity if the path loss exponent is  

   a) 4 

   b) 3 

   assume that there are 6 co-channel cells in the 
first tier, and all of them are at the same distance 
from the mobile. Use suitable approximations.  
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Interference and System Capacity 

 Solution: 
a) n=4 

Assume that the cluster of 7-cells reuse pattern 

- The co-channel reuse ratio = D/R = (3N)1/2= 4.583 

- S/I = (1/6)*(4.583)4= 75.3=18.66 dB (> given S/I, its valid ) 

 

b) n=3 

For a 7-cells reuse pattern  

-S/I = (1/6)*(4.853)3= 16.04=12.05dB (< given S/I, use larger N) 

For N=12 then  

   - D/R = 31/212= 6 

   - S/I = (1/6)*(6)3= 36 = 15.56dB (> given S/I, its valid) 
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Interference and System Capacity 

 Adjacent Channel 

Interference 

 It is an interference 

from adjacent in 

frequency to the 

desired signal.  
 Imperfect receiver filters 

allow nearby frequencies to 

leak into the passband 

 Performance degrade 

seriously due to near-far 
effect. 
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Interference and System Capacity 

 Adjacent Channel 

Interference 
 Adjacent channel interference 

can be minimized through 

careful filtering and channel 
assignment. 

 Keep the frequency separation 

between each channel in a 

given cell as large as possible 

 A channel separation greater 

than six is needed to bring the 

adjacent channel interference 

to an acceptable level. 
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Interference and System Capacity 

 Near-far Effect 
 It happens when an 

adjacent channel user is 

transmitting in a very close 

region to a subscriber’s 

receiver while it attempts to 

receive a base station on 

the desired channel 
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Interference and System Capacity 

 Near-far Effect 
 Case I 

The Base Station faces difficulty in 
recognizing the actual mobile 
user, when the adjacent channel 
bleed over is too high. 
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Interference and System Capacity 

 Near-far Effect 
 Case II 

The Mobile receiver is captured 
by the unintended, unknown 
transmitter, instead of the 
desired base station 
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Interference and System Capacity 

 Adjacent Channel Interference 

 This deficiency could be minimized via 

 careful filtering 

 channel assignments (a cell need not be assigned channels which 

are all in adjacent frequency, in another way, keep a frequency 

separation as large as possible between each channel in adjacent 

frequency) 

 Sequentially assigning cells the successive frequency channels. 

 Also, secondary level of interference can be reduced by not 

assigning adjacent channels to neighboring cells. 

 For tolerable ACI, we either need to increase the frequency 

separation or reduce the passband BW. 
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Interference and System Capacity 

 S/I = (do/d1)
-n 

 If the calling mobile is 10mi away from the BS receiver and the 

mobile causing the interference is 0.25mi, then the S/I for path 

loss exponent equal to 4 is  
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Interference and System Capacity 

 S/I = (10/0.25)-4= -64dB (this means that 

the interference is stronger than the 

desired signal by 64 dB) 

    - this can be reduced by frequency separation 
with narrow characteristics. 

   - Assume the filter has a 24dB slope/oct, thus the 

frequency band must be more than twice (64/24=2.67) 

   - the frequency band separation for 46dB isolation is   

               2(-S/I)/L(B/2)  = 3.18B 
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Interference and System Capacity 

 Power Control for Reducing Interference 

 Ensure each mobile transmits the smallest power necessary to 

maintain a good quality link on the reverse channel 

 long battery life 

 increase SIR 

 solve the near-far problem 
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Channel Assignment Strategies   

 Goal is to minimize interference & maximize use of 

capacity 

 lower interference allows smaller N to be used → greater 

frequency reuse → larger C 

 Two main strategies: Fixed or Dynamic 

 Fixed 

 each cell allocated a pre-determined set of voice channels 

 calls within cell only served by unused cell channels 

 all channels used → blocked call → no service 
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Channel Assignment Strategies   

 Fixed 

 several variations 

 MSC allows cell to borrow a VC (that is to say, a FVC/RVC 

pair) from an adjacent cell 

 donor cell must have an available VC to give 

 Dynamic 

 channels NOT allocated permanently 

 call request → goes to serving base station → 

goes to MSC 
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Channel Assignment Strategies   

 Dynamic 

 MSC allocates channel “on the fly” 

 allocation strategy considers: 

 likelihood of future call blocking in the cell 

 reuse distance (interference potential with other cells 

that are using the same frequency) 

 channel frequency 

 All frequencies in a market are available to be 

used 
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Channel Assignment Strategies   

 Advantage: reduces call blocking (that is to say, 

it increases the trunking capacity), and increases 

voice quality 

 Disadvantage: increases storage & 

computational load @ MSC 

 requires real-time data from entire network related to: 

 channel occupancy 

 traffic distribution 

 Radio Signal Strength Indications (RSSI's) from all 

channels 
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