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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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This reuse of channels is called FREQUENCY REUSE or
CHANNEL REUSE
Cells are assigned the same channel set, called COCHANNEL CELLS
The required spacing depends on
- the channelization technique
- the signal propagation characteristics
- the desired performance for each user
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In each cell the BS is located near the center
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
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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.
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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).
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)
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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 cell shape is often chosen regular (rectangular, square,
hexagon, triangular) to approximate the contours of constant
received power around the BS.
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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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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A cell must be designed to serve the weakest
mobiles within the footprint, and these are typically
located at the edge of the cell
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)



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); edgeexcited cell
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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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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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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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Ex: Let N= 19, then i = 3 and
j =2 
A

A
D

A

A

A

First tier circle

D  R 3(i 2  ij  j 2 )
A

A
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As an example N in the AMPS is 7, while in
the GSM its 3 or 4
Reuse clusters (hexagonal cells)
N
i
j
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The cell dimensions
are given by
Area= 2.6 R2
R

3R
R
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The reuse distance for
channel reuse pattern can be
calculated as
The distance between the
centers of cell located at
point (i,j) and cell A at (0,0)
is given by

uaxis
vaxis
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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?

Dr. Omar R Daoud

٢٠

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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Transferring the live conversation to a new
channel belonging to a new BS known by the
handoff process (minimum usable signal for acceptable
voice quality at BS (-90 to -100 dBm))
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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Received signal
level

Handoff Strategies
Level at point B
Level at which handoff is
made
t

A
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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
Dwell time is the time over which a call may be
maintained within a cell, without handoff
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Different methods have been developed to
improve the quality of service
- Guard channel concept
- Queuing of handoff requests
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Guard channel concept



(a

fraction of the total available channels in a cell is
reserved exclusively for handoffs requests from ongoing
calls)

* Disadvantages
- low carried traffic (fewer channels are allocated to originating
calls)

*Advantages
- has an efficient spectrum utilization when dynamic
channel assignment strategies are used
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Queuing of handoff requests

- tradeoff between the decrease in probability of forced
termination and total carried traffic
- a finite time interval between the time the received
signal level drops below the handoff threshold and the
time the call is terminated allows the possibility of
queuing of handoffs
- the delay time and size of the queue is determined from
the traffic pattern of the particular service area.
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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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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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Co-Channel Interference
- the cells that operate with the same frequencies are called cochannel 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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Thus this kind of interference is a function of the
cell’s radius (R) and the distance (D) between
centers of the co-channel cells
Q = D/ R, where Q is the co-channel reuse ratio
= R(3N)1/2 /R = (3N)1/2
If Q is
- small, then the capacity will improve since N is small (more clusters)
- large, improves the transmission quality due to small level of cochannel interference (higher value of D)
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The total interference can be found by the
summation of the interference power caused
by the ith interference co-channel cell BS
i0

I total 

I

i

i 1

where i0 is the number of co - channel interference
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The average received power is a function of
distance (d)

d n
Pr  Po ( )
d0
d
Pr(dBm)  P0 (dBm)  10n log( )
d0
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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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

S

I

R n
i0



( Di )  n

i 1
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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
n

S
R

I i0 D  n

n



3N 
R



D

n

i0
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D+R
D

D+R

R

D-R

D
D-R

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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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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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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Adjacent Channel Interference

Its defined as the interference that is caused by signals
which are adjacent in frequency to the desired signal
(due to imperfect filters which allow frequencies to leak
into the passband)


Near-far Effect

If an adjacent channel user is transmitting in very close to a
subscriber’s receiver while the receiver attempts to
receive a base station on the desired channel
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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)

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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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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The
channel
filter
characteristics are a
6dB/oct slope in voice
band and a 24dB/oct
falloff outside the voice
band region

6dB/oct

Relative signal strength

0dB
-10dB
-20dB
24dB/oct

-30dB
-40dB
-50dB
-60dB
-70dB

# channel band
B/2

B

2B

3B
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Look into example 3.3 page 75 (Rappaport) (real case
study (AMPS))
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