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Q 1 Derive an expression for the throughput of pure- and slotted-ALOHA

~~

[ Pure Aloha

[ Slotted Aloha

* Infinite number of stations.
* All packets are of constant length “T».
* The channel is noise free.

* The offered load (traffic) “G” is Poisson distribution.




Q 1 Derive an expression for the throughput of pure- and slotted-ALOHA

Access
point

User
terminal 1

User
terminal 2

User
terminal N

~~

[ Pure Aloha

Success Collision Success Success
| A 25 NN
L) § 0 h t
! ! I [ I i 1 .
! i i i 1 i | b i
! i I ] 1 1 | 1 i
! ! I 1 i 1 | i b
_I I ] i i | h i
y 1 1 ! ! i i -t
Lo ' HE »
] ] ] ] l | i
Packet SR , L
- [ . '
vl w7 L
[] ] ]
Pa gkgwtransmissiun !
arrival ! : with random dalay !
1 [] |

RRNNNN

arrival

=T

Pa ::Icu?t\‘*—"'f/"

Retransmission

Slotted Aloha
i ] ]
: Success : Collision : I'SUFGESE :
Access |

X - 1

point i 1 1 1

I 1 1 1 ]

1 1 1 ] ]

¥ 1 ' i i

i ] 1

User ! . !
terminal 1 1 | . : E : -1

Packet| ' " i :

arrival | - :

User . ﬁ%f; .I -t

tarm:nalz : i :'\_-__,)": :

1 | Packet | Retransmissign '

H v oarrival | I I

i i ‘ ! : i

User 1 m i |
terminal N —— ' L et

Pecket Retransmission

arrival



Q 1 Derive an expression for the throughput of pure- and slotted-ALOHA

~~

Pure Aloha
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Q 1 Derive an expression for the throughput of pure- and slotted-ALOHA

Pure Aloha

The throughput “S”: The expected number of packets that are transmitted at the
access point successfully .

= Ge 2

S =GP
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Q 1 Derive an expression for the throughput of pure- and slotted-ALOHA

~~

Slotted Aloha

Probability of successful transmission of a
packet from a user to the access point = prob.  ,.

not to generate any packets within T

—lr j.f ]
P :pu(r):#=g—lr _ 0

The throughput “S”: The expected

number of packets that are transmitted at
the access point successfully .

S =lmP,. =G




(ii) S-ALOHA
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03 Calculate throughput S for P-ALOHA network. If the offered traffic G 1s 0.75

~~

[ Pure Aloha ] & =GP
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0.75 x E-—I * 0.75
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S-AT.OHA channel has an average 10%% of the slots i1dle.

Q4 ii:

What is the offered traffic G?
What is the throughput?

111. Is channel overloaded or under loaded?

For slotted ALOHA channel,

(a) Probability of single transmission duiing a slot time is = e ©.

10% = &€
01 = e ©
= -G = =23
G = 23
®) S = G=e™©
= 23«e” 3
= 0.23
(c) For slotted ALOHA, S is maximum at G =1.
Here G = 23 and
S = 023

It is beyond G =1, hence it is overloaded.
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Q Derive expression for cluster size and Reuse distance for Hexagonal cellular
~~  system.

Cellular system structure



Q 5 Derive expression for cluster size and Reuse distance for Hexagonal cellular

- system.

From the geometry of the figure, 04 = Rand 4B = R,
Then, 0B = 04 + AB=R+ R2=3R2.
Then, in right-angled A 04P,
0P = 04 sin 60°= (J3/2)8

00 = 0P+ PQ (vhere OP = P()
Therfore, = [(3/2)R ) + [(3/2)R]
Henee, d= 3R

The area of a cell (the small hexagon) with radius R is given as
Avctioge= V3 1) XK

Cellular system structure



Q Derive expression for cluster size and Reuse distance for Hexagonal cellular

~ system.

Let ‘d" be the distance between two adjacent cells
and ‘D’ be the distance from the centre of the

cell under consideration to the centre of a nearest
cochannel cell.

A XYZ

XZ' = XY 4 YZ? = 2 x XY x YZ cos 120°
On D =(ixd)’+(jxd)?=2x(ixd)x (jx
d) cos 120°
0r,D2=(fxd)z+[jxd)2-Zx{de]x(jx
d) x (<'4)
Or, D = (i x d)*+ (j x d)* + (i x d) x (j x d)
Or, D% = d* (i 4 j* +i x j)

D’=3xRx(i*+j +ix}))



() Assume a cellular system of 32 cells with a cell radius of 1.6 km, a total spectrum allocation that supports 336 traffic
channels, and a reuse pattern of 7. Calculate the total service area covered with this configuration, the number of

Q6 channels per cell, and a total system capacity. Assume reqular hexagonal cellular topology.
(b)

Let the cell size be reduced to the extent that the same area as covered in Part (a) with 128 cells. Find the radius of the
new cell, and new system capacity.
Comment on the results obtained.

fa) To calculate total service area, number of channels per cell, and system capacity
Total number of cells in service arca = 32 (given)
Radiusofacell, R = 1.6 km (given)

Step 7. To calculate area of a regular hexagonal cell
Area of a regular hexagonal cell, 4__, = 3v3/2 x R*®
Therefore, A= 3V3/2 x (1.6 km)* = 6.65 km®

Srep 2. To calculare rotal service area
Total service area covered = no. of cells in total area x Areca of a cell

Hence, total service area covered = 32 = 6.65 = 213 km?*

Step 3. To calculate number of channels per cell
Total number of available traffic channels = 336 (given)
Frequency reuse pattern (cluster size) =7 (given)
Hence, number of channels per cell = 336/7 = 48

Step 4. To calculate total system capacity
Total system capacity = number of channels per cell x number of cells

Hence, total system capacity = 48 x 32 = 1536 channels



() Assume a cellular system of 32 cells with a cell radius of 1.6 km, a total spectrum allocation that supports 336 traffic
channels, and a reuse pattern of 7. Calculate the total service area covered with this configuration, the number of

Q6 channels per cell, and a total system capacity. Assume reqular hexagonal cellular topology.
(b)

Let the cell size be reduced to the extent that the same area as covered in Part (a) with 128 cells. Find the radius of the
new cell, and new system capacity.
Comment on the results obtained.

(b) Total number of available cells = 128 (given)
Total service area = 213 km’ (as calculated in Step 2)

Step 5. To determine area of new regular hexagonal cell

Area of a regular hexagonal cell = total service area/number of cells
= 213 km?/ 128 = 1.66 km’

Step 6. To find radius of new smaller cell, R
Area of a regular h leell = 3v3/2 x R?

But, 333;2 x R*=1.66km’ (as calculated in Step 5)

Or, R=08km

Hence, radius of new smaller cell, R = 0.8 km

Step 7. Tofind new system capacity
New system capacity = number of channels per cell x number of cells
New system capacity = 48 x 128

Hence, new system capacity = 6144 channels



A mobile communication system is allocated RF spectrum of 25 MHz and uses RF channel bandwidth of 25 kHz so that
total number of 1000 voice channels can be supported in the system.

(a) Ifthe service area is divided into 20 cells with a frequency reuse factor of 4, compute the system capacity.
Q7 (b) The cell size is reduced to the extent that the service area is now covered with 100 cells. Compute the system capacity

while keeping the frequency reuse factor as 4.

(c) Consider the cell size is further reduced so that the same service area is now covered with 700 cells with the frequency
reuse factor of 7. Compute the system capacity.

Comment on the results obtained.

Number of available voice channels, N = 1000 (given)

Step 1. To determine the cluster capacity
We know that in a cellular system based on frequency-reuse concept, all the given available channels, that
is, 1000, are allocated to cach cluster uniformly.
Therefore, each cluster can serve 1000 active users simultaneously.
In other words, the capacity of a cluster = 1000
fa) To compute the system capacity for given K
Number of cells covering the area = 20 (given)
Frequency reuse factor or cluster size = 4  (given)

Step 2. To determine number of clusters
Number of clusters = number of cells/cluster size
Therefore, number of clusters = 20/4 = §

Step 3. To determine the system capacity
The capacity of a cluster = 1000 (as calculated is Step 1)
Number of clusters = 5 (as calculated is Step 2)

Thus, number of channels in all 5 clusters = 1000 x 5 = 5000
Hence, the system capacity = 5000 users



A mobile communication system is allocated RF spectrum of 25 MHz and uses RF channel bandwidth of 25 kHz so that
total number of 1000 voice channels can be supported in the system.

(a) Ifthe service area is divided into 20 cells with a frequency reuse factor of 4, compute the system capacity.
Q (b) The cell size is reduced to the extent that the service area is now covered with 100 cells. Compute the system capacity

while keeping the frequency reuse factor as 4.

(c) Consider the cell size is further reduced so that the same service area is now covered with 700 cells with the frequency
reuse factor of 7. Compute the system capacity.
Comment on the results obtained.

(&) To compute new systern capacity for increased number of cells.
Number of cells covering the area = 100 (given)

Frequency reuse factor or cluster size = 4 (given)

Step 4. To deterrnine number of clusters
Therefore, number of clusters — 100/4 = 25

Srep 5. To deterrnine new system capacity
Thus, number of channels in all 25 clusters = 1000 x 25 = 25000
Hence, the new system capacity — 25000 users



A mobile communication system is allocated RF spectrum of 25 MHz and uses RF channel bandwidth of 25 kHz so that @
total number of 1000 voice channels can be supported in the system.

(a) Ifthe service area is divided into 20 cells with a frequency reuse factor of 4, compute the system capacity.
Q (b) The cell size is reduced to the extent that the service area is now covered with 100 cells. Compute the system capacity

while keeping the frequency reuse factor as 4.

(c) Consider the cell size is further reduced so that the same service area is now covered with 700 cells with the frequency
reuse factor of 7. Compute the system capacity.

Comment on the results obtained.

(¢) Tocompute new system capacity for increased number of cells and cluster size.
Number of cells covering the area = 700 (given)
Frequency reuse factor or cluster size =7  (given)

Step 6. To determine number of clusters
Therefore, number of clusters = 700/7 = 100

Step 7. Todetermine new system capacity
Thus, number of channels in 100 clusters = 1000 x 100 = 100,000
Hence, the new system capacity = 100,000 users

Comments on the results 1t is observed that as the number of cells covering a given service area is increased,
the number of clusters having all available number of channels increases. This results into significant
increase in the number of active users in the system or the system capacity. Hence, it is concluded that

frequency reuse enhances system capacity.



