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Part B
1. We are going to design a cellular system providing a speech/voice service. The system uses FDMA and
FDD. Both propagation and terminal desity are assumed to be homogenous over the geographical surface
to be covered. We have the following given parameters:

Reception quality: (C/I)min = 12 dB
Available bandwidth, up-link: Bul = 10 MHz
Available bandwidth, down-link: Bdl = 10 MHz
Channel bandwidth/separation: Bch = 30 kHz
Propagation exponent: µ = 4
Large-scale log-normal fading: σ = 7 dB

(a) How many speech channels (duplex) are available in the system? (1p)

(b) Given that the there is a 97% accessibility requirement on the cell boundary, how large a fading
margin Ms is required (in dB)? Assume that only the wanted signal is fading. (1p)

(c) Determine the cluster size Ncl required with a fading margin according to b) and the number of
speech channels Nc that can be assigned to each base station in the cluster? (1p)

(d) Assume that we have a blocking system, following the Erlang-B characteristics. How large a capacity
is obtained during a busy hour, expressed in the number of terminals per cell, with a 2% limit on the
blocking? During a busy hour, each terminal generates, on average, 3 calls with 2 minute duration
each. (2p)

Solution:
a) With 10 MHz in each direction and 30 kHz channel separation, there are 10 × 106/30 × 103 = 333
(duplex) channels available.
b) The fading margin is given by
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= 0.03⇒Ms = 7× 1.88 = 13.2 dB

c) The protection ratio (including the fading margin) becomes

KI = (C/I)min +Ms = 12 + 13.2 = 25.2 dB = 331 times

Considering that the up-link is the limiting case, we must have

KI = 331 =
1
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Using the table of available cluster sizes, we obtain a smallest cluster size of Ncl = 21 (D/R = 7.9). The
333 (duplex) channels divided among the 21 cells give Nc = 333/21 = [rounded down] = 15 channels/cell.
d) From the blocking probability figure for Erlang-B systems we get, for Nc = 15 and 2% blocking, an
offered traffic of about Ao = 10 Erlang/cell. With a busy hour traffic of 3× 2/60 = 0.1 Erlang/terminal
we get a capacity of 100 terminals/cell.

2. Assume that we have a frequency-hopping packet radio system, with Q frequency channels, where the
transmission of each packet is done without changing channel, like in Bluetooth. The Q frequency channels
have a bandwidth of Bch Hz each, the modulation type is MSK, coherent detection is used in the receiver,
and we assume that there is no cross-talk between the frequency channels. Each new packet is transmitted
on a randomly chosen frequency channel, each chosen with probability 1/Q. The system contains several
terminals and transmission is done in slots, i.e. all packet transmissions (from different terminals) start at
the same time instances. The packets transmitted are all of equal length (in contrast to e.g. Bluetooth).
Each terminal selects its frequency channel independently of the other terminals and they always have
packets to transmit in each slot (are always active).

(a) Assume that there is only ONE terminal interfering with YOUR transmission. What is the probability
that the interfering terminal selects a different frequency channel than your terminal in a certain
transmission slot? (1p)
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(b) Assume that there are a total ofM interfering terminals in the system, i.e. M−1 terminals interfering
with your terminal. Derive an expression (a function of M) for the probability that ALL interfering
terminals select other channels than the one selected by your terminal in a certain transmission slot. (1p)

(c) Assume that the terminals are spaced closely together so that all colliding packets are destroyed. By
colliding we mean packets transmitted on the same frequency channel in the same time slot. Further,
assume that all packets not involved in collisions are received perfectly. Condidering that there areM
terminals transmitting packets at the same time, derive an expression for the (average) total number
of packets properly received at their respective restinations per time slot. (1p)

(d) Determine the optimal number of interfering terminals (M = Mopt) in the sense that the (average)
total number of properly received packets per time slot is maximized. (2p)

Solution:
a) The probability that the same channel is selected is 1/Q. Hence, the probability that another channel
is selected is 1− 1/Q.
b) The events that each of the interferers select other channels are independent, which gives us a total
probability (1− 1/Q)M−1 that all M − 1 select other channels.
c) Considering the result from b) we see that of the M transmitted packets in each slot, an average of
M (1− 1/Q)M−1 will be received properly (do not collide with other packets).
d) Let us use f (M) as the function describing the (average) number of properly received packets per slot,
when M transmitters are transmitting. To find an optimal number of transmitters we take a closer look
at the difference f (M + 1)− f (M) and find the M for which there is a change of sign. Using the result
from c) we get

f (M + 1)− f (M) = (M + 1) (1− 1/Q)M −M (1− 1/Q)M−1

= (1− 1/Q)M
µ
1− M

Q− 1

¶
.

This expression changes sign when (1−M/ (Q− 1)) changes sign. At M = Q−1 we see that f (Q− 1) =
f (Q), which gives us the answer that there are two equally good points: Mopt = Q− 1 and Mopt = Q.


