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b)

d)

Assume that a signal-to-noise ratio of 15 dB is required for the satisfactory down-
link channel performance of a cellular system that has 6 co-channel cells in the first
tier. What is the frequency re-use factor and cluster size that should be used for

maximum capacity if the path loss is due to the inverse fourth power loss?

A mobile is located 5 km away from a base station and uses a vertical Al4
monopole antenna with a gain of 2.55 dB to receive cellular radio signals. The E
field at 1 km from the transmitter is measured to be 107 V/m. The carrier

frequency used for the system is 900 MHz.

i) Find the length and the effective area, 4, , of the receiving antenna.

ii)  Find the received power at the mobile using a 2-ray ground reflection model
assuming the height of the transmitting antenna is 50 m and the receiving

antenna is 1.5 m above ground.

Using Figure 1.1, compute the diffraction loss for the three cases shown in Figure
1.2. For all the cases assume that A=1/3 m, d,=1km, d,=1 km. Also

assume that the obstacle height for each case is

i) h=25m,
i) h=0m,
i) hA=-25m.

For each of these cases, identify the Fresnel zone within which the tip of the

obstruction lies.

Consider a transmitter which radiates a sinusoidal carrier frequency of 1850 MHz.
For a vehicle moving at MI, compute the received carrier frequency if the
mobile is moving s 2631 ms5” t

i) directly towards the transmitter,

i1) directly away from the transmitter,

iii) in a direction which is perpendicular to the direction of arrival of the

transmitted signal.

Find the average fade duration for a threshold level R, = 0.707 when the Doppler

frequency is 20 Hz. Assume that for a binary digital modulation with data rate of

50 bps, a bit error occurs whenever any portion of a bit encounters a fade for which

R, <0.1. Calculate the average number of bit errors.
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Figure 1.1 Diffraction loss diagram

Figure 1.2, case 1.

Figure 1.2, case 2.

Figure 1.2, Case 3.
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b)

d)

In a mobile radio data transmission system, each cell radius is designed to be 500
metres. The calls originating from the users in each radio cell divide into four
groups. Average bit rates for the four groups are: 10, 12.5, 17.5 and 20 kbit/s.
Packets are of equal size of 1250 bits. There are 40741 mobile users in an area of 2
km? and 90 percent of the mobile users are active during any period of one hour.

i) What is the call arrival rate, A, per second ?

ii)  What is the average number of packets an active user transmits over an hour

period?

The call arrival process described in part a) identifies the call arrivals for a deferred-
first transmission Aloha system. The packets are transmitted over a link with data
rate of 200 kbs. The number of backlogged users is n, =30 and the re-
transmission probability is g, =1/30. Compute |
i) the offered load, g, for the system and the corresponding throughput

ii)  the call arrival rate, A, per slot

iii) thedrift, dn, for the real number of backlogged users.

The joint drift equation dj = dn — g ds is used to stabilise the Aloha system given in

part b). In the joint drift equation, the term ds is the estimated drift equation for the

estimated number of backlogged users with the control parameters (uo, u,, uc).

If uy=u, =04

i) find the control parameter u, which will provide a unique settling point at
g=1

ii)  calculate the estimated drift (ds), the real drift (dn ) and also the joint drift
(dj) at the offered load value of g=2.

For a deferred-first transmission Aloha system

1) state three criteria that can be used to stabilise the system using the joint drift
equation |

ii)  find the limiting values of di(G) for G=0 and G=

iii) describe how the roots of dj =0 are used to determine the settling points for

the Aloha system.
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b)

d)

Assume a mobile travelling at a velocity of 10 m/s receives two multipath

components at a carrier frequency of 1000 MHz. The first component is assumed to

arrive at =0 with an initial phase of zero degrees and a power of -70 dBm

(which is equal to 100 pW). The second component is 3 dB weaker than the first

component and is assumed to arrive at r=1 ps with the initial phase of zero

degrees. The mobile moves directly towards the direction of arrival of the first

component and directly away from the direction of arrival of the second component.

For a narrow band system, consider the observation interval 0<¢<0.5ps and

i) compute the instantaneous power at the times Ops, 0.lps, 0.2us,
0.3us, 0.4ps, 0.5us

ii)  calculate the average power received over the observation interval

iliy compare average narrowband and wideband received powers over the

interval.

Assume that in a small scale propagation measurement system, the time between
samples is equal to T, /2, where T, is the coherence time. Determine the sampling
interval required to make the measurements when it is assumed that consecutive
samples are highly correlated in time.

i) How many samples will be required over 10 m travel distance if f =1900

MHz and v =50 m/s?
ii)  How long would it take to make these measurements assﬁming they could be
made in real time from a moving vehicle?

iii) What is the Doppler spread By, for the channel?

A minimum-mean-square-error decision-feedback-equaliser has the mean square
error between the desired and equalised signals as follows

) 1.3(N +1)

E T NIE + (V- + (V- 2) )X

where X is the signal-to-noise-ratio (SNR) at the input of the equaliser and the

feed-forward filter is of length N+1. The channel impulse response coefficients are

specified by H = 7 & h,]” . Find the equaliser gain for large values of Xp .

Tn connection with the Global Systems Mobile ( GSM ) radio system, explain
i) the framing structure for the traffic channels

ii)  how the network switching subsystem is organized.
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4)

a)

In connection with the transitional 2.5 G radio systems, explain how the HSCSD,

EDGE and GPRS systems will be used to provide a smooth transition from the 2G

to 3G systems.

For the 3G wideband radio system, describe

b)

d)

the uplink transmission, paying particular attention to

i)  the uplink dedicated channels DPCCH and DPDCH

ii)  the uplink multiplexing over the DPDCH channel.

the system architecture, paying particular attention to
1) the user equipment
ii)  the UTRAN system

iii)  the core network.

the UMTS interfaces, paying particular attention to
i) the Cu interface

ii)  the Uu interface

iii)  the Iu interface

iv)  the Iur interface

v)  the Iub interface.

the UMTS traffic classes, paying particular attention to
i) the conversational class

il)  the streaming class

iii)  the interactive class

iv)  the background class.
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