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1)

b)

Determine the critical distance for the two-ray model in

[3]

i) an urban microcell with a transmitter antenna height A, =10 m and
a receiver antenna height h, =3m,

i)  an Indoor microcell having a transmitter antenna height h, =3 m (3]
and a receiver antenna height h =2m,

given that the radio transmission frequency is f. =2 GHz. Comment on 4

the results.
For a radio system operating at 900 MHz, Table 1 gives the set of
empirical measurements of the logarithmic power ratios, P, . — P, 4gm » Of

the received to the transmitted signals at varying distances. Note the

measurements include the effects of log-normal shadowing.

Distance, d;, from AT e

transmitter

10 m -70 dB

20 m -75 dB
LT SOm -90 dB

100 m -100 dB

300 m -125dB

Table 1 Path loss measurements

At distance d,, the simplified path loss model estimates the received
signal power in dB from

P

r.dBm

=P

t,dBm

+ K —10ey+l0g,, (d;)

where K =20log,,(4/4x) is the free-space-path loss at unit distance %
d, =1m, and y =3.71 is the path loss exponent.

Find G‘iu the variance of the log-normal shadowing about the mean path

loss based on these empirical measurements.
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2)

Consider a wireless LAN operating in a factory. The transmitter and

receiver have a Line-of-Sight path between them with gain ¢,, phase
¢,, and delay r,. Operating machines create an additional reflected
signal path every T, seconds. The reflected signal has gain «,, phase
¢., and delay r,. Find the time-varying impulse response ¢(z,t) for the
link between the transmitter and receiver pair.

The root-mean-square (rms) delay spreads are measured to be

o, =50ns and o, ~30us for indoor channels and outdoor microcells,

respectively. Find the maximum symbol rate R, =1/T, for these

environments if a linearly modulated signal transmitted through the
channel can be received with negligible Intersymbol Interference (ISI).
Comment on the data rates achievable over indoor channels and outdoor
microcells.

For a channel with Doppler spread B, =80Hz, find the time difference
between two received signal samples in order for the samples to be

approximately independent.
Consider the time-varying multipath channel in the frequency domain by

taking the Fourier transform of the time-varying impulse response
¢(z,t). Using this Fourier transform description explain the meaning of
i)  The coherence bandwidth of the channel,

i) flat fading,

i)y frequency selective fading.
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b)

b)

Consider a wireless channel where the signal power attenuation with

3
distance d follows the formula P,(d]:P,% for d, =10m where P,

and P. are the transmitted and received signal powers respectively.
Assume that the channel has a bandwidth B =30 kHz and it is subjected
to AWGN having a noise power spectral density of N,/2, where
N, =10°W /Hz. For a transmitter power of 1 W, find the capacity of this
channel for a transmitter-to-receiver distance of

i) 100 mand

iy 1 km.

Consider a flat-fading channel with independent-identical-distributed

channel gain /g which can take on three possible values: /g, =0.05
with probability p,=0.1, /g, =0.5 with probability p,=0.5, and
\/g_a =1 with probability p, =0.4. The transmitted poweris P, =10 mW,

and the noise power spectral density is N,/2 where N, =107 W/Hz,

and the channel bandwidth is 30 kHz. Assume that the receiver has

knowledge of the instantaneous value of g but the transmitter does not.

Find the Shannon capacity of this channel and compare this with the
capacity of an AWGN channel with the same average signal-to-noise
ratio.

Assume the same channel as in part (b), with a bandwidth of 30 kHz and

three possible received SNRs: 7, =0.8333 with probability p(y,)=0.1,
7, =83.33 with probability p(y,)=0.5, and y,=333.33 with
probability p(y,)=04. Find the ergodic capacity of this channel

assuming that both transmitter and receiver have instantaneous channel

side information.
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4)

Consider the downlink of a direct sequence spread spectrum (DSSS) radio
system where at the output of the / chip matched filter, the received discrete

time signal corresponding to the " information data bit, b, , is given by

r[i] =k b,[ils, é\/ﬁ b [i]s. +n

kej

where s, =[5;.1 B Sina Siw T is the spreading sequence with the

property that sjs ; =1. The term n is the noise vector having dimension N with
corresponding variance o*. For k=1.-----K, p, is the transmission power for

code k. The term ﬁ is the amplitude of the channel impulse response
¢(r)=\/n; 5(r) and K is the total number of codes.

a) Given that the system is overloaded, i.e K>N , and each information data

bit b, [i] can be estimated using b:. =sign(cjr], produce expressions for
the detection filter coefficients, ¢;, for

i) the matched-filter detection, and
i)  the minimum-mean-square-error (mmse) detection.

b)  Produce an expression for the signal-to-noise ratio at the output of the
mmse detection filter.

c) Given that the channel side information is known both at the transmitter
and receiver, explain how the transmission power can be iteratively
adjusted to maintain a fixed signal-to-noise ratio at the output of the
receiver detection filter.

d) Produce an expression for the sum-capacity per chip for the dowlink if
the system described in part (c) uses all K parallel codes to transmit to a

single user.
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o)

Consider the third generation wideband UTRA/FDD radio system, and answer

the following questions.

a)

b)

Describe how the OVSF channelization and scrambling codes are used

to spread the information data bit to realize a physical channel.

Describe how the scrambling codes for the downlink are organized to
reduce the search time for the identification of the cell-specific

scrambling codes.

Describe how

i)  the Primary Synchronization transport channel, and

i)  the Secondary Synchronization transport channel

is organised to use the cell-specific scrambling codes to establish the
frame timing synchronization. |

Describe how the Random Access Channel and the Acquisition Indicator

channels are used to provide access control.
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Consider a direct sequence spread spectrum wideband CDMA system,
where a total of K spreading signature waveforms are used to spread the
information data bits over the downlink. Assume that both transmitter

and receiver have knowledge of the channel gain h,_ and the channel

A

signal-to-noise ratio (SNR) g, =M—"2 for each code k where o2 is the
o

noise variance. Given that y, is the minimum required signal-to-noise

ratio at the output of the detector and that the transmitter adjusts the
transmission power P, for each code k while maintaining a SNR
Y« 2¥¢. derive an expression for the power P, as a function of the
inverse-channel-SNR (in accordance with the Perron-Frobenius
theorem).

Assume that the inverse-channel-SNR power allocation method is to be
replaced with the iterative water filling power allocation method. Describe
how the iterative-water filling algorithm calculates the power for each
spreading code in order to maximize the sum-capacity under the

constraint that the total transmission power is limited.
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