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Special Instructions for Invigilators: None

Information for candidates :

Q function values

z Q(z) z Q(z) z Q(z)
0 0.5 0.4677 | 0.32 0.9945 | 0.16
0.0251 | 0.49 0.4959 | 0.31 1.0364 | 0.15
0.0502 | 0.48 0.5244 | 0.3 1.0803 | 0.14
0.0753 | 0.47 0.5534 | 0.29 1.1264 | 0.13
0.1004 | 0.46 0.5828 | 0.28 1.175 0.12
0.1257 | 0.45 0.6128 | 0.27 1.2265 | 0.11
0.151 0.44 0.6433 | 0.26 1.2816 | 0.1
0.1764 | 0.43 0.6745 | 0.25 1.3408 | 0.09
0.2019 | 0.42 0.7063 | 0.24 1.4051 | 0.08
0.2275 | 0.41 0.7388 | 0.23 1.4758 | 0.07
0.2533 | 0.4 0.7722 | 0.22 1.5548 | 0.06
0.2793 | 0.39 0.8064 | 0.21 1.6449 | 0.05
0.3055 | 0.38 0.8416 | 0.2 1.7507 | 0.04
' 0.3319 | 0.37 0.8779 | 0.19 1.8808 | 0.03
0.3585 | 0.36 0.9154 | 0.18 2.0537 | 0.02
0.3853 | 0.35 0.9542 | 0.17 2.3263 | 0.01
04125 | 0.34 0.9945 | 0.16
0.4399 | 0.33 1.0364 | 0.15
0.4677 | 0.5 1.0803 | 0.14
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a)

b)

An in-building radio system operates at the transmission frequency
f. =900MHz, and has cells of radius 10,m. Assuming free-space path

loss model, and non-directional antennas at the transmitters and

receivers, answer the following

i) What is the required transmit power at the base station such that all
terminals within the cell receive a minimum power of 10 yW?

i)  How will this change if the system frequency is 5 GHz?

Over an indoor radio transmission link, the terms P 4, andP g,
represent the dB power levels for the transmitted and received signals. At
distance d,, the simplified path loss model estimates the received signal

power in dB from

P

r.dBm — Pam + K —10+y+l0g,, (di)

where K =20log,,(4/4r) is the free space path loss at unit distance,
and y is the path loss exponent.

Consider the set of empirical measurements of P, 4. — P, sm given in the

Table 1.1 for the system at 900 MHz.

Distance, d,, from transmitter P. s&m — Pragm

10m -70 dB

20m -75dB

30m -90 dB

100 m -100 dB

300m -125 dB
Table 1.1

The minimum-mean-square-error (mmse) between the empirical dB
power measurements and the dB power estimate for the simplified model

is

F(7) = 3 [Mrens (@) - Mo (9

Where M, ... (d;) is the path loss measurements given in Table 1.1

and M, (d)=K-10.y4og,(d;) atdistance d,.

i) By differentiating the mmse with respect to y, find the path loss
exponent which minimises the mmse.

Question continued over
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ii) With this path loss exponent and a transmit power of 1 mW
(0dBm), calculate the received power at 150 m for the simplified
path loss model.

Consider a cellular system operating at 900 MHz where propagation

follows free space path loss (the path loss exponent y=2) with

variations from log normal shadowing with o = 6 dB. Suppose that for

acceptable voice quality a signal-to-noise power ratio of SNR_;, =15 dB
is required at the mobile. Assume the base station transmits at P, =1 W
(30 dBm) and its antenna has a gain of G, 4, =10log,, G, =3dB. There is
no antenna gain at the mobile and the receiver noise in the bandwidth of
interest is -70 dBm.

Under path loss and shadowing, outage probability P,,(P.,.d) is

defined to be the probability that the received power, P.(d), at a given

distance, d, falls below P, . i.e., P, (P d)=p(P,(d)<P,,). For the

min?

combined path loss and shadowing

p(P.(d)<P, )=1_Q{P”’”"’“"‘ mUE S '10‘7"0910(«1))}

o

where the Q function (see useful information section on page 1) is

defined as

Q(2) = %erfc(%]

The term K =20log,, (\/_é,_ A /4n) is the free space path loss at reference

distance unity.
Find the maximum cell size so that a mobile on the cell boundary will

have acceptable voice quality 90% of the time.

Consider a channel with Rayleigh fading and average received power
P =20dBm.

Find the probability that the received power is below 10 dBm.
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a)

The multipath power delay profile, A, (z), is the autocorrelation function

of the multi-path channel impulse response. The average delay spread,

#; , and rms delay spread, o; are defined in terms of the power delay

profile as
Ir A (7)dr
py =4———— and
IAC (r)dr
0

©

.[(r -4, )2 A (7)dr

:[Ac (r)dr

A linearly modulated waveform with symbol period, T , experiences
significant inter-symbol-interference (ISI) if 7, < o7 .

i) The multipath power delay profile is modelled as a one-sided
exponential distribution:

1 - &
Alr)==e ™, 20
C( ) Tm
Show that the average delay spread is u; =T . Find the rms 3]

delay spread o; .

i) Consider a wideband channel with power delay profile

Ac(r)={e_ m, 0<7r<20 usec
else
(01)  Find the mean and rms delay spreads of the channel. [3]
(02) Find the maximum symbol rate such that a linearly
modulated signal transmitted through this channel does not [2]
experience 1S1.
i) A linearly modulated signal is transmitted through a channel which
experiences severe 1SI. A maximum likelihood sequence detector

(MLSD) is used as the decision device.

Explain how the channel impulse response rotation method can be [11]

used to maximise the minimum distance of the MLSD receiver.

Question continued over
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b)  Consider a deferred-first transmission Aloha system.

i)

Suppose that the transmission rate is R = 10 Mbps and packets 2]
consist of 1000 bits.

For what packet arrival rate A will the system achieve the maximum

throughput.
What is the effective data rate associated with this throughput?

Explain how the joint-drift analysis is used to stabilise the system [4]

to operate at the maximum throughput.
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c)

The SIR for a CDMA uplink with non-orthogonal codes under the
standard Gaussian assumption is given as SIR =3G/(K -1). Where
G=128 is the ratio of spread bandwidth to signal bandwidth, and K is the

number of users. Assume that the bandwidth of the information signal

prior to spreading is B, =9.765KHz.

i) Calculate how many users the CDMA uplink can support if the
required SINR on a channel is 10 dB.

i)  How many could be supported within the same total bandwidth for
an FDMA system? Comment on the resuilt.

Consider the third generation wideband UTRA/FDD radio system and
describe how the User Equipment, when it is first tumed on, identifies the
random access physical channel parameters using the following

channels:

i) the Primary Synchronization Channel,

ii)  the Secondary Synchronization Channel,

ii)  the Pilot Channel,

iv)  the Primary Common Control Physical Channel (PCCPCH), and
v)  the Secondary Common Control Physical Channel (SCCPCH).

Consider a mobile system downlink channel, with additive white
Gaussian noise, used as the downlink broadcast channel with total
transmission power limited to 20 mW. The downlink bandwidth is limited
to 150 kHz and will be used to broadcast messages to 2 users with each
having unity link path gain. The noise power spectral densities for the link
1 and 2 are 7+10° W/Hz and 2.10® W/Hz respectively. Suppose user 1
requires a data rate of 310 kbps. Using the Corporate broadcast
method, find the data rate allocated to user 2 under the following

allocation schemes:
i) Fixed power time division,
i) Equal bandwidth frequency division, and

iii)  Superposition coding.
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a)

The parameters, used for a service in the third generation FDD wideband
UTRA/FDD radio system downlink (DL), are shown in Table 4.1.

Service 1, DCH#1
Transport block size 164 bits
TTI 40 ms
Bit rate 4.1 kbps
CRC 16 bits
Cading Convolutional rate 1/3

Table 4.1 parameters for the 4.1 kbps data service.

Describe how a 4.1 kbps data service can be mapped to the downlink
dedicated physical channel.

Consider an ad hoc wireless network with three users. Users 1 and 2
require a received SINR of ] =y;=7 dB whereas user 3 requires an

SINR of y; =10 dB. Assume all receivers have the same noise power

n =1, for k=1,2,3, and there is no processing gain to reduce

interference, i.e. p = 1. Assume a matrix of gain values, indexed by the
transmitter receiver numbers, is given by
91 91 9is 0.85, 0.05, 0.03

G=|0g, Jxn U |=|0.08, 0.95, 0.116
9y 9x s 0.054, 0.034, 0.75

The SINR at the intended receiver on link k is given by

7o = 9P / (nk + pz gijj] where P, >0 is the transmission power for
jzk

user k. Assume that P=[P, PR, Pa]T is the column vector for the

.
transmission powers, u=[yn,/g,\, 73M2/z. ¥3M3 /g5, | is the column

vector of noise powers scaled by the SIR constraints and channel gains,

. N 0 k=] ) )
and F is matrix with F; = with k,je{12,3}.

7’; 9y P/gkk k #

i) Confirm that the vector equation (I -F)P 2 u is equivalent to the
SINR constraints of each user.

ii) Show that a feasible power vector exists for this system such

that all users achieve their desired SINRs.

Question continued over
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in IEEE 802.11a standard for the wireless LANs, N = 64 subcarriers are

generated over 20MHz bandwidth (equal to the sampling rate 1/7, ). Only

48 subcarriers are actually used for data transmission, with the outer 12
subcarriers not used to minimize interference, and 4 subcarriers are
used as pilot symbols for channel estimation. The cyclic prefix consists
of y = 16 samples, so the total humber of samples associated with each
OFDM symbol, including both data samples and the cyclic prefix, is 80.
The same code and modulation are used for all the subcarriers at any
given time. The error correction code is a convolutional code with one of
three possible coding rates: r = 1/2, 2/3, or 3/4. The modulation types
that can be used on the subchannels are BPSK, QPSK, 16QAM, or
B64QAM.

i) What is the bandwidth for each subchannel?

i)  What is the maximum delay spread for which IS is removed?
i)  What is the symbol time per subchannel?

iv)  What is the minimum data rate corresponding to BPSK?

v)  What is the maximum data rate that can be transmitted?

vi)  Find the data rate by assuming 16 QAM modulation and rate 2/3

coding is used.
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