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The Questions

1. Answer the following subquestions.

(a) For the two-ray path-loss model, derive an approximate expression for the  [7]
distance values below the critical distance, d,, at which signal nulls occur.

(b) The following table lists a set of empirical path-loss measurements.

Distance from Transmitter | P,/P, /\‘m\ce 2: anzkﬁ

5m -60 dB
25 m -80 dB
65 m -105 dB
110 m -115 dB
400 m -135 dB
1000 m -150 dB

where P, and P, are transmitted and received signal powers.
i. Find the parameters of a simplified path-loss model, plus log normal  [3]
shadowing that best fit this data.
ii. Find the path loss at 2000 m based on this model. [2]

iii. Find the outage probability at a distance d assuming the received power [2]
at d due to path-loss alone is 10 dB above the required power for non-
outage.

(c) Consider a two-path channel with impulse response
h(t) = a16(T) + ad(T — 22 x 107%).

Find the transmission delay 7, as well as o; and @y, assuming a free space  [6]
path loss on each path, and a reflection coefficient of -1. Assume the trans-
mitter and receiver are located 8 meters above the ground and the carrier
frequency is 900 MHz.
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2. Answer the following subquestions.

(a) For a Rayleigh fading channel with average power P,= 30dB, and Doppler
frequency fp = 10 Hz, compute the average fade duration for target fade
values Py= 0 dB, Fy= 15 dB, and Fy= 30dB.

(b) Consider the following two-ray channel scattering function obtained when
applying a 900 MHz sinusoidal input to the channel:

a0 (7) p="T0
S(t,p) =14 a8(T—22%x107%) p=49.5Hz
0 else,

where o; and o, are determined by path loss, shadowing, and multipath
fading. Assume the transmitter and receiver used to send and receive the
sinusoidal signal are located 8 meters above the ground.

i. Find the distance and velocity between the transmitter and receiver.
ii. For the distance computed in part i., is the path loss as a function of
distance proportional to d=2 or d™*?
ili. Does a 30 KHz voice signal transmitted over this channel experience flat
fading or frequency-selective fading?

(c) Let a scattering function S(, p) be nonzeroover 0 < 7 < 0.1msand-0.1<p
< 0.1 Hz. Assume that the power of the scattering function is approximately
uniform over the range where it is nonzero.

i. What is the multipath spread and the Doppler frequency spread of the
channel?

ii. If the input to this channel is two identical sinusoidal signals separated
in time by At, what is the minimum value of Af for which the channel
response to the first sinusoidal signal is approximately independent of
the channel response to the second sinusoidal signal?

iii. For two sinusoidal inputs to the channel u;(t)= sin2x ft and us(t) =
sin2m f(t + At), what is the minimum value of At for which the channel
response to u;(t) is approximately independent of the channel response
to -'J,Q(t)?

iv. Will this channel exhibit flat fading or frequency-selective fading for a
typical voice channel with a 3 KHz bandwidth? Examine the nature of
fading for a cellular channel having a bandwidth of 30 KHz.
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3. Answer the following subquestions.

(2)

Consider an additive white Gaussian noise (AWGN) channel with bandwidth
50 MHz, received power 10 mW, and a noise power spectral density (PSD)
No= 2 x 107 W/Hz. If the received signal power is doubled, by how much
is the capacity increased? If the channel bandwidth is doubled, by how much
is the capacity increased?

Consider a flat-fading channel where, for a fixed transmit power P, the
received signal-to-noise-ratio (SNR) is one of four values: v; = 30 dB, 7,
= 20 dB, v;= 10 dB, and 7, = 0 dB. The probability associated with each
state is p1 = 0.2, po = 0.3, p3= 0.3, and p; = 0.2 respectively. Assume both
transmitter and receiver have Channel Side Information.

i. Find the optimal power control policy P(y;)/P , i =1,---,4, for this
channel and its corresponding Shannon capacity per unit of bandwidth.

ii. Find the channel inversion power control policy for this channel and the
associated zero-outage capacity per unit of bandwidth.

iii. Find the truncated channel inversion power control policy for this chan-
nel and the associated outage capacity per unit bandwidth and also the
associated cutoff 7, for the following three different outage probabilities:
Powi= 0.1, pous = 0.01, and p,,; corresponding to the value that achieves
the maximum capacity with outage.

Consider two users simultaneously transmitting to a single receiver in an
AWGN channel. Assume the users have equal received power of 10 mW
and total noise at the receiver in the bandwidth of interest of 0.1 mW. The

channel bandwidth for each user is 20 MHz.

i. Suppose that the receiver decodes one of the users’ signal (signal 1) and
the second user’s signal acts as AWGN. What is the capacity of the
channel associated with the decoded signal 17

ii. Suppose that after decoding signal 1, the decoder re-encodes it and
subtracts it from the received signal, what is the Shannon capacity of
the second user’s channel?
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4. Answer the following subquestions.

(a) Consider the third generation wideband UTRA/FDD radio system and de-
scribe how the User Equipment, when it is first turned on, identifies the
random access physical channel parameters using the following channels:

i. the Primary Synchronization Channel,
ii. the Secondary Synchronization Channel,
iii. the Pilot Channel,
iv. the Primary Common Control Physical Channel (PCCPCH),
v. the Secondary Common Control Physical Channel (SCCPCH).

(b) In connection with the Global Systems Mobile ( GSM ) radio system, explain

i. the framing structure for the control channel,
ii. how the logical control channels are multiplexed over the physical chan-
nel,
iii. how the network switching subsytem is modified to handle packet trans-
mission for use in the General Packet Radio Service (GPRS).

(c) Consider a wideband direct sequence spread spectrum (WCDMA) system,
where a total of Kspreading signature waveforms are used to spread the
information data bits over the downlink. Assume that both transmitter
and receiver have knowledge of both the channel gain, hi, and the channel-

SNR, 2%,
the trgnsmitter adjusts the transmission power P for each code k while
maintaining a minimum SNIR requirement ~; > 0 at the output of the
receiver detector in accordance with the Perron-Frobenius theorem, produce

an expression for the power P, as a function of the inverse-channel-SNR.
(d) Describe how the sum-capacity for random CDMA codes is upper bounded
by the Welch-Bound-Equality limit.

Explain how the iterative water filling and the discrete bit loading algorithms
can be used to maximize the sum-capacity for random parallel codes in
WCDMA systems.

for each code where the term ¢? is the noise variance. Given that
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