CARLETON UNIVERSITY
Department of Systems and Computer Engineering

SYSC5608 — Wireless Communications Systems Engineering — Fall 2014

Term Exam |1

17 November 2014 — Prof. H. Yanikomeroglu

Closed-book. Two-page aid-sheet is permitted. No smart phones.

Instructions: Write answers in the spaces provided on the question sheet. If
necessary, use both sides of a page. Write legibly, and state any assumptions
that you make. A blank page is provided after the last question.

Name:
Carleton or uOttawa?:
Student Number:

E-mail:

Question Mark out of
1 70

2 40

3 35

4 35

5 40
TOTAL 220




Q1 [70 pts] — Miscellaneous Questions
a) [20 pts] In a wireless system, when the path-loss is measured as 70 dB, the corresponding

spectral efficiency is calculated as 2.7 bits/sec/Hz according to Shannon’s channel capacity
formula. Find the spectral efficiency when the path-loss is 80 dB.

b) [50 pts] Provide short yet accurate answers.

e [10 pts] Why is “co-channel interference” observed in cellular networks?

e [10 pts] Briefly describe “inter-cell interference coordination (ICIC)”. Why has this
concept become important in 4G cellular networks?



e [10 pts] What is the main benefit of the “small cell deployment” concept which is an
emerging technology in cellular networks?

e [10 pts] What is the difference between FDD and FDMA?

e [10 pts] Why is SATCOM (satellite communications) not commonly used in 4G cellular
networks?



Q2 [40 pts] — Power Spectal Density

The power spectral density, S(f), for a digital signalling scheme is given below:
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Find the total power of this signalling scheme.

How much power does this signalling scheme has between 2 MHz and 3 MHz?
How much power does this signalling scheme has at 3 MHz?

Find the absolute bandwidth of this signalling scheme.

BWos (90%-bandwidth) is defined as the frequency below which 90% of the total power is
confined to. Find BW g, for this signalling scheme.



Q3 [35 pts] — Fractional Frequency Reuse (FFR)

In a cellular network the fractional frequency reuse pattern is shown in the below. The total
bandwidth is W Hz. A fraction of this (xW Hz) is used in the centre of each cell. The remaining

portion is used in an orthogonal manner among the four cells. Note that x, a, b, c, d are fractions
in the range [0, 1].

Obtain the equivalent reuse factor for this network in the simplest form.
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Q4 [35 pts] — Wireless Multihop Networks

The below figure shows a wireless network with five nodes. Node 1 is the source and Node 5 is
the destination; the other three nodes denote the potential relays. The spectral efficiency value of
each link is shown in the figure. The source and destination can be connected directly (single-
hop), or through n hops withn=2, 3, 4, ...

How should source and destination be connected if the main goal is to maximize the link rate?
Substantiate your answer.

Help: Assume that there is no scheduling delay at the nodes and the channel assignments are
done in an orthogonal manner (no channel reuse). It was discussed in the lectures that, under
these assumptions, the equivalent spectral efficiency of an n-hop link can be obtained from the

n -1
spectral efficiencies of the individual links as follows: 77, = [Z ni‘lj :
i=1




[Space for Q4]



Q5 [40 pts] — Coverage in Cellular Networks

In a suburban cellular network, the coverage region of a single base station has to be found in
order to determine the total number of base stations needed to be deployed.

Consider a circular region with a radius of d meters; a base station is located at the centre of this
region to provide coverage.

Local average received power measurements are made, and it is found that the measured data fits
a distant-dependent mean power law model (with a propagation exponent of 4) having a “log-
Laplacian” distribution about the mean:

P(d) [dBm] = P.(d) [dBm] + X, [dB],

P.(d) [dBm] = P.(do) [dBm] + 40 log(do/d) [dB].

In the above X, represents a Laplacian random variable, with parameter o> 0, which has the
following PDF:

fx(x):%e'x"", for —oo < X < 0.

In other words, the large-scale fading can be represented by a Laplacian random variable when
the received power is represented in the logarithmic scale (10 log(.)).

The sensitivity level of the receivers is -120 dBm; that is, if the received power happens to be
below this level, then the signal gets buried under the background noise and thus it cannot be
detected. The design specifications allow at most 1% cell edge outage; in other words, at least
99% of the collected data at d meters has to be greater than -120 dBm.

The measurements indicate that the reference distance is do =10 meters, and the average received
signal power at d =100 meters is -55 dBm.

(a) Show that the Laplacian distribution is a valid PDF.

(b) Find an inequality showing d as a function of o in the following form: d < g(o).

(c) If the measurements indicate that o = 4.2, find the maximum area that can be given service
with a single base station.
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