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Problem 1: (Gencral concepts unthin radio communication systems)

a) What do the acronyms WLAN, WPAN, and WMAN mean? Present the

< concept behind each of these tenms, putting emphasis on the characteristics,

challenges, and goals in each particular case. Identify at least one represen-
tative example of a wireless communication technology that falls within cach
of these categornes.

/b) List three concepts that differentiate a mobile communication technol-

ogy (hke LTE) from other wircless communication technologies (like IEEE
802.11b). Explain each of these concepts in a brief but clear way.

(c/) Licensed and unlicensed spectrum:  difference between these two con-
cepts. Characterize the interference and the regulations that exist for using
thesc bands Do designers have the same goals/objectives, when defining
the techmical characteristics of the wireless system that should work in li-
censed /nmhcensed spectrum? \Why /why not?

d) Epumerate the three different phases in which a network planning pro-
cedure is usually divided. Explain briefly the main idea behind each of them.

Problem 2: (Chonnel modeling for mobile communication systems)

(a) List the three approaches that exist {or radio channel modeling. Ex-
plain cach channel modeling approach in a brief but clear way. What are the
advantages and disardvantages of each of them? Rank them in order of im-
portance, according to the use that they have in the planning of new mobile
network deployments

(b) Enumcrate the three different types of fading that can be be nsually
differentiated i a clear way, when modeling statistical]y the iustantaneous
path loss attenuation of a wireless link. What originates these three different
behaviors? Explain the main characteristics of each of these types of fading,

(c) A wireless communication system operates at f = 900 MHz 1 small
village, which can bhe considered as a mixed sub-urban and rural environ-
ment according to its signal propagation charactenistics (see Fig. 1 for more
details) The wireless communications system has a single hase station (BS)
located in the center of the village. The height of the BS antenna and the
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Figure 10 Wireless communication systom o rating i o mxed wareless en-
vironment. Sub-urban channel propagation takes place with the arele with
radins Ky, while rural channel propagation takes place when bemg at dis-

tances between Ry and Ry, Base station is located m the center of both
concenteric' eircular areas

height of the mobile station (MS) antenna are by, = 25m and h,, = 1 5m,
respectively. The environment is modeled as two concentrie cireles. the in-
ner crcle wath radius Ry = 5km correspond to the sub-urban part, and the

non-overlapping area of the outer cirele with radius R> = 35km represents
the rural part o

Bused on Okumura-Hata cquations, wiite down a formula that enables
to cshimate the average path loss attenuation for any MS located within
the coverage arca of the whole system (i.c | for distances from 0 to
35km). Ttis requested that the formula gives the result in loganithrnic
scale (1o 1 dB).

e

Assume that BS transmit power is 46dBm. Determine the mean re-
cewved signal power that MS 1 will perceive, assuming that 1t as located
at o distance of 2 km from the BS. Simlarly, determine the mean
cecened signal power that MS 2 will expericnce, assuming that it is lo-
coted ot o dhstauce of 10kin from the BS. In both cases, do not consider
shadowing and for fost fading. Present final result in dBm

Problem 3: (Functional blocks of a radie link and channel capacity concepts)
/(/‘1’) Describe the concept of interleaving. Explain why does terleaving im-
prove the pecformance of channel cading in wireless communication svstems.

(b) Explian the functionahty of the sonree coder block and chunuel coder
block in the context of a radio communication system What 1s the main
ditference between these two coding blocks?



‘{r_) Define ﬂ“’ concepts of throughput, channel capacity, and poodput What
< the relationship that exiees between cach of thee concepts”

(d) Define the concept of eychic prefir (CP). Give a brief explanation of the
use of CPn OFDMA

ii'()b]f_‘lﬂ 4: (.‘-Iu.-'hpk aceess anid dlj}'rffl'?ﬂ'g)
(2) De=cnibe at least two advantace and two disadvantaees of the folloning
multiple aceess technigues:

1. FDMA
2 TDMA

(b) What 1 the difference between a synehironous CDAMA avstern and an
asynclirenous CDMA systemn?  Are both approaches smitable for both, up-
hnk and dovnhnk directions” Why/why not? Mention the advantaszes and
disadvantuges when companng them

(c) Desenhie af least two advantazes and two diadvantages of the fallowng
duplesing methods:

1 FDD
2. TDD

(d) What generates the so-called eross-slot nterference problers? In what
fand of of wireless systems does 1t take place? How can it be prevented”

Problem 5: (Co channel interference in molale systemsi

(a) Adpaeent chonnehinterference. explan the ongin of this impairment, and
how ean i be controlled

(b) Co-chinnel mmterfcrence explan the ongin of thas impairment, and how
can it be cantrollod

(¢) Consder the svatem prezented in Fig 2, composed by onc macro base
statrons (MBS, one poco fase lation (PBS), and one mobide station (MS)
Assame that The MBS apphy sectonzotwo usine directional antennas. The
e directon of the radiated power at the MBS is denoted i the fipure
by o {black) cohid arrew. The PBS do not apply scctorization: ot deploys an
omnicdhirectiona artenns vith 3.5dB1 cam in ol directrons.

1 Calendate the recvived SIR o the MS towards the stronger BS (ie,
vhe BS whose signal s received with best quality) Ascume that MBS
trancmtt powner 1s 16 dBm, and PBS tronsnat power 15 30dBm.

For =alu of sunpheiy we use the swne averaee path loss attenuahion
formula (in dB scale) tor both, macro and preo hinks, i e,

L(d) =137, 4+ 35,2 log,a(d)  d >0, (1)
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Figure 20 Wireless communication system with one macro base station, one
pico base station, and one mobile station. Macto base station applics sec-
torization, using o dircctional antennas with pre-defined gan paticrn. Pico
base station s equipprd with an amnidirectional antenna. that irradiates

with equal gain in all directions

where 1 the distance between transmitter and receiver i falometers.

The antenna gain pattern at MBS attains the form

_ 5 .
G(#) = G +max g —12 ( 0) —Gn, ¢, (2)
H,!t”_:lr
where # is the angle of arrival/departure [degrees], G.... = 16dBi is

the maxamum antenna gain, @&, is the main direction of the irradiated
pover [dearees), figp = 607 1s the beam width at 3dB, and Gp, = 25 dB
15 the front-to-back ratio for the antenna

Expres== the final result 1n dB

2 A==ume that the throughput can be approximated using the forinula
= N Wan A log, (1 4+ BSIR), (1)
oy L
where Nz 1s the number of assigned resource blecks (RBs), 117 = 180kHz
1o the bandwidth of o single RB, and 4 = 088 and B = 17123 are
praameters that take to account the bandwadth and SINR cfficiencics
ol LTE, respectively

How many RBs are needed to achieve a data rate of 2N bps for the MS”
(based on the SIR value caleulated in the hirst part of the problem)

Appendix Information: (Formidas and Curves thet MAY be required)
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Figure 3. Plot for the Marcum Q-function
1 22
f(L) = o=—c 57 (1)
Vi2na,

Lyl [dB] = 69,55+ 20,16 oz, (f [MHz)) - 13,821ogyq(hu [mt])
— it (hy o)) + (44,9 = 6,55 1og,o(hn [mt])]) tog,o(r [km]), (8)

Large sized ity (1e 0= 1)
ay(h) = 3.2 floge(10, 75 k) = 5,0 200MHz < f < 1500 MHz  (9)

Medinm femall city (1e, i = 2)

aa(f) = 0,8+ (1, U logg(f) = 0,7} hu = 1,561og0(f) (10)
Submban area (e, 0= 3)
2
. / & .
ul”!m) e ”2“"!-&) + 2 ll".f’.!“ (f)-\\-)] = -_J“l (]]}

Rural fopen area (e, 1=4d)
(M) = uathn) 4 1,78 [Ih,r‘l“{“r‘ — 18, 3log ol ) + 40,9 (12)



