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521317S Langaton Tietoliikenne III [Wireless Communications III]
Tentti [Exam] 10.05.2011

FOR THOSE WHO DON’T KNOW IT YET, YOU DON'T NEED TO USE PERMANENT
PENCIL IN EXAMS!

1. Vastaa lyhyesti: [Answer briefly]

a)

b)

)

d

Miki on hajoituskoodien korrelaatio-ominaisuuksien merkitys CDMA-jirjestelmissa? [What is
the meaning of the correlation properties of spreading codes in a CDMA system?]

Early-late viivelukkopiirin perustoimintaperiaate? [How does an early-late delay locked loop
function?]

Miten DS-CDMA jirjestelmissd voidaan generoida eri datanopeuksia kaistanleveyttd
muuttamatta? [How different data rates can be generated in DS-CDMA systems with constant
system bandwidth?]

Mika on syklisen etuliitteen tarkoitus OFDM:ssa? [What is the purpose of the cyclic prefix in
OFDM?]

Mikd on huippu-keskitehosuhteen merkitys OFDM:ssd? [What is the meaning of peak-to-
average ratio in OFDM?]

Mita tarkoitetaan OFDMA:lla ja mitka sen edut ovat? [What does OFDMA mean and what are
the benefits of it?]

2. Miten monikayttohairiditd voidaan vaimentaa DS-CDMA solukkoradiojirjestelmissd? [How can the
multiple access interference combatted in DS-CDMA mobile cellular systems?]

3. Tee selkoa mobiilin tietoliikenteen taajuusselektiivisen radiokanavan perusilmidista ja siitd, miten eri
siirtotekniikoita kdytetddn niissd radiojarjestelmien suorituskyvyn parantamiseksi. [Explain the basic
phenomena of mobile radio channels and how different transmission techniques can be used to
improve performance of radio systems.|

4. Selita mihin jirjestelmadn ja milld tavoin alla oleva kuva liittyy. [Explain to what system and how
the figure below is related to.]

7 SCFDMA symbol periods

12 subcarriers ( 180 kHz )
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5. Suunnittele OFDMA  downlink -jirjestelmd kolmelle kiyttajalle, joiden vidhimmiis-
datanopeusvaatimukset ovat alla olevassa taulukossa. Suunnittelussa oletetaan, etta

e kanavan keskineliviivehaje (rms delay spread) T, =2,5 us,

e syklisen etuliitteen (CP) kesto T, = 27T,

e kanavaestimointiin tarvitaan ainakin 5 pilot-signaalia koherenssikaistanleveyttid B. kohden,
e joka kahdeksas alikantoaalto on pilot-signaali,

e kiytossi oleva kaistanleveys B = 10 MHz,

e kiyttdjien vilille ei tarvita suojakantoaaltoja,

e koherenssikaistanleveys B. = 1/7T,.

a) Miadrittele soveltuva FFT:n koko ja alikantoaaltojen kaistanleveys By (1p)

b) Laske kuinka suuri on CP:n kiyt6std atheutuva tehohivié. (1p)

c) lLaske kunkin kadyttdjin tarvitsema alikantoaaltojen lukumiird taulukossa annettujen
parametrien perusteella. Mairittele kiyttdjan 2 koodisuhde ja modulaatioaste. (4p)

users Data rate Modulation Code rate Number of
(minimum subcarriers
requirement)

user 1 1 Mbps QPSK 1/3

user 2 6 Mbps

user 3 15 Mbps 64 QAM 3/4

5.

ENGLISH: Design an OFDMA downlin system for three users, for which minimum data
requirements can be found in the Table above. In the design it is assumed that

e channel rms delay spread T, =2,5 ps,
e duration of the cyclic prefix (CP) is T¢, = 27T,

m.

e at least 5 pilot signals is needed within each coherence bandwidth B, for the channel
estimation,

e cvery eighth subcarrier is reserved for pilot signals,
e the available channel bandwidth B = 10 MHz,
e no guard subcarriers is needed between the users
e coherence bandwidth B, = 1/7T,.
Derive the suitable size for FFT and calculate the associated value for By. (1p)

Calculate the power loss caused by the use of CP. (1p)

Calculate the number of subcarriers required for each user based on the parameters given in the
table. What is the code rate and modulation order for the user 2? (4p)



