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Introduction
Af -0

WIMAX of 802.16e standard is a very promising wireless technology which can support
transmission rate about 45Mbit/sec. By adding the fast mobility with the high bit rate WiMAX
802.16¢e is considered the future of wireless networks. Because mobile WiMAX is not line of sight
technology it makes the multifading channels interference a very severe problem which challenges
the WIMAX performance ability. To solve the multifading problem a multi antennas system are
used between the base station and the subscriber like SIMG, MISO and MIMO which can eliminate
or decrease the influence of multifading and so it decreases the BER value and increases the Wi-
MAX transmission reliability. The multi antennas system makes use two techniques transmission
diversity and receiving diversity. The main advantage of using transmission diversity and receiving
diversity is that no additional bandwidth or power is needed in order to take advantage of spatial di-

versity. Purpose of the paper is comparative analysis of using main types of receiving and transmis-
sion diversity in WiMAX systems.

Mathematical model and main equations

In order to investigate the different diversity types it is necessary to build a simulation model
and to relate each diversity type performance to the system reliability by measuring the bit error rate
(BER). Block diagram of such simulation model is shown in Fig. 1.

F*g-1
The simulation model includes different modulation and demodulation types like DPSK,
QPSK4. QAM16 and QAM®64, Grag coding and decoding, the diversity methods on the transmitter

side include Space time coding (Alamouti coding). This coding is used in the case of MIMO and
MISO while SIMO or SISO do not include transmission multiplexing.
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Fig. 2

The mathematical model for simulation is shown in Fig.2. The channel matrix generator is ge-
nerating the fading channel coefficients for the channel model by using Rayleigh fading with
Clarke's Model (see Fig. 3). The coefficients of Clarke’s model can be found by using equations:

S0(0 = Tc(t) cos2nfct- Ts(t)sin2wct ; (1)
Tc(0 =Y t\Cn”s(2nfnt+Qn)- (2)
Ts(0 = En=iCnsin(2nfnt +0,,), 3)

The simulation model program which is written in matlab starts the simulation process by gen-
erating random data frame and then it adds pilot carriers for channel estimation. The number of
symbols sent through the channel with each iteration equals tdts , where tc=9/(I6nfi) - time of co-

herence, fd=vf/c - Doppler frequency, v - velocity of mobile terminal, fc - carrier frequency,
ts=I/bandwidth - symbol duration.
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The result of this simulation is the dependences BER values from signal to noise ratio. By
changing the program parameters we can see and analyze the influence changing velocity, carrier
frequency or pilot carrier percent with each coherence time.

The first was considered the receiving diversity, it is a simple technique and it does not need
any coding from the transmitter side or any knowledge from the receiver. In this case it can use two
most important techniques receiving diversity - selective combining and maximal ratio combining
The diversity gain from using selection combining can be confirmed quite quickly by considering
the outage probability, defined as the probability that the received SNR drops below some required
threshold, Poui=P[y<yoj*p, where vy, is threshold value of SNR. Assuming Nruncorrelated recep-

tions of the signal [2],

Pout=pivyl <Yo>T2 < Yo Nr <Y O0]
then

Pout “ -ATYi <Yo]~A[Y2 < Yo]-*-~A[Y/vr <Y0.]~ PNr m 0)
For a Rayleigh fading channel

P )
Thus selection combining dramatically decreases the outage probability [2]

P -P e AYN,r 3)
and average received SNR for Nrbranch Spatial Combining in case of Rayleigh fading is

W =Y(i+- +| +- +°r1)- (@)

Maximal Ratio Combining (MRC) combines the information from all the received branches in
order to maximize the ratio of signal-to-noise power [1,2] . MRC works by weighting each branch
with a complex factor gr=|qj| PO and then adding up the Nr branches. The received signal in each
branch can be written as x(t) ht, assuming that the fading is flat with a complex value of
h, = \ht\el0l in the i-th branch

y(t) =x(0£,viiQ I'h lexp{j(Oi - 0/)J. (5)

If it let the phase of the combining coefficient 0. = <& for all the branches, the signal to noise
ratio can be written as [2]

Yi = 3o . (6)

The second diversity type of our analyze is transmission diversity which depends on sending

signal copies from different antennas. The most popular channel coding in case of using transmis-
siondiversitytechnique isAlamouti coding which is an orthogonal space timecoding. ltspopular-
ity isdue to its simpleimplementation and because it achieves full code rate. Thereceived signal
r(t) for Alamouti coding can be written as

r(0) = hiSi+hX2+n(o), (M
r(T)= - hss2*+ hx** n(T), (7a)

where n(.) is a sample of white Gaussian noise. The following diversity-combining scheme can be
used, assuming that the channel is known at the receiver:

124 ISSN 0485-8972 PagnoTexHuka. 2009. Bbin. 159



y, =h*r(0) + h2r*(T); (8)
=h2*r(0)-h,r*(T). 9)
The resulting SNR for MISO 2x1 and MIMO 2x2 with Alamouti coding are [2):

= (10)
a 2

a 2

These equations are used in our simulation model to evaluate the performance of transmission
idreceiving diversity.

(11)

Results of simulation

The results of simulation for different types of receiving and transmission diversity for velocity
) km/h, bandwidth 5SMHZ and pilot carriers percent 8 % for each coherent time are shown in
ig4, 5, 6 and 7. Comparison the reliability have been making for the maximum acceptable BER
due for WiMAX standard TO-4.
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The simulation results for selective combining for SIMO system with different antenna number
mthe receiver side are shown in Fig.4. It can be seen that the BER performance for 1x4 system is
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approximately 20 db, 1x3 system is 24db, 1x2 is system 28 db. For 1x1 SISO system the perform-
ance did not improve to reach the 10’4 intended BER value.

Maximal ratio combining with the same SIMO system gets better result (see Fig. 5), where 1x4
system has 18db performance, 1x3 22 db and 1x2 23 db. For 1x2 SIMO the maximal ratio combin-
ing has a 7db advantage over selective combining (Fig.6). The BER performance for SIMO 1x4,
MIMO 2x2, MISO 2x1 and SISO are shown in Fig.7. SIMO 1x4 and MIMO 2x2 have the same
performance of 17 db while MISO 2x1 has 21db performance.
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Results of simulation for cases of moving terminal and using MIMO 2x2 system are shown in
Fig. 8. Velocity of moving terminals were: 8 km/h', 20 km/h; 80 km/h; 120 km/h; 160 km/h. It can be
seen that for MIMO 2x2 system values of performance is 12 db for 8 km/h, 22 db for 20 km/h, 23 db
for 80 km/h while for 120 km/h and 160 km/h the performance didn’t reach the 1G-4value.

The results of simulations for cases of moving terminal and using SIMO 1x4 system with max-
imal ratio combining are shown in Fig. 9. There are the performance 13 db with 8 km/h. 22 db with
20 km/h, 23db with 80 km/h, 24db with 120 km/h and 26 db with 160 km/h. It can see that with low
velocity values the MIMO and SIMO systems have relatively the same performance, but with high
velocity values SIMO system has much better performance. It means that with high velocity MIMO
system has the worst performance seemingly because of spatial interference.
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