1e/yp 10 CPABHEHUIO C AHAJOTMYHBIMU HE3aBUCUMBIMH,
HEeCBSI3aHHBIMU ITpolieiypamMu. V3 aTux rpadmkoB TakKe
cllelyeT, 4TO € yBejqudeHueM KO3(hOUIINEHTOB B3aUM-
HBIX CBA3EH 04 amocTepuopHas ANCIEPCHs BO3PACTAET,
ofHako GoJiee OBICTPBINH POCT JUCHEPCUM TPOUCXOLUT
npu yBeiudeHun o, . O4eBUIHO, YTO C yBeJMYECHHEM
IIaTOBbIX MOCTOSHHBIX, HAPSIY CO CHUKEHUEM TOYHOCTHU
OTIEHKH COKPAIAETCST BPEMSI CXOAMMOCTH K YCTAHOBUB-
HIeMYCsI COCTOSTHUIO.

Cy1iecTBEHHBIM OCTAETCST BOIIPOC O MOBeeHuu (HuJib-
TPaNpHUIINPOKOM JUANIA30HE U3MEHEHH S TMATOHAJIBHBIX O
¥ He IMarOHaJbHBIX 0 K0ahduinentos. OTBET HAa 9TOT BO-
poc MoskeT fath puc. 3. Ha Hem nzobpaskena 3aBUCHMOCTD
MUHUMYMa aroCTePUOPHON /IUCIEPCHU OT Oy M Oy, TS
pasmepa Bei6opku 10000 u 1000. Ha puc. 3 ueTko BUAHO, 4TO
yeM 6oJTbIle BRIOOPKA, TEM TOYHEE OIEHKa, TaK KaK alocTe-
pHOpHas AUCIEePCust Bbilie npu pazmepe Boioopku 1000.

BoiBoas!

1). KauecTBO OIleHKU CTAaTUCTUYECKU CBI3AHHBIX
IPOIECCOB € IMOMOMNIBIO ABYMEPHOTO PEKYPCHBHOTO
GbuabTpa B IMPOKOM AMANa30HE U3MEHEHUI 0O OKa-
3pIBaeTCS BBIIIE 110 CPABHEHUIO C OL[EHKAMU, [ToJIydae-
MBIMHU TIPU HE3aBUCHUMBIX mporeccax X, .llorydenmnre
pe3yJbTaThl MOATBEPKAAOT NPEANON0KeHnE 0 (6OJb-
mei appexTUBHOCTH ABYMepHBIX olleHOK. [lockoabpky
YeTKO BU/IHO, YTO HA OTIPe/leJIeHHOM UHTEepBaJie 3Haue-
HUI HeJMaTrOHAJbHBIX 3JIEMEHTOB OL[eHKA CTAHOBUTCS
BBITIIE TIOUTH B /[BA pasa.

2). TouHOCTH OIEHKM BO3pacTaeT IIPU MEHbIIEH
BeJWYNHE Iara Auckperusannu. Hanaydmas omnenka
(MUHUMYM amoCTePUOPHOIL AUCIEPCUM OMUOKU OlleH-
K1) nosydyena npu snavenugax o =0.001u o;=0.0017 n
min(V(a(i,j)))= 0.00598.
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The paper deals with adaptive modulation in MIMO
channels, which provides better quality WiMAX due to
more complete account the characteristics of spatial subk-
anals multibeam communication channel
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1. Introduction

technology are presented. Also the mathematical model for
controlling the adaptive modulation in MIMO channels
was analyzed.

In this paper the different methods of transmit and
receive diversity used with MIMO system for WiMAX




2. Analyzing the performance quality for different MIMO
schemes

An analyze is held for all main the reasons of degradation
of transmit quality in WiMAX technology, especially for the
frequencies above 2GHz where the WiMAX work. Also the
different types of solutions for the reasons of performance
degradation are analyzed. In the analysis we introduce the
overall channel model for simulating the large and small
scale trends that affect this model. The overall model we use
for describing the channel in discrete time is a simple tap
delay line:

hik, t]=h,8[k,t]+h,8[k —1,t]+...+h 8[k —v,t], (1)

Here, the discrete-time channel is time varying, so it
changes with respect to t and has non-negligible values over
a span of v+1 channel taps. Generally, we assume that the
channel is sampled at a frequency f; = 1/T, where T is the
symbol period, and hence, the duration of the channel in this
case is about vT. Assuming that the channel is static over
a period of seconds, we can then describe the output of the
channel as

[k t]= 3 hij tIx[k—j] =
ik t= 2, bl @)
= h[j ] x[k],

where x[k] is an input sequence of data symbols with
rate 1/T,

* - denotes convolution. Although this tapped-delay-line
model is general and accurate, it is difficult to design a co-
mmunication system for the channel without knowing some
of the key attributes about h[t]. For this purpose it is used
Clark’s model to generate, also the change in h[t] depends on
the mobility speed of the channel.

Through our research we found that three effects cause
the varying in received power. The first over long distances
with path loss, the second for medium distances with sh-
adowing, and with short distances with fading. Although
solving the problem of path loss and shadowing is important
but for WiMAX technology fading represents the biggest
problem because for very short distance the signal can suffer
fading.

The fading in wireless communication is divided in two
types. The first is flat fading which happens in time domain,
and the second is frequency selective fading which happens
in frequency domain. In general two types of solutions are
used for each of the fading types. The first solution is MIMO
antenna system, which is divided in to several types depen-
ding on the number of antennas used and the the type of co-
ding used. The orthogonal frequency division multiplexing
OFDM is a modulation method used in solving the problem
of frequency selective fading in wireless channels.

The first type which is selective receiving depends on se-
lecting the antenna with the highest received signal to noise
ratio and the selection depends on a specified threshold and
it is considered a SIMO technology, the error probability for
this method as follows [5,6]:

|- =P[y, < Yor Vo <Ypr ¥y, < Yo]v

: (4
P =PIV <voIPlY, <¥ol--Plyy, <Vol= pY

Where v, - represents the signal to noise ratio threshold.
The average received signal to noise ratio is:

Y —7%1—7(1+1+1+ o ) ()
Ve Yi:1i Y 273N,
where N, - is the number of received antennas.

The selective transmit is very similar to selective recei-
ving except it chooses the best antenna to transmit and it is
considered a MISO technology, where the average received
signal to noise ratio is [9]:

_ N 1
Vi = YZ; , (6)
i=1

where N; - the number of transmit antennas.

The most used is method is maximal ratio combining it
depends on summing the power from all the receiving ant-
ennas and it is considered a SIMO technology, the average
received signal to noise ratio is [1]:

N
Y |h[ e,

Y=t — @
P (52

The method that uses Alamouti coding shown below it is
called open loop MIMO with space time coding:

Antenna 1 2

Time 0 S{ Sy

1 s2° st

where s; and s, are successive transmitted symbols.

The transmit and receiving equations for Alamouti 2x1
are as follows [1,2]:

r(0)=hs, +h,s, +n(0); ®)
r(T)=-h,s, +h,s, +n(T);
v, =hr(0)+h,r'(T); 9

¥, =hr(0)~h,r (T).

The combining equations and the average received signal
to noise ratio are as follows:

¥y = (hy|* +[h,[)s, +hin(0) +h,n’(0) ; (10)
v, =(h,[ +[h,[")s, +h;n(0)~h,n’(0);

2 2

S,
Y;=LGZ o (11)

where g, - transmitted power,|h;? - channel gain, 6> - no-
ise variance.

The closed loop MIMO uses pre coding method that
depends on the singular value decomposition of the channel
matrix as follows [1,3]:

d=U'y;

d=U"(Hx +n)



d=U"(UZV'Vb + n);

d=UUZV'Vb+U'n;

d=3b+Un. (12)

3. Using Kalman filtering in
controlling adaptive modulation

An analysis is held for all
the types of MIMO schemes by
using mathematical simulation.
The main conclusion of the mat-
hematical simulation showed that
including the channel gain effect
in the process of simulation will
lower the performance of bit error
rate for MIMO, which means that
the adaptive modulation system
in WiMAX needs to be modified
according to the type and number
of antennas used [7]. As it can see
in fig. 1 the effect of channel gain
on the adaptive modulation for
2x2 MIMO.

The system functional scheme
model which uses adaptive mo-
dulation in MIMO channels for
closed and open loop 2x2 MIMO
are shown in fig. 2. The model for
open loop MIMO uses Alamouti
space time code, while for closed
loop MIMO the model uses sing-
ular value decomposition channel
precoding.

The scheme in fig. 2 uses Ka-
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Fig. 2. Functional scheme 2x2 MIMO model

Iman filter for in order to control the adaptive modulation
through different MIMO channels. The main Kalman filter
equations are equations are as follows:

k(n)=

cla’p(n— 1)0g2]

o, +c’c +c*a’p(n-1)’

1 .
A . : p()="0,k(n).
hun(n)=ahwm(n-1)+k(n)[y,, (n)—achwm(n-1); (17)
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Fig. 1. (a) Adaptive modulation in WiMAX with MIMO, (b) Adaptive modulation for 2x2 MIMO with channel gain
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Equation 17 represents the main
loop, which estimates the next ch-
annel coefficient h.y(n), by using
the previous value hun(n-1), and
the Kalman gain k(n). The next
Kalman gain value is estimated by
using the previous root mean squa-
re error p(n-1), and by estimating
the next Kalman gain the next p(n)
value can be estimated.

The mathematical model for
the adaptive modulation in MIMO
channels is shown in fig. 3, the mo-
del is for 2x2 MIMO system which
means that four channels in the
system, so four Kalman filters wh-
ere used in the model. The Kalman
filters read the measured channel
coefficients y,, (n) from the chan-
nel estimation system, which uses
the pilot carriers to estimate the
channel matrix, and feed the esti-
mated channel matrix to the adap-
tive modulation algorithm block.

4. Simulation results

The simulation results for Kal-
man filtering with adaptive modul-
ation, where we compared the BER
for the system with and without
using Kalman filter, are shown in
fig. 4 and fig. 5. In fig. 4 open loop
MIMO was used, where the BER
results shows that the ideal system
and Kalman filter have very close
BER and it is under 104, In fig. 5
closed loop MIMO was used, and
also the ideal system and Kalman
filter have very close BER and it is
under 104,
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Fig. 4. Simulation results for Kalman filter performance used with open loop MIMO (a) With QAM16 range (b) With

QAM64 range
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5. Conclusions

1. The method of adaptive modulation in MIMO chann-
els based selection of higher multiplicity bahatopozytsiyoyi
spatial modulation in channels with low levels losses and
with less frequency rate modulation in channels with high
signal attenuation.

2. To provide high accuracy and speed of performance
estimation of individual spatial subkanaliv required to im-
plement adaptive choice of type modulation is proposed to
use Kalman filter.

3. Simulation of processes in WiMAX with adaptive
modulation in MIMO channels confirmed the possibility of
substantial improvement of the quality of communication
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