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Introduction

We have considered MIMO-OFDM system as
multiple antennas which are used for data streams sent out
and receive in the same way. We have denoted each
antenna by spatial multiplexing, and this method are
known as to provide higher spectral efficiency, compared
to single-input-single-output (SISO) systems [1].

In Rayleigh fading environment multiple antenna
systems provide significant increase of data transmission
capacity compared to single antenna systems [1], [8]. It has
been shown theoretically that the capacity of the MIMO
channel scales linearly with the number of
transmitting/receiving elements in the case of uncorrelated
channel gains [1], [6]. Consequently, the MIMO systems
are recommended for high data rate wireless
communication. [7], [8]. The MIMO channel can be
decomposed into LOS and NLOS matrix component, ratio
characterized by Ricean K-factor. As soon as the K-factor
decreases with distance, users closer to the access-point
(AP) have the MIMO channel that have had dominant LOS
matrix component and may exibit a poor eigenvalue

distribution. Consequently, such wusers might not
experience the spatial-multiplexing effect despite having a
high SNR [7].

It is possible to reduce the level of correlation between
the antenna elements by providing sufficient inter-element
spacing. However, for the practical application of MIMO-
OFDM systems in indor WLAN, the spacing between
adjacent antenna elements cannot be too large [5].

A coherent dual 3x3 MIMO channel wireless-local-
area-network (WLAN) system spanning a bandwidth of
20MHz and 40MHz was setup for measurements in typical
office environment. Measurements were taken for
broadband short range environment sistematicaly with
lineary varying distance indoor environment. The data was
then analyzed in temporal, frequency and spatial domain.

The channel properties have been characterized by
parameters such as Ricean K-factor, MIMO spatial domain
distance and bandwith estimation [7].

The purpose of this paper is to present the distance and
banwidth estimation of MIMO channel over SISO channel,
that was measured in a fixed typical indoor environment
with a real-life narrowband MIMO-OFDM system. The
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main difference with previous measurements [2-6] are that
probability for fixed real-life commercial MIMO-OFDM
AP system will be mounted on wall or ceil [7], not in
geometrical center of the actual location in the room.

System model and analysis

We consider a narrowband MIMO single user
communication link in which the transmitter and receiver
are equipped with n; transmit (Tx) and ny receive (Rx)
antennas in lineary equidistant linear array, operating in a
static indoor environment. The discrete-time received

signal in such a system can be written in matrix form as [1-
7]

r:\/E[Hly+n

where r — received signal vector, /P, - average SNR of

N

(M

the indepent transmitted signal on each input, H — channel
transfer matrix representing complex subchannel gain, s —
received signal vector, n- receiver noise vector.

The channel matrix H can be decomposed into fixed
H ;. and Rayleigh variable H;, matrix [6]:

[H]=Jk/k+1%[H )+ Vk+1%[H,]. )

The Rx and Tx spatial correlation matrix, which show
the correlation among the various array antenna elements
and LOS elements are calculated as [7]:

[ ]= L J11y L]

[HV]= \/[CRx][HID]\/[CTx]

where Cp, - Rx and Cp, - Tx NLOS condition correlation

3)

matrix, H,;, - independent zero-mean and unit-variance
complex Gaussan random variables; Lp, - Rx and L, -
Tx LOS condition matrix, /;, - complex value matrix that

takes into account the polarisation angles 6 betwen Rx
and Tx antenna. For 3x3 MIMO channel we can express
complex correlation coefficients p between ith and jth Rx
and Tx antennas with diogonal matrix [7]:
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The general trend suggests that increase of spacing
between the elements have caused to the decorrelation of
the subchannels. For n; Tx and np Rx antennas, the

generalized Shannon formula for the channel capacity C
can be expressed as [1-7]:

C=log, det|r + Py Jo? » HHT|) bpsjrz ()

where  — identity element matrix n;xn,, H' - transpose

conjugate for A matrix. It does not matter what type of
antenna polarisation we use (in case that signal is still

detectable), we define ecigenvalues for HH T to be
4255 Ag , Where B =min(n;,ny), we can rewrite (5)

as following [7]:

C:Zﬂllogz(l+(PS/0'2)iﬂ).

From (6) we can estimate that the capacity increases
lineary with the number of dominant eigenmodes. Here we
can assume that antennas with small inter-element spacing
will better Rx than Tx data.

The path gain consists of fixed component plus zero-
mean fluctuating component. Often this fluctuation is
complex Gaussan. Then the time-varying envelope of the
composite gain has a Ricean distribution. The ratio of the
fixed and fluctuating power components is defined as the
K-factor [2]:

(6)

k=Pl floc?). ™

where m — is the power of the fixed and ¢ — the power of
the random component. Normalization can be expressed as

|m|2 +202 =1. Note that Rician distributin reduces to the
Rayleigh distribution when £ =0 [5].

Measurement setup

A measurement campaign in ISM band (2.4-2.5 GHz)
was conducted in an enclosed indoor environment in the
Riga Technical University (RTU) Faculty of Electronics
and Telecommunications (ETF) (Fig. 1).

ETF 2.nd floor

Om
Offices

Corridor

Wooden Office
shelfs

Metaliwooden Office
shelfs,chairs.

Stairs
Stairs

Laboratories Laboratories Laboratories

Fig. 1. Overview of measurement environment
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The distance till 70m are LOS environment, after 70m
NLOS environment. An AP was located 2.5m from floor,
0.5m from ceil and 5m from end wall. Client was located
in the middle of corridor on 0.6m height, like most of users
normaly work with laptop computers. We moved client
through corridor from beggining wall Om, AP location
(5m), to 100m and take measurements in each 5m, with
client adapter facing to the AP.

The measurements were taken with a commercialy
available MIMO-OFDM system, whitch allows to work
with 802.11g and 802.11n (draft) WLAN protocols, see
Table 1.

Table 1. Measuring system hardware

Hardware Model Protocol Firmware

AP Linksys WRT300N | 802.11g/n 2.00.06
V2.0

Client Linksys WPC300N | 802.11n 6.0.2.9

Client Repotec 802.11¢g 3.0.1.0
RPWB7108

All hardware settings was kept to manufacturer
default. Linksys are using new chip Atheros AR5416
XSPAN, that can be switched to 2x2, 2x3 and 3x3 MIMO-
OFDM modes, and are backward compatible with SISO
systems.

The measurements were taken across time, space and
frequency. For measurements we have choosed center
channel in 2.437 GHz (ch. 6) 1x1 SISO system and 2.437
GHz + 2.427 GHz (ch. 4) wideband channel 3x3 MIMO
system, where the system bandwidth was 20 MHz, and for
additional wideband channel also 20MHz.

The arrangement for AP is shown in Fig. 2.
(vertically/horizontally polarized elements and distanced:
V/H/dist.). We have used wall mount distribution for AP,
and check possibility to position AP in maximum case.

Ceil

<

dist., H pol

Wall

V pol H pol

Fig. 2. AP setup for corridor measurements

We have used GPL Iperf V2.0.2 software for traffic
and statistics generation. We took archived data file of
exactly 100MB in size for bandwidth and data transfer
speed measurement where one to three simultaneous data
stream transfers in each measurement point was used (Fig.
3). While collected channel properties we also checked
compability of software layer (7,6,5,4) with hardware layer
(3,2) in anechoic chamber.



L ___| Layer3
Layer 3 Layer 2
i Client i
AP
802.11g
802.11g/n 802.11n
%E !
Layer 7,6,5,4 o| Data | Layer 7,6,5,4
Jperf Server "1 analysys | Jperf Client

Fig. 3. Measurement system setup

Measurement results
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Fig. 4.
AP

Client transmiting distance and bandwidth estimation to
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Fig. 5. Client receiving distance and bandwidh estimation to AP

Statistics for transfered data was collected for one
second interval and data transmission speed can be
expressed as Mbps. Distance and bandwidth estimation for
Client side are shown in Fig. 4, for Tx side and Fig. 5, for
Rx side.

The ratio of the fixed and a fluctuating power
components have been defined as the Ricean K-factor. The
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K-factor was an important parameter that defines
probability of fade of a certain depth and, therefore, have
affected on system performance for distance and
bandwidth estimation (Fig. 6).

——o0——G, Vpol < G, H pol —a—— G dist., H pol
————N, Vpol * N, H pol = N dist., H pol
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Fig. 6. Average Ricean K-factor vs. distance and polarisation for
802.11g and 802.11n devices in long corridor

Conclusions

1. In this paper, we have presented a commercialy
available 3x3 MIMO channel system distance and
bandwidth estimation for LOS and NLOS environment.
We have choosed different polarisations and previous
measured scenarios with different fixtures. The best
scenario was distanced H. polarization (one wavelenght)
configuration (Fig. 2), it have minimized reflections to
nearest wall and gave better coverage performance to
NLOS environment. We have concluded that there is
possibility to mount AP in the same way to ceil, and get
better results as well as wall mounted.

2. Analytical model of Ricean and Rayleigh were
compared to measurements. In system model and analysis
part we have assumed that antennas with small inter-
element spacing would be better as Rx neither Tx data.,
Fig. 4., and Fig. 5., confirms that.

3. Trasfered data packets have been collected and
statistics for signal power level and data transmission
speed verified. For both, SISO and MIMO systems most of
the Rx sensitivity performance have been good until -
70dBm.

4. We also have compared Rayleigh and Rician
distribution measured in anechoic chamber for data
transfer comparison. There was no signifficant difference
in range for Rician distribution till 30m in LOS.

5. Long corridor is not suitable for NLOS observation.
It is necessary to reduce the signal power level or use
signal absorption materials without reflection.
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A. Rusko, V. Novikovs, G. Balodis. Distance and Bandwidth Estimation for MIMO Channel // Electronics and Electrical
Engineering. — Kaunas: Technologija, 2007. — No. 8(80). — P. 49-52.

We presented the distance and bandwidth estimation measurements for fixed environment multiple-input-multiple-output (MIMO)
wideband radio channel, based on orthogonal frequency-division-multiplexing (OFDM). Channel capacity measurements experiment
have been carried out in an indoor line-of-sight (LOS) and non-line-of-sight (NLOS) corridor environment. Channel bandwidth were
measured systematically with lineary varying distance in a static indoor environment. Measurements have shown that in the indoor LOS
and NLOS environment MIMO systems have achieved sufficiently higher channel capacity because the MIMO channel is more robust
to correlation when the signal-to-noise-ratio (SNR) is high. Influence of antenna polarisation was taken in fact. Measurements were also
taken in anechoic chamber, to realise higher SNR. Ill. 6, bibl. 8 (in English; summaries in English, Russian and Lithuanian).

A. Pymko, B. HoBukos, I'. Banoauc. PaccTrosinue U ouleHka moJiocsl mpomyckanusi Aasi kaHaida MIMO // DiieKTpoHUKa U
ajekTpoTexnuka. — Kaynac: Texnonorus, 2007. — Ne 8(80). — P. 49-52.

[IpencrasiieHsl OLIEHKH PacCTOSHUS U pa3Mepa MOJIOCH IPOITyCKAHUS B HEIOJBIIKHON OKpYXaroLlel cpeze Ul MHUPOKOIIOJI0OCHOTO
panuoKaHama  TUIA  MHOTOKPaTHBIM-BXOA-MHOTOKpaTHBIM-BbIXON  (MIMO), OCHOBaHHOTO Ha  OPTOrOHAJIBHO-YaCTOTHOM
myabturuiekcupoBannd (OFDM). IlonHblid SKCIEpUMEHT IMOJIOCH MPOIMYCKAaHUs KaHajda ObUI BBINOJHEH IO MPSIMOMY JIydy o030pa
(LOS) u o He mpsmomy sryay o630opa (NLOS) B mmmaHOM Kopuaope. [lonoca mpormyckanus kaHana Obula B3BEIICHA CHCTEMATHIECKH C
JIMHEMHO M3MEHSIOMMMCS PACCTOSIHUEM B CTaTMUECKOW BHYTpPEHHEH OKpy»Karoiied cpene. M3mepeHus mokasaiu, 4TO BO BHYTPEHHEH
LOS u oxpyxaromeii cpene NLOS cucremsr MIMO jpocTuriu 3Ha4UTENEHO 00JIee BRICOKOW BMECTHMOCTH KaHaja, [IOTOMY 4TO KaHaj
MIMO sBisiercst 6oee yCTOHIMBBIM K KOPPENSIHK, Korjga oTHomeHne curaan/myM (SNR) Breicokoe. Taroke ObIIO B3STO B OLEHKY
BJIMSIHUE TOJSIPU3aLUK aHTeHHBI. Takke MPOBOIMINCH U3MEPEHHsI MOJIOCHI NPOIyCKaHus B 0€39X0BOH KaMepe, 4ToObl JOCTHYb Goee
BeIcokoe SNR. M. 6, 6ub:. 8 (Ha aHrIHIICKOM SI3BIKE; pedepaThl HA AHTIIUICKOM, PYCCKOM H JINTOBCKOM S13.).

A. Rusko, V. Novikovs, G. Balodis. MIMO kanalo atstumo ir pralaidumo juostos nustatymas // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2007. — Nr. 8(80). — P. 49-52.

Pateikti nekintancioje aplinkoje esan¢io MIMO placiajuosCio radijo kanalo atstumo ir pralaidumo juostos matavimai. Kanalas
naudoja ortogonaly daznini multipleksavima (OFDM). Kanalo pajégumo matavimai atlikti koridoriuje tiesioginio matymo zonoje (LOS)
ir netiesioginio matymo zonoje (NLOS). Kanalo pralaidumo juosta pastato viduje matuota sistemiSkai, tiesiSkai keiCiant atstuma.
Matavimai parodé, jog vidaus LOS ir NLOS aplinkoje MIMO sistemos pasizyméjo kur kas geresniu kanalo pajégumu, nes MIMO
kanalas yra atsparesnis koreliacijai, kai signalo ir triuk§mo santykis yra didelis. Tyrimuose atsizvelgta i antenos poliarizacija. Matavimai
taip pat atlikti aido neturin¢ioje patalpoje, siekiant gauti didesni signalo ir triuk§mo santyki. Il. 6, bibl. 8 (angly kalba; santraukos angly
rusy ir lietuviy k.).
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