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Abstract: In this paper we describe and analyze a simple but effective algorithm for selecting transmit antennas
and their coding-modulation schemes in multiple input multiple output (MIMO) communication systems. The
algorithm selects the most suitable antennas among those available at the transmitter by observing the signal to sel
generated noise ratio obtained, applying pseudoinverse on the MIMO channel matrix and adjusts the coding anc
modulation of each selected antenna according to the instantaneous channel conditions, maintaining the averac
BER of the system below the target value. The performance of the proposed adaptive MIMO system is tested in
imperfect channel state information (CSl). The simulation results show, that the algorithm is not sensitive to small
channel estimation errors.
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1 Introduction tion. The algorithm which determines the set of trans-
mit antennas and selects the CM scheme for each an-
tenna separately is described next. The performance
of the algorithm when criteria is target BER, and its
sensitivity to imperfect channel knowledge are stud-
ied by computer simulations. And finally in conclu-
sion further work is proposed.

One of the most important topics in radio commu-
nications research is to develop efficient methods to
increase the spectral efficiency of the system. A re-
sent fundamental breakthrough in this research area
has been made by Bell Labs researchers [1], who pro-
posed the use of multiple antennas at the transmitter
and at the receiver. The system was named multiple
input multiple output (MIMO) system. 2 Adaptive MIMO system

An alternative method to increase the system
throughput exploits the knowledge of the channel InaMIMO system withM7 transmit and\/ receive
characteristic at the transmitter site. The method ad- antennas there exists in principlé, « My subchan-
justs the coding and modulation scheme to the in- nels between transmitter and receiver, which in gen-
stantaneous channel condition and it is known as an €ral exhibits frequency selective fading. In this paper
adaptive coding and modulation (ACM) [2]. Various We shall hereafter assume a quasistatic channel and
ACM schemes were described and analysed in liter- flat fading. Then the received signal on tji¢h re-
ature for single input single output (SISO) systems, Celve antennais
mainly developing an adaptive method in the time and
frequency domain. In MIMO systems, of course, the o o _
adaptation technique should be further extended to the Yi= ; hujri + nj, @)
spatial domain. a

In this paper, we analyze the sensitivity of com- wherez; is the transmitted signal fronith transmit
munication system, which applies the algorithm pro- antennaang; is the received signal gtth receive an-
posed in [3, 4] on time variation of the channel caused tenna. Variable:; denotes samples of circularly sym-
by imperfect channel state information at the transmit- metric complex Gaussian noise with variangg at
ter. the j-th receiver. The fading channel is described as a

The paper is organized as follows. The proposed sum of complex patha;; between receive and trans-
adaptive MIMO system is described in the second sec- mit antennas. In the Rayleigh channel the complex

Mr
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gain coefficientr;; follows the Gaussian distribution. Ghanndl Sate
The matrix form of Eq. (1) is H Y
y — HX + n’ (2) Calculale;qh:rﬁdoinverse

G
wherey is the column vector of received signald, Eaimaethels.gnd,mise
the channel matrixx the column vector of transmit- retio o derection for each Switch o the weaket
ted signals anah the column vector of additive white e
Gaussian noise.

Accurate detection of the MIMO signal requires al
knowledge of the CSI at the receiver. The CSI is Ry anlemasconply
estimated from the received signal using training se- recuirements2
guences added to the transmitted signal. If the CSl is

SNR,..SNR,,;

known only at the receiver, the MIMO system is non- e R G o

. . pou modes: . BER.BER_ [ Selectetheoptima CM
adaptive, because the transmitter uses the same set of .. %" fagaser
transmit antennas and CM schemes regardless of the M,y
channel characteristic. The system may become un- Calculae the capaity of
reliable, in spite of a high signal to noise ratio (SNR) T

when subchannels are correlated. We can cope with
this problem by adaptive principle in MIMO system,
which adjusts the subset of transmit antennas and cod-
ing modulation scheme for each active antenna to the
estimated channel state information [4].

The properties of the adaptive system mainly de-
pend on the three algorithms: channel estimation, TransTission
channel prediction and transmission scheme selection. scheme
In this paper we limit our analysis only to the essential
part of the adaptive MIMO system, the transmission
scheme selection block, which selects transmit anten- Figure 1: Block diagram of the algorithm for selecting
nas and their CM schemes. transmit antennas and their CM schemes.

Has capacity Yes
increased since last
step?

. .. with a new deflated channel matH until all unre-
3 Algorlthm deSCI’Ip'[IOH liable antennas are eliminated. When the target BER
g can be achieved for all active antennas in the system,
the CM scheme is determined for each antenna sepa-
rately from the pre-calculated thresholds.

The selected antennas and the estimated CM
scheme may not be optimal, and for that reason in the
next recursive loop we calculate the system through-
put, which is equal to the sum of the bits allocated to
each antenna. The weakest antenna is switched off
again and the algorithm is restarted with a new set
of used transmit antennas to calculate the new system
throughput. If calculated system throughput is higher
f than that of the previous iteration the next weakest an-
tenna is switched off and the whole procedure is re-
peated, until no increase of system throughput is ob-
served.

The criterion for transmission mode selection is base
on estimated self-generated noise using ZF demodu-
lator [4]. A block diagram of the algorithm is shown

in Fig. 1. The algorithm input is the estimated or pre-
dicted channel matribH. The pseudoinverse of the
channel matrix is calculated in the first block. Next
for each transmit antenna the signal to self-generated
noise ratio is estimated from the pseudoinverse of the
channel matrix. If the target BER cannot be achieved
by the antenna with the highest self-generated noise,
it is switched off and eliminated from the transmission
scheme, and the procedure of calculating the SNR o
the remaining transmit antennas is repeated. If the
switched off antenna is highly correlated the diver-
sity gain of the system is significantly increased and
consequently the self-generated noise of the remain-
ing antennas is reduced. The increased SNR may en-4  Simulation results

able the transmission of more efficient CM schemes

at the remaining transmit antennas. The whole proce- The algorithm performance is tested for two target
dure of finding the optimum modulation scheme with BERs, namelyl0—3 and 1075, in the Rayleigh fad-
the pseudoinverse calculation is recursively repeated ing MIMO channel. The MIMO system consists of
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errors. In the paper we assume that channel estima-
tion error is negligible in comparison to the channel
errors which are caused by the channel variation. If
the channel is perfectly estimated at the receiver and
no channel variations occur, the transmission scheme
is determined accurately according to the observed
CSl, and therefore no degradation of the system re-
liability is expected. However, when the channel is
changed during the next transmission then the trans-
mission scheme selection is not optimal which causes
an increase in BER.

The statistics of channel estimation errors caused
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o8 o9 ‘ by outdated estimates due to the channel variation de-
0 5 10 15 20 25 30 pend on many factors such as type of predictor, propa-

<SNR>[dB] gation environment geometry, characteristics of trans-

mit and receive antennas, channel estimation tech-
nique, etc. In the absence of a detailed analysis of
the channel estimation technique, channel prediction
technique and propagation environment geometry, we
simulate the channel estimation error as an uncorre-
lated Gaussian process with zero mean and standard
deviationo as a parameter. The simulations give us
only an initial guide to channel sensitivity of the pro-
posed antenna selection algorithms.

The results forc = 0.05 are plotted in Fig. 3.
The detection process uses the CSI obtained from the
currently transmitted signals, while the set of active
antennas and corresponding CM schemes have been

Figure 2. Bandwidth efficiency of adaptive MIMO
and SISO systems for target BER™ and10~6.

either four transmit and four receive antenddg =

My = 4 or eight receive and eight transmit anten-
nasMpr = My = 8. The following set of modulation
schemes: BPSK, QPSK8, 16, 32, 64, 128, 256, 512,
1024}-QAM are applied in simulations for illustrative
purposes only. The power is allocated uniformly to
all selected antennas. The simulation results obtained

were compared to simulation results for an adaptive gg|acted using the CSI estimated previously transmit-
SISO systgm. _ ~ ted signals. For that reason in a time varying channel
The simulation results show that the BER is the selected CM schemes and set of active antennas
nearly constant in the SNR range considered for all o not perfectly correspond to the channel state. The
simulated systems. The average BER is below the tar- simuylation results show that the proposed algorithm is
getvalue in all cases because the transmission schemejpsensitive to simulated channel variations for ZF de-
selection algorithm always selects the modulation that tection. A negligible increase in BER is observed re-
gives expected BER below target value. The BER ggardless of the number of transmit and receive anten-
does not noticeable depend on the number of trans- nas and target BER for MIMO system. While in SISO
receive antennas have an effect only on the bandwidth higher SNR and the lower target BER. When the tar-
efficiency. Nearly linear increase of system through- get BER is low, the BER around switching thresholds
in Fig. 2. The system throughput increases rapidly the transmission of a CM mode with BER higher than
with the increase in average SNR. the target value. MIMO systems are less sensitive
Errors in channel knowledge occur mainly be- to channel variations than SISO systems, because the
cause of channel estimation errors and variation of MIMO systems receive with several antennas so chan-
channel characteristic due to transmitter or receiver nel variation is averaged and the probability that SNR
movement. The most common reasons for channel es- at all antennas are overestimated is low.
timation errors are Gaussian noise added to the trans-
mitted signal, co-channel and adjacent channel inter-
ference and limited calculation precision of the chan- 5§  Conclusion
nel estimation algorithm. In communication system
there is always some disagreement between the chan-A transmit antenna selection and their CM schemes
nel knowledge at the transmitter or receiver and the adaptation algorithm is designed and analyzed in the
actual channel. Therefore it is important to test the paper. The main advantages of the proposed system
performance degradation of the algorithm due to CSI are the small amount of information in return chan-
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Figure 3: Algorithm performance degradation with
ZF detection due channel variatien= 0.05.

nel and no increase of peak to average power ratio,
which makes the algorithm appropriate for a system
with limited power resources. The lower number of
transmitter chains also decreases the cost of the sys-
tem.

The simulated MIMO system is not sensitive to
small channel estimation errors. The channel mis-
estimation behaves like co-channel channel interfer-
ence, while the proposed algorithm is optimized only
for additive Gaussian noise, therefore at higher chan-
nel estimation error we may expect a degradation of
the system performance. A straightforward solution to
cope with channel errors would be to back off the all
channel thresholds by expected average error in CSI.
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