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Abstract—In this article, a novel semi-blind channel estimation scheme for Multiple-Input
Multiple-Output (MIMO) communication system is studied and implemented for quasi-static Rayleigh
fading channel, in which channel matrix H remains relatively constant throughout the block. Channel
matrix H can be decomposed as a rotation matrix Q and down triangular matrix R. The triangular matrix
R is estimated blindly using the QR-decomposition based Generalized Cholesky Decomposition method
(GCD) of output covariance matrix, which exploits Independent Component Analysis (ICA) based blind
source separation stochastic method, and Q is estimated from the orthogonal pilot symbols using
QR-based novel approach to minimize the cost function. In this novel approach, orthogonal pilots can be
decomposed as a deterministic Hermitian matrix and the upper triangular matrix using the
QR-decomposition, and finally matrix Q can be estimated by using the back substitution method, which is
presented in this paper. Simulations are demonstrated using the Alamouti space-time coded 2 transmitter
antennas and different combinations of 2 and 6 receiver antennas to showcase the performance of the
novel scheme as compared to the conventional Least Squares (LS) and Maximum a posterior (MAP)
estimation schemes using the BPSK data modulation scheme. The results indicate that the novel scheme
outperforms the other schemes and shows a considerably better result in terms of bit error rate (BER).
Hence, the novel scheme is quite useful for solving a complex problem of semi-blind MIMO channel
estimation by using the QR matrix decomposition technique. Further error analysis is presented in terms
of the error covariance matrix by considering the noise for non-zero error case (practical case) as
compared to zero-error case.

DOI: 10.3103/S0735272721060054

1. INTRODUCTION

MIMO communication systems may be considered among the most promising ones providing the
benefits of variety of gains with the diversity perspectives and additional advantages of increased data rates
using spatial multiplexing provisions. Wireless systems consider the opportunities of employing several
antennas at the transmitter and receiver sides to exploit different advantages like array gain, high data rates,
high efficiency, etc. [1], [2].

Channel state information (CSI) is one of the most important information for ensuring the performance of
the system; hence, there is a need to implement a robust channel estimation technique [3]-[5].

There are three methods for channel estimation, namely, the pilot-based channel estimation, blind
channel estimation, and the semi-blind channel estimation. In pilot-based channel estimation, special pilot
symbols involve the need to estimate the channel information, which is not bandwidth efficient. In the blind
technique, channel is estimated without using pilot symbols and CSI is calculated by using only the received
signal statistics.

As is known, blind methods are more accurate but they are complex and feature the problems of poor
convergence. Therefore, to exploit the benefits of both pilot-based estimation and blind estimation, we
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propose to use a semi-blind channel estimation technique in order to find the channel state information by
using quasi-static channel (block fading channel).

Here semi-blind channel estimation techniques are presented by decomposing channel matrix H as a
product, where R is the down triangular matrix, which is estimated blindly by using the QR-decomposition
based generalized Cholesky decomposition (GCD) method for received data symbols and Q is the matrix
estimated from pilot symbols by using the QR-decomposition based novel approach, which is presented in
Section 3 [6]-[8].

2. SYSTEM MODEL

In this article, we use a quasi-static flat fading MIMO channel matrix He C” ™ where ¢ denotes the
number of transmit antennas, » denotes the number of receive antennas in the prescrlbed system, and each /1;;
signifies the i-th receiver and Jj-th transmitter in the flat-fading channel coefficients, which are unknown and
need to be estimated. Here the channel matrix is considered for the case of the quasi-static fading, so H
cannot be ill conditioned due to spatial correlation and also due to the absence of significant effects of
channel fluctuations on the matrix close traces.

Complex received data denoted by Y e C m, hence the equivalent received base-band system can be
modeled as follows:

Y (k) =HX(k) +n(k), (1)

where k denotes the time instant, X € C ™ denotes the complex transmitted symbol vector, nrepresents the
additive white Gaussian noise such that E{n(k)n(/)} =06(k,l)c,, 2[ where 8(k,/)=1if k =1, and 0 or else.
Furthermore, the sources are assumed to be spatially and temporally independent with identical source
power o2, i.e., B{X(k)X(1)} =8(k,})5 1.

The signal-to-noise ratio (SNR) is given by expression G /cs . Presuppose that the communication

channel has been utilized for a total of N symbol transm1ss1ons. Among these N transmissions, the initial L
symbols are the known training symbols and the rest of (VN — L) symbols are the blind data symbols.

3. CHANNEL ESTIMATION TECHNIQUES

3.1. Pilot-based LS and MAP Channel Estimation Techniques

These conventional techniques solve the channel estimation problem by minimizing Euclidean norms of
the following cost function given below, where X, are the orthogonal pilot symbols, Y, is the output data,
and H is the estimated channel matrix [9]-[12], because the task of channel estimation algorithm is to
recover matrix H using the knowledge of Y, and X ;:

. 2 ~ 2 A H A
mmE{HH—HLsHF} =X A=Y, |7 =(X A=Y, (X A-Y,), )

is Frobenius norm and Hj g is a least square solution of

estimated channel matrix.
The solution of the following equation can be found in the form:

A H -1
Ais=(X,X,) 'X,Y,=X}Y,, 3)

where ( )T denotes pseudo inverse (Moore—Penrose inverse).

Now, in the case of MAP estlmatlon we require orthogonal pilot symbols X ,, channel covariance matrix
Cy, and noise covariance matrix C,
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) H~-1 -1yH~-1
HMAP Z(chn Xp +CH) Xan Yp. (4)

3.2. Proposed Semi-blind Channel Estimation Technique
Here MIMO channel matrix H can be decomposed as the product

H=RQ",
where R denotes the down triangular matrix and Q denotes the unitary rotation matrix, i.e.,
H H
Q Q=QQ =L

Here R is the blindly estimated matrix using the covariance matrix of output data, which exploits ICA
(Independent Component Analysis) based statistical approach to find unknown channel coefficients.

Now from equation (1), we can write the output covariance matrix in the form:
H H 2
Ryy =E[Y,Y, 1=HX,(HX,) +0,]l, (5)

where Y/, is the received output data, X, is the blind input data, and 0,21 is the noise power.

Next, we can write

Ryy =HH" 16,1, (6)

HH" =R}y —621=Ry. (7)
Using the QR-decomposition, we can write

Ry =R,Q,)RIQIH=R,R}, ®)

Y, Y =R ,Q,)R}Q})=R,R} =RR". ©)

Thus, matrix R can be estimated blindly by using the QR-decomposition based on GCD method. Here R,
and Qy, can be considered as the down triangular matrix and rotation matrix, which can be calculated using
the QR-decomposition of Y,

We can now find the unitary rotation matrix Q using orthogonal pilot symbols X ,, by minimizing the cost
functionarg min||Y,, —~HX | |%:

Then the following relationship is valid:
2 H 2
1Y, ~HX |17 =Y, ~RQ"X, 7. (10)
Hence, it can be shown that error € can be minimized in the following way:

H
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H
£=0=Y,=RQ"X,,. (12)

Now matrix X, can be decomposed into Hermitian matrix Q , and upper triangular matrix R ,, by using
the QR-decomposition

Y, =HX, =RQ"X, =RQHQP[ROP}. (13)

As is known that Q PQE =1, we can write:
n| R H
RQ { OP}Y,,QP, (14)

and QH can be found by using the back substitution method:

R
QH[ Of’}RTYpQE, (15)
Q"=rv,Q; / {RP} (16)
p<p 0 >

where R = (R HR)_IR 1 is the Moore—Penrose inverse.
Hence, we can calculate the final estimate of H by using equation (8), (9) and (16):

A=RO". (17)

Now, if we consider noise at non-zero error in the above case, then equation (13) can be rewritten in the
form:

Y, =HXp+n=RQHXp+n=RQHQp{ROP}+n, (18)
RQ“QP[ROP} -, . (19)
RQH{ROP} ~QY(Y, -, (20)
QH{ROP} =R'Q} (v, -n=RTY,Q} ~-R"nQ}. 1)
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Fig. 1. Performance comparison in terms of BER vs SNR Fig. 2. Performance comparison in terms of BER vs SNR
for 2 transmitter and 2 receiver antennas. for 2 transmitter and 6 receiver antennas.

N R
Q" =ry,Q! —RTnQ?)/{ O”}

Z[RTY,,QE / [ROPD—(RMQE / {ROPD. (22)

signal error

Here error e can be considered as
_ T H rR P —|
e—[RnQp/LOJ,

hence we can find the covariance matrix of error as follows:
R R T\
_ H, _ . 0H p F.oH P
O | L

H
R, R
=E RT(RT)HnnHQEQp/{ op}{ p}

o LTl S s S

4. SIMULATION RESULTS

In this simulation setup, the digital data modulation scheme is BPSK and the quasi-static Rayleigh fading
channel is generated. We have taken setup for 2 transmitter antennas and 2 and 6 receiver antennas with 4
pilot symbols and 100 blind symbols, which are drawn from BPSK modulation constellations.

Figure 1 presents the simulation results of the proposed semi-blind channel estimation technique
(QR-back) in comparison with well-known conventional pilot based LS and MAP channel estimation
techniques [9]-[11] for 2 transmitter and 2 receiver antennas. The BER characteristic obtained reveals that
the proposed technique outperforms the other two techniques and shows the near perfect CSI (for known
channel).

RADIOELECTRONICS AND COMMUNICATIONS SYSTEMS Vol.64 No.6 2021



324 SAXENA et al.

Figure 2 shows the results for 2 transmitter and 6 receiver antennas. It can be seen that due to diversity
when the number of receiver antennas is increased, the BER characteristics improve considerably by
showing a 2-3 dB improvements.

5. CONCLUSIONS

This study involved the investigation of the QR-decomposition based novel semi-blind channel
estimation technique for MIMO systems employing the Rayleigh fading quasi-static channel. After the
study and investigation of the proposed technique, it can be proved that the proposed technique QR-back
outperforms the pilot-based two conventional techniques in terms of BER performance by 2-3 dB. In
addition, with the rise of the number of receiver antennas, the system performance improves significantly.
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