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A Channel Matrix Rank Reduction Method Using Space — Time Coding in
a MIMO System
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Abstract: Massive MIMO has an important role
in 5G and IoT, however provides hardware
problems in the system. To reduce these
challenges we introduce a method for channel
matrix rank reduction which reduces the
computations volume in a mxn MIMO system
using space — time coding in this paper. We used
this method to 4x2 system to change its rank to
2x2, however it may be used to any desirable
higher order mxn Massive MIMO systems.
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1. Introduction

Massive MIMO incorporate reliability, high
throughput and reducing the energy reduction
and the interference to the wireless
communication networks which are very
applicable in 5G and 10T [1].

Symbols are affected from the multipath fading
in wireless channels. To overcome to this
challenge multi-antennas has been used in
wireless systems [2, 3, 4]. Alamouti presented a
simple and efficient algorithm in 1998 to
eliminate the fading in multipath channels [5].
The Alamouti's presented method has provided a
property through time diversity that the receiver
needn't to the channel information and it can
extract the channel coefficients from the received
signals. After Alamouti, many different
contributions based on precoding and antennas
properties are presented to enhance the bit rate
[6, 7, 8]. We intend to simplify the Alamouti
algorithm in this paper. In [9] authors proposed a
full-rate full-diversity STBC for 2 x 2 (MIMO)
systems with a lower maximum likelihood (ML)
detection complexity than that of existing
schemes.

This paper is submitted on 21% December 2016. Accepted on 13"
March 2017.The author is working with Iran Telecommunication
Research Center. Email is Dadkhah@itrc.ac.ir

We offer a method to reduce the channel matrix
rank and the volume of the computations by
transforming the space diversity to the time
diversity in the transmit side in this paper. We
use the result to a 4x2 system to transform it to a
2x2 Alamouti coding. Thus, in section 2 we
study the space-time diversity signals. In section
3 we study

the transformation effects on transforming 4x2
to 2x2 system using the STC on the channel
matrix and finally we describe the conclusion.

2. The system model

Fig. 1 depicts a mxn MIMO system. s,
Sy, ..,Sm sSignals have been transmitted
simultaneously from m antennas in the
transmitter and ry, 7y, ...,7, Signals have been
simultaneously received by n antennas in the
receiver. We have only considered the space
diversity in this figure.

Channel matrix H is of mxn order and here, we
have been spread it into two parts as is shown in

(0).
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Fig.1 A mxn MIMO system
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To define our algorithm we divide the input
signals into two sets s, s,, s ST/ and Smt1/,,

, -, Sy DUt transmit them during two consecutive
T;and T, durations. In addition, we divide the
number of transmitted antennas by 2. We call this
a two order time diversity system. We know that
to detect the transmitted symbols we should find
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the inverse of the channel matrix H. Thus, the
received signals are according to Table 1.

Table 1 Order two time diversity
I, T,

Right subscript n in 7, refers to the number of
duration and left subscript m refers to the serial
number of antennas. Besides, the right column in
the table shows the received signals in the first
duration and the left column shows the received
signals in the second duration. Here we find two
sets of equations with m/z equations each. We

assumed the channel matrix doesn't change
during the Tyand T5,.

M1 hyy h1m/2 S1
Tn1 hnl hnm /2 Sm/2
and
T12 hi4 himy2 S?H
< . ) B E | < | ) (3)
Tn2 hns hnms2) \ Sm

We sum the receive vector on the left of (2) and
(3) and concatenate the matrices on the right of
(2) and (3) to constitute (1) again, but here we
reach to (4).

As it is shown, summing the received signals
through two consecutive T;, T, times evolves the
channel matrix H in (1) to the channel matrix in

(4).

<7"11+7”12>
Tn1+Tn2
hyp hlm/Zhll h1m/2 S1
e e
hnl hnm/z Sm
We can continue and divide both the number of
transmitted signals and the input signals into
three sets, etc. We have used here, order 3

diversity in the transmitter. Thus, the received
signals change as indicated in Table 2 in which

hnm/zhnl

the right, middle and left columns correspond to
first, second and third received signals
respectively. Besides, every row is pertinent to
the corresponding transmitted signal in each
antenna.

Table 2 Order three time diversity

r;, T, T,
3 T2 Tin
23 T2 T21
Th3 Th2 Tn1

Therefore the input/output relation reveals to

<r11+r12+r13>

Tn1+rn2+rn3

hyq © hymys (5'1)

hpy © Rpamzhnr 0 Rpmyz ) \Sm
®)

As it is shown, summing the received signals in
the first, second and third durations on each
antenna divides the H matrix to three equal parts
and reveals the equation to (3). We can extend
the above procedure to provide a p order time
diversity in Ty, Ty, ..., T, times as:

© hymszhyy © hyzmyzhyg

: hnm/3hn1

Z?:l i

14
h'11

hlm/p h11

hlm/p (51>
humyp) \Sm

(6)

hnl hnm/p hnl

Assuming

h11 hlm/p
Hy=[: =~ 7)

hnl hnm/p

we may rewrite (6) as

2i9=1rli 51
i I -H,,)<-> ®)

p
i=1rni Sm

which means that H is

H=(H, - - Hp) 9)
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As it is shown, the matrix H includes p identical
H,, matrix which its row is equal to the number
of received antennas and the number of columns
is equal to the transmitted antennas (nxp), i.e.,
the number of columns has changed inversely to
diversity order p. Besides, the number of H,
matrices in (9) is equal to p time diversity. We
have indicated in Appendix that we can find the
inverse of H easily as

- 1. T
H_lz(HLl. A HLI)
14 14

(10)

where T in (10) is the transpose indication. Thus,
using the p time transmit diversity, to get the
inverse of a large channel H matrix, we need
only find the inverse of H, matrix and then by
repeating it in a matrix as in (10) we will find the
inverse of that large H matrix. When the number
of columns and rows are not equal, we may find
pseudo inverse of the matrix H according to the
above procedure, i.e.

so(M.
H=( : p) (11)
3. Verifying and Evaluation
We assumed implicitly that the channel

characteristics doesn't change in successive
durations. To verify this assumption we should
indicate that Ty < T, in which Ty is the symbol
period and T, is the channel coherence time. As
we know e.g. in LTE-A BW=100Mbps or the
symbol period is T; = 100ns. On the other hand

T, = fi in which f; is Doppler spread. Now let
d

the vehicle speed is v, = 200km/h and the
carrier frequency is f. = 2GHz, furthermore
4 = 100Hz or T, = 10ms. Thus 10ns «< 10ms
which confirms that we may use our method
[10].
For evaluation the method we should indicate the
simplicity in the computations. We study a 4 x2
MIMO system which has the form

T S1
1
- (hll hiz  his h14) S2 (12)
7 ha1 hay  hys  hyy 23
4
Thus, the inverse of channel matrix is
H*=HM(HH") " (13)

But, using the 2 x2 MIMO and order 2 diversity,

(12) will change to
S1

r
' _ <h11 hiz  hiy hlz) 2 (14)
r ha1 hy;  hyy  hyy/\ S3
2 Sy

in which

%]

=T+ T2
{7”2 =T T 7122 (19)
Channel matrix H in (14) has been constituted
from two 2 x2 identical matrices which we may
find its inverse from (10). Let

h h
H, = ( 11 12) 16
z ha1  hya (16)
then easily we find
-1 _ 1 hy, —h12)
H hi1hzz—ha1hys (—h21 hi1 (a7)
and consequently,
+_(H7Y|HZY T _
H=(% %) = i
1 ( hy, hiz  hy _h12)
2(hq1hz2—hz1hq2) —h21 h11 _h21 h11
(18)
and therefore
Sy ha,  —hy r
S2 _ 1 —hiz  hyy
S3 2(hy1haz—ha1hia) | By —hyy r
S4 —hiz  hqy ?
(19)

To calculate the volume of the calculations in
two methods we see that to find H* in from (13)
we need to perform 3 multiplications and a
matrix inversion, but in the second method we
need only one matrix inversion from (17) and
duplicate it in a new matrix according to (18).
Thus, we find that calculating H=1 from (19) is
much easier than calculating it from H in (13).

4. Conclusion

Using the space-time coding procedure and the
aforementioned method we simplified the
channel matrix and the computations. Since we
transform the higher order channel matrices to
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lower orders matrices, this simplification reveals
better in higher orders of channel matrices.

Appendix

We prove (10) as a statement in the following
paragraph.

To multiply and making inverse of the channel
matrix H, we use the dividing procedure in the
matrices. Assuming  H,xm and  Byx, are
inverse, thus HB=I. To provide B we divide H
and B in e.g. 3 sub-matrix somehow that their
multiplication are possible as

Bl,yn
B2yn
B3,xn

(Hlnxq Hznxq H3n><q)

= Lixn (a)

in which | is a unitary matrix. Thus we find
H1.B1+H2.B2+H3.B3=I,4, (b)

and therefore

(H1.B1= %Inx”

1
;Inxn (©)

1
=1
p lnxn

{HZ.BZ =
lH3.B3 =

in which ng and thus

Bl=H1-1
p
(d)

Incorporating the equations (d) in a matrix form,
we get H~1 as is indicated in (10).

B2=1pH2-1 B3=1p3-1
14 p

References

[1] P. Yang et al, Transmit Antenna Selection for
Multiple-Input Multiple-Output Spatial Modulation
Systems, PIMRC2015.

[2] A. Sibille et al., MIMO:
implementation,  Burlington,
Press/Elsevier, 2011.

[3] J. R. Hampton, Introduction to
communications, Cambridge Univ. Press, 2014.
[4] R. E. Ziemer et al., Introduction to digital
communication, Prentice Hall, 2001.

[5] S. M. Alamouti, A Simple Transmit Diversity
Technique for Wireless Communications, |EEE
Journal on Selected Areas in Communications, Vol.
16, No. 8, Oct. 1998.

from theory to
MA:  Academic

MIMO

[6] PNagaradjane, Muthu T: Performance of feedback
multiple-input-multiple-output ~ system aided by
polarisation multiplexing and pre-processing. IET
Communications 9(16): 1988-1998 (2015).

[7] Prabagarane N, M Tamilarasi: Performance of
Cooperative Multi-Cell Downlink Communication
Aided by Polarization-Multiplexing Under Limited
Feedback Constraints, IEEE Access 4: 3479-3488
(2016).

[8] P Yang, Y Xiao, YL Guan, S Li, L Hanzo,
Transmit Antenna Selection for Multiple-Input
Multiple-Output Spatial Modulation Systems, IEEE
Transactions on Communications 64(5), 2035-2048,
2016.

[9] V. Valkilain, H. Mehrpouyan, High-Rate and
Low-Complexity Space-Time Block Codes for
2x2 MIMO Systems, IEEE Communications Letters,
2016.

[10] W. Y. C. Lee, Wireless & Cellular
Telecommunications, 3d edition, McGra-Hell,1998.


http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4234

