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ABSTRACT

In this paper, we present the bit-error rate (BER) performance of quasi-orthogonal space-time block code
(QOSTBC) massive multiple-input multiple-output (MIMO) system employing up to 32 transmit and receive
antennas. The QOSTBC, due to its advantages in transmission rate and decoding complexity, is an important transmit
diversity scheme for more than 2 transmit antennas. As massive MIMO implies very large number of antennas,
practically at least more than 15 antennas, a different number of transmit and receive antennas (i.e. 2x2, 4x4, 88§,
16x16 and 32%32) using QOSTBC for the massive MIMO system are considered. The BER performance of the
massive MIMO with antennas up to 32x32 using BPSK modulation scheme is analyzed. Simulation results show that
the full-rate massive MIMO systems with QOSTBC give a significant performance improvement due to increasing
diversity effect, compared with previously considered massive MIMO systems.
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I. Introduction

As mobile communication systems evolve, higher
transmission data rate, higher spectral efficiency and
higher reliability requirements have been an important
issue. To meet these requirements, massive multiple-
input multiple-output (MIMO) technology has become
an attractive field of research and massive MIMO can be
built with inexpensive, low-power components [1].
Massive MIMO communication is widely considered to
be an appropriate to achieve much higher bandwidth
efficiency and improve the performance reliability of
modern wireless communication [2]. The massive
MIMO transmission of signal processing is performed in
time and spatial dimensions by utilizing multiple,
spatially distributed antennas at both transmitting and
receiving sides.

In addition, combining with space-time codes (STC)
[3], the usage of multiple antennas offers not only
enormous spectral efficiencies but also a significant
improvement in system performance. STC techniques
such as Alamouti’s space-time block code (STBC) that
combine coding, modulation and signal processing in
wireless communication, have been used to achieve
spatial diversity and improve the bit-error rate (BER)
performance [4-6]. The transmit diversity scheme
proposed by Alamouti [7] is a simple and effective
orthogonal space-time block codes (OSTBCs or STBCs)
of the full rate with two transmit antennas for the system.
OSTBCs [8] based on orthogonal design are the most
interesting schemes among space-time codes. They can
significantly improve signal quality in quasi-static
MIMO channel due to their full-diversity property.

Unfortunately, for more than 2 transmit antennas, the
rate of the OSTBC [9], defined by the number of symbols
transmitted divided by the number of time slots used by
the OSTBC, cannot be larger than 3/4 [10]. However, we
can achieve the rate larger than 3/4 for more than 2
using Quasi-Orthogonal STBC
(QOSTBC) methods [11]. The QOSTBC is a very

attractive transmit diversity scheme in terms of rate and

transmit antennas

decoding complexity. In [12], however, the number of
transmit antennas for a rate-one QOSTBC was limited to
8. For massive MIMO systems, however, the number of
antennas must be larger than at least 15. Therefore, a
more thorough investigation in a true massive MIMO
configuration with a large number of antennas still needs
to be reported.

In this paper, we present a true massive MIMO with a
large number of transmit and receive antennas up to 32
and perform comparative evaluation over different
configurations. The main idea of increasing antennas is
to increase the capacity with increasing error
performance, i.e. decreasing BER. Therefore, we focus
on BER reduction with full rate for a large number of
antennas.

The rest of the paper is organized as follows. We
explain about the massive MIMO system model in
Section 2. The space-time block code is discussed in
Section 3. Section 4 describes quasi-orthogonal space-
time block code. In Section 5, simulation results are

presented. Finally, conclusions are drawn in Section 6.

II. Massive MIMO System Model

Recently, massive MIMO systems, or large-scale
antenna systems, have been investigated as new cellular
network architecture for next generation high-speech
wireless communications with several attractive
characteristics. Massive MIMO can improve spectrum
efficiency (SE), energy efficiency (EE) and reliability
just by configuration massive antenna arrays at the
existing base stations (BSs), which has been seen as a
promising technology for future wireless communication
systems [13]. This great potential of massive MIMO has
stimulated great interest from both academics and
industry.

Let N denote the number of antenna elements at the
transmitter, and N, the number of antenna elements at the
receiver. The channel with N; outputs and N, inputs is

referred to a NyxNymatrix. The MIMO system model can
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be represented as
z= Hw+wv @)

where z € ™" denote the received complex vector,
we M s the complex vector representing the
transmitted signal. A& ™M s the complex channel
matrix and vE " is the noise vector, whose
components are complex circular symmetric Gaussian
with zero mean and unit variance, where O» is the
standard deviation of the noise at that receiver, given by
0, =(I/SNR) for unit signal power. The signal-to-noise
ratio (SNR) is defined as SNR=E,/N, when BPSK is
employed. Fig. 1 depicts such MIMO system block

diagram.

Receiver

Channel

Transmitter

I3 1. tf#2 MIMO 23
Fig. 1 Block diagram of massive MIMO system

Ill, Space-Time Block Code

The term STBC, in general, is used to describe
transmission schemes capturing these high data rates
attainable by MIMO channels [14]. The STBC matrix has
columns equal to the number of the transmit antennas and
rows equal to the number of the time slots required to
transmit the data. The STBC is represented by a matrix,
where T denotes the number of time slots [15] and &
refers to the number of independent complex information
symbols in the codeword which are transmitted per time
slot 7. The code rate of STBC is defined as k/T. The

=5 u SRt E5FSE HEE 32x32 ME T2 MIMO A|AH

channel with N, receiver antenna and N; transmitter

antenna is modeled by a matrix.

Uy Up Uy
Uy Uy Uyy,

: ; @)
Upp Uy w0 Upy

where u;; denotes information data symbol transmitted
at time slot i and from jth transmit antenna. The
orthogonal code was shown in [8] that rate-1 generalized
real orthogonal designs (ODs) and rate-3/4 generalized
complex orthogonal designs exist for any dimension. In
addition, rate-3/4 complex orthogonal designs were
provided for the specific dimensions of two, three, and
four. For real ODs, every entry of the code matrix is a
linear combination of the information symbols. For
example, the codeword matrices of the 2x2 and 4x4 real

orthogonal designs are given by

u u
1 2
R, = 3)
—U U
o ou, u; U,
—Uu u —Uu u
2 1 4 3
R, = 4
—uy  u, U —u,
—u, —uy, u, U

In complex ODs, both the information symbols and
their conjugates are utilized. The ith column of the code
matrix can contain either the information symbols uy,*-,
ur, or their conjugates u,", -, ur only. The space-time
block code proposed by Alamouti [7] uses the complex
orthogonal design. Orthogonal structure of code matrix
of Alamouti scheme expressed in (5) achieves full-rate

and full diversity.

C, { ", ui} (5)
—u, u

509



SR B ELISHS|=EX|(J. Korea Inst, Inf, Commun, Eng)) Vol, 19, No, 3 : 507~513 Mar, 2015

Here, two time slots are required to transmit two
symbols. Thus, /=2 and 7=2. The Alamouti code is the
first STBC that provides full diversity at full data rate
when transmitter has two antennas and simple linear
processing under the assumption of no channel state
information at the transmitter (CSIT) but perfect channel
state information at the receiver (CSIR) [8]. It has been
generalized for four transmit antennas as given in

equation (6)

U U Us Uy
—u, u,  —u, U
—u, U, U —u,
—Uu —Uu u u

4 3 2 1
C'4 = * * * * (6)
u, u, u, U,
* * * *
—u, u u, U,
* * * *
—u,  ou, u,  —u,
* * * *
|—u, —uy  u, ou; |

IV. Quasi—Orthogonal Space—Time Block
Code

Alamouti code provides the full rate with full
diversity for two antennas. Although Alamouti code can
be further generalized for more than two antennas by
using the concept of orthogonal designs, unfortunately,
it does not provide any coding gain nor achieve a rate
larger than 3/4 [16]. It is also proved in [17] that a
complex orthogonal design and corresponding STBC
which provide full diversity and full transmission rate is
not possible for more than two antennas. Alamouti
scheme is the only example of a full-rate full-diversity
complex STBC using orthogonal designs.

QOSTBC is a full rate STBC for more than two
transmit antennas. To design full rate codes with
complex constellation, we consider codes with a
decoding pair of symbols [17]. Such non-orthogonal
codes for the 4 transmit antennas given in equation (7)
are called QOSTBC.

u,oou,  uy U,
* * * *
—u, u, —u, U

Q4 = * * @)

* *
—uy —u, U, U

u, —u; —u, u

In this code matrix column 1 and 2 as well as
columns 3 and 4 are orthogonal to each other. We
represent the ith column of above matrix by z;. Then, for

any intermediate variable u;, u, us, us, we have
(Zlazz)=(21723)=(22»Z4)=(Z3az4)=0 (3)

In (8), subspace created by z; and z4 is non-orthogonal
to the subspace created by z; and z;. This is why they are
called quasi-orthogonal STBC codes.

Although Jafarkhani [17] built the transmission
matrix for 8 transmit antennas from 4 antennas, the 8x8
matrix cannot provide more than % rate code. For
example, we compare two quasi-orthogonal STBCs with
different for eight transmit antennas. The
Jafarkhani QOSTBC for 8 transmit antennas (N) to send
6 information symbols (k) in 8 time slots that use 7 time
slots is shown in (10) [17].

The rate R of this QOSTBC code is,

rates

k 6 3
R=—=-== )
r 8 4
n, n, n 0 n, ng N 0
-n, n 0 -ny ng, -n, 0 n
n, 0 -nmn -n, -n, 0 n, n
J=|0 -n, n, -n, 0 ng -n; n
' (10)
-n, —-ng -ng 0 n, n, n 0
-ng n, 0 ng —n, n 0 n,
ng 0 -n, ny n 0 -n n
10 n, -ng -n, 0 ny -n, —n|

The proposed design of transmission matrix for the
same transmit antennas is shown in (12). This matrix is
clearly a QOSTBC and sends 4=8 information symbols
in 8 time slots. Therefore, the rate of this QOSTBC
code is
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k 8
R=2-2_1 (11)
T 8
U U, U U, Us Us U; U
. . . . P
—u, u —u, Uy —Ug U —Uy U
. . . . . . . .
Uy U, Y Uy —U; U s Ug
u, —uy; —u, U Uy —u, —ug U
= . P " . . . . .1 (12)
—us —ug —u, —ug U u, u; u,
Ug —us Uy —U; —U, U —U, U
U, Ug  —Us —Ug —Uy —U U U
. p . . . . . s
| —ug Ug —ug  u,  —uy —u, U |

of QOSTBC in massive

MIMO is evaluated through simulations and the results

The BER performance

are discussed in the next section.

V. Simulation Results

In this section, computer simulations are conducted to
investigate the BER performance of the massive MIMO
system. When we increase the QOSTBC matrix size
(see in (12)), we evaluate the BER performance
according to the matrix size (i.e., the number of
antennas). It should be noted that for increasing the
number of antennas, the STBC code should be matched
to the antenna number. In the simulation, we increased
the number of antennas up to 32, by designing the
QOSTBC code into the size of 32x32. In order to
examine the BER performance, the massive MIMO
system using QOSTBC with 1x1, 2x2, 4x4, 8x8, 16x16
and up to 32x32 number of antennas is implemented
and the results are shown in Figs. 2 and 3.

In this simulation, the modulation used is BPSK and
the total transmit signal power was equally divided by
the number of antennas. The channel is assumed to be
an Additive White Gaussian Noise (AWGN) channel.
The results are observed with the assumption that the
channel state information is perfectly known to the
receiver. The parameters used in the simulation are

shown in Table 1.
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Table. 1 Parameters of the Simulation

Parameters Specification
No. of transmitter antennas 1,2,4,8,16,32
No. of receiver antennas 1,2,4,8,16,32
Data Length 1024 bits
Number of packets 100
Modulation Technique BPSK
Channel AWGN

Simulations are carried out for evaluating performances
with different SNR values. Figs. 2 and 3 show a
significant performance improvement when the number
of transmit and receive antennas increases. Also, a
greater performance improvement is observed with
increased SNR.

Bit Error Rate

a3 2. 1x1, 2x2, 4x4 2 8x8 = MIMO Mds
Fig. 2 Performance of massive MIMO system with 1x1,
2x2, 4x4 and 8x8 antennas

Fig. 2 shows BER performance of the massive
MIMO using QOSTBC with 1x1, 2x2, 4x4 and 8x8
number of antennas. As can be seen in Fig. 2, increasing
the number of antennas results in significant BER
performance. In case of higher SNRs, BER decreases
drastically. It is important to note that the performances
of massive MIMO increase with a higher number of
transmit and receive antennas. This is due to diversity

from a large number of transmission paths deliberately
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created. In the 8x8 configuration, the BER performance
shows nearly 10*at a SNR value of 0dB.

-l —e—32x32
—8— 16x16

Bit Error Rate

O3 3. 32x32, 16x16, 8x8 L 4x4 =2 MIMO Ms
Fig. 3 Performance of massive MIMO system with
32x32, 16x16, 8x8 and 4x4 antennas

Fig. 3 illustrates the comparison of the BER perfor-
mances of massive MIMO with 4x4, 8x8, 16x16 and
32x32 number of transmit and receive antennas using
QOSTBC. The BER performances increase as more
antennas at both sides are employed. The best BER
performance is achieved with the 32x32 configuration
as expected. Therefore, it can be said that an increasing
number of antennas in massive MIMO provide
significant increase in diversity gain and subsequently

BER improvement.

VI. Conclusions

We have presented the BER performance of massive
MIMO systems with up to 32x32 antenna configuration
using QOSTBC. The performances are compared with a
different number of transmit and receive antennas under
the BPSK modulation scheme. Simulation results for
QOSTBC in massive MIMO

performance improvement with increasing number of

show a consistent

transmit and receive antennas.

It is concluded that QOSTBC shows full rate and is
an adequate modulation format for massive MIMO. The
work for massive MIMO performance evaluation under
fading conditions as well as with imperfect channel state
information can be undertaken. In addition, a field test
of the proposed system could be of interest as future

works.
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