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ABSTRACT

Diversity techniques have been used over the years to improve
the wireless communication links, mitigate fading, achieve
higher data rates, and improve channel capacity gains. This Received: August, 2020

paper presents the comparative analysis of transmitting and ~Received in revised form: October, 2020
receive diversity techniques with our proposed extended Accepted:lJanuary, 2021

Alamouti’s scheme using orthogonal space-time block codes Published online: March, 2021

(OSTBC) under the Rayleigh faded channel. In this paper, three

possible diversity configurations have been considered: KEYWORDS

multiple-input multiple-output (MIMO), single-input multiple Diversity Techniques; SIMO; MIMO;
outputs (SIMO), and multiple-input single-output (MISO). The MISO; OSTBC; MRC

model was developed in a Matlab environment and

performance comparison was carried out using BER vs SNR.

Our proposed model proved that the MIMO system is highly

efficient in improving wireless communication links. Also, our

proposed transmit diversity scheme with a higher number of

antenna arrays achieves full diversity as in receive combining

schemes.
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Article History

INTRODUCTION several improvements with the addition of

The highly increasing demands in
today’s wireless communication system
and migration of new generations in
mobile networks coupled with the
integration of internet and multimedia
applications  such  as  high-quality
multimedia services, easy and efficient
internet accessibility, and 3D qualitative
animation games among others posed
several challenges in the wireless
communication system. Satisfying these
ever-increasing demands within the
limited radio spectrum, multipath fading
channels, and interference is a great
challenge and difficult task [1]. Therefore,
over the vyears modern wireless
communication has been passing through

more new services that changes and
improves our lifestyle.

Several works have been carried
out by researchers on diversity techniques
by using an array of smart antennas at the
receiver and/or the transmitter. This
technique proved to be effective and one
of the efficient methods for improving the
efficiency of the wireless system in
multipath fading channels. Diversity can
be achieved either at the receiver termed
as receive diversity or at transmitter
known as transmit diversity. If the array of
antennas were deployed at the receiver
while a single antenna is used at the
transmitter, the configuration is known as
single input multiple outputs (SIMO). With
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multiple antennas at the transmitting end
while a single antenna at the receiving end,
the system is known as multiple-input
single-output (MISO). If the configuration
consists of multiple arrays of antennas at
both ends, then the configuration is called
multiple-input multiple-output (MIMO)
[2,3]. Fig. 1 depicts a different form of
diversity configurations. Various forms of
diversity approaches have been reported
such as time diversity, space diversity,
angle diversity, among others.
Traditionally, several receive
combining diversity techniques have been
proposed such as equal gain combining
(EGC), selection combining (SC), and
maximum ratio combining (MRC). MRC
scheme which uses a maximum likelihood
detector is the most effective and widely
used method of simple receive diversity.
To achieve a full transmit diversity and
improve diversity gains, space-time block
codes were developed based on a space-
time coding system to achieve full diversity
as in receive diversity techniques [4].
Alamouti’s coding scheme was proposed
by Alamouti using space-time block codes
(STBC) with M=2 and N=1, with M and N
be the number of transmitting and
receiving antennas respectively. The
scheme is low in computational
complexity, does not require bandwidth

 Jomr |

Tx

=

Rx1

expansion, and without any feedback to
the transmitter, can be generalized to a
diversity of order 2M [5].

Many researchers have explored
the benefit of using an array of antennas
at one side, such as at the receiver end as
reported in [4], while [6] proposed the use
of the array of antennas at both ends and
the capacity gains were greatly improved.
Other researchers believe that the
benefits of receive diversity can also be
obtained in transmit diversity as reported
in [7-9]. Transmit diversity with two
antennas was proposed by [10].
Alamouti’s scheme performance was also
theoretically analyzed and compared in
[11,12]. Beam former design for the 2x2
MIMO system was proposed in [13].
MIMO system has been extensively
studied with STBC coding system to
enhance data rates (bit/sec) and bit error
rate (BER) [14-24].

To study the effect and
performance of STBC in diversity
techniques, this work proposed an

extended version of Alamouti’'s code
scheme with higher diversity order than
other reported studies using orthogonal
STBC (OSTBC) encode data. Performance
comparison of diversity techniques was
carried out to evaluate the efficacy of our

proposed scheme.
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SYSTEM EXPERIMENTS AND DESIGN
Maximum Ratio Combining (MRC) Scheme

MRC is a receive diversity method
which is also a linear combining scheme.
The output signal is obtained when the
different receive signals are weighted and
combined. Consider a receive diversity

h, =o, /1 (1)

h, =, e/9? (2)

with two antennas Rx: and Rx: at the
receiving end. The signal S: is sent from
transmitter Tx. While the channel
between Tx and Rx: is donated as h: and
that of Tx and Rx: is donated as h: as
shown in Egs. (1) and (2).

« is the magnitude response and & is the phase response.

At the receiver, the complex noise
is added as n: and nz and assume to be
Gaussian distributed. Therefore, the

= hysy + 1y (3)

T, = hys; + 1y (4)

Assuming n: and n: are Gaussian

distributed, the maximum likelihood
decision rule at the receiver for these

received baseband signals r: and r2 are
expressed in Egs. (3) and (4) as:

received signals is to choose s; signal if and
only if (iff) Eq. (5) is satisfied.

d?(ry, hys;) + d?(ry, hys;) < d?(ry, hyS,) + d?(1y, hys), Vi =k (5)
d?(x,y) is the squared Euclidean distance between signals x and y calculated in Eq. (6)

a*(x,y) = (6, ) (x* —y")

The receiver combining scheme for two-branch MRC is shown in Eq. (7):
§1 = hiry + hyry, = Ry (hysy +1y) + hi(hys; +ny) = (3 +x3)s; + hing + hyny(7)
Expanding (5) and using (6) and (7) we get egs. (8) and (9)

Choose si iff

(x+od)[si]? — 5187 — 815y < (oG +och)|sp|? — §ysp — 815y Vizk (8)

Or equivalently
Choose si iff

(ocf+ocd— Dlsil* + d*(Sy,5) < (cf+o3— Dlsy|? +d*(Bys), Vizk  (9)
For PSK signals (equal energy constellations), the energy of the signal Es is expressed

in Eg. (10)
Isi|?=|sk|?=Es Vi#k

Therefore, for PSK signals, the decision rule in (9) may be simplified to Eq. (11)

Choose si iff
d?(3,,s;) < d?(3,,s¢), Vi#+k

The maximal-ratio combiner may
then construct the signal Si, so that the
maximum likelihood detector may
produce 51, which is a maximum likelihood
estimate of S1[25, 26].

STBC for the extended Alamouti’s scheme
based on orthogonal design

The Space-time block codes
(STBC) is a generalized version of
Alamouti’s scheme. These codes have the
same key features. That is, they are
orthogonal and can achieve full transmit
diversity specified by the number of

(12)

transmit antennas. In other words, STBC is
a complex version of Alamouti’s space-
time code, where the encoding and
decoding schemes are the same as in both
the transmitter and receiver sides. The
data are constructed as a transmission
matrix S which has its rows equal to the
number of the transmit antennas nTx and
its columns equal to the number of the
time slots required to transmit the data p.
At the receiver side, when signals are
received, they are first combined and then
sent to the maximum likelihood detector
where the decision rules are applied.
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Examples of Alamoutis STBC decoder and
encoder are shown in Fig. 2 and Fig. 3
respectively.

Recovered
Data
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P h4
. < Channel
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-

Fig. 2. Alamouti Space-Time Decoder.

Two Transmit and Two Receive Antennas
The encoding for all STBC that
uses two transmit antennas is the same

as the encoding for Alamouti space-time
code.

Information

Y

space-time block code encoder
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Fig. 3: Space-Time Block Encoder

Although the transmission sides
are the same, the receiver sides are quite
different. The receiver in this case has two
receive antennas instead of one, which
increases the receive diversity compared

r, = hys; + hys, +ny (12)
1, = —hys; + hys; +n, (13)
r3 = h3Sy + hyS, + 1y (14)

7, = —h3s; + hys; +ny (15)

The combiner builds the
following two combined signals that are
§1 = hiry + hyry + hars + hyry (16)
§, = hyry — hyry + hyrs — hary (17)

Four Transmit and One Receive Antennas

At a given symbol period, four
signals are transmitted simultaneously
from four transmit antennas. The signal

with a system with one receive antenna.

The received signals at the two
receive antennas denoted by ri, r2, r3 and
rs for t and t + T, respectively, can be
expressed as in Egs. (12) — (15):

sent to the maximum likelihood detector
as shown in Egs. (16) and (17).

transmitted from antenna one is denoted
by s1, the signal from antenna two by s,
the signal from antenna three by s3, and
the signal from antenna four by ss. This
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process will go on in the same manner
until transmitting the last column of the G4

"S1 S, S3 Sa1
S S1 -S4 S3
-S3 Sq S1 Sy
-Sq -S3 S;  Sq
Go=|s; s, S3 s (18)
S, S, -S; S

"
-S3 S; S; -S,

.
-5, -s3 s, Sp

The matrix in Eqg. (18) has a rate of half and
is used as an STBC encoder to transmit any
complex signal constellations.

For four transmit and one receive
antenna system, the channel coefficients
are modelled by a complex multiplicative
distortion, h; for the first transmit antenna,
h2 for the second transmit antenna, hs for

hy(t) = hy(t +T) = by = |hy|e/®

hy(6) = hy(t +T) = hy = |hy|e/®
hs(t) = h3(t +T) = hy = |hg|e/®?
ho(t) = hy(t +T) = hy = |hy|e/®

Where |hi| and §i,i=1,2,3 and 4 are the
amplitude and phase shift for the path
from transmit antenna i to receive
antennaj.

= hys; + hysy, + hyss + hys, +ny

T, = —h;S, + hys; — hysy + hys; +n,
3 = —h;S3 + hys, + h3s; — hys, + 13
7, = —hySy — hyS3 + hgs, + hys; +ny
15 = hys{ + hys; + hyss + hys; + ng

Te = —hyS; + hys{ — hss; + hys; + ng
r; = —hyS3 + hys; + hys] — hys; +n,
g = —hyS; — hys3 + hys; + hysy + ng

transmission matrix as given in Eq. (18) is
transmitted.

the third transmit antenna and h4 for the
fourth transmit antenna. Assuming the
fading is constant across four consecutive
symbols then channel coefficients can be
represented as in Egs. (19) — (22). Fig. 4.
shows the four transmit and one receive
antenna scheme.

(19)
(20)
(21)
(22)

The receiver in this case will
receive eight different signals in eight
different time slots. The received signals
can be represented as in Egs. (23) — (30):

(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)

The combiner builds the following four combined signals as shown in Egs. (31) — (34)

§1 = hiry + hyry + hrg + hyry + hyrs + hyrg + hary + hyrg (31)
§y = hyry — hiry — hyrs + hiry + hyrs — hyri — hyry + harg (32)
§3 = h3ry + hyry — hirs — hory + hars + hyrg — hyry — hyrg (33)
§4 = hyry — h3ry + hors — hiry + hyrs — harg + hyry — hyrg (34)

These four combined signals are then sent to the maximum likelihood detector.
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Fig. 4: Space-Time Block Code Scheme with Four Transmit and One Receive Antennas.
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Eight Transmit and One Receive Antennas

Section The space-time block code
transmission matrix for eight transmit
antennas is given in Eq. (35).

_Sl

S S3
S1 Sy
=Sy 51
S3 S
S¢Sy
S5 ~Sg
Sg S5
S7 Se
N
S2  S3
* *
S, S
* *
=S, S
* *
S35
"
S Sy
* *
S5 ~Sg
* *
Sg S5
* *
S7 S

Sy
_53
S2

Se 57
S5 -Sg
Sg S5
S7 Se
S2  S3
51 _54
-S3 52
* *
S¢ S7
*
S5 Sg
* *
Sg S5
* *
S7 Se
.
S S3
* *
S; -S4
* *
Sa S
* *
S35

The matrix in Eq. (35) has a rate of

half and

is used as STBC encoder to

transmit any complex signal constellations.

(35)

The encoding, mapping and transmission
of the STBC can be summarized in the
Table 1.

Table 1: Encoding and mapping of STBC for eight transmit antennas using complex signals.

space-time block codes with eight transmit

Tx1 Tx2 Tx3 Txa Txs Txs Tx7 Txs
T S1 S2 S3 Sa Ss Se S7 Sg
t+ 1T -S2 S1 Sa -S3 Se -Ss -Sg S7
t+2T -S3 -Sa S1 S2 S7 Sg -Ss -Se
t+3T -S4 S3 -S2 S1 Sg -S7 Se -Ss
t+4T -Ss -Se -S7 -Sg S1 S2 S3 Sa
t+5T -Se Ss -Sg S7 -S2 S1 -Sa S3
t+6T -S7 Ssg Ss -Se -S3 Sa S1 -S2
t+7T -Ss -S7 Se Ss -Sa -S3 S2 S1
t+8T Si* Sa* S3* Sa* Ss* Se* S7* Sg*
t+9T -So* Si* Sa* -S3* Se* -Ss* -Sg* S7*
t+10T | -S3* -Sq* Si* Sx* S7* Ss* -Ss* -Se*
t+ 11T | -Sa* Ss* -S2* Si* Ss* -S7* Se* -Ss*
t+ 12T | -Ss* -Se* -S7* -Sg* Si* Sa* Ss* Sa*
t+ 13T | -Se* Ss* -Sg* S7* -So* Si* -Sq* S3*
t+ 14T | -S7* Sg* Ss* -Se* -S3* Sa* Si* -So*
t+ 15T | -Ssg* -S7* Se* Ss* -Sq* -S3* Sa* Si*

The channel coefficients for and one receive antenna is shown in Table

2.
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Table 2: Eight transmit and one receive antenna channel coefficients.

Rx1
Tx1 h1
Tx2 h2
Tx3 hs
Txa ha
Txs hs
TXs he
Tx7 h7
Txs hs

The receiver in this case will receive sixteen different signals in sixteen different time
slots. The received signals can be represented as in Egs. (36) - (51).

11 = hys; + hys, + hssg + hys, + hgsg + hgSg + hyS; + hgsg +ny (36)
r, = —hys, + hys; + hys, — hySs + hgSg — hgSs — hySg + hgs; +n, 37)
r3 = —hyS3 — hys, + hys; + hys, + hgs; + hgsg — hySg — hgsg + ny (38)
1, = —hySy + hys3 — h3sy, + hysy + hgsg — hgs; + hysg — hgss +ny (39)
15 = —hySg — hySg — hgs; — hySg + hgs; + hgsy + hyS3 + hgs, + ng (40)
Te = —hySg + hyS5 — h3sg + hyS; — hgS, + hgSy — hys, + hgss + ng (41)
r; = —hyS; + hySg + hgSs — hySg — hsSs + hgs, + h;s; + hgs, +n, (42)
rg = —hySg — hyS; + hgsg + hySs — hgs, — hgs3 + h;S, + hgs; + ng (43)
T = hyS; + hyS; + h3s; + hyS; + hss: + hgs¢ + hys; + hgsg + ne (44)
To = —hyS; + hys; + hysy — hys3 + hssg — hgSe — h;55 + hgsy; + ny (45)
11 = —hyS; — hysy + hys) + hys; + hsS; + hgSg — hySe — hgsg +nyqy (46)
Ty, = —hySy + hys3 — hysy + hys] + hgsg — hgsy + h;Sg — hgse +nq, (47)
T13 = —hyS: — hySg — haS; — hySg + hssy + hgs; + hys3 + hgsy + ny; (48)
T14 = —hyS¢ + hySE — haSg + hyS;—hgs; + heSy — hySy + hgs; + 1y, (49)
Tis = —hyS7 + hyS§ + hsSe — hySg—hss3 + hesy + h;S7 + hgs; + nyg (50)
Te = —hiS§ — hyS7 + hysg + hySi—hgs, — hgss + hys; + hgsy + nyg (51)

The combiner builds the following eight combined signals as expressed in Egs. (52)- (59):

{s1 = hiry + hyry + hirgy + hyry + hirg + hirg + hory + hgrg + hyrg + hyryy + haryy
+ hyry + hsris + heriy + horis + hgri} (52)

{8, = h3ry — hiry + hirs — hin, + hgrs — herg — hgry + horg + horg — hy1io + hyryy
— hgryy + heris — hsriy — hgris + ho1rie} (53)

{8, = h3ry — hir, — hirs + hon, + ho1s + hgrg — hsry — hgrg + hgrg — hyr{y — by

B + horiy + horis + hgriy — hsris — et} (54)

{84 = hiry + hiry — 31y — hiry + hgrs — hyrg + hiry — herg + hyrg + har{y — hyryy

_ — hyry + hetys — hy1iy + heris — hstis} (55)

{55 = hET‘l - hg’rz - h;T3 - h;m - h;rs + h;r6 + h;T7 + hfﬂ‘g + h57’9* - h67‘1*0 - h77’1*1
— hgr{y — hyys + hy1is + haris + hyris} (56)

{8; = hgry + hgry — hgrs + h31y — hirg — hirg — hyry + hirg + hers + hsriy — hgry
+ hyri; — hatis — hy1iy — hyrs + haris} (57)

{§7 = h;rl + hgrz + hET‘3 - hzn - h;rs + hZT6 - h;T‘7 - h;rg + h77‘9* + hgrl*o + hsrl*l

_ — heri; — haris + hyriy — s — horis} (58)

{sg = hgry — hyry + hirs + hiry, — hirs — hirg + hor, — hirg + hgrg — hyr{y + heryy
+ hsriz — hatys — hariy + hpris — hyrie} (59)
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These eight combined signals are
then sent to the maximum likelihood
detector to estimate the original
transmitted signal.

RESULTS AND DISCUSSION

Simulation results of  the
performance of the proposed
mathematical model were analyzed and
evaluated in the Matlab environment. In
the simulation, we generate a random bit
stream first, define a signal power level,
and symbols that are transmitted are
generated using the encoding scheme. The
encoded symbols are transmitted through
a multipath faded channel. The channel is
assumed to be flat faded and channel
distortion is assumed to be multipath. The
BER vs SNR was calculated and the
performance of MRC receive diversity and

our proposed transmit diversity based on
extended Alamouti’'s OSTBC scheme was
evaluated.

Single input multiple outputs (SIMO)

In Fig. 5 a plot of the
performance of the proposed scheme
using BER against SNR for the various
number of the receive diversity nRx is
shown. From this figure, it is observed that
at the BER of10™%, the error performance
is improved by about 8.0dB and 4.5dB,
when the receive diversity order is
increased from two to four and four to
eight respectively. For a large number of
diversity branches, the fading channel
converges towards an AWGN channel, as
the error performance curve for a large
nRx almost approaches the one for the
AWGN channel.

Performance of Recieve Diversity

MRC 17x&2Rx

—H— MRC 1Tx84Rx

—%— MRC 1Tx&8Rx

0 2 4 6 8

10
SNR(dB)

12 14 16 18 20

Fig. 5: Performance Comparison of Receive Diversity

Multiple input single output (MISO)

The bit error rate curves for the
various number of transmit antennas nTx
are depicted in Fig. 6. In particular, it is
observed that the error probability
decreases inversely with the nTx-th power

of the SNR. For error rate of 1073, the
transmit diversity technique reduces the
transmission power by about 4dB and
1.5dB, when the number of transmit
diversity order increases from two to four
and four to eight successively.
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Performance of Transmit diversity(MISO)

Alamouti 2Tx&1Rx

Extended Alamouti 4Tx&1Rx

—&— Extended Alamouti 8Tx&1Rx

0 2 4 6 8

10
SNR(dB)

12 14 16 18 20

Fig. 6: Performance Comparison of Transmit Diversity

From Fig. 5, it can be seen that the
receive antenna diversity dramatically
improves the error performance
compared to the case of transmit diversity.

Multiple input multiple output (MIMO)
Previously only transmit diversity
(MISO) or receive diversity (SIMO) for a

single communication model is considered.

But now let’s combine these both cases in
the same scenario which is also known as
the MIMO model. In this model, more than
one antenna must exist on both sides.

Performance comparison for 2Tx: 2Rx, 3Rx,
4Rx, and 5Rx

Here, the performance of two
transmit antennas and two receive
antennas model, two transmit antennas
and three receive antennas, two transmit
antennas and four receive antennas as
well as two transmit antennas and five
receive antennas model have been
compared in the same graph. It is clearly
shown that the highest number of
receiving antenna gives better
performance than other models as shown
in Fig. 7.

Performance of 2Tx and nRx MIMO

MIMO 2TX&2Rx

—8— MIMO 2Tx&3Rx

—A— MIMO 2Tx&4Rx

—F— MIMO 2Tx85Rx

BER

0 1 2 3 4

5
SNR(dB)

6 7 8 9 10

Fig. 7: BER Performance of 2xn MIMO
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Performance comparison for 4Tx: 2Rx, 3Rx,
4Rx, and 5Rx

Here, the performance of four
transmit antennas and two receive
antennas model, four transmit antennas
and three receive antennas, four transmit
antennas and four receive antennas as

well as four transmit antennas and five
receive antennas have been compared in
the same graph. We see that the highest
number of receiving antennas gives better
performance than other models as shown
in Fig. 8.

gl Performance of 4Tx and nRx MIMO

MIMO 4Tx&2Rx

MIMO 4Tx&3Rx

—&— MIMO 4Tx&4Rx

—8— MIMO 4Tx&5Rx

BER

SNR(dB)

Fig. 8: BER Performance of 4xn MIMO

Performance comparison for 8Tx: 2Rx, 3Rx,
4Rx, and 5Rx

The performance of eight transmits
antennas (8Tx) and n number of receive
antennas (nRx) have been compared in the
same graph. The number of receive

10

antennas model are two, three, four, and
five. It is seen that the highest number of
receiving antennas gives better
performance than lower receive antennas
models as shown in Fig. 9.

a Performance of 8Tx and nRx MIMO

MIMO 8Tx&2Rx

—&— MIMO 8Tx&3Rx

MIMO 8Tx&4Rx

—~4— MIMO 8Tx&5Rx

BER

3
SNR(dB)

4 5 6

Fig. 9: BER Performance of 8xn MIMO
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CONCLUSIONS

This paper  presents the
performance comparison analysis of
different diversity techniques using our
proposed extended Alamouti’s code
scheme based on orthogonal design using
STBC to improve the  wireless
communication links by improving channel
gains, high data throughput, mitigate
fading and improve SNR. The performance
was evaluated in terms of BER vs SNR.
Among the diversity techniques, the
MIMO system shows a promising result
with an array of smart antennas at both
transmission and receiving ends. Our
proposed model proved that the MIMO
technique is a good candidate for an
enriched and robust wireless
communication system, also the higher
number of antenna arrays performs better
than the lower number of antennas.
Future work will consider investigating our
model with different types of modulation
schemes and other diversity decoding
techniques.
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