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Abstract

The present work is a discussion on the performance analysis of Modified Cooperative Subchannel
Allocation (CSA) Algorithms which is used in Alamouti Decoded and Forward (Alamouti DF) Re-
laying Protocol for wireless multi-user Orthogonal Frequency Division Multiplexing Access (OFDMA)
systems. In addition, the performance of approximate Symbol Error Rate (SER) for the Alamouti DF
Relaying Protocol with the Cooperative Maximum Ratio Combining Technique (C-MRC) is analyzed
and compared with SER upper bound. The approximate SER is asymptotically tight bound at high-
er Signal-to-Noise Ratio (SNR). From the asymptotic tight bound approximate SER, Particle Swarm
Optimization (PSO) based Power Allocation (PA) is determined for the Alamouti DF Relaying Pro-
tocol. The simulation results suggested that the Modified Throughput based Subchannel Allocation
Algorithm achieved an improved throughput of 6% to 33% compared to that of existing coopera-
tive diversity protocol. Further, the Modified Fairness based Subchannel Allocation Algorithm
rendered fairness of 7.2% to 17% among the multiuser against the existing cooperative diversity
protocol.
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1. Introduction

The random fading nature of the wireless communication channel has attracted many researchers to propose
novel techniques to raise the cooperative diversity order [1] [2]. To arrive at the diversity gain, a cooperative
technique in combination with relaying terminal is used [3] [4]. Of the several known methods of communica-
tion using a MIMO system, Alamouti coding scheme is the well characterized approach to adopt the high speed
and consistent wireless communication system. Improved bit error rate as well as high data rate can be achieved
by exploiting diversity gain in the spatial domain [5]-[7]. In wireless communication systems, the Cooperative
relaying protocol promises a considerable capacity and increased multiplexing gain [8] [9]. Cooperative com-
munication is mainly classified into two relaying protocol: Amplify-and-Forward (AF) Relaying Protocol and
Decode-and-Forward (DF) Relaying Protocol. AF Relaying Protocol amplifies the Relay Station (RS) informa-
tion which is received from the Base Station (BS) and is retransmitted to the Mobile Station (MS). The pros of
the AF Relaying Protocol are its low cost implementation and simplicity. However, the drawback of the above
relaying protocol is that the noise also gets amplified at the RS. In contrast to AF Relaying Protocol, DF Relay-
ing Protocol decodes the RS information received from the BS and then retransmits the re-encoded information
to the MS. The signal received from the BS and RS at the MS will be combined using a Maximal Combining
Ratio (MRC) technique [10]. Unlike AF Relaying Protocol, the noise is rectified and hence, the DF Relaying
Protocol usually shows a better transmission performance than the AF Relaying Protocol.

Previously, it has been reported that the performance analysis of SER upper-bound for Alamouti-coded DF
Relaying Protocol used the C-MRC technique along with an optimum PA [11] [12]. The concept that the equal
PA and PSO PA do not depend on weighting factor W, has not been discussed in [13] [14]. The C-MRC signal
combining technique introduces a weighting factor, and it can be considered by value of the channel. The C-
MRC technique guarantees the enhance throughput of the system and maximum SNR.

In this paper, the performance of approximate SER for the Alamouti DF Relaying Protocol using C-MRC is
analyzed, and compared with SER upper bound. In this, the approximate SER is asymptotically tight bound at
higher SNR. From the asymptotic tight bound approximate SER, PSO based PA is determined for the Alamouti
DF Relaying Protocol. The link between base station and mobile station contributes diversity order one in the
system performance, and also depends on the balance of the two channel links from the base station to the relay
station and from the relay station to the mobile station. Therefore, the Alamouti DF Relaying Protocol for wire-
less systems shows an overall performance of diversity orders two.

To achieve high data rates in mobile communication environment, OFDM is a hopeful method because of its
multicarrier modulation technique [15]-[17]. In the selected literatures, downlink of non cooperative multi-users
OFDMA systems is described using the dynamic Resource Allocation Algorithms (RAA) and optimization
techniques. The aim of the RAA is either to achieve the constrained total transmits power with highest through-
put and the minimum total transmitted power with constrained throughput [18]-[22]. Cooperative subcarrier al-
location for AF Relaying Protocol gives the increased throughput and fairness among the multi-user OFDMA
systems. Cooperative subcarrier allocation for AF Relaying Protocol is used EPA, which does not provide en-
hanced throughput and optimized power to wireless systems. The MS is combined with the signal that is re-
ceived from the BS and RS using MRC technique. Though, there exist limitations in MRC technique cannot as-
sure the maximum SNR and improved throughput as mentioned in [23] [24].

In addition, in this paper the performance analysis of proposed modified CSA Algorithms used in Alamouti
DF Relaying Protocol for wireless multi-user OFDMA systems so as to achieve increased throughput than the
existing relaying protocols. The modified CSA Algorithms used in Alamouti DF Relaying for PSO based PA
gives the enhanced throughput and optimized wireless systems.

The rest of this paper is organized as the following: in Section 2, received signal model is described. Perfor-
mance analysis of Alamouti DF Relaying Protocol is discussed in Section 3. In Section 4, Modified Cooperative
Subchannel Allocation for an Alamouti DF Relaying Protocol is presented. The simulation results are discussed
in Section 5 and Section 6 concludes this research work.

2. Received Signal Model

In this paper, system model consist of one BS, two RS and one MS for an Alamouti DF Relaying Protocol in
wireless multi-user OFDMA systems is shown in Figure 1 [11].
Orthogonal Space Time Block Codes (OSTBC) is using multiple transmit and receive antenna, which gives
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Figure 1. System model for cooperative relaying protocols.

full data rate and full diversity gain to the system. Alamouti scheme is used to enhance the quality of the channel
in the received signal. The encoder transmit matrix takes two modulated symbol X, and X, ata time. This is

described as,
Xl X2
X = A (1)
-X 2 X 1

where X~ complex conjugate of X. It is clear that the encoding process is done in both space and time domain
[25]. The TDMA transmission for Alamouti DF Relaying Protocol is divided into four phases and it is shown in
Figure 2. In phase 1, BS is transmitting its information to selected RS by optimum relay selection technique. In
phase 2, the transmitted information from BS is decoded using selective RS then forwarded to MS based on
Alamouti scheme. Similarly, the process carried out in phase 3 and 4 is same as phase 1 and 2 respectively.

In phase 1, the BS is transmitting information to RS and MS. Let us consider, Y(b—m)l s Y(b_r)l are the re-
ceived signals at RS and MS respectively. Then, it is described as follows:

Y(h—m)l = \/Flh(b—m)le Ty @
Y(B—R)l = \/F]H(B—R)IXI T gy )

In phase 2, the MS receives information from RS and BS is gives as,
Ym2 = WPI h(hfm)ZXZ + WP2 h(rfm)Z)?l + n,, (4)

Assume, the BS is transmitting a symbol X, to MS and RS with transmitting power of A in phasel. Y ,
is the received signal in phase 2, in which the BS are transmitting a symbol X, and the RS is able to decodes
the correct symbol and forwards the decoded symbol X, to MS with transmitting power of A and P, re-
spectively. Similarly, Y(b_m)3 and Y(b_r)3 are the received signals in phase 3 with transmitting symbol of —X,
and transmitting power of P, . Then, the BS is transmitting a symbol X, and the RS is able to decode the cor-
rect symbol and forwards the decoded symbol —X, to MS with transmitting power of B and P, respec-
tively in phase 4. The received signals in phase 3 and 4 are described in Equations (5)-(7).

()
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Figure 2. Alamouti DF relaying protocol in different phases.
Yoo = NB Ry mys (_Xz ) Ty )
Yoy =B hg ) (_Xz ) RELTENY (6)
Ym4 = \Y} WPI h(bfm)4Xl + WP2 h(rfm)4 (_X2 ) + n"l4 (7)

where h(b_m)1 , h(b_r)1 , h(b—m)Z ,and h ., are the channel coefficient of the BS-to-MS in phase 1, the BS-to-
RS in phase 1, the BS-to-MS in phase 2, and the RS-to-MS in phase 2 respectively. Also, n n n
is the additive noise in phase 1 and phase 2.

The total SNR at the MS using C-MRC technique as follows:

1_‘Total = 1_‘(b—m) + 1—‘Ala.mouti (8)

where I'; ., isthe total SNR received at MS from BS and RS. F(b_m) is the direct path SNR transmitted from
BS to MS in phase 1 or 3, and I',,,...« is the indirect path SNR at the MS received from RS in phase 2 or 4.

The C-MRC for the received signals at the MS in Equations (2), (4), (5), and (7) are combined and could be
expressed as follows:

b—m)l ’ b—r)l 2 m2

y)'(z(CMRc) = W21(CMRC) (_Y(;—m)S ) + sz(CMRc) (sz ) + W23(CMRC) (_Yr:4 ) ©)
y)”(l(CMRC) = Wll(CMRC) (Yib—m)l ) + le(CMRC) (sz ) + Wls(CMRc) (_Yr:4 ) (10)

()
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where Y, (curc) and Y, curc) Ar€ the resultant of the C-MRC combiner at the MS [11] [26]. Also WH(CMRC) -
W23(CMRC) are the C- MRé welghts and expressed in Equations (11)-(16).

W,

1(CMRC)

M-y (11)
h (12)
Piymya (13)

/4

21(CMRC)

(o-ma (14)

W22(CMRC) = N, h(lm)z (15)
w. _ VA h (16)
23(CMRC) — ]v0 (r-m)4
After substitution of Equations (11)-(16) in (9) and (10), the received signal at MS is simplified as,
2 2
_ ])1 h(bfm)l‘ Xl " WI)I ‘h(b— )4 2 h(rfm)Z Xl N (17
y X, (CMRC) — N, N, N, X, (CMRC) )
2 2
¥, _ B h(bfm)3 X2 n WP] h(bfm)Z 2 h(r7m)4 Xl N (18)
X, (CMRC) No No No X, (CMRC)
where Ny ey and Ny ey are the total noise at MS and described as follows:
\/Flh(*b—m)ln(b—m)l I/Vl)l h(b—m)4nm4 \Y} W})Z h(*r—m)zan
Ny = + + (19)
N, N, N,
Bh, ..n WBh,_ ., ~WPh. _ .0,
NXZ _ \/_l (b—m)3"(b—m)3 " 17%(2-m)2"" m2 + 2 (r-m)4""m4 (20)
NO NO NO
Finally, the total SNR at MS using C-MRC technique as follows:
2 2
()R, | R,
Ly = 21
NO
2 2
(1 + W)B h(bfm) + WP2 h(rfm)
Ly, = (22)
NO

3. Performance Analysis of Alamouti Decode and Forward Relaying Protocol
3.1. Performance Analysis of SER Asymptotic Tight Approximation

In this paper, the performance of SER approximation for the Alamouti DF Relaying Protocol with the M-PSK
modulation system is analyzed, and compared with SER upper bound. In this, the approximate SER is signifi-
cantly improves at higher SNR. From the results of asymptotic tight bound approximate SER, PSO based PA is
determined for the Alamouti DF Relaying Protocol.

The conditional approximate SER of the system can be follow as,

()
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Iy ggl}mﬁhbf”hr?m =¥y (FX) (23)
/M b T’
Bt =y (D) =Y | exp( Splzz 2 jd@ (24)
0
2 2
M-1)z/M b, ((1 + W) B h(bim) + WP, h(rim) j
Pfflgkm’hbir’hrfm =¥ psk (FX ) =l/n _[ eXp| — N sinlo de (25)
0 0

where bmk =sin’ (n/ M ) and M =2% with Kis even [11][12]. In the following, the average condtional SER
in Equation (25) over the rayleigh fading channels %, ,, h, ., and h_, with variances o, ,, &,,, and
57, respectively. Since the fading channels 4, ,, &, ,,and h_, are independent of each other, and

psk l 1
= - 2
J'e p( NOsin® Hj |h| dZ b Pé'h (26)

1+ psk

Nsm9

To get the SER of the Alamouti DF Relaying Protocol with M-PSK modulation system can be written as,

b PS; b, PO} b (1+W)Ps; b PG,
PPSK :E 1+ psk 1 lzrfm E 1+ psk .l ;J*r +E 1+ psk( : )2 1%b-m 1+ psk (27)
N,sin” 6 N,sin” 6 N,sin” 6 N, sin’ 8

b . PS; b . PS; b . (1+W)P6; b WPRS>
PPSK gFi 1+ psk l me Fi 1+ psk .l gfr +Fi 1+ p.vk( : )2 1¥b—m 1 psk (28)
N,sin” @ N,sin” 0 N,sin” 0 N, sin’ @

where

F(x(6))=V/x Mﬁj ——do (29)

it is experiential that, substituting sin® @ =1 into the inequality in the right-hand side of Equation (27). In order
to obtain maximum value in all integrands, the SER of Alamouti DF Relaying Protocol with A-PSK can be up-
per bounded as,

- -1y N
"M (N b, RS ) (N, +bp3kP52 )
(M -1)
M (Ny+b,, (147 P5,3m)(N +b,, VB35, )
(

+
psk

psk*1 psk*1

)] (30)

(M -1)N? [ Ny +b, BSL,, )(Ny +b,, ROL.

M?  (Ny+b, (1+W) RS}, )(Ny +b,4 RS, )(No +b,4 RS, ) (Ny +b,4 VP57,

psk psk psk psk
RUSILY (M =1)[ (N +b, (14 W) RS, ) (Ny + b, WBS, )|
M?* (N, +b,, (14 W) RS}, )(Ny +b,4 RS, )(Ny +b,u RS}, )(Ny +b,, WP,

psk psk psk r—m

In the sequel, an asymptotically tight SER approximate is provided if all of the channel links 4, ,, 4, ., and
h,_, are available, ie., 0;, #0, &,, #0, and, 5°, #0, then when B/N, and P,/N, go to infinity.

r—m

According to Equation (30), let us denote the approximate SER of Alamouti DF Relaying Protocol with M-PSK,
PPSK—I(P/N )+I (P/ 0> 2/N) (31)

where
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xb 62 xb &7
I(x)=F| 1+ R 1+ 222 32
/() 1( sin@ | sin® @ (32)
Loy)=F 1 (W) abdi, \( Wbdn || f Pebdr, -
x) = + + —_ 4+
2\ 6Y 1 sin2 @ sin2 0 1 Sin’ 0
ST ——
limx I (x)=——— (34)
= 1 bgzzvk é‘bzfm > 5}727r
lim xyl, (x,y) By : 2 2 (35)
g b (1+W)WS,. .67,
)
M -1
A= ( ) +sin M (36)
2M 4n
GG
3(M -1
B = ( )+Sin M —sin M (37)
8M 4z 32n
Therefore for large value x and y, an asymptotically tight approximations as follows,
1 A*
LX) 55— 38
1( ) ‘xz bf?skgbzfm’5bzfr ( )
B
L(x,y)~— 39
() Xy by (1+W)WS,.,,.67, @

In this approximate, the errors become insignificant compared to the orders — when x and y go to infinity.
Xy

Replacing x and y in Equations (38) and (39) with B /N, and P,/N, respectively and then substituting the
results into Equation (31). The asymptotically tight SER approximate with M-PSK modulation systems is given as,

N, 1 A B
PPSK = 20 2 2 + 2 (40)
b Plé‘b—m P15b—r (1 + W) WP25r—m

psk

3.2. Optimum Relay Selection Technique

It is well known that the increasing number of relay in wireless communication system can achieved the diver-
sity gain of the cooperative communication system .the optimum relay selection technique such that the base
station can select the optimum cooperative relay depending on the channel quality of each link [1] [11].

The optimum relay selection for Alamouti DF Relaying Protocol is given by

min (P (R, ), Prgy (R,)) (41)

where R, stands for the RS1,and R, stands for the RS2. From Equation (40), calculate the PSO based PA for
asymptotically tight bound SER approximate (PPSK) for RS1 and RS2. From this, the lower approximate SER
value for Alamouti DF Relaying Protocol gives the optimum relay in the cooperative communication systems

[11].
3.3. Power Allocation Using Particle Swarm Optimization

In this paper, the performance of Equal PA (EPA) and PSO based PA for Alamouti DF Relaying Protocol are
analyzed and compared. Total transmitted power is 7, then the power allocated to BS and RS as P, = p, /2
and P, = p, /2. PSO is optimizing technique; which gives the best optimum value for a given problem by using

()
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objective function. PSO contains a swarm of particles; each particle in this swarm gives a possible solution.
Working of this optimizing technique is based on the population search, and gives a best solution by iteration
method [27] [28].

In PSO algorithm, all particles are move towards its optimum value. For each iteration, all the particles in this
swarm are updated by its position and velocity for optimization ability. In PSO, each particle maintains its posi-
tion evaluated fitness and velocity. Where 7, (t) and 7, (t) are random variables and its elements are equally
dispense in [0, 1]. Let P, (t) denotes the i particles position in the m_-search space at time z. By updating ve-
locity V, (t + 1) to current position, the particles position are changed, and it is given by

Vi(t+1)=aV,(t)+Cr ]y, (6)+ B (1) |+ Con [ 5() - B(1) ] (42)
P(t+1)=P(t)+V,(1+1) (43)

Problem statement:
The SER of the systems with M-PSK modulation can be tightly approximated as

Ny o1 A B
PPSK = 20 2 2 + 2 (44)
b l)16bfm Plghfr (1+W)WP26r7m

psk

Here the problem statement is, to minimize the P,g, in Equation (44)

Such that,
P=aP. (45)
P, =(1-a)F, (46)
(& = PA factor)
where
O<a<l
N
R+Y.P,=F, (47)
i=1
For optimum single relay selection case,
B+P =P (48)

Pseudo code for particle swarm optimization
1) Initialize @, C,, C,
2) Allocate number of particle & and number of iteration
3) Generate random particles
4) Initialize random velocity V; (l)
5) Evaluate fitness function (SER) A,
6) If Py curon < B

est_current best_previous

est

Yes---update P,

No---end
7) If‘ gbest_current < gbest_previous

Yes----update g,

No---update velocity and position of random particle.

Continue until iteration end

From PSO algorithm, evaluate the fitness value from Equation (44) under minimum SER condition is reached.
If current fitness value (B oupen ) 1S lesser than the previous fitness value (B pevions )» Update the minimum
SER as the best fitness value ( P, ). Global best fitness value ( g, ) is calculated by comparing all the best fit-
ness. If current global best value ( gy cument ) 18 lesser than the previous global best fitness value ( gpey previous )>
update the minimum SER as the best global value ( g, ). Here 50 particles and 100 iterations are considered to
achieve the optimum value [27]. Figure 3 depicts the flowchart of PSO Algorithm.

est
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Allocate number of particle o
and number of iteration

.

Initialize @, C;, C,

Ghest_current
<

Ghest_previous

v

Update G,

¢<

Update velocity and position of random particle

A 4

Generate random particles & Initialize +
random velocity V;(¢)

Stop Condition

Phest_current
<

Phest_previous

v

Update P,

End of particles

Figure 3. Flowchart of PSO Algorithm for minimizing approximate SER.

4. Modified Cooperative Subchannel Allocation for an Alamouti DF Relaying
Protocol

In this paper, the performance analysis of a modified CSA Algorithms used in Alamouti DF Relaying Protocol
for wireless multi-user OFDMA systems is discussed. The total bandwidth is B and each subchannel or subcar-
rier is N which has bandwidth of B/N . The noise power spectral density is N, level for all users and all
subchannels.The Modified Throughput based CSA Algorithm enhances the throughput of the system by PSO
based PA to all subchannel. In addition, the Modified Fairness based CSA Algorithm prioritize the fairness in
the multi-user OFDMA systems.

User Data Rate:

The subchannel allocation matrix 4= [d J o specifies that the user can be allocated to the subchannels.
d; =1, if and only if subchannel j is allocated to user i; or else it is zero. Any of the users not shares subchan-
nel soincase d,; =1 then d, =0 forall /#i.The total transmit power is assumed as B, over the entlre
bandwidth and PSO based power allocated to the all the subchannels. In such system, the data rate for the "
user, R,,is given by,

R =2z, (49)

J

()
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where 7, is the SNR of the i™ subchannel for the ;" user and its given by,
2 2
B (1 + W) E ‘h(b—m)‘ WP2 h(r—m)
r,, =——log,| 1+ +
72N N, N,

(50)

4.1. Modified Throughput Based Subchannel Allocation

To enhance the total throughput of the multi-user OFDMA systems, the Modified Throughput based CSA for an
Alamouti DF Relaying Protocol is given by,

2 2
1 J (1+W)P Ry WPB\h., .
>34, Ziog, |1+ [in) TR A 1)
< ON N, N,
Subject to:
2
L g L+ )R, | PR,
max d .—log,| 1+ + 52
dy; Z‘,Z‘ HoN B N, N, ©2)

D, :d,; €{0,1},Yi, ]
I

D,:yd,  =1Yj
i=1

Figure 4 shows the flowchart of Modified Throughput based Subchannel Allocation Algorithm. The con-
straints D, and D, guarantee that the multi user OFDMA systems are not shared all subchannels. By taking
the capacity derived in Equation (52), it is experiential that the data rate is not only the function of MS subcar-
rier gain (h(bfm) ), but also depends on the RS subcarrier gain (/, ,,) and weighting factor (/). Therefore, the
channel values include the sub channels gain of RS and MS. In subchannel allocation, the selected channel

Initialize data rates and
users shared subchannel l

No Assign Maximize

channel value Chl- j

for users i to each
subchannel

User’s not shared subchannel d,-,j- =0

Assign channel value chy,
* User’s shared subchannel d; = 1
Allocate PSO based power P, +

and P,

Maximize Throughput Rate R,

y

for j =lto J G

Figure 4. Flowchart of modified throughput based subchannel allocation algorithm.
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2
(r=m)
Pseudocode For Throughput Cooperative Subchannel Allocation
1) Initialize R, =0,Vi & d,;=0,Vi,j

2) Assign channel ch, =(1+W)P, ‘h(b_

2
w| TWE|h

value for i" useras, ch; =(1+W)R ‘h(b_

) m

+WP, ‘h

3) Allocated PSO based power to source and relay as P, and P, respectively.
4) Allocate each subchannel to the user -forj =1 to J

5) Find i to maximize ch,

6) Allocate subchannel to the user d, ; =1,

7) Maximize throughput rate R, = R, +Z

8) end
9) end

In the first step, the channel value is considered for all the subchannels of the entire user and all the variables
are initialized in the Pseudo code. In the next step, user is assigned the highest channel value for that subchannel
each. For all the users, a simple two step procedure is continuing until the CSA is reached. In the OFDMA sys-
tems, thus throughput Pseudo code does not meet fairness among all users.

j=1 ERUND

4.2. Modified Fairness Based Subchannel Allocation

To enhance the total throughput with maintaining the fairness in the multi-user OFDMA systems, by using
Modified Fairness (Max-Min) based CSA for an Alamouti DF Relaying Protocol is given by:

(W) Bk, | e

J (r—m)
d, 1 53
; i,j 2N 2 + NO NO ( )
4 B (1+W)R ‘h(b—m)‘z WE h(rﬂn)‘
max Y d, . —log, | 1+ + (54)

d,

o= 2N NO ]V0
D, :d,; €{0,1},Yi, ]
I
D,:yd,  =1Yj
i=1

By modifying the channel values for the Fairness based CSA Pseudo code is as follows:
Pseudo Code For Fairness Cooperative Subchannel Allocation

1) Initialize R, =0,Vi & d,;=0,Vi,j

2) A={1,2,---,N} ‘

3) Assign channel c#, ; = (1+w)PR, ‘h(bfm)r +WP, |h

2
(r=m)
4) Allocated PSO based power to source and relay as £ and P, respectively.
5) Allocate each subchannel to the user --fori =1 to [

6) (a) find j satisfying chj, , >ch,, Vmed =d, =

7) (b) Update R, with R, = Z
8) A=4- {j}

9) end while A4#¢

10) (a) find i satisfying R <R;; VI=12,---,1

11) (b) for the found i find j satisfying ch; j 2ch,, Vmed =d, =
12) (c)update R and A withi,j, R =Z dor ., A=A-{j}

13) end

14) end

=1 ljlj
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Figure 5 shows the flowchart of Modified Fairness based Subchannel Allocation Algorithm. In the first step,
the channel value is considered for all the subchannels of the entire user and all the variables are initialized in
the Pseudo code. In the second step, user is assigned the channel value for that subchannel. After the entire users
have been assigned to one subchannel each, in the third step priority is given to the user with the lowest data rate
to choose its next subchannel. This process continues until to allocate the entire user in the systems.

5. Simulation Result

In this paper, the total transmitted power of P, =23 dBm and the Channel bandwidth B=1.4 MHz are consi-
dered for performance evaluate of LTE downlink system.

In this the number of subchannels allocated to the users is N' = 256 and the variance of the noise is N, =10~
assumed for analysis [29] [30].

The asymptotic performance of the Alamouti DF Relaying Protocol with 4-PSK modulation system is com-
pared with SER upper bound and the approximation is shown in Figure 6. The normalized channel variance as 1
(ie., 51,27," =1, 5;4 =1, 5,27,,, =1) and Equal Power Allocation(EPA) are assumed for simulation .In this
analysis, the parameters b = 0.11, 4 = 0.377 and B = 0.3828 are obtained for 4-PSK modulation system. From
Figure 6, it is observed that the approximate SER is less at low SNR and significantly improves at higher SNR.

From the asymptotically tight bound approximation, the performance of Alamouti DF Relaying Protocol
shows the diversity order two. Figure 7 shows the performance comparison of the PSO based PA and EPA of
the Alamouti DF Relaying Protocol with 4-PSK modulation system. From Figure 7, it is observed that PSO
powers ratios are B/P=0.6670 and P,/P=0.3333 achieved lower approximate SER compared to EPA.
The performance comparisons of the AF Relaying Protocol, DF Relaying Protocol and Alamouti DF Relaying
Protocols with M-PSK modulation system are shown in Figure 8. From the simulation results, it is observed that
the performance of the Alamouti DF Relaying Protocol is better than that of the DF and AF protocols at SNR of

Initialize data rates and Update Ri
users shared subchannel

v

Number of subchannel A

v

Assign channel value ch,. ;

+ No
Allocate PSO based power P, and P,

v
for j=Ilto J l Yes
. )
No
‘ User’s shared subchannel di,/' =0 l Yes
User’s shared subchannel d; ;=0 Yes
User’s shared subchannel di'j =1
User’s shared subchannel d,. i= 1 +

i Update R i

Figure 5. Flowchart of modified fairness based subchannel allocation algorithm.
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Figure 8. Performance of the Alamouti DF Relaying Protocol with 4-PSK modulation: PSO PA versus EPA.

2 dB and 2.5 dB. In the cooperative wireless communication system, the Alamouti DF Relaying Protocol is
achieved improved SNR Compared to Alamouti AF Relaying Protocol, due to a decrease in the effects of ad-
ditive white noise at the relay station from the decoding method. The Alamouti DF Relaying Protocol can
achieve a full diversity gain with the enhanced SNR and reduced approximate SER for the base-to-mobile re-
ceived signal.

From the asymptotic tight bound approximate SER, PSO power ratios (B, /P, P,/P) for the Alamouti DF
Relaying Protocol, AF Relaying Protocol and, DF Relaying Protocol are found as (0.6667, 0.3333), (0.6670,
0.3333) and (0.6184, 0.3814) respectively.

Figure 9 shows the total transmitted power versus SER for the AF, DF and Alamouti DF Relaying Protocols
with 4-PSK modulation system. The performance of three different power ratios is allocated to the BS ( £, /P)
as shown in Figure 10. For B /P =0.35, it is observed that low power is allocated to the BS and high power is
allocated to the RS. This is because of the SNR in the BS-to-MS link contains a weighting factor of (l+ W)
which is higher than weighting factor () in the RS-to-MS link.

Therefore, high power is allocated to the RS in order to maximize the total SNR. In addition for B /P =0.65,
it is observed that high power is allocated to the BS and low power is allocated to the RS. In this case, the
C-MRC weighting factor approaches to 1, which is the maximum value.

It is observed that the equal power is allocated to the BS and the RS for £, /P =P,/P=0.5. In this case also,
the C-MRC weighting factor approaches to maximum value of 1. The throughput modified cooperative sub-
channel allocation versus number of users for a wireless multi-user OFDMA system as shown in Figure 11.
From this simulation results, it is observed that the Modified Throughput based Subchannel Allocation Algo-
rithm used in Alamouti DF Relaying Protocol achieves throughput from 5.6% to 6.3% and 21% to 33% when
compared with AF Relaying Protocol and DF Relaying Protocol, respectively. In addition, the total throughput
versus number of users is shown in Figure 12 using fairness based modified cooperative subchannel allocation.
In this, the Modified Fairness based Subchannel Allocation Algorithm used in Alamouti DF Relaying Protocol
achieves fairness among the multiuser 7.2% to 7.6% and 16.2% to 16.6% when compared with AF Relaying
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Protocol and DF Relaying Protocol, respectively. The modified cooperative subchannel allocation algorithm
used in Alamouti DF Relaying Protocol can achieve a full diversity gain with the enhanced SNR and total
throughput for wireless systems.

6. Conclusions

In this paper, the performance of a Modified CSA Algorithms used in Alamouti DF Relaying Protocol for wire-
less multi-user OFDMA systems is analyzed. In addition, the SER approximation performance analysis of Ala-
mouti DF Relaying Protocol with PSO based PA is analyzed and compared with SER upper bound. From the
simulation results, it is observed that the asymptotically approximate SER significantly improves at higher SNR
region and also presents good quality match to the system performance in the reasonable-SNR region; they may
not be suitable for low SNR regions.

Due to Alamouti DF Relaying Protocol, it is achieved maximum 33% of throughput for Modified Throughput
based Subchannel Allocation Algorithm. In addition, it is achieved maximum 16.6% of fairness among the mul-
tiuser for Modified Fairness based Subchannel Allocation Algorithm. Further this research can be extended in
the direction of Hybrid DF/AF Relaying Protocol for SNR improvements and throughput of the OFDMA sys-
tems.
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