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Balanced Transmit Scheme in Decode-and-Forward Cooperative Relay
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ABSTRACT

Cooperative relay communication for wireless networks has been extensively studied due to its ability fo mitigate fading
effectively via spatial diversity. In this paper, we propose a balanced fransmit scheme in cooperative relay communication with
decode-and-forward (DF) scheme. The proposed scheme selects the feedback bits fo obtain the maximum cooperative
diversity gain. The simulation results show that the proposed scheme improves the bit error rate (BER) performance as compare

with a conventional scheme.

= keyword : Cooperative relay, spatial diversity, balanced transmit, decode-and-forward, bit error rate(BER)

1. Introduction

The available technology for use in mobile devices
has technological limitations and practical issues when
attempting to implement multiple input multiple output
(MIMO) systems. These limitations are related to
additional physical volume that is required to
accommodate a MIMO system, as well as additional
cost. To solve this problem, cooperative communication
method is proposed [1], [2]. The cooperative
communication is a new technique that uses the
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broadcast nature of radio wave in the wireless channel
to make mobile devices to support and aid one
another, which also offers the same advantages as
those found in MIMO systems [3], [4].

Transmit diversity has been studied as an effective
method to combat the fading effect. Recently, several
space-time block codes (STBCs) have been proposed
as transmit diversity schemes [5], [6]. The simple case
of a transmit diversity scheme has been proposed by
Alamouti for two transmit antennas [7]. However, a
complex orthogonal design that provides full diversity
and full code rate for a STBC is not possible with
more than two transmitter antennas [8], [9].

In [10], when one or more feedback bits are
transmitted, full rate balanced STBCs (BSTBCs),
achieving full diversity for an arbitrary number of
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transmit antennas, have been proposed. Cooperative
BSTBCs (CBSTBCs) are the application of BSTBCs.
In order to increase the cooperative gain, a transmitted
signal matrix is selected using one or more feedback
bits [11].

In this paper, we propose the cooperative balanced
transmit (CBT) scheme in a relay system. To
maximize the cooperative balanced gain, calculated by
the sum of the channel gains and the relative states
between the channels, the phases of transmit signals
are rotated using the feedback bits at the relay. If the
number of used feedback bits is more than that of the
relays, additional diversity gain is obtained by
complex phase rotation at the relays.

This paper is organized as follows: Section 2
provides an overview of the CBSTBCs scheme.
Section 3 illustrates the CBT scheme using feedback
bits. Section 4 presents simulation results, and Section
5 provides conclusions.

2. Cooperatvie Balanced STBC

CBSTBCs have been proposed that are able to
achieve full diversity for any number of the relays
[11]. CBSTBCs contain two phases: broadcast and
cooperation. In the broadcast phase, the source
transmits signals to both the relays and the destination.
Received signals are decoded at the relays. In the
cooperation phase, the source and the relays transmit
the signal according to selected code at the
destination. When a single bit feedback is used, the
source and two relays transmit the full rate STBC pair
with a transmit signal matrix. The transmit signal
matrix of CBSTBC can be written as

5 Son Ao
CCBSTBCA,R,Z,_/',I = P —
. M

—S,

where a=*1 and S/ is the jth estimated signal
from the kth relay. The signals s; and sare
transmitted from the source at the first and second
time slots, respectively [11]. If the channels between
the source and relay are good enough, the relay
receives the most of the signals with no errors. When

the contribution of 24Reth, /i ;b i positive, the
gain is greater than the sum of all channel gains by
the feedback bit. The additional parameter

2aRe{h, i, s} comes from the balanced coding
gain. If feedback bits are available, new full rate
BSTBC pairs can be added to increase coding gain.
The destination selects the transmit signal matrix that
provides the maximum of the channel gains. The
destination of six alternative codes requires three
feedback bits. The additional gain supplied from the
three feedback bits is a coding gain over the one or
two feedback bits cases [11]. As the number of relays
is increased, the required number of feedback bits is
also increased in order to support full diversity gain.
If three relays are present in communication system,
seven different matrices are able to be obtained. When
two feedback bits are used with three relays, only one
matrix is used. The destination selects the transmit
signal matrix to provide the maximum coding gain.
The contribution of the coding gain will always be
positive and the gain will be greater than the sum of
all of the channel gains [12].

3. Cooperative Balanced
Transmit Scheme

In the CBT scheme, the source transmits same
signal whose phase is rotated by feedback bits, in
order to achieve cooperative balanced gain. Similar to
the CBSTBCs, the proposed scheme contains two
phases: broadcast and cooperation. The channels are
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classified as source-relay and relay-destination. The
CBT scheme transmits the signal in one symbol time
slot even though the CBSTBCs scheme needs two
time slot to transmit the signal matrix. Therefore, the
proposed scheme has advantage for time delay aspect,
but the CBT scheme needs over two feedback bits to
have better bit error rate (BER)than CBSTBC scheme,
since there are terms which cannot be controlled by
the feedback bit, when one feedback bit is used.

In this section, we show the transmitted signal
vectors of the proposed CBT scheme and calculate the
cooperative diversity matrix, when two and three
relays are used.

3.1 Source and Two Relays

The source transmits the signal s to both the relays
and the destination. The transmitted signals are
decoded at the relays and the destination receives the
decoded signals from relays.

When one feedback bit is used, the phase of the
transmitted signals from each relay are rotated by a.
The transmit signals can be expressed as

CDF,R,Z,/,IZ[S aEﬁ a?},z] )

where a=+1 and 5, is the estimated signal by the
kth relay. In the first time slot, the received signal at
the destination can be expressed as

rd,])f‘] = hs,dS + n,. (3)

where h4 is the channel coefficients from the source
to the destination and ny is the complex Gaussian
noise.

In second time slot, the received signals at the
destination can be written as

h s +ah, s, +ah, s, } +n.

onp =]
BEAEL @

hrk,d is the channel coefficients from the kth

where
relays to the destination. It is assumed that the relays
decode the signals correctly.

The estimated signal at the destination can be

expressed as
A * * gk * g ok *
Sa 0= (h,v,d t+a hrl,d +a hrz,d)rd,z,f,] + h.v,f/rf/‘l,,/“l “(5)

Substituting 74171 and rzp1 from (3) and (4),
respectively, in (5), the estimated signals can be

rewritten as
A 1 2 2 2 R
Saf1= ﬁ [(1 +\/§) Bg| Hha| *Hha| +200 8, :|S Fpe g2

©)

where Al g, =Re {a*hs,f/h;,d} + Re{a*hx‘dh:z,d} +

Re{hﬁ‘dh:z‘d} h:,d”f/ + (h:,d+

and nm R2 = s

ahn,dJrahrzvd)”. The AMorr> s denoted the

relative states between the channels. 2Reta h.vdhr]d}

and 2Reld@’hyh} il be positive based on the

feedback bit. However, 2Re{h4 54} is unable to be
controlled by the feedback bit because the product of
aand a is 1. The cooperative diversity matrix by the
feedback bit is calculated as

o ~ 1 1 1| Hgy,
A I R I | PR @)

2Re{h b, .}
R2 =

where 2Refh, ] J o =[2Rell i3]

ror
Hl
ro
Ll
o
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HT
o
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The cooperative balanced gain is the maximum
element of the matrix.

In order to rotate the phase of transmitted signals at
the relays, two feedback bits are required. In the case
of two feedback bits, the transmit signals can be
expressed as

CDF,R,2,/,2 = |:S aE’"l bE"z:| ®)

where a=11, b==1. The cooperative diversity
matrix achieved by the feedback bits is calculated as

D . fsz,z,,/',z fkfR,z,/,z |:HS—R,2:|
s _foR,Z,f,Z fRfR,z,f,z HRfR,Z (9)

. o1 1
where S-R.2,f.2 1 -1 ’ R-R.2,f.2 -1

If the number of available feedback bits is more
than the number of relays, additional diversity gain
can be achieved by complex phase rotation. When
three feedback bits are used, the phases of transmitted
signals from each relay are rotated by each of the
feedback bits. The transmit signals can be expressed
as

CDF,R,2,/.3:|:S aCEr. bc§r2:| (10)

where a=2%1, b=2%1 and c=1 or j. The cooperative
diversity matrix achieved by the feedback bits is
calculated as

fS—R,Z,/,Z fR—R,Z,/,Z HS—R,Z S-R,2
DR,z,/',3 = f £
“As-r2.12 R-R2,f,2 HR—R,Z HR—R.Z

(11

j==]]

— 2Refe”’h. K
H { s,d""n ,d}
where

o 2Re{€jhs,dh;,d}1. When  three
feedback bits are used, the values of the relative states
of the channels between the source-destination and the
relays-destination can be rotated by a complex phase.
The values of the relative state of the channels
between each of the relays and the destination,

Reih, ah,q} , are not changed by the third feedback
bit.

3.2 Source and Three Relays

When one feedback bit is used, the phases of
transmitted signals from each relay are rotated by each
feedback bits. The transmitted signals can be
expressed as

CDF,R,},/',1:|:S as, as, asrg] (12)

where @a==*1 and S is the signal estimated by the
kth relay. The received signals can be written as

1 _ _ _
Fpag1= E[hs’ds + ah,i St ah,_pds,_Z + ah,_3 Sy J +n,

13)

where the factor 1/2 realizes a constant transmission
power for each signal slot. After combining of the
received signals, the estimated signals can be
expressed as

2

2 2

h,

5

+

hxl

LE

+

hd

X

+

h4

&l

A 1 2 .
Saf1= E [3 +20y 5 } S+ 3

(14)

where AhDF,R,3 =Re {a*hx,dh;,d} +Re {a*hx,dh:z,d} + Re
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5{a*hx¢dh:«,‘,d} + Re {hr, ,dhrz,d} + Re {hrz,dhz:,d} +

Re{hr;,dhr“d} and Apegs =M gy + (hx,d ta hr,,d +

ahy + a*h;[,)n[, . The Mivrrs denotes the relative
states between the channels. The destination sends the
feedback bit to each relay in order to maximize the
sum of the values of the relative states of channels.
The cooperative diversity matrix achieved by the

feedback bit is calculated as

D = forarn Trrasn || Hsors
B30 s rssn Torsga [ Heors 15

2Reth, i) 2Relh i

Hyps = ZRe{hﬂwlh;d} Hp ;= 2Re{hr‘z.dh:;,d}
where 2Relh A3 | 2Ret .
fs-rasa =[1 1 1] and frrasa =s[1 1 1] )

The cooperative balanced gain is the maximum
element of matrix.

When two feedback bits are used, they cannot be
transmitted to each relay separately. The third relay
uses the feedback bit that is the product of a and b.
The phases of transmitted signals from each relay are
rotated by the feedback bits. The transmitted signals
can be expressed as

CDF,R,3,1,2:|:S aEr, b*‘_'r2 abgrg] (16)

where a=11, b=%1, The matrix of cooperative

diversity according to the feedback bits is calculated

1 1 1 1 1 1

-1 -1 1 1 -1 -1
foR,B,f‘Zz _1 1 -1 fR—R,z‘m: 1 -1 1

where 1 -1 -1/ -1 1 -1f-

When two feedback bits are used, four cases are
achieved by employing the feedback bits.

If three feedback bits are available, the phases of
transmitted signals from each relay are rotated by the
feedback bits that is consist of eight cases. The
transmitted signals can be expressed as

CDF,R.s,f,sz[S as, bs, CE@] (18)

where a==*1, b=+l c¢=+1_ The cooperative
diversity matrix achieved by the feedback bits is
calculated as

D _ fS—R,},/},Z fRfR,s,/,z |:HSR,3:|
a3 _fs-R,s,f,z fR-R,3_f,2 HRfRJ (19)

The sums of the relative states of the channels
between the source-destination and the relays-
destination can be changed by the rotating phase from
each relay.

If the number of available feedback bits is more
than the number of relay, additional diversity gain is
obtainable. When four feedback bits are used, the
phases of transmitted signals from each relay are
complex rotated by the fourth feedback bit. The
transmitted signals can be expressed as

as CDF,RJ,/'A = |:S adgﬁ bdfyz Cdgrj (20)
H; ., where a=+1, b=+1 c=+1 and d=1 or j. The
D, f2:|:fS—1€3/'2 fRfR3/'2:| ’ . . . . .
o o T Hp gs 17 cooperative diversity matrix achieved by the feedback
bits is calculated as
et QlEHl HE s (12263) 39
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D B foR,3,f,2 fR—R,&f,Z H ﬁ&m
s s raso frraso || Hers Hg s
2D

H,,, =|2Refe’h i ,}
where 2Refe’h, h, .} |-

2Refe ' h, by 4}

4. Simulation Results

In this section, the bit error performances of the
CBT scheme are compared to CBSTBCs for two and
three relays. The simulations are performed by Matlab
simulator. Quadrature phase shift keying (QPSK)
modulation is used, and relays cannot transmit and
receive the signal simultaneously. The relays use the
decode and forward cooperative protocol, and the
source and destination do not know whether the relays
decode the signal correctly. It is assumed that the
signal-to-noise ratio (SNR) of the source-relay channel
is 30dB, and that of source-destination and
relay-destination channel are 0dB to 25dB.

Fig. 1 shows the BER performance of the proposed
CBT and CBSTBCs scheme with feedback bits for
two relays. When one feedback bit is used, the BER
performance of the CBT scheme is slightly lower than
the CBSTBC scheme (0.3dB with BER=10'3), since

the 2Re{h,,h54} cannot be controlled by feedback
bit, which prevent getting maximum balanced coding
gain. However, when two feedback bits are used, the
proposed scheme has about 0.7dB performance gain
than the CBSTBC scheme with BER= 10'3, since there
are no terms, which cannot be controlled by two
feedback bits. Finally, the performance gap between
the proposed scheme and the CBSTBC scheme is
approximately 1dB at BER= 10°, while three feedback
bits are used. When the SNR of the source-destination

10

o,
(Y

Y

Bit Error Probability

£

(Fig. 1) BER with the source and two relays

and relay-destination is 18dB, both the proposed
scheme and CBSTBCs scheme indicate an error floor
above which mean no additional performance gain.
Fig. 2 shows the simulation results of the CBT and
the CBSTBC scheme with feedback bits for three
relays. When one bit feedback is used, the CBT
scheme has 1.7dB lower BER performance than the

CBT with two bit feedback, since the 2 Re{/, i/, .} |

2Re{hr2,dh;d}’ and ZRG{h@,dh:.d} terms cannot be
controlled by one feedback bit, which prevent getting
maximum balanced coding gain. Because the
CBSTBC scheme needs over two feedback bits, while
three relays are used, we cannot compare both the
CBT and CBSTBC with one feedback bit. When two
and three feedback bits are used, the proposed CBT
scheme has about 0.83dB and 1.17 dB performance
gains respectively than the CBSTBC scheme with
BER=10", Finally, the CBT scheme has approximately
1.5dB BER performance gain than the CBSTBC
scheme, while four feedback bits are used and the
BER is 10°.

Furthermore, from fig.1 and fig. 2, we can see that
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—+— CBSTBC feedback 2bits
—6— CBSTBC feedback 3bits
—E— CBSTBC feedback 4bits
—+— Proposed Balanced feedback 1bit
—— Proposed Balanced feedback 2hits [
***** |~ = = ~| —%— Proposed Balanced feedback 3oits |
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o T T

Bit Error Probability

SNREB)

(Fig. 2) BER with the source and three relays

the BER performances of the CBT scheme with one
feedback bit are almost same, when two and three
relays are used. Even though, we can have more
cooperative gain while thenumber of relays is
increased, the number of terms, which cannot be
controlled by one feedback, is also increased. This
make the balanced gain of the proposed CBT scheme
reduced. Therefore, the reduced balanced gains offset
the increased cooperative gains.

5. Conclusion

In this paper, a CBT scheme is proposed for
cooperative relay communication using the feedback
bits. The destination selects the feedback bits in order
to obtain the maximum value of cooperative balanced
gain, which is dependent on the sum of the channel
gains. The cooperative balanced gains are computed
by the channel coefficients and feedback bits. As a
result, the simulation shows that the proposed scheme
performs better than the CBSTBC. If the number of
feedback bits is sufficient, additional cooperative
balanced gain can be obtained through complex phase
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rotation of the relative states between the channels.
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