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Space—Time Diversity Relaying Strategy using Cooperative Communication
Technique
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In this paper a new space-time diversity relaying strategy using cooperative communication

technique is proposed. More than one relaying terminals are included in one cooperative group
to share their state information, such as frame error rate and channel state information. The
best terminals are selected to send bit information using space-time diversity relay system. An
implementation for the proposed scheme is also presented using the TDMA cooperative
protocol. The resulting receive signal to transmit signal ratio and computer simulation

demonstrate that the proposed strategy outperforms the conventional cooperative system.
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I, M2 receiver in cases where the direct communication is

not reliable. Benefits of this include overcoming
In the cooperative communication, one or more

terminals intermediate between transmitter and

dead-spots, reduction of transmit power, and capacity
increase [1-4]. The mobile radio channel may suffer
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from effects of fading. Several diversity techniques
have been developed in order to mitigate the fading
effects by using copies of the signal which pass
through uncorrelated fading channels. Space-Time
Coding (STC) has been proposed as a transmit
diversity technique exploiting multiple transmit
which provides diversity gain by
introducing temporal and spatial correlation or the
signals transmitted from different antennas [5-8]. The
combination of the above two methods exploiting
spatial diversity using a collection of distributed
antennas has also been proposed [9][10]. Especially in
[10], Miyano method  about
STC-cooperative diversity relaying scheme.

Because the number of relaying terminals in a
cooperative group is equal to the number of transmit
antennas of the employed STC, the performance of
relaying transmission may be deteriorated when some

antennas,

proposed a

relay’s received signal-to noise ratio (SNR) is worse
than the average SNR or its bit error rate is higher
than the average. To handle these problems, this
paper proposes a new strategy where more than one
(N) terminals are included to the required number
(M) of terminals in a cooperative group. Among
M+N relaying terminals, only those having superior
received SNR are selected and space-time block
encoded.

This paper evaluates end-to-end bit error rate
(BER) performance of both non-regenerative and
regenerative scheme by computer simulations. The
communication protocol between relaying terminals is
also to be proposed here. The performance
mprovement is demonstrated in terms of the receive
to transmit signal ratio of relay terminals as well as
end-to-end BER.

ll. System Model

In the previous STC cooperation schemes, the
number of relaying terminals (M) depends on the
employed space-time coding. . But in the proposed
scheme, which is shown is [Fig. 1], one cooperation
group contains M+N relaying terminals. Each
relaying terminal shares its status information such
as the charmel information and frame error
information. Bared on the shared status information,
the terminals with good status are selected by
partnering procedure. In [Fig. 1], five relaying
terminals (M=4, N=I) consist of one cooperative
group. The selected relaying terminals through the

Cooperative group 2

Cooperative group }

Source Terminat

Fig 1. The proposed cooperation system model

partnering process in the first cooperative group are
Ul, U3, U4, and Ml. On the other hand, in the second
cooperative tfansmitted through space-time coding.
Each relay terminal retransmits the received signal in
non-regenerative manner or in regenerative manner.
In non-regenerative manner, each relay terminal of a
cooperative group encodes the received signal with
different code each others without any kind of
decoding, and then transmit the encoded version to
the next hop simultaneously. In regenerative manner,
each relay terminal of a cooperative group fully
decodes the received signal, and then encodes and
transmits the decoded signal as in non-regenerative
case. We are attempting to achieve spatial diversity
through the use of cooperative relaying with
space-time code, taking into account that relay
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channels are noisy.

lil. Cooperative Space-Time Code
over Flat Fading Channel

This chapter describes the proposed cooperative
diversity relaying method taking the example of two
hop non-regenerative method. The flat fading
environment is assumed which has the same channel
coefficient while one code-block is being transmitted.

[Fig. 2] shows the conceptual diagram of the
proposed system. Transmitting and relaying signals
experience the fading and the thermal noise (AWGN).
The
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Fig 2. Proposed ST cooperation system when
one more terminal is added

space-time code adopted in this paper is quasi
space-time block code (Quasi-STBC) proposed by
Jafarkani [7], which is presented as in Eq. (1). The
coefficients in each column represent the signals sent
by each relaying terminal, while those in each row are
transmitted simultaneously.
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We model the received symbols at the relay
terminals, when the source is transmitting complex
symbol s5,(i=1,2,3,4) to the j th relay terminal
through the channel having complex fading coefficient
hy(7=1,2,3,4), as

7y =hysi 2)

where r;, and n,, are the received symbol and

j ij

AWGN at the j th relay terminal, respectively. The
j th relay terminal encodes a block of four received
symbols with the code associated with the j th row
of the symbol block C and transmits the encoded
version. The received symbols r; at the destination

are described as

T = TRyt ryhey Frgshay by g @

Ty == T2*1h1d + T1*2h2d - 7"4>§h3d + Tgthaxd +n, @
Ty == TRy — Tashog T ishag + o, 1y 6))
Ty = Tyhyg = Tahog = Toghay Tk +ny ®

where n; is AWGN at the destination and g
includes the effects of channel between the ;7 th relay
terminal and the destination and amplify operation at
the j th relay terminal. To simplify the equations, we
use the following notations,

[{j:

{hsjh’jd (12174) (7)

hyhy (1=2,3)
N = nphygtnghay gk Hnghy oy
®)

% Xy *
Ny ==nghyg+nphy —nghs, Tnghy,+n,

o kp % * *
Ny ==ngi by —nphyy Hnshs, Fnghy, +ng

(10)
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Ny= nghyy—nashy —ngghay +nyhyy 0y (A1)

The received symbols of the destination can be
summarized as follows,

L1 5 M
* * *
Ty 89 Ny
= +
1";( s:;k N;( (12)
Ty S4 N,
where
-HY H* —-H* Hf
H= 2 1 4 3 13)

C\HE - BB
H —H' —H, H,

The signals at the relay terminals, which pass
through uncorrelated channels, may have different
signal-to-noise ratio (SNR) each other. For proper
combining of these signals at the destination terminal.
This paper proposes grouping the terminals having
good SNR’s. To do this, the relay terminals should
share the chamnel information and the suitable
terminals should be selected. The communication
protocol for that is also to be proposed and described
in the following chapter.

IV. Communication Protocol between
Relaying Terminals

In a one cooperative group, there are management
relay and/or assistant relay according to their
operational strategies. Management relay manages
the channel state information of other terminals. As a
result, the management relay itself knows all the
channel information of the terminals, which can be
called managing mode as in [Fig. 31(a). The role of

the assistant relay is the same as of the other
terminals. All the terminals in a cooperative group
share the channel state information, which is called
shared mode as in [Fig. 3I(b). Hybrid mode is the
form of mixing both modes above which is shown in
[Fig. 3l(c). [Fig. 3] also shows the partnering
procedure, [Fig. 4] shows the TDMA frame protocol
for the above modes. In [Fig. 4)(d) there are two
managing relay with M = 4, N = 2, which shows that
are the number of managing relay increases, the
partnering procedure can be done more quickly.

Fig 3. Partnering procedure a) one management
terminal is added b) one assistant is
added c) one management terminal and
one assistant terminal are added
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Fig 4. Partnering procedure in TDMA slot

V. Simulation

We investigate the diversity gain and the BER of
the proposed scheme and the Er/Es of the relay
terminals. It is assumed that fading is independent for
each transmit and receive antenna pair and all



receivers have the same noise characteristics.
Furthermore, the chammel is assumed to be static
during the transmission of one frame which consists
of 108 symbols and to be perfectly estirated in the
receiver. Quasi-space time block code is assumed to
be ideally assigned for each relay terminal selected

among the cooperative group. In  computer
simulations, non-regenerative and regenerative
relaying schemes are considered In the

non-regenerative type, each relaying terminal
measures the signal-to-noise ratio (SNR), shares this
information with other relaying terminals, and then
selects the terminals with high SNR. The selected
terminals retransmitting signals after normalizing the
power of the received signal from Eq. (14). In the
regenerative type, the selected terminals demodulate
the received signals, decide the symbols, and then
retransmit the space-time encode signals.

h) (14)
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Fig 5. Performance of two—hop ST non—regenerative
cooperation system
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Fig 6. Performance of two—hop ST regenerative
cooperation system

The space-time code used in the relaying
transmission is the quasi space-time block code and
QPSK modulation method is used. [Fig. 5] and [Fig.
6] are the BER curve for the non-regenerative and
regenerative type for two hops. Compared with the
conventional scheme with N=0, incase of N=1, the
performances are improved by up to 92 dB and 90
dB when the BER is 10, which are shown in [Fig.
5] and [Fig. 6]. As N increases, the performance gain
becomes smaller which is shown in the performance
curves of [Fig. 5] and [Fig. 61 On the other hand, it is
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Fig 7. The histogram of £r/Es of relayer on 1st
cooperative group when E£r/Es = 20 dB
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Fig 8. The histogram of £r/Es of relayer on 2nd
cooperative group when £r/Es = 20 dB

meaningful to investigate the distribution of Er/Es
incooperative relay group, which explains why the
performance improvement occurs in terms of Er/Es.
[Fig. 71 shows the histogram of the Er/Es of the
selected relay terminals in the first cooperative group
when Nis 0, 1, 2, and 4. As N increases, the portion
of the worse Er/Es decreases. [Fig. 8] is the
histogram measured for the second cooperative group.
Performance gain is almost obtained in the first
cooperative group.

Vi, E8

This paper focused the multi-hop cooperative
relaying system of terminals with one antenna. To
mitigate the wireless fading environment, this paper
proposed M+N cooperative group, even though M is
sufficient for space-time encoding. The M relaying
terminals should be selected by partnering among
M+N after the receive-signal-to-transmit-signal
ratio (Er/Es) being measured. The partnering
protocols and procedures are also proposed. In the
computer simulations, the BER performance was
shown for the non-regenerative and regenerative

relaying types for 2-hop, and proves that the method
proposed in this paper has superior performance
compared with the conventional cooperative relaying
system.
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