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ABSTRACT

We propose a cooperative transmission scheme that uses Hurwitz-Radon space-time code for the relays which
help the source to transmit signals to the destination, the full utilization here is that the destination utilizes the
broadcast symbols from the source. We present the 2 transmit antennas case in detail because of its simplicity
and high data rate. Analysis and simulations show that the proposed scheme achieves full diversity order of 3.
The maximum likelihood receiver is also derived and the combining scheme is shown to be very simple.

[21-14]

I. Introduction for two transmit antennas” . But using multiple

antennas raises problems such as: size, cost, etc.

Multipath fading causes severe impairments to
wireless communications'"’. The fluctuation in signal
due to fading can be compensated by power control
at the transmitter, but this approach results in high
complexity and large power consumption. Another
reasonable approach is to use independent versions
of signals (hence the name diversity) whose combi-
nation is less fluctuating. Transmit diversity re-
cently has been intensively studied since Alamouti

first introduced the simple transmit diversity scheme

which are not appropriate for mobile phone net-

works or wireless sensor networks, etc.
Consequently, the idea of forming a virtual multiple
antenna array from single antenna-devices has been
introduced and resulting in a huge research field
called cooperative communication.

Applications of Hurwitz-Radon space-time code
for the wireless relays were presented by Y. Hua et

5]

al,, each relay is assigned one Hurwitz-Radon

code and forwards the modified sequences of the
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noisy received signals in parallel to the destination.
They showed that with large number R of relays, a
diversity order around R/2 can be achieved and the
special case of R=2, the diversity order is about
1.6. However, the most important and most reliable
information from the source has been ignored, and
only noisy versions of the signal are transmitted to
the destination, later on we will show that the qual-
ity of the transmission depends heavily on the in-
formation that the destination receives directly from
the source. Similarly, the Alamouti-based multihop
transmission proposed by X. Li ) also discards the
most reliable information. Only Anghel et al. pro-
posed applying the Alamouti scheme for the two
relay transmission and utilized the information from
source ) but they did not show how important
that information is.

In this paper, we propose using Hurwitz-Radon
space-time code for the relays and also let the des-
tination keep the original signal it receives from the
source, after linear processing we combine the de-
coupled signals from the relays and the signals
from the source. The case of 2 transmit relays is
presented in detail due to the fact that it is the
unique code existing for complex constellation with
full rate. Moreover, complexity increases when the
number of relays increases, the simplicity of 2
transmit relays make it specially attractive for prac-
tical applications.

The remains of the paper is organized as
follows. In section II we present system model, and
details of transmission process. We also derive an
maximum likelihood detector for the proposed
scheme in section III. Simulation results are given
in section IV together with comments. Finally, we
conclude the paper in section V.

. System model

In Fig. 1, we consider a cooperative communica-
tion system that includes: 1 Source (S), 2 relays
(R; ,Ry) and 1 destination (D) all of which commu-
nicate in wireless environment, 2 relays help the
source to transmit signals to the destination. To
prevent interferences, each node is assigned a dif-
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Fig. 1 The cooperative transmission model

ferent orthogonal channel. The channel effect be-
tween node i and node j (i, j =S, D, Ri, R;) may
be modeled by a multiplicative distortion hy which

is an ii.d complex Gaussian random variable with

)‘ . .
variance 7” per complex dimension. The wireless

channel is assumed to be quasi-static so that the
path gains are constant over a frame of 2 symbols
and change independently from one frame to
another. The quasi-static condition for the two-sym-
bol period is easy to satisfy because the individual
channel is required to be unchanged for a short
period. If we use more than two relays, the channel
needs to be unchanged for the period of 4 symbols
or more, this condition is more frequently un-
satisfied, hence resulting in destruction of orthogo-
nal structure of Hurwitz-Radon space-time code.
The discrete-time equivalent complex base-band
model is used for simple exposition. All the noise
samples are modeled as ii.d zero-mean complex
Gaussian random variables with variance 0.5 per
complex dimension.

The cooperative protocol includes two phases, in
the first phase, the source broadcast two MPSK
symbols X1, x2, the destination and the relays re-

ceive the following signals:
Yoo = thgt tng, 1

where

- ysis is the received signal at node i (i = D, Ry,
R») in the I-th symbol period, /=1,2.

- nsiy is the noise sample at node i in the /-th sym-
bol period.

- = \/ITS is an amplification factor at the source

and Ps is the transmit power of the source.
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Table. 1 Arrangement of signals at the relays
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In the second phase, the relays rearrange the re-
ceived signal as Table. 1 and transmit, the received
signal at the destination is:

_ St D)
= hypy |h51| Ys.1 Thopty ‘hé')‘ Yo T 1ps 2)
! %)'hﬂ‘h,wi”l Taaglhglhy e, Fah pn'y
Fayhy g g0 0y,
- hg hg
To =7 M py ‘} ‘yﬂ,z T hy pay ho Yo trp,  (3)
ts1 2o

= al%‘hslr‘hlﬂé +ala(,\h52|h21)x1 _alh’an/Si.Q
Fayhypg,  Fnp,

where
- 1; is the received signal at the destination in the
I-th symbol period, / =1, 2.

S hSt

- The terms —, ——
sl Ihgl

are to correct the phase

distortion by the channel between the source and
the relays, i =1, 2.

- The noise terms n' ; is the phase-shifted version
of ng ;, np; is the noise sample at the destination

in the i-th symbol period.

a; is the amplification factor at the node i. To
maintain an average power'® at the relay i, a; is
chosen as

_ \/ A )
SN H ) VP @

P; is the transmit power of relay i.

Let
hy = aya,lhglhy )
hy = ayaylhg|hy ) 6
= alhw”,51.1 +‘12’121)”'52.2 tn,, @)

ny == ach g, +ahy g Frp, 8
We rewrite (2), (3) in a more compact form

ry=hz, +hx,+n,  (9)

Ty, =— h]x; +h2z1 +n, (10)

At this point, the destination has a collection of
the stored signals from the first phase and the two
new overlapping receive signals from the second
phase. Because this scheme is different from the
multiple receive antenna scheme, so we can not ap-
ply the MRC technique. Our next task is to find
out how to detect the signal optimally, assuming
that the transmit symbols have equal prior
probability.

. Design of Maximum likelihood
(ML) receiver

The symbol x; and x» play a similar role, so we
will derive the estimated symbol of x;, the esti-
mated symbol of x» can be achieved straightfor-
wardly in a similar way.

We wish to design a signal detector that makes a
decision on the transmitted signal x; based on the
observation of yg,,, 11, 12 such that the probability
of a correct decision is maximized. With this goal
in mind, we consider a decision rule based on the
computation of the posterior probabilities defined as

[)(Il = sm‘ySD.l7rl’r2) (11)
_ 1’(?/51).17717T2u1 :s/n)lj(xl :sm)
p(?/bﬂprpr)

where Sm, m=1,2,--*M, are MPSK symbols. P
stands for Cumulative Distribution Function and p
denotes Probability Density Function. The max-
imum a posteriori probability criterion is to select
the symbol corresponding to the maximum of the
set of posteriori probabilities. However, with the as-
sumption that all the transmitted symbols have
equal priori probability and notice that p(yg, s 7y, 7,)
is the same for any transmitted symbol, the crite-
rion becomes choosing sm, if it maximizes
Pysp. Tl =s,).

Because the channel estimation is assumed to be
perfect, the noise terms ng,,,n, and n, are in-
dependent Gaussian random variables with variance,
ot =1,0° =0 =N=al|h, | +ailh,, " + 1.

e ny ny
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The likelihood function is given by

p<y57),17r17r2l$1 :Sm) (12)
/2
_ exp|— I sp1 —aphsps,, | )
71'3"’2."\7 1
7y —hiz —hyy | : )
> _
exp N
* * 2
o] Ttz —h | )
P N

Maximizing this function is equivalent with mini-

mizing the following distance metric

D(Smr?/ﬂlw"wrz): Y51 — aphsps, |1 ? (13)
* .2
7 =hyw, —hyy |2+ || ry +hyxy — by |
N

After expanding the metric, we ignore all the
terms that are common to the all the symbol s, or
not relevant to the detection of x,, the result is the
distance metric of the possible transmitted signal
and the estimated symbol

d‘%n’x:): H 'sm _:E: ” ’ (14)
where the estimated symbol of x;

- . 'rlh: +r;h2
= Gyhgpyen + N (15)
o+
_ |2 2 | 1 2
= %‘hsuv+ N Zy
. n k] +nsh,
+ahgsng, + N

Using a same approach, we can derive the esti-
mated symbol of x,

~ . mh —ryh,

&= tyhgpysp, + — N (16)

[P + [

#' z,

nlh; -+-n;hl
N

= agihw‘g +

tahgongp, +

These results show that the combining scheme is
different from the MRC, however it remains as
simple as MRC which is used in multiple antenna
system. In MRC, each link is weighted by the con-
jugate of the channel gain and scaled by the noise
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variance. In our ML receiver, the direct link from
the source to the destination is weighted in the
same way of MRC, the two signals received from
relay links, similar to MRC in noise scaling, are ei-
ther conjugated or not and weighted by channel
gain or its conjugate according to the Alamouti
scheme. We can see the estimated symbols after
decoupling and combining are from 3 independent
links, so the diversity order of 3 is guaranteed.

IV. Simulation results

In this section, we use Monte-Carlo simulations to
verify our protocol. In all the following figures, the
signal-to-noise ratio is defined as SNR=Pr, where Pr
is the average power of direct transmission (DT) from
source to destination without assistance of any relay.
It is assumed that the total transmit power of the
source and the relays is the same as the transmit power
of the direct transmission Ps+P;+P,=Pr. In Figure 2,
we consider the symmetric network, i.e.,
Xsp= Ay = A= Agp=Agp=1. The result confirms
the importance of the signals that the destination re-
ceives directly from the source, here, Ps=0.6 means
that Ps=0.6Pr and P;=P,=0.4Py/2. Obviously, the more
power assigned for the source, the better the perform-
ance, and inversely, when we increase the power for
the relays and reduce power for the source, the per-
formance decreases. The reason is that the directly
received signal is more reliable than the signal re-
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Fig. 2 BER Performance comparison of different power
allocation strategies
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ceived from intermediate nodes. As a matter of fact,
the noisy information of the two relays is from the
source in the first phase, the more power allocated
for the source in the first phase, the less noisy the
relay information is. In addition, if we increase the
relay power, it also amplifies the noise. Consequently,
the information of the source is the most important
and should be allocated significant amount of power,
cooperation power of the relays should be kept at low
level. This allocation strategy is highly desired in
wireless networks because relay nodes or users just
want to spend small amount of power to help other
nodes, the burden of power consumption still belongs
to the node that needs to communicate. Moreover, the
slopes of the BER curves increase with increasing
SNR, in the 25 dB - 30 dB SNR range, the measured
diversity order is about 2.8, and at the higher SNR
range, the diversity order is shown in the previous
section to be 3.

The effects of source-destination (SD) channel
variations is considered in Figure 3, all other chan-
nel conditions  remain  unchanged, ie.,
Asp, = Agp, = App = Agp=1. Both the direct trans-
mission and cooperation have a variation in the
channel condition between the source and the desti-
nation, ie., Ay, =05,1,2. The performance of the
proposed protocol is less affected than the direct
transmission, the differences between performances
of the proposed are about 1 dB compared with 3
dB of the direct transmission. So, in the coopera-
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Fig. 3 BER performance of proposed protocol under
variation of the source-destination channel

tion case, it is easy to provide a widerange of QoS
(Quality of Service), we only need to change slight-
ly the power to achieve the desired QoS. We also
notice that the diversity order is not affected by the
channel conditions.

V. Conclusion

We presented a full utilization of space-time
block code in cooperative communication. The uti-
lization is based on an important notice that the
original information broadcast from the source con-
tributes significant improvement to the performance.
Moreover, exploiting that information also increases
1 diversity order. The design fundamental always
requires that the transmission protocol should be
kept at the lowest complexity, and the 2-relay case
is a promising protocol that satisfies this condition.
It has been shown that the Alamouti scheme is suc-
cessful in the MIMO applications, in a similar way,
we believe that the 2-relay case will be first suc-
cessful if cooperative communication comes into

realization.
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