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Abstract—This paper proposes a closed form of error perfor-
mance of an un-coded detect-and-forward superposed relay in
term of equivalent SNR. The theoretical results show excellent
correspondence with computer simulations. It has been proved
that power allocation has great effect on the performance of su-
perposed cooperation. The analysis makes it possible to optimize
the power allocation between the local and relay transmissions
numerically.

Index Terms—superposed cooperation, error probability,
equivalent SNR, power allocation

I. INTRODUCTION

Cooperative communication has attracted lots of attentions
because of the gain brought by the spatial diversity. In
traditional decode-and-forward(DF) cooperation scheme as
illustrated in Figure 1, Node B first decodes the packet from
Node A, and, if successful, re-encodes and retransmits it,
possibly using a different channel code. If Node A decodes
unsuccessfully, it transmits its own data. One clear disad-
vantage of DF is the about 50% loss of spectral efficiency
caused by the retransmission at the relay node. To improve
the spectrum efficiency, a new cooperation scheme named
superposed cooperation is proposed in [1]. Some research has
been done on superposed cooperation [2] [3] [4] [5] [6] [7].

As shown in Figure 1, during each time slot, Node A and
Node B transmit in turn to deliver their packets to a common
destination D. To exploit spatial diversity and thereby enhance
reliability on fading channels, each source node transmits
both its own “local” packet as well as a “relay” packet that
originated from its partner. Figure 2 shows the constellation of
superposed BPSK signal which has the similar shape of 4PAM
modulation. The symbol §2 is the ratio of the power allocation
for the partner. It has been shown in [1] that compared with the
classical cooperation in the same rates, superposed cooperation
can provide better performance.

As shown in Figure 2, the power allocation §2 has great
effect on the shape of the constellation so that it obviously
influences the performance of the scheme. Some research has
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been done to find out the best the power allocation in theory
[2] [4]. Reference [2] proposes a function to characterize how
equivalent SNR depends on the SNRs of the desired bit and
the superimposed bit, based on log likelihood ratio (LLR)
with convolutional code. An analytical performance bound for
a coded cooperative diversity signal superposition system is
developed in [2].

This paper focuses on un-coded detect-and-forward super-
posed relay and proposes a closed form of error performance
of the scheme, which is based on equivalent SNR. The
presented closed expressions of equivalent SNR are used to
search the power allocation ratio that is used to transmit the
information of itself and of the partner. The analytical results
facilitate numerical optimization of the power allocation with-
out adopting computationally intensive simulations.

II. ERROR PERFORMANCE ANALYSIS

As shown in Figure 1, the system consists of 3 nodes. Node
A and Node B are transmitters in the same situation, and Node
D is destination node which receives the signal from the other
two. The E; /Ny of the link is denoted by +.
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the information bits, and § is the power allocation.

For each of the transmitter, the transmission can mainly be
divided into two phases. In the first phase, the node listens
to the partner and tries to decode the information. And in the
second phase, if decodes successfully, the node re-encodes the
partner’s information, superposes it with signal generated by
itself, and broadcasts the signal to both the partner and the
destination. Else only its own signal is broadcasted. When
Node D receives the superposed signal, Node D demodulates
it and combines the soft values with those got from last frame.

To be mentioned, in the situation that the node receives
superposed signal from the partner, it can divide its own part
which was transmitted in the last frame, and thus transforms
the signal to BPSK modulated, with the Es/Ng equals to
(1 —6%) v. For simplify, we assume the situation that the
channel between Node A and Node B is error free.

Figure 3 depicts the operations at Node A, Node B and
Node D during time slots t-1 and t for the scheme under
consideration. All channels are subject to independent block
Rayleigh fading. During time slot t-1, a superposed signal that
Node D receives from Node A can be described as

yo1 = VFap (VI=&# (=) +6(-1)") +n ()

where yp, represents the superposed signals from Node A,
fap is fading coefficient, J is the power allocation, s; stands
for the bit of Node A, 7; means the bit of Node B and n is
zero mean additive white Gaussian noise. In this case, s; is
the ”local” bit and ¢ is the “relay” bit.

Without loss of generality, we assume that the value of s;
is 0. When the value of ; is 0, the probability that Node D
obtains the wrong bit of s; can be expressed as

.Pe (81|81 = O,il == 0)
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The operations in superposition modulation system.Here the boxes depict the transmitted signals, ¢ stands for BPSK modulated symbols, ¢ means

The modulation seems to be BPSK for Node A’s information
with a known binary interference. So Node A’s equivalent SNR
for this case takes the form

’7141,0 = ( V31— 62 + 6)27AD 3)

When the value of i; is 1, the probability that Node D
acquires the wrong bit of s; is

P, (5181 = 0,43 = 1)
= /OOOQ (\/2fAD (m—5)2’YAD) e~fardfap
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Node A’s equivalent SNR for this case takes the form

’7A1,1 = (\/ 1- 62 - 6)2FYAD (5)

During time slot t, a received superposed signal at Node D
which transmitted from Node B can be described as

yp, = VI (VI=2(-1)* +5(-1)") +n (6

However, in this case, yp, denotes the superposed signals
from Node B, fpp is fading coefficient, is is the "local” bit
and s; is the “relay” bit.

When the value of i is 0, the probability that D obtains the
wrong bit of s; can be expressed as (7).

Node A’s equivalent SNR for this case takes the form
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When the value of iz is 1, Node A’s equivalent SNR for
this condition can be described as
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Using Bayesian formula, the probability the Node D gets
the wrong bit of s; can be depicted as

Pe(sl)
= Pe(s1|51 =0)P (51 =0) + Pe(s1]s1 = 1)P(s1 = 1)

= P3(81|81 = )
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j=0 k=0

(10)
where the assumption that the source nodes transmit O and 1
with the same probability is used.
Node D collects these copies with a maximum ratio combin-
ing (MRC). Instantaneous SNR of Node A can be calculated
as

1D

YA = faDYA,,; + fBDYV A,

where j and k can be 0 or 1 independently.

Equation (12) is the closed expression of evaluating Node
A’s bit error probability. In(12), 44, , and 74,, can be
generated from (3)(5)(8)(9).

III. NUMERICAL EXAMPLE

We present a numerical result to show the performance
of the error probability analysis. All channels are subject to
independent block Rayleigh fading. As mentioned before, we
consider the un-coded detect-and-forward superposed cooper-
ation scheme, assuming that the channel between Node A and
Node B is error free.

In Figure 4, the numerical bit error probability curves are
compared with simulation, with the power allocation 62 = 0.05
, 62 =0.15 and 62 = 0.35 . In these cases, the analytical results
seem to track the simulation results well. For example, the
numerical curve is only less than 0.1 dB from the simulation
curve when the average SNR is 15dB. When calculating the
equivalent SNR of the “relay” bit, an approximation is used to
simplify the expression form. It seems that the approximation
is the main factor that causes the disparity.

It is shown from Figure 4 that the power allocation 62 plays
an important role in the BER. So 42 should be chosen to

bit-error-rate(BER)
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Fig. 4. Bit error rate for Rayleigh fading channels versus the average SNRs
of channel A-D and B-D (both SNRs are the same).

minimize the BER. The effects of §2 on BER performance are
shown in Figure 5 for average SNRs of 10dB and 20dB. The
analytical results are almost equal to simulation results. The
optimal power allocation §2 is in the range 0.1 to 0.15, which
is identical with the conclusions of [1] and [2]. Comparing the
10 dB case to the 20 dB case, it is apparent that the power
allocation has a more significant impact at higher SNRs.

In Figure 6, we plot the optimal power allocation coefficient
42 as a function of the average SNR. The optimality is in
the sense of minimizing the numerical bit error probability
and the optimal 42 is found by searching over the interval
(0, 0.45). The optimal 42 is less than 0.1 for low SNR. It
can be comprehend that the information sent by the partner
don’t make any sense to improve the system performance
but may be a interference. So the superposed cooperation
does’t work very well for low SNR. In the condition of high
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SNR, the superposed cooperation becomes more available and
can improve the system performance. Results may differ for
different channel models and different code generators.

IV. CONCLUSION

Based on equivalent SNR expression, we have presented an
error performance analysis of an un-coded detect-and-forward
superposed cooperation scheme. Minimizing the bound shows
the dependence of the optimum superposition factor on the
operating SNR. The closed expressions of equivalent SNR and
bit error probability are derived in this paper. The analytical
results match to the computer simulations perfectly. This work
can be extended to predict the performance and optimize
the design of the general cooperation scheme, not only for
superposed cooperation.

cooperation versus the average SNRs of channel A-D and B-D (both SNRs
are the same).
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