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Abstract

This paper proposes two novel prediction-based adaptive selection cooperation schemes combined with a new relay
selection strategy. In the proposed schemes, the destination predicts whether the transmission will be successful or not
before a single relay is selected to transmit source’s decoded data. Depending on the prediction, the destination feeds back
a command to the whole network. Numerical results show that the proposed schemes combined with the relay selection
strategy successfully reduce its outage probability, improve its throughput, save transmitted power, and prolong the

lifetime of the network.
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1. Introduction

Cooperative diversity has become an attractive field
because of the improvement in robustness against to
wireless fading with simplicity in terminals. However
most of the works were proposed only to achieve
smaller probability  without
throughput, transmitted power or lifetime problem for

outage considering
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the network" ™. Even the works considering lifetime
-8 they always show that the lifetime and the
outage probability are in tradeoff, that is, to prolong
the lifetime, the outage probability needs to be
increased.

this  paper,
prediction-based
schemes. In the proposed schemes, before any relay
is selected to transmits the decoded data, the

destination predicts whether the transmission will be

In we two  novel

propose

adaptive  selection  cooperation

successful or not and gives back a command to the
whole network depending on the predication results.
Also according to the prediction, a relay selection

strategy is proposed. We compare the outage
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probability, throughput,

lifetime of the proposed schemes with those of

schemes in previous works> ¢,

transmitted power, and

II. System model

Consider a decode-andforward scheme for a
wireless system consisting of one source, one
destination, and K relays, a total of K+ 2 nodes.
Assume that each terminal has one antenna.
Transmission is made through orthogonal time
division or frequency division channels. Also assume
that the channel has quasi-static flat Rayleigh fading

with additive white Gaussian noise. Let h;; denotes

the fading coefficient of the channel from the node i
to the node j and n,; denotes the additive noise from

the node i to the node j. The channel coefficient hy;
and the noise 7, are modeled as independent
zero-mean circularly symmetric complex Gaussian
and N,

respectively. Suppose that the variance of the channel
2]

2
T

random variables with variance ij

coefficient is given by

2 _ -«
03 = ndy;

ey

where d;; is the distance between the node i to the

node j, « is the propagation loss factor, and 7 is a
constant which depends on propagation environment.
Assume perfect channel state information (CSI) is

available at each receiver.

. Prediction—based adaptive selection
cooperation schemes

In this section, we propose two prediction-based
adaptive selection cooperation schemes. Relays in the
proposed schemes try to decode the source’s signal
and only one relay is selected to transmit its decoded
data. Different from the other existing schemes, the
destination in the proposed schemes predicts whether
the transmission will be successful or not before a

single relay is selected to transmit the decoded data
to the destination.

(1058)

The data is transmitted in two half time slots. In
the first half slot, the source broadcasts data to all
other nodes and they attempt to decode the signal.
Thus, the

source-to-destination CSI and calculates the mutual

destination  obtains  instantaneous
information between the source and the destination
after the first half slot, which is given by

P,
Lp= %ZOQ(l + To|hsd|2) (2)

where h,; is the fading coefficient of the channel
from the source to the destination.

In the second half slot, each relay in the decoding
set D(s)® transmits a symbol to the destination
identifying itself as an element of D(s), so that the
destination obtains the

relay-to-destination channel, h, 4, for the relays in

instantaneous CSI  about

the decoding set D(s). Then, the destination predicts
the future mutual information L% after the relay 7,
transmits the data in the second half slot, which is
given by

Ps
N

T g ]. PT
L= Elog 1+ |hsdl2 + _Ng'hmd‘? ) 3)

r.< D(s), where h,q are the fading coefficients of

the channels from the relays in the decoding set to
the destination. Depending on the prediction, the
destination gives back a command to the whole
network and the source and relays follow the

command.

1. Prediction—Based Adaptive Selection
Cooperation Scheme | (PBASC—I)
Transmission 1s successful when the instantaneous

mutual information between source and destination is

larger than the target rate R. There are three cases

depending on whether 1, and L}, r,&D(s), are
larger than the target rate R or not. For each case,
the prediction-based adaptive selection cooperation
Scheme 1 works as follows:
Case I Lp > R, which

transmission in the first half slot.

implies  successful
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The  destination gives back a command for
next-transmission. Then the source transmits next
data, and all the relays delete their signals received
in the first half slot.

Case 2. Ip < R and at least one relay r, in the

decoding set has the future mutual information 7%
larger than the target rate R. It implies successful
transmission after the relay r, transmits the decoded
data in the second half slot.

We define a success set S;(s) for the source as
the collection of the relays which have successful
transmission after transmitting the decoded data in
the second half slot, that is,

S](S)
1 P, P, (4)

nED(s): =lo (1+—th F+—Lln, I2)z R}

{’“ 2 T e T

Clearly, in Case 2 the cardinality of the success set
1S;(s)l is larger than or equal to 1, ie, 18,(s) = 1.

Depending on the prediction, the destination gives
back a command to the whole network to select a
single node in the success set |9,(s)l. Then the
selected node transmits its decoded data to the
destination.

Case 3 Lp < R and all 7, in the decoding set

have future mutual information %, smaller than the

target rate R, which causes the transmission failure
no matter which relay transmits the decoded data in
the second half slot.

The destination gives back a command for
re-transmission. Then the source re-transmits this
data in the next first half slot and all the relays
delete their signals received in the first half slot.

2. Prediction—Based Adaptive Selection
Cooperation Scheme Il (PBASC-II)

In order to reduce the outage probability, Scheme
II let the selected relay transmit the decoded data
using two times of relay power, 2P,, when needed.
When [, <R and all r, r,€D(s), have future

mutual information I}, smaller than the target rate

1A
olo
1A
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R, the destination predicts the future mutual
information Z,}, after a relay r, transmits the data in
the second half slot using 22,, which is given by

27y
bp=

1 PS 2 2P’!‘ 2
Jlog|1+ 5 hedl® + N, [ ©)
TkED(S).

There are four cases depending on whether 7 p,

r

LY and Ly, r,€D(s), are larger than the target
rate R or not. For each case, the prediction-based
adaptive selection cooperation Scheme II works as

follows:

Case 1 and Case 2 are the same as those in the
Scheme L

Case 3 I, < R, L)} < R, r,€D(s), and at least
one relay r, in the decoding set having the future

mutual information I, larger than the target rate R.
It implies successful transmission after the relay 7,
transmits the decoded data with 2P, in the second

half slot.
We define a success set Sj;(s) for the source as

the collection of the nodes which have successful
transmission after transmitting the decoded data with
2P, in the second half slot, that is,

r

4

511(5)
1 P
{rkED(s) : Slog(l + FZ'hSde +

N,

. R} 6)

2B,
2
I, d
0

Depending on the prediction, the destination gives
back a command to select a single node in the
success set S;;(s). Then the selected node transmits

its decoded data to the destination using 22P,.
Case 4© Ip < R and all r, in the decoding set

have future mutual information }, and [222’“ smaller

than the target rate R, which causes transmission
failure no matter which relay transmits the decoded
data in the second half slot with even 2P..

The destination gives back a command of
re-transmission. Then the source re-transmits this

data in the next first half slot and all the relays
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delete their signals received in the first half slot.

To give back the command, the proposed schemes
I and I require the overhead of log,(A+2) and
log, (K+2)+1 hits per coherent time interval,

respectively. The latter requires one more bit than

the former to indentify whether the relay power is
P, or 2P,.

r

The the
advantages. Firstly, the throughput is improved as

proposed schemes have following
the source transmits next data in Case 1. Secondly,
the transmitted power is reduced because the relay
is successful  transmission
the first half
transmission failure is predicted. Thirdly, fairness is
improved without increasing the outage probability if

considering relay selection in the success set.

power saved when

happens after

slot and when

3. Relay Selection

In the proposed schemes, the destination could
select a single node in the success set. Since any
node the

transmission, we have more choices for relay

in success set achieves successful
selection without increasing the outage probability.
Thus we can improve the fairness and prolong the
lifetime.

Define the lifetime of the whole network as the
number of data collections before a node in the

network becomes out of energy, that is,

LT=min{m: E(m) < u} (7)

where E.(m), k=12, . K+2, the

residual energy of node k after the m-th message is

denotes

transmitted and p is the minimum energy needed for
one data transmission.

Define the unit residual energy for each node as

]
k,center

B (m)= Ey(m)-d )

where dy saner 1S the distance between the node k
and the center of the network.
The relay selection strategy works as follows. The

destination gives back a command to select the node

k" which has the maximum unit residual energy

21
E™ among the nodes in the success set, that is,
k' = argmaz B (m) ©)

where k< §,(s) for Case 2 in Schemes I and II, and
k€ Sy (s) for Case 3 in Scheme IL

In the next section, through computer simulation,
we compare the performance of the proposed schemes
with those of the conventional selection cooperation
scheme with the best relay selection (SO the
conventional with
automatic repeat request (SC~ARQ), the distributed
space-time cooperation scheme (DSTC), and the
direct transmission (DT). The SC needs overhead of
log, K hits per coherent time interval[ﬁ], and SC-ARQ

selection cooperation  scheme

needs one more overhead bit per half coherent time
interval than that to identify if the transmission is

successful or not™.

IV. Numerical results

Suppose that the target rate R= 1bit/s/Hz, the
propagation loss factor =3, n=1, and the noise

variance N, = 1. Assume that the source power P
and relay power P, are same and the sum of them
is equal to the transmitted power of the direct

transmission P27 which satisfies

DT
tot

(10)
Ny

10log

E{\hsdﬂ): SNR (dB)

Suppose that the number of relays A =2, the
source and the destination are located at 0+ 0j and
10+ 07, 3— 57, respectively, and that the relays are
located at 4+ 15 and 3— 5j. '

Fig. 1 shows the outage probahility of the proposed
schemes. It is shown that the proposed schemes
achieve lower outage probability than DSTC. Also it
is shown that PBASC-I has the same outage
probability as SC and SC-ARQ, while PBASC-II has
lower outage probability than the other schemes.

Fig. 2 shows the throughput of the proposed
schemes. It is shown that the two proposed schemes
have much larger throughput than SC, DSTC, and
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Fig. 2. Throughput of the proposed schemes (X = 2).

DT. PBASC-1 has the same throughput as that of
SC-ARQ and PBASC-II has larger throughput than
the other schemes.

Fig. 3 shows the normalized transmitted power of
the proposed schemes. It is shown that the proposed
schemes spend less power than both SC, which has
normalized power of 1, and SC-ARQ.

Fig. 4 shows the normalized lifetime of the
proposed schemes in an ad-hoc network, having 8
relays and a total of 10 nodes at 1+1j, 1-1.57,
—1+42j, —1—1j, 0+45, 0—5j, 3+05, —4— 37,
2+4j, and 1—1.84. Suppose that each node in this
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Fig. 3. Normalized transmitted power of the proposed
schemes (K=2).
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ad-hoc network has the same probability fo access
the channel and transmits to any other node in the
network. Assume the initial energy of each node
E(0)=2x10°, k=12,...K+2. It is shown that
PBASC-II has almost the same normalized lifetime
as that of PBASC-I. Also it is shown that the
lifetimes of the proposed schemes are always longer
than SC and DT which has normalized lifetime of 1.
It is shown that the increase in the lifetime of the
proposed schemes becomes more significant in high
SNR.

(1061)
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V. Conclusions

In this paper, we propose two novel prediction-
based adaptive selection cooperation schemes. In the
proposed schemes, the destination performs prediction
before a relay is selected to transmit the source’s
decoded data. It is shown that by utilizing the
prediction-based decision, the proposed schemes
successfully reduce the outage probability, achieve
larger throughput and prolong the network lifetime
with lower transmitted power at the cost of slight

increase in the amount of feedback command bits.
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