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TOM TAT

Khi xét dén gidi han trong thiét ké kich thude ciia thiét bi cam tay, mang chuyén tiép dwoc xem
la hé thong MIMO do day hira hen dé cdi thién chat lirong mang vé tuyén. Trong bdi bdo nay,
chiing t6i phan tich chat rong mang vé tuyén chuyén tiép hai ching ding giao thire Diéu ché
va Chuyén tiép (DF). Cu thé hon, chiing t6i dwa ra cong thirc tinh gan diing cho xdc sudt 16i ky
ti (SEP). Bang cdch sir dung thudt todn wée heong kénh binh phwong cuee tiéu trong tinh todn
gid tri thong tin trang thai kénh (CSI), chiing t6i tinh cong thire SEP xdp xi dwa trén gid tri kénh
dd wée lwong va trang thai gidi md & node chuyén tiép. Cong thire xdp xi SEP ding dé danh
gid viéc phdn bé cong sudt trong mang chuyén tiép hai chiang. Cdc két qua mé phéng vé SEP
chitng t6 wu diém ciia hé thong.

Tir khéa: Piéu ché -va- Chuyén tiép (DF), xdc sudt 16i ky tw (SEP), mang chuyén tiép hai
chang

ABSTRACT

When the sizes of end-user equipments are limited, the cooperative relay networks are
recommended as promising virtual MIMO systems to improve the performance of wireless
communication systems in literature. In this paper, we focus on performance analysis of two-
hop relay wireless networks using Decode-and-Forward (DF) scheme. Specifically, we derive
the closed-form expression of symbol error probability (SEP). Thanks to utilizing least square-
based channel estimation algorithm in calculation of instantaneous channel state information
(CSI), we obtain approximate SEP based on the estimated channel states and the decoding state
at the relay nodes. The SEP approximation formula is used to assess the power allocation in
dual-hop networks. Simulation results for a two-hop system with optimal SEP show significant
improvement.

Keywords: Decode and Forward (DF),; symbol error probability (SEP); dual-hop networks.

L. INTRODUCTION nodes that overhear the source node are

The cooperative communication has emerged
as a solution to increase the spectral efficiency
and coverage of cellular networks. The basic
idea of cooperative communications is that all
mobile users or nodes in wireless networks
help each other to send out not only by the user
but also by other users cooperatively. A source
node, along with relay nodes or neighborhood

willing to share their sources. Hence, these
nodes create a virtual antenna array and mimic
a multi-input-multi-output (MIMO) antenna
system. Since its introduction, cooperative
communication has attracted much attention,
and there are a rich literature [1-4]. When one
node helps other to forward data, it is so-called
the relay one, and in this process amplify-and-
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forward (AF) or decode-and-forward (DF)
cooperative protocol can be applied in multi-
hop networks [5, 6]. The DF relaying node
detects and retransmits the received signal. In
addition, the DF relay scheme can be further
classified into two types: 1) fixed DF relay
scheme (FDF): the relay always detects and
forwards the signal it has received from source
and ii) adaptive DF relay scheme (ADF):
the relay decides to forward the received
signal only when the evaluated signal quality
satisfies the predefined metric, otherwise, it
keeps silent.

A common underlying assumption in recent
literature is the availability of perfect channel
state information at the relay or destination
receivers [7, 8]. However, in real systems,
CSI needs to be precisely estimated and
can then be used in the channel equalizers.
The performance of multi-hop systems in
the presence of imperfect CSI has been
investigated [9-11]. In [11], Wu and Patzold
have derived and approximate expression for
SEP of AF-based multi-hop network over time-
varying fading channels thanks to the moment
generation function (MGF) approach. Despite
the multiplying numbers of literature and recent
research on DF-based cooperative scheme,
but most of them assumed that having exact
CSI. To our best knowledge, very few papers
considered channel estimation error [12]. In
this paper, we consider DF relay and derive a
closed-form expression for power allocation
subject to minimum SEP over flat fading
channel. We also assume the deployment of
the pilot-symbol-assisted channel estimation
algorithm [13]. The analysis here is carried
for two-state phase-shift keying (BPSK), but
it can be extended to general M-ary quadrature
amplitude modulation.

The remainder of this paper is organized as
follows. In section II, we present the system
model under consideration. In section I, we
present the details on the approximate average
SEP derivation. In next section, we provide
numerical results to confirm the analytical
derivations and provide insight into system

performance and conclusions are drawn in
section V.

Notation: the upper letter stands for matrices,

() stands for the transpose, E{} denotes the
expectation operation.

II. SYSTEM MODEL

Consider a dual hop relay network with a
single source with single antenna transmit data
to a single destination through N relay nodes.
The relay nodes are assumed to be half-duplex,
that is, the relays with transmit or receive the
signal at the same frequency at time instant.
In relay network, data transmission between
the source and the destination occurs in two
phases. In the first phase, the source node
transmits message to the destination and the
relay nodes. Whereas, the second phase, relay
one retransmit the exact decoded signal to
the destination. The channels in this system
are including of channel from source to relay,
direct link between source and destination
channels from relay to destination. These
channels are assumed to be Rayleigh flat fading
and independent from each other. The source
and relay nodes utilize BPSK modulation. In
this paper, we use DF cooperation scheme
for transmit signal from source to destination
through processing algorithm in DF-based
relay nodes. The received signal at the

destination and the ;" relay node in the first
phase can be written as follow [7]

Vea = PolhsaX+n,,

Yei=alPoh,x+n,, i=1....N

(1)
where x is the source message with unit power,
P, 1s the transmit power of the source node, 7,

and &, denote the channel coefficients between
the source and the destination and between the

source and the i” relay node, respectively, and

n.,and nare the complex additive white
Gaussian noises (AWGN) in the destination

and in the i” relay node, respectively.



The channel gain of each hop is chosen as
a complex Gaussian random variable with

zero mean and variance o;/2per complex
dimension. In general, this channel parameter
includes path loss, shadowing, and Rayleigh
fading. Assuming that the channel variations
are slow compared to the length of a packet.

We also assume each i” relay node has the

same transmitting power of p,, and the
variance of the additive white Gaussian noise

i1s N,/2per complex dimension. The average
SNR of'the channel including the path loss and
shadowing at the receiver node can be written
as follow [7]

Vi :pio-iz/NO (2)

After decoding the received signal based on
estimated channel from the source nodes,
only the relay nodes which have decodes
the source message correctly retransmit it to
the destination. Ultilizing cyclic redundancy
check (CRC) scheme, the relay node can
decode the received signal correctly or not.

The probability that i” relay node can decode
the received signal correctly conditioned
on the instantaneous estimated CSI can be
described as

L2
‘hs,i‘ Po

sin?(6)Ng do (3)

a,.(;;s,,.)zl_%ie

where 4 ,is estimated channel coefficient
calculated by least square-based estimation
technique. This parameter can be found as

i;”. = (xHx)iley (4)
We denote ¢ =(¢.0,,....4y) as a vector

indicating whether each relay has decoded the
source message correctly or not. It can be seen

that ¢(i)=1 if i* relay node decodes the source

message correctly while ¢(i)= 0 , otherwise. We
refer to the vector ¢ as the vector of decoding
state at the relay nodes and it consists of only
binary numbers. The received signal from

the i” relay node which is able to decode the
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source message correctly, that is, ¢(i)=1, at the
destination can be written as

Via =Pl x+n,, ®))
where p,is the transmit power of the i”
relay node, h,,is the channel between the i*
relay node and the destination, and »,, is the
AWGN with zero mean and variance N, .

The channel #,, is an independent complex
Gaussian random variable with zero mean and

variance of o7 /2. It is worth stressing that
the assumption that channel are independent
from each other is applicable for dual hop
relay network because the distances between
different relay nodes are typically large
enough.

At destination node, we apply the maximal
ratio combining (MRC) to combine received
signals from the source and relay nodes. The
received SNR at the destination conditioned
on the decoding state at the relay nodes can be
written as

7oB)=r.+ Dy
il (1)1 (6)
where y,and y,are the received SNRs at the
destination from, respectively, the source and

the " relay node.

III. ANALYSIS OF AVERAGE SEP

Assuming that data transmission in
cooperative network using BPSK modulation,
the calculation of SEP at the destination
node conditioned on the estimated channel

EC = ,h, o h, d} and the decoding state at the

s,d o5

relay nodes, ¢, , can be calculated as [7]

PAEC. 4 )=~} exp{— o) (?k))de
7 do sin” 6
(7
We have the total probability rule, and hence
the expression of conditioned SEP can be

rewritten
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PEC)= 221 P{EC.¢, | )

where P.(g,)is the probability of the decoding
state ¢, that can be described as

Pr( k): Hai' H(l_ai)

il (D)=t il (i)=0 (9)
The average SEP can be calculated with the
fact that P(g,)is statistically independent

from P{EC,¢,} while P(g,) depends only on

A

h,i=1,...,N and h,conditioned on channel

$,0°

estimation error |h—k/<s, where acceptable
threshold. Then the average SEP can be written

as ,
P = ZE (10)

Using results from [7], we have the first
expectation can be computes as

Ele k>}=E{ [Te Q(l—ai>}

i}t il i

{p.(EC.9,)}

(11)

where

/2

p=1-—|

22
7 4 sin 0+c,p,

sin’ 0

and ¢,=o,,/N,,i=1,...,N
Inaddition, we also have the second expectation
can be written as

i sin” @

Emwmﬁjghaqﬁﬁzm

0 el
where b, =0,,/Ny,i=1,....N
Finally, we can find out the following closed-
form expression for the average SEP [7]

Pe=l > B; H ! +(1_ﬂj)
84 =0 N=i=| 1 — bfpf

b.p;

(13)

IV.SIMULATION RESULTS

We consider a dual hop relay network
consisting of a source-destination pair. In
the first phase, source transmits its message
to the destination and the relay nodes, while
in the second phase, only the relay nodes,
which decoded the source message correctly,
retransmit it to the destination. All kind of
nodes use BPSK modulation technique and
noise power is assumed to be equal to 1.
Assuming that the channel coefficients are
modeled as zero mean complex Gaussian
random variables. Positions of the dual hop
network with 7 relay nodes calculated from
source node are randomly selected according
to the uniform distribution and are (0.0125,
0.1378, 0.2963, 0.4298, 0.5721, 0.6901,
0.8251). The total power is equally devided
among the source and the delay nodes.

The first experiment (Figure 1) shows the
relationship between total power versus and
symbol error probability. This simulation result
illustrates comparison of approximate SEP
corresponding to the closed-form expression
(13) of different number of relay nodes using
LS-based estimated channel. It is can be seen
that the larger relay network lead to better
performance than small relay network. As a
result, the gap in performance increases further
with increase in number of relay nodes

The second experiment (in Figure 2) depicts
the SEP of 7 relay node using different
modulation technique. Using more level signal
modulation will get lower SEP than another.

V. CONCLUSION

In this paper, we briefly studied a new simple
closed-form expression for the DF two-hop
network. Hence, a new power allocation
algorithm has been developed by minimizing
the average SEP under constraints on the
total power of the relays and the maximum
powers of each relay node. Through the
simulated results, the power allocation
depend on the average probability of correct
decoding by relay node and average channel
gain-to-noise rate for selected relay node.
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—P— BPSK scheme
—HB— 4PSK scheme

-] —8— 3 relay nodes
—6— 5 relay nodes
—P— 7 relay nodes
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Fig. 2. The performances of dual hop cooperative
Fig. 1. The average SEP of the different number networks with 7 relay nodes.
of relay nodes.
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