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ABSTRACT

A multi-antenna multiple relay (MAMR) network is considered and a variation of two-hop zero-forcing amplify-for-
ward relaying method is proposed. Deploying ZF method together with application of diagonal power allocation matri-
ces at the relays, it is shown that the overall MAMR network is simplified to M independent single antenna multiple
relay (SAMR) networks, where M is the number of source and destination antennas. This enables to incorporate net-
work beamforming proposed for SAMR networks. Accordingly, using the BER as the performance metric, we present
simulation results to show the proposed approach outperforms the common ZF method addressed in the literature.

Keywords: Cooperative Communication; MIMO; Multiple Antennas Multiple Relay (MAMR) Networks; Zero Forcing;
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1. Introduction

It is well established that in most cases relaying tech-
niques provide considerable advantages over direct trans-
mission, provided that the source and relay cooperate
efficiently. The choice of relay function is especialy
important as it directly affects the potential capacity
benefits of node cooperation [1-5]. In this regard, two
relaying methods, Amplify-Forward (AF) [6,7] and esti-
mate-forward (EF) [8,9], are extensively addressed in the
literature. As the names imply, the former just amplifies
the received signal but the latter estimates the signal with
errors and then forwards it to the destination.

It has been shown that increasing the number of relays
has the advantage of increasing the diversity gain and
flexibility of the network. However, it renders some new
issues to arise [10]. For instance, the relaying algorithm
and power allocation across relays should be addressed
in such cases. Relay selection [11,12] and power alloca-
tion [13,14] are two well-known methods when the power
management issues are dealt with.

The capacity and reliability of the relay channel can be

further improved by using multiple antennas at each node.

The use of relays together with multiple antennas has
made it a versatile technique to be used in emerging
wireless technologies [15-20]. Relaying strategies for the
multi-antenna multiple relay (MAMR) network are more
challenging than single antenna network.
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AF Multi-Input Multi-Output (MIMO) relay systems
have drawn considerable attention in the literature due to
their simplicity and ease of implementation. In this re-
gard, a plethora of works are devoted to finding a proper
relaying strategy for AF MAMR networks. In [21], the
idea of linear distributed multi-antenna relay beamform-
ing (LDMRB) is introduced where each relay performs a
linear reception and transmission in addition to output
power normalization. The linear operations suggested in
this paper are Matched Filter (MF), Zero Forcing (ZF)
and Minimum Mean Square Error (MMSE). They are
briefly caled MF-MF, ZF-ZF and MMSE-MMSE sche-
mes, respectively. In [22], a method based on QR de-
composition is suggested which has better performance
than the ZF-ZF scheme. Combinations of various sche-
mes are also considered in [22].

In [23], the so-called incremental cooperative beam-
forming is introduced and it is shown that it can achieve
the network capacity in the asymptotic case for large K
with agap no more than.

In [24], a wireless sensor network composed of a few
multi-antenna sensors aimed to transmit a noisy meas-
urement vector parameter to the fusion centre is formu-
lated asa MAMR network.

In [25], it is shown that a MAMR network with single
antenna source and destination can be transformed into a
single antenna multiple relay (SAMR) network by per-
forming Maximal Ratio Combining (MRC) at reception
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and transmission for each relay nodes. This enables the
network beamforming introduced in [14] to be readily
employed. Indeed, this manuscript is an extension of [25]
where, here we assume the K independent sources send
independent data streams to their respected single an-
tenna destinations.

Latest developments are mentioned as the LDMRB to
enhance its performance i.e. in [26] MF and MSE are
used in reception and transmission of each relay respec-
tively. Although the performance of this method is better
than the proposed method in the current paper, but the
current paper isto apply power alocation between relays
in ZF-ZF scheme and can be developed further in the
future. Furthermore it is noteworthy that recent papers on
this subject use numerical optimization to find the opti-
mized relay matrices, i.e. [27] but these methods are too
complicated to implement. Thus we compare the pro-
posed method with its ancestor (ZF-ZF) method.

In this paper, the idea of LDMRB is used where ZF
algorithm is utilized in both reception and transmission.
It is shown that using this method the overall MAMR
network can be transformed into M independent SAMR
networks. Then the idea of network beamforming that is
suggested in [14] for SAMR network can be used to al-
locate power to any data streamsin relays. In other words,
in each relay at first the transmitted vector is estimated
using ZF and then based on the network beamforming
algorithm [14], the power of each element of the esti-
mated vector is controlled and then it is forwarded to the
destination using ZF precoding.

Notations: (a), means the ith element of vector a,
(A), means the ith row of matrix A, (A)ij means the
entry corresponding to the jth column and ith row of ma-
trix A.

2. The Relay Network System Model

Figure 1 illustrates a typicall MAMR relay network sys-
tem in which the source and destination have M antennas
each. It is assumed that there are K multiple-antenna re-
lays, each having N, (i =1---,K) antennasand

N; >M(i=1,--,K). Transmission occurs in two hops.
During the first hop, the transmitter broadcasts the de-
sired signal to the relays. Then, throughout the second
hop, each relay applies a weight matrix to the received
signal vector and retransmits it to destination.

We consider x as a M x 1 vector whose elements are
independent zero mean random variables with covariance
matrix E(xx" ) =PI,, . Thus, the received signal vector
at the ith relay can be represented as,

y, =H,x+n, (0]
where n; is a N, x1 noise vector, representing the re-
ceived noise vector at the ith relay with the covariance
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Figure 1. A typical MAMR relay system model.

matrix E(mn{')=N,I, where I, denotes the iden-
tity matrix and Ny is the noise power associated with
esch entry n,. H; is N,xM matrix to represent the
channel gain matrix between the transmitter and the ith
relay. It is assumed that the entries of H; are zero mean
unit variance drawn from an independent complex Gaus-
sian distribution. But H;'s are known at all relays. More-
over, ()" is a Hermitian operation. Assuming the ith re-
lay multiplies its received signal by a weight matrix W,
and forwards the resulting vector x; to the destination,
it follows that:

X =Wy, =W, (Hix+ni):vViHix+vvini @)
P = (I |°) = E(|WHx+ W [F) <R, (3)

where P is the average transmit power which is as-
sumed to be lower than P, considering ||| is frobenius
norm. Thus, referring to Figure 1:

K K K
Y=Y G Wy, +n=>G W Hx+>G Wn +n (4

i-1 i-1 i-1
where G, is the ith Mx N, channel gain matrix be-
tween the ith relay and the destination whose entries are
zero mean unit variance complex Gaussian random vari-
ables. G{’'sare known at all relays. Also,nisaM x 1
zero-mean noise vector whose entries are of power N.
Finally, n; for i=1,---,K and n are assumed to be sta-
tistically independent. Moreover, in this work it is as-
sumed that no processing is performed at the receiver. In
other words, the weight matrices W, for i=1---,K are
computed such that the recelved vector y is a scaled un-
biased estimate of the transmitted vector x.

3. The ZF-ZF LDMRB Scheme

Suppose a linear MAMR relay in which the relay per-
forms linear operations at both reception and transmis-
sion. One can decompose the relay weight matrix W, to
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three sub-matrices namely; reception (Af’)), power
control (Ai(”)) and transmission (Aft)) matrices as:
W, = AVAPA (5)

where the superscripts (t), (p) and (r) indicate transmis-
sion, power alocation and receiving operations, respec-
tively. Moreover, A is a diagonal matrix with posi-
tive fractional diagonal elements. This matrix is used to
control the power assigned to each symbol stream.

Considering the estimated transmitted vector at the ith
relay as:

X = Ai(r)Yi (6)

Thus, one can rewrite the transmitted symbol of the ith
relay as:

_AUAPAY,

X; =Wy, i = Ai(t)Ai(p)ii (7)

In [21], it is shown that in the absence of power allo-
cation Ai(p) =1), the Zero Forcing weight matrix at the
ith relay can be written as:

e s e

Gi H' (8)

where ()" is the pseudo inverse operation. The de-
nominator ascertains the output power normalization. In
this case, the receiving matrix in (5) can be considered
as.
A =H] ©
and similarly, we have:
G!
Al = ' (10)
12 AT
et +noferai]

So the estimated or demodulated vector of the ith relay
becomes:

ﬁi = Ai(r)yi

=H/(Hx+n)=x+Hn, (11)

Here it is assumed that the number of relay antennas
(N;) islarger than that of source and destination anten-
nasi.e. N; > M. Moreover, the resulting noise vector at
the ith relay is H/n, . As aresult, the jth element of the

estimated vector at ith relay becomes:
3 _ T _ T
(Xi)j_(x)j+(Hi ni)j _(X)j+(Hi )jni (12)

Note that, the jth entry of the resulting noise vector at
the ith relay is (f,), =(H) n,, thus one can readily
compute its power (N;) as. :

N; =E, {‘(H*) n 2}: No(H),
i j (13)

=N (H/H") = No((HiHHi )’

Ii
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If the recewmg matrix is redefined as A" 2 AH/,
where A isa d|agonal matrix whose dlagonal entries

.' % H H , then the receiving ma-
“ JJ
trix can be written as:
- diag((Ai(r))n"”'(Ai(r))MM )H'T (14)

The demodulated symbol at the ith relay can now be
written as:

% =Aly, = AHly, = Al )H-T(H-x+ni)
(15)
=A"HH,x+A"Hn, = Ax+3,
Thusthejthentry of X; isobtained as:
: (x), (1) n
(Xi)i - : 1 * ; 1
NCEINR (CE
i i
(16)
() 5
(i),

((mem))

I

where N, is the power of (f )J. )

Substituting x; from (15) into (7), the transmitted
vector of the ith relay can be written as:
GIT A(P)i_
e eneist T an

=dG'AP% =dGAP ( i()x+ni)

X. —A(t)A( )

where d, 21/ fJGI[F N, |G la

Thus, substituting x; from (17) into (4), the received
signal at the destination becomes:

K K
y=2.Gx +n=Y G, (dG/A” (A x+#,))+n
i=1 i=1 (18)

K

=3 (dAP

i=1

ADx+d AP, ) +n.

As a result, the jth element of the received vector at
destination or the received symbol at the jth destination
antenna can be represented as:

(), = ﬁl:((diAi(p)Ai(r)x)j HdaP) )+(n)j
d (Ai(”))“_ (Ai(r))” (x), (19)

2 (AP) (3),+(n),-

It can be seen that all interferences are canceled using

Il
JiN
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zero forcing scheme and the symbol received in the jth
destination antenna just depends on the symbol transmit-
ted by the jth source antenna. This resemblesto a SAMR
network. Therefore, we have M independent SAMR
network and hence the so called network beamforming
can be applied.

4. The Power Allocation Algorithm

The SNR of the received symbol at the jth destination
antenna can be computed as,

2

i (a”), (a7),
_ = ii ji
SNR; = g (a0

ozi:1 i( i )“.

It is desired to find AP to maximize SNR for all

data streams. As noted earlier, Ai(p) is adiagonal matrix
whose diagonal entries are positive number taking values

less than one. (Ai(p))_ identifies the fraction of power
i}

(20)

2

+ N,

that is alocated by the ith relay to the jth data stream. As
noted in [14], symbol streams that have less SNRs have
to be transmitted with less power, similarly Good symbol
streams have to be transmitted with full power. The ele-
ments of Ai(p) control the fraction of power that as-
signed to each symbol stream.

Np is a constant term and thus, can be discarded from
optimization. We define the following vectors and matrix
associated with the jth symbol stream as follows,

(A:(Lp) )JJ d (Af) )u‘
u; = : b, = :
(A(Kp))u A (A(Kr))ij (21)
dl
A, :diag(aj) a; =| :
dK
The SNR can now be written as;
2
SNR, :M. 22)
|Ajuj| +1

This relation is similar to the network beamforming
problem for single antenna network [14]. Hence, one can
apply the optimal power alocation proposed in [14] by

Jngetal. If wedefine v, =A;u; then:

2
SNR, :m (23)
: |vj|2+1

where,

Copyright © 2012 SciRes.

(24)

)

where A}T isthe inverse of the transpose of matrix A.
The Jing algorithm [14] is briefly presented here. At
first, each relay computes the following parameters:

i

(o) =\ 29)

These are adso computed at destination. They are
sorted in descending order asfollows:

(o )q > (9, )Tz >2(g, ),K ’ (26)

And 7,,, isdefinedtobe K +1. Then the parameter
(4;), isalso defined as:

| LY ()
(/11 )i - zim:l(bj)rm : (27)

Then the optimal power allocation is obtained as:

i =7,7
kO 1! il kO
(A7) = - (28)
I _Tk0+l"“’z-k0+1

where ky is the smallest k such that (4;) <(g;)
Tk+1

[14].

This procedure is performed for al SAMR networks
and AP for i=1..-K isobtained.

The proposed method can be briefly explained as fol-
lows. At first, the receiving A(” and transmission A!"
matrices at each relay is computed from (14) and (10)
respectively. This transforms the overall channel matrix
from source to destination to a diagonal matrix. Power
alocation matrix AP for i=1---,K can be then ob-
tained from (28). Finaly, Relay matrices are computed
by multiplication of the given matrices as
W, = AVAPA for i=1...,K . The agorithm that
presented here can be summarized as follows. In each
relay the transmitted vector is estimated using ZF method.
The using network beamforming the power of each ele-
ment of the estimated vector is controlled. Not all ele-
ments can be transmitted with full power. The element
that have SNR more that a threshold is transmitted with
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full power and remaining symbols are transmitted with a
fraction of full power that have direct relation to their
SNR. The power control values are obtained using net-
work beamforming algorithm [14].

5. Simulation Results

In the smulation of a MAMR network here, the large
scale fading experienced by the relays is assumed to be
the same. The channel matrices are generated independ-
ently during subsequent iterations. It is also assumed that
the first and second hop channelsfor all relays are known
to al nodes. Furthermore, an uncoded QPSK modulation
is used and independent symbol sequences is transmitted
by each source antennas.

Figure 2 depicts the overall MAMR system BER per-
formance for a network with 2 relays each with 2 anten-
nas arranged for simulation. As it can be seen for all
SNR values, the power allocated ZF method outperforms
the ZF method without power allocation.

Figure 3 shows the BER simulation performance of
networks with 4, 6 and 8 relays each with 4 antennas. In
this figure, the numbers appeared after the scheme's

A. FALAHATI, Y. A. IZI

name in the legend box determine the number of nodes
and nodes antennas. The first three numbers determines
the number of nodes. For instance, 131 means one source,
three relays and one destination. The next three numbers
determines number of node’s antennas. For instance, 444
means source, relay and destination each have 4 antennas.
In Figure 3 the effect of the number of relays on the per-
formance of the network is evaluated. It can be seen that
Increasing the number of relays, PA’s improvement in-
creases and hence the gap between non power allocated
and power alocated ZF increases.

In Figure 4, the number of the source and destination
antennas is kept fixed to 2. The number of relays is aso
fixed to 3 but the relays antennas number varies from 2
to 4. It can be observed that, by increasing the number of
relays antennas, PA’s are improved further. This is in-
deed for the inevitable increase in diversity to allow more
relays to transmit with their full power.

6. Conclusions

A new signaling method for Multi-antenna Multiple Re-
lay networks (MAMR) with the aid of ZF-ZF method at

— ZF without power allocation ||
—ZF with power allocation |

Signal to Noise Ratio

Figure 2. MAMR network with 2 relay each with 2 antennas.
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Figure 3. MAMR network with 4, 6 and 8 relays each with 4 antennas.
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Figure 4. Comparison of the designed relay network with the same number of relays and various number of antennas.

the relays is proposed to transform the origina network
into several single-antenna relay networks. This helps to
mitigate the interference term between individual data
streams transmitted from the individual source antennas.
Accordingly, the network beamforming which is proved
to be the optimal power allocation method for SAMR
network [14] is being used.

Simulation results indicate that the proposed method
improves the BER comparing with the naive ZF-ZF me-
thod in the absence of power alocation.

Future works: the amount of power that is not used for
one data stream in a relay can be used by other data
stream. This is not considered in this paper and can be
the subject for a future work. Also this method can be
generalized to MM SE-MM SE and QR-QR schemes.
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