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Cooperative relay beamforming in IDMA communication networks
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In this paper, a new combination of Interleave division multiple access (IDMA) and spatial diversity offered by cooperative
relay aided distributed beam forming is proposed. In the offered scheme communication strategy consists two steps. All users
broadcast their message to relays in the first step and then relays amplifies and forward the information to the desired
destination. IDMA, which is popular non-orthogonal multiple access (NOMA) technique is used to combat the effect of
multiple access interference (MAI) at relay as well as destination nodes. Each relay processed the signal to maintain the QoS
of destination. The goal of this work is to find the appropriate beam forming weights by minimising the transmit power and
without compromising the QoS in terms of SINR. However power minimization is not the convex problem, so semi-definite
relaxation is used to modify the problem in to semi-definite programming (SDP) problem and the conventional SDP problem
solver CVX is used for solution. The numerical explanation and simulation experiment of the proposed scheme shows the
performance improvements in terms of bit error rate.
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1 Introduction

Interference and signal fading are two major impair-
ments in wireless communication system that can have
severe destructive effect on the quality and reliability
of wireless transmission. To achieve robustness against
fading, diversity is the popular solution. Among many
schemes, spatial diversity is prominently used in wireless
transmission which used multiple antennas to enhance
the link reliability, throughput and spectral efficiency of
the system. However, in some wireless networks; such as
in mobile communication (IDMA), the use of multiple
antennas are not feasible due to the size of devices. The
concept of cooperative communication can be the feasible
solution of this problem. In cooperative communication,
each device transmits their own information and also acts
as a helping agent ie relay for other users. The relay nodes
desires to cooperate to establish the link between all the
sources and destination and this network can be named
as ‘cooperative relay networks’ [1–2]. This relaying net-
work is popular in dealing with multipath fading scenario
because of its simplicity and acceptable performance as
well as range extension which is achieved by multi-hoping
[3–4].

Relay network presents the nodes architecture utiliz-
ing the transmit and receive beamformer to transmit the
power of each signal source to its destination node. The
basic node architecture of cooperative relay network is
presented in Fig. 1. Several relay protocols have been
proposed on the basis of their relaying functionality such
as Decode and forward (DF), amplify and forward (AF),

compress and forward and cooperative cooperation. How-
ever large number of signal sources or relay nodes can
lead to increase in multiple access interference (MAI),
which can degrade the network performance [3–8]. Also
the channel access schemes in relay networks are generally
orthogonal which produce excess rate loss in the case of
large number of users or relaying nodes as well as orthog-
onal schemes are having insufficient usage of time and
frequency resources.

Source Destination

Relays

Fig. 1. Basic architecture of cooperative relay networks

On the other hand, interleave division multiple access
(IDMA) which is modified version of CDMA scheme, ef-
ficiently utilize the time and frequency resources and also
suggested as popular code domain non-orthogonal multi-
ple access (NOMA) scheme for 5G communication. Coop-
eration in CDMA scheme has been prominently studied
in literature. In [10], asynchronous cooperative CDMA
is presented and the performance is studied in terms of
outage probability. The MIMO cooperative CDMA has
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Fig. 2. Cooperative relay communication using IDMA networks

also been presented in [xx]. However, this is already veri-
fied in literature that IDMA outperforms CDMA and an
important NOMA scheme. So in this paper benefits of
IDMA and cooperation of relays are utilised to enhance
the system performance [9–12].

Contributions of the presented work are briefly stated
as follows:

• We extend the work of cooperative relaying through
AF relays in the place DF relay (as in [10]) to avoid
the huge computational complexity.

• IDMA technique is adopted along with cooperative
beam forming to enhance the system performance in
contrast to other orthogonal and CDMA scheme.

2 System model

Assume a wireless relay network with Nk sources, Nl

relays and Nd destinations nodes. Each node consist a
single antenna at sources and destination and commu-
nicating to each other without direct link due to path
loss and deep shadowing between source and destination
node. The relays used in network are AF relays and act
as intermediate stage between source and destination so
firstly the source sent their data to relays after spread-
ing and interleaving operation and then in second stage
the AF relays amplify and forward the data to the de-
sired destination node [4, 5] and [13–16] In a synchronous

transmission, the received signal at the lth relay can be
expressed as

Xl(t) =

Nk∑

k=1

hk,lSkΠk(t) + ηl(t) (1)

where Sk is the source signal with is transmit power
powk = E

{
|Sk|

2
}
, hk,l is the complex channel coeffi-

cient from kth source to lth relay, ηl(t) is the AWGN

(Additive white gaussian noise) at the lth relay and

Πk(t) = πl
k(t) + πQ

l (t) is the function of combined com-

plex spreading and interleaving operation assigned to kth

user. If λc is the spreading factor and user specific ran-
dom interleaver is used at the source, the Πk(t) can be
expressed as [9, 13, 18–20]

Πk(t) = π
( λc∑

i=1

ck[λ]S(t− iTc)
)

(2)

where k = 1, 2, . . . , NK , ck[λ] is the λth element of
spreading sequence and S(t) is the normalized and unit
energy chip of duration Tc = T0/λc . To perform co-
operative relay Beamforming the complex weight vec-
tor is used at AF relay, which can be given as W =
[w1, w2, . . . , wk]

⊤ . The cooperative communication using
IDMA network has shown in Fig. 2.

The output signal at the relay from IDMA transmitter
can be expressed as Tx = WHXl . So the received signal
at the desired destination node can be given as

Zk = h̃⊤Tx + ξk = h̃⊤WHXi + ξk

= h̃⊤
k W

H
(Nk∑

k=1

hk,lSkΠk(t) + ηl(t)
)
+ ξk. (3)

In vector form the signal can be rewritten as

Zk =

h̃⊤
k W

H

Nk∑

k=1

hk,lSkΠk + h̃⊤WHηl + ξk = h̃⊤
p W

Hhp,lSpΠp

+ h̃⊤
k W

H

Nk∑

k=1, k 6=p

hk,lSkΠk +
(
h̃⊤
k W

Hηl + ξk
)

(4)

where h̃l,k is the channel coefficient between lth relay

and kth destination and ξk is the noise vector between
dedicated relay and destination node. Above equation (4)
gives the desired received signal having three main com-
ponents ie signal, interference and total noise. Assume
PRT is the total transmitting relay’s power, φth as SINR
(signal to interference noise ratio) threshold and SINR

at the desired kth destination is Γk . Further Pk,X , Pk,I

and Pk,n are the signal, interference and noise power re-
spectively at the destination [21–24].
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3 Relay beamforming optimization

In this section, the purpose is to design an optimal

beamforming vector ωr|
Nr

r=1 on the basis of relay power
constraints ie to design a relay precoding matrix by min-
imizing the transmitted power from relays in IDMA net-
work [4] and [18–25], while the SINR indicating towards
QoS should be maintained above a certain predefined
threshold value. Hence the optimization problem can be
described as

minPRT st Γk ≥ ϕth. (5)

Here PRT is the total transmitted power and φth is pre-
defined SINR threshold. Further the value of SINR can
be written as SINR = PkX/PkI + Pkn . Here Pk,X , Pk,I

and Pk,n are the required signal, interference and noise
power. The total transmit relay power can be expressed
as

Ptot = E{TxT
H
x } = E{XHWWHX}

= tr
(
WHE{XXH}W

)
= WH

CW. (6)

With reference to equation (6) the noise power can be
calculated as

Pk,n = E{ηHl Wh̃∗
kh̃

⊤
k W

Hηl}+ σ2
n

= tr
(
WHE{ηHl ηl}WE{h̃∗

kh̃
⊤
k }

)
+σ2

n

= σ2
η tr

(
WHRk

hW
)
+σ2

n (7)

where Rk
h is the correlation matrix, which can be written

as Rk
h = E{h̃∗

kh̃
⊤
k } . Now the noise power in the matrix

form can be rewritten as follows

σ2
η

NR∑

r=1

‖Wr|
2[Rk

h]r×r + σ2
n = WH

ZkW + σ2
n (8)

where Zk = σ2
η diag{[R

k
h]11, [R

k
h]22, . . . , [R

k
h]rr} .

Further, with the help of (4) the required signal power
component can be further illustrated. First consider that
matched filter receiver is used at a destination node [26–
29]. So, to receive complete information, the de-spreading
and de-interleaving operating is being processed and for
this the received signal component has been multiplied
by a combined de-spreading and de-interleaving function
denoted as π∗

k(T0−t). So the estimated signal component
can be written as

h̃⊤
k W

Hhp,lSpπp × π∗
p(T0 − t) = HKWH Ŝp . (9)

The desired signal power can be written as

E{H⊤
KWH ŜpHKWŜ∗

p} = tr(WHE{H⊤
KHK}W )E{|S|2}

= Ps tr(W
HRk

HW ) = WHRk
HW . (10)

Further the interference power can be simplified as

Pint = WHQkW (11)

where Qk = E{
∑

Pph
p(hp)H}Pp is the power of pth

source, hp is the channel coefficient between pth source
and the desired destination. Further, the SINR can be
written as

SINR =
Psig

Pint + Pnoise

. (12)

With the help of above relationships, the optimization
problem can reiterate as

minWH
CW such that: (13)

WHRk
hW

WHQkW +WHZk

W + σ2 ≥ τ ,

WHRk
hW

WH(Qk + Zk)W + σ2
≥ τ .

(14)

Although, the above said optimization problem is not
convex optimization problem. So here semidefinite relax-
ation can be used to solve the optimization problem. For
this, we can assume N = WWH . Then the optimization
can be further modified as

min tr(NC) such that: tr(ZN) ≥ γσ2 . (15)

and rank of C is 1 for all C ≥ 0. The rank is also
not convex. Hence using semidefinite relaxation above
problem can be rewritten as

min tr(NC) s.t. tr(ZN) ≥ γσ2 and rank(N) > 0 . (16)

Now the above optimization problem is a convex and
so it can be solved using software such as cvx or SeDuMi.
If the solution obtained is of rank one, then this is the
optimal solution, otherwise some alternative technique
such as randomization can be used [28–31].

4 Simulation results

Here the numerical examples are given to illustrate the
performance of proposed system. For the experiments, the
noise power at relay and destination node has been con-
sidered as 0 dB W. Similarly the threshold SINR at each
node is taken as γk = γ , ∀k = 1, 2, 3 . . . more specif-
ically, the noise power at relays and destinations node
is considered same. ie σ2 . In the first simulation exper-
iment, the channel coefficients are known at the relays
and destination nodes. The spreading factor SL = 4 and
random interleaving scheme is used for IDMA network.
Figure 3 shows the simulation result for N = 4, 5 (num-
ber of relays) and depicts the minimum relay power versus
required SINR threshold. This is clear from the simula-
tion experiment that for higher number of sources the
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Fig. 3. Normalized average minimum relay transmit power versus

SINR threshold γ , for different values of n , σ2 = 10 dB
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minimum power requirement is also high and further in-

crement in number of sources or destinations decreases

the rank one solution.

In the next simulation experiment, the comparison

between cooperative and uncooperative communication

scheme has been presented as shown in Fig. 4. The data
length 105 is taken as well as the AWGN channel is

considered and results verify that the BER performance

of the system using cooperative communication is some-

what better or near to the theoretical performance of un-

cooperative scheme.

In the subsequent simulation experiment symbol er-

ror rate performance of proposed scheme is presented in
Fig. 5. The QPSK modulation is used, data length 105

is taken and it can be concluded that as SINR increased,

the BER is decreased for a given minimum relay transmit

power. The noise power in uplink channel (from source to

relay) as well as in down link channel (from relay to des-

tination) is considered same ie σ2 = 10 dB.

5 Conclusion

A new scheme of peer to peer communication and
beamforming weights is obtained using IDMA network.
Further the power minimization problem has been for-
mulated for relays as a convex optimization problem. The
obtained minimum power is used to transmit the informa-
tion from relay to destination node. Simulation results in
terms of bit error rate has been clearly confirmed the su-
perioriority of proposed scheme in terms of symbol error
rate. In this work all relays including source and destina-
tion nodes consists single antenna frame work. However
MIMO frame work and achievable rate analysis of the
proposed scheme can be taken as future work.
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