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Problem Statement and Motivation
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FPP-SCA Approach
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Distributed Phase-Only Beamforming

Simultaneous Wireless Information and Power Transfer (SWIPT)
• energy harvesting for mobile users to improve the energy efficiency and battery duration [1]
• power splitting (PS) device for both information decoding and
energy harvesting
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Distributed Beamforming for Multi-Group Multicasting
• single antenna relays as a virtual antenna array [2].
• two-hop data transmission

QoS-Aware Distributed Beamforming
for SWIPT

• In quality of service (QoS) aware beamforming, it is desired to
minimize the total power transmitted from the relays by ensuring
that the SINR and the harvested power at each user is above a
certain threshold.

• Let us express (5) in a simpler way by decoupling w and ρi’s.
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Contributions

• Algorithm 1 designs beamformer such that the relays can adjust
their powers arbitrarily.

• This paper is the first work which considers distributed beamforming in multi-group multicasting relay networks for SWIPT.

• The major drawback of this approach is the uneven battery utilization of the relays, resulting a node running out of energy independent of the others.

• The nonconvex optimization problem for the relay weights and
power splitting ratios of the users is converted to a more manageable form with quadratic and second order cone constraints.
• The resulting QCQP problem is solved using feasible point
pursuit-successive convex approximation (FPP-SCA) algorithm
which is an efficient QCQP method proposed recently [3].
• We introduce phase-only distributed beamforming in order to
prevent the uneven battery utilization [4].

• To overcome this problem, we propose phase-only beamformer.
• The problem in (6) is not convex since the matrices Tk,i and Sk,i
are not negative semidefinite.
• The following lemma enables us to write (6.b) and (6.c) as
quadratic constraints which are easier to tackle.

• An effective algorithm is proposed using exact penalty function
and an extended version of FPP-SCA.
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System Model

• (7) is a nonconvex QCQP problem.
• FPP-SCA is an effective method for QCQP problems which has
less worst-case computational complexity than the well-known
semidefinite relaxation.

• QoS-aware distributed phase-only beamforming problem can be
written as,
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Simulation Results

• Total number of relays=M =20.
• Source power=Pk = 10 W.
2 = σ 2 =0.1.
• Noise variances=σr2 = σA,i
I,i

• Maximum allowable power for each relay=pi= 2 W.
• Number of users=N .
• Harvested power threshold=µ.
Transmitted Power for Different Number of Users

Transmitted Power for Different Harvested Power Thresholds

CONCLUSIONS
• In this paper, SWIPT for multi-group multicast relay systems is
considered.
• Two algorithms are proposed:
Algorithm 1: Phase-Amplitude Distributed Beamformer
Algorithm 2: Phase-Only Distributed Beamformer
• It is shown that the performance of Algorithm 2 is approximately
2 dB worse than Algorithm 1.
• The main advantage of Algorithm 2 is the even battery utilization
for relays.
• In addition, Algorithm 2 performs significantly better than normalized phase-only beamformer obtained by Algorithm 1.

References
[1] Q. Shi, L. Liu, W. Xu, and R. Zhang, “Joint transmit beamforming and receive power splitting for MISO SWIPT systems,” IEEE Trans. Wireless Commun., vol. 13, no. 6, pp.
3269-3280, Jun. 2014.
[2] N. Bornhorst, M. Pesavento, and A. B. Gershman, “Distributed
beamforming for multi-group multicasting relay networks,”
IEEE Trans. Signal Processing, vol. 60, no. 1, pp. 221-232,
Jan. 2012.
[3] O. Mehanna et al., “Feasible point pursuit and successive approximation of non-convex QCQPs,” IEEE Signal Process.
Lett., vol. 22, no. 7, pp. 804-808, Jul. 2015.
[4] X. Lian, H. Nikookar, and L. P. Ligthart, “Distributed beam
forming with phase-only control for green cognitive radio networks,” EURASIP J. Wireless Commun. and Netw., vol. 2012,
no. 65, pp. 1-16, Feb. 2012.

