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1 Problem Statement and Motivation
• Single group multicast beamforming exploits channel state in-

formation (CSI) to steer power effectively to a group of users
subscribing for the same data stream.

• This problem is studied mostly using digital beamforming where
a separate RF chain is required for each antenna [2].

•Although the full capacity is achieved with digital beamforming,
its cost and complexity are high.

• In this paper, we propose a special TWO BIT hybrid beamform-
ing structure as shown in Fig. 1 to decrease hardware cost while
maintaining comparable performance with respect to the com-
pletely digital beamformer [4], [5].

2 Contributions
• This is the first work which considers hybrid beamforming for

single group multicasting.

•A special problem formulation is derived for two bit RF phase
shifters which leads to simplicity, low cost and effective solution.

• The combinatorial optimization problem is converted to a contin-
uous programming formulation.

• 2 IS BETTER THAN 4!

3 System Model

4 QoS-Aware Hybrid Beamforming
•Quality of service (QoS) aware multicast beamforming problem

is to minimize the total transmitted power subject to received
SNR constraint for each user, i.e.,

• The above problem is not convex and has a combinatorial nature.

• The optimization problem in (4) is still nonconvex due to (4.c)
and (4.e).

• The following lemma is used to express the discrete constraints
in (4.c) in terms of continuous variables.

•When (4.c) is replaced by (5), the optimization problem in (4)
can be solved using semidefinite relaxation (SDR) by dropping
the rank condition [7].

• In SDR, rank one solution is not guaranteed, and it may return
unacceptable solutions in certain problems including (4).

• In our previous work [6], an effective approach is presented for
the semidefinite programming problems with rank one constraint.

5 Equivalent Problem

• The following lemma is used to express rank constraint in a
quadratic form.

•Using Lemma 2, the rank constraint in (4.e) can be replaced by
(6).

• The only nonconvex constraint (6) can be moved into the objec-
tive function using exact penalty approach [8].

• (7) can be expressed as,

6 Alternating Minimization Algorithm

7 Simulation Results
• The minimum SNR threshold=γk = 10.

•Noise variance=σ2k = 1.

Comparison of Full Digital, Full Analog and Two Bit Hybrid Beam-
formers

•Number of RF chains=L

•Number of RF phase shifters per RF chain=M

• LM=32.

• Two bit hybrid beamformer is an effective structure to decrease
the number of RF chains.

Comparison of Full Digital, Full Analog and Two Bit Hybrid Beam-
formers for the Number of RF Chains



• L = 2 RF chain with M = 8 phase shifters per RF chain, has
better performance than full digital beamformer with L = 4 RF
chains.

Comparison with Antenna Selection

•Hybrid beamforming results significant power saving with the
use of cost efficient and simple two bit phase shifters.

CONCLUSIONS
• In this paper, a special hybrid beamforming structure is proposed

for single group multicasting and the joint design of analog and
digital beamformers is considered.

• The combinatorial optimization problem is converted to a
quadratic-cost problem with linear constraints over a semidefi-
nite matrix.

• The proposed method is efficient in terms of both hardware com-
plexity and the performance.

• Simulation results show that it is a good low-cost alternative to
full digital beamforming.

• The proposed method designs hybrid beamformer effectively and
it performs better than antenna selection.
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