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Introduction

Beamformer Design

Results

In the designing of the large antenna array, most of the works relate

Analog beamformer

In Fig. 2 and Fig. 3, we compare the performance of the proposed

to hybrid beamforming algorithm are based on two assumptions:

Given H as the channel matrix and its spectral decomposition to be

algorithm with one state-of-the-art algorithm proposed in [1].

𝐇 = 𝐔𝚺𝐕 𝐇

either sparse channel [1] or large antenna array [2][3], which will

(4)

Specifically, sparse scattering channel (based on the model in [4]) is

introduce limits or extra complexities to the system. Hence, it’s

To facilitate the maximization in (3), a low complexity approximated

implemented in Fig. 2 and rich scattering channel (based on the

desirable to exploit an algorithm which could be applied without

solution is to make VHATDT as close to an upper identity matrix as

Rayleigh fading model) is implemented in Fig. 3. The assumed

considering the number of antennas and channel sparsity.

possible, i.e.,

number of antennas is 100, and the number of RF chains is 5 in both

I.

cases. It can be observed that with sparse channel (i.e., Fig. 2), the

An approximation based algorithm to solve this issue is proposed in

restrict DT to be a unitary matrix and

performance of two algorithms are comparable, however the

II. VHAT → InT x rT

performance in [1] begins to degrade as the number of scatters

this paper. Some of the contributions are summarized as follows:
• The phase shifter values of the analog beamformer are derived
analytically, i.e., they are generated by a simple arctan(·)

It can be proved that the above approximation can be achieved if

increase (i.e., Fig. 3), while the performance of the proposed

each entry of AT is set to be:

algorithm remains unchanged.

𝑎𝑘𝑖 = 𝑒

function, which makes it easy to be implemented.
• Analytical work has been done to the noise model, which proves

(𝑖)
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(5)
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where 𝛿𝑚𝑘 is defined as:

that noise distribution will not be impacted by the RF
beamformer.
• The proposed algorithm can be applied without the limitation of
(𝑖)
𝛿𝑚𝑘

antenna array size and channel sparsity.
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In addition, the same approach can be used to derive AR without

System Model

introducing extra impacts (i.e., colored noised).

A “fully connected” (i.e., each RF chain connects to all the antennas)

Digital beamformer

Multiple-Input Multiple-Output (MIMO) system as illustrated in Fig.1
is considered in this paper. It consists of a transmitter (Tx) with nT

The equivalent channel observed by the baseband units can be
achieved as follows:

antennas and rT RF chains, where we assume nT ≥ rT, and a receiver
(Rx) with nR antennas and rR RF chains, where we assume nR ≥ rR.
Besides, in order to avoid introducing too many parameters, it’s
assumed that the number of data streams is equal to the number of
RF chains in both Tx and Rx.

Fig. 2 Transmission Rate vs. SNR in a sparse channel
𝐇𝑒𝑞 = ARHAT

(7)

By implementing Singular-value decomposition (SVD), (7) can be
𝐇
rewritten as 𝐇𝑒𝑞 = 𝐔𝑒𝑞𝚺𝑒𝑞 𝐕𝑒𝑞
. The digital beamformer can be easily
𝐇 .
set to DT = 𝐕𝑒𝑞 and DR = 𝐔𝑒𝑞

Fig. 1 System Model
The analog beamformers in Tx and Rx are represented as AT and AR,
and the digital beamformers in Tx and Rx are represented as DT and
DR, respectively. In the Tx side, the following transmit power
constraint need to be satisfied:
𝐇
Trace 𝐀𝐓𝐃𝐓𝐃𝐇
𝐀
𝐓 𝐓 = 𝐧𝐓

（1）

Assuming Γ is a (rT x rT) square diagonal matrix obtained using
water-filling algorithm that fulfils the transmit power constraints,
i.e.,
Trace ΓΓ𝑯 = Trace 𝐐 = P

（2）

By designing the beamforming matrix AT, AR, DT and DR in an
appropriate way, the system capacity C can be achieved as follows:

Fig. 3 Transmission Rate vs. SNR in a rich scattering channel

Conclusion
The optimization of hybrid beamformer design for a multiantenna system was studied in this paper, and a low complexity hybrid
beamforming algorithm is proposed. The coefficients of the analog beamformer were calculated by maximizing the data power and
minimizing the interference power in the same time, after which the digital beamformer was derived based on a channel equivalent progress.
The performance of the proposed algorithm was compared with state-of-the-art technique and shown advantage in terms of sphere of
application (i.e., different antenna array sizes and channel sparsity).
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