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Beam selection method for millimeter-wave-based uplink hybrid beamforming systems
Joon-Woo Shin'
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Abstract: Millimeter wave (mm-wave) communication systems provide high data rates owing to the large bandwidths available
at mm-wave frequencies. Recently, analogue and digital combined beamforming, namely "hybrid beamforming" has drawn atten-
tions owing to its ability to realize the required link margins in mm-wave systems. Taking into account the radio frequency
(RF) hardware limitations, such as the analogue phase shifter gain constraint and the low resolution of the phase controller, we
introduce an uplink hybrid beamforming system that includes discrete Fourier transform (DFT) based "fixed" analogue
beamforming. We adopt a zero-forcing (ZF) multiple-input multiple-output (MIMO) equalizer to eliminate the uplink inter-user
interferences. Moreover, to improve the sum-rate performances, we propose a transmit beam selection algorithm which makes
the uplink effective channels, i.e., the beamformed channels, become near orthogonal. The effectiveness of the proposed beam
selection algorithm was verified through numerical simulations.
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Figure 1: Milimeter wave based uplink hybrid beamforming
systems
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Algorithm 1: User Terminal Beam Selection Method for

Hybrid Uplink Beamforming System
Step 1

Initialize,

@, = ((L1), (2,1),-, (N 1),
(172)’ (272)7,”7(1\]2(1)8{1”1,)’2)7

(LK), (20 1), (N, )
=1
U, = &
by =ty ==
Step 2

Calculate g, for each user that belongs to

Y =0

(Lk) e,

where k& denotes the user index and [ denotes beam index|

h;, is orthogonal to the spanned subspace of]
{0y g0}
i—1
hy = Z:lht.Tkg( )
— J=
e 2 &G
N ”g(j)HZ ()
when i=1, g, =h,, for all (,k).
Step 3
Calculate the i-th user beam index with the following
equations,
(u(@), (i) = arg max Il g, |
(Lk)ED,
<0, U {(u(i),(2)) }
Uiy Yu) T1
() = 8luli) (i)

Step 4

When || <&, (€ denotes the number of selected beam).
1) When ¢,y <&,;), (&, denotes the number of beam)
that user terminal p(i) selects), calculate the set Yisn)

which satisfies the following condition

I hl,kg(i)* l ]
IENRECIR

2) When %, =¢,,), calculate the set ¥;.,, which sat-

Py = {(l,k) €0, (1k) = (u(@),v(0))l

isfies the following condition

Tl Te@ T =

where «3) is arbitrarily small positive constant.

P, = {kEgbi’k = (i)

—i+1
Step 5
If |®,,,|>0 and |¥|<¢, go to step 2, otherwise terminate

the algorithm.
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