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(57) Abstract: Embodiments of the disclos-
ure provide a method and apparatus for per-
forming beamforming in a MIMO system.
The method may comprise : obtaining an
initial channel matrix based on reference
signals received via the first and second an-
tenna arrays from a UE, wherein the initial
channel matrix includes channel parameters
associated with both the first antenna array
and the second antenna array; determining
vertical beamforming vectors and horizontal
beamforming vectors based on the initial
channel matrix; determining a first 3D
beamforming vector and a second 3D beam-
forming vector based on the vertical beam-
forming vectors and the horizontal beam-
forming vectors, wherein the first 3D beam-
forming vector is associated with the polar-
ization of the first antenna array, and the
second 3D beamforming vector is associ-
ated with the polarization of the second an-
tenna array; determining, at least in part
based on the initial channel matrix, a phase
factor matrix for polarizations of the first
antenna array and the second antenna array;
and determining a beamforming parameter

matrix based on the phase factor matrix, the first 3Dbeamforming vector and the second 3D beamforming vector.
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METHOD AND APPARATUS FOR PERFORMING BEAMFORMING

FIELD OF THE INVENTION

[0001] Embodiments of the present invention generally relate to communication
techniques. More particularly, embodiments of the present invention relate to a

method and apparatus for performing beamforming.

BACKGROUND OF THE INVENTION

[0002] Multiple Input Multiple Output (MIMO) is a key feature of Long Term
Evolution (LTE)/LTE-Advanced (LTE-A) system. Conventionally, one-dimensional
(horizontal) antenna array provides flexible beamforming adaption in the azimuth
domain. It has been recently found that the full MIMO capability can be exploited
through leveraging a two dimensional antenna system (AAS), such that it is possible to
implement user-specific elevation beamforming and spatial multiplexing in the vertical

domain.

[0003] Conventionally, for performing beamforming in the MIMO system,
eigenvector(s) obtained by eigenvalue decomposition have been used as beamforming
weight(s) or precoder(s) in transmission/reception of a signal, in order to improve radio
characteristics. However, due to the large number of antenna elements in the AAS,
complexity of conventional decomposition of channel covariance matrix is extremely

high.

[0004] Therefore, there is a need for reducing complexity in determination of the

precoder.

SUMMARY OF THE INVENTION

[0005] The present invention proposes a solution for performing beamforming with low
complexity in determination of the precoder, while obtaining an average gain which can

get high tolerance of uplink channel estimation.

[0006] According to a first aspect of embodiments of the present invention,
embodiments of the invention provide a method of performing beamforming in a

MIMO system, wherein a base station (BS) in the MIMO system includes a first
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antenna array and a second antenna array, each of the first antenna array and the second
antenna array contains a plurality of antennas, and the first antenna array and the second
antenna array have the same size and are cross-polarized. The method comprises:
obtaining an initial channel matrix based on reference signals received via the first and
second antenna arrays from user equipment (UE), wherein the initial channel matrix
includes channel parameters associated with both the first antenna array and the second
antenna array; determining vertical beamforming vectors and horizontal beamforming
vectors based on the initial channel matrix; determining a first three-dimensional (3D)
beamforming vector and a second 3D beamforming vector based on the vertical
beamforming vectors and the horizontal beamforming vectors, wherein the first 3D
beamforming vector is associated with the polarization of the first antenna array, and the
second 3D beamforming vector is associated with the polarization of the second antenna
array; determining, at least in part based on the initial channel matrix, a phase factor
matrix for polarizations of the first antenna array and the second antenna array; and
determining a beamforming parameter matrix based on the phase factor matrix, the first

3Dbeamforming vector and the second 3D beamforming vector.

[0007] According to a second aspect of embodiments of the present invention,
embodiments of the invention provide an apparatus for performing beamforming in a
MIMO system, wherein a BS in the MIMO system includes a first antenna array and a
second antenna array, each of the first antenna array and the second antenna array
contains a plurality of antennas, and the first antenna array and the second antenna array
have the same size and are cross-polarized. The apparatus comprises: an obtaining
unit configured to obtain an initial channel matrix based on reference signals received
via the first and second antenna arrays from a UE, wherein the initial channel matrix
includes channel parameters associated with both the first antenna array and the second
antenna array; a first determining unit configured to determine vertical beamforming
vectors and horizontal beamforming vectors based on the initial channel matrix; a
second determining unit configured to determine a first 3D beamforming vector and a
second 3D beamforming vector based on the vertical beamforming vectors and the
horizontal beamforming vectors, wherein the first 3D beamforming vector is associated
with the polarization of the first antenna array, and the second 3D beamforming vector

1s associated with the polarization of the second antenna array; a third determining unit
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configured to determine, at least in part based on the initial channel matrix, a phase
factor matrix for polarizations of the first antenna array and the second antenna array;
and a fourth determining unit configured to determine a beamforming parameter matrix
based on the phase factor matrix, the first 3Dbeamforming vector and the second 3D

beamforming vector.

[0008] Other features and advantages of the embodiments of the present invention will
also be apparent from the following description of specific embodiments when read in
conjunction with the accompanying drawings, which illustrate, by way of example, the

principles of embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the invention are presented in the sense of examples and their
advantages are explained in greater detail below, with reference to the accompanying

drawings, where

[0010] FIG. 1 illustrates a schematic diagram of a MIMO system according to

embodiments of the invention;

[0011] FIG. 2 illustrates a flow chart of a method for performing beamforming in a

MIMO system according to embodiments of the invention;

[0012] FIG. 3 illustrates a flow chart of a method for determining vertical beamforming

vectors and horizontal beamforming vectors according to embodiments of the invention;

[0013] FIG. 4 illustrates a flow chart of a method for determining vertical beamforming
vectors and horizontal beamforming vectors according to further embodiments of the
invention;

[0014] FIG. 5 illustrates a flow chart of a method for determining vertical beamforming

vectors and horizontal beamforming vectors according to embodiments of the invention;

[0015] FIG. 6 illustrates a flow chart of a method for determining vertical beamforming
vectors and horizontal beamforming vectors according to further embodiments of the

invention;

[0016] FIG. 7 illustrates a flow chart of a method for determining a phase factor matrix

according to embodiments of the invention;
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[0017] FIG. 8 illustrates a flow chart of a method for determining a phase factor matrix

according to further embodiments of the invention;

[0018] FIG. 9 illustrates a schematic diagram of an apparatus for performing

beamforming in a MIMO system according to embodiments of the invention;

[0019] FIG. 10A illustrates a diagram of dividing the initial channel matrix into 2N

groups according to embodiments of the present invention;

[0020] FIG. 10B illustrates a diagram of determination of the vertical beamforming

vectors according to embodiments of the present invention;

[0021] FIG. 11 illustrates a diagram of obtaining the horizontal composition channel

matrix according to embodiments of the present invention;

[0022] FIG. 12 illustrates a diagram of determination of the first and second horizontal
beamforming vectors and the first and second 3D beamforming vectors according to

embodiments of the present invention;

[0023] FIG. 13 illustrates a diagram of determination of the vertical beamforming

vectors according to embodiments of the present invention;

[0024] FIG. 14 illustrates a diagram of determination of the vertical beamforming

vectors according to embodiments of the present invention;

[0025] FIG. 15 illustrates a diagram of dividing of the initial channel matrix according

to embodiments of the present invention;

[0026] FIG. 16 illustrates a diagram of obtaining the horizontal beamforming vectors

according to embodiments of the present invention;

[0027] FIG. 17 illustrates a diagram of determination of the horizontal beamforming

vectors according to embodiments of the present invention;

[0028] FIG. 18 illustrates a diagram of determination of the horizontal beamforming

vectors according to embodiments of the present invention;

[0029] FIG. 19 illustrates a diagram of obtaining the composition channel matrix

according to embodiments of the present invention;

[0030] FIG. 20 illustrates a diagram of a process for determining the phase factor matrix

and the beamforming parameter matrix according to embodiments of the present
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invention; and

[0031] FIG. 21 illustrates a diagram of a process for determining the phase factor matrix
and the beamforming parameter matrix according to embodiments of the present

invention.

[0032] Throughout the figures, same or similar reference numbers indicate same or

similar elements.

DETAILED DESCRIPTION OF EMBODIMENTS

[0033] The subject matter described herein will now be discussed with reference to
several example embodiments. It should be understood these embodiments are
discussed only for the purpose of enabling those skilled persons in the art to better
understand and thus implement the subject matter described herein, rather than

suggesting any limitations on the scope of the subject matter.

[0034] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of example embodiments. As

used herein, the singular forms “a,” “an” and “the” are intended to include the plural

forms as well, unless the contéxt clearly indicates otherwise. It will be further

11 3% L

understood that the terms “comprises,” “comprising,” “includes” and/or “including,”
when used herein, specify the presence of stated features, integers, steps, operations,
elements and/or components, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements, components and/or groups

thereof.

[0035] It should also be noted that in some alternative implementations, the
functions/acts noted may occur out of the order noted in the figures. For example, two
functions or acts shown in succession may in fact be executed concurrently or may
sometimes be executed in the reverse order, depending upon the functionality/acts

involved.

[0036] As used herein, the term “base station” or “BS” represents a node B (NodeB or
NB), an evolved NodeB (eNodeB or eNB), a Remote Radio Unit (RRU), a radio header
(RH), a remote radio head (RRH), a relay, a low power node such as a femto, a pico,

and so forth.
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[0037] As used herein, the term “user equipment” or “UE” refers to any device that is
capable of communicating with the BS. By way of example, the UE may include a
terminal, a Mobile Terminal (MT), a Subscriber Station (SS), a Portable Subscriber
Station, a Mobile Station (MS), or an Access Terminal (AT).

[0038] Embodiments of the present invention may be applied in various communication
systems, including but not limited to a Long Term Evolution (LTE) system or a Long
Term Evolution Advanced (LTE-A) system. Given the rapid development in
communications, there will of course also be future type wireless communication
technologies and systems with which the present invention may be embodied. It
should not be seen as limiting the scope of the invention to only the aforementioned

system.

[0039] Now some exemplary embodiments of the present invention will be described
below with reference to the figures. Reference is first made to FIG. 1, which illustrates
a schematic diagram of a MIMO system 100 according to embodiments of the

invention.

[0040] In the MIMO system 100, a BS 110 and a UE 120 are exemplarily illustrated.
The BS includes a first antenna array and a second antenna array, each of them
containing a plurality of antennas. The first antenna array and the second antenna
array are cross-polarized and have the same size. In the embodiments of FIG. 1, either
the first antenna array or the second antenna array has M antennas in the vertical
direction and N antennas in the horizontal direction, wherein each of M and N is a
natural number. In other words, the first antenna array includes # x A antennas,
and the second antenna array includes # x N antennas as well. As such, for the BS
110, there are Ng=2MN antennas in total. With respect to the UE 120, there are Ny

antennas for communication with the BS 110. In this case, information about a

channel from the UE 120 to the BS 110 may be indicated by ALV, x V,].

[0041] In the embodiments of FIG. 1, the UE 120 exemplarily comprises two antennas.
That is, N=2. It is to be noted that, the example shown with respect to FIG. 1 is for
purpose of illustration, rather than limitation. Those skilled in the art will appreciate
that any suitable number of antennas may be employed in communication between the

BS 110 and the UE 120.
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[0042] Conventionally, in the determination of a beamforming parameter matrix
(sometimes called as “precoder” or “beamforming parameters”) for performing
beamforming, one or more channel covariance matrices need to be decomposed. Since
the decomposition complexity with respect to a large-size antenna array is extremely
high, embodiments of the present invention propose a solution to solve this problem.
In this way, the beamforming parameter matrix may be determined with reduced

complexity.

[0043] Reference is now made to FIG. 2, which illustrates a flow chart of a method 200
for performing beamforming in a MIMO system according to embodiments of the
invention. In embodiments with respect to FIG. 2, the MIMO system may be
implemented as the MIMO system 100 shown in FIG. 1. However, it is noted that this
is only for the purpose of illustrating the principles of the present invention, rather than
limiting the scope thereof. The method 200 may be implemented in any other suitable

MIMO system within the scope of the subject matter.

[0044] The method 200 starts in step 210, in which an initial channel matrix is obtained
based on reference signals received via the first and second antenna arrays from a UE,
wherein the initial channel matrix includes channel parameters associated with both the

first antenna array and the second antenna array.

[0045] According to embodiments of the present invention, the initial channel matrix
may represent channel information characterizing the channel from the UE 120 to the
BS 110, and may include channel parameters associated with both the first antenna

array and the second antenna array. As discussed with respect to embodiments of FIG.

1, the initial channel matrix may be denoted as H[N, x N, ].

[0046] It is to be noted that although the initial channel matrix is illustrated in the form
of a matrix, but it is just an example rather than limitation. Those skilled in the art will
appreciate that the initial channel matrix may have some other suitable forms. For
example, the initial channel matrix may be a set including multiple groups (for example
M groups) of channel parameters, and each group comprises a certain number of

channel parameters (for example, N channel parameters).

[0047] According to embodiments of the present invention, the initial channel matrix

may be obtained in several ways. In one embodiment, the UE may send reference
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signals such as sounding reference signals (SRSs) to the BS. The BS may measure the
reference signals and determine the initial channel matrix based thereon. It is to be
noted that this embodiment is illustrated for purpose of example, rather than limitation.
Those skilled in the art can obtain the initial channel matrix by means of some other

conventional techniques, and relevant descriptions are not detailed here.

[0048] In step 220, vertical beamforming vectors and horizontal beamforming vectors

are determined based on the initial channel matrix.

[0049] According to embodiments of the present invention, the vertical beamforming
vectors and horizontal beamforming vectors may be determined in several ways. In
some embodiments, the vertical beamforming vectors may be calculated based on the
initial channel matrix. Then, a first horizontal beamforming vector and a second
horizontal beamforming vector may be calculated based on the vertical beamforming
vectors as well as the initial channel matrix. Details of these embodiments will be

described with respect to FIG. 3.

[0050] Alternatively, in some embodiments, the vertical beamforming vectors may be
calculated based on the initial channel matrix. The horizontal beamforming vectors
may be calculated based on the initial channel matrix. In other words, the horizontal
beamforming vectors may be calculated independent of the vertical beamforming
vectors. Thus, the calculation of the vertical beamforming vectors may occur either
before or after the calculation of the horizontal beamforming vectors, or both of the
calculations be executed concurrently. Details of these embodiments will be described

with respect to FIG. 5.

[0051] In step 230, a first three-dimensional (3D) beamforming vector and a second 3D
beamforming vector are determined based on the vertical beamforming vectors and the
horizontal beamforming vectors, wherein the first 3D beamforming vector is associated
with the polarization of the first antenna array, and the second 3D beamforming vector

is associated with the polarization of the second antenna array.

[0052] According to embodiments of the present invention, the first 3D beamforming
vector and the second 3D beamforming vector may be determined in several ways. In
some embodiments, the vertical beamforming vectors may be divided into two parts,

wherein the first part of the vertical beamforming vectors may be associated with the
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polarization of the first antenna array, and the second part of the vertical beamforming
vectors may be associated with the polarization of the second antenna array. As such,
in these embodiments where a first horizontal beamforming vector and a second
horizontal beamforming vector are calculated based on the vertical beamforming
vectors and the initial channel matrix, the first 3D beamforming vector may be
calculated based on a first part of the vertical beamforming vectors and the first
horizontal beamforming vector, and the second 3D beamforming vector may be
calculated based on a second part of the vertical beamforming vectors and the second
horizontal beamforming vector. It is to be noted that the calculation of the first 3D
beamforming vector and the calculation of the second 3D beamforming vector may

execute in sequence, concurrently or in the reverse order.

[0053] Alternatively, in some embodiments where the horizontal beamforming vectors
are calculated independent of the wvertical beamforming vectors, the first 3D
beamforming vector may be calculated based on a first part of the vertical beamforming
vectors and a first part of the horizontal beamforming vectors, and the second 3D
beamforming vector may be calculated based on a second part of the vertical
beamforming vectors and a second part of the horizontal beamforming vectors. In
such embodiments, the first part of the vertical beamforming vectors and the first part of
the horizontal beamforming vectors may be associated with the polarization of the first
antenna array respectively, and the second part of the vertical beamforming vectors and
the second part of the horizontal beamforming vectors may be associated with the

polarization of the second antenna array respectively.

[0054] In step 240, a phase factor matrix for polarizations of the first antenna array and
the second antenna array is determined at least in part based on the initial channel

matrix.

[0055] The phase factor matrix is associated with the different polarizations of the first
antenna array and the second antenna array. According to embodiments of the present
invention, the phase factor matrix may be determined in multiple ways. In some
embodiments, the initial channel matrix may be divided into a first channel matrix and a
second channel matrix, wherein the first channel matrix is associated with the first

antenna array and the second channel matrix is associated with the second antenna array.
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A composition channel matrix then may be obtained based on the first 3D beamforming
vector, the second 3D beamforming vector, the first channel matrix and the second
channel matrix. Next, a composition covariance matrix of the composition channel
matrix may be calculated and then averaged in a third predetermined period of time or a
third predetermined frequency band. Then, the phase factor matrix may be determined
by performing decomposition (for example EVD) based on the averaging results.

Details of the embodiments will be described with respect to FIG. 7.

[0056] Alternatively, in some embodiments, the phase factor matrix may be directly
determined from the initial channel matrix, without using the first 3D beamforming
vector or the second 3D beamforming vector. More specifically, a simplified channel
matrix may be determined from the initial channel matrix. The simplified channel
matrix may include channel parameters associated with a pair of antennas that have
different polarizations, wherein one of the pair of antennas belongs to the first antenna
array and the other of the pair of antennas belongs to the second antenna array. Next, a
simplified covariance matrix of the simplified channel matrix may be calculated and
averaged in a third predetermined period of time or a third predetermined frequency
band. Then, the phase factor matrix may be determined by performing decomposition
based on the averaging results. Details of the embodiments will be described with

respect to FIG. 8.

[0057] In step 250, a beamforming parameter matrix is determined based on the phase

factor matrix, the first 3D beamforming vector and the second 3D beamforming vector.

[0058] In some embodiments, the beamforming parameter matrix may be obtained by
applying the phase factor matrix to the first 3D beamforming vector and the second 3D

beamforming vector. By way of example, assuming that the first 3D beamforming

vector and the second 3D beamforming vector obtained in step 230 are denoted as V,”

and V,” respectively, and the phase factor matrix obtained in step 240 is denoted as

(M

P

v, 00 v,0OD
IRAORE A

[0059] The beamforming parameter matrix V. may be determined based on the phase

factor matrix, the first 3D beamforming vector and the second 3D beamforming vector

10
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as follows:

0,0 - v v.on - V)Y

- . 2
a0 T -V @

F
[0060] In this way, the complexity of determining the beamforming parameter matrix
can be reduced, and the beamforming parameter matrix can be obtained in a fast and

efficient manner.

[0061] Reference is now made to FIG. 3, which illustrates a flow chart of a method 300
for determining vertical beamforming vectors and horizontal beamforming vectors
according to embodiments of the invention. The method 300 may be considered as a
specific implementation of step 220 of method 200 described above with reference to
Fig. 2. However, it is noted that this is only for the purpose of illustrating the

principles of the present invention, rather than limiting the scope thereof.

[0062] In step 310, the vertical beamforming vectors are calculated based on the initial

channel matrix.

[0063] According to embodiments of the present invention, the vertical beamforming
vectors may be obtained in several ways. In some embodiments, elements of the
initial channel matrix may be divided into 2N groups, wherein N indicates the number
of antennas in a horizontal direction of the first antenna array or the second antenna
array. Next, 2N vertical covariance matrices of the 2N groups may be calculated
respectively, and averaged in a first predetermined period of time or a first
predetermined frequency band respectively. Then, 2N eigenvectors may be calculated

based on the averaging results as the vertical beamforming vectors.

[0064] Alternatively, in some embodiments, the calculation of the 2N eigenvectors as
discussed above may be simplified as calculating one eigenvector. More specifically,
elements of the initial channel matrix may be divided into 2N groups, wherein N
indicates the number of antennas in a horizontal direction of the first antenna array or
the second antenna array. Next, 2N vertical covariance matrices of the 2N groups may
be calculated. Each of the 2N vertical covariance matrices may be then averaged in a
first predetermined period of time or a first predetermined frequency band. Next, a

sum or a mean value of the averaging results may be calculated. Then, an eigenvector

11
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which is calculated based on the sum or the mean value may be determined as ach of the
vertical beamforming vectors. In this way, all of the vertical beamforming vectors are

identical.

[0065] As a further alternative, in some embodiments, elements of the initial channel
matrix may be divided into 2N groups, wherein N indicates the number of antennas in a
horizontal direction of the first antenna array or the second antenna array. Next, a
vertical covariance matrix of one of the 2N groups may be calculated and averaged in a
first predetermined period of time or a first predetermined frequency band. Then, an
eigenvector calculated based on the averaging result may be determined as each of the

vertical beamforming vectors.

[0066] In step 320, a first horizontal beamforming vector and a second horizontal
beamforming vector are calculated based on the initial channel matrix and the vertical

beamforming vectors.

[0067] To better understand steps 310 and 320, reference is made to FIG. 4, which
illustrates a flow chart of a method 400 for determiniﬁg vertical beamforming vectors
and horizontal beamforming vectors according to further embodiments of the invention.
The method 400 may be considered as a specific implementation of method 300
described above with reference to Fig. 3. More specifically, steps 410-440
corresponds to an implementation of step 310, and steps 450-490 corresponds to an
implementation of step 320. However, it is noted that this is only for the purpose of

illustrating the principles of the present invention, rather than limiting the scope thereof.

[0068] In step 410, elements of the initial channel matrix are divided into 2N groups,
wherein N indicates the number of antennas in a horizontal direction of the first antenna

array or the second antenna array.

[0069] According to embodiments of the present invention, the method 400 may be
applicable in the MIMO system 100. As discussed with respect to embodiments of

FIG. 1, the initial channel matrix obtained in the MIMO system 100 is H[¥, x N, ].
Since Nz=2MN, the initial channel matrix may be expressed as H[2MN x N,]. In

step 410, the initial channel matrix #[2MN x N,] may be divided into 2N groups, that

is Hy, ..., Hy.; and Hy, ..., Hyy;, wherein each of Hy, ..., Hy; and Hy, ..., oy 1s a

12
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M x N, matrix. FIG. 10A illustrates a diagram of dividing the initial channel matrix

into 2N groups according to embodiments of the present invention.
[0070] In step 420, 2N vertical covariance matrices of the 2N groups are calculated.

[0071] For each of the 2N groups Hy, ..., Hy; and Hy, ..., Hon.g, such as H; (1=0, 1, ...,
N-1, N,..., 2N-1), a corresponding vertical covariance matrix, R;, may be calculated as

follows:
R, =H, - H! 3)
where A represents conjugation of /.

[0072] In step 430, each of the 2N vertical covariance matrices is averaged in a first

predetermined period of time or a first predetermined frequency band.

[0073] In this step, each of the 2N vertical covariance matrices, R;, may be averaged in
a first predetermined period of time or a first predetermined frequency band. The first
predetermined period of time or the first predetermined frequency band may be referred
to as the first range and may be preset according to system conditions, certain

requirements or the like. In some embodiments, the R; may be averaged on a certain

number of resource blocks (RBs). The averaged R; may be denoted as }?1 In this

way, K, ..., #,,_, canbe obtained.

[0074] In step 440, 2N eigenvectors calculated based on the averaging results are

determined as the vertical beamforming vectors.

[0075] With respect to each of the averaged vertical covariance matrices, a
decomposition operation, such as # x # Eigen Value Decomposition (EVD), may be
carried out, and an eigenvector may be obtained therefrom. By way of example, an

eigenvector V; may be calculated from the following:
R, = V.0V (4)

where D; is an eigenvalue matrix; and F; is the eigenvector corresponding to the

maximum eigenvalue.

[0076] Accordingly, 2N eigenvectors Vy, V,,...Van.;may be calculated from equation (4)

and may be determined as 2N vertical beamforming vectors. The size of each of the
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2N vertical beamforming vectors Vy, V;,...Vongis M x 1.

[0077] FIG. 10B illustrates a diagram 1000 of determination of the vertical
beamforming vectors according to embodiments of the present invention. As can be
seen from FIG 10B, 2N vertical beamforming vectors Vo[ # x1 ],
VilM x 11,... Vo [ M x 1] are obtained from the initial channel matrix #[N, x N, ]

after calculating covariance matrices, averaging, and performing EVD.

[0078] Still in reference to FIG. 4, in step 450, a horizontal composition channel matrix

is obtained based on the initial channel matrix and the vertical beamforming vectors.

[0079] In some embodiments, the horizontal composition channel matrix may be
obtained by applying the 2N vertical beamforming vectors Vy, Vy,... Vo to conjugation
of Hy, ..., Hy; and Hy, ..., Hyy, respectively. More specifically, the horizontal

composition channel matrix (denoted as H ) may be obtained as follows:

HIN,x2N]=[H, - H,, H, - H,,] (5)
In equation (5), /171. (i=0, ..., N-1, N, ..., 2N-1) can be calculated by:
ﬁi[/vf x1] = HI{/ -V, (6)

in which #/ is conjugation of #,, and V, is the i™ vertical beamforming vector,

i=0, ..., N-1, N, ..., 2N-1. The size of Hf is N, x #, and the size of ﬁj is

N, x1.

[0080] To better understand the process of step 450, reference is now made to FIG. 11,
in which a diagram 1100 of obtaining the horizontal composition channel matrix is

illustrated. As shown in FIG. 11, the horizontal composition channel matrix comprises

A

2N sub-matrices /?0 fj\,_ﬁN ... H,,_,, and each of them is calculated by equation
(6).

[0081] Still in reference to FIG. 4, in step 460, the horizontal composition channel
matrix is divided into a first horizontal channel matrix and a second horizontal channel
matrix, wherein the first horizontal channel matrix is associated with the first antenna
array and the second horizontal channel matrix is associated with the second antenna

array.
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[0082] As shown in the embodiments of FIG. 11, the horizontal composition channel

matrix [N, x 2¥] may be divided into the first horizontal channel matrix
q LV, x V] (sometimes referred to as A +) and the second horizontal channel matrix
Vi 4LV, x N] (sometimes referred to as a »). Inthe embodiments, the first horizontal
channel matrix # JLN,. x N] includes a half of the 2N sub-matrices, namely,
/70 LA v-1» which are associated with the first antenna array. The second horizontal

channel matrix #/ 4LV, x N] includes the remaining of the 2N sub-matrices, namely

H, ...H,, |, which are associated with the second antenna array.

[0083] In step 470, a first horizontal covariance matrix of the first horizontal channel
matrix and a second horizontal covariance matrix of the second horizontal channel

matrix are calculated.

[0084] For the first horizontal channel matrix H 4 » the corresponding covariance matrix,

R4, may be calculated as follows:
~ H ~
R, =H, -H,. (M

[0085] Likewise, for the second horizontal channel matrix A 5, the corresponding

covariance matrix, Rz, may be calculated as follows:
Ry =H, -H,. ®

[0086] Thus, the first horizontal covariance matrix R4 and the second horizontal

covariance matrix Rz may be obtained based on equations (7) and (8).

[0087] In step 480, each of the first horizontal covariance matrix and the second
horizontal covariance matrix is averaged in a second predetermined period of time or a

second predetermined frequency band.

[0088] According to embodiments of the present invention, the second predetermined
period of time or the second predetermined frequency band may be referred to as the
second range and may be preset according to system conditions, certain requirements or
the like. In some embodiments, the first horizontal covariance matrix R, and the

second horizontal covariance matrix Rz may be averaged on a certain number of RBs.
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The first and second horizontal covariance matrices may be denoted as £, and #,.

[0089] According to embodiments of the present invention, the first range may be larger
than or equal to the second range. By way of example, the first predetermined period
of time may be larger than or equal to the second predetermined period of time, and the
first predetermined frequency band may be larger than or equal to the second

predetermined frequency band.

[0090] In step 490, an eigenvector calculated based on the averaging of the first
horizontal covariance matrix is determined as the first horizontal beamforming vector,
and another eigenvector calculated based on the averaging of the second horizontal

covariance matrix is determined as the second horizontal beamforming vector.

[0091] In some ecmbodiments, the first and horizontal beamforming vectors may be
obtained by performing EVD on }?A and ]?B respectively. By way of example, an

eigenvector V4 may be calculated from:
Ry = V0 ﬁ ®
and may be determined as the first horizontal beamforming vector.

[0092] Likewise, another eigenvector ¥z may be calculated from:
EB = VBDZVBH (10)

and may be determined as the second horizontal beamforming vector. In the

embodiments, the size of F4is ¥ x 1, and thesizeof V3 is NV x 1.

[0093] According to embodiments of the present invention, with the first horizontal
beamforming vector and the second horizontal beamforming vector, the first and second
3D beamforming vectors may be calculated accordingly. In some embodiments, the
vertical beamforming vectors obtained at step 440 may be divided into two parts,
wherein the first part is associated with the polarization of the first antenna array, and
the second part is associated with the polarization of the second antenna array. Then,
the first 3D beamforming vector may be calculated based on the first part of the vertical
beamforming vectors and the first horizontal beamforming vector. The second 3D
beamforming vector may be calculated based on the second part of the vertical

beamforming vectors and the second horizontal beamforming vector.
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[0094] By way of example, the first 3D beamforming vector (denoted as V,;”) may be

obtained by:
/) - ¥,
VIV x 1] = 5 (1D
VA(N - D ' VA"—l
V,(0)
where V, = : and represents the first horizontal beamforming vector, and
V(N - 1)

Vo,... V. represent the first part of the vertical beamforming vectors.

[0095] Likewise, the second 3D beamforming vector (denoted as ¥,”) may be obtained

by:
VB(O) -V
VTN x 1] = : (12)
VB(N -1 - Voy_1
v,(0)
where V, = E and represents the second horizontal beamforming vector,
V(N — 1)

and Vy,...Von s represent the second part of the vertical beamforming vectors.

[0096] To better understand the process of steps 470-490 and the subsequent
determination of the first and second 3D beamforming vectors, reference may be made
to FIG. 12, which illustrates a diagram 1200 of determination of the first and second

horizontal beamforming vectors and the first and second 3D beamforming vectors.

[0097] In addition to the above, it is to be noted that steps 410-440 of the method 400
illustrate an exemplary embodiment of step 310, which is an example rather than
limitation to the present invention. Those skilled in the art will readily understand that
step 310 may be implemented in any other suitable embodiments. In some
embodiments, the calculation of the 2N eigenvectors as discussed above may be
simplified as calculating one eigenvector. More specifically, elements of the initial
channel matrix may be divided into 2N groups, wherein N indicates the number of
antennas in a horizontal direction of the first antenna array or the second antenna array.
Next, 2N vertical covariance matrices of the 2N groups may be calculated. Each of the

2N vertical covariance matrices may be then averaged in a first predetermined period of
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time or a first predetermined frequency band. Next, a sum or a mean value of the
averaging results may be calculated. Then, an eigenvector which is calculated based
on the sum or the mean value may be determined as ach of the vertical beamforming
vectors. In this way, all of the vertical beamforming vectors are identical. FIG 13
illustrates a diagram 1300 of determination of the vertical beamforming vectors

according to the aforesaid embodiments of the present invention.

[0098] In some alternative embodiments, elements of the initial channel matrix may be
divided into 2N groups, wherein N indicates the number of antennas in a horizontal
direction of the first antenna array or the second antenna array. Next, a vertical
covariance matrix of one of the 2N groups may be calculated and averaged in a first
predetermined period of time or a first predetermined frequency band. Then, an
eigenvector calculated based on the averaging result may be determined as each of the
vertical beamforming vectors. FIG. 14 illustrates a diagram 1400 of determination of
the vertical beamforming vectors according to the aforesaid embodiments of the present

invention.

[0099] According to embodiments of the present invention, in addition to method 300
which illustrates an implementation of step 220 of method 200, step 220 may be
implemented in several other ways. For instance, FIG. 5 illustrates a flow chart of a
method 500 for determining vertical beamforming vectors and horizontal beamforming
vectors according to embodiments of the invention. In embodiments of FIG. 5, both
the vertical beamforming vectors and the horizontal beamforming vectors are
determined from the initial channel matrix. However, it is noted that this is only for
the purpose of illustrating the principles of the present invention, rather than limiting the

scope thereof.

[00100] Method 500 starts from step 510, in which the vertical beamforming vectors are
calculated based on the initial channel matrix. This step is similar to step 310, thus its
descriptions are not detailed here. It is to be noted that the embodiments described
with respect to step 310 of method 300 and steps 410-440 of method 400 also applicable
to step 510.

[00101] In step 520, the horizontal beamforming vectors are calculated based on the

initial channel matrix.
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[00102] According to embodiments of the present invention, the horizontal
beamforming vectors may be obtained in several ways. In some embodiments, the
initial channel matrix may be divided into 2M groups, wherein M indicates the number
of antennas in a vertical direction of the first antenna array or the second antenna array.
Next, 2M horizontal covariance matrices of the 2M groups may be calculated and
averaged in a second predetermined period of time or a second predetermined frequency
band. Then, 2M eigenvectors calculated based on the averaging results may be

determined as the horizontal beamforming vectors.

[00103] As an alternative, in some embodiments, the initial channel matrix may be
divided into 2M groups, wherein M indicates the number of antennas in a vertical
direction of the first antenna array or the second antenna array. 2M horizontal
covariance matrices of the 2ZM groups may be calculated and averaged in a second
predetermined period of time or a second predetermined frequency band. Next, a sum
or a mean value of the averaging results may be calculated. Then, an eigenvector
calculated based on the sum or the mean value may be determined as each of the
horizontal beamforming vectors. In this way, all of the horizontal beamfonniﬁg

vectors are 1dentical.

[00104] As a further alternative, in some embodiments, the initial channel matrix may
be divided into 2M groups, wherein M indicates the number of antennas in a vertical
direction of the first antenna array or the second antenna array. Next, a horizontal
covariance matrix of one of the 2M groups may be calculated and averaged in a second
predetermined period of time or a second predetermined frequency band. Then, an
eigenvector calculated based on the averaging result may be determined as each of the

horizontal beamforming vectors.

[00105] To better understand step 520, reference is made to FIG. 6, which illustrates a
flow chart of a method 600 for determining vertical beamforming vectors and horizontal
beamforming vectors according to further embodiments of the invention. The method
600 may be considered as a specific implementation of method 500 described above
with reference to Fig. 5. More specifically, steps 610 corresponds to an
implementation of step 510, and steps 620-650 correspond to an implementation of step

520. However, it is noted that this is only for the purpose of illustrating the principles
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of the present invention, rather than limiting the scope thereof.

[00106] Method 600 starts from step 610, in which the vertical beamforming vectors are
calculated based on the initial channel matrix. This step 1is similar to steps 310 and 510,

thus its descriptions are not detailed here.

[00107] Then method 600 proceeds to step 620 to calculate the horizontal beamforming
vectors independent of the vertical beamforming vectors. In step 620, the initial
channel matrix is divided into 2M groups, wherein M indicates the number of antennas

in a vertical direction of the first antenna array or the second antenna array.

[00108] FIG. 15 illustrates a diagram 1500 of dividing of the initial channel matrix
according to embodiments of the present invention. As shown in FIG. 15, the size of
the initial channel matrix H[N, x N,] is 2MN x N,. Thus, the initial channel

matrix may be divided, according to 2M rows of antennas, into 2M groups,
Hy, ..Hyri, ... Hup;o Each of the Hy, ...Hy;, ... Hzpp corresponds to a row of

antennas in the first antenna array or the second antenna array.

[00109] In step 630, 2M horizontal covariance matrices of the 2M groups are

calculated.

[00110] Assuming one of the 2M groups Hy, ...Hyry, ... Hoprpas H; (=0, 1, ..., 2M-1), a

corresponding horizontal covariance matrix, R;, may be calculated as follows:
H
R, =H, H; (13)
where /‘/f represents conjugation of /# ;.

[00111] In step 640, each of the 2M horizontal covariance matrices is averaged in a

second predetermined period of time or a second predetermined frequency band.

[00112] In this step, each of the 2M horizontal covariance matrices, R;, may be
averaged in the second predetermined period of time or the second predetermined
frequency band. The second predetermined period of time or the second

predetermined frequency band may be referred to as the second range in context of the

disclosure. The averaged R; may be denoted as R 5370, 1, ..., 2M-1.

[00113] In step 650, 2M eigenvectors calculated based on the averaging results are

20



10

15

20

25

30

WO 2017/008307 PCT/CN2015/084246

determined as the horizontal beamforming vectors.

[00114] With respect to each of the averaged horizontal covariance matrices, a
decomposition operation, such as ¥ x ¥ EVD, may be carried out, and an
eigenvector may be obtained therefrom. By way of example, an eigenvector £; may be

calculated from the following:
R, = PDIP] (14)

[00115] Accordingly, 2M eigenvectors Py, Py,...P2.may be calculated from equation
(14) and may be determined as 2M horizontal beamforming vectors. The size of each

of the 2M horizontal beamforming vectors Py, Py,...Pasis N x 1.

[00116] To better understand the process of steps 620-650, reference is now made to
FIG. 16, in which a diagram 1600 of obtaining the horizontal beamforming vectors is

illustrated. As shown in FIG. 16, the 2M horizontal beamforming vectors Py,

Py,...Pye; (shown as AN x 1], P[N x 1]... B, [N x 1]) are obtained from 2M

groups, Hour g, ...Har 1, ... Hyof the initial channel matrix // [N, x N,] after calculating

covariance matrices (denoted as “Covar.”), averaging (denoted as “Av.”) and EVD. It
is to be noted that in the context of the disclosure, “Covar.” represents an operation of

calculating a covariance matrix, and “Av.” represents an operation of averaging.

[00117] In addition to the above, it is to be noted that steps 620-650 of the method 600
illustrate an exemplary embodiment of step 520, which is an example rather than
limitation to the present invention. Those skilled in the art will readily understand that
step 520 may be implemented in any other suitable embodiments. In some
embodiments, the initial channel matrix may be divided into 2M groups, wherein M
indicates the number of antennas in a vertical direction of the first antenna array or the
second antenna array. 2M horizontal covariance matrices of the 2M groups may be
calculated and averaged in a second predetermined period of time or a second
predetermined frequency band. Next, a sum or a mean value of the averaging results
may be calculated. Then, an eigenvector calculated based on the sum or the mean
value may be determined as each of the horizontal beamforming vectors. FIG. 17
illustrates a diagram 1700 of determination of the horizontal beamforming vectors

according to the aforesaid embodiments of the present invention.
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[00118] In some alternative embodiments, the initial channel matrix may be divided
into 2M groups, wherein M indicates the number of antennas in a vertical direction of
the first antenna array or the second antenna array. Next, a horizontal covariance
matrix of onc of the 2M groups may be calculated and averaged in a second
predetermined period of time or a second predetermined frequency band. Then, an
eigenvector calculated based on the averaging result may be determined as each of the
horizontal beamforming vectors. FIG. 18 illustrates a diagram 1800 of determination
of the horizontal beamforming vectors according to the aforesaid embodiments of the

present invention.

[00119] According to embodiments of the present invention, with the horizontal
beamforming vectors and the vertical beamforming vectors, the first and second 3D
beamforming vectors may be calculated accordingly. In some embodiments, the
vertical beamforming vectors obtained at step 610 may be divided into two parts,
wherein the first part is associated with the polarization of the first antenna array, and
the second part is associated with the polarization of the second antenna array.
Likewise, the horizontal beamforming vectors obtained at step 650 may be divided into
two parts, wherein the first part is associated with the polarization of the first antenna
array, and the second part is associated with the polarization of the second antenna array.
Then, the first 3D beamforming vector may be calculated based on the first part of the
vertical beamforming vectors and the first part of the horizontal beamforming vectors.
The second 3D beamforming vector may be calculated based on the second part of the

vertical beamforming vectors and the second part of horizontal beamforming vectors.

[00120] In an embodiment, the first 3D beamforming vector (denoted as V,”[ MV x 1])

associated with the polarization of the first antenna array may be obtained by:
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V,(0) - P(0)
V(D - R0)

v -1 - p,_(0)
V() - A1)
V(1) - A
VMY x 1] = | (15)
v -1 - P, ()

V’\"—I(O) ' H)(N - 1)
VN—1<1) : Pl(N - 1)

VN—1<M -1 - PM—l(N -1

where V,(0) - 7,(0) corresponds to antenna location (0, 0) shown in FIG. 1;

7,(1) - £(0) corresponds to antenna location (1, 0) shown in FIG. 1;

v,( —1) - P,_,(0) corresponds to antenna location (M-1, 0) shown in FIG. 1;

.(0) - A,(1) corresponds to antenna location (0, 1) shown in FIG. 1;

V(1) - A1) corresponds to antenna location (1, 1) shown in FIG. 1;

V(M - 1) - P,_,(1) corresponds to antenna location (M-1, 1) shown in FIG. 1;

V,_,0) - B(N —1) corresponds to antenna location (0, N-1) shown in FIG. 1;

V., - B(¥N —1) corresponds to antenna location (1, N-1) shown in FIG. 1;

Ve (M = 1) - P, (N — 1) corresponds to antenna location (M-1, N-1) shown in FIG. 1.

[00121] The second 3D beamforming vector (denoted as V,;°[ MV x 1]) associated with

the polarization of the second antenna array may be obtained by:
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v,.(0) - P,(0)
V(D - M(O)

V;\"<M D PZI/ 1( )
Ve (0) - P, (1)
Vm(l) Y
VTN x 1] = | (16)
V,“l(M D By ()

sz\’—1(0> ’ PJ/(N — 1)
Vo (D - P, (N = 1)

]/z,«"-1(M - 1) : })211/—1(/v - 1)

where V,(0) - ,(0) corresponds to antenna location (0, 0) shown in FIG. 1;
V,Q) - P,,,(0) corresponds to antenna location (1, 0) shown in FIG. 1;
Vo —1) - P, ,(0) corresponds to antenna location (M-1, 0) shown in FIG. 1;
V,..(0)- P,(1) corresponds to antenna location (0, 1) shown in FIG. 1;
Ve D - P, (1) corresponds to antenna location (1, 1) shown in FIG. 1;
Voo =1 - B, (1) corresponds to antenna location (M-1, 1) shown in FIG. 1;

V.

28 -1

(0) - P,(¥ — 1) corresponds to antenna location (0, N-1) shown in FIG. 1;
Voo (D - P,,,(N = 1) cotresponds to antenna location (1, N-1) shown in FIG. 1;

Voo (M = 1) - By, _,(N —1)corresponds to antenna location (M-1, N-1) shown in FIG.
1.

[00122] In some embodiments, after determining the first 3D beamforming vector and
the second 3D beamforming vector, the phase factor matrix may be determined based
on the first 3D beamforming vector, the second 3D beamforming vector as well as the
initial channel matrix. FIG. 7 illustrates a flow chart of a method 700 for determining a

phase factor matrix according to such embodiments. The method 700 may be
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considered as a specific implementation of step 240 of method 200 described above
with reference to Fig. 2. However, it is noted that this is only for the purpose of

illustrating the principles of the present invention, rather than limiting the scope thereof.

[00123] Method 700 starts from step 710, in which the initial channel matrix is divided
into a first channel matrix and a second channel matrix, wherein the first channel matrix
is associated with the first antenna array and the second channel matrix is associated

with the second antenna array.

[00124] In some embodiments, the initial channel matrix #[¥, x N,] may be divided

as below:

HIN N]—HA 17
RXT_H 17)

)

where the first channel matrix //, isa MV x N, matrix and associated with the
polarization of the first antenna array; and the second channel matrix //, isa

MN x N, matrix and associated with the polarization of the second antenna array.

[00125] In step 720, a composition channel matrix is obtained based on the first 3D
beamforming vector, the second 3D beamforming vector, the first channel matrix and

the second channel matrix.

[00126] In some embodiments, the composition channel matrix may be obtained as

follows:

PPN, <20 =[]V HY V) as)

where /7 represents conjugation of the first channel matrix #,; /, represents
conjugation of the second channel matrix 4, ; V?’ represents the first 3D

beamforming vector; and V,” represents the second 3D beamforming vector. FIG. 19

illustrates a diagram 1900 of obtaining the composition channel matrix according to

embodiments of the present invention.

[00127] Still in reference to FIG. 7, in step 730, a composition covariance matrix of the

composition channel matrix is calculated.
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[00128] In some embodiments, the composition covariance matrix £, of the

composition channel matrix may be calculated as follows:
R” - (H”sl))ﬁ . }731) (19)

where 7’ represents the composition channel matrix, and (#°”)" represents

conjugation of the composition channel matrix HY

[00129] In step 740, the composition covariance matrix is averaged in a third
predetermined period of time or a third predetermined frequency band. According to
embodiments of the present invention, the third predetermined period of time or the
third predetermined frequency band may be referred to as the third range. According
to embodiments of the present invention, the first range may be larger than or equal to
the second range, and the second range may be larger than or equal to the third range.
By way of example, the first predetermined period of time may be larger than or equal
to the second predetermined period of time, and the second predetermined period of
time may be larger than or equal to the third predetermined period of time.
Alternatively or additionally, the first predetermined frequency band may be larger than
or equal to the second predetermined frequency band, and the second predetermined

frequency band may be larger than or equal to the third predetermined frequency band.

[00130] In some embodiments, the averaged composition covariance matrix may be

denoted as £, .

[00131] In step 750, the phase factor matrix is determined by performing decomposition

based on the averaging results.
[00132] In some embodiments, the phase factor matrix V¥, may be obtained by
performing EVD (for example, 2 x 2 EVD)on &, :

R, =VDV! (20)

[00133] According to equation (20), the phase factor matrix V, may be determined as:

21
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[00134] With the phase factor matrix V,, as well as the first 3D beamforming vector

and the second 3D beamforming vector, the beamforming parameter matrix V. may be

determined according to equation (2). In this way, the precoder may be obtained with
reduced complexity. FIG. 20 illustrates a diagram 2000 of a process for determining
the phase factor matrix and the beamforming parameter matrix according to the

aforesaid embodiments of the present invention.

[00135] As an alternative of embodiments shown in FIG. 7, the phase factor matrix may
be determined only based on the initial channel matrix, independent of the first 3D
beamforming vector and the second 3D beamforming vector. FIG. 8 illustrates a flow
chart of a method 800 for determining a phase factor matrix according to such
embodiments. The method 800 may be considered as a specific implementation of
step 240 of method 200 described above with reference to Fig. 2. However, it is noted
that this is only for the purpose of illustrating the principles of the present invention,

rather than limiting the scope thereof.

[00136] Method 800 starts from step 810, in which a simplified channel matrix is
determined from the initial channel matrix, wherein the simplified channel matrix
includes channel parameters associated with a pair of antennas that have different
polarizations, wherein one of the pair of antennas belongs to the first antenna array and

the other of the pair of antennas belongs to the second antenna array.

[00137] FIG. 21 illustrates a diagram 2100 of a process for determining the phase factor
matrix and the beamforming parameter matrix according to the aforesaid embodiments
of the present invention. As shown in FIG. 21, the pair of antennas includes a first
antenna which belongs to the first antenna array and a second antenna which belongs to
the second antenna array, and both the first antenna and the second antenna have the

same location (M-1, 0).

[00138] It is to be noted that the pair of antennas shown in FIG. 21 is illustrated for
purpose of example, rather than limitation. Those skilled in the art will understand
that, as long as a first antenna belonging to the first antenna array and a second antenna
belonging to the second antenna array have the same location, for example (i, j),
wherein i=0, 1, ..., M-1 and j=0, 1, ..., N-1, the first antenna and the second antenna

may be considered as “a pair of antennas.”
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[00139] According to embodiments of the present invention, a simplified channel

matrix is a channel matrix associated with the pair of antennas. As shown in FIG. 21,
the simplified channel matrix which is denoted as /#[¥, x 2] may be obtained from

the initial channel matrix, for example, by extracting related channel information about

the pair of antennas from the initial channel matrix.

[00140] In step 820, a simplified covariance matrix of the simplified channel matrix is
calculated. In step 830, the simplified covariance matrix is averaged in a third
predetermined period of time or a third predetermined frequency band. In step 840,
the phase factor matrix is determined by performing decomposition based on the

averaging results.

[00141] Steps 820 to 840 are similar to steps 730 to 750, and the phase factor matrix
may be obtained in a similar way as equations (19) — (21). Thus, related descriptions are

not detailed here.

[00142] With the phase factor matrix V,, as well as the first 3D beamforming vector

and the second 3D beamforming vector, the beamforming parameter matrix /., may be
determined according to equation (2). In this way, the precoder may be obtained with

reduced complexity.

[00143] FIG. 9 illustrates a schematic diagram of an apparatus 900 for performing
beamforming in a MIMO system according to embodiments of the invention.
According to embodiments of the present invention, the apparatus 900 may be
implemented at a BS or other suitable node in a MIMO system, and the BS or other
suitable node may comprise a first antenna array and a second antenna array. Each of
the first antenna array and the second antenna array contains a plurality of antennas, and
the first antenna array and the second antenna array have the same size and are

cross-polarized.

[00144] As shown in FIG. 9, the apparatus 900 comprises an obtaining unit 910
configured to obtain an initial channel matrix based on reference signals received via
the first and second antenna arrays from a UE, wherein the initial channel matrix
includes channel parameters associated with both the first antenna array and the second

antenna array; a first determining unit 920 configured to determine vertical

28



10

15

20

25

30

WO 2017/008307 PCT/CN2015/084246

beamforming vectors and horizontal beamforming vectors based on the initial channel
matrix; a second determining unit 930 configured to determine a first three-dimensional
(3D) beamforming vector and a second 3D beamforming vector based on the vertical
beamforming vectors and the horizontal beamforming vectors, wherein the first 3D
beamforming vector is associated with the polarization of the first antenna array, and the
second 3D beamforming vector is associated with the polarization of the second antenna
array; a third determining unit 940 configured to determine, at least in part based on the
initial channel matrix, a phase factor matrix for polarizations of the first antenna array
and the second antenna array; and a fourth determining unit 950 configured to
determine a beamforming parameter matrix based on the phase factor matrix, the first

3Dbeamforming vector and the second 3D beamforming vector.

[00145] According to embodiments of the present invention, the first determining unit
620 may comprises: a vertical beamforming vector calculating unit configured to
calculate the vertical beamforming vectors based on the initial channel matrix; and a
horizontal beamforming vector calculating unit configured to calculate a first horizontal
beamforming vector and a second horizontal beamforming vector based on the initial

channel matrix and the vertical beamforming vectors.

[00146] According to embodiments of the present invention, the horizontal
beamforming vector calculating unit may comprise: a horizontal composition channel
matrix obtaining unit configured to obtain a horizontal composition channel matrix
based on the initial channel matrix and the vertical beamforming vectors; a horizontal
composition channel matrix dividing unit configured to divide the horizontal
composition channel matrix into a first horizontal channel matrix and a second
horizontal channel matrix, wherein the first horizontal channel matrix is associated with
the first antenna array and the second horizontal channel matrix is associated with the
second antenna array; a first horizontal covariance matrix calculating unit configured to
calculate a first horizontal covariance matrix of the first horizontal channel matrix and a
second horizontal covariance matrix of the second horizontal channel matrix; a first
averaging unit configured to average each of the first horizontal covariance matrix and
the second horizontal covariance matrix in a second predetermined period of time or a
second predetermined frequency band; and a first horizontal beamforming vector

determining unit configured to determine an eigenvector calculated based on the
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averaging of the first horizontal covariance matrix as the first horizontal beamforming
vector, and another eigenvector calculated based on the averaging of the second

horizontal covariance matrix as the second horizontal beamforming vector.

[00147] According to embodiments of the present invention, the second determining
unit 630 may comprise: a first 3D beamforming vector calculating unit configured to
calculate the first 3D beamforming vector based on a first part of the vertical
beamforming vectors and the first horizontal beamforming vector; and a second 3D
beamforming vector calculating unit configured to calculate the second 3D
beamforming vector based on a second part of the vertical beamforming vectors and the
second horizontal beamforming vector, wherein the first part of the vertical
beamforming vectors is associated with the polarization of the first antenna array, and
the second part of the vertical beamforming vectors is associated with the polarization

of the second antenna array.

[00148] According to embodiments of the present invention, the first determining unit
610 may comprise: a vertical beamforming vector calculating unit configured to
calculate the vertical beamforming vectors based on the initial channel matrix; and a
horizontal beamforming vector calculating unit configured to calculate the horizontal

beamforming vectors based on the initial channel matrix.

[00149] According to embodiments of the present invention, the horizontal
beamforming vector calculating unit may comprise: a first initial channel matrix
dividing unit configured to divide the initial channel matrix into 2M groups, wherein M
indicates the number of antennas in a vertical direction of the first antenna array or the
second antenna array; a second horizontal covariance matrix calculating unit configured
to calculate 2M horizontal covariance matrices of the 2M groups; a second averaging
unit configured to average each of the 2M horizontal covariance matrices in a second
predetermined period of time or a second predetermined frequency band; and a second
horizontal beamforming vector determining unit configured to determine 2M
eigenvectors calculated based on the averaging results as the horizontal beamforming

vectors.

[00150] According to embodiments of the present invention, the horizontal

beamforming vector calculating unit may comprise: a first initial channel matrix
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dividing unit configured to divide the initial channel matrix into 2M groups, wherein M
indicates the number of antennas in a vertical direction of the first antenna array or the
second antenna array; a second horizontal covariance matrix calculating unit configured
to calculate 2M horizontal covariance matrices of the 2M groups; a second averaging
unit configured to average each of the 2M horizontal covariance matrices in a second
predetermined period of time or a second predetermined frequency band; a first
computing unit configured to calculate a sum or a mean value of the averaging results;
and a sccond horizontal beamforming vector determining unit configured to determine
an eigenvector calculated based on the sum or the mean value as each of the horizontal

beamforming vectors.

[00151] According to embodiments of the present invention, the horizontal
beamforming vector calculating unit may comprise: a first initial channel matrix
dividing unit configured to divide the initial channel matrix into 2M groups, wherein M
indicates the number of antennas in a vertical direction of the first antenna array or the
second antenna array; a second horizontal covariance matrix calculating unit configured
to calculate a horizontal covariance matrix of one of the 2M groups; a second averaging
unit configured to average the horizontal covariance matrix in a second predetermined
period of time or a second predetermined frequency band; and a second horizontal
beamforming vector determining unit configured to determine an eigenvector calculated

based on the averaging result as each of the horizontal beamforming vectors.

[00152] According to embodiments of the present invention, the second determining
unit may comprise: a first 3D beamforming vector calculating unit configured to
calculate the first 3D beamforming vector based on a first part of the vertical
beamforming vectors and a first part of the horizontal beamforming vectors; and a
second 3D beamforming vector calculating unit configured to calculate the second 3D
beamforming vector based on a second part of the vertical beamforming vectors and a
second part of the horizontal beamforming vectors, wherein the first part of the vertical
beamforming vectors and the first part of the horizontal beamforming vectors are
associated with the polarization of the first antenna array, and the second part of the
vertical beamforming vectors and the second part of the horizontal beamforming vectors

are associated with the polarization of the second antenna array.
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[00153] According to embodiments of the present invention, the vertical beamforming
vector calculating unit may comprise: a second initial channel matrix dividing unit
configured to divide elements of the initial channel matrix into 2N groups, wherein N
indicates the number of antennas in a horizontal direction of the first antenna array or
the second antenna array; a third horizontal covariance matrix calculating unit
configured to calculate 2N vertical covariance matrices of the 2N groups; a third
averaging unit configured to average each of the 2N vertical covariance matrices in a
first predetermined period of time or a first predetermined frequency band; and a
vertical beamforming vector determining unit configured to determine 2N eigenvectors

calculated based on the averaging results as the vertical beamforming vectors.

[00154] According to embodiments of the present invention, the vertical beamforming
vector calculating unit may comprise: a second initial channel matrix dividing unit
configured to divide elements of the initial channel matrix into 2N groups, wherein N
indicates the number of antennas in a horizontal direction of the first antenna array or
the second antenna array; a third horizontal covariance matrix calculating unit
configured to calculate 2N vertical covariance matrices of the 2N groups; a third
averaging unit configured to average each of the 2N vertical covariance matrices in a
first predetermined period of time or a first predetermined frequency band; a second
computing unit configured to calculating a sum or a mean value of the averaging results;
and a vertical beamforming vector determining unit configured to determine an
eigenvector calculated based on the sum or the mean value as each of the vertical

beamforming vectors.

[00155] According to embodiments of the present invention, the vertical beamforming
vector calculating unit may comprises: a second initial channel matrix dividing unit
configured to divide elements of the initial channel matrix into 2N groups, wherein N
indicates the number of antennas in a horizontal direction of the first antenna array or
the second antenna array; a third horizontal covariance matrix calculating unit
configured to calculate a vertical covariance matrix of one of the 2N groups; a third
averaging unit configured to average the vertical covariance matrix in a first
predetermined period of time or a first predetermined frequency band; and a vertical
beamforming vector determining unit configured to determine an eigenvector calculated

based on the averaging result as each of the vertical beamforming vectors.
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[00156] According to embodiments of the present invention, the third determining unit
640 may comprise: a third initial channel matrix dividing vnit configured to divide the
initial channel matrix into a first channel matrix and a second channel matrix, wherein
the first channel matrix is associated with the first antenna array and the second channel
matrix is associated with the second antenna array; a composition channel matrix
obtaining unit configured to obtain a composition channel matrix based on the first 3D
beamforming vector, the second 3D beamforming vector, the first channel matrix and
the second channel matrix; a composition covariance matrix calculating unit configured
to calculate a composition covariance matrix of the composition channel matrix; a
fourth averaging unit configured to average the composition covariance matrix in a third
predetermined period of time or a third predetermined frequency band; and a first phase
factor matrix determining unit configured to determine the phase factor matrix by

performing decomposition based on the averaging results.

[00157] According to embodiments of the present invention, the third determining unit
640 may comprise: a simplified channel matrix determining unit configured to
determine a simplified channel matrix from the initial channel matrix, wherein the
simplified channel matrix includes channel parameters associated with a pair of
antennas that have different polarizations, wherein one of the pair of antennas belongs
to the first antenna array and the other of the pair of antennas belongs to the second
antenna array; a simplified covariance matrix calculating unit configured to calculate a
simplified covariance matrix of the simplified channel matrix; a fifth averaging unit
configured to average the simplified covariance matrix in a third predetermined period
of time or a third predetermined frequency band; and a second phase factor matrix
determining unit configured to determine the phase factor matrix by performing

decomposition based on the averaging results.

[00158] It is also to be noted that the apparatus 900 may be respectively implemented
by any suitable technique either known at present or developed in the future. Further,
a single device shown in FIG 9 may be alternatively implemented in multiple devices
separately, and multiple separated devices may be implemented in a single device.

The scope of the present invention is not limited in these regards.

[00159] It is noted that the apparatus 900 may be configured to implement
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functionalities as described with reference to FIGs.2-8. Therefore, the features
discussed with respect to the methods 200-800 may apply to the corresponding
components of the apparatus 900. It is further noted that the components of the
apparatus 900 may be embodied in hardware, software, firmware, and/or any
combination thereof. For example, the components of the apparatus 900 may be
respectively implemented by a circuit, a processor or any other appropriate device.
Those skilled in the art will appreciate that the aforesaid examples are only for

illustration not limitation.

[00160] In some embodiment of the present disclosure, the apparatus 900 may comprise
at least one processor. The at least one processor suitable for use with embodiments of
the present disclosure may include, by way of example, both general and special
purpose processors already known or developed in the future. The apparatus 900 may
further comprise at least one memory. The at least one memory may include, for
example, semiconductor memory devices, e.g., RAM, ROM, EPROM, EEPROM, and

flash memory devices. The at least one memory may be used to store program of

| computer executable instructions. The program can be written in any high-level and/or

low-level compliable or interpretable programming languages. In accordance with
embodiments, the computer executable instructions may be configured, with the at least
one processor, to cause the apparatus 900 to at least perform according to any of the

method 200 - 800 as discussed above.

[00161] Based on the above description, the skilled in the art would appreciate that the
present disclosure may be embodied in an apparatus, a method, or a computer program
product. In general, the various exemplary embodiments may be implemented in
hardware or special purpose circuits, software, logic or any combination thereof. For
example, some aspects may be implemented in hardware, while other aspects may be
implemented in firmware or software which may be executed by a controller,
microprocessor or other computing device, although the disclosure is not limited thereto.
While various aspects of the exemplary embodiments of this disclosure may be
illustrated and described as block diagrams, flowcharts, or using some other pictorial
representation, it is well understood that these blocks, apparatus, systems, techniques or
methods described herein may be implemented in, as non-limiting examples, hardware,

software, firmware, special purpose circuits or logic, general purpose hardware or
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controller or other computing devices, or some combination thereof.

[00162] The various blocks shown in FIGs. 2-8 may be viewed as method steps, and/or
as operations that result from operation of computer program code, and/or as a plurality
of coupled logic circuit elements constructed to carry out the associated function(s).
At least some aspects of the exemplary embodiments of the disclosures may be
practiced in various components such as integrated circuit chips and modules, and that
the exemplary embodiments of this disclosure may be realized in an apparatus that is
embodied as an integrated circuit, FPGA or ASIC that is configurable to operate in

accordance with the exemplary embodiments of the present disclosure.

[00163] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any disclosure or of what may be
claimed, but rather as descriptions of features that may be specific to particular
embodiments of particular disclosures. Certain features that are described in this
specification in the context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various features that are described
in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable sub-combination. Moreover, although
features may be described above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed combination can in some cases be
excised from the combination, and the claimed combination may be directed to a

sub-combination or variation of a sub-combination.

[00164] Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of various system
components in the embodiments described above should not be understood as requiring
such separation in all embodiments, and it should be understood that the described
program components and systems can generally be integrated together in a single

software product or packaged into multiple software products.

[00165] Various modifications, adaptations to the foregoing exemplary embodiments of
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this disclosure may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings.
Any and all modifications will still fall within the scope of the non-limiting and
exemplary embodiments of this disclosure. Furthermore, other embodiments of the
disclosures set forth herein will come to mind to one skilled in the art to which these
embodiments of the disclosure pertain having the benefit of the teachings presented in

the foregoing descriptions and the associated drawings.

[00166] Therefore, it is to be understood that the embodiments of the disclosure are not
to be limited to the specific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of the appended claims.
Although specific terms are used herein, they are used in a generic and descriptive sense

only and not for purpose of limitation.
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WHAT IS CLAIMED IS:

1. A method of performing beamforming in a Multiple Input Multiple Output
(MIMO) system, wherein a base station (BS) in the MIMO system includes a first
antenna array and a second antenna array, each of the first antenna array and the second
antenna array contains a plurality of antennas, and the first antenna array and the second
antenna array have the same size and are cross-polarized, the method comprising:

obtaining an initial channel matrix based on reference signals received via the first
and second antenna arrays from user equipment (UE), wherein the initial channel matrix
includes channel parameters associated with both the first antenna array and the second
antenna array,

determining vertical beamforming vectors and horizontal beamforming vectors
based on the initial channel matrix;

determining a first three-dimensional (3D) beamforming vector and a second 3D
beamforming vector based on the vertical beamforming vectors and the horizontal
beamforming vectors, wherein the first 3D beamforming vector is associated with the
polarization of the first antenna array, and the second 3D beamforming vector is
associated with the polarization of the second antenna array;

determining, at least in part based on the initial channel matrix, a phase factor
matrix for polarizations of the first antenna array and the second antenna array; and

determining a beamforming parameter matrix based on the phase factor matrix, the

first 3Dbeamforming vector and the second 3D beamforming vector.

2. The method of Claim 1, wherein determining vertical beamforming vectors and
horizontal beamforming vectors based on the initial channel matrix comprises:

calculating the vertical beamforming vectors based on the initial channel matrix;
and

calculating a first horizontal beamforming vector and a second horizontal
beamforming vector based on the initial channel matrix and the vertical beamforming

vectors.

3. The method of Claim 2, wherein calculating a first horizontal beamforming
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vector and a second horizontal beamforming vector based on the initial channel matrix
and the vertical beamforming vectors comprises:

obtaining a horizontal composition channel matrix based on the initial channel
matrix and the vertical beamforming vectors;

dividing the horizontal composition channel matrix into a first horizontal channel
matrix and a second horizontal channel matrix, wherein the first horizontal channel
matrix is associated with the first antenna array and the second horizontal channel
matrix is associated with the second antenna array;

calculating a first horizontal covariance matrix of the first horizontal channel
matrix and a second horizontal covariance matrix of the second horizontal channel
matrix;

averaging each of the first horizontal covariance matrix and the second horizontal
covariance matrix in a second predetermined period of time or a second predetermined
frequency band; and

determining an eigenvector calculated based on the averaging of the first horizontal
covariance matrix as the first horizontal beamforming vector, and another eigenvector
calculated based on the averaging of the second horizontal covariance matrix as the

second horizontal beamforming vector.

4. The method of Claim 2, wherein determining a first 3D beamforming vector and
a second 3D beamforming vector based on the vertical beamforming vectors and the
horizontal beamforming vectors comprises:

calculating the first 3D beamforming vector based on a first part of the vertical
beamforming vectors and the first horizontal beamforming vector; and

calculating the second 3D beamforming vector based on a second part of the
vertical beamforming vectors and the second horizontal beamforming vector,

wherein the first part of the vertical beamforming vectors is associated with the
polarization of the first antenna array, and the second part of the vertical beamforming

vectors is associated with the polarization of the second antenna array.

5. The method of Claim 1, wherein determining vertical beamforming vectors and

horizontal beamforming vectors based on the initial channel matrix comprises:
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calculating the vertical beamforming vectors based on the initial channel matrix;
and

calculating the horizontal beamforming vectors based on the initial channel matrix.

6. The method of Claim 5, wherein calculating the horizontal beamforming vectors
based on the initial channel matrix comprises:

dividing the initial channel matrix into 2M groups, wherein M indicates the
number of antennas in a vertical direction of the first antenna array or the second
antenna array,

calculating 2M horizontal covariance matrices of the 2M groups;

averaging each of the 2M horizontal covariance matrices in a second
predetermined period of time or a second predetermined frequency band; and

determining 2M eigenvectors calculated based on the averaging results as the

horizontal beamforming vectors.

7. The method of Claim 5, wherein calculating the horizontal beamforming vectors
based on the initial channel matrix comprises:

dividing the initial channel matrix into 2M groups, wherein M indicates the
number of antennas in a vertical direction of the first antenna array or the second
antenna array;

calculating 2M horizontal covariance matrices of the 2M groups;

averaging each of the 2M horizontal covariance matrices in a second
predetermined period of time or a second predetermined frequency band;

calculating a sum or a mean value of the averaging results; and

determining an eigenvector calculated based on the sum or the mean value as each

of the horizontal beamforming vectors.

8. The method of Claim 5, wherein calculating the horizontal beamforming vectors
based on the initial channel matrix comprises:

dividing the initial channel matrix into 2M groups, wherein M indicates the
number of antennas in a vertical direction of the first antenna array or the second

antenna array;
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calculating a horizontal covariance matrix of one of the 2M groups;

averaging the horizontal covariance matrix in a second predetermined period of
time or a second predetermined frequency band; and

determining an eigenvector calculated based on the averaging result as each of the

horizontal beamforming vectors.

9. The method of Claim 5, wherein determining the first 3D beamforming vector
and the second beamforming vector based on the vertical beamforming vectors and the
horizontal beamforming vectors comprises:

calculating the first 3D beamforming vector based on a first part of the vertical
beamforming vectors and a first part of the horizontal beamforming vectors; and

calculating the second 3D beamforming vector based on a second part of the
vertical beamforming vectors and a second part of the horizontal beamforming vectors,

wherein the first part of the vertical beamforming vectors and the first part of the
horizontal beamforminglvectors are associated with the polarization of the first antenna
array, and the second part of the vertical beamforming vectors and the second part of the
horizontal beamforming vectors are associated with the polarization of the second

antenna array.

10. The method of any of Claims 2 to 9, wherein calculating the vertical
beamforming vectors based on the initial channel matrix comprises:

dividing elements of the initial channel matrix into 2N groups, wherein N indicates
the number of antennas in a horizontal direction of the first antenna array or the second
antenna array;

calculating 2N vertical covariance matrices of the 2N groups;

averaging each of the 2N vertical covariance matrices in a first predetermined
period of time or a first predetermined frequency band; and

determining 2N eigenvectors calculated based on the averaging results as the

vertical beamforming vectors.

11. The method of any of Claims 2 to 9, wherein calculating the vertical

beamforming vectors based on the initial channel matrix comprises:
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dividing elements of the initial channel matrix into 2N groups, wherein N indicates
the number of antennas in a horizontal direction of the first antenna array or the second
antenna array;

calculating 2N vertical covariance matrices of the 2N groups;

averaging each of the 2N vertical covariance matrices in a first predetermined
period of time or a first predetermined frequency band;

calculating a sum or a mean value of the averaging results; and

determining an eigenvector calculated based on the sum or the mean value as each

of the vertical beamforming vectors.

12. The method of any of Claims 2 to 9, wherein calculating the vertical
beamforming vectors based on the initial channel matrix comprises:

dividing elements of the initial channel matrix into 2N groups, wherein N indicates
the number of antennas in a horizontal direction of the first antenna array or the second
antenna array; _

calculating a vertical covariance matrix of one of the 2N groups;

averaging the vertical covariance matrix in a first predetermined period of time or a
first predetermined frequency band; and

determining an eigenvector calculated based on the averaging result as each of the

vertical beamforming vectors.

13. The method of Claim 1, wherein determining, at least in part based on the
initial channel matrix, a phase factor matrix for polarizations of the first antenna array
and the second antenna array comprises:

dividing the initial channel matrix into a first channel matrix and a second channel
matrix, wherein the first channel matrix is associated with the first antenna array and the
second channel matrix is associated with the second antenna array;

obtaining a composition channel matrix based on the first 3D beamforming vector,
the second 3D beamforming vector, the first channel matrix and the second channel
matrix;

calculating a composition covariance matrix of the composition channel matrix;

averaging the composition covariance matrix in a third predetermined period of

41



10

15

20

25

30

WO 2017/008307 PCT/CN2015/084246

time or a third predetermined frequency band; and
determining the phase factor matrix by performing decomposition based on the

averaging results.

14. The method of Claim 1, wherein determining, at least in part based on the
initial channel matrix, a phase factor matrix for polarizations of the first antenna array
and the second antenna array comprises:

determining a simplified channel matrix from the initial channel matrix, wherein
the simplified channel matrix includes channel parameters associated with a pair of
antennas that have different polarizations, wherein one of the pair of antennas belongs
to the first antenna array and the other of the pair of antennas belongs to the second
antenna array,

calculating a simplified covariance matrix of the simplified channel matrix;

averaging the simplified covariance matrix in a third predetermined period of time
or a third predetermined frequency band; and

determining the phase factor matrix by performing decomposition based on the

averaging results.

15. An apparatus for performing beamforming in a Multiple Input Multiple Output
(MIMO) system, wherein a base station (BS) in the MIMO system includes a first
antenna array and a second antenna array, each of the first antenna array and the second
antenna array contains a plurality of antennas, and the first antenna array and the second
antenna array have the same size and are cross-polarized, the apparatus comprising:

an obtaining unit configured to obtain an initial channel matrix based on reference
signals received via the first and second antenna arrays from user equipment (UE),
wherein the initial channel matrix includes channel parameters associated with both the
first antenna array and the second antenna array;

a first determining unit configured to determine vertical beamforming vectors and
horizontal beamforming vectors based on the initial channel matrix;

a second determining unit configured to determine a first three-dimensional (3D)
beamforming vector and a second 3D beamforming vector based on the vertical

beamforming vectors and the horizontal beamforming vectors, wherein the first 3D
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beamforming vector is associated with the polarization of the first antenna array, and the
second 3D beamforming vector is associated with the polarization of the second antenna
array;

a third determining unit configured to determine, at least in part based on the initial
channel matrix, a phase factor matrix for polarizations of the first antenna array and the
second antenna array; and

a fourth determining unit configured to determine a beamforming parameter matrix
based on the phase factor matrix, the first 3Dbeamforming vector and the second 3D

beamforming vector.

16. The apparatus of Claim 15, wherein the first determining unit comprises:

a vertical beamforming vector calculating unit configured to calculate the vertical
beamforming vectors based on the initial channel matrix; and

a horizontal beamforming vector calculating unit configured to calculate a first
horizontal beamforming vector and a second horizontal beamforming vector based on

the initial channel matrix and the vertical beamforming vectors.

17. The apparatus of Claim 16, wherein the horizontal beamforming vector
calculating unit comprises:

a horizontal composition channel matrix obtaining unit configured to obtain a
horizontal composition channel matrix based on the initial channel matrix and the
vertical beamforming vectors;

a horizontal composition channel matrix dividing unit configured to divide the
horizontal composition channel matrix into a first horizontal channel matrix and a
second horizontal channel matrix, wherein the first horizontal channel matrix is
associated with the first antenna array and the second horizontal channel matrix is
associated with the second antenna array;

a first horizontal covariance matrix calculating unit configured to calculate a first
horizontal covariance matrix of the first horizontal channel matrix and a second
horizontal covariance matrix of the second horizontal channel matrix;

a first averaging unit configured to average each of the first horizontal covariance

matrix and the second horizontal covariance matrix in a second predetermined period of
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time or a second predetermined frequency band; and

a first horizontal beamforming vector determining unit configured to determine an
eigenvector calculated based on the averaging of the first horizontal covariance matrix
as the first horizontal beamforming vector, and another eigenvector calculated based on
the averaging of the second horizontal covartance matrix as the second horizontal

beamforming vector.

18. The apparatus of Claim 16, wherein the second determining unit comprises:

a first 3D beamforming vector calculating unit configured to calculate the first 3D
beamforming vector based on a first part of the vertical beamforming vectors and the
first horizontal beamforming vector; and

a second 3D beamforming vector calculating unit configured to calculate the
second 3D beamforming vector based on a second part of the vertical beamforming
vectors and the second horizontal beamforming vector,

wherein the first part of the vertical beamforming vectors is associated with the
polarization of the first antenna array, and the second part of the vertical beamforming

vectors is associated with the polarization of the second antenna array.

19. The apparatus of Claim 15, wherein the first determining unit comprises:

a vertical beamforming vector calculating unit configured to calculate the vertical
beamforming vectors based on the initial channel matrix; and

a horizontal beamforming vector calculating unit configured to calculate the

horizontal beamforming vectors based on the initial channel matrix.

20. The apparatus of Claim 19, wherein the horizontal beamforming vector
calculating unit comprises:

a first initial channel matrix dividing unit configured to divide the initial channel
matrix into 2M groups, wherein M indicates the number of antennas in a vertical
direction of the first antenna array or the second antenna array;

a second horizontal covariance matrix calculating unit configured to calculate 2M
horizontal covariance matrices of the 2M groups;

a second averaging unit configured to average each of the 2M horizontal
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covariance matrices in a second predetermined period of time or a second
predetermined frequency band; and

a second horizontal beamforming vector determining unit configured to determine
2M eigenvectors calculated based on the averaging results as the horizontal

beamforming vectors.

21. The apparatus of Claim 19, wherein the horizontal beamforming vector
calculating unit comprises:

a first initial channel matrix dividing unit configured to divide the initial channel
matrix into 2M groups, wherein M indicates the number of antennas in a vertical
direction of the first antenna array or the second antenna array;

a second horizontal covariance matrix calculating unit configured to calculate 2M
horizontal covariance matrices of the 2M groups;

a second averaging unit configured to average each of the 2M horizontal
covariance matrices in a second predetermined period of time or a second
predetermined frequency band,

a first computing unit configured to calculate a sum or a mean value of the
averaging results; and

a second horizontal beamforming vector determining unit configured to determine
an eigenvector calculated based on the sum or the mean value as each of the horizontal

beamforming vectors.

22. The apparatus of Claim 19, wherein the horizontal beamforming vector
calculating unit comprises:

a first initial channel matrix dividing unit configured to divide the initial channel
matrix into 2M groups, wherein M indicates the number of antennas in a vertical
direction of the first antenna array or the second antenna array;

a second horizontal covariance matrix calculating unit configured to calculate a
horizontal covariance matrix of one of the 2M groups;

a second averaging unit configured to average the horizontal covariance matrix in a
second predetermined period of time or a second predetermined frequency band; and

a second horizontal beamforming vector determining unit configured to determine
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an eigenvector calculated based on the averaging result as each of the horizontal

beamforming vectors.

23. The apparatus of Claim 19, wherein the second determining unit comprises:

a first 3D beamforming vector calculating unit configured to calculate the first 3D
beamforming vector based on a first part of the vertical beamforming vectors and a first
part of the horizontal beamforming vectors; and

a second 3D beamforming vector calculating unit configured to calculate the
second 3D beamforming vector based on a second part of the vertical beamforming
vectors and a second part of the horizontal beamforming vectors,

wherein the first part of the vertical beamforming vectors and the first part of the
horizontal beamforming vectors are associated with the polarization of the first antenna
array, and the second part of the vertical beamforming vectors and the second part of the
horizontal beamforming vectors are associated with the polarization of the second

antenna array.

24. The apparatus of any of Claims 16 to 23, wherein the vertical beamforming
vector calculating unit comprises:

a second initial channel matrix dividing unit configured to divide elements of the
initial channel matrix into 2N groups, wherein N indicates the number of antennas in a
horizontal direction of the first antenna array or the second antenna array;

a third horizontal covariance matrix calculating unit configured to calculate 2N
vertical covariance matrices of the 2N groups;

a third averaging unit configured to average each of the 2N vertical covariance
matrices in a first predetermined period of time or a first predetermined frequency band;
and

a vertical beamforming vector determining unit configured to determine 2N
eigenvectors calculated based on the averaging results as the vertical beamforming

vectors.

25. The apparatus of any of Claims 16 to 23, wherein the vertical beamforming

vector calculating unit comprises:
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a second initial channel matrix dividing unit configured to divide elements of the
initial channel matrix into 2N groups, wherein N indicates the number of antennas in a
horizontal direction of the first antenna array or the second antenna array;

a third horizontal covariance matrix calculating unit configured to calculate 2N
vertical covariance matrices of the 2N groups;

a third averaging unit configured to average each of the 2N vertical covariance
matrices in a first predetermined period of time or a first predetermined frequency band;

a second computing unit configured to calculating a sum or a mean value of the
averaging results; and

a vertical beamforming vector determining unit configured to determine an
eigenvector calculated based on the sum or the mean value as each of the vertical

beamforming vectors.

26. The apparatus of any of Claims 16 to 23, wherein the vertical beamforming
vector calculating unit comprises:

a second initial channel matrix dividing unit configured to divide elements of the
initial channel matrix into 2N groups, wherein N indicates the number of antennas in a
horizontal direction of the first antenna array or the second antenna array;

a third horizontal covariance matrix calculating unit configured to calculate a
vertical covariance matrix of one of the 2N groups;

a third averaging unit configured to average the vertical covariance matrix in a first
predetermined period of time or a first predetermined frequency band; and

a vertical beamforming vector determining unit configured to determine an
eigenvector calculated based on the averaging result as each of the vertical

beamforming vectors.

27. The apparatus of Claim 15, wherein the third determining unit comprises:

a third initial channel matrix dividing unit configured to divide the initial channel
matrix into a first channel matrix and a second channel matrix, wherein the first channel
matrix is associated with the first antenna array and the second channel matrix is
associated with the second antenna array;

a composition channel matrix obtaining unit configured to obtain a composition
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channel matrix based on the first 3D beamforming vector, the second 3D beamforming
vector, the first channel matrix and the second channel matrix;

a composition covariance matrix calculating unit configured to calculate a
composition covariance matrix of the composition channel matrix;

a fourth averaging unit configured to average the composition covariance matrix in
a third predetermined period of time or a third predetermined frequency band; and

a first phase factor matrix determining unit configured to determine the phase

factor matrix by performing decomposition based on the averaging results.

28. The apparatus of Claim 15, wherein the third determining unit comprises:

a simplified channel matrix determining unit configured to determine a simplified
channel matrix from the initial channel matrix, wherein the simplified channel matrix
includes channel parameters associated with a pair of antennas that have different
polarizations, wherein one of the pair of antennas belongs to the first antenna array and
the other of the pair of antennas belongs to the second antenna array;

a simplified covariance matrix calculating unit configured to calculate a simplified
covariance matrix of the simplified channel matrix;

a fifth averaging unit configured to average the simplified covariance matrix in a
third predetermined period of time or a third predetermined frequency band; and

a second phase factor matrix determining unit configured to determine the phase

factor matrix by performing decomposition based on the averaging results.
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