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METHOD AND DEVICE FOR MULTI-USER
BEAMFORMING BASED ON A FREQUENCY
DIVISION DUPLEX SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to the field of commu-
nications, more particularly to a method and device for multi-
user beamforming based on an FDD (Frequency Division
Duplex) system.

BACKGROUND

[0002] A MIMO (Multiple Input and Multiple Output) sys-
tem has become a technique drawing much attention in an
LTE (Long Term Evolution) system due to its increased chan-
nel capacity. In a multi-user MIMO mode, a beamforming
direction is devised by designing suitable weight vectors of
transmit antennas and receive antennas, thus multi-user sig-
nals can be discriminated and the interference among users
can be eliminated.

[0003] A beamforming method discriminates users based
on their orientations, thus achieving that a plurality of users
can multiplex same time and frequency resources, which is
more useful for controlling a beam direction in the case of a
small antenna interval (0.5)). A beamforming technique
operates mainly by controlling a beam direction, and is appli-
cable to open suburb scenarios. Beamforming can obtain
obvious beam energy gain, and can enlarge cell coverage. In
the multi-user MIMO mode, the beamforming direction is
devised by designing suitable weight vectors of transmit
antennas and receive antennas, the specific shape of a beam is
controlled, a main lobe can be formed in a desired direction,
and a null steering is formed in an interference direction, thus
the interference among users is eliminated. However, at
present, how to deal with the beamforming among a plurality
of'users is still under study. Particularly with respect to how to
apply the beamforming into a FDD system, there is no effi-
cient solution provided in the related art.

SUMMARY

[0004] The present invention is proposed with a view to
applying beamforming into an FDD system, a main object of
which is to provide a method and device for multi-user beam-
forming based on an FDD system so as to implement the
beamforming of downlink signals of a plurality of users
quickly in the FDD system.

[0005] In order to achieve the above-mentioned object,
according to an aspect of the present invention, there is pro-
vided a method for multi-user beamforming based on an FDD
system.

[0006] The method for multi-user beamforming based on
an FDD system according to the present invention comprises:
when two or more user terminals are at respective AOAs
(Angle of Arrival), determining a transmit weight of a down-
link signal of each user terminal by using a null-widening
algorithm, and storing the transmit weight in a network side;
and, the network side grouping user terminals based on AOA
information reported by the user terminals, selecting a corre-
sponding transmit weight for the downlink signal of each user
terminal in each group based on the AOA information of each
user terminal in the group, and through an antenna, transmit-
ting the selected transmit weight after multiplying it by a
downlink data stream of the user terminal corresponding to
the transmit weight.
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[0007] Preferably, the above-mentioned method may fur-
ther comprise: informing each user terminal in each group of
the AOA information of all user terminals in the group after
the network side groups the user terminals.

[0008] Preferably, the above-mentioned AOA may be a
quantified value.

[0009] Preferably, an identified binary digit may be allo-
cated to the quantified value of AOA, and the quantified value
of'each AOA may correspond to an identifier composed ofthe
identified binary digit.

[0010] Preferably, the user terminal may, after measuring
an angle value of AOA, select the nearest quantified value of
AOA as a measurement value, and may report the identifier
corresponding to the measurement value; and the identifiers
to which the AOAs of all user terminals in each group corre-
spond may feed back to the user terminal by the network side.
[0011] Preferably, the network side may group the user
terminals based on the AOA information reported by the user
terminals, wherein specifically, for a four-antenna FDD sys-
tem, when the difference between the AOAs reported by the
user terminals is greater than or equal to 20°, that user termi-
nals may be grouped into one group; and for an eight-antenna
FDD system, when the difference between the AOAs reported
by the user terminals is greater than or equal to 10°, that user
terminals may be grouped into one group.

[0012] In order to achieve the above object, according to
another aspect of the present invention, there is provided a
method for multi-user beamforming based on an FDD sys-
tem.

[0013] The method for multi-user beamforming based on
an FDD system according to the present invention comprises:
when two or more user terminals are at respective AOAs,
determining a transmit weight of a downlink signal of each
user terminal by using a null-widening algorithm, and storing
the transmit weight in each user terminal; and, after the user
terminals receive AOA information and the downlink signal
of each user terminal in the user terminal groups grouped by
a network side, determining a transmit weight used by the
downlink signal based on the AOA information of each user
terminal in the group that the user terminals belong to, and
demodulating the downlink signal by using the transmit
weight.

[0014] Preferably, the way to determine the group the user
terminals belong to may be that: for a four-antenna FDD
system, when the difference between the AOAs of the user
terminals is greater than or equal to 20°, that user terminals
are grouped into one group; and for an eight-antenna FDD
system, when the difference between the AOAs of the user
terminals is greater than or equal to 10°, that user terminals
are grouped into one group.

[0015] Preferably, the above-mentioned AOA may be a
quantified value.

[0016] Preferably, an identified binary digit may be allo-
cated to the quantified value of AOA, and the quantified value
of'each AOA may correspond to an identifier composed of the
identified binary digit.

[0017] Preferably, the user terminal may, after measuring
an angle value of AOA, select the nearest quantified value of
AOA as a measurement value, and report the identifier corre-
sponding to the measurement value to the network side; and
the network side may feed back to each user terminal in the
user terminal groups the identifiers which the AOAs of all
user terminals in each group correspond to.
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[0018] In order to achieve the above object, according to
another aspect of the present invention, there is provided a
device for multi-user beamforming based on a FDD system.

[0019] The device for multi-user beamforming based on a
FDD system according to the present invention comprises: a
determining unit, used for determining a transmit weight of'a
downlink signal of each user terminal by using a null-widen-
ing algorithm when two or more user terminals are at respec-
tive AOAs; a storing unit, used for storing the transmit weight
corresponding to the downlink signal of each user terminal
when the two or more user terminals are at the respective
AOAs; a receiving unit, used for receiving AOA information
reported by the user terminals; a grouping unit, used for
grouping the user terminals based on the AOA information
received by the receiving unit; a selecting unit, used for
selecting a corresponding transmit weight for the downlink
signal of each user terminal in each group based on the AOA
information of each user terminal in the group; and a trans-
mitting unit, used for transmitting the transmit weight
selected by the selecting unit after multiplying it by a down-
link data stream of the user terminal corresponding to the
transmit weight.

[0020] Preferably, the device may further comprise an
informing unit, used for informing each user terminal in the
group grouped by the grouping unit of the AOA information
of all user terminals in the group.

[0021] Preferably, the grouping unit may group the down-
link signals of the user terminals based on the AOA informa-
tion received by the receiving unit, wherein specifically, for a
four-antenna FDD system, when the difference between the
AOAs reported by the user terminals is greater than or equal
to 20°, the downlink signals of the user terminals are grouped
into one group; and for an eight-antenna FDD system, when
the difference between the AOAs reported by the user termi-
nals is greater than or equal to 10°, the downlink signals of the
user terminals are grouped into one group.

[0022] In order to achieve the above object, according to
another aspect of the present invention, there is provided a
device for multi-user beamforming based on an FDD system.

[0023] The device for multi-user beamforming based on an
FDD system according to the present invention comprises: a
first determining unit, used for determining a transmit weight
of a downlink signal of each user terminal by using a null-
widening algorithm when two or more user terminals are at
respective AOAs; a storing unit, used for storing the transmit
weight corresponding to the downlink signal of each user
terminal when the two or more user terminals are at the
respective AOAs; a receiving unit, used for receiving a down-
link signal transmitted by a network side and AOA informa-
tion of each user terminal in user terminal groups grouped by
the network side; a second determining unit, used for deter-
mining a transmit weight used by the downlink signal
received by the receiving unit based on the AOA information
of each user terminal in the group that the user terminal
belongs to; and a demodulating unit, used for demodulating
the downlink signal by using the transmit weight determined
by the second determining unit.

[0024] Preferably, the device may further comprise: a mea-
suring unit, used for measuring the AOA of the user terminal
based on the downlink signal received by the receiving unit;
and a reporting unit, used for reporting the AOA information
measured by the measuring unit to the network side.

[0025] Preferably, the AOA may be a quantified value.
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[0026] Preferably, the device may further comprise aniden-
tifying unit, used for allocating an identified binary digit to
the quantified value of AOA, wherein the quantified value of
each AOA corresponds to an identifier composed of the iden-
tified binary digit; and after measuring an angle value of AOA
of the user terminal, the measuring unit selects the nearest
quantified value of AOA as a measurement value, and the
reporting unit reports the identifier to which the measurement
value correspond to the network side.

[0027] In the present invention, firstly, the AOA which the
user terminal is located at is quantified, and then, when each
user terminal in the user terminal group is located at a differ-
ent AOA, the transmit weight of the downlink signal of each
user terminal is computed by using the null-widening algo-
rithm, and after the computation is completed the transmit
weight is stored in the network side and the user terminal,
respectively. Thus, when the beamforming is performed on a
plurality of user terminals, based on the AOA information
reported by each user terminal and the number of the user
terminals, and based on the correspondence between the
stored AOA that each user terminal in the user terminal group
is located at and the transmit weight of the downlink signal of
the user terminal, the transmit weight of the downlink signal
of'the user terminal is determined directly, without determin-
ing the transmit weight of beamforming of the downlink
signal of each user terminal in the user terminal group in real
time. Therefore, the computation burden of the network side
can be reduced, the efficiency of the beamforming can be
enhanced, and thus the capacity of the FDD system can be
increased while ensuring the communication quality.

[0028] The other features and advantages of the present
invention will be described in the specification below, and
become obvious in part from the specification or understood
through implementing the present invention. The object and
other advantages of the present invention can be achieved and
gained through the structure specifically pointed out in the
specification, claims or drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The drawings described here are used to provide
further understanding for the present invention, and consti-
tute a part of this application. The exemplary embodiments
and description of the present invention are used to explain
the present invention, and do not constitute an undue limita-
tion to the present invention. In the drawings:

[0030] FIG. 1 is a flow chart of a method for multi-user
beamforming based on an FDD system according to Method
Embodiment 1 of the present invention;

[0031] FIG. 2 is a flow chart of a method for multi-user
beamforming based on an FDD system according to Method
Embodiment 2 of the present invention;

[0032] FIG. 3 is a schematic diagram of the composition
structure of a device for multi-user beamforming based on an
FDD system according to Device Embodiment 1 of the
present invention; and

[0033] FIG. 4 is a schematic diagram of the composition
structure of a device for multi-user beamforming based on an
FDD system according to Device Embodiment 2 of the
present invention.

DETAILED DESCRIPTION
Function Overview

[0034] In the technical solutions of the embodiments of the
present invention, firstly, the AOA which the user terminal is
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located at is quantified, and then the transmit weight of the
downlink signal of the user terminal, when each user terminal
of the user terminal group is at a different AOA, is computed
by using the null-widening algorithm, and after the compu-
tation is completed, the transmit weight is stored in the net-
work side and each user terminal respectively. Thus, when the
beamforming is performed on a plurality of user terminals,
the transmit weight of the downlink signal of the user terminal
is determined directly, based on the AOA information
reported by each user terminal and the number of the user
terminals, and based on the correspondence between the
stored AOA that each user terminal of the user terminal group
is located at and the transmit weight of the downlink signal of
the user terminal, and thus it is no need to determine the
transmit weight of beamforming of the downlink signal of
each user terminal in the user terminal group in real time.
Therefore, the computation burden of the network side can be
reduced, the efficiency of the beamforming can be enhanced,
and thus the capacity of the FDD system can be increased
while ensuring the communication quality.

[0035] The present invention will be detailed below with
reference to the drawings in conjunction with the embodi-
ments. It should be pointed out that in case of no confliction,
the embodiments and the features in the embodiments in this
application could be combined with each other.

Method Embodiment 1

[0036] According to an embodiment of the present inven-
tion, it is provided a method for multi-user beamforming
based on an FDD system.

[0037] FIG. 1 is a flow chart of a method for multi-user
beamforming based on an FDD system according to Method
Embodiment 1 of the present invention. As shown in FIG. 1,
the method for multi-user beamforming based on an FDD
system in the embodiment comprises the following steps 101
to 103.

[0038] Step 101: when there is two or more user terminals
at respective AOAs, a transmit weight of a downlink signal of
each user terminal is determined by using a null-widening
algorithm, and is stored in a network side.

[0039] In the present invention, the AOA between a user
terminal and a network side (base station) is identified in a
quantification way. Taking a cell with three sectors as an
example, the range that the sector covers is between
-60°~60°, while the range of the AOA where the user termi-
nal is located is 120°. The AOA of the user terminal can be
quantified into such 10 angle values as -55°, -45°, -35°,
-25°, -15°, -5°, 5°,15°, 25°,35°, 45° and 55°. It should be
pointed out that the above-mentioned quantified angles are
preferably those which equally divide the whole sector, so
that, after the user terminal measures an actual AOA, the user
terminal selects the angle nearest to the above-mentioned
quantified value as its AOA, and reports the AOA to the
network side. Those skilled in the art should understand that,
the more the number of the quantified values is, the more
accurate the AOA reported by the user terminal is. In order to
facilitate identification, the AOAs can be quantified into 16
values, and the angle values of the AOAs are as follows,
respectively:
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-56.25 -48.75 -41.25 -33775 -26.25 -18.75 -11.25 -3.75
3.75 1125 1875 2625 3375 4125 4875 56.25

[0040] Thus, the AOA that each user terminal is located at
can be identified through a 4-bit binary character.

[0041] According to the quantified values of the AOAs, the
transmit weight of the downlink signal of the user terminal is
determined when a plurality of user terminals perform beam-
forming in the case of various AOAs. For example, when
performing the beamforming on downlink signals of two user
terminals, the transmit weight of the downlink signal of each
user terminal is computed by using the null-widening algo-
rithm when the two user terminals are located at the above 16
AOAs respectively. Those skilled in the art should understand
that the null-widening algorithm is a mature beamforming
algorithm, which can perform beamforming on the downlink
signals of two or more user terminals, so that after the beam-
forming, the direction of the main lobe of the downlink signal
is located at the direction of the AOA reported by the user
terminal which the downlink signal belong to, and the direc-
tions ofthe null steering ofthe downlink signals are located in
the direction of the main lobes of the downlink signals of the
other user terminals. The detail of the null-widening algo-
rithm will not be detailed here. In the case of three user
terminals, the transmit weights of the downlink signals of'the
user terminals when performing beamforming are deter-
mined, respectively.

[0042] The information about the correspondence between
the determined AOA that the user terminal is located at and
the transmit weight of the downlink signals of each user
terminal is stored in the network side.

[0043] Step 102: the network side groups the user terminals
based on the AOA information reported by the user terminals,
and informs each user terminal in each group of the AOA
information of all user terminals in this group.

[0044] Inthe FDD system, since frequency ranges that an
uplink channel and a downlink channel are located in are
different, the network side can not obtain downlink channel
information through uplink channel information directly, and
thus the network side can not obtain the AOA of the user
terminal by using matrix information of the downlink chan-
nel. However, in the FDD system, the measurement of the
AOA between the user terminal and the base station can be
carried out by the user terminal, and the user terminal com-
pletes channel estimation of the downlink signal based on a
common pilot, thus obtains the matrix information of the
downlink channel, and computes the AOA between the user
terminal and the base station that transmits the downlink
signal based on the matrix information of the downlink chan-
nel. Those skilled in the art should understand that it is an
existing technique that a user terminal completes the mea-
surement of an AOA based on a downlink signal, the specific
measurement manner will not be given here.

[0045] After the user terminal completes the measurement
of the AOA, how to report AOA information is also a knotty
problem. In order to save reporting resources, the present
invention adopts the above-mentioned method for quantify-
ing the AOA, and reports the measured AOA by reporting the
identifier that corresponds to the quantified AOA. The above
process will be detailed below.
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[0046] Each quantified AOA angle value is identified by
using a binary digit. Taking the above-mentioned AOA range
between —60°~60° being quantified into the foregoing 16
values as an example, the 16 AOA angle values can be iden-
tified by using a 4-bit binary character, and the 16 AOA angle
values correspond to binary digits from “0000” to “1111”. For
example, if the user terminal measures the actual AOA value
to be 10°, then the quantified angle 11.25° that is nearest to
10° is selected as a measurement value, and is reported to the
network side. At this time, the binary digit “0110” is selected
to be reported to the network side (base station). Because the
system has arranged the correspondence between the
reported binary digit and the AOA value measured by the user
terminal, the AOA of the user terminal can be determined as
11.25° after the base station receives the value of “0110”. The
resources, which carried the precoding matrix indication
(PMI) information originally, are used for carrying AOA
information. When the AOA value measured by the user
terminal is between two quantified values, the binary digits
corresponding to such two quantified values on the left and
right will be reported.

[0047] The network side groups the downlink signals that
are to be transmitted based on the AOA reported by each user
terminal. The principle of the grouping mainly is that no
interference will be caused between the downlink signals in
the group, and at least, in the main lobe of the downlink signal
after the beamforming, there can not be any interference from
side lobes of other downlink signals. The present invention
can, by using the null-widening algorithm, ensure that the
null steering of the downlink signal of each user terminal in
the user terminal group is located in the main lobes of the
downlink signals of other user terminals, so as to reduce the
interference between the downlink signals in the user termi-
nal group to a minimum. In view of the beamforming require-
ment of the present invention, if the angle difference between
the downlink signals in direction of main lobes is relatively
small, then it is unable to meet the requirement that the null
steering of other downlink signals are located in the main lobe
of some downlink signal. Therefore, the principle of the
present invention for grouping the downlink signals is: for a
4-antenna FDD system, when the difference between the
AOAs corresponding to the user terminals is greater than or
equal to 20°, the user terminals are grouped into a group, and
preferably, for the 4-antenna FDD system, when the differ-
ence between the AOAs corresponding to the user terminals is
greater than or equal to 40°, the user terminals are grouped
into a group; and, for an 8-antenna FDD system, when the
difference between the AOAs corresponding to the user ter-
minals is greater than or equal to 10°, the user terminals are
grouped into a group, and preferably, for the 8-antenna FDD
system, when the difference between the AOAs correspond-
ing to user terminals is greater than or equal to 20°, the user
terminals are grouped into a group.

[0048] After the user terminal group is determined, each
user terminal in the user terminal group will be informed
respectively of AOA information of all user terminals in the
group. The informing manner can adopt the above-mentioned
one in which the user terminals report the AOA information,
i.e., each user terminal in the user terminal group is informed
by using the binary character corresponding to the quantified
AOA.

[0049] Step 103: the network side selects a corresponding
transmit weight for the downlink signal of each user terminal
in the group based on the AOA information of each user
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terminal in each group, and transmits the selected transmit
weight through an antenna after multiplying it by a downlink
data stream of the user terminal corresponding to the transmit
weight.

[0050] By using the information of the AOA where each
user terminal in the allocated user terminal group is located,
and based on the correspondence, stored in the network side,
between the AOA where each user terminal in the user termi-
nal group is located and the transmit weight of downlink
signal of each user terminal, the network side determines the
transmit weight of the downlink signal of each user terminal
in the user terminal group; the network side multiplies the
selected transmit weight by the downlink data signal to be
transmitted before transmitting the downlink data signal to
the user terminals, then loads common reference signal
(CRS), and transmits the downlink data signal via the trans-
mit antenna of the network side, thus completing downlink
beamforming of the user terminal group.

[0051] The transmit weight selected by the network side
has been obtained through computation by using the null-
widening algorithm, therefore, after the transmit weight is
multiplied with the downlink data signal in the user terminal
group, the downlink beamforming of the user terminal group
has been completed. Since a computing process of the beam-
forming has been done in advance, it is unnecessary for the
network side to perform the computation of real-time beam-
forming for the downlink signal of each user terminal in the
user terminal group, and what needs to be done is only to
select the transmit weight of beamforming for the user termi-
nal. Thus, this solution can reduce the operation load of the
network side.

[0052] Those skilled in the art would understand that, the
method shown in FIG. 1 is applicable to the network side
(base station) of the FDD system.

Method Embodiment 2

[0053] According to an embodiment of the present inven-
tion, there is provided a method for multi-user beamforming
based on an FDD system.

[0054] FIG. 2 is a flow chart of a method for multi-user
beamforming based on an FDD system according to Method
Embodiment 2 of the present invention. As shown in FIG. 2,
the method for multi-user beamforming based on an FDD
system according to the present embodiment comprises the
following steps 201 to 202.

[0055] Step 201: when two or more user terminals are at
respective AOAs, a transmit weight of a downlink signal of
each user terminal is determined by using a null-widening
algorithm, and is stored in each respective user terminal.
[0056] In the present invention, the AOA between a user
terminal and a network side (base station) is identified in a
quantification way. Refer to the above-mentioned step 101 for
the implementation detail of this step. The only difference
from step 101 is that, in this embodiment, the information
about the correspondence between the determined AOA that
each user terminal in the user terminal group is located at and
the transmit weight of the downlink signal of each user ter-
minal is stored in all the user terminals in the FDD system.
Here, the information about the correspondence between the
AOA that each user terminal in the user terminal group is
located at and the transmit weight of the downlink signal of
each user terminal is configured in the user terminals as
configuration information, i.e., the correspondence informa-
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tion has been configured before the user terminals leave the
factory, oris configured when the user terminals enter into the
network.

[0057] Step 202: after the user terminal receives AOA infor-
mation and the downlink signal of each user terminal in the
user terminal group grouped by the network side, the transmit
weight used by the downlink signal is determined based on
the AOA information of each user terminal in the group which
the user terminal is located in, and the downlink signal is
demodulated by using the transmit weight.

[0058] After the user terminal receives the AOA informa-
tion and the downlink signal of each user terminal in the user
terminal group grouped by the network side, it is determined
that beamforming processing has been performed on the
downlink signal that is transmitted by the network side. At
this time, based on the AOA information of each user termi-
nals in the user terminal group grouped by the network side,
the transmit weight used by the network side for the current
downlink signal is determined and is used for demodulating
the received downlink signal.

[0059] The method for multi-user beamforming based on
an FDD system according to this embodiment further com-
prises the steps of: after the user terminal measures an angle
valued of AOA, it selects the nearest quantified value of AOA
as a measurement value, and reports an identifier consisting
of'a binary digit corresponding to the measurement is value to
the network side; and the network side sends identifiers to
which the AOAs of all user terminals in each group corre-
spond to each user terminal in the user terminal group. Refer
to the related description in the above-mentioned step 102 for
the manner in which the user terminal reports the AOA infor-
mation, the details will not be repeated here. The network side
informs the user terminal of the AOA information of all user
terminals in the user terminal group also by using the binary
identifiers as described in step 102. The user terminal can
determine the angle value of AOA informed by the network
side only based on the correspondence between the identifiers
and the AOA angle values.

[0060] Those skilled in the art would understand that, the
method shown in FIG. 2 is applicable to the user terminal side
of the FDD system.

[0061] According to the embodiments of the present inven-
tion, there is further provided a computer readable medium,
which stores instructions executable by a computer thereon.
When the instructions are executed by a computer or proces-
sor, the computer or processor is made to execute the process-
ing of the steps shown in FIGS. 1 and 2. Preferably, the above
method embodiments can be executed.

Device Embodiment 1

[0062] According to an embodiment of the present inven-
tion, there is provided a device for multi-user beamforming
based on an FDD system.

[0063] FIG. 3 is a schematic diagram of the constitutional
structure of a device for multi-user beamforming based on an
FDD system according to Device Embodiment 1 of the
present invention. As shown in FIG. 3, the device for multi-
user beamforming based on an FDD system according to the
present embodiment comprises a determining unit 30, a stor-
ing unit 31, a receiving unit 32, a grouping unit 33, a selecting
unit 34 and a transmitting unit 35. The determining unit 30 is
used for, when two or more user terminals are at respective
AOAs, determining a transmit weight of a downlink signal of
each user terminal by using a null-widening algorithm. The
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storing unit 31 is used for storing the transmit weight corre-
sponding to the downlink signal of each user terminal when
the two or more user terminals are at the respective AOAs.
The receiving unit 32 is used for receiving AOA information
reported by the user terminals. The grouping unit 33 is used
for grouping the user terminals based on the AOA information
received by the receiving unit 32, the principle of the group-
ing is that: for a 4-antenna FDD system, when the difference
between the AOAs corresponding to the user terminals is
greater than or equal to 20°, the user terminals are grouped
into a group, and preferably, for the 4-antenna FDD system,
when the difference between the AOAs corresponding to the
user terminals is greater than or equal to 40°, the user termi-
nals are grouped into a group; and, for an 8-antenna FDD
system, when the difference between the AOAs correspond-
ing to the user terminals is greater than or equal to 10°, the
user terminals are grouped into a group, and preferably, for
the 8-antenna FDD system, when the difference between the
AOAs corresponding to the user terminals is greater than or
equal to 20°, the user terminals are grouped into a group. The
selecting unit 34 is used for, according to the AOA informa-
tion of the user terminals in each group, selecting a corre-
sponding transmit weight for the downlink signal of each user
terminal in the group. The transmitting unit 35 is used for
transmitting the transmit weight selected by the selecting unit
after multiplying it by a downlink data stream of the user
terminal corresponding to the transmit weight.

[0064] As showninFIG. 3, the device for multi-user beam-
forming based on an FDD system according to the present
embodiment further comprises an informing unit 36, which is
used for informing each user terminal in the user terminal
group which is grouped by the grouping unit 33 of the AOA
information of all user terminals in the group. Those skilled in
the art would appreciate that the informing unit 36 is an
optional component of the device for multi-user beamform-
ing based on an FDD system according to this embodiment.
[0065] Those skilled in the art would appreciate that the
device for multi-user beamforming based on an FDD system
shown in FIG. 3 is designed for implementing the device for
multi-user beamforming based on an FDD system shown in
FIG. 1, and the functions implemented by the processing
units in the device for multi-user beamforming based on an
FDD system shown in FIG. 3 can be understood by referring
to the related description in the method shown in FIG. 1. The
functions of the units in the device for multi-user beamform-
ing based on an FDD system shown in FIG. 3 can be imple-
mented by running is programs in a processor, or can also be
implemented by a specific logic circuit. For example, the
storing unit 31 therein can be implemented by various storing
devices such as a flash memory, while the receiving unit 32
can be implemented by a receiving antenna processing sys-
tem.

Device Embodiment 2

[0066] According to an embodiment of the present inven-
tion, there is provided a device for multi-user beamforming
based on an FDD system.

[0067] FIG. 4 is a schematic diagram of the constitutional
structure of a device for multi-user beamforming based on an
FDD system according to Device Embodiment 2 of the
present invention. As shown in FIG. 4, the device for multi-
user beamforming based on an FDD system according to the
present embodiment comprises: a first determining unit 40, a
storing unit 41, a receiving unit 42, a second determining unit
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43 and a demodulating unit 44. The first determining unit 40
is used for, when two or more user terminals are at respective
AOAs, determining a transmit weight of a downlink signal of
each user terminal by using a null-widening algorithm. The
storing unit 41 is used for storing the transmit weight corre-
sponding to the downlink signal of each user terminal when
the two or more user terminals are at the respective AOAs.
The receiving unit 42 is used for receiving a downlink signal
transmitted by a network side and AOA information of each
user terminal in a user terminal group grouped by the network
side. The second determining unit 43 is used for determining
the transmit weight used by the downlink signal received by
the receiving unit 42 based on the AOA information of each
user terminal in the group that the user terminal is located in.
The demodulating unit 44 is used for demodulating the down-
link signal using the transmit weight determined by the sec-
ond determining unit 43.

[0068] As showninFIG. 4, the device for multi-user beam-
forming based on an FDD system according to the present
embodiment further comprises a measuring unit 45 and a
reporting unit 46. The measuring unit 45 is used for measur-
ing the AOA of the user terminal by using the downlink signal
received by the receiving unit 42. The reporting unit 46 is used
for reporting the information of the AOA measured by the
measuring unit 45 to the network side.

[0069] As shownin FIG. 4, the device for multi-user beam-
forming based on an FDD system according to the present
embodiment further comprises an identifying unit 47, which
is used for allocating an identified binary digit to a quantified
value of AOA, wherein the quantified value of each AOA
corresponds to an identifier composed of the identified binary
digit. After the measuring unit 45 measures an angle value of
AOA of'the user terminal, the nearest quantified value of ACA
is selected as a measurement value, and the reporting unit 46
reports the identifier composed of a binary digit, correspond-
ing to the measurement value to the network side.

[0070] Those skilled in the art would appreciate that the
measuring unit 45, the reporting unit 46 and the identifying
unit 47 are all optional components of the device for multi-
user beamforming based on an FDD system according to this
embodiment, wherein the measuring unit 45 and the reporting
unit 46 must be used simultaneously.

[0071] Those skilled in the art would appreciate that the
device for multi-user beamforming based on an FDD system
shown in FIG. 4 is designed for implementing the method for
multi-user beamforming based on an FDD system shown in
FIG. 2, and the functions implemented by the processing
units in the device for multi-user beamforming based on an
FDD system shown in FIG. 4 can be understood by referring
to the related description in the method shown in FIG. 2. The
functions of the units in the device for multi-user beamform-
ing based on an FDD system shown in FIG. 4 can be imple-
mented by running programs in a processor, or can also be
implemented by a specific logic circuit. For example, the
storing unit 41 therein can be implemented by various storing
devices such as a flash memory, while the reporting unit 46
can be implemented by a transmitting antenna processing
system.

[0072] The method and device for multi-user beamforming
based on an FDD system provided by the present invention
realize the application of beamforming to an FDD system.
The computation burden of the network side can be reduced,
the efficiency of the beamforming can be enhanced, and thus

May 5, 2011

the capacity of the FDD system can be increased while ensur-
ing the communication quality.

[0073] The present invention is implemented without
modifying the system architecture and the current process
flow, thus it is easy to be carried out, facilitates the popular-
ization in technical fields, and has a relatively strong indus-
trial applicability.

[0074] The above-mentioned descriptions are just pre-
ferred embodiments of the present invention, and are not used
to limit the present invention. For those skilled in the art, there
can be various modifications and variations in the present
invention. All modifications, equivalent substitutes and
improvements within the spirit and principle of the present
invention should be included into the protection scope of the
present invention.

1. A method for multi-user beamforming based on a fre-
quency division duplex system comprising:

when two or more user terminals are at respective angles of

arrival (AOAs), determining a transmit weight of a
downlink signal of each user terminal by using a null-
widening algorithm, and storing the transmit weight in a
network side; and

the network side grouping the user terminals based on AOA

information reported by the user terminals, selecting a
corresponding transmit weight for the downlink signal
of each user terminal in each group based on the AOA
information of each user terminal in the group, and
transmitting the selected transmit weight after multiply-
ing it by a downlink data stream of the user terminal
corresponding to the transmit weight.

2. The method according to claim 1, the method further
comprising:

after grouping the user terminals, the network side inform-

ing each user terminal in each group of AOA information
of all user terminals in the group.

3. The method according to claim 1, wherein the AOA is a
quantified value; an identified binary digit is allocated to the
quantified value of AOA, and the quantified value of each
AOA corresponds to an identifier composed of the identified
binary digit.

4. (canceled)

5. The method according to claim 3, wherein the user
terminal, after measuring an angle value of AOA, selects the
nearest quantified value of AOA as a measurement value, and
reports the identifier corresponding to the measurement
value; and the identifiers to which the AOAs of all user ter-
minals in each group correspond feed back to the user termi-
nal by the network side.

6. The method according to claim 3, wherein the network
side groups the user terminals based on the AOA information
reported by the user terminals, wherein specifically,

for a four-antenna FDD system, when the difference

between the AOAs reported by the user terminals is
greater than or equal to 20°, that user terminals are
grouped into one group; and

for an eight-antenna FDD system, when the difference

between the AOAs reported by the user terminals is
greater than or equal to 10°, that user terminals are
grouped into one group.

7. A method for multi-user beamforming based on a fre-
quency division duplex system, comprising:

when two or more user terminals are at respective AOAs,

determining a transmit weight of a downlink signal of



US 2011/0103254 Al

each user terminal by using a null-widening algorithm,
and storing the transmit weight in each user terminal;
and,

after the user terminal receives AOA information and the
downlink signal of each user terminal in a user terminal
group grouped by an network side, the user terminal
determining a transmit weight used by the downlink
signal based on the AOA information of each user ter-
minal in the group that the user terminal belongs to, and
demodulating the downlink signal by using the transmit
weight.

8. The method according to claim 7, wherein the way to
determine the group the user terminal belongs to is that:

for a four-antenna FDD system, when the difference

between the AOAs of the user terminals is greater than or
equal to 20°, that user terminals are grouped into one
group; and

for an eight-antenna FDD system, when the difference

between the AOAs of the user terminals is greater than or
equal to 10°, that user terminals are grouped into one
group.

9. The method according to claim 8, wherein the AOA is a
quantified value; an identified binary digit is allocated to the
quantified value of AOA, and the quantified value of each
AOA corresponds to an identifier composed of the identified
binary digit.

10. (canceled)

11. The method according to claim 9, wherein the user
terminal, after measuring an angle value of AOA, selects the
nearest quantified value of AOA as a measurement value, and
reports the identifier corresponding to the measurement value
to the network side; and the network side sends the identifiers
to which the AOAs of all user terminals in each group corre-
spond to each user terminal in the user terminal group.

12. A device for multi-user beamforming based on a fre-
quency division duplex system, comprising:

a determining unit, used for determining a transmit weight
of a downlink signal of each user terminal by using a
null-widening algorithm when two or more user termi-
nals are at respective AOAs;

a storing unit, used for storing the transmit weight corre-
sponding to the downlink signal of each user terminal
when the two or more user terminals are at the respective
AOAs;

a receiving unit, used for receiving AOA information
reported by the user terminals;

a grouping unit, used for grouping the user terminals based
on the AOA information received by the receiving unit;

aselecting unit, used for selecting a corresponding transmit
weight for the downlink signal of each user terminal in
each group based on the AOA information of each user
terminal in the group; and

a transmitting unit, used for transmitting the transmit
weight selected by the selecting unit after multiplying it
by a downlink data stream of the user terminal corre-
sponding to the transmit weight.

13. The device according to claim 12, the device further

comprising:

an informing unit, used for informing each user terminal in
the group grouped by the grouping unit of the AOA
information of all user terminals in the group.
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14. The device according to claim 12, wherein the grouping
unit groups the downlink signals of the user terminals based
on the AOA information received by the receiving unit,
wherein specifically,

for a four-antenna FDD system, when the difference
between the AOAs reported by the user terminals is
greater than or equal to 20°, the downlink signals of the
user terminals are grouped into one group; and

for an eight-antenna FDD system, when the difference
between the AOAs reported by the user terminals is
greater than or equal to 10°, the downlink signals of the
user terminals are grouped into one group.

15. A device for multi-user beamforming based on a fre-

quency division duplex system, comprising:

a first determining unit, used for determining a transmit
weight of a downlink signal of each user terminal by
using a null-widening algorithm when two or more user
terminals are at respective AOAs;

a storing unit, used for storing the transmit weight corre-
sponding to the downlink signal of each user terminal
when the two or more user terminals are at the respective
AOAs;

areceiving unit, used for receiving a downlink signal trans-
mitted by a network side and AOA information of each
user terminal in user terminal groups grouped by the
network side;

a second determining unit, used for determining the trans-
mit weight used by the downlink signal received by the
receiving unit based on the AOA information of each
user terminal in the group that the user terminal belongs
to; and

a demodulating unit, used for demodulating the downlink
signal by using the transmit weight determined by the
second determining unit.

16. The device according to claim 15, the device further

comprising:

a measuring unit, used for measuring the AOA of the user
terminal by using the downlink signal received by the
receiving unit; and

a reporting unit, used for reporting the AOA information
measured by the measuring unit to the network side.

17. The device according to claim 15, wherein the AOA is
a quantified value.

18. The device according to claim 17, the device further
comprising:

an identifying unit, used for allocating an identified binary
digit to a quantified value of AOA, wherein the quanti-
fied value of each AOA corresponds to an identifier
composed of the identified binary digit; and after the
measuring unit measures an angle value of AOA of the
user terminal, the nearest quantified value of AOA is
selected as a measurement value, and the reporting unit
reports the identifier to which the measurement value
corresponds to the network side.

19. The method according to claim 2, wherein the AOA is

a quantified value; an identified binary digit is allocated to the
quantified value of AOA, and the quantified value of each
AOA corresponds to an identifier composed of the identified
binary digit.

20. The method according to claim 19, wherein the user
terminal, after measuring an angle value of AOA, selects the
nearest quantified value of AOA as a measurement value, and
reports the identifier corresponding to the measurement
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value; and the identifiers to which the AOAs of all user ter-
minals in each group correspond feed back to the user termi-
nal by the network side.

21. The method according to claim 19, wherein the net-
work side groups the user terminals based on the AOA infor-
mation reported by the user terminals, wherein specifically,

for a four-antenna FDD system, when the difference

between the AOAs reported by the user terminals is
greater than or equal to 20°, that user terminals are
grouped into one group; and

for an eight-antenna FDD system, when the difference

between the AOAs reported by the user terminals is
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greater than or equal to 10°, that user terminals are
grouped into one group.
22. The device according to claim 16, wherein the AOA is
a quantified value; an identifying unit, used for allocating an
identified binary digit to a quantified value of AOA, wherein
the quantified value of each AOA corresponds to an identifier
composed of the identified binary digit; and after the measur-
ing unit measures an angle value of AOA of the user terminal,
the nearest quantified value of AOA is selected as a measure-
ment value, and the reporting unit reports the identifier to
which the measurement value corresponds to the network
side.
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