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METHODS AND APPARATUSES FOR PERFORMING PRE-CODING

FIELD

[0001] Embodiments of the present disclosure generally relate to the field of wireless

communications, and more specifically, to a method and apparatus for performing pre-coding.

BACKGROUND

[0002] Two-dimensional multiple-input multiple-output (MIMO) transmission is studied and
adopted in LTE systems. The conventional antenna array is generally arranged horizontally
and forms a wave beam on a horizontal plane. However, in the recent 3GPP conferences

there is proposed a three-dimensional MIMO channel propagation model.

[0003] To explore more potential benefits of the three-dimensional wireless channel, the
two-dimensional active antenna array (AAA) system has been employed to form a
three-dimensional wave beam in the horizontal and vertical directions so that the closed-loop
MIMO transmission mode can support more antenna ports. Considering high mobility of the
user equipment (UE), the open-loop scheme can also benefit from the advanced antenna

configuration.

[0004] The open-loop MIMO scheme based on a demodulation reference signal (DMRS)
has been discussed in the LTE system R14 and many companies have proposed transparent or

non-transparent transmission schemes.

[0005] For example, in the current LTE system, the open-loop (OL) transmission scheme is
defined in TM2 (transmission model 2) and TM3. TM2 is space frequency block coding
(SFBC) of diversity transmission with a rank of 1, and TM3 is a large delay cyclic diversity
transmission (LD-CDD) with a rank ranging from 1 to 4. The improved solution for the
open-loop MIMO system is to adopt the advanced antenna configuration and antenna ports
and to support more optimized wave beam beam-forming gain and diversity gain through

channel estimation based on DMRS instead of based on cell specific reference signal (CRS).

[0006] The system model fed back by double Precoding Matrix Indicator (PMI) can be
represented by the following equation:

y=HWW,s+n (1)
where y represents a signal received by a UE, s represents a signal transmitted by an eNB, n

represents a noise vector, H represents a channel response matrix from transmitting antenna
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ports to receiving antenna ports, and W;W; represents a pre-coding matrix, where W;
represents a long-term broadband pre-coding matrix which can be fed back by the UE or
selected cyclically from the available codebook and W, represents a short-term pre-coding
matrix selected cyclically from the available codebook randomly. W; is used to reduce
channel dimension and W, is used for open-loop pre-coding. This open-loop MIMO is
referred to as a semi-open-loop MIMO scheme. If both W; and W, are selected from the

codebook or its subset cyclically, it is referred to as a pure open-loop MIMO scheme.

[0007] However, for a pre-coding matrix that should be selected cyclically, the eNB
generally performs the cyclical selection based on a predetermined cyclic order and cycle
frequency without taking mobility of the UE into consideration. When the UE moves fast, it
may be impossible to select an accurate wave beam during the pre-coding process to align to

the UE, failing to achieve a high wave beam beam-forming gain and diversity gain.

SUMMARY

[0008] The object of the present invention is to provide methods and apparatuses for

performing pre-coding.

[0009] In an aspect of the present invention, there is provided a method of assisting in
performing pre-coding in a UE, where a common pre-coding codebook is stored in an eNB
and the UE included in a MIMO system, and the eNB pre-codes transmission information
based on a first pre-coding matrix corresponding to a long-term wave beam or a cyclically
changed wave beam and a second pre-coding matrix corresponding to a cyclically changed
wave beam, the method comprising steps of:

a. upon reception of a reference signal transmitted from the eNB, obtaining
corresponding cycle indication information by performing a mobility estimation operation,
where the cycle indication information includes cycle order information indicating an order of
changing respective wave beams; and

b. feeding the cycle indication information back to the eNB so that the eNB
determines, based on cycle indication information, a cyclic order of the respective wave

beams to be changed cyclically.

[0010] In an aspect of the present invention, there is provided a method of performing
pre-coding in an eNB, where common pre-coding codebook information is stored in the eNB
and a UE, the codebook information including a plurality of first pre-coding matrix sets and

second pre-coding matrix sets, and the eNB pre-codes transmission information based on a
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first pre-coding matrix corresponding to a long-term wave beam or a cyclically changed wave
beam and a second pre-coding matrix corresponding to a cyclically changed wave beam, the
method including steps of:

A. transmitting a reference signal to the UE during a process of performing UE
scheduling;

B. determining a cyclic order of respective wave beams to be changed cyclically based
on cycle indication information from the UE;

C. performing a pre-coding operation on information to be transmitted based on the
determined cyclic order of the respective wave beams; and

D. transmitting the pre-coded information to the UE.

[0011] In an aspect of the present invention, there is further provided an assisting apparatus
for assisting in performing pre-coding in a UE, where a common pre-coding codebook is
stored in an eNB and the UE included in a MIMO system, and the eNB pre-codes
transmission information based on a first pre-coding matrix corresponding to a long-term
wave beam or a cyclically changed wave beam and a second pre-coding matrix corresponding
to a cyclically changed wave beam, the assisting apparatus comprising:

a pre-estimating unit configured to obtain corresponding cycle indication information
by performing a mobility estimation operation, where the cycle indication information
includes cycle order information indicating an order of changing respective wave beams; and

a feedback unit configured to feed the cycle indication information back to the eNB so
that the eNB determines, based on the cycle indication information, a cyclic order of the

respective wave beams to be changed cyclically.

[0012] In an aspect of the present invention, there is provided a pre-coding apparatus for
performing pre-coding in an eNB, where common pre-coding codebook information is stored
in the eNB and a UE, and the eNB pre-codes transmission information based on a first
pre-coding matrix corresponding to a long-term wave beam or a cyclically changed wave
beam and a second pre-coding matrix corresponding to a cyclically changed wave beam, the
pre-coding apparatus comprising:

a first transmitting unit configured to transmit a reference signal to the UE during a
process of performing UE scheduling;

a second determining unit configured to determine a cyclic order of respective wave
beams to be changed cyclically based on cycle indication information from the UE;

a performing unit configured to perform a pre-coding operation on information to be
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transmitted based on the determined cyclic order of the respective wave beams to be changed
cyclically; and

a second transmitting unit configured to transmit the pre-coded information to the UE.

[0013] The present invention has the following advantages over the prior art: the UE
according to the present invention can perform estimation on its mobility state to feed back to
the eNB a cyclic order of the respective wave beams to be changed cyclically and information
of a change frequency so that eNB can pre-code information to be transmitted based on the
cyclic order and the change frequency indicated by the UE, thereby obtaining a higher

diversity gain and beam-forming gain.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Upon reading the detailed description of non-limiting implementations with
reference to the following drawings, other features, objects, and advantages of the present

invention will become more apparent:

[0015] Fig. 1 schematically illustrates a flowchart of a method of performing pre-coding

according to the present invention; and

[0016] Fig. 2 schematically illustrates a structural diagram of an assisting apparatus for
assisting in performing pre-coding in a UE and a pre-coding apparatus for performing

pre-coding in an eNB according to the present invention.

[0017] In the figures, the same or like reference signs represent the same or like elements.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] The present invention will be described in more detail below with reference to the

drawings.

[0019] Fig. 1 schematically illustrates a flowchart of a method for performing pre-coding
according to the present invention. The method according to the present invention includes
steps S101 and S102 performed by user equipment (UE) and steps S201, S202, S203, and
S204 performed by a base station (eNB).

[0020] The method according to the present invention is implemented by a pre-coding

apparatus contained in the eNB and an assisting apparatus contained in the UE.

[0021] The eNB includes, but is not limited to, a macro base station, a micro base station, a

home base station, and the like.
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[0022] Preferably, both the eNB and the UE are included in a MIMO system.

[0023] The eNB and UE store a common pre-coding codebook, the codebook information
including a plurality of first pre-coding matrix sets and second pre-coding matrix sets, the
eNB pre-coding transmission information based on a first pre-coding matrix and a second

pre-coding matrix.

[0024] The first pre-coding matrix may correspond to a long-term wave beam or the first

pre-coding matrix may correspond to a cyclically changed wave beam.
[0025] The second pre-coding matrix corresponds to a cyclically changed wave beam.

[0026] Reference is made to Fig. 1, where at step S201, the eNB transmits a reference signal
to the UE during a process of performing UE scheduling.

[0027] Preferably, the reference signal is a Channel status Information (CSI) reference
signal.

[0028] At step S101, upon reception of the reference signal from the eNB, the UE obtains

corresponding cycle indication information by performing a mobility estimation operation.

[0029] The mobility estimation operation includes various pre-estimation operations for the

movement direction and movement speed of the UE.

[0030] The cycle indication information includes cycle order information indicating an order

of changing respective wave beams.

[0031] For example, the eNB selects a wave beam from wave beams numbered from 1 to 4
for pre-coding. Then cycle indication information may include an “ascending order” or a
“descending order” to instruct the eNB to change the respective wave beams cyclically in the

order of “from 1 to 4” or “from 4 to 1.”

[0032] Preferably, the cycle indication information further includes cycle frequency

information indicating a frequency of changing the respective wave beams.

[0033] According to a preferred implementation of the present invention, the first
pre-coding matrix corresponds to a long-term wave beam fed back by the UE and the second
pre-coding matrix corresponds to a cyclically changed wave beam. The step S101 further

includes steps S1011 and S1012 (not shown).

[0034] At step S1011, upon reception of the reference signal transmitted from the eNB, the

UE selects a first pre-coding matrix from the codebook by performing a channel estimation
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operation.

[0035] Specifically, the UE performs the channel estimation operation based on signal
related information of the received reference signal and a predetermined channel estimation

algorithm, to select the first pre-coding matrix from the codebook.

[0036] The process of performing channel estimation by the UE is apparent to those skilled
in the art and thus is omitted here. Furthermore, those skilled in the art would appreciate
various channel estimation algorithms and would be able to implement the channel estimation
operation to select the first pre-coding matrix from the codebook by selecting an appropriate

channel estimation algorithm based on actual requirements.

[0037] According to a first example of the present invention, the eNB and UE 1 are
included in the MIMO system and store the same pre-coding matrix codebook. The eNB
performs pre-coding on data to be transmitted based on a first coding matrix W1 and a second
coding matrix W2, where W1 corresponds to a long-term wave beam fed back by the UE and

W2 corresponds to a cyclically changed wave beam.

[0038] At step S201, when scheduling the UE 1, the eNB transmits a reference signal RS 1
to the UE 1. Next, the UE 1 receives the reference signal RS 1 from the eNB at step S1011
and selects a first pre-coding matrix W1 1 from the codebook by performing a channel

estimation operation. Further, the UE 1 feeds the selected W1 _1 back to the eNB.

[0039] Continue to illustrate the preferred implementation. At step S1012, the UE obtains
the corresponding cycle indication information by performing a mobility estimation operation

based on the selected first pre-coding matrix.

[0040] The cycle indication information includes cycle order information of respective wave

beams corresponding to the second pre-coding matrix.

[0041] Specifically, the UE calculates its current mobility estimation information based on
the selected first pre-coding matrix and a predetermined mobility estimation algorithm, where
the mobility estimation information is used to indicate the change of UE movement. Next,
the UE determines the corresponding cycle indication information based on the mobility

estimation information.

[0042] Preferably, the UE can calculate the mobility estimation information based on the

following:
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iy _ i
mobz’lz’ly:B[(WZ? Z_H(WZ);# j 2)
i—]

where mobility represents the mobility estimation information, W, represents the second

pre-coding matrix, BI(-) represents the serial number of the selected input pre-coded

wave beam, 1 and j represent the serial numbers of sub-frame (if the same pre-code is
used during the period corresponding to each sub-frame), or i and j may represent a
serial number of OFDM symbol in a sub-frame (if different pre-codes are used during

the period corresponding to each sub-frame).

[0043] It can be seen that the mobility calculated from the above equation can reflect the
UE movement direction corresponding to each wave beam and the UE movement speed

in each wave beam direction during the movement.

[0044] Continue with the above first example. The first pre-coding matrix W1 _1 selected
by the UE 1 corresponds to four wave beams, beam_1 to beam_4, and W2 corresponds
to the wave beam selected cyclically from the four wave beams. Furthermore, the UE

calculates the mobility estimation information mobility 1 based on the above equation
2).
[0045] Preferably, the UE may calculate the average mobility estimation information based
on the following:
1 & BI(Wy) )—BI (W
mobz’lz’ty:ﬁz (Wi )51 (W, );in #J, )

n=l1 l_]

[0046] More preferably, the mobility estimation information includes mobility estimation
information in the horizontal direction and vertical direction. The UE calculates the mobility
estimation information in the horizontal direction and vertical direction with the following

equations, respectively:

mobility,, = — AN A C))
i—]
B[V(WZZ')—BIV(W{)‘

mobility, = —— AN E)
i—J

where mobilityy and mobility, represent the mobility estimation information in the

horizontal direction and vertical direction, respectively, and BI,(-) and BI, ()

represent the wave beam numbers of the selected input pre-code in the horizontal
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direction and vertical direction, respectively.

[0047] Preferably, when the cycle indication information further includes cycle frequency
information for indicating a frequency of changing the respective wave beams, the UE
determines the corresponding cycle frequency information based on the mobility estimation

information.

[0048] Preferably, the UE can calculate the mobility estimation information based on any of
the above equations (2) to (5) and obtain the corresponding cycle frequency information
based on the mobility estimation information. For example, the UE can determine the cycle
frequency information corresponding to the calculated mobility estimation information based
on the predetermined relationship between the mobility estimation information and the cycle

frequency.

[0049] Preferably, the UE can determine Channel Quality Indicator (CQI) information and
Rank Indication (RI) information in conjunction with the cycle indication information so as to

feed them back together to the eNB.

[0050] According to a preferred implementation of the present invention, the eNB and UE

can use predefined signaling information to represent the cycle indication information.

[0051] Preferably, the eNB and UE can use predefined signaling information to represent

cycle indication information in the horizontal direction and vertical direction, respectively.

[0052] Preferably, the eNB and UE can use predefined signaling information to represent
cycle indication information corresponding to different frequency domain bandwidths,

respectively.

[0053] Preferably, the eNB and UE can use predefined signaling information to represent
cycle indication information corresponding to ranks of different number of channel matrices,

respectively.

[0054] Continue to illustrate the first example. The UE calculates mobility estimation
information mobility based on the above equation (2), and the eNB and UE use the
cycling indicator (CI) values shown below in Table 1 to indicate cycle indication
information, each CI value corresponding to a specific cycle direction, cycle frequency,
and mobility value range. In addition, the cycle direction includes a “ascending order”
and a “descending order” of wave beam numbers, and both the cycle frequency and

mobility estimation information mobility are in units of a predefined long-term feedback
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interval (LFT).
Table 1
CI value | Cycle direction Cycle frequency | Mobility
‘ LFI Larger than or equal to 0 and
000 Ascending order smaller than 1/LFI
‘ Larger than or equal to 1/LFI
001 Ascending order LF1/2 and smaller than 2/LFI
‘ Larger than or equal to 2/LFI
010 Ascending order L3 and smaller than 3/LFI
011 Ascending order LF1/4 Larger than or equal to 3/LFI
‘ LFI Larger than or equal to -1/LFI
100 Descending order and smaller than 0
‘ Smaller than or equal to
101 Descending order LF12 -1/LFI and larger than -2/LFI
1o Descending order LFI/3 Smaller than or equal to
g -2/LFI and larger than -3/LFI
Smaller than or equal to
111 Descending order LF1/4 _3/LFI 1

[0055] Then, based on the value of the calculated mobility 1 and the above Table 1, the
UE 1 determines that the corresponding CI value is “001.”

[0056] According to another preferred implementation of the present invention, when both
the first pre-coding matrix and the second pre-coding matrix correspond to the cyclically
changed wave beam, the cycle indication information further includes a cyclic order of the
respective wave beams corresponding to the first pre-coding matrix and the step S101 further

includes a step S1013 (not shown).

[0057] At step S1013, the UE obtains the cycle indication information corresponding to the
first pre-coding matrix by performing a mobility estimation operation based on the first

pre-coding matrix.

[0058] Specifically, the UE obtains the cycle indication information corresponding to the

first pre-coding matrix in a manner similar to performing the above steps S1011 and S1012.

[0059] Preferably, the UE can obtain mobility information corresponding to the second
pre-coding matrix based on any of the above equations (2)-(5) and calculate the mobility

estimation information corresponding to the first pre-coding matrix by the following:
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mobility, = — sizj o (6)
i=J

where W represents the first pre-coding matrix, BI(-)represents the Wy serial number in
the selected input pre-code, i and j represent the serial numbers of sub-frame (if the same
pre-code is used during the period corresponding to each sub-frame), or i and j may
represent the serial number of OFDM symbol in a sub-frame (if different pre-codes are

used during the period corresponding to each sub-frame).

[0060] Still referring to Fig. 1, at step S102, the UE feeds the cycle indication information
back to the eNB so that the eNB determines, based on the cycle indication information, the

cyclic order of the respective wave beams to be changed cyclically.

[0061] Next, at step S202, the eNB determines the cyclic order of the respective wave
beams to be changed cyclically based on the cycle indication information received from the

UE.

[0062] Preferably, when the cycle indication information further includes cycle frequency
information, the eNB determines the cyclic order and a change frequency of respective wave

beams to be changed cyclically based on the cycle indication information.

[0063] Then, at step S203, the eNB performs a pre-coding operation on information to be

transmitted based on the determined cyclic order of the respective wave beams.

[0064] Preferably, when the cycle indication information further includes the cycle
frequency information, the eNB performs the pre-coding operation on information to be
transmitted based on the determined cyclic order and change frequency of the respective wave

beams.
[0065] Then, at step S204, the eNB transmits the pre-coded information to the UE.

[0066] Continue to illustrate the preceding first example. Based on the cycle indication
information “001” from the UE 1 and the above Table 1, the eNB determines that the cyclic
order of the respective wave beams corresponding to the second pre-coding matrix is an
ascending order of serial numbers of the wave beams, namely, performing cycle in an order
from beam 1 to beam 4, and a time interval for changing the respective wave beams is
LFI/2. Next, based on the determined cyclic order of “from beam 1 to beam 4 and
the change frequency of “LFI/2”, the eNB performs the pre-coding operation on

information to be transmitted.
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[0067] Preferably, the eNB performs pre-coding on a demodulation reference signal (DMRS)
based on the first coding matrix and/or the second coding matrix and transmits the pre-coded

DMRS and data to be transmitted together to the UE.

[0068] Then, the UE performs the corresponding demodulation operation on the pre-coded

information from the eNB.

[0069] Preferably, upon reception of the pre-coded DMRS from the eNB, the UE performs
channel estimation on the DMRS and performs a corresponding demodulation operation on

the pre-coded DMRS.

[0070] If the eNB only performs a pre-coding operation on the DMRS based on the first
coding matrix, the UE performs a corresponding demodulation operation on the pre-coded

DMRS based on the known second coding matrix.

[0071] If the eNB performs a pre-coding operation on the DMRS based on the first coding
matrix and the second coding matrix, the UE performs a corresponding demodulation

operation on the pre-coded DMRS.

[0072] According to the method of the present invention, the UE can perform estimation on
its mobility state so as to feed back to the eNB information indicating a cyclic order and
change frequency of respective wave beams to be changed cyclically, so that the eNB can
pre-code information to be transmitted based on the cyclic order and change frequency

indicated by the UE, thereby obtaining a higher diversity gain and beam-forming gain.

[0073] Fig. 2 schematically illustrates a structural diagram of an assisting apparatus for
assisting in performing pre-coding in a UE and a pre-coding apparatus for performing

pre-coding in an eNB according to the present invention;

[0074] The assisting apparatus according to the present invention includes a pre-estimating

unit 101 and a feedback unit 102.

[0075] The pre-coding apparatus according to the present invention includes a first
transmitting unit 201, a first determining unit 202, a performing unit 203, and a second

transmitting unit 204.

[0076] Reference is made to Fig. 2, where during the process of performing UE scheduling,

the first transmitting unit 201 transmits a reference signal to the UE.

[0077] Preferably, the reference signal is a Channel status information (CSI) reference

signal.
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[0078] Upon reception of the reference signal from the eNB, the pre-estimating unit 101
obtains corresponding cycle indication information by performing a mobility estimation

operation.

[0079] The mobility estimation operation includes various pre-estimation operations for the

movement direction and movement speed of the UE.

[0080] The cycle indication information includes cycle order information indicating an order

for changing respective wave beams.

[0081] For example, the eNB selects a wave beam from wave beams numbered from 1 to 4
for pre-coding. Then the cycle indication information may include an “ascending order” or a
“descending order” to instruct the eNB to change the respective wave beams cyclically in the

order “from 1to 4” or “from 4 to 1.”

[0082] Preferably, the cycle indication information further includes cycle frequency

information indicating a frequency of changing the respective wave beams.

[0083] According to a preferred implementation of the present invention, the first
pre-coding matrix corresponds to a long-term wave beam fed back by the UE and the second
pre-coding matrix corresponds to a cyclically changed wave beam. The pre-estimating unit
101 further includes a channel estimating unit (not shown) and a mobility estimating unit (not

shown).

[0084] Upon reception of the reference signal transmitted from the eNB, the channel
estimating unit selects a first pre-coding matrix from the codebook by performing a channel

estimation operation.

[0085] Specifically, the channel estimating unit performs the channel estimation operation
based on signal related information of the received reference signal and a predetermined

channel estimation algorithm, to select the first pre-coding matrix from the codebook.

[0086] The process of performing channel estimation by the channel estimating unit is
apparent to those skilled in the art and thus is omitted here. Furthermore, those skilled in the
art would appreciate various channel estimation algorithms and would be able to implement
the channel estimation operation to select the first pre-coding matrix from the codebook by

selecting an appropriate channel estimation algorithm based on actual requirements.

[0087] According to a first example of the present invention, the eNB and UE 1 are

included in the MIMO system and store the same pre-coding matrix codebook. The
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eNB performs pre-coding on data to be transmitted based on a first coding matrix W1
and a second pre-coding matrix W2, where W1 corresponds to a long-term wave beam

fed back by the UE and W2 corresponds to a cyclically changed wave beam.

[0088] When the eNB schedules the UE 1, the first transmitting unit 201 transmits a
reference signal RS 1 to the UE 1. Then, the UE 1 receives the reference signal RS 1
from the eNB and the channel estimating unit selects a first pre-coding matrix W1 _1

from the codebook by performing a channel estimation operation. Further, the UE 1

feeds the selected W1 1 back to the eNB.

[0089] Continue to illustrate the preferred implementation of the present invention.
The mobility estimating unit obtains the corresponding cycle indication information by

performing a mobility estimation operation based on the selected first pre-coding matrix.

[0090] The cycle indication information includes cycle order information of respective

wave beams corresponding to the second pre-coding matrix.

[0091] Specifically, the mobility estimating unit further includes a calculating unit (not

shown) and a first determining unit (not shown).

[0092] The calculating unit calculates current mobility estimation information of the UE
based on the selected first pre-coding matrix and a pre-determined mobility estimation
algorithm, where the mobility estimation information is used to indicate the change of
UE movement. Next, the first determining unit determines the corresponding cycle

indication information based on the mobility estimation information.

[0093] Preferably, the calculating unit can calculate the mobility information based on
the following:
BI(W;)-BI(W/)

mobility = Py FEJ (2)

where mobility represents the mobility estimation information, W, represents the second
pre-coding matrix, BI(-) represents the serial number of the selected input pre-coded
wave beams, i and j represent the serial numbers of sub-frame (if the same pre-code is
used during the period corresponding to each sub-frame), or i and j may represent a
serial number of OFDM symbol in a sub-frame (if different pre-codes are used during

the period corresponding to each sub-frame).

[0094] It can be seen that the mobility calculated from the equation can reflect the UE
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movement direction corresponding to each wave beam and the UE movement speed in

cach wave beam direction during the movement.

[0095] Continue with the above first example. The first pre-coding matrix W1 _1 selected
by the UE 1 corresponds to four wave beams, beam_1 to beam_4, and W2 corresponds
to the wave beam selected cyclically from the four wave beams. Furthermore, the
calculating unit calculates the mobility estimation information mobility 1 based on the

above equation (2).

[0096] Preferably, the calculating unit may calculate the average mobility estimation
information based on the following:
1 & BI(Wy)-BI(W;")

mobility =—" — # (3)
n=l1 1= ]

[0097] More preferably, the mobility estimation information includes mobility estimation
information in the horizontal direction and vertical direction. The UE calculates the mobility
estimation information in the horizontal direction and vertical direction with the following

equations, respectively:

mobility,, = — S N 3]
i—]
BI,(W:)-BI,(W/
mobility, = A 2) _V( 2);i:«tj (5)
i—]

where mobilityy and mobility, represent the mobility estimation information in the
horizontal direction and vertical direction, respectively, and BI,(-) and BI, ()

represent the wave beam numbers of the selected input pre-code in the horizontal

direction and vertical direction, respectively.

[0098] Preferably, when the cycle indication information further includes cycle frequency
information for indicating a frequency of changing the respective wave beams, the first

determining unit further includes a determining sub-unit (not shown).

[0099] The determining sub-unit determines the corresponding cycle frequency information

based on the mobility estimation information.

[00100] Preferably, the UE can calculate the mobility estimation information based on any of

the above equations (2) to (5) and obtain the corresponding cycle frequency information via
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the determining sub-unit based on the mobility estimation information. For example, the
determining sub-unit can determine the cycle frequency information corresponding to the
calculated mobility estimation information based on the predetermined relationship between

the mobility estimation information and the cycle frequency.

[00101] Preferably, the UE can determine Channel Quality Indicator (CQI) information and
Rank Indication (RI) information in conjunction with the cycle indication information so as to

feed them back together to the eNB.

[00102] According to a preferred implementation of the present invention, the eNB and UE

can use predefined signaling information to represent the cycle indication information.

[00103] Preferably, the eNB and UE can use predefined signaling information to represent

cycle indication information in the horizontal direction and vertical direction, respectively.

[00104] Preferably, the eNB and UE can use predefined signaling information to represent
cycle indication information corresponding to different frequency domain bandwidths,

respectively.

[00105] Preferably, the eNB and UE can use predefined signaling information to represent
cycle indication information corresponding to ranks of different number of channel matrices,

respectively.

[00106] Continue to illustrate the first example. The calculating unit calculates mobility
estimation information mobility based on the above equation (2), and the eNB and UE use
the cycling indicator (CI) values shown below in Table 1 to indicate cycle indication
information, each CI value corresponding to a specific cycle direction, cycle frequency,
and mobility value range. In addition, the cycle direction includes an “ascending
order” and a “descending order” of wave beam numbers, and both the cycle frequency
and mobility estimation information mobility are in units of a predefined long-term

feedback interval (LFT).

Table 2
CI value | Cycle direction Cycle frequency | Mobility
' Larger than or equal to 0 and

000 Ascending order LFI smaller than 1/LFI

Larger than or equal to 1/LFI
001 Ascending order LF1/2 and smaller than 2/LFI

Larger than or equal to 2/LFI
010 Ascending order LF1/3 and smaller than 3/LFI
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011 Ascending order LF1/4 Larger than or equal to 3/LFI
' LEI Larger than or equal to -1/LFI
100 Descending order and smaller than 0
' Smaller than or equal to
101 Descending order LF1/2 -1/LFI and larger than -2/LFI
' LFI3 Smaller than or equal to
110 Descending order -2/LFI and larger than -3/LFI
Smaller than or equal to
111 Descending order LFI/4 -3/LFI 1

[00107] Then, based on the value of calculated mobility 1 and the above Table 2, the first

determining unit determines that the corresponding CI value is “001.”

[00108] According to another preferred implementation of the present invention, when both
the first pre-coding matrix and the second pre-coding matrix correspond to the cyclically
changed wave beams, the cycle indication information further includes a cyclic order of the
respective wave beams corresponding to the first pre-coding matrix, and the pre-estimating

unit 101 further includes a pre-estimating sub-unit (not shown).

[00109] The second determining unit obtains the cycle indication information corresponding
to the first pre-coding matrix by performing a mobility estimation operation based on the first

pre-coding matrix.

[00110] Specifically, the pre-estimating sub-unit obtains the cycle indication information
corresponding to the first pre-coding matrix in a manner similar to implementing the above

calculating unit and first determining unit.

[00111] Preferably, the calculating unit in the UE can obtain mobility information
corresponding to the second pre-coding matrix based on any of the above equations (2)-(5)
and the pre-estimating sub-unit in the UE calculates the mobility estimation information
corresponding to the first pre-coding matrix by the following:
BI(W/)-BI(W/)
mobility,, = — sizj o (6)
=]
where W represents the first pre-coding matrix, BI(-) represents the Wy serial number in

the selected input pre-code, i and j represent the serial numbers of sub-frame (if the same
pre-code is used during the period corresponding to each sub-frame), or i and j may
represent the serial number of OFDM symbol in a sub-frame (if different pre-codes are

used during the period corresponding to each sub-frame).
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[00112] Still referring to Fig. 2, the feedback unit 102 feeds the cycle indication information
to the eNB so that the eNB determines, based on the cycle indication information, a cyclic

order of the respective wave beams to be changed cyclically.

[00113] Then, the second determining unit 202 determines the cyclic order of the respective
wave beams to be changed cyclically based on the cycle indication information received from

the UE.

[00114] Preferably, when the cycle indication information further includes cycle frequency
information, the second determining unit 202 determines the cyclic order and a change
frequency of the respective wave beams to be changed cyclically based on the cycle

indication information.

[00115] Next, the performing unit 203 performs a pre-coding operation on information to be

transmitted based on the determined cyclic order of the respective wave beams.

[00116] Preferably, when the cycle indication information further includes the cycle
frequency information, the performing unit 203 performs the pre-coding operation on
information to be transmitted based on the determined cyclic order and change frequency of

the respective wave beams.

[00117] Then, the second transmitting unit 204 transmits the pre-coded information to the

UE.

[00118] Continue to illustrate the first coded. Based on the cycle indication information
“001” from the UE 1 and the above Table 1, the second determining unit 202 determines
that the cyclic order of the respective wave beams corresponding to the second pre-coding
matrix is an ascending order of serial numbers of the wave beams, namely, performing cycle
in an order from beam_1 to beam 4, and a time interval for changing the respective wave
beams is LFI/2. Next, based on the determined cyclic order “from beam 1 to beam_ 4" and
the change frequency “LF1/2,” the performing unit 203 performs the pre-coding operation on

information to be transmitted.

[00119] Preferably, the eNB further performs pre-coding on a demodulation reference signal
(DMRS) based on the first coding matrix and/or the second coding matrix and transmits the

pre-coded DMRS and data to be transmitted together to the UE.

[00120] Next, the UE performs the corresponding demodulation operation on the pre-coded

information from the eNB.
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[00121] Preferably, upon reception of the pre-coded DMRS from the eNB, the UE performs
channel estimation on the DMRS and performs a corresponding demodulation operation on

the pre-coded DMRS.

[00122] If the eNB only performs a pre-coding operation on the DMRS based on the first
coding matrix, the UE performs a corresponding demodulation operation on the pre-coded

DMRS based on the known second coding matrix.

[00123] If the eNB performs a pre-coding operation on the DMRS based on the first coding
matrix and the second coding matrix, the UE performs a corresponding demodulation

operation on the pre-coded DMRS.

[00124] According to the method of the present invention, the UE can perform estimation on
its mobility state so as to feed back to the eNB information indicating a cyclic order and
change frequency of respective wave beams to be changed cyclically, so that the eNB can
pre-code information to be transmitted based on the cyclic order and change frequency

indicated by the UE, thereby obtaining a higher diversity gain and beam-forming gain.

[00125] For those skilled in the art, it would be appreciated that the present invention is not
limited to the details of the above exemplary embodiments. Meanwhile, without departing
from the spirit or basic features of the present invention, the present invention can be
implemented in other specific forms. Thus, the embodiments should, in any case, be taken
as exemplary instead of non-limiting. The scope of present invention is limited by the
appended claims rather than the above detailed description, and thus intends to cover all the
variants falling within the meaning and range of the alternatives of the claims in the present
invention. Reference signs in the claims shall not be regarded as limiting to the related
claims. In addition, the words “comprising” and “including” apparently do not exclude
other elements and steps, and the expression “a/an” does not exclude the plural form. The
multiple elements or apparatuses set out in system claims may also be implemented by one
element or apparatus by means of software or hardware. The expressions “first” or “second”

and the like are used to indicate the name rather than any particular order.
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I/We Claim:

1. A method of assisting in performing pre-coding in a UE, wherein a common
pre-coding codebook is stored in an eNB and the UE included in a MIMO system, and the
eNB pre-codes transmission information based on a first pre-coding matrix corresponding to a
long-term wave beam or a cyclically changed wave beam and a second pre-coding matrix
corresponding to a cyclically changed wave beam, the method comprising steps of:

a. upon reception of a reference signal transmitted from the eNB, obtaining
corresponding cycle indication information by performing a mobility estimation operation,
wherein the cycle indication information includes cycle order information indicating an order
of changing respective wave beams; and

b. feeding the cycle indication information back to the eNB so that the ¢NB
determines, based on the cycle indication information, a cyclic order of the respective wave

beams to be changed cyclically.

2. The method of claim 1, wherein the first pre-coding matrix corresponds to the
long-term wave beam and the second pre-coding matrix corresponds to the cyclically changed
wave beam, wherein the step a comprises steps of:

al. upon reception of the reference signal transmitted from the eNB, selecting the first
pre-coding matrix from the codebook by performing a channel estimation operation; and

a2. obtaining the corresponding cycle indication information by performing a mobility
estimation operation based on the selected first pre-coding matrix, wherein the cycle
indication information includes cycle order information of respective wave beams

corresponding to the second pre-coding matrix.

3. The method of claim 2, wherein the step a2 comprises steps of:

a2l. calculating current mobility estimation information of the UE based on the
selected first pre-coding matrix and a predetermined mobility estimation algorithm; and

a22. determining the corresponding cycle indication information based on the mobility
estimation information, wherein the cycle indication information includes the cycle order

information of respective wave beams corresponding to the second pre-coding matrix.

4. The method of claim 3, wherein the cycle indication information further includes

cycle frequency information indicating a frequency of changing the respective wave beams
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corresponding to the second pre-code, the step a22 further comprising a step of:
- determining corresponding cycle frequency information based on the mobility

estimation information.

5. The method of claim 1, wherein the first pre-coding matrix and the second
pre-coding matrix both correspond to the cyclically changed wave beams, and the cycle
indication information further includes cycle indication information corresponding to the first
pre-coding matrix, the step a further comprising a step of:

a3. obtaining the cycle indication information corresponding to the first pre-coding

matrix by performing a mobility estimation operation based on the first pre-coding matrix.

6. A method of performing pre-coding in an eNB, wherein common pre-coding
codebook information is stored in the eNB and a UE, the codebook information including a
plurality of first pre-coding matrix sets and second pre-coding matrix sets, and the eNB
per-codes transmission information based on a first pre-coding matrix corresponding to a
long-term wave beam or a cyclically changed wave beam and a second pre-coding matrix
corresponding to a cyclically changed wave beam, the method comprising steps of:

A. transmitting a reference signal to the UE during a process of performing UE
scheduling;

B. determining a cyclic order of respective wave beams to be changed cyclically based
on cycle indication information from the UE;

C. performing a pre-coding operation on information to be transmitted based on the
determined cyclic order of the respective wave beams; and

D. transmitting the pre-coded information to the UE.

7. The method of claim 6, wherein the cycle indication information further includes
cycle frequency information, the step B comprising a step of:
- determining, based on the cycle indication information, the cyclic order and a change
frequency of the respective wave beams to be changed cyclically; and
wherein the step C comprises a step of:
- performing the pre-coding operation on the information to be transmitted
based on the determined cyclic order and change frequency of the respective wave

beams.
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8. An assisting apparatus for assisting in performing pre-coding in a UE, wherein a
common pre-coding codebook is stored in an eNB and the UE included in a MIMO system,
and the eNB pre-codes transmission information based on a first pre-coding matrix
corresponding to a long-term wave beam or a cyclically changed wave beam and a second
pre-coding matrix corresponding to a cyclically changed wave beam, the assisting apparatus
comprising:

a pre-estimating unit configured to obtain corresponding cycle indication information
by performing a mobility estimation operation, wherein the cycle indication information
includes cycle order information indicating an order of changing respective wave beams; and

a feedback unit configured to feed the cycle indication information back to the eNB so
that the eNB determines, based on the cycle indication information, a cyclic order of the

respective wave beams to be changed cyclically.

9. The assisting apparatus of claim &, wherein the first pre-coding matrix
corresponds to the long-term wave beam and the second pre-coding matrix corresponds to the
cyclically changed wave beam, the pre-estimating unit comprising:

a channel estimating unit configured to, upon reception of the reference signal
transmitted from the eNB, select the first pre-coding matrix from the codebook by performing
a channel estimation operation; and

a mobility estimating unit configured to obtain the corresponding cycle indication
information by performing a mobility estimation operation based on the selected first
pre-coding matrix, wherein the cycle indication information includes cycle order information

of respective wave beams corresponding to the second pre-coding matrix.

10. The assisting apparatus of claim 9, wherein the mobility estimating unit
comprises:

a calculating unit configured to calculate current mobility information of the UE based
on the selected first pre-coding matrix and a pre-determined mobility estimation algorithm;
and

a first determining unit configured to determine the corresponding cycle indication
information based on the mobility estimation information, wherein the cycle indication
information includes the cycle order information of respective wave beams corresponding to

the second pre-coding matrix.
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11. The assisting apparatus of claim 10, wherein the cycle indication information
further includes cycle frequency information indicating a frequency of changing the
respective wave beams corresponding to the second pre-code, the first determining unit
further comprising:

a determining sub-unit configured to determine corresponding cycle frequency

information based on the mobility estimation information.

12. The assisting apparatus of claim 8, wherein the first coding matrix and the
second coding matrix both correspond to the cyclically changed wave beams, and the cycle
indication information further includes cycle indication information corresponding to the first
pre-coding matrix, the pre-estimating unit further comprising:

a pre-estimating sub-unit configured to obtain the cycle indication information
corresponding to the first pre-coding matrix by performing a mobility estimation operation

based on the first pre-coding matrix.

13. A pre-coding apparatus for performing pre-coding in an eNB, wherein common
pre-coding codebook information is stored in the eNB and a UE, and the eNB pre-codes
transmission information based on a first pre-coding matrix corresponding to a long-term
wave beam or a cyclically changed wave beam and a second pre-coding matrix corresponding
to a cyclically changed wave beam, the pre-coding apparatus comprising:

a first transmitting unit configured to transmit a reference signal to the UE during a
process of performing UE scheduling;

a second determining unit configured to determine a cyclic order of respective wave
beams to be changed cyclically based on cycle indication information from the UE;

a performing unit configured to perform a pre-coding operation on information to be
transmitted based on the determined cyclic order of the respective wave beams; and

a second transmitting unit configured to transmit the pre-coded information to the UE.

14. The pre-coding apparatus of claim 13, wherein the cycle indication information
further includes cycle frequency information, the second determining unit is configured to:

- determining, based on the cycle indication information, the cyclic order and a change
frequency of the respective wave beams to be changed cyclically; and

wherein the performing unit is configured to:

- performing the pre-coding operation on the information to be transmitted based on
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the determined cyclic order and change frequency of the respective wave beams.
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