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(57) Abstract: Embodiments of the present disclosure provide a method and an apparatus of determining channel information for a
channel. The method comprises receiving a channel state information-reference signal (CSI-RS) from a base station, the CSI-RS be -
ing transmitted by the base station with a CSI-RS resource mapped to a part of transmitting antenna potts in an antenna array. The
method further comprises determining, by measuring the CSI-RS, partial channel information for the channel corresponding to the
part of transmitting antenna ports. In addition, the method tfurther comprises determining overall channel information for the channel
based on the partial channel information.
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METHOD AND APPARATUS FOR DETERMINING CHANNEL
INFORMATION

FIELD

[0001] Embodiments of the present disclosure generally relate to the field of wireless
communication, and more specifically, to a method and an apparatus for determining channel

information.

BACKGROUND

[0002] Two-dimensional (2D) Multiple Input Multiple Output (MIMO) transmission has
been studied and adopted in Long Term Evolution (LTE) system, where conventional antenna
arrays are arranged horizontally to form a beam in a horizontal plane. Moreover, there is
also proposed a three-dimensional (3D) MIMO channel transmission model at present. To
explore more potential gain from a 3D wireless channel, 2D active antenna array system has

been used to form a 3D beam in both vertical and horizontal planes.

[0003] However, in a traditional scheme, channel state information-reference signal
(CSI-RS) resources are limited to perform full-port mapping for the transmitting antenna.
The full-port mapping means that the number of CSI-RS resources is equal to the number of
transmitting antenna ports. To obtain complete channel information of the wireless
communication channel, each of the CSI-RS resources mapped to ecach of the transmitting
antenna ports is required for transmitting a respective CSI-RS. Therefore, the full-port
mapping may enable a user equipment to determine channel information of the wireless
communication channel more easily, but thereby introducing significant overhead for CSI-RS
transmission. Furthermore, with an increase of the number of transmitting antenna ports (for
example, increasing from up to 16 transmitting antenna ports at present to 32 transmitting
antenna ports desired by the 3D MIMO transmission), the overhead for CSI-RS transmission
would be more significant. The traditional scheme cannot reduce the overhead for CSI-RS

transmission efficiently.

SUMMARY

[0004] Embodiments of the present disclosure described herein provide a method and an

apparatus of determining channel information for a channel.

[0005] In accordance with the first aspect of the present disclosure described herein, there is
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provided a method of determining channel information for a channel. The method
comprises receiving a channel state information-reference signal CSI-RS from a base station,
the CSI-RS being transmitted by the base station with a CSI-RS resource mapped to a part of
transmitting antenna ports in an antenna array. The method further comprises determining,
by measuring the CSI-RS, partial channel information for the channel corresponding to the
part of transmitting antenna ports. In addition, the method further comprises determining

overall channel information for the channel based on the partial channel information.

[0006] In accordance with the second aspect of the present disclosure described herein, there
is provided an apparatus of determining channel information for a channel. The apparatus
comprises a reference signal receiving module configured to receive a channel state
information-reference signal CSI-RS from a base station, the CSI-RS being transmitted by the
base station with a CSI-RS resource mapped to a part of transmitting antenna ports in an
antenna array. The apparatus further comprises a partial channel information determining
module configured to determine, by measuring the CSI-RS, partial channel information for
the channel corresponding to the part of transmitting antenna ports. In addition, the
apparatus further comprises an overall channel information determining module configured to
determine overall channel information for the channel based on the partial channel

information.

[0007] Embodiments of the present disclosure described herein enable estimation of channel
information based on a partial port mapping method, thereby reducing CSI-RS transmission

overhead during this process efficiently.

[0008] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended
to identify key features or essential features of the claimed present disclosure, nor is it

intended to be used to limit the scope of the claimed present disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Through the following detailed description with reference to the accompanying
drawings, the above and other objectives, features, and advantages of example embodiments
of the present disclosure will become more apparent, where in the example embodiments, the

same reference symbols refer to the same elements.

[0010] FIG. 1 is a schematic diagram illustrating an environment 100 in which embodiments

of the present disclosure can be implemented;
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[0011] FIG. 2 is an exemplary schematic diagram illustrating an antenna array 200 in the

base station 110 as shown in FIG. 1.

[0012] FIG. 3 is a flowchart of a method 300 of determining channel information for a

channel according to embodiments of the present disclosure;

[0013] FIG. 4 is a schematic diagram illustrating determining the overall channel
information of channels based on the partial channel information according to embodiments

of the present disclosure;

[0014] FIG. 5 is a schematic diagram illustrating determining the overall channel
information of channels based on the partial channel information according to embodiments

of the present disclosure;

[0015] FIG. 6 is a schematic diagram illustrating determining the overall channel
information of channels based on the partial channel information according to embodiments

of the present disclosure;

[0016] FIG. 7 is a schematic diagram illustrating determining the overall channel
information of channels based on the partial channel information according to embodiments

of the present disclosure;

[0017] FIG. 8 is a schematic diagram illustrating determining the overall channel
information of channels based on the partial channel information according to embodiments

of the present disclosure;

[0018] FIG. 9 is a schematic diagram illustrating determining the overall channel
information of channels based on the partial channel information according to embodiments

of the present disclosure;

[0019] FIG. 10 is a schematic diagram illustrating determining the overall channel
information of channels based on the partial channel information according to embodiments

of the present disclosure;

[0020] FIG. 11 is a block diagram of an apparatus 1100 of determining channel information

for a channel according to embodiments of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] Preferred embodiments of the present disclosure will be described as follows in

greater detail with reference to the drawings. Although preferred embodiments of the
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present disclosure are illustrated in the drawings, it is to be understood that the present
disclosure described herein can be implemented in various manners, not limited to the
embodiments illustrated herein. Rather, these embodiments are provided to make the present
disclosure described herein clearer and more complete and convey the scope of the present

disclosure described herein completely to those skilled in the art.

[0022] As used herein, the term “includes™ and its variants are to be read as open-ended
terms that mean “includes, but is not limited to.” The term “or” is to be read as “and/or”
unless the context clearly indicates otherwise. The term “based on” is to be read as “based at
least in part on.” The term “one example implementation” and “an example implementation”
are to be read as “at least one example implementation.” The term “another implementation”
is to be read as “at least one other implementation.” Terms “a first”, “a second” and others

can denote different or identical objects. The following text may also contain other explicit

or implicit definitions.

[0023] In some embodiments of the present disclosure, the term “CSI-RS resource”
represents time domain and/or frequency domain resources for transmitting CSI-RS. The
term “CSI-RS configuration resource” represents a collection of a plurality of CSI-RS
resources. The term “CSI process” represents a process triggered by a base station to obtain
channel state information (CSI). The CSI process can be periodic, and different CSI

processes can be configured with different transmission periodicities respectively.

[0024] In the traditional scheme, in order to obtain a large number of antenna ports (for
example, 12, 16) by expanding a small number of antenna ports (for example, 1, 2, 4 or 8), it
is usually necessary to aggregate CSI-RS resources. The CSI-RS resource aggregation
means aggregating several CSI-RS resources corresponding to fewer antenna ports to form a
new CSI-RS resource corresponding to more antenna ports. This method is called full-port
mapping-based method, which implies that the CSI-RS resources and the transmitting antenna

ports are in a relationship of one-to-one mapping.

[0025] However, for the current LTE standard (for example, version 13), the total number of
available CSI-RS resource elements is 40. These CSI-RS resource elements will be used for
both of channel information estimation and interference measurement. The number of
transmitting antenna ports expected by the 3D MIMO transmission is 32, which means that
there are no sufficient CSI-RS resource elements for interference measurement if the full-port

mapping-based method is used to achieve channel information estimation. In other words,
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the high overhead for CSI-RS transmission introduced by the full-port mapping-based method
makes it difficult to perform both of channel information estimation and interference

measurement at the same time.

[0026] To solve the above problem and one or more of the other potential problems,
according to embodiments of the present disclosure, there is provided a scheme for
determining channel information. The scheme achieves estimation of channel information
based on a partial port mapping method, thereby efficiently reducing the overhead for CSI-RS

transmission during this process.

[0027] FIG. 1 is a schematic diagram illustrating an environment 100 in which embodiments
of the present disclosure can be implemented. As shown in FIG. 1, the environment 100
may include a base station 110 and a UE 120, both of which communicate via a wireless
communication channel. The base station 110, for instance, may include an evolved NodeB
(eNB) in the LTE system. In the context of the present disclosure, a base station (BS) may
represent a node B (NodeB or NB), an evolved NodeB (eNodeB or eNB), a remote radio unit
(RRU), a radio header (RH), a remote radio head (RRH), a relay, a low power node, such as a
pico station and a femto station, and the like. A “User equipment” (UE) may refer to any
device that can communication with a BS. As an example, a UE may refer to a terminal, a
mobile terminal (MT), a subscriber station (SS), a portable subscriber station (PSS), a mobile

station (MS), or an access terminal (AT).

[0028] To obtain channel state information (CSI) of the wireless communication channel,
the base station 110 may transmit a CSI-RS to the UE 120. The UE 120 may receive the
CSI-RS from the base station 110, and determine channel information for the channel by
measuring the CSI-RS. The channel information may describe an attenuation factor of the
signal on each of transmission paths of the channel. Based on the channel information, the
UE 120 may use a corresponding codebook to obtain the CSI of the channel and transmit the
CSI to the base station 110. The CSI may ensure reliability of the wireless communication
between the base station 110 and the UE 120. In this description, the above process is

referred to as a “CSI process”.

[0029] The base station 110 may usually have a plurality of transmitting antennas which
may form a 2D active antenna array. The base station 110 may transmit the CSI-RS to the
UE 120 with CSI-RS resources mapped to antenna ports in the antenna array. Each of

transmitting antenna ports corresponds to a transmission path for the signal. Therefore, to
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reconstruct the overall wireless channel (that is, to obtain a respective attenuation factor on
cach of the transmission paths), the UE 120 may need to determine an overall channel

information corresponding to all of the transmitting antenna ports.

[0030] FIG. 2 is an exemplary schematic diagram illustrating an antenna array 200 in the
base station 110 as shown in FIG. 1. As shown in FIG. 2, for example, the antenna array 200
is composed of dual polarized (that is, vertically polarized and horizontally polarized) M x N
transmission antennas. Therefore, the antenna array 200 may have 2MN transmitting
antenna ports in total. If the transmitting antenna ports in one of two polarizations (that are,
vertical polarization and horizontal polarization) among these transmitting antenna ports are
numbered column by column and then the transmitting antenna ports in the other of the two
polarizations among these transmitting antenna ports are numbered column by column, then

the overall channel information to be determined by the UE 120, which corresponds to all of

the transmitting antenna ports, can be represented as H=[hq, h,, ..., hopn], where H

represents the overall channel information of the channel, and hn (n=1, 2, ... 2MN)

represents the channel information corresponding to the »” transmitting antenna port.

[0031] FIG. 3 is a flowchart of a method 300 of determining channel information for a
channel according to embodiments of the present disclosure. In the following description,
the method 300 will be described with reference to the environment 100 as shown in FIG. 1
and the antenna array 200 as shown in FIG. 2. For instance, the method 300 may be
implemented by the UE 120 as shown in FIG. 1. It is to be understood that the method 300
may further include additional acts not shown and/or omit some acts as shown. The scope of

the present disclosure is not limited in this respect.

[0032] In block 310, CSI-RS is received by the UE 120 from the base station 110. The
CSI-RS may be transmitted by the base station 110 with a CSI-RS resource mapped to a part

of transmitting antenna ports in the antenna array 200.

[0033] In block 320, the UE 120 determines partial channel information for the channel

corresponding to the part of transmitting antenna ports by measuring the CSI-RS. For

instance, the partial channel information can be represented as Ay Ay ... ... hy.

[0034] In block 330, the UE 120 determines overall channel information for the channel
based on the partial channel information. For instance, in some embodiments, the overall

channel information H for the channel can be calculated as the following equation (1):



10

15

20

25

30

WO 2017/168255 PCT/IB2017/000462

H = ¢(hy, hy, ..., hy) (1)

where {(+Drepresents a reconstruction function for the partial channel information, which may

include linear combination operation, product operation (for example, Kronecker product

operation) and so on.

[0035] Merely for the purpose of illustration and demonstration, method 300 will be further
described in the following description in detail with reference to some specific embodiments.
In one embodiment, the UE 120 may receive, from the base station 110, the CSI-RS which
may be transmitted (310) by the base station 110 with first and second CSI-RS resources.
The first CSI-RS resource may be mapped to a column of transmitting antenna ports in the
antenna array 200, and the second CSI-RS resource may be mapped to a row of transmitting

antenna ports in the antenna array 200. Therefore, the UE 120 may determine, by measuring

the CSI-RS, the first partial channel information h_1 corresponding to the column of

transmitting antenna ports and the second partial channel information A, corresponding to
the row of transmitting antenna ports.

[0036] Next, the UE 120 may determine (330) the overall channel information H by
calculating the product (for example, Kronecker product) of the first partial channel
information f; and the second partial channel information h,. For instance, FIG. 4 is a
schematic diagram illustrating determining the overall channel information for the channel
based on the partial channel information according to embodiments of the present disclosure.

As shown in FIG. 4, h_1 = [hq, hy, ..., hy] and

h_2 = [hl’hM‘l'l""’h(ZN—l)M‘l'l]‘ The overall channel information H can be

calculated as the following equation (2):
H = hz ® h’l (2)

In this embodiment, if the first and second CSI-RS resources are included in the same CSI-RS
configuration resource, then the total number of CSI-RSs transmitted with the first and second
CSI-RS resources is M+2N—1 (smaller than the total number of antenna ports 2MN). If
the first and second CSI-RS resources are included in different CSI-RS configuration

resources, the total number of CSI-RSs transmitted with the first and second CSI-RS
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resources is M+2N (also smaller than the total number of antenna ports 2MN).

[0037] In another embodiment, the UE 120 may receive, from the base station 110, the
CSI-RS which may be transmitted by the base station 110 with third, fourth and fifth CSI-RS
resources (310). The third CSI-RS resource may be mapped to a row of transmitting antenna
ports in the antenna array 200. The fourth CSI-RS resource may be mapped to a first group
of a column of transmitting antenna ports in one of two polarizations. The fifth CSI-RS
resource may be mapped to a second group of the column of transmitting antenna ports in the

other of the two polarizations. As such, the UE 120 can determine a third partial channel
information h_3 corresponding to the row of transmitting antenna ports, a fourth partial
channel information h_4 corresponding to the first group of transmitting antenna ports and a
fifth partial channel information h_5 corresponding to the second group of transmitting
antenna ports (320).

[0038] Then, the UE 120 may determine the overall channel information H based on a
product of the third partial channel information h_3, the fourth partial channel information

h_4 and a fifth partial channel information h_5 (330). For example, in some embodiments,

a Kronecker product can be applied. It is to be understood that this is only an example.
Any product operation currently known or to be studied in the future can be utilized in

combination with the embodiments of the present disclosure.

[0039] For instance, FIG. 5 is a schematic diagram illustrating determining the overall

channel information of channels based on the partial channel information according to
embodiments of the present disclosure. As shown in FIG. 5, h4 = [hl, hz, e hM],

hs = [Ayn+1 Amn+2r 0 Aynenm] and hs = [y, Ryggq, oo Rgv—1ym+1]- Then

the overall channel information H can be calculated as the following equation (3):
H:(h3®h4)+(h3®h5) 3)

In this embodiment, if the third, fourth and fifth CSI-RS resources are included in the same
CSI-RS configuration resource, the total number of CSI-RSs transmitted with the third, fourth
and fifth CSI-RS resources is 2M+N—1 (smaller than the total number of antenna ports
2MN). If the third, fourth and fifth CSI-RS resources are included in different CSI-RS
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configuration resources, the total number of CSI-RS transmitted with the third, fourth and
fifth CSI-RS resources is 2M+N (also smaller than the total number of antenna parts
2MN).

[0040] Alternatively or additionally, in yet another implementation, the UE 120 may receive,
from the base station 110, the CSI-RS which is transmitted by the base station 110 with a
sixth CSI-RS resource mapped to a third group of transmitting antenna ports and a seventh
CSI-RS resource mapped to a fourth group of transmitting antenna ports (310). The third
group of transmitting antenna ports are distributed in a first antenna block of the antenna array
200 and the fourth group of transmitting antenna ports are distributed in a second antenna

block of the antenna array 200, where the first antenna block is larger than the second antenna

block. As such, the UE 120 may determine the sixth partial channel information h_6

corresponding to the third group of antenna ports and the seventh partial channel information

h- corresponding to the fourth group of transmitting antenna ports (320).

[0041] Next, the UE 120 may determine the overall channel information H by calculating

the product (for example, Kronecker product) of the sixth partial channel information h_6

and the seventh partial channel information h, (330). For instance, FIG. 6 is a schematic

diagram illustrating determining the overall channel information of channels based on the
partial channel information according to embodiments of the present disclosure. As shown
in FIG. 6, the overall channel information H can be calculated in accordance with the

following equation (4):

H=hs®h, )

In this embodiment, if the sixth and seventh CSI-RS resources are included in the same
CSI-RS configuration resource, the total number of CSI-RSs transmitted with the sixth and
seventh CSI-RS resources is 2M’N’+MN/ M’N’—1 (smaller than the total number of
antenna ports 2MN), where M’ indicates the number of antenna blocks divided in each
column, N’ indicates the number of antenna blocks divided in each row, and both M’ and
N’ are greater than or equal to 1. If the sixth and seventh CSI-RS resources are included
in different CSI-RS configuration resources, the total number of CSI-RSs transmitted with the
sixth and seventh CSI-RS resources is 2M’N’+MN/ M’N’ (also smaller than the total
number of antenna ports 2MN).

[0042] In yet another implementation, the UE 120 may receive, from the base station 110,
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the CSI-RS which is transmitted by the base station 110 with a plurality of groups of CSI-RS
resources mapped to a plurality of transmitting antenna ports respectively (310).  Each of the
plurality of groups of transmitting antenna ports may include a column of transmitting
antenna ports, a row of transmitting antenna ports, a block of transmitting antenna ports or
interleaved transmitting antenna ports. As such, the UE 120 may determine a plurality of
partial channel information h_1 h_2 h_3 corresponding to the plurality of groups of
transmitting antenna ports, respectively (320). Next, the UE 120 may determine the
overall channel information H by applying linear combination to the plurality of partial

channel information h_l‘ h_z\ h_3 (330). For instance, the overall channel

information H can be calculated as the following equation (5):

H:h1+h2+h3+”° (5)
where hj may have the same dimension as H, and only an element of hj which

corresponds to the subset of transmitting antenna ports (that is, one of the plurality of groups

of transmitting antenna ports) may have a value for the channel information (for example,

heg—ps) determined by measuring the CSI-RS, and the value of any of other elements may

be 0. Inother words, hj may be represented in the following equation (6):

T 1,1 ;2,1 m,n M,2N

he =[R2, R34, AT, L RN ©)
pmn — {hCSI—RS antenna port subset
k 0 otherwise

[0043] For example, FIG. 7-FIG. 10 each illustrate a schematic diagram illustrating
determining the overall channel information of channels based on the partial channel
information according to embodiments of the present disclosure. In FIG. 7, each of the
plurality of groups of transmitting antenna ports includes a row of transmitting antenna ports.
In FIG. 8, ecach of the plurality of groups of transmitting antenna ports includes a column of
transmitting antenna ports. In FIG. 9, each of the plurality of groups of transmitting antenna
ports includes a block of transmitting antenna ports. In FIG. 10, each of the plurality of

groups of transmitting antenna ports include interleaved transmitting antenna ports.

[0044] Furthermore, for determining the overall channel information by linear combination
as applied above, in other embodiments, the overall channel information may also be
determined at the base station side. Additional inter-subset pre-code matrix indication (PMI)

may be fed back from UE to the base station to indicate the correlation between the subsets.
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At the UE side, PMI_k may indicate the PMI selected from a codebook with partial

channel information from a subset of transmitting antenna ports k and the codeword may

be represented as Ay. PMI_inter may indicate channel information between subsets of

transmitting antenna ports, which can be the first or other transmitting antenna port from

each of the subsets. The codeword can be represented as Mjypep. Therefore, at the

base station side, the overall channel information H can be represented as the following

equation (7):

H- Eilnterhl + Eiznterhz + EiBnterh_B + E?nterh_él T - (7)

T 1,1 ;.21 mn M,2N
h = [hy " hy™y o by, by
BN { h;’ antenna port subset

ko= .
0 otherwise

where index (m, n) may represent an index for an antenna port in the antenna array, index (i, j)

may indicate a corresponding result of channel measurement in a subset of antenna ports and

Ri,ter may indicate the i* element of codeword Ry

[0045] In some embodiments, the method 300 may further include optional additional acts.
For instance, in some embodiments, after the block 330 is implemented, the UE 120 may
further determine a first CSI corresponding to the partial channel information and transmit the
first CSI to the base station 110. The first CSI, for example, may include PMI and the like.
The codebook used for the PMI feedback may support the number of the part of transmitting
antenna ports. The feedback of corresponding narrow band channel quality indication (CQI)
and rank indication (RI) may be calculated based on the partial channel information

determined by each of CSI processes and transmitted to the base station 110.

[0046] Additionally or alternatively, the UE 120 may further determine a second CSI
corresponding to the overall channel information and transmit the second CSI back to the base
station 110. The second CSI, for instance, may include PMI, CQI, RI and so on. The
codebook for the PMI feedback may support the number of all of transmitting antenna ports.
Since different CSI processes can be configured with different periodicities, when the UE 120
is configured to transmit the second CSI corresponding to the overall channel information, the
speed rate for the feedback can be the same as the CSI-RS transmission in a short periodicity,
while the channel information determined from the CSI-RS transmission in a long periodicity

will be reused until the channel information is updated.
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[0047] In some embodiments, the CSI feedback can be configured as such a process that
combines a full-port mapping-based CSI process in a long periodicity and a partial-port
mapping-based CSI process in a short periodicity. In case that the overall information is
reconstructed and applied at the UE 120 side, the UE 120 may feedback the CSI based on the

reconstructed channel information, which can be represented as the following equation (8):
H(t;) = H(t1)8th (81), he(t2)} ®)

where H(t) may represent the overall channel information at timeslot (frame) t, & { } may

represent a channel updating fuction based on partial channel information for one or more

groups of antenna ports at timeslot £; and timeslot £;,. An example may be represented as

the following equation (9), where D {*} may represent a vector diagonalization operation:

hy
H(t,) = H(t) DEE) o)
h1,1 h1,2N
H = : .. :
hM,l hM,2N

Taking the antenna configuration shown in FIG. 7 as an example, a full-port mapping-based
CSI process in a long periodicity may involve antenna port subsets #1-#4. The CSI
feedback can be implemented with a corresponding codebook or other CSI indicators
based on the overall channel information. A full-port mapping-based CSI process in a
short periodicity may only involve an antenna port subset #1 (or any other antenna port
subset). The CSI feedback can be implemented with a corresponding codebook or

other CSI indicators based on partial channel information.

[0048] In some embodiments, in case that the UE transmits the CSI based on independent
partial channel information, the PMI feedback should be applied to each of CSI processes

with a corresponding codebook supporting the number of respective antenna ports. In this
case, H(tl) and H(tz) may be represented as the following equations (10) and (11)

respectively:

H(t;) = Wy (t)W,(t5) (10)
H(ty) = Wi(t)6{W,(¢,), W'(t2)} (11)
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where the function & { } may represent a codeword adjusting method according to W',
which may represent the feedback of the partial channel information in a short period. The
W W, structure may represent an existing dual PMI feedback codebook structure.

Furthermore, if a single PMI is configured, then:

H(t) = W(¢) (12)
H(t,) = 5{W(t1)»wl(t2)} (13)

[0049] Still taking the antenna configuration shown in FIG. 7 as an example, a full-port
mapping-based CSI process in a long periodicity may involve the antenna port subsets #1-#4.
The CSI feedback can be implemented with a corresponding codebook or other CSI
indicators based on the overall channel information. A full-port mapping-based CSI
process in a short periodicity may only involve a pair of bi-polarized antenna ports (with a
same location, in different polarizations). The short-period CSI feedback should be
performed based on the channel information with corresponding codebook or other CSI

indicators which can reflect the channel variation between antenna polarizations. Then,

the base station may adjust the W or W, based on the feedback W'

[0050] In the above embodiments, additionally or alternatively, the CSI process based on
full port mapping can be triggered by the base station irregularly. The CSI-RS measurement
based on partial port mapping can be a periodic CSI process in a short periodicity, or can be
triggered by the base station irregularly. Such configuration can be configured via high-level

signaling semi-statically, or carried by the trigger (for example, the base station).

[0051] 1t is to be understood that in all of the embodiments described above with reference
to FIGs. 1-10, in order to implement operations at the base station and the UE during a single
CSI process, a new pattern for the CSI feedback can also be defined. It can be seen from the
embodiments as described above, the solution of the present disclosure enables estimation of
the channel information based on a partial port mapping method, thereby reducing the

overhead for CSI-RS transmission efficiently.

[0052] FIG. 11 is a block diagram of an apparatus 1100 of determining channel information
for a channel according to embodiments of the present disclosure. As shown in FIG. 11, the

apparatus 1100 may include a reference signal receiving module 1110 which is configured to
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receive a CSI-RS from the base station 110, the CSI-RS being transmitted by the base station
110 with a CSI-RS resource mapped to a part of the transmitting antenna ports in the antenna
array 200. The apparatus 1100 may further include a partial channel information
determining module 1120 which is configured to determine, by measuring the CSI-RS, partial
channel information for the channel corresponding to the part of transmitting antenna ports.
In addition, the apparatus 1100 may further include an overall channel information
determining module 1130 configured to determine overall channel information for the channel

based on the partial channel information.

[0053] For the sake of clarity, some optional modules of the apparatus 1100 are not shown in
FIG. 11. However, it is to be understood that various features as described with reference to
FIGs. 1-10 are likewise applicable to the apparatus 1100. Besides, respective modules of the
apparatus 1100 may be hardware modules or software modules. For example, in some
embodiments, the apparatus 1100 may be partially or completely implemented by software
and/or firmware, ¢.g., implemented as a computer program product embodied on a computer
readable medium. Alternatively or additionally, the apparatus 1100 may be partially or
completely implemented based on hardware, for example, implemented as an integrated
circuit (IC) chip or an application specific integrated circuit (ASIC), a system on chip (SOC),
a field programmable gate array (FPGA) and so on. The scope of the present disclosure is

not limited in this aspect.

[0054] Specifically, the modules shown in FIG. 11 can be partially or completely
implemented as hardware modules, software modules, firmware modules or any combination
thereof. In particular, in some embodiments, the procedure, method or process described in
the preceding description can be implemented by a UE or hardware in a base station. For
example, the UE can implement the method 300 with its transmitter, receiver, transceiver

and/or processor or controller.

[0055] The present disclosure may be a system, an apparatus, a device, a method, and/or a
computer program product. The computer program product may include a computer readable
storage medium (or media) having computer readable program instructions thereon for

causing a processor to carry out aspects of the present disclosure.

[0056] The computer readable storage medium can be a tangible device that can retain and
store instructions for use by an instruction execution device. The computer readable storage

medium may be, for example, but is not limited to, an electronic storage device, a magnetic



10

15

20

25

30

WO 2017/168255 PCT/IB2017/000462
15

storage device, an optical storage device, an electromagnetic storage device, a semiconductor
storage device, or any suitable combination of the foregoing. A non-exhaustive list of more
specific examples of the computer readable storage medium includes the following: a portable
computer diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM or Flash memory), a static random
access memory (SRAM), a portable compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a mechanically encoded device such as
punch-cards or raised structures in a groove having instructions recorded thereon, and any
suitable combination of the foregoing. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such as radio waves or other freely
propagating electromagnetic waves, electromagnetic waves propagating through a waveguide
or other transmission media (e.g., light pulses passing through a fiber-optic cable), or

electrical signals transmitted through a wire.

[0057] Computer readable program instructions described herein can be downloaded to
respective computing/processing devices from a computer readable storage medium or to an
external computer or external storage device via a network, for example, the Internet, a local
area network, a wide area network and/or a wireless network. The network may comprise
copper transmission cables, optical transmission fibers, wireless transmission, routers,
firewalls, switches, gateway computers and/or edge servers. A network adapter card or
network interface in each computing/processing device receives computer readable program
instructions from the network and forwards the computer readable program instructions for
storage in a computer readable storage medium within the respective computing/processing

device.

[0058] Computer readable program instructions for carrying out operations of the present
disclosure may be assembler instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions, microcode, firmware instructions,
state-setting data, or either source code or object code written in any combination of one or
more programming languages, including an object oriented programming language such as
Smalltalk, C++ or the like, and conventional procedural programming languages, such as the
“C” programming language or similar programming languages. The computer readable
program instructions may execute entirely on the user's computer, partly on the user's
computer, as a stand-alone software package, partly on the user's computer and partly on a

remote computer or entirely on the remote computer or server. In the latter scenario, the
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remote computer may be connected to the user's computer through any type of network,
including a local area network (LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the Internet using an Internet Service
Provider). In some embodiments, electronic circuitry including, for example, programmable
logic circuitry, field-programmable gate arrays (FPGA), or programmable logic arrays (PLA)
may execute the computer readable program instructions by utilizing state information of the
computer readable program instructions to personalize the electronic circuitry, in order to

perform aspects of the present disclosure.

[0059] Aspects of the present disclosure are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems), and computer program
products according to embodiments of the present disclosure. It will be understood that each
block of the flowchart illustrations and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be implemented by computer readable

program instructions.

[0060] These computer readable program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which execute via the processor of
the computer or other programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart and/or block diagram block or
blocks. These computer readable program instructions may also be stored in a computer
readable storage medium that can direct a computer, a programmable data processing
apparatus, and/or other devices to function in a particular manner, such that the computer
readable storage medium having instructions stored therein comprises an article of
manufacture including instructions which implement aspects of the function/act specified in

the flowchart and/or block diagram block or blocks.

[0061] The computer readable program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other device to
produce a computer implemented process, such that the instructions which execute on the
computer, other programmable apparatus, or other device implement the functions/acts

specified in the flowchart and/or block diagram block or blocks.

[0062] The flowchart and block diagrams illustrate the architecture, functionality, and
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operation of possible implementations of systems, methods and computer program products
according to various embodiments of the present disclosure. In this regard, each block in the
flowchart or block diagrams may represent a module, snippet, or portion of code, which
comprises one or more executable instructions for implementing the specified logical
function(s). It should also be noted that, in some alternative implementations, the functions
noted in the block may occur out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams and/or flowchart illustration, and
combinations of blocks in the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems that perform the specified functions

or acts, or combinations of special purpose hardware and computer instructions.

[0063] The descriptions of the various embodiments of the present disclosure have been
presented for purposes of illustration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and spirit of the described
embodiments. The terminology used herein was chosen to best explain the principles of the
embodiments, the practical application or technical improvement over technologies found in
the marketplace, or to enable others of ordinary skill in the art to understand the embodiments

disclosed herein.
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I/We Claim:

1. A method of determining channel information for a channel, comprising:

receiving a channel state information-reference signal (CSI-RS) from a base station,
the CSI-RS being transmitted by the base station with a CSI-RS resource mapped to a part of
transmitting antenna ports in an antenna array;

determining, by measuring the CSI-RS, partial channel information for the channel
corresponding to the part of transmitting antenna ports; and

determining overall channel information for the channel based on the partial channel

information.

2. The method of Claim 1, wherein the CSI-RS is transmitted by the base station with
a first CSI-RS resource mapped to a column of transmitting antenna ports in the antenna array
and a second CSI-RS resource mapped to a row of transmitting antenna ports in the antenna
array, and the determining partial channel information comprises:

determining first partial channel information corresponding to the column of
transmitting antenna ports; and

determining second partial channel information corresponding to the row of

transmitting antenna ports.

3. The method of Claim 2, wherein determining the overall channel information
comprises:
determining the overall channel information by calculating a product of the first and

second partial channel information.

4. The method of Claim 1, wherein the CSI-RS is transmitted by the base station with
a third CSI-RS resource mapped to a row of transmitting antenna ports in the antenna array, a
fourth CSI-RS resource mapped to a first group of a column of transmitting antenna ports in
one of two polarizations, and a fifth CSI-RS resource mapped to a second group of the
column of transmitting antenna ports in the other of the two polarizations, and the
determining partial channel information comprises:

determining third partial channel information corresponding to the row of transmitting
antenna ports;

determining fourth partial channel information corresponding to the first group of the
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column of transmitting antenna ports; and
determining fifth partial channel information corresponding to the second group of the

column of transmitting antenna ports.

5. The method of Claim 4, wherein determining the overall channel information
comprises:
determining, based on the third, fourth, and fifth partial channel information, the

overall channel information by calculating a product.

6. The method of Claim 1, wherein the CSI-RS is transmitted by the base station with
a sixth CSI-RS resource mapped to a third group of transmitting antenna ports and a seventh
CSI-RS resource mapped to a fourth group of transmitting antenna ports, the third group of
transmitting antenna ports being distributed in a first antenna block of the antenna array and
the fourth group of transmitting antenna ports being distributed in a second antenna block of
the antenna array, the first antenna block being larger than the second antenna block, and the
determining partial channel information comprises:

determining sixth partial channel information corresponding to the third group of
transmitting antenna ports; and

determining seventh partial channel information corresponding to the fourth group of

transmitting antenna ports.

7. The method of Claim 6, wherein determining the overall channel information
comprises:
determining the overall channel information by calculating a product of the sixth and

seventh partial channel information.

8. The method of Claim 1, wherein the CSI-RS is transmitted by the base station with
a plurality of groups of CSI-RS resources mapped to a plurality of groups of transmitting
antenna ports respectively, and the determining partial channel information comprises:

determining a plurality of parts of channel information corresponding to the plurality

of groups of transmitting antenna ports respectively.

9. The method of Claim 8, wherein determining the overall channel information

comprises:
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determining the overall channel information by applying a linear combination to the

plurality of parts of channel information.

10. The method of Claim 1, further comprising;:
determining at least one of:
first channel state information corresponding to the partial channel information;
and
second channel state information corresponding to the overall channel

information.

11. The method of Claim 10, further comprising:
transmitting at least one of the first and second channel state information to the base

station.

12. The method of Claim 11, further comprising:
transmitting the first channel state information in a first periodicity; and
transmitting the second channel state information in a second periodicity, the second

periodicity being longer than the first periodicity.

13. An apparatus for determining channel information for a channel, comprising:

a reference signal receiving module configured to receive a channel state
information-reference signal (CSI-RS) from a base station, the CSI-RS being transmitted by
the base station with a CSI-RS resource mapped to a part of transmitting antenna ports in an
antenna array,

a partial channel information determining module configured to determine, by
measuring the CSI-RS, partial channel information for the channel corresponding to the part
of transmitting antenna ports; and

an overall channel information determining module configured to determine overall

channel information for the channel based on the partial channel information.

14. The apparatus of Claim 13, wherein the CSI-RS is transmitted by the base station
with a first CSI-RS resource mapped to a column of transmitting antenna ports in the antenna
array and a second CSI-RS resource mapped to a row of transmitting antenna ports in the

antenna array, and the partial channel information determining module is configured to:
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determine first partial channel information corresponding to the column of
transmitting antenna ports; and
determine second partial channel information corresponding to the row of transmitting

antenna ports.

15. The apparatus of Claim 14, wherein the overall channel information determining
module is configured to:
determine the overall channel information by calculating a product of the first and

second partial channel information.

16. The apparatus of Claim 13, wherein the CSI-RS is transmitted by the base station
with a third CSI-RS resource mapped to a row of transmitting antenna ports in the antenna
array, a fourth CSI-RS resource mapped to a first group of a column of transmitting antenna
ports in one of two polarizations, and a fifth CSI-RS resource mapped to a second group of
the column of transmitting antenna ports in the other of the two polarizations, and the partial
channel information determining module is configured to:

determine third partial channel information corresponding to the row of transmitting
antenna ports;

determine fourth partial channel information corresponding to the first group of the
column of transmitting antenna ports; and

determine fifth partial channel information corresponding to the second group of the

column of transmitting antenna ports.

17. The apparatus of Claim 16, wherein the overall channel information determining
module is configured to:
determine, based on the third, fourth, and fifth partial channel information, the overall

channel information by calculating a product.

18. The apparatus of Claim 13, wherein the CSI-RS is transmitted by the base station
with a sixth CSI-RS resource mapped to a third group of transmitting antenna ports and a
seventh CSI-RS resource mapped to a fourth group of transmitting antenna ports, the third
group of transmitting antenna ports being distributed in a first antenna block of the antenna
array and the fourth group of transmitting antenna ports being distributed in a second antenna

block of the antenna array, the first antenna block being larger than the second antenna block,
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and the partial channel information determining module is configured to:

determine sixth partial channel information corresponding to the third group of
transmitting antenna ports; and

determine seventh partial channel information corresponding to the fourth group of

transmitting antenna ports.

19. The apparatus of Claim 18, wherein the overall channel information determining
module is configured to:
determine the overall channel information by calculating a product of the sixth and

seventh partial channel information.

20. The apparatus of Claim 13, wherein the CSI-RS is transmitted by the base station
with a plurality of groups of CSI-RS resources mapped to a plurality of groups of transmitting
antenna ports respectively, and the partial channel information determining module is
configured to:

determine a plurality of parts of channel information corresponding to the plurality of

groups of transmitting antenna ports respectively.

21. The apparatus of Claim 20, wherein the overall channel information determining
module is configured to:
determine the overall channel information by applying a linear combination to the

plurality of parts of channel information.

22. The apparatus of Claim 13, further comprising:

a channel state information determining module configured to determine at least one

of:

first channel state information corresponding to the partial channel information;
and

second channel state information corresponding to the overall channel
information.

23. The apparatus of Claim 22, further comprising:
a channel state information transmitting module configured to transmit at least one of

the first and second channel state information to the base station.



WO 2017/168255 PCT/IB2017/000462
23

24. The apparatus of Claim 23, wherein the channel state information transmitting
module is configured to:

transmit the first channel state information in a first periodicity; and

transmit the second channel state information in a second periodicity, the second

periodicity being longer than the first periodicity.
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