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(54) METHOD, APPARATUS AND SYSTEM FOR INDICATING PRECODING MATRIX

(57) This application relates to the field of wireless
communications technologies, and in particular, to a pre-
coding matrix indication method, an apparatus, and a
system that are in a wireless communications system.
This application provides a combination of a plurality of
stages of codebooks and a corresponding PMI feedback
method. User equipment receives indication information
sent by a network device, where the indication informa-
tion includes information about codebooks used to report
precoding matrix indicators (Precoding Matrix Indicator,

PMI), the information about the codebooks indicates that
the used codebooks are at least two of a first codebook
to an Nth codebook, the PMIs include at least two of a
first PMI to an Nth PMI, and the first PMI to the Nth PMI
are respectively used to indicate a precoding matrix in
the first codebook to a precoding matrix in the Nth code-
book; and sends the PMIs based on the indication infor-
mation.
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Description

TECHNICAL FIELD

[0001] This application relates to the field of wireless communication technologies, and in particular, to a precoding
matrix indication method, an apparatus, and a system that are in a wireless communications system.

BACKGROUND

[0002] In a wireless network, to coordinate with application of multiple-input multiple-output (Multiple Input Multiple
Output, MIMO) technologies, a network device usually needs to precode to-be-sent data to reduce interference between
different data flows of a same user or data flows of different users, so as to improve system performance. Information
required by the network device to perform precoding is usually based on downlink channel measurement information
fed back by user equipment. The user equipment performs channel estimation based on a reference signal sent by the
network device, selects, based on a channel estimation result, a most appropriate precoding matrix from a codebook
that includes a plurality of precoding matrixes, and feeds back the precoding matrix to the network device by using a
precoding matrix indicator (Precoding Matrix Indicator, PMI). The precoding matrix is used as a reference for precoding
downlink data by the network device.
[0003] In the prior art, a plurality of codebook sets are usually pre-specified in a system depending on a factor such
as a difference between PMI feedback mechanisms or reference signal sending manners, and then user equipment is
notified, by using signaling, that which codebook set is to be selected for feeding back a PMI. Wireless scenarios develop
continuously and various factors, such as a beam combination weight and a beam polarization direction, of a wireless
channel need to be considered in combination for each codebook set; therefore, a plurality of complex codebook sets
need to be designed for different scenarios. Each precoding matrix in the codebooks depends on one or more precoding
matrix indexes. In addition, in an existing system, usually, a codebook used to feed back a PMI can be determined only
through mutual coordination of different higher layer signaling. As a result, a network device needs to send higher layer
signaling to instruct the user equipment to use corresponding codebooks in different scenarios, which is not flexible
enough. Consequently, signaling overheads are high, and a codebook design is quite complex.
[0004] In a wireless network that is being developed continuously, for example, in a new radio (New Radio, NR)
technology, a reference signal resource configuration is more flexible. For example, both periodic and non-periodic PMI
reporting are supported, both a non-precoded reference signal and a precoded reference signal are supported, and a
reference signal resource includes an antenna port (antenna port) in a multi-panel antenna array (Multi-panel antenna
array), dynamic activation and deactivation resources, and the like. An existing PMI feedback solution cannot satisfy a
flexible PMI feedback requirement in the wireless network.
[0005] Therefore, a precoding indication method is required, so that different reference signal resource configurations
can be flexibly adapted to, and signaling and a codebook design can be simplified.

SUMMARY

[0006] This specification describes a precoding indication method, an apparatus, and a system, to improve PMI feed-
back flexibility by using a plurality of stages of codebooks in a combined manner and by using a corresponding PMI
feedback method, so as to support more reference-signal-resource configuration scenarios and reduce signaling over-
heads used to configure a PMI feedback manner.
[0007] According to a first aspect, this application provides a precoding matrix indication method, including: receiving,
by user equipment, indication information sent by a network device, where the indication information includes information
about codebooks used to report PMIs, the information about the codebooks indicates that the used codebooks are at
least two of a first codebook to an Nth codebook, the PMIs include at least two of a first PMI to an Nth PMI, and the first
PMI to the Nth PMI are respectively used to indicate a precoding matrix in the first codebook to a precoding matrix in
the Nth codebook; sending, by the user equipment, the PMIs based on the indication information, where N is an integer
greater than or equal to 2. N codebooks and PMIs corresponding to the N codebooks are used, so that one or a
combination of a plurality of codebooks of the N codebooks can be used depending on different scenario requirements,
for example, different channel state information-reference signal (Channel State Information-Reference Signal, CSI-RS)
resource configurations, to adapt to the different requirements. The network device only needs to indicate, to the user
equipment, a specific codebook that needs to be used for a reference signal resource or a specific PMI that needs to
be reported for a reference signal resource, thereby avoiding that a plurality of pieces of signaling are required to
coordinately instruct the user equipment to use different codebooks and different PMI feedback mechanisms. Therefore,
signaling overheads are reduced, and when the reference signal resource or another scenario dynamically changes,
only the indication information needs to be sent to correspondingly indicate a change of the used codebook, and there
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is no need to use a plurality of pieces of signaling to perform coordinate indication for every change. In addition, a
relatively simple design may be used for each codebook depending on different consideration factors, and a plurality of
codebooks may be used to provide different combination manners for use, so as to adapt to more application scenarios.
In this way, there is no need to design a complex codebook set for every scenario, simplifying a codebook design.
[0008] In a possible design, the user equipment receives indication information sent by the network device, where the
indication information includes information about codebooks used to report PMIs, the information about the codebooks
indicates that the used codebooks are at least two of a first codebook, a second codebook, and a third codebook, the
PMIs include at least two of a first PMI, a second PMI, and a third PMI, and the first PMI, the second PMI, and the third
PMI are respectively used to indicate a precoding matrix in the first codebook, a precoding matrix in the second codebook,
and a precoding matrix in the third codebook; and sends the PMIs based on the indication information.
[0009] According to a second aspect, this application provides a precoding matrix indication method, including: sending,
by a network device, indication information to user equipment, where the indication information includes information
about codebooks used by the user equipment to report PMIs, the information about the codebooks indicates that the
used codebooks are at least two of a first codebook to an Nth codebook, the PMIs include at least two of a first PMI to
an Nth PMI, and the first PMI to the Nth PMI are respectively used to indicate a precoding matrix in the first codebook to
a precoding matrix in the Nth codebook; and receiving the PMIs sent by the user equipment, where N is an integer greater
than or equal to 2.
[0010] In a possible design, the method further includes: determining, by the network device for the user equipment,
the codebooks used to report the PMIs. Optionally, the determining, by the network device for the user equipment, the
codebooks used to report the PMIs includes: determining, by the network device for the user equipment depending on
a case about whether a reference signal is precoded and/or distribution of antenna ports in a reference signal resource,
the codebooks used to report the PMIs.
[0011] In a possible design, the network device sends indication information to the user equipment, where the indication
information includes information about codebooks used by the user equipment to report PMIs, the information about the
codebooks indicates that the used codebooks are at least two of a first codebook, a second codebook, and a third
codebook, the PMIs include at least two of a first PMI, a second PMI, and a third PMI, and the first PMI, the second PMI,
and the third PMI are respectively used to indicate a precoding matrix in the first codebook, a precoding matrix in the
second codebook, and a precoding matrix in the third codebook; and receives the PMIs sent by the user equipment.
[0012] With reference to any one of the first aspect, the second aspect, or the possible implementations of the two
aspects, the following paragraphs provide more possible design manners.
[0013] Optionally, the indication information may also include information about PMIs that need to be used, the infor-
mation about the PMIs indicates that the PMIs include at least two of the first PMI to the Nth PMI, and the first PMI to
the Nth PMI are respectively used to indicate the precoding matrix in the first codebook to the precoding matrix in the
Nth codebook.
[0014] Optionally, the indication information may include information about codebooks used to report PMIs corre-
sponding to a plurality of reference signal resources, and different codebooks may be used to report the PMIs corre-
sponding to the reference signal resources. The reference signal resource is at least one antenna port (antenna port)
and a time-frequency domain resource that are used to send a reference signal, and one reference signal resource
includes at least one antenna port. Signaling overheads are further reduced by using one piece of signaling to notify the
user equipment of the codebooks used to report the PMIs corresponding to the plurality of reference signal resources.
[0015] In a possible design, values of the first PMI to the Nth PMI are respectively corresponding to one codebook
index in the first codebook to one codebook index in the Nth codebook. One PMI is used for each codebook, and each
PMI is corresponding to one codebook index in a codebook, so that the PMIs can be reported by using a simpler
information element, fewer bits are required by the information element, and signaling overheads are reduced during
PMI reporting.
[0016] In a possible design, values of the first PMI, the second PMI, and the third PMI are respectively corresponding
to one codebook index in the first codebook, one codebook index in the second codebook, and one codebook index in
the third codebook.
[0017] In a possible design, at least one of the first codebook, the second codebook, and the third codebook may
further include at least two sub-codebooks. According to the design of further dividing a codebook, a design of each
codebook may be simplified, and the codebook may also be used in combination with another codebook more flexibly.
Optionally, the first codebook includes a first sub-codebook and/or a second sub-codebook, and the first PMI includes
a first sub-PMI and a second sub-PMI. Optionally, values of the first sub-PMI, the second sub-PMI, the second PMI,
and the third PMI are respectively corresponding to one codebook index in the first sub-codebook, one codebook index
in the second sub-codebook, one codebook index in the second codebook, and one codebook index in the third codebook.
[0018] In a possible design, the first codebook to the Nth codebook include at least one codebook used for beam
selection. Optionally, a precoding matrix in a codebook used for beam selection is a weighting matrix for forming K
(1≤K≤C) beams by C (C≥1) antenna ports. The K beams are a group of orthogonal or nonorthogonal bases in a beam
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space. Different beam sets can be selected by selecting different precoding matrixes from the codebook, so that the
user equipment selects a beam set that better adapts to a channel of the user equipment. Optionally, the first codebook
may be used for beam selection.
[0019] In a possible design, the first codebook to the Nth codebook include at least one codebook used for beam basis
vector selection. A precoding matrix in a codebook used for beam basis vector selection is a weighting matrix for forming
X (X≥1) beams by C (C≥1) antenna ports. The X beams are at least one group of orthogonal or nonorthogonal bases
in a beam space. Optionally, the first sub-codebook is used for beam basis vector selection, and the second sub-codebook
is used for beam selection. A precoding matrix in the second sub-codebook is a selection matrix for selecting K (1≤K≤C)
beams from X beams.
[0020] In a possible design, the first codebook to the Nth codebook include at least one codebook used for beam
combination. A precoding matrix in a codebook used for beam combination is a weighting matrix for combining at least
one beam, for example, a weighting matrix for combining the K beams. Optionally, the second codebook is used for
beam combination.
[0021] In a possible design, the first codebook to the Nth codebook include at least one codebook used for inter-beam
amplitude and/or phase compensation. A precoding matrix in a codebook used for inter-beam amplitude and/or phase
compensation is a matrix for amplitude and/or phase compensation between different beams. The amplitude and/or
phase compensation between different beams includes at least one of amplitude compensation between beams that
are in different polarization directions, phase compensation between beams that are in different polarization directions,
amplitude compensation between beams from different antenna panels, and phase compensation between beams from
different antenna panels. The codebook used for inter-beam amplitude and/or phase compensation may support appli-
cation of a dual polarization antenna array and/or a multi-panel antenna array (Multi-panel antenna array). The application
of the dual polarization antenna array can be supported, and use of antenna ports or beams that come from different
antenna panels can be supported, provided that the codebook and another codebook are used in a combined manner.
This simplifies a codebook design. Optionally, the third codebook is used for inter-beam amplitude and/or phase com-
pensation.
[0022] According to a third aspect, this application provides a precoding codebook design method. A precoding code-
book is used by a network device to perform data precoding and/or by user equipment to report a PMI. The precoding
codebook includes N stages of codebooks, where N is an integer greater than or equal to 2, and each of the N stages
of codebooks may be independently used or may be used in combination with another codebook.
[0023] In a possible design, the N stages of codebooks include at least one of a codebook used for beam basis vector
selection, a codebook used for beam selection, a codebook used for beam combination, a codebook used for difference
compensation between beams that are in different polarization directions, and a codebook for difference compensation
between panels.
[0024] In a possible design, the precoding codebook includes three stages of codebooks: a first codebook, a second
codebook, and a third codebook. Optionally, the first codebook is used for beam selection. Optionally, the second
codebook is used for beam combination. Optionally, the third codebook is used for inter-beam amplitude and/or phase
compensation.
[0025] In a possible design, the precoding codebook includes four stages of codebooks: a first sub-codebook, a second
sub-codebook, a second codebook, and a third codebook. Optionally, the first sub-codebook is used for beam basis
vector selection, and the second sub-codebook is used for beam selection. Optionally, the second codebook is used for
beam combination. Optionally, the third codebook is used for inter-beam amplitude and/or phase compensation.
[0026] According to a fourth aspect, an embodiment of this application provides user equipment, where the user
equipment has a function of implementing actions of the user equipment in the foregoing methods in practice. The
function may be implemented by hardware, or may be implemented by hardware by executing corresponding software.
The hardware or the software includes one or more modules corresponding to the function.
[0027] According to a fifth aspect, an embodiment of this application provides a network device, where the network
device has a function of implementing actions of the network device in the foregoing methods in practice. The function
may be implemented by hardware, or may be implemented by hardware by executing corresponding software. The
hardware or the software includes one or more modules corresponding to the function.
[0028] According to a sixth aspect, an embodiment of this application provides user equipment, where a structure of
the user equipment includes a receiver and a transmitter, the receiver is configured to support the user equipment in
receiving the information and/or data sent by the network device in the foregoing methods, for example, receiving the
indication information sent by the network device, and the transmitter is configured to support the user equipment in
sending the information or data in the foregoing methods to the network device, for example, sending the PMIs to the
network device. In a possible implementation, the user equipment may further include a processor, where the processor
is configured to support the user equipment in performing corresponding functions in the foregoing methods; and the
user equipment may further include a memory, where the memory is configured to be coupled with the processor and
store a program instruction and data that are necessary for the user equipment.
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[0029] According to a seventh aspect, an embodiment of this application provides a network device, where a structure
of the network device includes a transmitter and a receiver, the transmitter and the receiver are configured to support
communication between the network device and user equipment, the transmitter is configured to send the information
and/or data in the foregoing methods to the user equipment, for example, send the indication information, and the receiver
is configured to support the network device in receiving the information and/or data sent by the user equipment in the
foregoing methods, for example, receiving the PMIs sent by the user equipment. In a possible design, the network device
may further include a processor, where the processor is configured to support the network device in performing corre-
sponding functions in the foregoing methods, for example, determining, for the user equipment, the codebooks used to
report the PMIs; or in a possible design, the network device may further include a memory, where the memory is
configured to be coupled with the processor and store a program instruction and data that are necessary for the network
device, and the network device may further include a communications unit, configured to support communication with
another network device, for example, communication with a core network node.
[0030] According to an eighth aspect, an embodiment of this application provides a communications system, where
the system includes the network device and the user equipment in the foregoing aspects.
[0031] According to a ninth aspect, an embodiment of this application provides a computer storage medium, configured
to store a computer software instruction used by the foregoing network device. The computer software instruction includes
a program designed for performing the foregoing aspects.
[0032] According to a tenth aspect, an embodiment of this application provides a computer storage medium, configured
to store a computer software instruction used by the foregoing user equipment. The computer software instruction
includes a program designed for performing the foregoing aspects.
[0033] According to an eleventh aspect, this application provides a chip system, where the chip system includes a
processor, configured to support user equipment in implementing functions in the foregoing aspects, for example, gen-
erating or processing the data and/or information in the foregoing methods. In a possible design, the chip system further
includes a memory, where the memory is configured to store a program instruction and data that are necessary for the
user equipment, and the chip system may include a chip, or may include a chip and another discrete component.
[0034] According to a twelfth aspect, this application provides a chip system, where the chip system includes a proc-
essor, configured to support a network device in implementing functions in the foregoing aspects, for example, receiving
or processing the data and/or information in the foregoing methods. In a possible design, the chip system further includes
a memory, where the memory is configured to store a program instruction and data that are necessary for the network
device, and the chip system may include a chip, or may include a chip and another discrete component.
[0035] Compared with the prior art, this application describes a precoding matrix indication method, an apparatus,
and a system, to improve PMI feedback flexibility by using a plurality of stages of codebooks in a combined manner and
by using a corresponding PMI feedback method, so as to support more reference-signal-resource configuration scenarios
and reduce signaling overheads used to configure a PMI feedback manner.

BRIEF DESCRIPTION OF DRAWINGS

[0036] The following describes in more details the embodiments of this application with reference to accompanying
drawings.

FIG. 1 is a schematic diagram of a possible application scenario according to this application;
FIG. 2 is a schematic flowchart of a precoding matrix indication method according to an embodiment of this application;
FIG. 3 is a schematic flowchart of a precoding method according to an embodiment of this application;
FIG. 4 is a schematic diagram of a correspondence between a reference signal resource and a codebook according
to an embodiment of this application;
FIG. 5 is a schematic diagram of another correspondence between a reference signal resource and a codebook
according to an embodiment of this application;
FIG. 6 is a schematic diagram of still another correspondence between a reference signal resource and a codebook
according to an embodiment of this application;
FIG. 7 is a schematic structural diagram of user equipment according to an embodiment of this application;
FIG. 8 is a schematic structural diagram of a network device according to an embodiment of this application; and
FIG. 9 is a schematic flowchart of another precoding matrix indication method according to an embodiment of this
application.

DESCRIPTION OF EMBODIMENTS

[0037] The following clearly and completely describes the technical solutions in the embodiments of this application
with reference to the accompanying drawings in the embodiments of this application.
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[0038] A network architecture and a service scenario that are described in the embodiments of this application are
intended to describe the technical solutions in the embodiments of this application more clearly, and do not constitute
any limitation on the technical solutions provided in the embodiments of this application. A person of ordinary skill in the
art may understand that with the evolution of network architectures and the emergence of new service scenarios, the
technical solutions provided in the embodiments of this application are also applicable to similar technical problems.
[0039] Technologies described in this application may be applicable to a Long Term Evolution (Long Term Evolution,
LTE) system and a subsequent evolved system such as a 5th generation mobile communications (the 5th Generation
mobile communication, 5G) system, or another wireless communications system in which a precoding technology needs
to be used, and in particular, to a communications system that requires flexible precoding matrix indicator (Precoding
Matrix Indicator, PMI) reporting. FIG. 1 is a schematic diagram of a possible application scenario according to this
application. User equipment (User Equipment, UE) accesses, by using a wireless interface, a network device to perform
communication, or may communicate with other user equipment, for example, communication in a device-to-device
(Device to Device, D2D) or machine-to-machine (Machine to Machine, M2M) scenario. The network device may com-
municate with the user equipment, or may communicate with another network device, for example, communication
between a macro base station and an access point. In this application, nouns "network" and "system" are usually used
alternately, but a person skilled in the art can understand their meanings.
[0040] The user equipment in this application may include various handheld devices, in-vehicle devices, wearable
devices, computing devices, and control devices that have a wireless communication function, or other processing
devices connected to a wireless modem, and various UEs, mobile stations (Mobile station, MS), terminals (terminal),
and terminal equipments (Terminal Equipment), or the like. For ease of description, the devices are collectively referred
to as user equipment (UE).
[0041] The network device in this application includes a base station (Base Station, BS), a network controller, a mobile
switching center, or the like. An apparatus that directly communicates with user equipment by using a wireless channel
is usually a base station. The base station may include various macro base stations, micro base stations, relay nodes,
access nodes, or remote radio units (Remote Radio Unit, RRU), or the like. Certainly, another network device that has
a wireless communication function may also perform wireless communication with the user equipment. This is not
uniquely limited in this application. A device having a base station function may have different names in different systems.
For example, the device is referred to as an evolved NodeB (evolved NodeB, eNB or eNodeB) in an LTE network, the
device is referred to as a NodeB (NodeB) in a 3rd generation (the 3rd Generation, 3G) network, and the device is referred
to as a transmission reception point (Transmission Reception Point, TRP) in a subsequent evolved system such as a
5G system.
[0042] The technical solutions provided in this application may be applicable between a network device and user
equipment, for example, between a base station and user equipment, or may be applicable between other communica-
tions devices that need to precode transmission data. For ease of description, a network device and user equipment
are used as examples for description in the embodiments of this application.
[0043] The following explains some general concepts or definitions in the embodiments of this application. It should
be noted that some English abbreviations in this specification are descriptions about the embodiments of this application
by using an LTE system as an example and may change with the evolution of the network. For specific evolution, refer
to descriptions in a corresponding standard.
[0044] An antenna port (antenna port) described in this application is configured to send a physical channel or a signal.
A channel that a symbol sent on an antenna port passes through may be obtained through deduction from a channel
that another symbol sent on the same antenna port passes through.
[0045] A beam (beam) described in this application is a radio wave that has a given direction and shape and that is
formed in space when at least one antenna port transmits or receives a wireless signal. A beam may be formed through
amplitude and/or phase weighting by using data transmitted or received by at least one antenna port, or a beam may
be formed by using another method, for example, by adjusting a related parameter of an antenna unit.
[0046] An antenna panel (or "panel" for short) described in this application is an apparatus configured to bear a physical
antenna. One antenna panel may bear an antenna array that includes a plurality of antenna units, or a plurality of antenna
panels may form a multi-panel antenna array (Multi-panel antenna array).
[0047] A reference signal resource described in this application is an antenna port configured to send a reference
signal and a time-frequency resource used on the antenna port. One reference signal resource includes at least one
antenna port and a time-frequency resource used on the at least one antenna port. Usually, a reference signal used for
channel state information measurement, such as a channel state information-reference signal (Channel State Informa-
tion-Reference Signal, CSI-RS), is configured in a system. A reference signal used for PMI reporting is usually a CSI-
RS, or may be another type of reference signal or another signal. This is not limited in this application. For ease of
description, a CSI-RS and a CSI-RS resource are used as examples for description in some embodiments of this
application.
[0048] A matrix or a precoding matrix described in this application includes a vector that has one row or column.
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[0049] The term "and/or" in this application describes only an association relationship for describing associated objects
and represents that three relationships may exist. For example, A and/or B may represent the following three cases:
Only A exists, both A and B exist, and only B exists. In addition, the character "/" in this specification generally indicates
an "or" relationship between the associated objects.
[0050] The following describes the solutions provided in the embodiments of this application in more details with
reference to the accompanying drawings.
[0051] FIG. 2 is a schematic flowchart of a precoding matrix indication method according to an embodiment of this
application.
[0052] Part 201. User equipment receives indication information sent by a network device, where the indication infor-
mation includes information about a codebook used by the user equipment to report a PMI.
[0053] In an example, the indication information includes a PMI reporting manner corresponding to at least one ref-
erence signal resource. Optionally, the reporting manner may be indicating, to the user equipment, the codebook used
to report a PMI, or may be indicating, to the user equipment, a specific PMI or specific PMIs that need to be reported.
For example, the indication information may indicate, to the user equipment, which codebook or codebooks of a first
codebook to an Nth codebook need to be used to determine a PMI or PMIs specific to a reference signal resource; or
the indication information may indicate, to the user equipment, which PMI or PMIs of a first PMI to an Nth PMI need to
be reported specific to a reference signal resource. The first PMI to the Nth PMI are respectively used to indicate a
precoding matrix in the first codebook to a precoding matrix in the Nth codebook.
[0054] The first codebook to the Nth codebook may be designed specific to at least one factor of a reference signal
resource and/or channel information. For example, a codebook is used for beam selection, a codebook is used for beam
combination, and a codebook is used for inter-beam amplitude and/or phase compensation. In this way, corresponding
to different scenarios, different codebook combinations may be selected for use.
[0055] In an example, one PMI is used for each of the first codebook to the Nth codebook, and values of the PMIs of
the first PMI to the Nth PMI are respectively corresponding to one codebook index in the first codebook to one codebook
index in the Nth codebook. For example, a value of a kth (1≤k≤N) PMI may equal a codebook index i (1≤i≤I, where I is
a maximum value of a codebook index in a kth codebook) in the kth codebook, and therefore the kth PMI indicates a
precoding matrix corresponding to the codebook index i in the Kth codebook.
[0056] In an example, the indication information may be higher layer signaling such as radio resource control (Radio
resource control, RRC) signaling. Optionally, the indication information may be sent during access of the user equipment,
or may be dynamically sent to the user equipment depending on a requirement, for example, a change of a reference
signal resource configuration.
[0057] In an example, for all different reference signal resources, at least one of the first codebook to the Nth codebook
is used for PMI reporting, only one codebook set needs to be maintained in a system, and different reference signal
resource configurations are used by using flexible combinations of different codebooks.
[0058] Part 202. The user equipment reports the PMI based on the indication information.
[0059] The user equipment determines, according to the PMI reporting manner indicated in the indication information,
the codebook that needs to be used and the PMI, and reports the PMI. For example, if the network device indicates, to
the user equipment, that the first codebook and a second codebook need to be used or the first PMI and a second PMI
need to be reported, specific to a reference signal resource, the user equipment determines and reports, specific to the
reference signal resource, the first PMI and the second PMI by using the first codebook and the second codebook.
[0060] FIG. 3 is a schematic flowchart of a precoding method according to an embodiment of this application. It should
be noted that steps in FIG. 3 and a sequence of the steps are only used as examples, and in an actual system, some
steps may be omitted or the sequence may change. This is not limited in this application.
[0061] Part 301. A network device determines a CSI-RS resource for user equipment, and determines, for the user
equipment, codebooks used to report PMIs specific to different CSI-RSs.
[0062] In an example, the network device may determine, for the user equipment depending on a case about whether
a CSI-RS is precoded when the CSI-RS is sent and/or distribution of antenna ports in the CSI-RS resource, the codebooks
used to report the PMIs. For example, when sending a precoded CSI-RS such as a beamformed (beamformed) CSI-
RS, the network device may instruct the user equipment to use a codebook used for beam amplitude and/or phase
compensation, and the user equipment may not use a codebook used for beamforming. For another example, when the
CSI-RS resource includes antenna ports on different panels, in other words, when beams may come from different
antenna panels, the network device may also instruct the user equipment to use a codebook used for inter-beam
amplitude and/or phase compensation, so as to perform difference compensation between the beams from the different
panels.
[0063] Part 302. The network device indicates, to the user equipment, the CSI-RS resource allocated to the user
equipment.
[0064] In an example, the network device may allocate one or more CSI-RS resources to each user equipment, and
the CSI-RS resources may be corresponding to different PMI reporting manners. The network device may dynamically
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notify the user equipment of a CSI-RS resource configuration.
[0065] In an example, one CSI-RS resource may include at least one antenna port and a time-frequency domain
resource used on the antenna port. When one CSI-RS resource includes a plurality of antenna ports, these antenna
ports may be antenna ports in a same polarization direction or different polarization directions, or may be distributed on
a same antenna panel or different antenna panels.
[0066] Part 303. The network device sends a CSI-RS, where the user equipment may perform channel estimation
and measurement based on the received CSI-RS.
[0067] Part 304. The network device sends indication information, where a specific implementation is the same as the
description of part 201, and details are not described herein again.
[0068] Part 305. The user equipment determines, with reference to a channel estimation and measurement result, a
PMI by using a corresponding codebook and based on the indication information.
[0069] Part 306. The user equipment reports the PMI, where a specific implementation is the same as the description
of part 202, and details are not described herein again.
[0070] Part 307. The network device precodes downlink data based on the PMI reported by the user equipment.
[0071] Part 308. The network device sends precoded downlink data.
[0072] With reference to the precoding matrix indication method corresponding to FIG. 2 or FIG. 3, FIG. 4 is a schematic
diagram of a correspondence between a reference signal resource and a codebook according to an embodiment of this
application.
[0073] In the embodiment corresponding to FIG. 4, for example, a system includes a first codebook and a second
codebook, that is, N=2 is used as an example for description.
[0074] A network device may pre-configure an antenna port set of a CSI-RS resource for user equipment. The antenna
port set includes M (M≥1) antenna ports, C1 (C1≥1) antenna ports are selected from the port set to form a CSI-RS
resource 1, and C2 (C2≥1) antenna ports are selected to form a CSI-RS resource 2.
[0075] In this embodiment, the first codebook is used for beam selection. Optionally, a precoding matrix in the first
codebook is a weighting matrix for forming K (1≤K≤C) beams by C (C≥1) antenna ports. Different beam sets can be
selected by selecting different precoding matrixes from the first codebook, so that the user equipment selects a beam
set that better adapts to a channel of the user equipment. Optionally, the precoding matrix in the first codebook may be
an over-sampled discrete Fourier transform (discrete fourier transform, DFT) matrix, for example, a precoding matrix
corresponding to a first PMI when signaling eMIMO-type is configured as ’Class A’ in the 3rd Generation Partnership
Project (3rd Generation Partnership Project, 3GPP) TS 36.211 V13.0.0. The user equipment may select a precoding
matrix from the first codebook based on a quantity of antenna ports of a CSI-RS resource and a quantity of beams that
need to be selected. Specifically, for the CSI-RS resource 1, selection is performed in a weighting matrix, for forming K
(1≤K≤C) beams by C1 antenna ports, in the first codebook; for the CSI-RS resource 2, selection is performed in a
weighting matrix, for forming K (1≤K≤C) beams by C2 antenna ports, in the first codebook.
[0076] The second codebook is used for beam combination. A precoding matrix in the second codebook is a weighting
matrix for combining at least one beam. For example, the second codebook may be a weighting matrix for combining
the K beams. Optionally, the precoding matrix in the second codebook may be a precoding matrix in a codebook used
when signaling eMIMO-type is configured as ’Class B’ in the 3GPP TS 36.211 V13.0.0, or may be a beam weighting
matrix, for example, 

wi, i =1,...,L is a column vector of C 3 1 and represents a weighting factor, C is a quantity of antenna ports, and L is an
integer greater than or equal to 1 and represents a quantity of layers for transmitting data. The user equipment may
select a precoding matrix from the second codebook based on a quantity of antenna ports of a CSI-RS resource such
as C1 or C2 in this embodiment and based on the quantity of layers for transmitting data.
[0077] The network device determines, for the user equipment, a codebook used for each CSI-RS resource, and
notifies the user equipment of the codebook by using indication information. Optionally, the network device may also
indicate the used codebook in signaling (for example, RRC signaling) for configuring the CSI-RS resource. Each codebook
is used to report only one PMI, to indicate one precoding matrix in the codebook.
[0078] In a specific example, for a non-precoded (non-precoded) CSI-RS resource, only the first codebook or both
the first codebook and the second codebook may be used for PMI reporting. For a beamformed CSI-RS resource, only
the second codebook or both the first codebook and the second codebook may be used for PMI reporting.
[0079] In this embodiment, the CSI-RS resource 1 is a non-precoded CSI-RS resource, and the CSI-RS resource 2
is a beamformed CSI-RS resource. The network device determines that, for the CSI-RS resource 1, the first codebook
is used to report the first PMI. For the CSI resource 2, the first codebook and the second codebook are used to report
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the first PMI and a second PMI. After performing channel estimation based on the CSI-RS resource 1, the user equipment
may determine, based on a signal to interference plus noise ratio maximizing criterion, a specific to-be-used precoding
matrix in the first codebook, and determine a value of the first PMI that needs to be reported. After performing channel
estimation based on the CSI-RS resource 2, the user equipment may determine, based on the signal to interference
plus noise ratio maximizing criterion, a specific to-be-used precoding matrix in the first codebook and a specific to-be-
used precoding matrix in the second codebook, and determine a value of the first PMI that needs to be reported and a
value of the second PMI that needs to be reported.
[0080] After determining the PMIs that need to be reported for the CSI-RS resource 1 and the CSI-RS resource 2, the
user equipment reports the determined PMIs.
[0081] With reference to the precoding matrix indication method corresponding to FIG. 2 or FIG. 3, FIG. 5 is a schematic
diagram of another correspondence between a reference signal resource and a codebook according to an embodiment
of this application.
[0082] In the embodiment corresponding to FIG. 5, for example, a system includes a first sub-codebook, a second
sub-codebook, and a second codebook, that is, N=3 is used as an example for description.
[0083] A network device may pre-configure an antenna port set of a CSI-RS resource for user equipment. The antenna
port set includes M (M≥1) antenna ports, C1 (C1≥1) antenna ports are selected from the port set to form a CSI-RS
resource 1, C2 (C2≥1) antenna ports are selected to form a CSI-RS resource 2, and C3 (C3≥1) antenna ports are selected
to form a CSI-RS resource 3.
[0084] In this embodiment, beam selection is implemented by using two codebooks: the first sub-codebook and the
second sub-codebook in a combined manner. The first sub-codebook is used for beam basis vector selection. A precoding
matrix in the first sub-codebook is a weighting matrix for forming X (1≤X) beams by C (C≥1) antenna ports. The X beams
are at least one group of orthogonal or nonorthogonal bases in a beam space. Optionally, a specific form of the first sub-
codebook may be the same as that of the first codebook in the foregoing embodiments, and details are not described
herein again. In addition, the first sub-codebook may alternatively be an orthogonal DFT matrix. The method used by
the user equipment for the first sub-codebook is the same as that used for the first codebook in the foregoing embodiments,
and a difference lies only in that X beams are selected by using the first sub-codebook.
[0085] The second sub-codebook is used for beam selection. A precoding matrix in the second sub-codebook is a
selection matrix for selecting K (1≤K≤C) beams from X beams. Optionally, the precoding matrix in the second sub-
codebook may be designed as an X 3 K matrix including K non-zero elements, so as to select the K beams from the X
beams. The user equipment may select the precoding matrix from the second sub-codebook based on values of X and
K and a beam that needs to be used by the user equipment.
[0086] The second codebook is used for beam combination, and a form and a using manner of a precoding matrix in
the second codebook are the same as those of the second codebook in the foregoing embodiment.
[0087] The network device determines, for the user equipment, a codebook used for each CSI-RS resource, and
notifies the user equipment of the codebook by using indication information. For a specific implementation, refer to the
description of the embodiment in FIG. 4.
[0088] In a specific example, for a non-precoded (non-precoded) CSI-RS resource, the first sub-codebook and the
second sub-codebook or all of the first sub-codebook, the second sub-codebook, and the second codebook may be
used for PMI reporting. For a beamformed CSI-RS resource, only the second codebook or all of the first sub-codebook,
the second sub-codebook, and the second codebook may be used for PMI reporting.
[0089] In this embodiment, the CSI-RS resource 1 is a non-precoded CSI-RS resource, and the CSI-RS resource 2
and the CSI-RS resource 3 are beamformed CSI-RS resources. The network device determines that, for the CSI-RS
resource 1, the first sub-codebook and the second sub-codebook are used to report a first sub-PMI and a second sub-
PMI. For the CSI-RS resource 2, the first sub-codebook, the second sub-codebook, and the second codebook are used
to report the first sub-PMI, the second sub-PMI, and the second PMI. For the CSI-RS resource 3, the second codebook
is used to report the second PMI. The user equipment performs channel estimation by using different CSI-RS resources,
and determines, based on the indication information, a to-be-used precoding matrix from a corresponding codebook.
For a specific implementation method, refer to the embodiment corresponding to FIG. 4. In this embodiment, when using
the first sub-codebook and the second sub-codebook, the user equipment may also determine, based on a signal to
interference plus noise ratio maximizing criterion, a specific precoding matrix that needs to be used.
[0090] The user equipment determines the first sub-PMI and the second sub-PMI that are corresponding to the CSI-
RS resource 1, the first sub-PMI, the second sub-PMI, and the second PMI that are corresponding to the CSI-RS resource
2, and the second PMI corresponding to the CSI-RS resource 3, and reports the PMIs to the network device.
[0091] With reference to the precoding matrix indication method corresponding to FIG. 2 or FIG. 3, FIG. 6 is a schematic
diagram of still another correspondence between a reference signal resource and a codebook according to an embod-
iment of this application.
[0092] In the embodiment corresponding to FIG. 6, for example, a system includes a first codebook, a second codebook,
and a third codebook, that is, N=3 is used as an example for description.
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[0093] A process of determining a codebook and a PMI that are corresponding to a CSI-RS resource 1 is the same
as that of determining the codebooks and the PMIs that are corresponding to the CSI-RS resource 2 in FIG. 4.
[0094] In this embodiment, a process of determining the second codebook and a second PMI that are correspondingly
used for a CSI-RS resource 2 is the same as that of determining the second codebook and the second PMI that are
correspondingly used for the CSI-RS resource 2 in FIG. 5. In addition, the CSI-RS resource 2 further includes beams
that are in different polarization directions; therefore, the third codebook may be further used to feed back a third PMI,
so as to compensate an amplitude difference and/or a phase difference between beams that are in different polarization
directions.
[0095] Antenna ports used for a CSI-RS resource 3 are distributed on different antenna panels, that is, beams corre-
sponding to the CSI-RS resource 3 come from different antenna panels. For this type of CSI-RS resource, the third
codebook may be used to feed back the third PMI, so as to compensate an amplitude difference and/or a phase difference
between beams of different antenna panels.
[0096] For functions and design manners of the first codebook and the second codebook, refer to the embodiment
corresponding to FIG. 4.
[0097] The third codebook is used for inter-beam amplitude and/or phase compensation. A precoding matrix in the
third codebook is a matrix for amplitude and/or phase compensation between different beams. The amplitude and/or
phase compensation between different beams includes at least one of amplitude compensation between beams that
are in different polarization directions, phase compensation between beams that are in different polarization directions,
amplitude compensation between beams from different antenna panels, and phase compensation between beams from
different antenna panels. Optionally, the precoding matrix in the third codebook may be designed in a same form as the
second codebook in the foregoing embodiment. A difference lies in that an element in the precoding matrix in the third
codebook is used for inter-beam amplitude and/or phase compensation, and that each element may be an amplitude
factor and/or a phase factor. Optionally, the element in the precoding matrix in the third codebook may also have a linear
incremental phase characteristic, for example, in W = [w1 w2 ... wL], the following equation is satisfied: 

where meanings of the variables are the same as those in the embodiment in FIG. 4.
[0098] Optionally, the third codebook may alternatively be divided into at least two sub-codebooks for implementation.
For example, the third codebook may include a third sub-codebook and a fourth sub-codebook. The third sub-codebook
is used for amplitude and/or phase compensation between beams that are in different polarization directions, and the
fourth sub-codebook is used for amplitude and/or phase compensation between beams from different panels. A design
manner similar to that of the precoding matrix in the third codebook may be used for a precoding matrix in the third sub-
codebook and/or the fourth sub-codebook. The third sub-codebook and the fourth sub-codebook are respectively cor-
responding to a third sub-PMI and a fourth sub-PMI. For a specific indication manner, refer to the descriptions about the
foregoing other codebooks.
[0099] In this embodiment, a network device determines that, for the CSI-RS resource 1, the first codebook and the
second codebook need to be used to report a first PMI and a second PMI; for the CSI-RS resource 2, the second
codebook and the third codebook need to be used to report the second PMI and a third PMI; and for the CSI-RS resource
3, the first codebook, the second codebook, and the third codebook need to be used to report the first PMI, the second
PMI, and the third PMI. Usage, designs, and using manners of the first codebook and the second codebook are the
same as those in the embodiment in FIG. 4. The user equipment may determine, based on a signal to interference plus
noise ratio maximizing criterion, a specific precoding matrix to be used for the CSI-RS resource 2 in the third codebook,
a value of the third PMI corresponding to the CSI-RS resource 2, a specific precoding matrix to be used for the CSI-RS
resource 3 in the third codebook, and a value of the third PMI corresponding to the CSI-RS resource 3. Then, the PMI
corresponding to the CSI-RS resource 1, the PMI corresponding to the CSI-RS resource 2, and the PMI corresponding
to the CSI-RS resource 3 are reported.
[0100] For other processes of determining the CSI-RS resources and determining and reporting the PMIs in this
embodiment, refer to the embodiment corresponding to FIG. 4 or FIG. 5. Details are not described herein again.
[0101] Optionally, any one or more of the first codebook to the Nth codebook in the foregoing embodiments may be
further divided into more sub-codebooks for implementation. Correspondingly, each sub-codebook is corresponding to
one sub-PMI, each PMI is corresponding to one precoding matrix index in the sub-codebook. For example, the first
codebook used for beam selection in the foregoing embodiments may be divided into the first sub-codebook and the
second sub-codebook for implementation. For another example, the third codebook in the foregoing embodiments may
also be divided into the third sub-codebook and the fourth sub-codebook for implementation.
[0102] Optionally, any two or more of the first codebook to the Nth codebook in the foregoing embodiments may also
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be designed in a combined manner, so that one codebook is corresponding to one PMI. For example, in the embodiment
corresponding to FIG. 6, the second codebook and the third codebook may be designed in a combined manner, so that
one codebook is used to implement beam combination and inter-beam difference compensation; or the second codebook
and the third sub-codebook may be designed in a combined manner, so that one codebook is used to implement beam
combination and difference compensation between beams that are in different polarization directions. Similarly, the
second codebook and the fourth sub-codebook may also be designed in a combined manner, so that one codebook is
used to implement beam combination and difference compensation between beams from different panels.
[0103] Optionally, the solutions provided in this application may also be used in combination with a codebook and a
PMI reporting manner in the prior art. For example, based on a PMI reporting policy of an existing LTE system, the third
codebook (the third sub-codebook and/or the fourth sub-codebook) in the foregoing embodiments is added, and when
inter-beam amplitude and/or phase compensation needs to be performed, the user equipment is instructed, by using
the indication information, to report a corresponding PMI by using the third codebook. In this way, while using an existing
PMI reporting policy, the system can instruct the user equipment to additionally use which codebook to perform PMI
reporting in more scenarios, so as to adapt to a current scenario.
[0104] FIG. 9 is a schematic flowchart of another precoding matrix indication method according to an embodiment of
this application. A network device may configure at least two CSI-RS resources for user equipment, and send indication
information to indicate, to the user equipment, information about codebooks used when PMIs are reported by using
different CSI-RS resources. The user equipment determines, based on the indication information of the network device,
the PMIs by using different CSI-RS resources and the corresponding codebooks, and reports the PMIs to the network
device. The network device precodes data based on the PMIs reported by the user equipment. In the embodiment
corresponding to FIG. 9, an example in which the network device configures two CSI-RS resources for the user equipment
is used for description. In addition, it is assumed that the network device includes N (N≥1) antenna panels, each antenna
panel includes M (M≥1) CSI-RS antenna ports, the M CSI-RS antenna ports may include a cross polarization antenna
port and/or a single polarization antenna port, the CSI-RS antenna ports are antenna ports that can be used to send
CSI-RSs, and each antenna port may be implemented by using one physical antenna unit or an antenna array that
includes at least two physical antenna units.
[0105] Optionally, in part 901, the network device determines a CSI-RS resource 1 and a first codebook C1 used to
report a first PMI by using the CSI-RS resource 1, and determines a CSI-RS resource 2 and a second codebook C2
used to report a second PMI by using the CSI-RS resource 2. For a specific manner of determining a CSI-RS resource
by the network device, refer to the description of part 301.
[0106] In a specific example, the CSI-RS resource 1 may be a non-precoded (non-precoded) CSI-RS resource, and
the CSI-RS resource 1 may include M’ (M’≤M) CSI-RS antenna ports that come from one antenna panel. In this case,
the first codebook C1 used to report the first PMI by using the CSI-RS resource 1 may be a codebook used to implement
at least one of functions of beam selection, beam combination, inter-beam amplitude compensation, and inter-beam
phase compensation. Optionally, a precoding matrix W in the first codebook C1 satisfies W=W1W2. Optionally, W1 may
be an over-sampled discrete Fourier transform (discrete fourier transform, DFT) matrix, for example, a precoding matrix
used to determine a PMI when signaling eMIMO-type is configured as ’Class A’ in the 3rd Generation Partnership Project
(3rd Generation Partnership Project, 3GPP) TS 36.213 V13.0.0. Optionally, W2 may be a precoding matrix used to
determine a PMI when signaling eMIMO-type is configured as ’Class B’ in the TS 36.213 V13.0.0.
[0107] In another specific example, the CSI-RS resource 1 may be a precoded (precoded) CSI-RS resource, and the
CSI-RS resource 1 may include M’ (M’≤M) CSI-RS antenna ports that come from one antenna panel. In this case, the
first codebook C1 used to report the first PMI by using the CSI-RS resource 1 may be a codebook used to implement
at least one of functions of beam combination, inter-beam amplitude compensation, and inter-beam phase compensation.
Optionally, a precoding matrix W in the first codebook C1 satisfies W=WB. For example, WB may be a precoding matrix
used to determine a PMI when signaling eMIMO-type is configured as ’Class B’in the TS 36.213 V13.0.0.
[0108] In still another example, the CSI-RS resource 1 may include N’ (N’≤N) CSI-RS resources, the N’ CSI-RS
resources include a non-precoded CSI-RS resource and/or a precoded CSI-RS resource, and the N’ CSI-RS resources
include CSI-RS antenna ports from N’ antenna panels. To be specific, one of the N’ CSI-RS resources includes M’
(M’≤M) CSI-RS antenna ports that come from one antenna panel, and CSI-RS antenna ports of different CSI-RS resources
come from different antenna panels. In this case, the user equipment separately determines N’ first PMIs in the first
codebook C1 by using the N’ CSI-RS resources of the CSI-RS resource 1. Different CSI-RS resources may be corre-
sponding to different first codebooks. For selection and characteristics of first codebooks C1 corresponding to different
types of CSI-RS resources of the CSI-RS resource 1, refer to the descriptions in the foregoing two specific examples.
[0109] With reference to any one of the three specific examples in part 901, in a specific example, the CSI-RS resource
2 may be a precoded CSI-RS resource. The CSI-RS resource 2 includes N’ (N’≤N) CSI-RS antenna ports. Different CSI-
RS antenna ports come from different antenna panels, and antenna units or antenna ports on a same antenna panel
may form one beam and are corresponding to one CSI-RS antenna port in the CSI-RS resource 2. Optionally, the network
device precodes, based on the first PMI fed back by the user equipment, the CSI-RS antenna ports that are on N’ antenna
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panels, to obtain a CSI-RS to be sent on the CSI-RS resource 2. In this case, the second codebook C2 used to feed
back the second PMI by using the CSI-RS resource 2 may be a codebook used to implement at least one of functions
of inter-beam phase compensation, inter-beam amplitude compensation, phase compensation between beams that
come from different antenna panels, and phase compensation between beams that come from different antenna panels.
A precoding matrix W’ in the second codebook C2 may satisfy the following form: 

c1,...,cN’ may satisfy one of the following forms: 

a1,...,aN’ are amplitude factors, and values of a1,...,aN’ may be selected depending on different quantization rules. For

example, the values of a1,...,aN’ may be values in a set {0, 1}, there is only one 1 in a1,...,aN’, and the rest elements are

0. For another example, x-bit (x≥1) quantization may be performed between [0, 1] on the values of a1,...,aN’ . For example,

when x=2, the values of a1,...,aN’ may be values in a set {0.25, 0.5, 0.75, 1}. θ1,...,θN’-1 are phase factors, and values of

θ1,...,θN’-1 may be selected between [0, 2π] depending on different quantization rules. For example, 2-bit quantization

may be performed between [0, 2π]. In other words, the values of θ1,...,θN’-1 may be elements in a set {1, -1, +j, -j}. For

another example, 3-bit quantization may be performed between [0, 2π], and the values of θ1,...,θN’-1 may be 

k = 0,1,....,7, i = 1,...., N’-1, where j is an imaginary unit.
[0110] With reference to any one of the three specific examples, about the CSI-RS resource 1, in part 901, in another
specific example, the CSI-RS resource 2 may be a precoded CSI-RS resource. The CSI-RS resource 2 includes 2N’
(N’≤N) CSI-RS antenna ports. Every two CSI-RS antenna ports come from a same antenna panel, but the two CSI-RS
antenna ports and other antenna ports come from different antenna panels. Antenna units or antenna ports in a same
polarization direction on a same antenna panel may form one beam and are corresponding to one CSI-RS antenna port
in the CSI-RS resource 2. Antenna units or antenna ports in two polarization directions on each antenna panel may form
two beams and are corresponding to two CSI-RS antenna ports that come from a same antenna panel in the CSI-RS
resource 2. Optionally, the network device precodes, based on the first PMI fed back by the user equipment, the CSI-
RS antenna ports that are on N’ antenna panels, to obtain a CSI-RS to be sent on the CSI-RS resource 2. In this case,
the second codebook C2 used to feed back the second PMI by using the CSI-RS resource 2 may be a codebook used
to implement at least one of functions of inter-beam phase compensation, inter-beam amplitude compensation, phase
compensation between beams that come from different antenna panels, and phase compensation between beams that
come from different antenna panels. A precoding matrix W’ in the second codebook C2 may satisfy the following form: 

ci,1, i = 1,...N’ represents a compensation coefficient corresponding to a CSI-RS antenna port including an antenna unit
or antenna port in a first polarization direction on an ith antenna panel, and a form of ci,1, i = 1,...N’ may be the same as
that of c1,...,cN’. ci,2, i = 1,...N’ represents a compensation coefficient corresponding to a CSI-RS antenna port including
an antenna unit or antenna port in a second polarization direction on the ith antenna panel, and a form of ci,2, i = 1,...N’
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may be the same as that of c1,...,cN’. Details are not described herein again. The first polarization direction and the
second polarization direction may be a same polarization direction or may be different polarization directions.
[0111] With reference to any one of the three specific examples, about the CSI-RS resource 1, in part 901, in still
another specific example, the CSI-RS resource 2 may be a precoded CSI-RS resource. The CSI-RS resource 2 includes
the two types of CSI-RS antenna ports that are in the foregoing two specific examples about the CSI-RS resource 2. To
be specific, the CSI-RS resource 2 includes one CSI-RS antenna port, the CSI-RS antenna port includes M’ (M’≤M)
CSI-RS antenna ports or antenna units that are on one antenna panel, and the CSI-RS antenna port and another CSI-
RS antenna port in the CSI-RS resource 2 come from different antenna panels. In addition, the CSI-RS resource 2
further includes other two CSI-RS antenna ports. The two CSI-RS antenna ports come from another antenna panel, but
the two CSI-RS antenna ports and another CSI-RS antenna port in the CSI-RS resource 2 come from different antenna
panels. Antenna units or antenna ports in a same polarization direction on the another antenna panel may form one
beam and form one of the two CSI-RS antenna ports. In this case, a precoding matrix W’ in the second codebook C2
may be a mixed form of W’s in the foregoing two examples. To be specific, some elements of W’ in this example satisfy
the form of the elements of W’ in one of the foregoing examples, and the other elements of W’ in this example satisfy
the form of the elements of W’ in the other example.
[0112] Optionally, in the codebook C2, different precoding matrixes may be corresponding to different codebook in-
dexes. The codebook index represents a sequence number of the precoding matrix in the codebook, and a value of the
codebook index equals a value of the second PMI.
[0113] Optionally, for specific design manners of the first codebook C1 and/or the second codebook C2, still refer to
the design manners of any one or more codebooks in the embodiments corresponding to FIG. 4 to FIG. 6, and details
are not described herein again.
[0114] Part 902. The network device indicates configuration information of the CSI-RS resources to the user equipment.
Optionally, for a specific implementation of this part, refer to the description of part 302. In a specific example, the network
device indicates configuration information of the CSI-RS resource 1 to the user equipment. For a specific feature of the
CSI-RS resource 1, refer to the description about the specific examples of the CSI-RS resource 1 in part 901.
[0115] Part 903. The user equipment receives indication information sent by the network device, where the indication
information includes information about the codebooks used by the user equipment to report the PMIs. Optionally, for a
specific implementation of this part, refer to the description of part 201. In a specific example, the indication information
includes information about the first codebook used to report the first PMI based on the CSI-RS resource 1. For specific
design manners of the CSI-RS resource 1 and the first codebook, refer to the descriptions about the specific examples
of the CSI-RS resource 1 and the first codebook in part 901.
[0116] Part 904. The network device sends a CSI-RS. In a specific example, the network device sends the CSI-RS
on the CSI-RS resource 1, and the user equipment may perform channel estimation and measurement based on the
received CIS-RS.
[0117] Part 905. The user equipment determines the first PMI from the first codebook based on the indication information
of part 903 by using the CSI-RS received on the CSI-RS resource 1. In a specific example, the user equipment may
perform channel estimation based on the CSI-RS received on the CSI-RS resource 1, determine, based on a signal to
interference plus noise ratio maximizing criterion, a specific to-be-used precoding matrix in the first codebook, and
determine, based on the selected precoding matrix, a value of the first PMI that needs to be reported. For example, the
value of the first PMI may be an index number of the selected precoding matrix.
[0118] Part 906. The user equipment reports the PMI. Optionally, for a specific implementation of this part, refer to
the description of part 202. In a specific example, the user equipment reports the first PMI determined in part 905 to the
network device.
[0119] Parts 907 to 911. The network device indicates a configuration of the CSI-RS resource 2 to the user equipment,
and sends the indication information to the user equipment, so as to indicate, to the user equipment, the second codebook
used to report the second PMI by using the CSI-RS resource 2, and send a CSI-RS on the CSI-RS resource 2. The user
equipment determines the second PMI based on an indication in the indication information by using the CSI-RS received
on the CSI-RS resource 2 and the precoding matrix in the second codebook, and reports the second PMI to the network
device. Specific implementation of these parts is similar to the descriptions of parts 902 to 906. A difference lies only in
that the CSI-RS resource 2, the second codebook, and the second PMI are related in parts 907 to 911. For specific
implementations of the CSI-RS resource 2 and the second codebook, refer to the descriptions about the specific examples
of the CSI-RS resource 2 and the second codebook in part 901.
[0120] Optionally, in part 912, the network device precodes downlink data based on the first PMI and the second PMI
that are reported by the user equipment.
[0121] Optionally, in part 913, the network device sends precoded downlink data to the user equipment.
[0122] Optionally, this application does not impose any limitation on a sequence of the parts in the embodiment
corresponding to FIG. 9, and two or more of the parts may alternatively be combined into one part for implementation.
For example, part 907 may be performed before part 903, or part 907 and part 902 may alternatively be combined into
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one piece of signaling for implementation. To be specific, the network device may indicate configurations of the CSI-RS
resource 1 and the CSI-RS resource 2 to the user equipment in one piece of signaling, or may separately indicate
configurations of the CSI-RS resource 1 and the CSI-RS resource 2 to the user equipment in different pieces of signaling.
For another example, part 903 and part 902 may be combined for implementation. To be specific, the network device
may indicate, to the user equipment in one piece of signaling, the configuration of the CSI-RS resource 1 and the
information about the first codebook used to report the first PMI based on the CSI-RS resource 1. For still another
example, parts 902, 903, 907, and 908 may alternatively be combined into one part for implementation.
[0123] Optionally, when the network device configures at least two CSI-RS resources for the user equipment, config-
uration parameters of the at least two CSI-RS resources may be mutually independent. However, to help the user
equipment to use the at least two CSI-RS resources to perform measurement and PMI reporting, a specified relationship
may also be configured between the configuration parameters of the two CSI-RS resources. In a specific example, there
may be a specified relationship between measurement periods of the at least two CSI-RS resources. With reference to
the embodiment corresponding to FIG. 9, using the CSI-RS resource 1 and the CSI-RS resource 2 as an example, a
measurement period of the CSI-RS resource 1 is T1 and a measurement period of the CSI-RS resource 2 is T2, where
T2=XT1 (X≥1), and T1 and T2 may be represented as quantities of subframes included within one measurement period
or may be represented as specific time lengths. The second codebook is a codebook used to implement at least one of
functions of inter-beam phase compensation, inter-beam amplitude compensation, phase compensation between beams
that come from different antenna panels, and phase compensation between beams that come from different antenna
panels. Variation of an amount of the compensation is relatively slow; therefore, the measurement period of the CSI-
RS resource 2 may be greater than the measurement period of the CSI-RS resource 1. In a specific example, there may
also be a specified relationship between subframe offsets of the at least two CSI-RS resources. With reference to the
embodiment corresponding to FIG. 9, using the CSI-RS resource 1 and the CSI-RS resource 2 as an example, if at least
one of the CSI-RS resource 1 and the CSI-RS resource 2 is non-periodic, a specified sequence may be set between
an index of a subframe in which the CSI-RS resource 1 resides and an index of a subframe in which the CSI-RS resource
2 resides, so that a measurement sequence of different CSI-RS resources is implemented.
[0124] When the network device configures at least two CSI-RS resources for the user equipment, optionally, the
network device may notify, by using signaling (for example, RRC signaling or CSI measurement configuration signaling),
the user equipment of specific usages of different CSI-RS resources or a relationship between the CSI-RS resources
and CSI reporting. For example, the network device may notify the user equipment that the CSI-RS resource 1 is used
to feed back a PMI and CSI-RS resource 2 is used to feed back a PMI and a channel quality indicator (Channel Quality
Indicator, CQI). Optionally, the network device and the user equipment may further agree on specific usages of the CSI-
RS resources and a relationship between the CSI-RS resources and CSI reporting in advance. For example, it is agreed
on in advance that a first CSI-RS resource is used to feed back a PMI and a second CSI-RS resource is used to feed
back a PMI and a CQI. The network device notifies, by using signaling, the user equipment which CSI-RS resource is
the first CSI-RS resource and which CSI-RS resource is the second CSI-RS resource, and the user equipment reports
a PMI and/or a CQI by using different CSI-RS resources based on the specific usages of the CSI-RS resources or the
relationship between the CSI-RS resources and CSI reporting that is agreed on in advance. In a specific example, with
reference to the embodiment corresponding to FIG. 9, the user equipment may perform channel quality measurement
based on the CSI-RS resource 2 and report a CQI. Optionally, after receiving the first PMI reported by the user equipment,
the network device may determine the used precoding matrix W in the first codebook. The network device may precode
CSI-RS antenna ports on each panel by using the precoding matrix W, to obtain the CSI-RS resource 2, and then the
user equipment performs channel measurement based on the CSI-RS received on the CSI-RS resource 2 and reports
a CQI.
[0125] When the network device configures at least two CSI-RS resources for the user equipment, optionally, a
precoding matrix assumption for the user equipment to obtain a CQI may alternatively be agreed on in advance. To be
specific, a relationship between a precoding matrix WCQI used when the user equipment obtains a CQI and a PMI
determined by using the at least two CSI-RS resources is agreed on in advance. In a specific example, with reference
to the embodiment corresponding to FIG. 9, it may be assumed that WCQI satisfies at least one of the following forms:

(1) When the precoding matrix W in the first codebook C1 satisfies W=W1W2 and the precoding matrix W’ in the
second codebook C2 satisfies: 
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WCQI may satisfy:

(2) When the precoding matrix W in the first codebook C1 satisfies W=W1W2 and the precoding matrix W’ in the
second codebook C2 satisfies: 

WCQI may satisfy: 

where ⊗ represents a Kronecker product, K1 represents a quantity of horizontal CSI-RS antenna ports in one
polarization direction on one antenna panel, and K2 represents a quantity of vertical CSI-RS antenna ports in one
polarization direction on one antenna panel.
(3) When the precoding matrix W in the first codebook C1 satisfies W=WB and the precoding matrix W’ in the second
codebook C2 satisfies: 

WCQI may satisfy: 

(4) When the precoding matrix W in the first codebook C1 satisfies W=WB and the precoding matrix W’ in the second
codebook C2 satisfies: 

WCQI may satisfy: 
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 where ⊗ represents a Kronecker product, K1 represents a quantity of horizontal CSI-RS antenna ports in one
polarization direction on one antenna panel, and K2 represents a quantity of vertical CSI-RS antenna ports in one
polarization direction on one antenna panel.
(5) When the CSI-RS resource 1 includes N’ CSI-RS resources, a precoding matrix determined by using the N’ CSI-
RS resources is marked as W(i), where i=1, ..., N’, and W(i) satisfies W(i)=W1

(i)W2
(i) or W(i)=WB

(i). When the precoding
matrix W’ in the second codebook C2 satisfies: 

WCQI may satisfy: 

(6) When the CSI-RS resource 1 includes N’ CSI-RS resources, a precoding matrix determined by using the N’ CSI-
RS resources is marked as W(i), where i=1, ..., N’, and W(i) satisfies W(i)=W1

(i)W2
(i) or W(i)=WB

(i). When the precoding
matrix W’ in the second codebook C2 satisfies: 

WCQI may satisfy: 

where ⊗ represents a Kronecker product, K1 represents a quantity of horizontal CSI-RS antenna ports in one
polarization direction on one antenna panel, and K2 represents a quantity of vertical CSI-RS antenna ports in one
polarization direction on one antenna panel.

[0126] Optionally, the singling or indication information in the foregoing embodiments may be implemented by using
higher layer signaling such as RRC signaling, or may be implemented by using other signaling such as physical layer
signaling. This is not limited in this application.
[0127] It should be noted that a number of a codebook such as "first codebook" or "first sub-codebook" in the embod-
iments of this application does not constitute any limitation on the embodiments of this application. Codebooks with a
same number may be corresponding to different functions in different implementations. A codebook and a sub-codebook
that have a same number, such as a first codebook and a first sub-codebook, do not necessarily have a subordination
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relationship or a hierarchical relationship in logic and use. For example, the first sub-codebook may alternatively be
defined as a fourth codebook and used independently. This is not limited in this application.
[0128] FIG. 7 is a schematic structural diagram of user equipment according to an embodiment of this application.
[0129] In an example, a structure of the user equipment includes a receiver and a transmitter. In an example, the user
equipment may further include a processor. In an example, the user equipment may further include a memory. In an
example corresponding to FIG. 7, a structure of the user equipment provided in this embodiment of this application
includes a transmitter 701, a receiver 702, a processor 703, and a memory 704.
[0130] On an uplink, the transmitter 701 modulates to-be-sent data or information (such as a PMI), provides an output
sample of the to-be-sent data or information, and generates an uplink signal. The uplink signal is transmitted to the
network device in the foregoing embodiments through an antenna. On a downlink, an antenna receives a downlink signal
(including the indication information and/or a reference signal) sent by the network device in the foregoing embodiments,
and the receiver 702 modulates the signal received from the antenna and provides an input sample. Service data and
a signaling message are processed in the processor 703. For example, parsing, channel estimation, and PMI determining
are performed on the indication information. These units perform processing according to a radio access technology
(for example, an access technology used in an LTE system and other evolved systems) used in a radio access network.
The processor 703 is further configured to perform control management on actions of the user equipment, to perform
processing performed by the user equipment in the foregoing embodiments, for example, controlling the user equipment
to process the indication information, the codebook, and the PMI and/or to perform another process of the technology
described in this application. The processor 703 is further configured to support the user equipment in performing the
processing processes of the user equipment in FIG. 2 to FIG. 6. The memory 704 is configured to store program code
and data of the user equipment.
[0131] FIG. 8 is a schematic structural diagram of a network device according to an embodiment of this application.
[0132] In an example, a structure of the network device includes a transmitter and a receiver. In an example, the
network device may further include a processor. In an example, the network device may further include a memory. In
an example, the network device may further include a communications unit, configured to support communication with
another network device, for example, communication with a core network node. In an example corresponding to FIG.
8, a structure of the network device in this application includes a transmitter/receiver 801, a processor 802, a memory
803, and a communications unit 804.
[0133] The transmitter/receiver 801 is configured to support information transmitting and receiving between the network
device and the user equipment in the foregoing embodiments, for example, sending the indication information in the
foregoing embodiments and receiving the foregoing PMI. The processor 802 performs various functions of performing
communication with the user equipment. The processor 802 further performs the processing processes of the network
device in FIG. 2 to FIG. 6, for example, determining, for a user, a codebook used to report a PMI. The memory 803 is
configured to store program code and data of the network device. The communications unit 804 is configured to support
communication between the network device and another network device, for example, communication with a core network
node.
[0134] It can be understood that FIG. 8 shows merely a simplified design of the network device. In actual application,
the network device may include any quantity of transmitters, receivers, processors, memories, and the like. All network
devices that can implement this application fall within the protection scope of this application.
[0135] The processor configured to execute the user equipment and the network device in this application may be a
central processing unit (CPU), a general-purpose processor, a digital signal processor (DSP), an application-specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or another programmable logic device, a transistor
logic device, a hardware component, or any combination thereof. The processor may implement or execute various
example logical blocks, modules, and circuits described with reference to content disclosed in this application. Alterna-
tively, the processor may be a combination of processors implementing a computing function, for example, a combination
of one or more microprocessors, or a combination of the DSP and a microprocessor.
[0136] Method or algorithm steps described with reference to the content disclosed in this application may be imple-
mented by hardware, or may be implemented by a processor by executing a software instruction. The software instruction
may be formed by a corresponding software module. The software module may be located in a RAM memory, a flash
memory, a ROM memory, an EPROM memory, an EEPROM memory, a register, a hard disk, a removable hard disk,
a CD-ROM, or a storage medium in any other forms known in the art. For example, a storage medium is coupled to a
processor, so that the processor can read information from the storage medium or write information into the storage
medium. Certainly, the storage medium may also be a component of the processor. The processor and the storage
medium may be located in the ASIC. In addition, the ASIC may be located in the network device and/or the user equipment.
Certainly, the processor and the storage medium may alternatively exist in the network device and/or the user equipment
as discrete components.
[0137] A person skilled in the art should be aware that in the foregoing one or more examples, functions described in
this application may be implemented by hardware, software, firmware, or any combination thereof. When the functions
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described in this application are implemented by software, the functions may be stored in a computer readable medium
or transmitted as one or more instructions or code in the computer readable medium. The computer readable medium
includes a computer storage medium and a communications medium, where the communications medium includes any
medium that enables a computer program to be transmitted from one place to another place. The storage medium may
be any available medium that can be accessed by a general-purpose or special-purpose computer.
[0138] The objectives, technical solutions, and benefits of this application are further described in detail in the foregoing
specific implementations. It should be understood that the foregoing descriptions are merely specific implementations
of this application, but are not intended to limit the protection scope of this application. Any modification, equivalent
replacement, or improvement made based on the technical solutions in this application shall fall within the protection
scope of this application.

Claims

1. A precoding matrix indication method, comprising:

receiving, by user equipment, indication information sent by a network device, wherein the indication information
comprises information about codebooks used to report precoding matrix indicators (Precoding Matrix Indicator,
PMI), the information about the codebooks indicates that the used codebooks are at least two of a first codebook
to an Nth codebook, the PMIs comprise at least two of a first PMI to an Nth PMI, the first PMI to the Nth PMI are
respectively used to indicate a precoding matrix in the first codebook to a precoding matrix in the Nth codebook,
and N is an integer greater than or equal to 2; and
sending, by the user equipment, the PMIs based on the indication information.

2. The method according to claim 1, wherein values of the first PMI to the Nth PMI are respectively corresponding to
one codebook index in the first codebook to one codebook index in the Nth codebook.

3. The method according to claim 1 or 2, wherein the first codebook to the Nth codebook comprise at least one codebook
used for beam selection.

4. The method according to any one of claims 1 to 3, wherein the first codebook to the Nth codebook comprise at least
one codebook used for beam basis vector selection.

5. The method according to any one of claims 1 to 4, wherein the first codebook to the Nth codebook comprise at least
one codebook used for beam combination.

6. The method according to any one of claims 1 to 5, wherein the first codebook to the Nth codebook comprise at least
one codebook used for inter-beam amplitude and/or phase compensation.

7. A precoding matrix indication method, comprising:

sending, by a network device, indication information to user equipment, wherein the indication information
comprises information about codebooks used by the user equipment to report precoding matrix indicators
(Precoding Matrix Indicator, PMI), the information about the codebooks indicates that the used codebooks are
at least two of a first codebook to an Nth codebook, the PMIs comprise at least two of a first PMI to an Nth PMI,
the first PMI to the Nth PMI are respectively used to indicate a precoding matrix in the first codebook to a
precoding matrix in the Nth codebook, and N is an integer greater than or equal to 2; and
receiving, by the network device, the PMIs sent by the user equipment.

8. The method according to claim 7, wherein values of the first PMI to the Nth PMI are respectively corresponding to
one codebook index in the first codebook to one codebook index in the Nth codebook.

9. User equipment, comprising:

a receiver, configured to receive indication information sent by a network device, wherein the indication infor-
mation comprises information about codebooks used to report precoding matrix indicators (Precoding Matrix
Indicator, PMI), the information about the codebooks indicates that the used codebooks are at least two of a
first codebook to an Nth codebook, the PMIs comprise at least two of a first PMI to an Nth PMI, the first PMI to
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the Nth PMI are respectively used to indicate a precoding matrix in the first codebook to a precoding matrix in
the Nth codebook, and N is an integer greater than or equal to 2; and
a transmitter, configured to send the PMIs based on the indication information.

10. The user equipment according to claim 9, wherein values of the first PMI to the Nth PMI are respectively corresponding
to one codebook index in the first codebook to one codebook index in the Nth codebook.

11. The user equipment according to claim 9 or 10, wherein the first codebook to the Nth codebook comprise at least
one codebook used for beam selection.

12. The user equipment according to any one of claims 9 to 11, wherein the first codebook to the Nth codebook comprise
at least one codebook used for beam basis vector selection.

13. The user equipment according to any one of claims 9 to 12, wherein the first codebook to the Nth codebook comprise
at least one codebook used for beam combination.

14. The user equipment according to any one of claims 9 to 13, wherein the first codebook to the Nth codebook comprise
at least one codebook used for inter-beam amplitude and/or phase compensation.

15. A network device, comprising:

a transmitter, configured to send indication information to the user equipment, wherein the indication information
comprises information about codebooks used by the user equipment to report precoding matrix indicators
(Precoding Matrix Indicator, PMI), the information about the codebooks indicates that the used codebooks are
at least two of a first codebook to an Nth codebook, the PMIs comprise at least two of a first PMI to an Nth PMI,
the first PMI to the Nth PMI are respectively used to indicate a precoding matrix in the first codebook to a
precoding matrix in the Nth codebook, and N is an integer greater than or equal to 2; and
a receiver, configured to receive the PMIs sent by the user equipment.

16. The network device according to claim 15, further comprising:
a processor, configured to determine, for the user equipment, the codebooks used to report the PMIs.

17. The network device according to claim 15 or 16, wherein values of the first PMI to the Nth PMI are respectively
corresponding to one codebook index in the first codebook to one codebook index in the Nth codebook.

18. A network system, comprising: the user equipment according to any one of claims 9 to 14 and the network device
according to any one of claims 15 to 17.
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