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Description

TECHNICAL FIELD

[0001] The present invention relates to wireless communications technologies, and in particular, to an information
feedback method, user equipment, and a network device.

BACKGROUND

[0002] A massive multiple input multiple output (Massive MIMO (Multiple Input Multiple Output)) technology is one of
key technologies of a 5th generation (5th Generation, 5G) communications system, as universally acknowledged. In the
massive MIMO, large-scale antennas are used, so that spectrum efficiency is remarkably improved. Accuracy of channel
state information (CSI) obtained by a network device determines performance of the massive MIMO to a great extent.
In a frequency division duplex (frequency division duplex, FDD) system or a time division duplex (time division duplex,
TDD) system in which channel reciprocity cannot be better satisfied, a codebook is usually used, to quantize CSI
information. Therefore, codebook design is a key issue of the massive MIMO.
[0003] In the prior art, one optimal codeword is selected from a plurality of candidate codewords, and the selected
codeword is reported as CSI information in a form of a precoding matrix indication (PMI). Massive MIMO using a new
radio (new radio, NR) technology imposes a higher requirement on channel state information feedback. The foregoing
mechanism cannot satisfy a high-precision CSI requirement of the NR. In view of this, currently, in the NR, a discussion
of high-precision CSI feedback mechanism design mainly focuses on a method for representing CSI by linearly super-
posing a plurality of codewords, so that a quantization precision loss caused when CSI is represented by using a single
codeword is compensated for, and CSI feedback quality is remarkably improved.
[0004] For the method for representing CSI by linearly superposing a plurality of codewords, an information feedback
method needs to be provided, to improve channel state information feedback precision.
[0005] US 2016/072562 A1 discloses a method for feeding back CSI. The method includes: receiving at a user equip-
ment signals from a plurality of transmit antenna elements within a two-dimensional antenna array at a base station;
receiving at the user equipment an indication of a plurality of subset selection of vectors; determining at the user equipment
CSI for a downlink MIMO channel between the user equipment and the two-dimensional antenna array, the CSI corre-
sponding to a subset of vectors that is based upon the received indication of the subset selection; and transmitting from
the user equipment an indication of the CSI to the base station.
[0006] US 2016/142117 A1 discloses a method for feeding back CSI. The method includes: for an antenna array
configured to transmit channel state information reference signals (CSI-RS) using a plurality of antenna ports, within a
user equipment, one of selecting, by the user equipment, from a master set or retrieving, from a memory within the user
equipment, a set of one or more of a plurality of basis beam vectors, wherein each of a plurality of beams corresponding
to the set of selected or retrieved basis beam vectors has a different direction in three-dimensional space; selecting,
from a codebook accessible to the user equipment, at least a subset of L beams from among a plurality of beams from
the set of the selected or retrieved basis beam vectors, co-phases for each selected beam, and coefficients for each
selected beam, wherein the co-phases determine the co-phasing weights for each of the selected L beams in case of
a cross-polarized antenna array, the coefficients determine a linear combination of the selected L beams according to
the basis beam vectors, and L is at least one; and transmitting, from the user equipment, a feedback message containing
an indication of channel state information for the set of selected or retrieved basis beam vectors, the selected L beams
from the basis beam vectors, and the co-phases and the coefficients for the selected L beams.
[0007] FANG YUAN ET AL, "Weighted DFT Codebook for Multiuser MIMO in Spatially Correlated Channels", VEHIC-
ULAR TECHNOLOGY CONFERENCE (VTC SPRING), 2011 IEEE 73RD, IEEE, (20110515), doi:10.1109/VET-
ECS.2011.5956612, ISBN 978-1-4244-8332-7, pages 1 - 5, XP031897012, discloses a novel codebook for multiuser
multiple-input multiple-output systems under spatially correlated channels. Existing codebooks designed for correlated
channels either require accurate channel statistics which is not favorable for practical systems, or only perform well in
highly correlated channels. In this paper, the authors first analyze the per-user rate loss led by using Discrete Fourier
Transform (DFT) codebook, then propose a two-level codebook, named weighted DFT codebook. It consists of a DFT-
based codebook and a Grassmannian linear packing codebook. The proposed scheme does not need accurate channel
statistics and can adapt to both correlated and uncorrelated scenarios. Simulation results show significant performance
gain of the proposed codebook over the existing codebooks in various correlated channels.

SUMMARY

[0008] In view of this, it is necessary to provide an information feedback method, to improve channel state information
feedback precision.
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[0009] The invention is defined in the independent claims. Additional features of the invention are provided in the
dependent claims. In the following, parts of the description and drawings referring to embodiments which are not covered
by the claims are not presented as embodiments of the invention, but as examples useful for understanding the invention.
[0010] A first aspect of the present invention provides an information feedback method, including:

determining a codebook of CSI at each transport layer of user equipment UE, where the codebook of the CSI at
each transport layer of the UE is: 

where
W is the codebook of the CSI at each transport layer of the UE, W1 is a level-1 codebook, W1 = [b1 b2 ··· bK], bi
represents a codeword, K is a quantity of columns of W1, K is a positive integer greater than or equal to 1, W2 is a
level-2 codebook, W2 is represented as W2 = [X1 X2 ··· XK]T, an element xi in W2 is a weighting coefficient corre-
sponding to each codeword in W1, and i is an integer greater than or equal to 1 and less than or equal to K;
determining a quantity Ni of bits occupied by a quantized value of an ith element in W2, where quantized values of
at least two elements in W2 occupy different quantities of bits; and
feeding back the quantized value of the ith element to a network device based on Ni.

[0011] A second aspect of the present invention provides an information feedback method, including:

receiving, by a network device, a bit sequence sent by user equipment UE, where the bit sequence includes a
quantized value of a codebook of CSI of the UE at each transport layer, and the codebook of the CSI at each
transport layer of the UE is: 

where
W is the codebook of the CSI at each transport layer of the UE, W1 is a level-1 codebook, W1 = [b1 b2 ··· bK], bi
represents a codeword, K is a quantity of columns of W1, K is a positive integer greater than or equal to 1, W2 is a
level-2 codebook, W2 is represented as W2 = [X1 X2 ··· XK]T, an element Xi in W2 is a weighting coefficient corre-
sponding to each codeword in W1, i is an integer greater than or equal to 1 and less than or equal to K, the quantized
value of the codebook of the CSI at each transport layer of the UE includes a quantized value of the element Xi in
W2, and quantized values of at least two elements in W2 in the bit sequence occupy different quantities of bits;
determining, by the network device, a quantity Ni of bits occupied by a quantized value of an ith element in W2; and
extracting, by the network device, the quantized value of the ith element from the received bit sequence based on Ni.

[0012] A third aspect of the present invention provides user equipment, including:

a processing unit, configured to determine a codebook of CSI of the UE at each transport layer, where the codebook
of the CSI at each transport layer of the UE is: 

where
W is the codebook of the CSI at each transport layer of the UE, W1 is a level-1 codebook, W1 = [b1 b2 ··· bK], bi
represents a codeword, K is a quantity of columns of W1, K is a positive integer greater than or equal to 1, W2 is a
level-2 codebook, W2 is represented as W2 = [X1 X2 ··· XK]T, an element Xi in W2 is a weighting coefficient corre-
sponding to each codeword in W1, and i is an integer greater than or equal to 1 and less than or equal to K, where
the processing unit is further configured to determine a quantity Ni of bits occupied by a quantized value of an ith
element in W2, where quantized values of at least two elements in W2 occupy different quantities of bits; and
a sending unit, configured to feed back the quantized value of the ith element to a network device based on Ni.

[0013] A fourth aspect of the present invention provides a network device, including:
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a receiving unit, configured to receive a bit sequence sent by user equipment UE, where the bit sequence includes
a quantized value of a codebook of CSI of the UE at each transport layer, and the codebook of the CSI at each
transport layer of the UE is: 

where
W is the codebook of the CSI at each transport layer of the UE, W1 is a level-1 codebook, W1 = [b1 b2 ··· bK], bi
represents a codeword, K is a quantity of columns of W1, K is a positive integer greater than or equal to 1, W2 is a
level-2 codebook, W2 is represented as W2 = [X1 X2 ··· XK]T, an element Xi in W2 is a weighting coefficient corre-
sponding to each codeword in W1, i is an integer greater than or equal to 1 and less than or equal to K, the quantized
value of the codebook of the CSI at each transport layer of the UE includes a quantized value of the element Xi in
W2, and quantized values of at least two elements in W2 in the bit sequence occupy different quantities of bits; and
a processing unit, configured to determine a quantity Ni of bits occupied by a quantized value of an ith element in
W2; and configured to extract the quantized value of the ith element from the received bit sequence based on Ni.

[0014] In the embodiments of the present invention, the quantity Ni of bits occupied by the quantized value of the ith
element in W2 is determined, and the quantized values of at least two elements in W2 occupy different quantities of bits,
so that quantization precision can be improved, and further, CSI feedback precision can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

FIG. 1 is a schematic diagram of an example of a wireless communications network according to an embodiment
of the present invention;
FIG. 2 is a schematic diagram of a CSI feedback process according to an embodiment of the present invention;
FIG. 3 is a schematic structural diagram of user equipment according to an embodiment of the present invention;
FIG. 4 is a schematic structural diagram of a network device according to an embodiment of the present invention;
FIG. 5 is a schematic structural diagram of user equipment according to an embodiment of the present invention; and
FIG. 6 is a schematic structural diagram of a network device according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0016] With continuous development of communications theories and practice, more wireless communications tech-
nologies emerge and become mature. The wireless communications technologies include but are not limited to: a Time
Division Multiple Access (Time Division Multiple Access, TDMA) technology, a Frequency Division Multiple Access
(Frequency Division Multiple Access, FDMA) technology, a Code Division Multiple Access (Code Division Multiple Access,
CDMA) technology, Time Division-Synchronous Code Division Multiple Access (Time Division-Synchronous Code Di-
vision Multiple Access, TD-SCDMA), an Orthogonal Frequency Division Multiple Access (Orthogonal FDMA, OFDMA)
technology, a Single Carrier Frequency Division Multiple Access (Single Carrier FDMA, SC-FDMA) technology, a Space
Division Multiple Access (Space Division Multiple Access, SDMA) technology, and evolved and derivative technologies
of these technologies. The wireless communications technologies are adopted in a plurality of wireless communications
standards as radio access technologies (Radio Access Technology, RAT), to construct various wireless communications
systems (or networks) commonly known by people at the present, including but not limited to: Global System for Mobile
Communications (Global System for Mobile Communications, GSM), CDMA2000, wideband CDMA (Wideband CDMA,
WCDMA), WiFi defined in 802.11 series of standards, Worldwide Interoperability for Microwave Access (Worldwide
Interoperability for Microwave Access, WiMAX), Long Term Evolution (Long Term Evolution, LTE), LTE-Advanced (LTE-
Advanced, LTE-A), and evolved systems of these wireless communications systems. Unless otherwise noted, the tech-
nical solutions provided in the embodiments of the present invention may be applied to the foregoing various wireless
communications technologies and wireless communications systems. In addition, the terms "system" and "network" can
be interchanged with each other.
[0017] FIG. 1 is a schematic diagram of an example of a wireless communications network according to an embodiment
of the present invention. As shown in FIG. 1, the wireless communications network includes network devices 102 to 106
and user equipments (user equipment, UE) 108 to 122. The network devices 102 to 106 may communicate with each
other by using a backhaul (backhaul) link (for example, indicated by straight lines between the network devices 102 to
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106). The backhaul link may be a wired backhaul link (for example, an optical fiber, or a copper cable), or may be a
wireless backhaul link (for example, a microwave). The user equipments 108 to 122 may communicate with the network
devices 102 to 106 by using wireless links (for example, indicated by broken lines between the network devices 102 to
106 and the user equipments 108 to 122).
[0018] The network devices 102 to 106 are configured to provide radio access services for the user equipments 108
to 118. Specifically, each network device provides a service coverage area (which may be alternatively referred to as a
cell, as indicated by each elliptic area in FIG. 1), and user equipment entering the area may communicate with the
network device by using a radio signal, to accept the radio access service provided by the network device. Service
coverage areas of the network devices may overlap, and user equipment in an overlapping area may receive radio
signals from a plurality of network devices. For example, as shown in FIG. 1, the service coverage area of the network
device 102 overlaps the service coverage area of the network device 104, and the user equipment 112 is located in the
overlapping area. Therefore, the user equipment 112 may receive radio signals from the network device 102 and the
network device 104. For another example, as shown in FIG. 1, there is a common overlapping area between the service
coverage areas of the network devices 102, 104, and 106, and the user equipment 120 is located in the overlapping
area. Therefore, the user equipment 120 may receive radio signals from the network devices 102, 104, and 106.
[0019] Depending on a used wireless communications technology, a network device may be alternatively referred to
as a NodeB (NodeB), an evolved NodeB (evolved NodeB, eNodeB), an access point (Access Point, AP), or the like. In
addition, based on sizes of provided service coverage areas, network devices may be further classified into a macro
base station configured to provide a macro cell (Macro cell), a micro base station configured to provide a pico cell (Pico
cell), and a femto base station configured to provide a femto cell (Femto cell). With the constant evolution of wireless
communications technologies, a network device in the future may alternatively have another name.
[0020] The user equipments 108 to 118 may be wireless communications devices having a wireless communication
function. For example, the wireless communications devices include but are not limited to a mobile cellular phone, a
cordless phone, a personal digital assistant (Personal Digital Assistant, PDA), a smartphone, a notebook computer, a
tablet computer, a wireless data card, a wireless modem (Modulator demodulator, Modem), or a wearable device such
as a smart watch. With rise of an Internet of Things (Internet of Things, IOT) technology, wireless communications units
start to be configured in more devices that do not have a communication function previously, so that the devices have
a wireless communication function, and can access a wireless communications network and receive remote control. For
example, the devices include but are not limited to household appliances, vehicles, tool equipment, service equipment,
and service facilities. Such devices have the wireless communication function because wireless communications units
are configured in the devices. Therefore, the devices belong to a scope of wireless communications devices. In addition,
the user equipments 108 to 118 may be alternatively referred to as mobile stations, mobile devices, mobile terminals,
wireless terminals, handheld devices, clients, and the like.
[0021] A plurality of antennas may be configured in the network devices 102 to 106 and the user equipments 108 to
122, to support a MIMO technology. Furthermore, the user equipments 108 to 122 not only can support single-user
MIMO (Single-User MIMO, SU-MIMO), but also can support multi-user MIMO (Multi-User MIMO, MU-MIMO) by virtue
of an SDMA technology. Because the plurality of antennas are configured, the network devices 102 to 106 and the user
equipments 108 to 122 may further flexibly support a single input single output (Single Input Single Output, SISO)
technology, a single input multiple output (Single Input Multiple Output, SIMO) technology, and a multiple input single
output (Multiple Input Single Output, MISO) technology. SIMO may be alternatively referred to as a receive diversity
(Receive Diversity, RD), and MISO may be alternatively referred to as a transmit diversity (Transmit Diversity, TD).
[0022] In addition, the network device 102 may communicate with the user equipments 104 to 110 by using various
wireless communications technologies. For example, the wireless communications technologies include but are not
limited to the foregoing various wireless communications technologies.
[0023] It should be noted that the wireless communications network in FIG. 1 is merely used as an example, but is
not used to limit the technical solutions of the present invention. A person skilled in the art should understand that during
a specific implementation process, the wireless communications network further includes another device. The another
device, for example, includes but is not limited to a network device controller. In addition, the network devices and the
user equipments may be alternatively configured based on specific needs.
[0024] According to the technical solutions provided in the embodiments of the present invention, user equipment
feeds back channel state information (Channel State Information, CSI) to a network device, and the network device
adjusts, based on the CSI, a radio signal needing to be sent to the user equipment, so as to achive a better receiving
effect on the user equipment side. The following specifically describes a CSI feedback process provided in the embod-
iments of the present invention.
[0025] During a CSI information feedback process, the network device sends a downlink signal, and the downlink
signal carries a pilot. The user equipment determines channel information based on the pilot included in the received
downlink signal. For example, the channel information may be represented as a channel matrix. The user equipment
determines, based on the determined channel information and a preset coding codebook, a codebook used to represent
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CSI of the UE, generates the CSI based on the codebook of the CSI of the UE, and feeds back the CSI to the network
device. The network device obtains the codebook of the CSI of the UE based on the received CSI. The network device
may precode, by using the codebook, a signal needing to be sent to the user equipment.
[0026] If there are L transport layers, and L is greater than or equal to 1, the user equipment determines a codebook
of CSI at each transport layer, and generates, based on the codebook of the CSI at each transport layer of the UE, the
CSI at the transport layer.
[0027] A preset coding codebook may be represented as B = [b1 b2 ··· bM], and bi is an ith codeword in the preset
coding codebook B.
[0028] The codebook of the CSI at each transport layer of the UE may be represented as: 

[0029] W is the codebook of the CSI at each transport layer of the UE. W1 is a level-1 codebook, and may be represented
as W1 = [b1 b2 ··· bK]. bi in W1 represents a codeword. K is a quantity of columns of W1, and K is a positive integer greater
than or equal to 1. bi in W1 may be a column vector, and bi in W1 is a codeword selected from the codebook B. The UE
may select an appropriate codeword from the preset coding codebook based on the determined channel information
and based on a preset selection criterion (for example, the preset selection criterion includes but is not limited to a
maximum channel capacity criterion, a minimum mean square error criterion, or a minimum singular value criterion). bi
that is selected from the codebook B may be selected by the UE from the codebook B based on the channel information.
For example, the selected codeword isK largest basis obtained by projecting a channel eigenvector of the UE or a
precoding vector calculated by using the channel information of the UE on the codebook B. The UE may select the
codebook W1 based on wideband or narrowband channel information, and in an actual system, one or more subbands
are allocated to the UE. The wideband channel information is used to indicate an entire channel characteristic of all
subbands occupied by the UE, and is, for example, a mean of channel information of all allocated subbands. The channel
information is used to represent a channel characteristic, and may be a channel H or a related matrix of H.
[0030] W1 may be alternatively represented as W1 = [p1b1 p2b2 ··· pKbK], K is a quantity of columns of W1, K is a
positive integer greater than or equal to 1, bi in W1 represents a codeword, pi represents amplitude weight information
of a corresponding codeword, 0 ≤ pi ≤ 1, and p1 1. bi in W1 may be a column vector, and bi in W1 is a codeword selected
from the codebook B. The UE may select an appropriate codeword from a preset coding codebook based on determined
wideband or narrowband channel information and based on a preset selection criterion (for example, the preset selection
criterion includes but is not limited to a maximum channel capacity criterion, a minimum mean square error criterion, or
a minimum singular value criterion). bi that is in W1 and that is selected from the codebook B may be selected by the
UE from the codebook B based on the channel information. For example, the selected codewords is K largest basis
obtained by projecting a channel eigenvector of the UE or a precoding vector calculated by using the channel information
of the UE on the codebook B. Amplitude weight information pi of a corresponding codeword may also be obtained based
on the wideband or narrowband channel information of the UE.
[0031] A receive end device may determine the channel matrix by using a pilot (Pilot) transmitted by a transmit end
device.
[0032] W2 is a level-2 codebook, W2 may be represented as W2 = [X1 X2 ··· XK]T, and an element Xi in W2 is a weighting
coefficient corresponding to each codeword bi in W1. i is an integer greater than or equal to 1 and less than or equal to
K. The codebook W2 may be calculated by using the wideband channel information of the UE, so that each of the
subbands of the UE corresponds to a same codebook coefficient. In other words, in this case, the UE needs to feed
back only one W2. The codebook W2 may be calculated by using the narrowband channel information of the UE, so that
each subband of the UE corresponds to one codebook coefficient. In other words, in this case, the UE needs to feed
back W2 in each subband. A weighting coefficient in W2 is a basis obtained by projecting a narrowband or wideband
channel eigenvector of the UE or a precoding vector calculated by using the narrowband or wideband channel information

of the UE on the W1. Usually, a weighting coefficient of a codeword in W1 may be represented as  and

W2, represented as W2 = [X1 X2 ··· XK]T, is obtained by performing column transpose on W’2.
[0033] W2 may also be represented as: W2 = [1 X2 ··· XK]T. An element 1 in W2 is a weighting coefficient corresponding
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to the first column vector of W1, Xi is a weighting coefficient corresponding to an ith column vector of W1, and i is an
integer greater than or equal to 2 and less than or equal to K. The codebook W2 may be calculated by using the wideband
channel information of the UE, so that each of the subbands of the UE corresponds to a same codebook coefficient. In
other words, in this case, the UE needs to feed back only one W2. The codebook W2 may be calculated by using the
narrowband channel information of the UE, so that each subband of the UE corresponds to one codebook coefficient.
In other words, in this case, the UE needs to feed back W2 in each subband. The weighting coefficient in W2 is usually
a basis obtained by projecting a narrowband or wideband channel eigenvector of the UE or a precoding vector calculated
by using the narrowband or wideband channel information of the UE on the W1. Usually, a weighting coefficient of a

codeword in W1 may be represented as  and W2, represented as W2 = [1 X2 ··· XK]T, is obtained by

performing column transpose on.
[0034] Generating the CSI based on the codebook of the CSI at each transport layer of the UE usually means that
indexes corresponding to values of corresponding W1 and W2 in the codebook of the CSI at each transport layer of the
UE are carried in a corresponding precoding matrix indicator (PM Indicator, PMI), and the precoding matrix indicators
are fed back as CSI. In addition to the PMI, the CSI may further include at least one of the following indicators: a channel
quality indicator (Channel Quality Indicator, CQI)) and a rank indication (Rank Indication, RI). An air interface resource
is limited, and a quantity of bits used to transmit CSI is limited. To transmit, by using a limited quantity of bits, the codebook
W2 in which values are continuous, values of elements in W2 need to be quantized, so that a outputted bit sequence is
used to indicate indexes of the values of the elements in W2. Quantization means that a continuous range is represented
as discrete ranges. For example, an interval [0-10] is divided into four sub-intervals: [0-4], [5-6], [7-8], and [8-10], and
the four sub-intervals are respectively represented by using indexes 0, 1, 2, and 3. For example, a value 3 belongs to
the sub-interval [0-4], and may be indexed by using an index 0.
[0035] In this embodiment of the present invention, a quantity Ni of bits occupied by a quantized value of an ith element
in W2 is determined, and quantized values of at least two elements in W2 occupy different quantities of bits, so that
quantization precision can be improved, and further, CSI feedback precision can be improved.
[0036] In this embodiment of the present invention, a quantity Mi of bits occupied by a quantized value of pi in W1 and
the quantity Ni of bits occupied by the quantized value of the ith element in W2 are determined. For pi (i=2 to K) in W1,
quantized values of at least two elements occupy different quantities of bits, and for the elements from the second
element to the Kth element in W2, quantized values of at least two elements occupy different quantities of bits. Alternatively,
for pi (i=2 to K) in W1, quantized values of all elements occupy a same quantity of bits, and for elemens from the second
element to the Kth element in W2, quantized values of at least two elements occupy different quantities of bits. Alternatively,
for pi (i=2 to K) in W1, quantized values of at least two elements occupy different quantities of bits, and for the elements
from the second element to the Kth element in W2, quantized values of all elements occupy a same quantity of bits.
[0037] During an actual operation, there may be a plurality of methods for obtaining W1 and W2. For example, first,
W1 and W2 may be determined based on the wideband channel information, and then, one of W1 and W2 is updated
based on the narrowband channel information. In this way, one of the obtained W1 and W2 is obtained based on the
wideband information, and the other one is obtained based on the narrowband information. For the foregoing content,
refer to the prior art, and details are not described in this specification. Alternatively, W1 and W2 may be determined
based on the narrowband channel information, and then, one of W1 and W2 is updated based on the wideband channel
information. In this way, one of the obtained W1 and W2 is obtained based on the wideband information, and the other
one is obtained based on the narrowband information. For the foregoing content, refer to the prior art, and details are
not described in this specification. Alternatively, W1 and W2 may be respectively determined based on the wideband
channel information and the narrowband channel information, and a specific method is not described.
[0038] FIG. 2 is a schematic flowchart of a channel state information CSI feedback method 200 according to a first
embodiment of the present invention. The method may be applicable to the communications system in FIG. 1.
[0039] The method 200 includes the following steps.
[0040] S210. UE determines a codebook of CSI of the user equipment UE at each transport layer.
[0041] For descriptions of the codebook of the CSI at each transport layer of the UE, refer to the foregoing descriptions,
and details are not described herein again.
[0042] Optionally, before determining the codebook of the CSI at each transport layer of the UE, the UE may receive
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a pilot sent by a network device. The user equipment determines channel information based on the received pilot. For
example, the channel information may be represented as a channel matrix. The user equipment determines, based on
the determined channel information and a preset coding codebook, the codebook used to represent the CSI of the UE.
[0043] Optionally, an element Xi in W2 may be a complex number, Xi may be represented as Xi = αiejθi, αi represents
amplitude of an ith element, and θi represents a phase of the ith element.
[0044] S220. The UE determines a quantity Ni of bits occupied by a quantized value of an ith element in W2, where
quantized values of at least two elements in W2 occupy different quantities of bits.
[0045] A quantity of bits occupied by quantized values of all elements in W2 may be represented by using Ntotal.
Optionally, Ntotal =K∗M, where K is a quantity of columns of W1, K is a positive integer greater than or equal to 1, and M
is a mean of quantities of bits of quantized valuesper element when a column vector of W2 is quantized.
[0046] Optionally, a quantized value of bi in W1 and a quantity of bits occupied by the quantized value of bi in W1 need
to be determined.
[0047] Optionally, if the element Xi in W2 is a complex number, a quantized value of amplitude of the element Xi and
a quantized value of a phase of the element Xi need to be separately determined. The method further includes: separately

determining a quantity Ni-amp of bits occupied by a quantized value of the amplitude of the ith element and a quantity

Ni-phase of bits occupied by a quantized value of the phase of the ith element. Optionally, when Ni is less than a threshold,
Ni-phase=Ni; or when Ni is greater than or equal to a threshold, Ni-amp and Ni-phase are determined based on a ratio, and

Ni-amp + Ni-phase = Ni. For example,  and Ni-amp =Ni - Ni-phase, where 0 < ω < 1,

and ω is a ratio of Ni-phase to Ntotal.
[0048] Optionally, the ith element in W2 may be divided into a real part and an imaginary part for separate quantization.
For details, refer to the foregoing amplitude and phase quantization method.
[0049] Optionally, the quantized value of bi in W1 and the bit occupied by the quantized value of bi in W1 need to be
determined.
[0050] S230. The UE feeds back the quantized value of the ith element to a network device based on Ni.
[0051] When the UE feeds back the quantized value of the ith element based on Ni, the UE usually adds the quantized
value of the ith element to a corresponding precoding matrix indicator (PM Indicator, PMI) based on Ni, and feeds back
the precoding matrix indicator to the network device as CSI.
[0052] Optionally, the UE feeds back the quantized value of bi in W1 to the network device based on the bit occupied
by the quantized value of bi in W1. To be specific, the quantized value of bi in W1 is added to a corresponding precoding
matrix indicator (PM Indicator, PMI), and the precoding matrix indicator is fed back to the network device as CSI.
[0053] Optionally, the network device and the UE may pre-determine the bit occupied by the quantized value of the
ith element in W2, or the network device may determine, based on the bit occupied by the quantized value of bi in W1,
the bit occupied by the quantized value of the ith element in W2, or the UE notifies the bit occupied by the quantized
value of the ith element in W2.
[0054] S240. The network device receives a bit sequence sent by the user equipment UE, where the bit sequence
includes the quantized value of the codebook of the CSI at each transport layer of the UE.
[0055] The quantized value of the codebook of the CSI at each transport layer of the UE includes a quantized value
of the element Xi in W2, and the quantized values of at least two elements in W2 occupy different quantities of bits in
the bit sequence.
[0056] Optionally, if the element Xi in W2 is a complex number, the quantized value of the element Xi in W2 includes
the quantized value of the amplitude of the element Xi and the quantized value of the phase of the element Xi.
[0057] Optionally, if the UE sends the quantized value of bi in W1, the network device receives the quantized value of
bi in W1 from the UE.
[0058] S250. The network device determines the quantity Ni of bits occupied by the quantized value of the ith element
in W2.
[0059] Optionally, if the UE adds the quantized value of bi in W1 to the corresponding precoding matrix indicator (PM
Indicator, PMI), and feeds back the precoding matrix indicator to the network device as CSI, the method further includes:
determining, by the network device, the quantity of bits occupied by the quantized value of bi in W1.
[0060] Optionally, if the element Xi in W2 is a complex number, the method further includes:
separately determining the quantity Ni-mp of bits occupied by the quantized value of the amplitude of the ith element and
the quantity Ni-phase of bits occupied by the quantized value of the phase of the ith element. This step is similar to step
S220, and for details, refer to step S220.
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[0061] S260. The network device extracts the quantized value of the ith element from the received bit sequence based
on Ni
[0062] Optionally, if the UE adds the quantized value of bi in W1 to the corresponding precoding matrix indicator (PM
Indicator, PMI), and feeds back the precoding matrix indicator to the network device as CSI, the method further includes:
extracting, by the network device, the quantized value of bi based on the quantity of bits occupied by the quantized value
of bi in W1.
[0063] Optionally, the network device and the UE may pre-determine the bit occupied by the quantized value of the
ith element in W2, or the network device may determine, based on the bit occupied by the quantized value of bi in W1,
the bit occupied by the quantized value of the ith element in W2, or the UE notifies the bit occupied by the quantized
value of the ith element in W2. The network device extracts the quantized value of the ith element from the received bit
sequence based on the bit occupied by the quantized value of the ith element and based on Ni.
[0064] In this embodiment of the present invention, the quantity Ni of bits occupied by the quantized value of the ith
element is determined, and the quantized values of at least two elements in W2 occupy different quantities of bits, so
that quantization precision can be improved, and further, CSI feedback precision can be improved.
[0065] A second embodiment of the present invention provides another CSI feedback method. A difference between
the second embodiment and the first embodiment lies in that the method further includes: performing, by the UE,
normalization processing on W2 based on an Nth element in W2, where N is an integer greater than or equal to 1 and
less than or equal to K. The determining a quantity Ni of bits occupied by a quantized value of an ith element in W2
includes: when i=N, Ni =0. In other words, a sum of quantities of quantization bits of (K-1) elements other than the Nth

element is Ntotal. In other words, the Nth element does not need to be quantized.
[0066] Optionally, a value of N is a value pre-agreed on between the UE and the network device. In other words, the
network device and the UE learn of, in advance, a reference of quantizing the ith element in W2, and a quantized value
of the Nth element does not need to be notified. For example, N is equal to 1 or K. In other words, the Nth element is the
first or last element in W2. Optionally, if a sequence of PMIs of the codebook W1 corresponding to elements in W2 is
predetermined, the PMIs of the codebook W1 are sorted to improve performance of the present invention. For example,
when the UE selects a PMI of the codebook W1, calculated ideal amplitude values of elements of a column vector of
the codebook W2 are sorted in descending or ascending order. For example, the Nth element is an element corresponding
to a maximum value in all elements in each column in the codebook W2.
[0067] In the second CSI feedback method provided in this embodiment of the present invention, the value of N is a
value pre-agreed on between the UE and the network device, the UE does not need to notify the network device of the
quantized value of the Nth element, and a sum of quantities of quantization bits of (K-1) elements other than the Nth

element is Ntotal, so that quantization precision can be further improved.
[0068] A third embodiment of the present invention provides another CSI feedback method. A difference of the third
embodiment from the second embodiment and the first embodiment lies in that the determining a quantity Ni of bits
occupied by a quantized value of an ith element in W2 includes: when i≠N, a value of Ni is positively correlated to an
amplitude value of an ith element.

[0069] Optionally, when i≠N,  is the amplitude value of the ith element, axÌ rep-

resents a largest integer not greater than x, and Ntotal is a quantity of bits occupied by quantized values of all elements in W2.
[0070] Optionally, Ni = Nbase + Nadd,i · Nbase is a base quantity of bits occupied by the quantized value of the ith element,
and Nadd,i is a additional quantity of bits occupied by the quantized value of the ith element.
[0071] Optionally, Nadd,i is obtained after allocation is further performed based on a quantity Nrest = Ntotal - (K - 1)Nbase
of remaining bits, and 

axÌ represents a largest integer not greater than x.
[0072] In the third embodiment, the quantity Ni of bits occupied by the quantized value of the ith element in W2 is
positively correlated to the amplitude value of the ith element, so that quantization precision can be further improved.
[0073] A fourth embodiment of the present invention provides another CSI feedback method. A difference between
the fourth embodiment and the foregoing embodiments lies in that: if Xi is a complex number and includes amplitude
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and a phase, when i≠N, the method further includes: quantizing the amplitude of the ith element. The quantizing the
amplitude of the ith element includes: when quantizing the amplitude of the ith element, quantizing differential amplitude

of the ith element, where the differential amplitude of the ith element is a ratio  of the amplitude value ρi of the ith

element to an amplitude value ρi-1 of an (i-1)th element.

[0074] Optionally, the quantizing  includes: mapping the differential amplitude  of the ith element to an

angle domain, to obtain ζi, and quantizing ζi.
[0075] When the amplitude value of the ith element is less than the amplitude value of the (i-1)th element, a range of

the differential amplitude is (0, 1), and  is mapped to the angle domain for quantization. When the amplitude value

of the ith element is greater than the amplitude value of (i-1)111 element, a quantized value of the differential amplitude
of the ith element is set to 1. For example: 

[0076] Optionally, a quantized value of the amplitude of the ith element is: 

[0077] (ρi)q represents the quantized value of the amplitude of the ith element in W2, and  represents the

quantized value of the differential amplitude of the ith element in W2.
[0078] Optionally, Xi is a complex number and includes amplitude and a phase, and when i≠N, the method further

includes: quantizing the phase of the ith element by using multiple phase shift keying MPSK. Optionally, the quantizing
the phase of the ith element by using MPSK includes:

when a quantity of bits allocated for quantizing the phase of the ith element is b, the quantized phase belongs to 

where j = 0 ∼ 2b - 1.
[0079] In the fourth embodiment, when the amplitude of the ith element in W2 is quantized, the differential amplitude

of the ith element is quantized, and the differential amplitude of the ith element is the ratio  of the amplitude value

ρi of the ith element to the amplitude value ρi-1 of the (i-1)th element. Differential amplitude of an element is quantized,
so that a quantization range is reduced, and further, quantization precision is improved.
[0080] Based on a same technical idea, an embodiment of the present invention provides user equipment 300, con-
figured to perform the method in the embodiments of the present invention. For related content, refer to the descriptions
of the method, and details are not described herein again. The user equipment can communicate with a network device
provided in the embodiments of the present invention. As shown in FIG. 3:
[0081] The user equipment 300 includes a processing unit 302 and a sending unit 303. The processing unit may be
specifically a processor, and the sending unit may be specifically a transmitter. Optionally, the user equipment may
further include a receiving unit 301. The receiving unit may be specifically a receiver.
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[0082] The processing unit is configured to determine a codebook of CSI of the UE at each transport layer. For related
information of the codebook of the UE of the CSI at each transport layer, refer to the foregoing descriptions, and details
are not described herein again.
[0083] The processing unit is further configured to determine a quantity Ni of bits occupied by a quantized value of an
ith element in W2, where quantized values of at least two elements in W2 occupy different quantities of bits.
[0084] The sending unit is configured to feed back the quantized value of the ith element to the network device based
on Ni.
[0085] Optionally, the receiving unit is configured to receive pilot information sent by the network device, and the
processing unit is configured to: determine channel information based on the pilot information received by the receiving
unit, and determine the codebook of the UE based on the channel information. The processing unit is further configured
to quantize the codebook of the UE, to obtain a quantized value.
[0086] Optionally, the processing unit is further configured to perform normalization processing on W2 based on an
Nth element in W2, where N is an integer greater than or equal to 1 and less than or equal to K; and when i=N, Ni =0.
[0087] Optionally, when i≠N, a value of Ni is positively correlated to an amplitude value of the ith element.
[0088] Optionally, a value of N is a value pre-agreed on between the UE and the network device. For example, N is
equal to 1 or K.

[0089] Optionally, when i≠N,  where ρi is the amplitude value of the ith element, axÌ rep-

resents a largest integer not greater than x, and Ntotal is a quantity of bits occupied by quantized values of all elements in W2.
[0090] Optionally, when i≠N, Ni = Nbase + Nadd, i, where Nbase is a base quantity of bits occupied by the quantized
value of the ith element, and Nadd,i is a additional quantity of bits occupied by the quantized value of the ith element.
[0091] Optionally, Nadd,i is obtained after allocation is further performed based on a quantity Nrest = Ntotal - (K - 1)Nbase
of remaining bits, and 

[0092] axÌ represents a largest integer not greater than x.
[0093] Optionally, Xi is a complex number and includes amplitude and a phase, and when i≠N, the processing unit is
further configured to quantize amplitude of the ith element; and when quantizing the amplitude of the ith element, the
processing unit is configured to quantize differential amplitude of the ith element, where the differential amplitude of the

ith element is a ratio  of the amplitude value ρi of the ith element to an amplitude value ρi-1 of an (i-1)th element.

[0094] Optionally, the processing unit is configured to: map the differential amplitude  of the ith element to an

angle domain, to obtain ζi ; and quantize ζi.

[0095] Optionally, when the amplitude value of the ith element is less than the amplitude value of the (i-1)th element,
a range of the differential amplitude is (0, 1), and the processing unit is configured to map the differential amplitude

 of the ith element to the angle domain for quantization; or when the amplitude value of the ith element is greater

than the amplitude value of the (i-1)th element, the processing unit is configured to set a quantized value of the amplitude

of the ith element to 1. For example,  

[0096] Optionally, Xi is a complex number and includes amplitude and a phase, and when i≠N, the processing unit is
configured to quantize a phase of the ith element by using multiple phase shift keying MPSK.
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[0097] Optionally, when a quantity of bits allocated for quantizing the phase of the ith element is b, the quantized phase

belongs to  where j = 0 ∼ 2b- 1.

[0098] Optionally, when i≠N, the processing unit is configured to separately determine a quantity Ni-amp of bits occupied
by the quantized value of the amplitude of the ith element and a quantity Ni-phase of bits occupied by a quantized value
of the phase of the ith element. When Ni is less than a threshold, Ni-phase=Ni ; or when Ni is greater than or equal to a
threshold, Ni-amp and Ni-phase are determined based on a ratio, and Ni-amp+ Ni-phase = Ni.

[0099] Optionally,  and 

where
0 < ω < 1, and ω is a ratio of Ni-phase to Ntotal.
[0100] The user equipment provided in this embodiment of the present invention determines the quantity Ni of bits
occupied by the quantized value of the ith element in W2, and the quantized values of at least two elements in W2 occupy
different quantities of bits, so that quantization precision can be improved, and further, CSI feedback precision can be
improved.
[0101] Based on a same technical idea, an embodiment of the present invention provides a network device 400,
configured to perform the method in the embodiments of the present invention. For related content, refer to the descriptions
of the method, and details are not described herein again. The network device can communicate with the user equipment
provided in the embodiments of the present invention. As shown in FIG. 4:
[0102] The network device 400 includes a receiving unit 401 and a processing unit 402. The processing unit may be
specifically a processor, and the receiving unit may be specifically a receiver. Optionally, the network device may further
include a sending unit 403. The sending unit may be specifically a transmitter.
[0103] The receiving unit is configured to receive a bit sequence sent by the user equipment UE, where the bit sequence
includes a quantized value of a codebook of CSI of the UE at each transport layer, the quantized value of the codebook
of the CSI at each transport layer of the UE includes a quantized value of an element Xi in W2, and quantized values of
at least two elements in W2 in the bit sequence occupy different quantities of bits. For the codebook of the CSI at each
transport layer of the UE, refer to the foregoing descriptions, and details are not described herein again.
[0104] The processing unit is configured to determine a quantity Ni of bits occupied by a quantized value of an ith
element in W2; and configured to extract the quantized value of the ith element from the received bit sequence based on Ni.
[0105] Optionally, the processing unit is further configured to: determine, based on the determined quantized value,
the codebook used by the UE; and code, based on the codebook, a signal sent to the UE. The sending unit is configured
to send the coded signal to the UE. Optionally, the sending unit is configured to send a pilot to the UE, so that the UE
performs channel estimation.
[0106] Optionally, an Nth element in W2 is a reference used by the UE to perform normalization processing on W2,
and N is an integer greater than or equal to 1 and less than or equal to K; and when i=N, Ni =0.
[0107] Optionally, when i≠N, a value of Ni is positively correlated to an amplitude value of the ith element.
[0108] Optionally, a value of N is a value pre-agreed on between the UE and the network device. For example, N is
equal to 1 or K.

[0109] Optionally, when i≠N,  where ρi is the amplitude value of the ith element, axÌ rep-

resents a largest integer not greater than x, and Ntotal is a quantity of bits occupied by quantized values of all elements in W2.
[0110] Optionally, when i≠N, Ni = Nbase + Nadd,i, where Nbase is a base quantity of bits occupied by the quantized value
of the ith element, and Nadd,i is a additional quantity of bits occupied by the quantized value of the ith element.
[0111] Optionally, Nadd,i is obtained after allocation is further performed based on a quantity Nrest = Ntotal - (K - 1) Nbase
of remaining bits, and 
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[0112] axÌ represents a largest integer not greater than x.
[0113] Optionally, Xi is a complex number and includes amplitude and a phase, and when i≠N, the processing unit is

configured to separately determine a quantity Ni-amp of bits occupied by a quantized value of amplitude of the ith element

and a quantity Ni-phase of bits occupied by a quantized value of a phase of the ith element. The quantized value of the
amplitude of the ith element is differential amplitude of the ith element, and the differential amplitude of the ith element is

a ratio  of the amplitude value ρi of the ith element to an amplitude value ρi-1 of an (i-1)th element.

[0114] Optionally, when Ni is less than a threshold, Ni-phase = Ni; or when Ni is greater than or equal to a threshold,
Ni-amp and Ni-phase are determined based on a ratio, and Ni-amp+Ni-phase = Ni.

[0115] Optionally,  and 

where
0 < ω < 1, and ω is a ratio of Ni-phase to Ntotal.
[0116] Optionally, the quantized value of the amplitude of the ith element is: 

[0117] (ρi)q represents the quantized value of the amplitude of the ith element in W2, and  represents a

quantized value of the differential amplitude of the ith element in W2.
[0118] The network device provided in this embodiment of the present invention determines the quantity Ni of bits
occupied by the quantized value of the ith element in W2, and the quantized values of at least two elements in W2 occupy
different quantities of bits, so that quantization precision can be improved, and further, CSI feedback precision can be
improved.
[0119] An embodiment of the present invention provides a communications system, including the user equipment and
the network device that are provided in the embodiments of the present invention.
[0120] Based on a same technical idea, an embodiment of the present invention provides user equipment 500, con-
figured to perform the method in the embodiments of the present invention. For related content, refer to the descriptions
of the method, and details are not described herein again. FIG. 5 is a schematic diagram of a hardware structure of the
user equipment 500 according to an embodiment of the present invention. As shown in FIG. 5, the user equipment 500
includes a processor 502, a transceiver 504, a plurality of antennas 506, a memory 508, an I/O (input/output, Input/Output)
interface 510, and a bus 512. The transceiver 504 further includes a transmitter 5042 and a receiver 5044. The memory
508 is further configured to store an instruction 5082 and data 5084. In addition, the processor 502, the transceiver 504,
the memory 508, and the I/O interface 510 communicate with and are connected to each other by using the bus 512,
and the plurality of antennas 506 are connected to the transceiver 504.
[0121] The processor 502 may be a general purpose processor, and for example, includes but is not limited to a central
processing unit (Central Processing Unit, CPU), or may be a dedicated processor, and for example, includes but is not
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limited to a digital signal processor (Digital Signal Processor, DSP), an application-specific integrated circuit (Application-
Specific Integrated Circuit, ASIC), and a field programmable gate array (Field Programmable Gate Array, FPGA). In
addition, the processor 502 may be alternatively a combination of a plurality of processors. The processor 502 is configured
to perform the CSI feedback method provided in the embodiments of the present invention. The processor 502 may be
a processor dedicated to performing the foregoing operations and/or steps, or the processor may read and execute the
instruction 5082 stored in the memory 508, to perform the foregoing operations and/or steps. The processor 502 may
need to use the data 5084 during a process of performing the foregoing operations and/or steps.
[0122] The transceiver 504 includes the transmitter 5042 and the receiver 5044. The transmitter 5042 is configured
to send an uplink signal to the network device by using at least one of the plurality of antennas 506. The receiver 5044
is configured to receive a downlink signal from the network device by using at least one of the plurality of antennas 506.
The transmitter 5042 is specifically configured to perform an action by using at least one of the plurality of antennas 506,
and the receiver 5044 is specifically configured to perform an action by using at least one of the plurality of antennas 506.
[0123] The memory 508 may be various types of storage media, for example, a random access memory (Random
Access Memory, RAM), a read-only memory (Read-Only Memory, ROM), a non-volatile random access memory (Non-
Volatile Random Access Memory, NVRAM), a programmable read-only memory (Programmable Read-Only Memory,
PROM), an erasable programmable read-only memory (Erasable Programmable Read-Only Memory, EPROM), an
electrically erasable PROM (Electrically Erasable PROM, EEPROM), a flash memory, an optical memory, and a register.
The memory 508 is specifically configured to store the instruction 5082 and the data 5084. The processor 502 may read
and execute the instruction 5082 stored in the memory 508, to perform the foregoing operations and/or steps, and may
need to use the data 5084 during a process of performing the foregoing operations and/or steps.
[0124] The I/O interface 510 is configured to: receive an instruction and/or data from a peripheral device, and send
an instruction and/or data to the peripheral device.
[0125] It should be noted that during a specific implementation process, the user equipment 500 may further include
another hardware component, and no enumeration is provided herein.
[0126] Based on a same technical idea, an embodiment of the present invention provides a network device 600,
configured to perform the method in the embodiments of the present invention. For related content, refer to the descriptions
of the method, and details are not described herein again. FIG. 6 is a schematic diagram of a hardware structure of the
network device 600 according to an embodiment of the present invention. As shown in FIG. 6, the network device 600
includes a processor 602, a transceiver 604, a plurality of antennas 606, a memory 608, an I/O (input/output, Input/Output)
interface 610, and a bus 612. The transceiver 604 further includes a transmitter 6042 and a receiver 6044. The memory
608 is further configured to store an instruction 6082 and data 6084. In addition, the processor 602, the transceiver 604,
the memory 608, and the I/O interface 610 communicate with and are connected to each other by using the bus 612,
and the plurality of antennas 606 are connected to the transceiver 604.
[0127] The processor 602 may be a general purpose processor, and for example, includes but is not limited to a CPU,
or may be a dedicated processor, and for example, includes but is not limited to a DSP, an ASIC, and an FPGA. In
addition, the processor 602 may be alternatively a combination of a plurality of processors. The processor 602 is configured
to perform the method in the embodiments of the present invention. The processor 602 may be a processor dedicated
to performing the foregoing operations and/or steps, or the processor may read and execute the instruction 6082 stored
in the memory 608, to perform the foregoing operations and/or steps. The processor 602 may need to use the data 6084
during a process of performing the foregoing operations and/or steps.
[0128] The transceiver 604 includes the transmitter 6042 and the receiver 6044. The transmitter 6042 is configured
to send a downlink signal to the user equipment by using at least one of the plurality of antennas 606. The receiver 6044
is configured to receive an uplink signal from the user equipment by using at least one of the plurality of antennas 606.
The transmitter 6042 is specifically configured to perform an action by using at least one of the plurality of antennas 606,
and the receiver 6044 is specifically configured to perform an action by using at least one of the plurality of antennas 606.
[0129] The memory 608 may be various types of storage media, for example, a RAM, a ROM, an NVRAM, a PROM,
an EPROM, an EEPROM, a flash memory, an optical memory, and a register. The memory 608 is specifically configured
to store the instruction 6082 and the data 6084. The processor 602 may read and execute the instruction 6082 stored
in the memory 608, to perform the foregoing operations and/or steps. The processor may need to use the data 6084
during a process of performing the foregoing operations and/or steps.
[0130] The I/O interface 610 is configured to: receive an instruction and/or data from a peripheral device, and send
an instruction and/or data to the peripheral device.
[0131] It should be noted that during a specific implementation process, the network device 600 may further include
another hardware component, and no enumeration is provided herein.
[0132] A person of ordinary skill in the art may understand that all or some of the steps of the foregoing methods may
be implemented by a program instructing relevant hardware. The program may be stored in a computer readable storage
medium. The storage medium includes: a ROM, a RAM, and an optical disc.
[0133] To sum up, the foregoing descriptions are merely examples of embodiments of the present invention, but are
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not intended to limit the protection scope of the present invention. The scope of the present invention is defined by the
appended independent claims.

Claims

1. A channel state information, CSI, feedback method, comprising:

determining (210), by a user equipment, a codebook of CSI at each transport layer of user equipment UE,
wherein the codebook of the CSI at each transport layer of the UE is: 

wherein
W is the codebook of the CSI at each transport layer of the UE, W1 is a level-1 codebook, W1=[b1 b2 ... bK], bi
in W1 represents a codeword, K is a quantity of columns of W1, K is a positive integer greater than 1, W2 is a
level-2 codebook, W2 is represented as W2=[X1 X2 ... XK]T, an element Xi in W2 is a weighting coefficient
corresponding to bi in W1, and i is an integer greater than or equal to 1 and less than or equal to K;
determining (220), by the user equipment, a quantity Ni of bits occupied by a quantized value of an ith element
in W2, wherein quantized values of at least two elements in W2 occupy different quantities of bits; and
feeding back (230), by the user equipment, the quantized value of the ith element to a network device based on Ni.

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

performing normalization processing on W2 based on an Nth element in W2, wherein N is an integer greater
than or equal to 1 and less than or equal to K; and
the determining a quantity Ni of bits occupied by a quantized value of an ith element in W2 comprises:
when i=N, determining Ni=0.

3. The method according to claim 2, wherein the determining a quantity Ni of bits occupied by a quantized value of an
ith element in W2 comprises:
when i≠N, a value of Ni is positively correlated to an amplitude value of the ith element.

4. The method according to claim 2 or 3, wherein a value of N is a value pre-agreed on between the UE and the network
device.

5. The method according to any one of claims 2 to 4, wherein when i≠N, Ni=Nbase+Nadd,i, wherein Nbase is a base
quantity of bits occupied by the quantized value of the ith element, and Nadd,i is a additional quantity of bits occupied
by the quantized value of the ith element.

6. User equipment UE, comprising:

a processing unit (302), configured to determine a codebook of channel state information, CSI, of the UE at
each transport layer, wherein the codebook of the CSI at each transport layer of the UE is: 

wherein
W is the codebook of the CSI at each transport layer of the UE, W1 is a level-1 codebook, W1=[b1 b2 ... bK], bi
in W1 represents a codeword, K is a quantity of columns of W1, K is a positive integer greater than 1, W2 is a
level-2 codebook, W2 is represented as W2=[X1 X2 ... XK]T, an element Xi in W2 is a weighting coefficient
corresponding to bi in W1, and i is an integer greater than or equal to 1 and less than or equal to K;
the processing unit (302) is further configured to determine a quantity Ni of bits occupied by a quantized value
of an ith element in W2, wherein quantized values of at least two elements in W2 occupy different quantities of
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bits; and
a sending unit (303), configured to feed back the quantized value of the ith element to a network device based
on Ni.

7. The equipment according to claim 6, wherein the processing unit is further configured to perform normalization
processing on W2 based on an Nth element in W2, wherein N is an integer greater than or equal to 1 and less than
or equal to K; and when i=N, Ni=0.

8. The equipment according to claim 7, wherein when i≠N, a value of Ni is positively correlated to an amplitude value
of the ith element.

9. The equipment according to claim 7 or 8, wherein a value of N is a value pre-agreed on between the UE and the
network device.

10. The equipment according to any one of claims 7 to 9, wherein when i≠N, Ni=Nbase+Nadd,i, wherein
Nbase is a base quantity of bits occupied by the quantized value of the ith element, and Nadd,i is a additional quantity
of bits occupied by the quantized value of the ith element.

11. A computer readable storage medium, configured to store a computer program instruction which, when executed
by a hardware, cause the hardware to perform operations comprising:

determining (210), by a user equipment, a codebook of CSI at each transport layer of user equipment UE,
wherein the codebook of the CSI at each transport layer of the UE is: 

wherein
W is the codebook of the CSI at each transport layer of the UE, W1 is a level-1 codebook, W1=[b1 b2 ... bK], bi
in W1 represents a codeword, K is a quantity of columns of W1, K is a positive integer greater than 1, W2 is a
level-2 codebook, W2 is represented as W2=[X1 X2 ... XK]T, an element Xi in W2 is a weighting coefficient
corresponding to bi in W1, and i is an integer greater than or equal to 1 and less than or equal to K;
determining (220), by the user equipment, a quantity Ni of bits occupied by a quantized value of an ith element
in W2, wherein quantized values of at least two elements in W2 occupy different quantities of bits; and
feeding back (230), by the user equipment, the quantized value of the ith element to a network device based on Ni.

12. The medium according to claim 11, the operations further comprising:

performing normalization processing on W2 based on an Nth element in W2, wherein N is an integer greater
than or equal to 1 and less than or equal to K; and
the determining a quantity Ni of bits occupied by a quantized value of an ith element in W2 comprises:
when i=N, determining Ni=0.

13. The medium according to claim 12, wherein the determining a quantity Ni of bits occupied by a quantized value of
an ith element in W2 comprises:
when i≠N, a value of Ni is positively correlated to an amplitude value of the ith element.

14. The medium according to claim 12 or 13, wherein a value of N is a value pre-agreed on between the UE and the
network device.

15. The medium according to any one of claims 12 to 14, wherein when i≠N, Ni=Nbase+Nadd,i, wherein
Nbase is a base quantity of bits occupied by the quantized value of the ith element, and Nadd,i is a additional quantity
of bits occupied by the quantized value of the ith element.
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Patentansprüche

1. Kanalzustandsinformations-Rückmeldungsverfahren, CSI-Rückmeldungsverfahren, das Folgendes umfasst:

Bestimmen (210) durch ein Anwendergerät eines Codebuchs von CSI an jeder Transportschicht des Anwen-
dergeräts UE, wobei das Codebuch der CSI in jeder Transportschicht des UE Folgendes ist: 

wobei
W das Codebuch der CSI an jeder Transportschicht des UE ist, W1 ein Ebene-1-Codebuch ist, W1 = [b1 b2 ...
bK], bi in W1 ein Codewort repräsentiert, K eine Anzahl von Spalten von W1 ist, K eine positive Ganzzahl größer
als 1 ist, W2 ein Ebene-2-Codebuch ist, W2 als W2 = [X1 X2 ... XK]T repräsentiert ist, ein Element Xi in W2 ein
Gewichtungskoeffizient ist, der bi in W1 entspricht, und i eine Ganzzahl größer als oder gleich 1 und kleiner als
oder gleich K ist;
Bestimmen (220) durch das Anwendergerät einer Anzahl Ni von Bits, die durch einen quantisierten Wert eines
i-ten Elements in W2 besetzt sind, wobei quantisierte Werte von wenigstens zwei Elementen in W2 unterschied-
liche Anzahlen von Bits besetzen; und
Zurückmelden (230) durch das Anwendergerät des quantisierten Werts des i-ten Elements zu einer Netzvor-
richtung basierend auf Ni.

2. Verfahren nach Anspruch 1, das ferner Folgendes umfasst:
Ausführen einer Normierungsverarbeitung auf W2 basierend auf einem N-ten Element in W2, wobei N eine Ganzzahl
größer oder gleich 1 und kleiner oder gleich K ist; und das Bestimmen einer Anzahl Ni von Bits, die durch einen
quantisierten Wert eines i-ten Elements in W2 besetzt sind, Folgendes umfasst:
wenn i = N, Bestimmen von Ni = 0.

3. Verfahren nach Anspruch 2, wobei das Bestimmen einer Anzahl Ni von Bits, die durch einen quantisierten Wert
eines i-ten Elements in W2 besetzt sind, Folgendes umfasst:
wenn i ≠ N ist, ist ein Wert von Ni mit einem Amplitudenwert des i-ten Elements positiv korreliert.

4. Verfahren nach Anspruch 2 oder 3, wobei ein Wert von N ein Wert ist, der im Voraus zwischen dem UE und der
Netzvorrichtung vereinbart ist.

5. Verfahren nach einem der Ansprüche 2 bis 4, wobei wenn i ≠ N, Ni = Nbase + Nadd,i, wobei
Nbase eine Basisanzahl von Bits ist, die durch den quantisierten Wert des i-ten Elements besetzt sind, und Nadd,i
eine zusätzliche Anzahl von Bits ist, die durch den quantisierten Wert des i-ten Elements besetzt sind.

6. Anwendergerät, das Folgendes umfasst:

eine Verarbeitungseinheit (302), die konfiguriert ist, ein Codebuch von Kanalzustandsinformationen, CSI, des
UE an jeder Transportschicht zu bestimmen, wobei das Codebuch der CSI an jeder Transportschicht des UE
Folgendes ist:
W= W1 3 W2, wobei
W das Codebuch der CSI an jeder Transportschicht des UE ist, W1 ein Ebene-1-Codebuch ist, W1 = [b1 b2 ...
bK], bi in W1 ein Codewort repräsentiert, K eine Anzahl von Spalten von W1 ist, K eine positive Ganzzahl größer
als 1 ist, W2 ein Ebene-2-Codebuch ist, W2 als W2 = [X1 X2 ... XK]T repräsentiert ist, ein Element Xi in W2 ein
Gewichtungskoeffizient ist, der bi in W1 entspricht, und i eine Ganzzahl größer als oder gleich 1 und kleiner als
oder gleich K ist;
die Verarbeitungseinheit (302) ferner konfiguriert ist, eine Anzahl Ni von Bits, die durch einen quantisierten Wert
eines i-ten Elements in W2 besetzt sind, zu bestimmen, wobei quantisierte Werte von wenigstens zwei Elementen
in W2 unterschiedliche Anzahlen von Bits besetzen; und
eine Sendeeinheit (303), die konfiguriert ist, den quantisierten Wert des i-ten Elements zu einer Netzvorrichtung
basierend auf Ni zurückzumelden.

7. Gerät nach Anspruch 6, wobei die Verarbeitungseinheit ferner konfiguriert ist, eine Normierungsverarbeitung auf
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W2 basierend auf einem N-ten Element in W2 auszuführen, wobei N eine Ganzzahl größer oder gleich 1 und kleiner
oder gleich K ist; und wenn i = N, Ni = 0.

8. Gerät nach Anspruch 7, wobei dann, wenn i ≠ N ist, ein Wert von Ni mit einem Amplitudenwert des i-ten Elements
positiv korreliert ist.

9. Gerät nach Anspruch 7 oder 8, wobei ein Wert von N ein Wert ist, der im Voraus zwischen dem UE und der
Netzvorrichtung vereinbart ist.

10. Gerät nach einem der Ansprüche 7 bis 9, wobei wenn i ≠ N, Ni = Nbase + Nadd,i, wobei Nbase eine Basisanzahl von
Bits ist, die durch den quantisierten Wert des i-ten Elements besetzt sind, und Nadd,i eine zusätzliche Anzahl von
Bits ist, die durch den quantisierten Wert des i-ten Elements besetzt sind.

11. Computerlesbares Speichermedium, das konfiguriert ist, eine Computerprogrammanweisung zu speichern, die
dann, wenn sie durch eine Hardware ausgeführt wird, die Hardware zum Ausführen von Operationen veranlasst,
die Folgendes umfassen:

Bestimmen (210) durch ein Anwendergerät eines Codebuchs von CSI an jeder Transportschicht des Anwen-
dergeräts UE, wobei das Codebuch der CSI in jeder Transportschicht des UE Folgendes ist:
W= W1 3 W2, wobei
W das Codebuch der CSI an jeder Transportschicht des UE ist, W1 ein Ebene-1-Codebuch ist, W1 = [b1 b2 ...
bK], bi in W1 ein Codewort repräsentiert, K eine Anzahl von Spalten von W1 ist, K eine positive Ganzzahl größer
als 1 ist, W2 ein Ebene-2-Codebuch ist, W2 als W2 = [X1 X2 ... XK]T repräsentiert ist, ein Element Xi in W2 ein
Gewichtungskoeffizient ist, der bi in W1 entspricht, und i eine Ganzzahl größer als oder gleich 1 und kleiner als
oder gleich K ist;
Bestimmen (220) durch das Anwendergerät einer Anzahl Ni von Bits, die durch einen quantisierten Wert eines
i-ten Elements in W2 besetzt sind, wobei quantisierte Werte von wenigstens zwei Elementen in W2 unterschied-
liche Anzahlen von Bits besetzen; und
Zurückmelden (230) durch das Anwendergerät des quantisierten Werts des i-ten Elements zu einer Netzvor-
richtung basierend auf Ni.

12. Medium nach Anspruch 11, wobei die Operationen ferner Folgendes umfassen:
Ausführen einer Normierungsverarbeitung auf W2 basierend auf einem N-ten Element in W2, wobei N eine Ganzzahl
größer oder gleich 1 und kleiner oder gleich K ist; und das Bestimmen einer Anzahl Ni von Bits, die durch einen
quantisierten Wert eines i-ten Elements in W2 besetzt sind, Folgendes umfasst:
wenn i = N, Bestimmen von Ni = 0.

13. Medium nach Anspruch 12, wobei das Bestimmen einer Anzahl Ni von Bits, die durch einen quantisierten Wert
eines i-ten Elements in W2 besetzt sind, Folgendes umfasst:
wenn i ≠ N ist, ist ein Wert von Ni mit einem Amplitudenwert des i-ten Elements positiv korreliert.

14. Medium nach Anspruch 12 oder 13, wobei ein Wert von N ein Wert ist, der im Voraus zwischen dem UE und der
Netzvorrichtung vereinbart ist.

15. Medium nach einem der Ansprüche 12 bis 14, wobei dann, wenn i ≠ N, Ni = Nbase + Nadd,i, wobei
Nbase eine Basisanzahl von Bits ist, die durch den quantisierten Wert des i-ten Elements besetzt sind, und Nadd,i
eine zusätzliche Anzahl von Bits ist, die durch den quantisierten Wert des i-ten Elements besetzt sind.

Revendications

1. Procédé de retour d’informations d’état de canal (CSI), comprenant les étapes consistant à :

déterminer (210), par un équipement d’utilisateur, un livre de codes de CSI au niveau de chaque couche de
transport d’équipement d’utilisateur (UE), le livre de codes des CSI au niveau de chaque couche de transport
de l’UE étant :
W=W1xW2,
W étant le livre de codes des CSI au niveau de chaque couche de transport de l’UE, W1 étant un livre de codes
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de niveau 1, W1=[b1, b2, ..., bK], bi dans W1 représentant un mot de code, K étant un nombre de colonnes de
W1, K étant un entier positif supérieur à 1, W2 étant un livre de codes de niveau 2, W2 étant représenté par
W2=[X1, X2, ..., XK]T, un élément Xi dans W2 étant un coefficient de pondération correspondant à bi dans W1,
et i étant un entier supérieur ou égal à 1 et inférieur ou égal à K ;
déterminer (220), par l’équipement d’utilisateur, un nombre Ni de bits occupés par une valeur quantifiée d’un
ième élément dans W2, des valeurs quantifiées d’au moins deux éléments dans W2 occupant différents nombres
de bits ; et
retourner (230), par l’équipement d’utilisateur, la valeur quantifiée du ième élément à un dispositif de réseau sur
la base de Ni.

2. Procédé selon la revendication 1, comprenant en outre l’étape consistant à :

réaliser un traitement de normalisation sur W2 sur la base d’un Nième élément dans W2, N étant un entier
supérieur ou égal 1 et inférieur ou égal à K ; et
la détermination d’un nombre Ni de bits occupés par une valeur quantifiée d’un ième élément dans W2 comprenant
l’étape consistant à :
quand i=N, déterminer que Ni=0.

3. Procédé selon la revendication 2, dans lequel la détermination d’un nombre Ni de bits occupés par une valeur
quantifiée d’un ième élément dans W2 comprend :
quand i≠N, une valeur de Ni est corrélée positivement à une valeur d’amplitude du ième élément.

4. Procédé selon la revendication 2 ou 3, dans lequel une valeur de N est une valeur pré-convenue entre l’UE et le
dispositif de réseau.

5. Procédé selon l’une quelconque des revendications 2 à 4, dans lequel, quand i≠N, Ni=Nbase+Nsupp,i, Nbase étant un
nombre de base de bits occupés par la valeur quantifiée du ième élément et Nsupp,i étant un nombre supplémentaire
de bits occupés par la valeur quantifiée du ième élément.

6. Équipement d’utilisateur (UE), comprenant :

une unité de traitement (302), configurée pour déterminer un livre de codes d’informations d’état de canal (CSI)
de l’UE au niveau de chaque couche de transport,
le livre de codes des CSI au niveau de chaque couche de transport de l’UE étant : 

W étant le livre de codes des CSI au niveau de chaque couche de transport de l’UE, W1 étant un livre de codes
de niveau 1, W1=[b1, b2, ..., bK], bi dans W1 représentant un mot de code, K étant un nombre de colonnes de
Wi, K étant un entier positif supérieur à 1, W2 étant un livre de codes de niveau 2, W2 étant représenté par
W2=[X1, X2, ..., XK]T, un élément Xi dans W2 étant un coefficient de pondération correspondant à bi dans W1,
et i étant un entier supérieur ou égal à 1 et inférieur ou égal à K ;
l’unité de traitement (302) étant en outre configurée pour déterminer un nombre N, de bits occupés par une
valeur quantifiée d’un ième élément dans W2, des valeurs quantifiées d’au moins deux éléments dans W2
occupant différents nombres de bits ; et une unité d’envoi (303), configurée pour retourner la valeur quantifiée
du ième élément à un dispositif de réseau sur la base de Ni.

7. Équipement selon la revendication 6, dans lequel l’unité de traitement est en outre configurée pour réaliser un
traitement de normalisation sur W2 sur la base d’un Nième élément dans W2, N étant un entier supérieur ou égal 1
et inférieur ou égal à K ; et quand i=N, Ni=0.

8. Équipement selon la revendication 7, dans lequel, quand i≠N, une valeur de Ni est corrélée positivement à une
valeur d’amplitude du ième élément.

9. Équipement selon la revendication 7 ou 8, dans lequel une valeur de N est une valeur pré-convenue entre l’UE et
le dispositif de réseau.



EP 3 547 558 B1

21

5

10

15

20

25

30

35

40

45

50

55

10. Équipement selon l’une quelconque des revendications 7 à 9, dans lequel, quand i≠N, Ni=Nbase+Nsupp,i,
Nbase étant un nombre de base de bits occupés par la valeur quantifiée du ième élément et Nsupp,i étant un nombre
supplémentaire de bits occupés par la valeur quantifiée du ième élément.

11. Support de stockage lisible par ordinateur, configuré pour stocker une instruction de programme informatique qui,
lorsqu’elle est exécutée par un matériel, amène le matériel à réaliser des opérations comprenant les étapes consistant
à :

déterminer (210), par un équipement d’utilisateur, un livre de codes de CSI au niveau de chaque couche de
transport d’équipement d’utilisateur (UE), le livre de codes des CSI au niveau de chaque couche de transport
de l’UE étant : 

W étant le livre de codes des CSI au niveau de chaque couche de transport de l’UE, W1 étant un livre de codes
de niveau 1, W1=[b1, b2, ..., bK], bi dans W1 représentant un mot de code, K étant un nombre de colonnes de
W1, K étant un entier positif supérieur à 1, W2 étant un livre de codes de niveau 2, W2 étant représenté par
W2=[X1, X2, ..., XK]T, un élément Xi dans W2 étant un coefficient de pondération correspondant à bi dans W1,
et i étant un entier supérieur ou égal à 1 et inférieur ou égal à K ;
déterminer (220), par l’équipement d’utilisateur, un nombre Ni de bits occupés par une valeur quantifiée d’un
ième élément dans W2, des valeurs quantifiées d’au moins deux éléments dans W2 occupant différents nombres
de bits ; et
retourner (230), par l’équipement d’utilisateur, la valeur quantifiée du ième élément à un dispositif de réseau sur
la base de Ni.

12. Support selon la revendication 11, les opérations comprenant en outre l’étape consistant à :

réaliser un traitement de normalisation sur W2 sur la base d’un Nième élément dans W2, N étant un entier
supérieur ou égal 1 et inférieur ou égal à K ; et
la détermination d’un nombre Ni de bits occupés par une valeur quantifiée d’un ième élément dans W2 comprenant
l’étape consistant à :
quand i=N, déterminer que Ni=0.

13. Support selon la revendication 12, dans lequel la détermination d’un nombre Ni de bits occupés par une valeur
quantifiée d’un ième élément dans W2 comprend :
quand i≠N, une valeur de Ni est corrélée positivement à une valeur d’amplitude du ième élément.

14. Support selon la revendication 12 ou 13, dans lequel une valeur de N est une valeur pré-convenue entre l’UE et le
dispositif de réseau.

15. Support selon l’une quelconque des revendications 12 à 14, dans lequel, quand i≠N, Ni=Nbase+Nsupp,i,
Nbase étant un nombre de base de bits occupés par la valeur quantifiée du ième élément et Nsupp,i étant un nombre
supplémentaire de bits occupés par la valeur quantifiée du ième élément.
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