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CHANNEL STATE INFORMATION FEEDBACK METHOD AND
APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 201811321478.9,
filed with the China National Intellectual Property Administration on November 7, 2018 and
entitled "CHANNEL STATE INFORMATION FEEDBACK METHOD AND APPARATUS",
which is incorporated herein by reference in its entirety.

[0002]

TECHNICAL FIELD

[0003] This application relates to the field of communications technologies, and in particular,

to a channel state information feedback method and an apparatus.

BACKGROUND

[0004] In a wireless communications system such as a wireless local area network (wireless
local area network, WLAN), a multiple-input multiple-output (multiple-input multiple-output,
MIMO) technology is a widely used technology. When the MIMO technology is used, a
beamformer (beamformer) needs to obtain channel state information from a beamformee
(beamformee), so that the beamformer implements functions such as beamforming, rate control,
and resource allocation based on the channel state information.

[0005] An 802.11 standard is a universal WLAN standard. Currently, the institute of
electrical and electronics engineers (institute of electrical and electronics engineers, IEEE) is
discussing a next generation 802.11 standard after 802.11ax. Compared with the previous 802.11
standard, the next generation 802.11 standard supports data transmission with an extremely high
throughput (extremely high throughput, EHT), that is, the next generation 802.11 standard
supports a higher bandwidth (for example, 320 MHZ) and more streams (for example, 16 spatial
streams). In this way, the beamformee needs to feed back more pieces of channel state

information to the beamformer, resulting in excessively high feedback overheads. Therefore, for
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the next generation 802.11 standard, how to feed back channel state information and implement
balance between feedback overheads and feedback precision of the channel state information is

an urgent problem to be resolved.

SUMMARY

[0006] This application provides a channel state information feedback method and an
apparatus, to flexibly feed back channel state information, so as to implement balance between
feedback overheads and feedback precision of the channel state information.

[0007] To achieve the foregoing objective, this application provides the following technical
solutions:

[0008] According to a first aspect, a channel state information feedback method is provided,
and includes the following steps: A beamformer sends a media access control (media access
control, MAC) frame, where the MAC frame includes a processing mode bitmap, every n bits in
the processing mode bitmap correspond to one feedback unit, a value of the n bits is used to
indicate a processing mode of channel state information of the corresponding feedback unit, and
n is a positive integer; and the beamformer receives a beamforming report sent by a beamformee,
where the beamforming report includes one or more feedback fields, each feedback field
corresponds to one feedback unit, the feedback field includes channel state information of the
corresponding feedback unit, and the channel state information of the corresponding feedback
unit is processed in a processing mode indicated by the processing mode bitmap.

[0009] Based on the foregoing technical solution, every n bits in the processing mode bitmap
correspond to one feedback unit, and the value of the n bits is used to indicate the processing
mode of the channel state information of the corresponding feedback unit. It may be understood
that different processing modes correspond to different feedback overheads and different
feedback precision. Therefore, for channel state information of some feedback units (for example,
relatively important channels), the beamformer may indicate, by using the processing mode
bitmap, the beamformee to use a processing mode with relatively high feedback precision, to
ensure feedback precision. For channel state information of some other feedback units (for
example, unimportant channels), the beamformer may indicate, by using the processing mode

bitmap, the beamformee to use a processing mode with relatively low feedback overheads, to
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reduce feedback overheads. In this way, the beamformer may configure a proper processing
mode based on a requirement, and indicate the beamformee to process channel state information
of different feedback units in different processing modes, to implement balance between
feedback overheads and feedback precision of the channel state information when the channel
state information is fed back.

[0010] In a possible design, the feedback unit is a segment, a resource unit, or a channel.
[0011] In a possible design, the MAC frame is a null data packet announcement (null data
packet announcement, NDPA) frame or a beamforming report poll trigger frame.

[0012] According to a second aspect, a channel state information feedback method is
provided, and includes the following steps: A beamformee receives a MAC frame sent by a
beamformer, where the MAC frame includes a processing mode bitmap, every n bits in the
processing mode bitmap correspond to one feedback unit, a value of the n bits is used to indicate
a processing mode of channel state information of the corresponding feedback unit, and n is a
positive integer; and the beamformee sends a beamforming report to the beamformer, where the
beamforming report includes one or more feedback fields, each feedback field corresponds to
one feedback unit, the feedback field includes channel state information of the corresponding
feedback unit, and the channel state information of the corresponding feedback unit is processed
in a processing mode indicated by the processing mode bitmap.

[0013] Based on the foregoing technical solution, every n bits in the processing mode bitmap
correspond to one feedback unit, and the value of the n bits is used to indicate the processing
mode of the channel state information of the corresponding feedback unit. It may be understood
that different processing modes correspond to different feedback overheads and different
feedback precision. Therefore, for channel state information of some feedback units (for example,
relatively important channels), the beamformer may indicate, by using the processing mode
bitmap, the beamformee to use a processing mode with relatively high feedback precision, to
ensure feedback precision. For channel state information of some other feedback units (for
example, unimportant channels), the beamformer may indicate, by using the processing mode
bitmap, the beamformee to use a processing mode with relatively low feedback overheads, to
reduce feedback overheads. In this way, the beamformer may configure a proper processing
mode based on a requirement, and indicate the beamformee to process channel state information
of different feedback units in different processing modes, to implement balance between
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feedback overheads and feedback precision of the channel state information when the channel
state information is fed back.

[0014] In a possible design, the feedback unit is a segment, a resource unit, or a channel.
[0015] In a possible design, the MAC frame is an NDPA frame or a beamforming report poll
trigger frame.

[0016] According to a third aspect, a channel state information feedback method is provided,
and includes the following steps: A beamformer sends a MAC frame, where the MAC frame
includes at least two pieces of user information corresponding to a target beamformee, and at
least one type of configuration parameters in configuration parameters included in the at least
two pieces of user information have different values; and the beamformer receives a
beamforming report sent by the target beamformee, where the beamforming report includes
channel state information respectively corresponding to the at least two pieces of user
information.

[0017] Based on the foregoing technical solution, the MAC frame may include the at least
two pieces of user information corresponding to the target beamformee, and the at least one type
of configuration parameters in the configuration parameters included in the at least two pieces of
user information have different values. To be specific, the beamformer may indicate, by using a
plurality of pieces of user information corresponding to the target beamformee in the MAC
frame, the target beamformee to feed back a plurality of pieces of channel state information,
where the plurality of pieces of channel state information may be processed in different
processing modes, and/or the plurality of pieces of channel state information are channel state
information of resource units at different parts. In this way, the channel state information is
flexibly fed back.

[0018] In a possible design, the user information includes one or more of the following
configuration parameters: a resource unit start index, a resource unit end index, processing mode
indication information, a number of grouping, or codebook information.

[0019] In a possible design, the MAC frame is an NDPA frame or a beamforming report poll
trigger frame.

[0020] According to a fourth aspect, a channel state information feedback method is
provided, and includes the following steps: A target beamformee receives a MAC frame sent by a
beamformer, where the MAC frame includes at least two pieces of user information
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corresponding to the target beamformee, and at least one type of configuration parameters in
configuration parameters included in the at least two pieces of user information have different
values; and the target beamformee sends a beamforming report to the beamformer, where the
beamforming report includes channel state information respectively corresponding to the at least
two pieces of user information.

[0021] Based on the foregoing technical solution, the MAC frame may include the at least
two pieces of user information corresponding to the target beamformee, and the at least one type
of configuration parameters in the configuration parameters included in the at least two pieces of
user information have different values. To be specific, the beamformer may indicate, by using a
plurality of pieces of user information corresponding to the target beamformee in the MAC
frame, the target beamformee to feed back a plurality of pieces of channel state information,
where the plurality of pieces of channel state information may be processed in different
processing modes, and/or the plurality of pieces of channel state information are channel state
information of resource units at different parts. In this way, the channel state information is
flexibly fed back.

[0022] In a possible design, the user information includes one or more of the following
configuration parameters: a resource unit start index, a resource unit end index, processing mode
indication information, a number of grouping, or codebook information.

[0023] In a possible design, the MAC frame is an NDPA frame or a beamforming report poll
trigger frame.

[0024] According to a fifth aspect, a communications apparatus is provided. The
communications apparatus is configured to perform the method according to the first aspect or
any possible implementation of the first aspect. Specifically, the communications apparatus
includes a unit configured to perform the method according to the first aspect or any possible
implementation of the first aspect.

[0025] According to a sixth aspect, a communications apparatus is provided. The
communications apparatus is configured to perform the method according to the second aspect or
any possible implementation of the second aspect. Specifically, the communications apparatus
includes a unit configured to perform the method according to the second aspect or any possible
implementation of the second aspect.

[0026] According to a seventh aspect, a communications apparatus is provided. The
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communications apparatus is configured to perform the method according to the third aspect or
any possible implementation of the third aspect. Specifically, the communications apparatus
includes a unit configured to perform the method according to the third aspect or any possible
implementation of the third aspect.

[0027] According to an eighth aspect, a communications apparatus is provided. The
communications apparatus is configured to perform the method according to the fourth aspect or
any possible implementation of the fourth aspect. Specifically, the communications apparatus
includes a unit configured to perform the method according to the fourth aspect or any possible
implementation of the fourth aspect.

[0028] According to a ninth aspect, a communications device is provided. The
communications device includes a processor and a transceiver, and optionally, further includes a
memory. The processor communicates with the transceiver and the memory through an internal
connection. The processor is configured to perform the method according to the first aspect or
any possible implementation of the first aspect. The transceiver is controlled by the processor,
and is configured to perform the method according to the first aspect or any possible
implementation of the first aspect. The memory is configured to store instructions. The
instructions are invoked by the processor to perform the method according to the first aspect or
any possible implementation of the first aspect.

[0029] According to a tenth aspect, a communications device is provided. The
communications device includes a processor and a transceiver, and optionally, further includes a
memory. The processor communicates with the transceiver and the memory through an internal
connection. The processor is configured to perform the method according to the second aspect or
any possible implementation of the second aspect. The transceiver is controlled by the processor,
and is configured to perform the method according to the second aspect or any possible
implementation of the second aspect. The memory is configured to store instructions. The
instructions are invoked by the processor to perform the method according to the second aspect
or any possible implementation of the second aspect.

[0030] According to an eleventh aspect, a communications device is provided. The
communications device includes a processor and a transceiver, and optionally, further includes a
memory. The processor communicates with the transceiver and the memory through an internal
connection. The processor is configured to perform the method according to the third aspect or
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any possible implementation of the third aspect. The transceiver is controlled by the processor,
and is configured to perform the method according to the third aspect or any possible
implementation of the third aspect. The memory is configured to store instructions. The
instructions are invoked by the processor to perform the method according to the third aspect or
any possible implementation of the third aspect.

[0031] According to a twelfth aspect, a communications device is provided. The
communications device includes a processor and a transceiver, and optionally, further includes a
memory. The processor communicates with the transceiver and the memory through an internal
connection. The processor is configured to perform the method according to the fourth aspect or
any possible implementation of the fourth aspect. The transceiver is controlled by the processor,
and is configured to perform the method according to the fourth aspect or any possible
implementation of the fourth aspect. The memory is configured to store instructions. The
instructions are invoked by the processor to perform the method according to the fourth aspect or
any possible implementation of the fourth aspect.

[0032] According to a thirteenth aspect, a computer-readable storage medium is provided.
The computer-readable storage medium is configured to store a computer program. The
computer program includes instructions used to perform the method according to the first aspect
or any possible implementation of the first aspect.

[0033] According to a fourteenth aspect, a computer-readable storage medium is provided.
The computer-readable storage medium is configured to store a computer program. The
computer program includes instructions used to perform the method according to the second
aspect or any possible implementation of the second aspect.

[0034] According to a fifteenth aspect, a computer-readable storage medium is provided. The
computer-readable storage medium is configured to store a computer program. The computer
program includes instructions used to perform the method according to the third aspect or any
possible implementation of the third aspect.

[0035] According to a sixteenth aspect, a computer-readable storage medium is provided.
The computer-readable storage medium is configured to store a computer program. The
computer program includes instructions used to perform the method according to the fourth
aspect or any possible implementation of the fourth aspect.

[0036] According to a seventeenth aspect, a computer program is provided. The computer
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program includes instructions used to perform the method according to the first aspect or any
possible implementation of the first aspect.

[0037] According to an eighteenth aspect, a computer program is provided. The computer
program includes instructions used to perform the method according to the second aspect or any
possible implementation of the second aspect.

[0038] According to a nineteenth aspect, a computer program is provided. The computer
program includes instructions used to perform the method according to the third aspect or any
possible implementation of the third aspect.

[0039] According to a twentieth aspect, a computer program is provided. The computer
program includes instructions used to perform the method according to the fourth aspect or any
possible implementation of the fourth aspect.

[0040] According to a twenty-first aspect, a chip is provided. The chip includes a processing
circuit and a transceiver pin, and optionally, further includes a memory. The processing circuit
communicates with the transceiver pin and the memory through an internal connection. The
processing circuit is configured to perform the method according to the first aspect or any
possible implementation of the first aspect. The transceiver pin is controlled by the processing
circuit, and is configured to perform the method according to the first aspect or any possible
implementation of the first aspect. The memory is configured to store instructions. The
instructions are invoked by the processing circuit to perform the method according to the first
aspect or any possible implementation of the first aspect.

[0041] According to a twenty-second aspect, a chip is provided. The chip includes a
processing circuit and a transceiver pin, and optionally, further includes a memory. The
processing circuit communicates with the transceiver pin and the memory through an internal
connection. The processing circuit is configured to perform the method according to the second
aspect or any possible implementation of the second aspect. The transceiver pin is controlled by
the processing circuit, and is configured to perform the method according to the second aspect or
any possible implementation of the second aspect. The memory is configured to store
instructions. The instructions are invoked by the processing circuit to perform the method
according to the second aspect or any possible implementation of the second aspect.

[0042] According to a twenty-third aspect, a chip is provided. The chip includes a processing
circuit and a transceiver pin, and optionally, further includes a memory. The processing circuit
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communicates with the transceiver pin and the memory through an internal connection. The
processing circuit is configured to perform the method according to the third aspect or any
possible implementation of the third aspect. The transceiver pin is controlled by the processing
circuit, and is configured to perform the method according to the third aspect or any possible
implementation of the third aspect. The memory is configured to store instructions. The
instructions are invoked by the processing circuit to perform the method according to the third
aspect or any possible implementation of the third aspect.

[0043] According to a twenty-fourth aspect, a chip is provided. The chip includes a
processing circuit and a transceiver pin, and optionally, further includes a memory. The
processing circuit communicates with the transceiver pin and the memory through an internal
connection. The processing circuit is configured to perform the method according to the fourth
aspect or any possible implementation of the fourth aspect. The transceiver pin is controlled by
the processing circuit, and is configured to perform the method according to the fourth aspect or
any possible implementation of the fourth aspect. The memory is configured to store instructions.
The instructions are invoked by the processing circuit to perform the method according to the
fourth aspect or any possible implementation of the fourth aspect.

[0044] For technical effects brought by any implementation in the fifth aspect to the
twenty-fourth aspect, refer to the beneficial effects in the corresponding method provided in the

foregoing description. Details are not described herein again.

BRIEF DESCRIPTION OF DRAWINGS

[0045] FIG. 1 is a schematic diagram of a single-user feedback procedure of channel state
information in an 802.11ax standard;

[0046] FIG. 2 is a schematic diagram of a multi-user feedback procedure of channel state
information in an 802.11ax standard;

[0047] FIG. 3 is a flowchart 1 of a channel state information feedback method according to
an embodiment of this application;

[0048] FIG. 4 is a schematic structural diagram 1 of a MIMO control field according to an
embodiment of this application;

[0049] FIG. 5 is a schematic structural diagram 2 of a MIMO control field according to an
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embodiment of this application;

[0050] FIG. 6 is a schematic structural diagram 3 of a MIMO control field according to an
embodiment of this application;

[0051] FIG. 7 is a flowchart 2 of a channel state information feedback method according to
an embodiment of this application;

[0052] FIG. 8 is a schematic structural diagram 1 of an NDPA frame according to an
embodiment of this application;

[0053] FIG. 9 is a schematic structural diagram 2 of an NDPA frame according to an
embodiment of this application;

[0054] FIG. 10 is a flowchart 3 of a channel state information feedback method according to
an embodiment of this application;

[0055] FIG. 11 is a schematic structural diagram 1 of a BRP trigger frame according to an
embodiment of this application;

[0056] FIG. 12 is a schematic structural diagram 2 of a BRP trigger frame according to an
embodiment of this application;

[0057] FIG. 13 is a flowchart 4 of a channel state information feedback method according to
an embodiment of this application;

[0058] FIG. 14 is a schematic structural diagram 4 of a MIMO control field according to an
embodiment of this application;

[0059] FIG. 15 is a flowchart 5 of a channel state information feedback method according to
an embodiment of this application;

[0060] FIG. 16 is a schematic structural diagram 3 of an NDPA frame according to an
embodiment of this application;

[0061] FIG. 17 is a schematic structural diagram 4 of an NDPA frame according to an
embodiment of this application;

[0062] FIG. 18 is a flowchart 6 of a channel state information feedback method according to
an embodiment of this application;

[0063] FIG. 19 is a schematic structural diagram 3 of a BRP trigger frame according to an
embodiment of this application;

[0064] FIG. 20 is a schematic structural diagram 4 of a BRP trigger frame according to an
embodiment of this application;
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[0065] FIG. 21 is a schematic structural diagram 5 of a BRP trigger frame according to an
embodiment of this application;

[0066] FIG. 22 is a schematic structural diagram of a communications apparatus according to
an embodiment of this application; and

[0067] FIG. 23 is a schematic structural diagram of a communications device according to an

embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0068] The following first briefly describes some concepts.

[0069] (1) Feedback procedure of channel state information in an 802.11ax standard

[0070] Currently, feedback procedures of channel state information in the 802.11ax standard
are classified into a single-user feedback procedure and a multi-user feedback procedure. The
following uses an example in which a beamformer is an access point (access point, AP) and a
beamformee is a station (station, STA) for description.

[0071] As shown in FIG. 1, in the single-user feedback procedure, an AP sends an NDPA
frame, to indicate a target STA (for example, a STA 1 in FIG. 1) to prepare for channel
estimation. Then, the AP sends a null data packet (null data packet, NDP), so that the target STA
performs channel estimation based on a long training sequence in the NDP, to determine channel
state information. The target STA sends a beamforming report to the AP, and the beamforming
report includes the channel state information.

[0072] For example, both an interframe space between the NDPA frame and the NDP and an
interframe space between the NDP and the beamforming report are short interframe spaces (short
interframe space, SIFS).

[0073] As shown in FIG. 2, in the multi-user feedback procedure, an AP sends an NDPA
frame, to indicate a plurality of target STAs (such asa STA 1, aSTA 2,and a STA3in FIG. 2) to
prepare for channel estimation. Then, the AP sends an NDP, so that the plurality of target STAs
perform channel estimation. The AP sends a beamforming report poll (beamforming report poll,
BRP) trigger frame to trigger the plurality of target STAs to feed back channel state information.
The plurality of target STAs each send a beamforming report to the AP.

[0074] It should be noted that the NDPA frame, the BRP trigger frame, and the beamforming
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report are all MAC frames.

[0075] (2) Resource unit (resource unit, RU)

[0076] The resource unit is a frequency domain resource, and the resource unit includes one
or more subcarriers. Currently, the following types of RUs are defined in a WLAN system: a
26-subcarrier (subcarrier) RU (to be specific, one RU includes 26 subcarriers), a 52-subcarrier
RU (to be specific, one RU includes 52 subcarriers), a 106-subcarrier RU (to be specific, one RU
includes 106 subcarriers), a 242-subcarrier RU (to be specific, one RU includes 242 subcarriers),
a 484-subcarrier RU (to be specific, one RU includes 484 subcarriers), a 996-subcarrier RU (to
be specific, one RU includes 996 subcarriers), and the like.

[0077] Currently, channel bandwidths (channel bandwidth, CBW) supported by the 802.11ax
standard are: 20 MHZ, 40 MHZ, 80 MHZ, 80 + 80 MHZ (to be specific, two channels with a
bandwidth of 80 MHZ are supported, and the two channels are non-contiguous and
non-overlapping), and 160 MHZ. Table 1 shows a total quantity of RUs in each channel
bandwidth.

Table 1

RU type CBW 20 CBW40 | CBW 80 CBW 160 and

CBW 80 + 80
26-subcarrier RU 9 18 37 74
52-subcarrier RU 4 8 16 32
106-subcarrier RU 2 4 8 16
242-subcarrier RU 1 2 4 8
484-subcarrier RU Not applicable (Not | 1 2 4

applicable, N/A)

996-subcarrier RU N/A N/A 1 2
2x996-subcarrier RU | N/A N/A N/A 1

[0078] (3) Segment

[0079] The beamforming report may be divided into eight segments. In this case, the channel
state information included in the beamforming report is also divided into eight parts, and each
segment carries one part of the channel state information.
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[0080] The following describes the technical solutions in the embodiments of this application
with reference to the accompanying drawings in the embodiments of this application. In the
descriptions of this application, "/" means "or" unless otherwise specified. For example, A/B may
represent A or B. The term "and/or" in this specification 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, "at least one™ means one or more, and "a plurality of" means
two or more. Words such as "first" and "second" do not limit a quantity and an execution
sequence, and the words such as "first" and "second"” do not indicate a definite difference.

[0081] The technical solutions of this application are applied to a WLAN. A standard used
for the WLAN may be an IEEE 802.11 standard such as an 802.11ac standard, an 802.11ax
standard, or a next generation 802.11 standard. The technical solutions of this application are
applicable to scenarios such as communication between an AP and a STA, communication
between APs, and communication between STAs. In the embodiments of this application, the AP
may be used as a beamformer, or may be used as a beamformee. The STA may be used as a
beamformer, or may be used as a beamformee. The AP may be a wireless router, a wireless
transceiver, a wireless switch, or the like. The STA has different names such as a subscriber unit,
an access terminal, a mobile station, a mobile console, a mobile device, a terminal, and user
equipment. During actual application, the STA may be a cellular phone, a smartphone, a wireless
local loop (wireless local loop, WLL), another handheld device that has a wireless local area
network communication function, or a computer device.

[0082] FIG. 3 shows a channel state information feedback method according to an
embodiment of this application. The method includes the following steps.

[0083] S101: A beamformer generates and sends a MAC frame, where the MAC frame
includes a processing mode bitmap.

[0084] The MAC frame is an NDPA frame or a BRP trigger frame.

[0085] In a possible implementation, the beamformer sends the MAC frame in a broadcast
manner.
[0086] It should be noted that the processing mode bitmap is used to indicate processing

modes of channel state information of a plurality of feedback units, and the processing modes of
the channel state information of the plurality of feedback units may be the same or different.

13



10

15

20

25

30

[0087] In this embodiment of this application, a plurality of different processing modes are
pre-specified between the beamformer and a beamformee. Optionally, feedback overheads
corresponding to the different processing modes are different. For example, numbers of grouping
used in the different processing modes are different, and/or quantization levels used in the
different processing modes are different. It should be noted that the number of grouping is used
to indicate a quantity of subcarriers that are grouped into one group. It should be noted that, for a
group of subcarriers, the beamformee needs to feed back channel state information of only one
subcarrier in the group of subcarriers, to reduce feedback overheads.

[0088] For example, the foregoing processing modes include a first processing mode and a
second processing mode. Feedback overheads corresponding to the first processing mode are
higher than feedback overheads corresponding to the second processing mode in one of the
following cases: (1) A number of grouping used in the first processing mode is less than a
number of grouping used in the second processing mode; (2) a number of grouping used in the
first processing mode is greater than the number of grouping used in the second processing mode;
and (3) the first processing mode is a non-differential processing mode, and the second
processing mode is a differential processing mode. The differential processing mode is to
perform difference calculation on current channel state information and previously buffered
channel state information, to determine a channel state information difference. In this way, the
beamformee feeds back the channel state information difference to the beamformer. The
beamformer determines the current channel state information based on the channel state
information difference and the previously buffered channel state information. Compared with a
channel state information absolute value, the channel state information difference has a smaller
variation range. Therefore, fewer quantization bits may be used to represent the channel state
information difference, to reduce feedback overheads.

[0089] For example, the channel state information includes a feedback matrix (such as a V
matrix) and a signal-to-noise ratio (signal-to-noise ratio, SNR). Optionally, the foregoing
processing mode may be a processing mode for one parameter (for example, the feedback matrix
or the signal-to-noise ratio) in the channel state information, or may be a processing mode for a
plurality of parameters (for example, the feedback matrix and the signal-to-noise ratio) in the
channel state information.

[0090] In this embodiment of this application, one feedback unit may include at least one
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segment, at least one RU, or at least one channel. For example, the feedback unit is a
26-subcarrier RU, a 52-subcarrier RU, or a 242-subcarrier RU. For another example, the
feedback unit is a channel with a bandwidth of 20 MHZ, a channel with a bandwidth of 40 MHZ,
or a channel with a bandwidth of 80 MHZ.

[0091] For example, in the processing mode bitmap, every n bits correspond to one feedback
unit, a value of the n bits is used to indicate a processing mode of channel state information of
the corresponding feedback unit, and n is a positive integer. For example, in the processing mode
bitmap, the first to the n™ bits correspond to a first feedback unit, the (n + 1) to the (2n)™ bits
correspond to a second feedback unit, and by analogy, the (Ln + 1)1 to the (Ln + n)" bits
correspond to an L™ feedback unit. L is an integer greater than or equal to 0.

[0092] In this embodiment of this application, a specific value of n is preconfigured, is
defined in a standard, or is indicated by the beamformer. For example, the MAC frame further
includes a value indication field, and the value indication field is used to indicate the value of n.
[0093] Optionally, there is a correspondence between a value of n and a quantity of
processing modes. For example, 2"t <m<2",0r Mm<2", where M is the quantity of processing
modes. For example, if the processing modes include only the first processing mode and the
second processing mode, the value of n is 1. In other words, each bit in the processing mode
bitmap corresponds to one feedback unit. For another example, if the processing modes include
the first processing mode, the second processing mode, and a third processing mode, the value of
nis 2. In other words, every two bits in the processing mode bitmap correspond to one feedback
unit.

[0094] Optionally, a type of the feedback unit corresponding to the n bits in the processing
mode bitmap is preconfigured or defined in the standard. To be specific, whether the n bits in the
processing mode bitmap correspond to the 26-subcarrier RU or the 52-subcarrier RU, or
correspond to the channel with the bandwidth of 40 MHZ is preconfigured or defined in the
standard.

[0095] Optionally, the type of the feedback unit corresponding to the n bits in the processing
mode bitmap is indicated by the beamformer.

[0096] In an implementation, the beamformer indicates, in an implicit manner, the type of
the feedback unit corresponding to the n bits in the processing mode bitmap. For example, a total
quantity of bits included in the processing mode bitmap is used to indicate the type of the
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feedback unit. For example, if each bit in the processing mode bitmap corresponds to one
feedback unit, and the total quantity of bits included in the processing mode bitmap is 8, a type
of a feedback unit corresponding to one bit in the processing mode bitmap is a segment, that is,
each bit in the processing mode bitmap corresponds to one segment. For another example, it is
assumed that a bandwidth of a to-be-detected channel is 320 MHZ. If each bit in the processing
mode bitmap corresponds to one feedback unit, and the total quantity of bits included in the
processing mode bitmap is 8, a type of a feedback unit corresponding to one bit in the processing
mode bitmap is a channel with a bandwidth of 40 MHZ. For another example, it is assumed that
a bandwidth of a to-be-detected channel is 320 MHZ. If each bit in the processing mode bitmap
corresponds to one feedback unit, and the total quantity of bits included in the processing mode
bitmap is 16, a type of a feedback unit corresponding to one bit in the processing mode bitmap is
a channel with a bandwidth of 20 MHZ. For another example, descriptions are provided with
reference to Table 1. It is assumed that a bandwidth of a to-be-detected channel is 160 MHZ. If
each bit in the processing mode bitmap corresponds to one feedback unit, and the total quantity
of bits included in the processing mode bitmap is 16, a type of a feedback unit corresponding to
one bit in the processing mode bitmap is a 106-subcarrier RU. For another example, descriptions
are provided with reference to Table 1. It is assumed that a bandwidth of a to-be-detected
channel is 160 MHZ. If each bit in the processing mode bitmap corresponds to one feedback unit,
and the total quantity of bits included in the processing mode bitmap is 74, a type of a feedback
unit corresponding to one bit in the processing mode bitmap is a 26-subcarrier RU.

[0097] It should be noted that the MAC frame may include or not include partial bandwidth
information, where the partial bandwidth information is used to indicate a partial channel
bandwidth. For example, the partial bandwidth information includes a resource unit start index
and a resource unit end index. The resource unit start index and the resource unit end index are
used to indicate a segment of contiguous resource units. For example, if the resource unit start
index is O, and the resource unit end index is 10, the resource unit start index and the resource
unit end index are used to indicate the first to the eleventh 26-subcarrier RUs. It should be noted
that an index of a resource unit is defined in the standard. If the MAC frame does not include the
partial bandwidth information, the MAC frame is used to request the beamformee to feed back
channel state information in an entire channel bandwidth. If the MAC frame includes the partial
bandwidth information, the MAC frame is used to request the beamformee to feed back channel
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state information in the partial channel bandwidth.

[0098] Optionally, the type of the feedback unit corresponding to every n bits in the
processing mode bitmap is related to whether the MAC frame includes the partial bandwidth
information. For example, the MAC frame does not include the partial bandwidth information,
and the entire channel bandwidth is 320 MHZ. In this case, if each bit in the processing mode
bitmap corresponds to one feedback unit, and the total quantity of bits included in the processing
mode bitmap is 16, a type of a feedback unit corresponding to one bit in the processing mode
bitmap is a channel with a bandwidth of 20 MHZ. For another example, the MAC frame includes
the partial bandwidth information, the resource unit start index in the partial bandwidth
information is 0, and the resource unit end index in the partial bandwidth information is 15. In
this case, if each bit in the processing mode bitmap corresponds to one feedback unit, and the
total quantity of bits included in the processing mode bitmap is 16, a type of a feedback unit
corresponding to one bit in the processing mode bitmap is a 26-subcarrier RU.

[0099] Optionally, if the MAC frame includes the partial bandwidth information, and the
feedback unit is an RU, which RU specifically corresponds to every n bits in the processing
mode bitmap may be determined with reference to the partial bandwidth information. For
example, the MAC frame includes the partial bandwidth information, the resource unit start
index in the partial bandwidth information is 7, and the resource unit end index in the partial
bandwidth information is 14. In this case, if the total quantity of bits included in the processing
mode bitmap is 8, in the processing mode bitmap, the first bit corresponds to the eighth
26-subcarrier RU, the second bit corresponds to the ninth 26-subcarrier RU, and by analogy, the
eighth bit corresponds to the fifteenth 26-subcarrier RU.

[00100] In another implementation, the beamformer indicates, in an explicit manner, the type
of the feedback unit corresponding to the n bits in the processing mode bitmap. For example, the
MAC frame also includes a feedback unit indication field, and the feedback unit indication field
is used to indicate the type of the feedback unit corresponding to the n bits in the processing
mode bitmap.

[00101] S102: The beamformer receives a beamforming report sent by the beamformee.
[00102] The beamforming report includes one or more feedback fields, each feedback field
corresponds to one feedback unit, the feedback field includes channel state information of the
corresponding feedback unit, and the channel state information included in the feedback field is
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processed in a processing mode indicated by the processing mode bitmap.

[00103] In an implementation, the beamforming report may further include one or more
MIMO control fields, each MIMO control field corresponds to one feedback field, and the
MIMO control field is used to indicate a configuration parameter used for channel state
information included in the corresponding feedback field.

[00104] For example, in this case, for a structure of the beamforming report, refer to Table 2.
[00105] An example is used for description with reference to Table 2. In the beamforming
report, a MIMO control field 1 is used to indicate a configuration parameter used for channel
state information included in a feedback field 1. The channel state information included in the
feedback field 1 is the channel state information of the feedback unit corresponding to the first to
the n™ bits in the processing mode bitmap in step S101, and the channel state information
included in the feedback field 1 is processed in a processing mode indicated by a value of the
first to the n bits in the processing mode bitmap. A MIMO control field 2 is used to indicate a
configuration parameter used for channel state information included in a feedback field 2. The
channel state information included in the feedback field 2 is the channel state information of the
feedback unit corresponding to the (n + 1) to the (2n)™ bits in the processing mode bitmap in
step S101, and the channel state information included in the feedback field 2 is processed in a

processing mode indicated by a value of the (n + 1)1 to the (2n)™ bits in the processing mode

bitmap.
Table 2
Sequence Field
number
0 Category field
1 Action field
2 MIMO control field 1
3 Feedback field 1
4 MIMO control field 2
5 Feedback field 2
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[00106] Optionally, when the beamforming report uses the structure shown in Table 2, for the
MIMO control field, refer to a structure shown in FIG. 4. As shown in FIG. 4, the MIMO control
field includes: a number of columns (number of columns, Nc) index, a number of rows (number
of rows, Nr) index, a channel bandwidth, a number of grouping (number of grouping, Ng),
codebook information (codebook information), a feedback type (feedback type), a remaining
feedback segment (remaining feedback segment), a first feedback segment (first feedback
segment), a resource unit start index (RU start index), a resource unit end index (RU end index),
a sounding dialog token number, and one or more reserved (reserved) bits.

[00107] Alternatively, when the beamforming report uses the structure shown in Table 2, for
the MIMO control field, refer to a structure shown in FIG. 5. As shown in FIG. 5, the MIMO
control field further includes processing mode indication information. The processing mode
indication information is used to indicate a processing mode used for channel state information
included in a corresponding feedback field.

[00108] In another implementation, the beamforming report includes only one MIMO control
field, and the MIMO control field is used to indicate configuration parameters used for channel
state information included in all feedback fields in the beamforming report.

[00109] For example, in this case, for a structure of the beamforming report, refer to Table 3.
[00110] An example is used for description with reference to Table 3. In the beamforming
report, the MIMO control field is used to indicate configuration parameters used for channel
state information included in a feedback field 1, a feedback field 2, a feedback field 3, and
another feedback field (not shown in Table 3). The channel state information included in the
feedback field 1 is the channel state information of the feedback unit corresponding to the first to
the n™ bits in the processing mode bitmap in step S101, and the channel state information
included in the feedback field 1 is processed in a processing mode indicated by a value of the
first to the n' bits in the processing mode bitmap. The channel state information included in the
feedback field 2 is the channel state information of the feedback unit corresponding to the (n +
)" to the (2n)™" bits in the processing mode bitmap in step S101, and the channel state
information included in the feedback field 2 is processed in a processing mode indicated by a
value of the (n + 1) to the (2n)™" bits in the processing mode bitmap. The channel state
information included in the feedback field 3 is channel state information of a feedback unit
corresponding to the (2n + 1) to the (3n)™ bits in the processing mode bitmap in step S101, and
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the channel state information included in the feedback field 3 is processed in a processing mode

indicated by a value of the (2n + 1) to the (3n)™ bits in the processing mode bitmap.

Table 3
Sequence Field
number
0 Category field
1 Action field
2 MIMO control field
3 Feedback field 1
4 Feedback field 2
5 Feedback field 3

[00111] Optionally, when the beamforming report uses the structure shown in Table 3, for the
MIMO control field, refer to a structure shown in FIG. 4.

[00112] Alternatively, when the beamforming report uses the structure shown in Table 3, for
the MIMO control field, refer to a structure shown in FIG. 6. As shown in FIG. 6, the MIMO
control field further includes a processing mode bitmap. The processing mode bitmap is used to
indicate a processing mode used for channel state information included in each feedback field in
the beamforming report.

[00113] Optionally, as shown in Table 4, the processing mode bitmap may also be used as an
independent field in the beamforming report, and have an independent sequence number. This is

not limited in this embodiment of this application.

Table 4
Sequence Field
number
0 Category field
1 Action field
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Sequence Field

number

2 Processing mode bitmap
MIMO control field

4 Feedback field 1

5 Feedback field 2

6 Feedback field 3

[00114] Optionally, if the MIMO control field provided in this embodiment of this application
is applied to the next generation 802.11 standard, compared with a MIMO control field in the
802.11ax standard, in the MIMO control fields shown in FIG. 4 to FIG. 6, the channel bandwidth,
the resource unit start index, and the resource unit end index occupy more bits, so that a higher
bandwidth and more RUs can be indicated. In the MIMO control fields shown in FIG. 4 to FIG.
6, the number of columns index and the number of rows index occupy more bits, so that more
spatial streams can be indicated.

[00115] In addition, it should be noted that in Table 2, Table 3, or Table 4, the category field is
used to indicate a category to which the MAC frame belongs. The action field is used to indicate
a subcategory to which the MAC frame belongs.

[00116] Based on the technical solution shown in FIG. 3, every n bits in the processing mode
bitmap correspond to one feedback unit, and the value of the n bits is used to indicate the
processing mode of the channel state information of the corresponding feedback unit. It may be
understood that different processing modes correspond to different feedback overheads and
different feedback precision. Therefore, for channel state information of some feedback units (for
example, relatively important channels), the beamformer may indicate, by using the processing
mode bitmap, the beamformee to use a processing mode with relatively high feedback precision,
to ensure feedback precision. For channel state information of some other feedback units (for
example, unimportant channels), the beamformer may indicate, by using the processing mode
bitmap, the beamformee to use a processing mode with relatively low feedback overheads, to
reduce feedback overheads. In this way, the beamformee may process channel state information

of different feedback units in proper processing modes, to implement balance between feedback
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overheads and feedback precision of the channel state information when the channel state
information is fed back.

[00117] The following describes the channel state information feedback method in FIG. 3
with reference to specific application scenarios.

[00118] FIG. 7 shows a channel state information feedback method according to this
application. The method includes the following steps.

[00119] S201: A beamformer generates and sends an NDPA frame, where the NDPA frame
includes a processing mode bitmap.

[00120] For example, FIG. 8 is a schematic structural diagram of an NDPA frame according to
an embodiment of this application. As shown in FIG. 8, station information in the NDPA frame
may include a processing mode bitmap. The processing mode bitmap included in the station
information is applicable to only a beamformee corresponding to the station information. It
should be noted that in the NDPA frame, processing mode bitmaps included in different station
information may be the same, or may be different.

[00121] For example, FIG. 9 is a schematic structural diagram of another NDPA frame
according to an embodiment of this application. As shown in FIG. 9, common info of the NDPA
frame includes a processing mode bitmap. The processing mode bitmap is applicable to a
beamformee corresponding to each piece of station information in the NDPA frame.

[00122] It should be noted that, in this embodiment of this application, for detailed
descriptions of the processing mode bitmap included in the NDPA frame, refer to step S101.
Details are not described again in this embodiment of this application.

[00123] With reference to FIG. 8 and FIG. 9, the NDPA frame includes: a MAC header, a
sounding dialog token (sounding dialog token) field, one or more pieces of station information,
and a frame check sequence (frame check sequence, FCS) field.

[00124] The MAC header includes: (1) a frame control (frame control) field, used to indicate
a type of the MAC frame; (2) a duration (duration) field, used to indicate duration of occupying a
channel by the MAC frame and a corresponding acknowledgment frame; (3) a receiving address
(receiving address, RA) field, used to identify a receive end of the MAC frame; and (4) a
transmitting address (transmitting address, TA) field, used to identify a transmit end of the MAC
frame.

[00125] The station information may further include one or more of the following parameters:
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an association identifier (association identifier, AID), partial bandwidth information (partial
bandwidth information), a feedback type, an Ng, a disambiguation (disambiguation) bit, a
codebook size (codebook size), or a number of columns index. The partial bandwidth
information includes a resource unit start index and a resource unit end index.

[00126] The frame check sequence field is used to enable the receive end to detect whether a
received MAC frame is correct.

[00127] Optionally, as shown in FIG. 8, the sounding dialog token field in the NDPA frame
includes an NDPA type and a sounding dialog token number. The NDPA type is used to indicate
a type of the NDPA frame, that is, indicate that the NDPA frame is a very high throughput (very
high throughput, VHT) NDPA frame (that is, an NDPA frame in the 802.11ac standard), an HE
NDPA frame, a ranging (ranging) NDPA frame, or an EHT NDPA frame. For example, the NDPA
type occupies two bits. If a value of the two bits is 00, the NDPA type indicates that the NDPA
frame is the VHT NDPA frame. If a value of the two bits is 01, the NDPA type indicates that the
NDPA frame is the HE NDPA frame. If a value of the two bits is 10, the NDPA type indicates
that the NDPA frame is the ranging NDPA frame. If a value of the two bits is 11, the NDPA type
indicates that the NDPA frame is the EHT NDPA frame. The sounding dialog token number is
used to identify a sounding dialog.

[00128] Optionally, as shown in FIG. 8, in the NDPA frame, if the station information
includes a special AID, that is, a value of an AID field in the station information is a special
value, for example, 2045, the station information may be used for another function other than a
function of requesting the beamformee to feed back channel state information. In this case,
another field in the station information is used to indicate other information. Optionally, when
the station information is used for the another function, the station information further includes
an NDPA subtype (subtype), where the NDPA subtype is used to indicate a subtype to which the
NDPA frame belongs.

[00129] S202: The beamformer sends an NDP.

[00130] S203 (optional): The beamformer sends a BRP trigger frame.

[00131] During specific implementation, in a single-user feedback procedure, the beamformer
does not perform step S203; and in a multi-user feedback procedure, the beamformer performs
step S203.

[00132] S204 is the same as step S102. For detailed descriptions, refer to the embodiment
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shown in FIG. 3. Details are not described herein again.

[00133] FIG. 10 shows a channel state information feedback method according to an
embodiment of this application. The method includes the following steps.

[00134] S301: A beamformer sends an NDPA frame.

[00135] S302: The beamformer sends an NDP.

[00136] S303: The beamformer generates and sends a BRP trigger frame, where the BRP
trigger frame includes a processing mode bitmap.

[00137] Optionally, FIG. 11 is a schematic structural diagram of a BRP trigger frame
according to an embodiment of this application. As shown in FIG. 11, user information of the
BRP trigger frame may include a processing mode bitmap. The processing mode bitmap
included in the user information is applicable to only a beamformee corresponding to the user
information. It should be noted that in the BRP trigger frame, processing mode bitmaps included
in different user information may be the same, or may be different.

[00138] Optionally, FIG. 12 is a schematic structural diagram of a BRP trigger frame
according to an embodiment of this application. As shown in FIG. 12, common info of the BRP
trigger frame includes a processing mode bitmap. The processing mode bitmap is applicable to a
beamformee corresponding to each piece of user information in the BRP trigger frame.

[00139] It should be noted that, in this embodiment of this application, for detailed
descriptions of the processing mode bitmap included in the BRP trigger frame, refer to step S101.
Details are not described again in this embodiment of this application.

[00140] With reference to FIG. 11 and FIG. 12, the BRP trigger frame includes: a MAC
header, common info, a user info list, and an FCS field. The common info includes some
common information such as a trigger type (trigger type) and an uplink length (uplink length).
For specific content, refer to the 802.11 standard. Details are not described herein. The user info
list includes one or more pieces of user information. The user information includes one or more
of the following parameters: an AID, resource unit allocation (RU allocation), an uplink forward
error correction coding type (uplink forward error correction coding type, UL FEC coding type),
an uplink modulation and coding scheme (uplink modulation and coding scheme, UL MCS),
uplink dual-carrier modulation (uplink dual carrier modulation, UL DCM), spatial stream
allocation/random access resource unit information (spatial stream allocation/random access
resource unit information), an uplink target received signal strength indication (uplink target
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received signal strength indication), a feedback segment retransmission bitmap (feedback
segment retransmission bitmap), or one or more reserved bits. For specific meanings of the
foregoing parameters, refer to the 802.11 standard. Details are not described herein.

[00141] S304 is the same as step S104. For detailed descriptions, refer to the embodiment
shown in FIG. 3. Details are not described herein again.

[00142] FIG. 13 shows a channel state information feedback method according to an
embodiment of this application. The method includes the following steps.

[00143] S401: A beamformer generates and sends a MAC frame, where the MAC frame
includes at least two pieces of user information corresponding to a target beamformee, and at
least one type of configuration parameters in configuration parameters included in the at least
two pieces of user information have different values.

[00144] The user information is used to indicate the corresponding beamformee to feed back
channel state information. For example, the configuration parameter included in the user
information includes one or more of the following: a resource unit start index, a resource unit
end index, processing mode indication information, a number of grouping, or codebook
information. The processing mode indication information is used to indicate a processing mode
of the channel state information.

[00145] The resource unit start index and the resource unit end index are used to indicate the
beamformee to feed back channel state information of a resource unit at a specific part.
Therefore, if the at least two pieces of user information include different resource unit start
indexes and/or different resource unit end indexes, the target beamformee separately feeds back
channel state information of resource units at different parts based on the at least two pieces of
user information.

[00146] The processing mode indication information, the number of grouping, and the
codebook information are used to indicate the processing mode of the channel state information.
Therefore, if the at least two pieces of user information include different processing mode
indication information, different numbers of grouping, and/or different codebook information,
the target beamformee uses different processing modes for the channel state information
corresponding to the at least two pieces of user information.

[00147] Optionally, the MAC frame is an NDPA frame or a BRP trigger frame. It should be
noted that, in the NDPA frame, the user information included in the MAC frame is usually
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referred to as station information.

[00148] In an optional implementation, the beamformer sends the MAC frame in a broadcast
manner.

[00149] S402: The beamformer receives a beamforming report sent by the target beamformee,
where the beamforming report includes the channel state information respectively corresponding
to the at least two pieces of user information.

[00150] Optionally, the beamforming report includes a plurality of feedback fields, each
feedback field corresponds to one piece of user information, and the feedback field includes
channel state information requested by the corresponding user information.

[00151] In an implementation, the beamforming report includes a plurality of MIMO control
fields, each MIMO control field corresponds to one feedback field, and the MIMO control field
is used to indicate a configuration parameter used for channel state information included in the
corresponding feedback field. For example, in this case, for a structure of the beamforming
report, refer to Table 2, and for a structure of the MIMO control field, refer to FIG. 4 or FIG. 5.
[00152] In another implementation, the beamforming report includes only one MIMO control
field, and the MIMO control field is used to indicate configuration parameters used for channel
state information included in all feedback fields in the beamforming report. For example, in this
case, for a structure of the beamforming report, refer to Table 3, and for the MIMO control field,
refer to FIG. 4, FIG. 6, or FIG. 14.

[00153] As shown in FIG. 14, the MIMO control field includes: quantity indication
information, a processing mode bitmap, a number of grouping bitmap, and a codebook
information bitmap. The quantity indication information is used to indicate a quantity of
feedback fields included in the beamforming report. The processing mode bitmap is used to
indicate a processing mode used for channel state information included in each feedback field in
the beamforming report. The number of grouping bitmap is used to indicate a number of
grouping used for the channel state information included in each feedback field in the
beamforming report. The codebook information bitmap is used to indicate codebook information
used for the channel state information included in each feedback field in the beamforming report.
[00154] In addition, as shown in FIG. 14, the MIMO control field may further include a
plurality of pieces of partial bandwidth information, and the partial bandwidth information
includes a resource unit start index and a resource unit end index. Each piece of partial
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bandwidth information corresponds to one feedback field, and the partial bandwidth information
is used to indicate that channel state information included in the corresponding feedback field is
channel state information of a resource unit at a specific part. Using FIG. 14 as an example, a
resource unit start index 1 and a resource unit end index 1 correspond to a feedback field 1, and
by analogy, a resource unit start index n and a resource unit end index n correspond to a feedback
field n.

[00155] Based on the technical solution shown in FIG. 13, the MAC frame may include the at
least two pieces of user information corresponding to the target beamformee, and the at least one
type of configuration parameters in the configuration parameters included in the at least two
pieces of user information have different values. To be specific, the beamformer may indicate, by
using a plurality of pieces of user information corresponding to the target beamformee in the
MAC frame, the target beamformee to feed back a plurality of pieces of channel state
information, where the plurality of pieces of channel state information may be processed in
different processing modes, and/or the plurality of pieces of channel state information are
channel state information of resource units at different parts. In this way, the channel state
information is flexibly fed back.

[00156] The following describes the technical solution in FIG. 13 with reference to specific
application scenarios.

[00157] FIG. 15 shows a channel state information feedback method according to an
embodiment of this application. The method includes the following steps.

[00158] S501: A beamformer generates and sends an NDPA frame, where the NDPA frame
includes at least two pieces of station information corresponding to a target beamformee, and at
least one type of configuration parameters in configuration parameters included in the at least
two pieces of station information have different values.

[00159] In an implementation, the NDPA frame includes a plurality of pieces of station
information, and at least two of the plurality of pieces of station information have a same AID. It
may be understood that the at least two pieces of station information having the same AID
correspond to a same beamformee. For example, as shown in FIG. 16, AIDs of station
information 1 and station information 2 in the NDPA frame are both an AID 1. In addition, at
least one type of configuration parameters in configuration parameters included in the station
information 1 and the station information 2 have different values. For example, in the station
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information 1, a resource unit start index is 0, and a resource unit end index is 8; and in the
station information 2, a resource unit start index is 18, and a resource unit end index is 26. In this
way, the station information 1 is used to request the beamformee to feed back channel state
information of the first to the ninth 26-subcarrier RUs. The station information 2 is used to
request the beamformee to feed back channel state information of the nineteenth to the
twenty-seventh 26-subcarrier RUs. In other words, the station information 1 and the station
information 2 are respectively used to request channel state information of different RUs from
the same beamformee. For another example, an Ng indication included in the station information
1is 4, and an Ng indication included in the station information 2 is 16. In this way, a number of
grouping of the channel state information requested by the station information 1 is different from
a number of grouping of the channel state information requested by the station information 2.
[00160] Optionally, partial bandwidth information included in the station information 1 is
different from partial bandwidth information included in the station information 2.

[00161] Optionally, in the NDPA frame, locations of a plurality of pieces of station
information with a same AID are adjacent. In this way, in a processing of reading the NDPA
frame, if the beamformee determines that AIDs included in two pieces of adjacent station
information are different, and an AID included in the previous station information in the two
pieces of adjacent station information is the same as an AID of the beamformee, the beamformee
does not need to continue to read subsequent station information, thereby reducing duration in
which the beamformee reads information.

[00162] Further, in the NDPA frame, if the plurality of pieces of adjacent station information
have the same AID, an AID field is omitted in station information other than the first piece of
station information in the plurality of pieces of station information, to reduce transmission
overheads. In addition, quantity indication information is added to the first piece of station
information in the plurality of pieces of station information, and the quantity indication
information is used to indicate a quantity of pieces of station information with the same AID.
With reference to FIG. 17, if station information 2 and station information 3 in an NDPA frame
have a same AID, an AID field is removed from the station information 3. In addition, quantity
indication information is added to the station information 2, and the quantity indication
information is used to indicate that a quantity of pieces of station information with the same AID
is 2.
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[00163] S502: The beamformer sends an NDP.

[00164] S503 (optional): The beamformer sends a BRP trigger frame.

[00165] During specific implementation, in a single-user feedback procedure, the beamformer
does not perform step S503; and in a multi-user feedback procedure, the beamformer performs
step S503.

[00166] S504 is the same as step S402. For detailed descriptions, refer to the embodiment
shown in FIG. 13. Details are not described herein again.

[00167] FIG. 18 shows another channel state information feedback method according to an
embodiment of this application. The method includes the following steps.

[00168] S601: A beamformer sends an NDPA frame.

[00169] S602: The beamformer sends an NDP.

[00170] S603: The beamformer generates and sends a BRP trigger frame, where the BRP
trigger frame includes at least two pieces of user information corresponding to a target
beamformee, and at least one type of configuration parameters in configuration parameters
included in the at least two pieces of user information have different values.

[00171] Optionally, FIG. 19 is a schematic structural diagram of a BRP trigger frame
according to an embodiment of this application. As shown in FIG. 19, the BRP trigger frame
further includes the following parameters: a resource unit start index, a resource unit end index,
processing mode indication information, a number of grouping, and codebook information.
[00172] In an implementation, the BRP trigger frame includes a plurality of pieces of user
information, and at least two of the plurality of pieces of user information have a same AID. For
example, as shown in FIG. 20, in the BRP trigger frame, AIDs in both user information 4 and
user information 5 are an AID 1. In addition, at least one type of configuration parameters in
configuration parameters included in the user information 4 and the user information 5 have
different values. For example, it is assumed that, in the user information 4, a resource unit start
index is 6, a resource unit end index is 10, and an Ng indication is 4; and in the user information
5, a resource unit start index is 20, a resource unit end index is 25, and an Ng indication is 8. In
this way, the user information 4 is used to request a beamformee corresponding to the AID 1 to
feed back channel state information of the seventh to the eleventh 26-subcarrier RUs, and a
number of grouping used for the channel state information is 4. The user information 5 is used to
request the beamformee corresponding to the AID 1 to feed back channel state information of the
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twenty-first to the twenty-sixth 26-subcarrier RUs, and a number of grouping used for the
channel state information is 8.

[00173] Optionally, in the BRP trigger frame, locations of a plurality of pieces of user
information with a same AID are adjacent, to reduce duration in which the beamformee reads
information.

[00174] Further, in the BRP trigger frame, if the plurality of pieces of adjacent station
information have the same AID, an AID field is omitted in station information other than the first
piece of station information in the plurality of pieces of station information, to reduce
transmission overheads. In addition, quantity indication information is added to the first piece of
station information in the plurality of pieces of station information, and the quantity indication
information is used to indicate a quantity of pieces of station information with the same AID.
With reference to FIG. 21, if user information 4, user information 5, and user information 6 in
the BRP trigger frame have a same AID, an AID field is removed from each of the user
information 5 and the user information 6. In addition, quantity indication information is added to
the user information 4, and the quantity indication information is used to indicate that a quantity
of pieces of station information with the same AID is 3.

[00175] S604 is the same as step S402. For detailed descriptions, refer to the embodiment
shown in FIG. 13. Details are not described herein again.

[00176] The foregoing mainly describes the solutions provided in the embodiments of this
application from a perspective of interaction between network elements. It may be understood
that, to implement the foregoing functions, each network element, for example, the beamformer
and the beamformee, includes corresponding hardware structures and/or software modules for
performing the functions. A person skilled in the art should easily be aware that, in combination
with units and algorithm steps of the examples described in the embodiments disclosed in this
specification, this application may be implemented in a hardware form or in a form of combining
hardware with computer software. Whether a function is performed by hardware or hardware
driven by computer software depends on particular applications and design constraints of the
technical solutions. A person skilled in the art may use different methods to implement the
described functions for each particular application, but it should not be considered that the
implementation goes beyond the scope of this application.

[00177] In the embodiments of this application, the apparatus may be divided into function
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modules based on the foregoing method examples. For example, each function module may be
obtained through division based on each corresponding function, or two or more functions may
be integrated into one processing module. The integrated module may be implemented in a form
of hardware, or may be implemented in a form of a software function module. It should be noted
that, in the embodiments of this application, division into modules is an example, and is merely
logical function division. During actual implementation, another division manner may be used.
An example in which each function module is obtained through division based on each
corresponding function is used below for description.

[00178] FIG. 22 is a schematic structural diagram of a communications apparatus according to
an embodiment of this application. As shown in FIG. 22, the communications apparatus includes
a receiving module 101, a sending module 102, and a processing module 103.

[00179] In an implementation, if the communications apparatus is used as a beamformer, the
processing module 103 is configured to generate a MAC frame. The MAC frame includes a
processing mode bitmap, every n bits in the processing mode bitmap correspond to one feedback
unit, a value of the n bits is used to indicate a processing mode of channel state information of
the corresponding feedback unit, and n is a positive integer. The sending module 102 is
configured to send the MAC frame generated by the processing module 103. The receiving
module 101 is configured to receive a beamforming report sent by a beamformee. The
beamforming report includes one or more feedback fields, each feedback field corresponds to
one feedback unit, the feedback field includes channel state information of the corresponding
feedback unit, and the channel state information included in the feedback field is processed in a
processing mode indicated by the processing mode bitmap.

[00180] Optionally, the feedback unit is a segment, a resource unit, or a channel.

[00181] Optionally, the MAC frame is an NDPA frame or a beamforming report poll trigger
frame.

[00182] In an implementation, if the communications apparatus is used as a beamformee, the
receiving module 101 is configured to receive a MAC frame. The MAC frame includes a
processing mode bitmap, every n bits in the processing mode bitmap correspond to one feedback
unit, a value of the n bits is used to indicate a processing mode of channel state information of
the corresponding feedback unit, and n is a positive integer. The processing module 103 is
configured to generate a beamforming report. The beamforming report includes one or more
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feedback fields, each feedback field corresponds to one feedback unit, the feedback field
includes channel state information of the corresponding feedback unit, and the channel state
information included in the feedback field is processed in a processing mode indicated by the
processing mode bitmap. The sending module 102 is configured to send the beamforming report
to a beamformer.

[00183] Optionally, the feedback unit is a segment, a resource unit, or a channel.

[00184] Optionally, the MAC frame is an NDPA frame or a beamforming report poll trigger
frame.

[00185] In another implementation, if the communications apparatus is used as a beamformer,
the processing module 103 is configured to generate a MAC frame. The MAC frame includes at
least two pieces of user information corresponding to a target beamformee, and at least one type
of configuration parameters in configuration parameters included in the at least two pieces of
user information have different values. The sending module 102 is configured to send the MAC
frame generated by the processing module 103. The receiving module 101 is configured to
receive a beamforming report sent by the target beamformee. The beamforming report includes
channel state information respectively corresponding to the at least two pieces of user
information.

[00186] Optionally, the user information includes one or more of the following configuration
parameters: a resource unit start index, a resource unit end index, processing mode indication
information, a number of grouping, or codebook information.

[00187] Optionally, the MAC frame is an NDPA frame or a beamforming report poll trigger
frame.

[00188] In another implementation, if the communications apparatus is used as a target
beamformee, the receiving module 101 is configured to receive a MAC frame. The MAC frame
includes at least two pieces of user information corresponding to the target beamformee, and at
least one type of configuration parameters in configuration parameters included in the at least
two pieces of user information have different values. The processing module 103 is configured to
generate a beamforming report. The beamforming report includes channel state information
respectively corresponding to the at least two pieces of user information. The sending module
102 is configured to send the beamforming report to a beamformer.

[00189] With reference to FIG. 3, FIG. 7, FIG. 10, FIG. 13, FIG. 15, and FIG. 18, if the
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communications apparatus is used as a beamformer, the receiving module 101 is configured to
perform step S102 in FIG. 3, step S204 in FIG. 7, step S304 in FIG. 10, step S402 in FIG. 13,
step S504 in FIG. 15, step S604 in FIG. 18, and/or another process used for the technical
solutions described in this specification. The sending module 102 is configured to perform step
S101 in FIG. 3, steps S201 to S203 in FIG. 7, steps S301 to S303 in FIG. 10, step S401 in FIG.
13, steps S501 to S503 in FIG. 15, steps S601 to S603 in FIG. 18, and/or another process used
for the technical solutions described in this specification.

[00190] If the communications apparatus is used as a beamformee, the receiving module 101
is configured to perform step S101 in FIG. 3, steps S201 to S203 in FIG. 7, steps S301 to S303
in FIG. 10, step S401 in FIG. 13, steps S501 to S503 in FIG. 15, steps S601 to S603 in FIG. 18,
and/or another process used for the technical solutions described in this specification. The
sending module 102 is configured to perform step S102 in FIG. 3, step S204 in FIG. 7, step S304
in FIG. 10, step S402 in FIG. 13, step S504 in FIG. 15, step S604 in FIG. 18, and/or another
process used for the technical solutions described in this specification. All related content of the
steps in the foregoing method embodiments may be cited in function descriptions of the
corresponding function modules. Details are not described herein again.

[00191] The communications apparatus provided in the embodiments of this application may
be implemented in a plurality of product forms. For example, the communications apparatus may
be configured as a general-purpose processing system. For another example, the communications
apparatus may be implemented by using a general bus architecture. For another example, the
communications apparatus may be implemented by an application-specific integrated circuit
(application-specific integrated circuit, ASIC). The following provides several possible product
forms of the communications apparatus in the embodiments of this application. It should be
understood that the following product forms are merely examples, and do not limit the possible
product forms of the communications apparatus in the embodiments of this application.

[00192] FIG. 23 is a structural diagram of a possible product form of a communications
apparatus according to an embodiment of this application.

[00193] In a possible product form, the communications apparatus in this embodiment of this
application may be a communications device, and the communications device includes a
processor 201 and a transceiver 202. Optionally, the communications device further includes a
storage medium 203. The processor 201 is configured to perform the channel state information
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feedback methods shown in FIG. 3, FIG. 7, FIG. 10, FIG. 13, FIG. 15, and FIG. 18. The
transceiver 202 is controlled by the processor 201, and is configured to perform the channel state
information feedback methods shown in FIG. 3, FIG. 7, FIG. 10, FIG. 13, FIG. 15, and FIG. 18.
[00194] In another possible product form, the communications apparatus in this embodiment
of this application may be alternatively implemented by a general-purpose processor, that is,
implemented by a commonly known chip. The general-purpose processor includes a processing
circuit 201 and a transceiver pin 202. Optionally, the general-purpose processor may further
include a storage medium 203. The processing circuit 201 is configured to perform the channel
state information feedback methods shown in FIG. 3, FIG. 7, FIG. 10, FIG. 13, FIG. 15, and FIG.
18. The transceiver pin 202 is controlled by the processing circuit 201, and is configured to
perform the channel state information feedback methods shown in FIG. 3, FIG. 7, FIG. 10, FIG.
13, FIG. 15, and FIG. 18.

[00195] In another possible product form, the communications apparatus in this embodiment
of this application may be alternatively implemented by using the following circuits or
components: one or more field programmable gate arrays (field programmable gate array,
FPGA), a programmable logic device (programmable logic device, PLD), a controller, a state
machine, gate logic, a discrete hardware component, any other suitable circuit, or any
combination of circuits that can perform various functions described in this application.

[00196] Although this application is described with reference to the embodiments, in a
process of implementing this application that claims protection, a person skilled in the art may
understand and implement another variation of the disclosed embodiments by viewing the
accompanying drawings, disclosed content, and the appended claims. In the claims,
"comprising™ (comprising) does not exclude another component or another step, and "a™ or "one"
does not exclude a case of plurality. A single processor or another unit may implement several
functions enumerated in the claims. Some measures are recorded in dependent claims that are
different from each other, but this does not mean that these measures cannot be combined to
produce a better effect.

[00197] Although this application is described with reference to specific features and the
embodiments thereof, it is clear that various modifications and combinations may be made to this
application without departing from the spirit and scope of this application. Correspondingly, the
specification and accompanying drawings are merely example descriptions of this application
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defined by the appended claims, and are considered as any of or all modifications, variations,
combinations, or equivalents that cover the scope of this application. It is clear that, a person
skilled in the art can make various modifications and variations to this application without
departing from the spirit and scope of this application. This application is intended to cover these
modifications and variations of this application provided that they fall within the scope of the

claims of this application and their equivalent technologies.
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CLAIMS

What is claimed is:

1. A channel state information feedback method, comprising:

generating, by a beamformer, an NDPA frame, wherein the NDPA frame comprises a sounding
dialog token field, the sounding dialog token field comprises an NDPA type, the NDPA type is
used to indicate a type of the NDPA frame; whererin the NDPA type occupies two bits, if a value
of the two bits is 00, the NDPA type indicates that the NDPA frame is the VHT NDPA frame; if a
value of the two bits is 01, the NDPA type indicates that the NDPA frame is the HE NDPA frame;
if a value of the two bits is 10, the NDPA type indicates that the NDPA frame is the ranging
NDPA frame; if a value of the two bits is 11, the NDPA type indicates that the NDPA frame is the
EHT NDPA frame;

sending, by the beamformer, the NDPA frame.

2. The channel state information feedback method according to claim 1, the sounding dialog
token field further comprises a sounding dialog token number, the sounding dialog token number

is used to identify a sounding dialog.

3. The channel state information feedback method according to claim 1 or 2, the NDPA frame
comprises a MAC header, one or more pieces of station information, and a frame check sequence

(FCS) field.

4. The channel state information feedback method according to claim 3, the MAC header
includes a frame control field, used to indicate a type of the MAC frame; and a duration field,
used to indicate duration of occupying a channel by the MAC frame and a corresponding
acknowledgment frame; and a receiving address (RA) field, used to identify a receive end of the
MAC frame; and a transmitting address (TA) field, used to identify a transmit end of the MAC

frame.

5. The channel state information feedback method according to claim 3 or claim 4, the station
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information include a processing mode bitmap, the processing mode bitmap included in the

station information is applicable to only a beamformee corresponding to the station information.

6. The channel state information feedback method according to claim 5, every n bits in the
processing mode bitmap correspond to one feedback unit, a value of the n bits is used to indicate
a processing mode of channel state information of the corresponding feedback unit, and n is a

positive integer.

7. A channel state information feedback method, comprising:

receiving, by a beamformee, an NDPA frame, wherein the NDPA frame comprises a sounding
dialog token field, the sounding dialog token field comprises an NDPA type, the NDPA type is
used to indicate a type of the NDPA frame, whererin the NDPA type occupies two bits, if a value
of the two bits is 00, the NDPA type indicates that the NDPA frame is the VHT NDPA frame; if a
value of the two bits is 01, the NDPA type indicates that the NDPA frame is the HE NDPA frame;
if a value of the two bits is 10, the NDPA type indicates that the NDPA frame is the ranging
NDPA frame; if a value of the two bits is 11, the NDPA type indicates that the NDPA frame is the
EHT NDPA frame;

determining, by the beamformee, the type of the NDPA frame.

8. The channel state information feedback method according to claim 7, determining, by the
beamformee, a sounding dialog, based on a sounding dialog token number comprised the

sounding dialog token field.

9. The channel state information feedback method according to claim 7 or 8, the NDPA frame
comprises a MAC header, one or more pieces of station information, and a frame check sequence

(FCS) field.

10. The channel state information feedback method according to claim 9, the MAC header
includes a frame control field, used to indicate a type of the MAC frame; and a duration field,
used to indicate duration of occupying a channel by the MAC frame and a corresponding

acknowledgment frame; and a receiving address (RA) field, used to identify a receive end of the
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MAC frame; and a transmitting address (TA) field, used to identify a transmit end of the MAC

frame.

11. The channel state information feedback method according to claim 9 or claim 10, the station
information include a processing mode bitmap, the processing mode bitmap included in the

station information is applicable to only a beamformee corresponding to the station information.

12. The channel state information feedback method according to claim 5, every n bits in the
processing mode bitmap correspond to one feedback unit, a value of the n bits is used to indicate
a processing mode of channel state information of the corresponding feedback unit, and n is a

positive integer.

13. A channel state information feedback apparatus, onfigured to perform a method as claimed in
any one of claims 1 to 6.

14. A channel state information feedback apparatus, onfigured to perform a method as claimed in
any one of claims 7 to 12.

15. A computer-readable storage medium, configured to store a computer program, wherein the
computer program comprises instructions used to perform the channel state information feedback

method according to any one of claims 1 to 6.

16. A computer-readable storage medium, configured to store a computer program, wherein the
computer program comprises instructions used to perform the channel state information feedback

method according to any one of claims 7 to 12.

17. A computer program product, wherein the computer program product comprises instructions
used to perform the channel state information feedback method according to any one of claims 1

to 6.

18. A computer program product, wherein the computer program product comprises instructions
used to perform the channel state information feedback method according to any one of claims 7
to 12.

38



