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COMMUNICATION METHOD AND APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202210011237.4,
filed with the China National Intellectual Property Administration on January 6, 2022 and entitled
"COMMUNICATION METHOD AND APPARATUS", which is incorporated herein by reference
in its entirety.

[0002]

TECHNICAL FIELD

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

to a communication method and apparatus.

BACKGROUND

[0004] Wireless local area network (wireless local area network, WLAN) sensing (sensing) is
a technology in which wireless signals are used to sense a target. The target may be an object in a
surrounding environment, for example, a person or an object. Based on a capability of radio
measurement or environment sampling, WLAN sensing can provide an opportunity for each
communication path between two physical devices to extract information about their surroundings.
[0005] In WLAN sensing, the target may be sensed based on the 802.11 series standards. A
beamforming (beamforming) technology is defined in the 802.11 series standards. In this
technology, a sending device may send, to a receiving device, a frame for indicating to perform
channel measurement, and the receiving device may perform channel measurement based on the
frame to obtain channel state information. To reduce feedback overheads, the receiving device may
decompose the channel state information through QR decomposition, compress decomposed
channel state information, and feed back compressed channel state information to the sending
device. The sending device may reconstruct the channel state information based on the compressed
channel state information, and generate a steering matrix to improve communication performance.
[0006] However, when the receiving device performs QR decomposition on the channel state
information, relative phase information between subcarriers and between pulses cannot be
reserved in the decomposed channel state information by using an existing QR decomposition rule.

As a result, the sending device cannot extract attribute information of the target based on the
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reconstructed channel state information, and cannot implement effective sensing on the target. The
attribute information of the target may include information such as a target delay, a target angle,
and a target Doppler shift. The target delay may be used to determine a distance of the target. The
target angle may be used to determine a direction of the target. The target Doppler shift may be

used to determine a speed of the target, and the like.

SUMMARY

[0007] In view of this, embodiments of this application provide a communication method and
apparatus, to reduce channel state information feedback overheads, reserve relative phase
information between subcarriers and between pulses, and implement effective sensing on a target.
[0008] According to a first aspect, an embodiment of this application provides a
communication method. The method may include: A first device receives a first frame for channel
measurement from a second device; the first device determines channel state information based on
the first frame, where a dimension of the channel state information is NyxNxK, Ny is a quantity of
antennas of the first device, N is a quantity of antennas of the second device, K is a quantity of
subcarriers that carry the first frame, and N, Nt, and K are all positive integers; and the first device
performs conjugate transpose and QR decomposition on the channel state information to obtain an
upper right triangular matrix R and a matrix Q, and the first device sends the matrix Q to the second
device, where in the first L rows of the matrix R, at least one row meets that plus or minus signs
of elements on a corresponding diagonal are consistent in a subcarrier dimension, at least one row
meets that plus or minus signs of elements on a corresponding diagonal are consistent in a sample
dimension, L is a quantity of target paths between the first device and the second device, a sample
is a plurality of pieces of channel state information obtained by performing a plurality of times of
channel measurement in a time dimension, the sample dimension is a sample dimension
corresponding to the plurality of pieces of channel state information, and the matrix Q indicates
attribute information of the target path.

[0009] Based on the first aspect, in the first L rows of the matrix R, at least one row meets that
plus or minus signs of elements on a corresponding diagonal are consistent in a subcarrier
dimension, and at least one row meets that plus or minus signs of elements on a corresponding
diagonal are consistent in a sample dimension. Correspondingly, the matrix Q obtained through
QR decomposition of the matrix R may reserve relative phase information between subcarriers
and between pulses. In other words, attribute information such as a delay, an AOD, or a Doppler
shift of the target path may be reserved in the matrix Q. Therefore, the second device may

determine the attribute information of the target path based on the matrix Q, to implement effective
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sensing on the target path based on a channel matrix diagonalization principle.

[0010] In a possible design, the matrix Q is a unitary matrix; or a matrix obtained by
normalizing at least one column of the matrix Q is a unitary matrix.

[0011] In a possible design, the attribute information of the target path includes one or more
of the following: a delay of the target path, an angle of departure AOD of the target path, or a
Doppler shift of the target path.

[0012] Based on this possible design, the attribute information such as the delay, the AOD, and
the Doppler shift of the target path may be reserved in the matrix Q, so that the second device can
perform target path sensing based on the attribute information.

[0013] In a possible design, the first device determines a first location and a second location,
and performs conjugate transpose and QR decomposition on the channel state information based
on the first location and the second location, where the first location is a location, in the matrix R,
of an element that is in the first L rows of the matrix R and that meets that plus or minus signs of
elements on a corresponding diagonal are consistent in a subcarrier dimension, and the second
location is a location, in the matrix R, of an element that is in the first L rows of the matrix R and
that meets that plus or minus signs of elements on a corresponding diagonal are consistent in a
sample dimension.

[0014] Based on this possible design, the first device may perform conjugate transpose and
QR decomposition on the channel state information based on the first location and the second
location. A feasible solution is provided for the first device to perform conjugate transpose and QR
decomposition on the channel state information.

[0015] In a possible design, the first device receives information about the first location and
information about the second location from the second device; or the first location and the second
location are predefined; or the first location and the second location are defined by the first device.
[0016] In a possible design, the first device sends information about the first location and
information about the second location to the second device.

[0017] Based on the foregoing two possible designs, the first location and the second location
may be specified by the second device, or may be specified in a protocol, or may be defined by
the first device. When the first location and the second location are defined by the first device, the
first device may further indicate the first location and the second location to the second device. A
plurality of feasible solutions are provided for determining the first location and the second
location.

[0018] In a possible design, before the first device receives the first frame from the second
device, the first device sends first indication information to the second device, where the first
indication information indicates whether the first device supports one or more of the following
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feedbacks: feedback of a compressed beamforming matrix based on subcarrier dimension
consistency or feedback of a compressed beamforming matrix based on sample dimension
consistency.

[0019] Based on this possible design, the first device may indicate, to the second device by
using the first indication information, whether the first device supports one or more of the
foregoing feedbacks. When the first device supports one or more of the foregoing feedbacks, the
first device may feed back the compressed beamforming matrix to the second device by using the
method provided in this embodiment of this application.

[0020] In a possible design, the first indication information is located in one or more of the
following fields: a sensing capability field of an association request frame, a core capabilities field
of an enhanced directional multi-gigabit EDMG sensing capability field, or an optional
subelements field of an EDMG sensing capability field.

[0021] Based on the possible design, a plurality of feasible solutions are provided for designing
the first indication information.

[0022] In a possible design, before the first device receives the first frame from the second
device, the first device receives second indication information from the second device, where the
second indication information indicates whether the second device supports one or more of the
following feedbacks: feedback of a compressed beamforming matrix based on subcarrier
dimension consistency or feedback of a compressed beamforming matrix based on sample
dimension consistency.

[0023] Based on this possible design, the second device may indicate, to the first device by
using the second indication information, whether the second device supports one or more of the
foregoing feedbacks. When the second device supports one or more of the foregoing feedbacks,
the second device may feed back the compressed beamforming matrix to the first device based on
the function performed by the first device in the method provided in this embodiment of this
application, so that the first device performs target path sensing.

[0024] In a possible design, the second indication information is located in one or more of the
following fields: a sensing capability field of an association response frame, a sensing capability
field of a beacon frame, a core capabilities field of an EDMG sensing capability field, or an
optional subelements field of an EDMG sensing capability field.

[0025] Based on the possible design, a plurality of feasible solutions are provided for designing
the second indication information.

[0026] In a possible design, before the first device receives the first frame from the second
device, the first device receives a sensing request frame from the second device, where the sensing
request frame includes a feedback type indication, and the feedback type indication indicates to
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feed back channel state information for implementing sensing.

[0027] In a possible design, before the first device receives the first frame from the second
device, the first device sends a sensing response frame to the second device, where the sensing
response frame includes a feedback type indication, and the feedback type indication indicates to
feed back channel state information for implementing sensing.

[0028] Based on the foregoing two possible designs, the first device and the second device
may indicate, by using the sensing request frame or the sensing response frame, to feed back the
channel state information for implementing sensing when the channel state information is fed back,
to perform target path sensing based on the fed-back channel state information.

[0029] In a possible design, before the first device sends the matrix Q to the second device,
the first device receives third indication information from the second device, where the third
indication information indicates to use one or more of the following feedbacks: feedback of a
compressed beamforming matrix based on subcarrier dimension consistency or feedback of a
compressed beamforming matrix based on sample dimension consistency.

[0030] Based on this possible design, the first device may further use one or more of the
foregoing feedbacks based on the third indication information sent by the second device, so that
the second device performs target path sensing based on the compressed beamforming matrix fed
back by the first device.

[0031] In a possible design, the third indication information is located in one or more of the
following frames: a sensing NDPA, a sensing trigger frame, or a beam refinement protocol BRP.
[0032] In a possible design, the third indication information is located in one or more of the
following fields: a user information field of a sensing NDPA, a common information field of a
sensing NDPA, a common information field of a sensing trigger frame, a user information field of
a sensing trigger frame, or a reserved field of a BRP.

[0033] Based on the foregoing two possible designs, a plurality of feasible solutions are
provided for designing the third indication information.

[0034] According to a second aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus may implement a function performed by
the first device in the first aspect or the possible designs of the first aspect, and the function may
be implemented by hardware executing corresponding software. The hardware or the software
includes one or more modules corresponding to the foregoing function, for example, a transceiver
module and a processing module. The transceiver module is configured to receive a first frame for
channel measurement from a second device. The processing module is configured to determine
channel state information based on the first frame, where a dimension of the channel state
information is NrxNixK, N¢ is a quantity of antennas of the first device, Nt is a quantity of antennas
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of the second device, K is a quantity of subcarriers that carry the first frame, and Ny, N, and K are
all positive integers. The processing module is further configured to perform conjugate transpose
and QR decomposition on the channel state information to obtain an upper right triangular matrix
R and a matrix Q. The transceiver module is further configured to send the matrix Q to the second
device, where in the first L rows of the matrix R, at least one row meets that plus or minus signs
of elements on a corresponding diagonal are consistent in a subcarrier dimension, at least one row
meets that plus or minus signs of elements on a corresponding diagonal are consistent in a sample
dimension, L is a quantity of target paths between the first device and the second device, a sample
is a plurality of pieces of channel state information obtained by performing a plurality of times of
channel measurement in a time dimension, the sample dimension is a sample dimension
corresponding to the plurality of pieces of channel state information, and the matrix Q indicates
attribute information of the target path.

[0035] In a possible design, the matrix Q is a unitary matrix; or a matrix obtained by
normalizing at least one column of the matrix Q is a unitary matrix.

[0036] In a possible design, the attribute information of the target path includes one or more
of the following: a delay of the target path, an angle of departure AOD of the target path, or a
Doppler shift of the target path.

[0037] In a possible design, the processing module is further configured to determine a first
location and a second location, and perform conjugate transpose and QR decomposition on the
channel state information based on the first location and the second location, where the first
location is a location, in the matrix R, of an element that is in the first L rows of the matrix R and
that meets that plus or minus signs of elements on a corresponding diagonal are consistent in a
subcarrier dimension, and the second location is a location, in the matrix R, of an element that is
in the first L rows of the matrix R and that meets that plus or minus signs of elements on a
corresponding diagonal are consistent in a sample dimension.

[0038] Ina possible design, the transceiver module is further configured to receive information
about the first location and information about the second location from the second device; or the
first location and the second location are predefined; or the first location and the second location
are defined by the first device.

[0039] In a possible design, the transceiver module is further configured to send information
about the first location and information about the second location to the second device.

[0040] In a possible design, before receiving the first frame from the second device, the
transceiver module is further configured to send first indication information to the second device,
where the first indication information indicates whether the first device supports one or more of
the following feedbacks: feedback of a compressed beamforming matrix based on subcarrier
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dimension consistency or feedback of a compressed beamforming matrix based on sample
dimension consistency.

[0041] In a possible design, the first indication information is located in one or more of the
following fields: a sensing capability field of an association request frame, a core capabilities field
of an enhanced directional multi-gigabit EDMG sensing capability field, or an optional
subelements field of an EDMG sensing capability field.

[0042] In a possible design, before receiving the first frame from the second device, the
transceiver module is further configured to receive second indication information from the second
device, where the second indication information indicates whether the second device supports one
or more of the following feedbacks: feedback of a compressed beamforming matrix based on
subcarrier dimension consistency or feedback of a compressed beamforming matrix based on
sample dimension consistency.

[0043] In a possible design, the second indication information is located in one or more of the
following fields: a sensing capability field of an association response frame, a sensing capability
field of a beacon frame, a core capabilities field of an EDMG sensing capability field, or an
optional subelements field of an EDMG sensing capability field.

[0044] In a possible design, before receiving the first frame from the second device, the
transceiver module is further configured to receive a sensing request frame from the second device,
where the sensing request frame includes a feedback type indication, and the feedback type
indication indicates to feed back channel state information for implementing sensing.

[0045] In a possible design, before receiving the first frame from the second device, the
transceiver module is further configured to send a sensing response frame to the second device,
where the sensing response frame includes a feedback type indication, and the feedback type
indication indicates to feed back channel state information for implementing sensing.

[0046] In a possible design, before sending the matrix Q to the second device, the transceiver
module is further configured to receive third indication information from the second device, where
the third indication information indicates to use one or more of the following feedbacks: feedback
of a compressed beamforming matrix based on subcarrier dimension consistency or feedback of a
compressed beamforming matrix based on sample dimension consistency.

[0047] In a possible design, the third indication information is located in one or more of the
following frames: a sensing NDPA, a sensing trigger frame, or a beam refinement protocol BRP.
[0048] In a possible design, the third indication information is located in one or more of the
following fields: a user information field of a sensing NDPA, a common information field of a
sensing NDPA, a common information field of a sensing trigger frame, a user information field of
a sensing trigger frame, or a reserved field of a BRP.
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[0049] It should be noted that for a specific implementation of the communication apparatus
in the second aspect, refer to a behavior function of the first device in the communication method
provided in any one of the first aspect or the possible designs of the first aspect.

[0050] According to a third aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus may be a first device or a chip or a
system on chip in a first device. The communication apparatus may implement a function
performed by the first device in the foregoing aspects or the possible designs, and the function
may be implemented by hardware. In a possible design, the communication apparatus may include
a transceiver and a processor. The transceiver and the processor may be configured to support the
communication apparatus in implementing the function in any one of the first aspect or the possible
designs of the first aspect. For example, the transceiver may be configured to receive a first frame
for channel measurement from a second device. The processor may be configured to determine
channel state information based on the first frame, where a dimension of the channel state
information is NrxNixK, N is a quantity of antennas of the first device, Nt is a quantity of antennas
of the second device, K is a quantity of subcarriers that carry the first frame, and N, N, and K are
all positive integers. The processor may be further configured to perform conjugate transpose and
QR decomposition on the channel state information to obtain an upper right triangular matrix R
and a matrix Q. The transceiver may be further configured to send the matrix Q to the second
device, where in the first L rows of the matrix R, at least one row meets that plus or minus signs
of elements on a corresponding diagonal are consistent in a subcarrier dimension, at least one row
meets that plus or minus signs of elements on a corresponding diagonal are consistent in a sample
dimension, L is a quantity of target paths between the first device and the second device, a sample
is a plurality of pieces of channel state information obtained by performing a plurality of times of
channel measurement in a time dimension, the sample dimension is a sample dimension
corresponding to the plurality of pieces of channel state information, and the matrix Q indicates
attribute information of the target path. In another possible design, the communication apparatus
may further include a memory. The memory is configured to store computer-executable
instructions and data that are necessary for the communication apparatus. When the
communication apparatus runs, the transceiver and the processor execute the computer-executable
instructions stored in the memory, so that the communication apparatus performs the
communication method in any one of the first aspect or the possible designs of the first aspect.
[0051] For a specific implementation of the communication apparatus in the third aspect, refer
to a behavior function of the first device in the communication method provided in any one of the
first aspect or the possible designs of the first aspect.

[0052] According to a fourth aspect, an embodiment of this application provides a
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communication method. The method includes: A second device sends a first frame for channel
measurement to a first device; the second device receives a matrix Q from the first device, where
the matrix Q is determined based on channel state information, the matrix Q indicates attribute
information of a target path, and the target path is a path between the first device and the second
device; and the second device performs target path sensing based on the matrix Q.

[0053] Based on the fourth aspect, the matrix Q fed back by the first device may reserve
relative phase information between subcarriers and between pulses. In other words, the attribute
information such as a delay, an AOD, or a Doppler shift of the target path may be reserved in the
matrix Q. Therefore, the second device may determine the attribute information of the target path
based on the matrix Q, to implement effective sensing on the target path based on a channel matrix
diagonalization principle.

[0054] In a possible design, the matrix Q is a unitary matrix; or a matrix obtained by
normalizing at least one column of the matrix Q is a unitary matrix.

[0055] In a possible design, a dimension of the channel state information is NyXNtxK, N is a
quantity of antennas of the first device, N is a quantity of antennas of the second device, K is a
quantity of subcarriers that carry the first frame, and Ny, N, and K are all positive integers.

[0056] In a possible design, the attribute information of the target path includes one or more
of the following: a delay of the target path, an angle of departure AOD of the target path, or a
Doppler shift of the target path.

[0057] Based on this possible design, the attribute information such as the delay, the AOD, and
the Doppler shift of the target path may be reserved in the matrix Q, so that the second device can
perform target path sensing based on the attribute information.

[0058] Ina possible design, the second device determines a first location and a second location,
where the first location is a location, in the matrix R, of an element that is in the first L rows of the
matrix R and that meets that plus or minus signs of elements on a corresponding diagonal are
consistent in a subcarrier dimension, the second location is a location, in the matrix R, of an
element that is in the first L rows of the matrix R and that meets that plus or minus signs of elements
on a corresponding diagonal are consistent in a sample dimension, and L is a quantity of target
paths.

[0059] In a possible design, that the second device performs target path sensing based on the
matrix Q includes one or more of the following: The second device selects, based on the first
location, a column in which an element at the first location in the matrix Q is located, to perform
angle sensing; the second device selects, based on the second location, a column in which an
element at the second location in the matrix Q is located, to perform angle sensing; the second
device selects, based on the first location, a column in which an element at the first location in the
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matrix Q is located, to perform Doppler shift sensing in a sample dimension; or the second device
selects, based on the second location, a column in which an element at the second location in the
matrix Q is located, to perform delay sensing in a subcarrier dimension.

[0060] Based on the foregoing two possible designs, the second device may implement angle
sensing, Doppler shift sensing, and delay sensing based on the matrix Q and the first location and
the second location. A plurality of feasible solutions are provided for the second device to perform
target path sensing based on the matrix Q.

[0061] In a possible design, that the second device determines the first location and the second
location includes: The second device receives information about the first location and information
about the second location from the first device; or the first location and the second location are
predefined; or the first location and the second location are defined by the second device.

[0062] In a possible design, before the second device receives the matrix Q from the first
device, the second device sends information about the first location and information about the
second location to the first device.

[0063] Based on the foregoing two possible designs, the first location and the second location
may be specified by the first device, or may be specified in a protocol, or may be defined by the
second device. When the first location and the second location are defined by the second device,
the second device may further indicate the first location and the second location to the first device.
A plurality of feasible solutions are provided for determining the first location and the second
location.

[0064] In a possible design, before the second device sends the first frame to the first device,
the second device receives first indication information from the first device, where the first
indication information indicates whether the first device supports one or more of the following
feedbacks: feedback of a compressed beamforming matrix based on subcarrier dimension
consistency or feedback of a compressed beamforming matrix based on sample dimension
consistency.

[0065] Based on this possible design, the first device may indicate, to the second device by
using the first indication information, whether the first device supports one or more of the
foregoing feedbacks. When the first device supports one or more of the foregoing feedbacks, the
first device may feed back the compressed beamforming matrix to the second device by using the
method provided in this embodiment of this application.

[0066] In a possible design, the first indication information is located in one or more of the
following fields: a sensing capability field of an association request frame, a core capabilities field
of an enhanced directional multi-gigabit EDMG sensing capability field, or an optional
subelements field of an EDMG sensing capability field.

10



10

15

20

25

30

35

[0067] Based on the possible design, a plurality of feasible solutions are provided for designing
the first indication information.

[0068] In a possible design, before the second device sends the first frame to the first device,
the second device sends second indication information to the first device, where the second
indication information indicates whether the second device supports one or more of the following
feedbacks: feedback of a compressed beamforming matrix based on subcarrier dimension
consistency or feedback of a compressed beamforming matrix based on sample dimension
consistency.

[0069] Based on this possible design, the second device may indicate, to the first device by
using the second indication information, whether the second device supports one or more of the
foregoing feedbacks. When the second device supports one or more of the foregoing feedbacks,
the second device may feed back the compressed beamforming matrix to the first device based on
the function performed by the first device in the method provided in this embodiment of this
application, so that the first device performs target path sensing.

[0070] In a possible design, the second indication information is located in one or more of the
following fields: a sensing capability field of an association response frame, a sensing capability
field of a beacon frame, a core capabilities field of an EDMG sensing capability field, or an
optional subelements field of an EDMG sensing capability field.

[0071] Based on the possible design, a plurality of feasible solutions are provided for designing
the second indication information.

[0072] In a possible design, before the second device sends the first frame to the first device,
the second device sends a sensing request frame to the first device, where the sensing request frame
includes a feedback type indication, and the feedback type indication indicates to feed back
channel state information for implementing sensing.

[0073] In a possible design, before the second device sends the first frame to the first device,
the second device receives a sensing response frame from the first device, where the sensing
response frame includes a feedback type indication, and the feedback type indication indicates to
feed back channel state information for implementing sensing.

[0074] Based on the foregoing two possible designs, the first device and the second device
may indicate, by using the sensing request frame or the sensing response frame, to feed back the
channel state information for implementing sensing when the channel state information is fed back,
to perform target path sensing based on the fed-back channel state information.

[0075] In a possible design, before the second device receives the matrix Q from the first
device, the second device sends third indication information to the first device, where the third
indication information indicates to use one or more of the following feedbacks: feedback of a
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compressed beamforming matrix based on subcarrier dimension consistency or feedback of a
compressed beamforming matrix based on sample dimension consistency.

[0076] Based on this possible design, the second device may further indicate, by using the
third indication information, the first device to use one or more of the foregoing feedbacks, so that
the second device performs target path sensing based on the compressed beamforming matrix fed
back by the first device.

[0077] In a possible design, the third indication information is located in one or more of the
following frames: a sensing NDPA, a sensing trigger frame, or a beam refinement protocol BRP.
[0078] In a possible design, the third indication information is located in one or more of the
following fields: a user information field of a sensing NDPA, a common information field of a
sensing NDPA, a common information field of a sensing trigger frame, a user information field of
a sensing trigger frame, or a reserved field of a BRP.

[0079] Based on the foregoing two possible designs, a plurality of feasible solutions are
provided for designing the third indication information.

[0080] According to a fifth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus may implement a function performed by
the second device in the fourth aspect or the possible designs of the fourth aspect, and the function
may be implemented by hardware executing corresponding software. The hardware or the software
includes one or more modules corresponding to the foregoing function, for example, a transceiver
module and a processing module. The transceiver module is configured to send a first frame for
channel measurement to a first device. The transceiver module is further configured to receive a
matrix Q from the first device, where the matrix Q is determined based on channel state
information, the matrix Q indicates attribute information of a target path, and the target path is a
path between the first device and the second device. The processing module is configured to
perform target path sensing based on the matrix Q.

[0081] In a possible design, the matrix Q is a unitary matrix; or a matrix obtained by
normalizing at least one column of the matrix Q is a unitary matrix.

[0082] In a possible design, a dimension of the channel state information is NexNixK, Ny is a
quantity of antennas of the first device, Nt is a quantity of antennas of the second device, K is a
quantity of subcarriers that carry the first frame, and N, Nt, and K are all positive integers.

[0083] In a possible design, the attribute information of the target path includes one or more
of the following: a delay of the target path, an angle of departure AOD of the target path, or a
Doppler shift of the target path.

[0084] In a possible design, the processing module is further configured to determine a first

location and a second location, where the first location is a location, in the matrix R, of an element
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that is in the first L rows of the matrix R and that meets that plus or minus signs of elements on a
corresponding diagonal are consistent in a subcarrier dimension, the second location is a location,
in the matrix R, of an element that is in the first L rows of the matrix R and that meets that plus or
minus signs of elements on a corresponding diagonal are consistent in a sample dimension, and L
is a quantity of target paths.

[0085] In a possible design, that the processing module performs target path sensing based on
the matrix Q includes one or more of the following: selecting, based on the first location, a column
in which an element at the first location in the matrix Q is located, to perform angle sensing;
selecting, based on the second location, a column in which an element at the second location in
the matrix Q is located, to perform angle sensing; selecting, based on the first location, a column
in which an element at the first location in the matrix Q is located, to perform Doppler shift sensing
in a sample dimension; or selecting, based on the second location, a column in which an element
at the second location in the matrix Q is located, to perform delay sensing in a subcarrier dimension.
[0086] Ina possible design, the transceiver module is further configured to receive information
about the first location and information about the second location from the first device; or the first
location and the second location are predefined; or the first location and the second location are
defined by the second device.

[0087] In a possible design, before receiving the matrix Q from the first device, the transceiver
module is further configured to send information about the first location and information about the
second location to the first device.

[0088] In a possible design, before sending the first frame to the first device, the transceiver
module is further configured to receive first indication information from the first device, where
the first indication information indicates whether the first device supports one or more of the
following feedbacks: feedback of a compressed beamforming matrix based on subcarrier
dimension consistency or feedback of a compressed beamforming matrix based on sample
dimension consistency.

[0089] In a possible design, the first indication information is located in one or more of the
following fields: a sensing capability field of an association request frame, a core capabilities field
of an enhanced directional multi-gigabit EDMG sensing capability field, or an optional
subelements field of an EDMG sensing capability field.

[0090] In a possible design, before sending the first frame to the first device, the transceiver
module is further configured to send second indication information to the first device, where the
second indication information indicates whether the second device supports one or more of the
following feedbacks: feedback of a compressed beamforming matrix based on subcarrier
dimension consistency or feedback of a compressed beamforming matrix based on sample
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dimension consistency.

[0091] In a possible design, the second indication information is located in one or more of the
following fields: a sensing capability field of an association response frame, a sensing capability
field of a beacon frame, a core capabilities field of an EDMG sensing capability field, or an
optional subelements field of an EDMG sensing capability field.

[0092] In a possible design, before sending the first frame to the first device, the transceiver
module is further configured to send a sensing request frame to the first device, where the sensing
request frame includes a feedback type indication, and the feedback type indication indicates to
feed back channel state information for implementing sensing.

[0093] In a possible design, before sending the first frame to the first device, the transceiver
module is further configured to receive a sensing response frame from the first device, where the
sensing response frame includes a feedback type indication, and the feedback type indication
indicates to feed back channel state information for implementing sensing.

[0094] In a possible design, before receiving the matrix Q from the first device, the transceiver
module is further configured to send third indication information to the first device, where the third
indication information indicates to use one or more of the following feedbacks: feedback of a
compressed beamforming matrix based on subcarrier dimension consistency or feedback of a
compressed beamforming matrix based on sample dimension consistency.

[0095] In a possible design, the third indication information is located in one or more of the
following frames: a sensing NDPA, a sensing trigger frame, or a beam refinement protocol BRP.
[0096] In a possible design, the third indication information is located in one or more of the
following fields: a user information field of a sensing NDPA, a common information field of a
sensing NDPA, a common information field of a sensing trigger frame, a user information field of
a sensing trigger frame, or a reserved field of a BRP.

[0097] It should be noted that for a specific implementation of the communication apparatus
in the fifth aspect, refer to a behavior function of the second device in the communication method
provided in any one of the fourth aspect or the possible designs of the fourth aspect.

[0098] According to a sixth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus may be a chip or a system on chip in a
second device. The communication apparatus may implement a function performed by the second
device in the foregoing aspects or the possible designs, and the function may be implemented by
hardware. In a possible design, the communication apparatus may include a transceiver and a
processor. The transceiver and the processor may be configured to support the communication
apparatus in implementing the function in any one of the fourth aspect or the possible designs of
the fourth aspect. For example, the transceiver may be configured to send a first frame for channel
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measurement to a first device. The transceiver may be further configured to receive a matrix Q
from the first device, where the matrix Q is determined based on channel state information, the
matrix Q indicates attribute information of a target path, and the target path is a path between the
first device and the second device. The processor may be configured to perform target path sensing
based on the matrix Q. In another possible design, the communication apparatus may further
include a memory. The memory is configured to store computer-executable instructions and data
that are necessary for the communication apparatus. When the communication apparatus runs, the
transceiver and the processor execute the computer-executable instructions stored in the memory,
so that the communication apparatus performs the communication method in any one of the fourth
aspect or the possible designs of the fourth aspect.

[0099] For a specific implementation of the communication apparatus in the sixth aspect, refer
to a behavior function of the second device in the communication method provided in any one of
the fourth aspect or the possible designs of the fourth aspect.

[00100] According to a seventh aspect, an embodiment of this application provides a
communication method. The method may include: A first device receives a first frame for channel
measurement from a second device; the first device determines channel state information based on
the first frame, where a dimension of the channel state information is NyxNxK, Ny is a quantity of
antennas of the first device, N is a quantity of antennas of the second device, K is a quantity of
subcarriers that carry the first frame, and Ny, Nt, and K are all positive integers; the first device
performs conjugate transpose and QR decomposition on the channel state information to obtain an
upper right triangular matrix R and a matrix Q; and the first device sends the matrix Q and first
information to the second device, where the first information includes one or more of the following:
a plus or minus sign of a first reference element or a plus or minus sign of a second reference
element, the first reference element is any one of the first L elements on a diagonal of the matrix
R, the second reference element is any one of the first L elements on the diagonal of the matrix R,
the plus or minus sign of the first reference element indicates to rotate the matrix Q in a subcarrier
dimension, the plus or minus sign of the second reference element indicates to rotate the matrix Q
in a sample dimension, L is a quantity of target paths between the first device and the second
device, a sample is a plurality of pieces of channel state information obtained by performing a
plurality of times of channel measurement in a time dimension, and the sample dimension is a
sample dimension corresponding to the plurality of pieces of channel state information.

[00101] Based on the seventh aspect, the first device may perform conjugate transpose and QR
decomposition on the channel state information to obtain the matrix Q and the upper right
triangular matrix R, and send the matrix Q and the first information to the second device, so that
the second device rotates the matrix Q based on the first information. A rotated matrix Q may
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reserve relative phase information between subcarriers and between pulses. In other words,
attribute information such as a delay, an AOD, or a Doppler shift of the target path may be reserved
in the matrix Q. Therefore, the second device may perform target path sensing based on the rotated
matrix Q.

[00102] In a possible design, the matrix Q is a unitary matrix; or a matrix obtained by
normalizing at least one column of the matrix Q is a unitary matrix.

[00103] Ina possible design, the first device determines a third location and a fourth location,
where the third location is a location of the first reference element in the matrix R, and the fourth
location is a location of the second reference element in the matrix R.

[00104] In a possible design, the first device receives information about the third location and
information about the fourth location from the second device; or the third location and the fourth
location are predefined; or the third location and the fourth location are defined by the first device.
[00105] In a possible design, the first device sends information about the third location and
information about the fourth location to the second device.

[00106] Based on the foregoing three possible designs, the third location and the fourth location
may be specified by the second device, or may be specified in a protocol, or may be defined by
the first device. When the third location and the fourth location are defined by the first device, the
first device may further indicate the third location and the fourth location to the second device. A
plurality of feasible solutions are provided for determining the third location and the fourth
location.

[00107] In a possible design, before the first device receives the first frame from the second
device, the first device sends fourth indication information to the second device, where the fourth
indication information indicates whether the first device supports feedback of a compressed
beamforming matrix based on QR decomposition and the first information.

[00108] Based on this possible design, the first device may indicate, to the second device by
using the fourth indication information, whether the first device supports feedback of the
compressed beamforming matrix based on QR decomposition and the first information. When the
first device supports feedback, the first device may feed back the compressed beamforming matrix
and the first information to the second device by using the method provided in this embodiment
of this application.

[00109] Ina possible design, the fourth indication information is located in one or more of the
following fields: a sensing capability field of an association request frame, a core capabilities field
of an EDMG sensing capability field, or an optional subelements field of an EDMG sensing
capability field.

[00110] Based onthe possible design, a plurality of feasible solutions are provided for designing
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the fourth indication information.

[00111] In a possible design, before the first device receives the first frame from the second
device, the first device receives fifth indication information from the second device, where the
fifth indication information indicates whether the second device supports feedback of the
compressed beamforming matrix based on QR decomposition and the first information.

[00112] Based on this possible design, the second device may indicate, to the first device by
using the fifth indication information, whether the second device supports feedback of the
compressed beamforming matrix based on QR decomposition and the first information. When the
second device supports feedback, the second device may feed back the compressed beamforming
matrix and the first information to the first device based on the function performed by the first
device in the method provided in this embodiment of this application, so that the first device
performs target path sensing.

[00113] In a possible design, the fifth indication information is located in one or more of the
following fields: a sensing capability field of an association response frame, a sensing capability
field of a beacon frame, a core capabilities field of an EDMG sensing capability field, or an
optional subelements field of an EDMG sensing capability field.

[00114] Based on the possible design, a plurality of feasible solutions are provided for designing
the fifth indication information.

[00115] In a possible design, before the first device receives the first frame from the second
device, the first device receives a sensing request frame from the second device, where the sensing
request frame includes a feedback type indication, and the feedback type indication indicates to
feed back channel state information for implementing sensing.

[00116] In a possible design, before the first device receives the first frame from the second
device, the first device sends a sensing response frame to the second device, where the sensing
response frame includes a feedback type indication, and the feedback type indication indicates to
feed back channel state information for implementing sensing.

[00117] Based on the foregoing two possible designs, the first device and the second device
may indicate, by using the sensing request frame or the sensing response frame, to feed back the
channel state information for implementing sensing when the channel state information is fed back,
to perform target path sensing based on the fed-back channel state information.

[00118] In a possible design, before the first device sends the matrix Q to the second device,
the first device receives sixth indication information from the second device, where the sixth
indication information indicates to use feedback of the compressed beamforming matrix based on
QR decomposition and the first information.

[00119] Based on this possible design, the first device may further use, based on the sixth
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indication information sent by the second device, feedback of the compressed beamforming matrix
based on QR decomposition and the first information, so that the second device performs target
path sensing based on the compressed beamforming matrix and the first information that are fed
back by the first device.

[00120] In a possible design, the sixth indication information is located in one or more of the
following frames: a sensing NDPA, a sensing trigger frame, or a beam refinement protocol BRP.
[00121] In a possible design, the sixth indication information is located in one or more of the
following fields: a user information field of a sensing NDPA, a common information field of a
sensing NDPA, a common information field of a sensing trigger frame, a user information field of
a sensing trigger frame, or a reserved field of a BRP.

[00122] Based on the foregoing two possible designs, a plurality of feasible solutions are
provided for designing the sixth indication information.

[00123] According to an eighth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus may implement a function performed by
the first device in the seventh aspect or the possible designs of the seventh aspect, and the function
may be implemented by hardware executing corresponding software. The hardware or the software
includes one or more modules corresponding to the foregoing function, for example, a transceiver
module and a processing module. The transceiver module is configured to receive a first frame for
channel measurement from a second device. The processing module is configured to determine
channel state information based on the first frame, where a dimension of the channel state
information is NyxNixK, N is a quantity of antennas of the first device, Nt is a quantity of antennas
of the second device, K is a quantity of subcarriers that carry the first frame, and Ny, N, and K are
all positive integers. The processing module is further configured to perform conjugate transpose
and QR decomposition on the channel state information to obtain an upper right triangular matrix
R and a matrix Q. The transceiver module is further configured to send the matrix Q and first
information to the second device, where the first information includes one or more of the following:
a plus or minus sign of a first reference element or a plus or minus sign of a second reference
element, the first reference element is any one of the first L elements on a diagonal of the matrix
R, the second reference element is any one of the first L elements on the diagonal of the matrix R,
the plus or minus sign of the first reference element indicates to rotate the matrix Q in a subcarrier
dimension, the plus or minus sign of the second reference element indicates to rotate the matrix Q
in a sample dimension, L is a quantity of target paths between the first device and the second
device, a sample is a plurality of pieces of channel state information obtained by performing a
plurality of times of channel measurement in a time dimension, and the sample dimension is a

sample dimension corresponding to the plurality of pieces of channel state information.
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[00124] In a possible design, the matrix Q is a unitary matrix; or a matrix obtained by
normalizing at least one column of the matrix Q is a unitary matrix.

[00125] In a possible design, the processing module is further configured to determine a third
location and a fourth location, where the third location is a location of the first reference element
in the matrix R, and the fourth location is a location of the second reference element in the matrix
R.

[00126] Inapossible design, the transceiver module is further configured to receive information
about the third location and information about the fourth location from the second device; or the
third location and the fourth location are predefined; or the third location and the fourth location
are defined by the first device.

[00127] In a possible design, the transceiver module is further configured to send information
about the third location and information about the fourth location to the second device.

[00128] In a possible design, before receiving the first frame from the second device, the
transceiver module is further configured to send fourth indication information to the second device,
where the fourth indication information indicates whether the first device supports feedback of a
compressed beamforming matrix based on QR decomposition and the first information.

[00129] In a possible design, the fourth indication information is located in one or more of the
following fields: a sensing capability field of an association request frame, a core capabilities field
of an EDMG sensing capability field, or an optional subelements field of an EDMG sensing
capability field.

[00130] In a possible design, before receiving the first frame from the second device, the
transceiver module is further configured to receive fifth indication information from the second
device, where the fifth indication information indicates whether the second device supports
feedback of the compressed beamforming matrix based on QR decomposition and the first
information.

[00131] In a possible design, the fifth indication information is located in one or more of the
following fields: a sensing capability field of an association response frame, a sensing capability
field of a beacon frame, a core capabilities field of an EDMG sensing capability field, or an
optional subelements field of an EDMG sensing capability field.

[00132] In a possible design, before receiving the first frame from the second device, the
transceiver module is further configured to receive a sensing request frame from the second device,
where the sensing request frame includes a feedback type indication, and the feedback type
indication indicates to feed back channel state information for implementing sensing.

[00133] In a possible design, before receiving the first frame from the second device, the

transceiver module is further configured to send a sensing response frame to the second device,
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where the sensing response frame includes a feedback type indication, and the feedback type
indication indicates to feed back channel state information for implementing sensing.

[00134] In a possible design, before sending the matrix Q to the second device, the transceiver
module is further configured to receive sixth indication information from the second device, where
the sixth indication information indicates to use feedback of the compressed beamforming matrix
based on QR decomposition and the first information.

[00135] In a possible design, the sixth indication information is located in one or more of the
following frames: a sensing NDPA, a sensing trigger frame, or a beam refinement protocol BRP.
[00136] In a possible design, the sixth indication information is located in one or more of the
following fields: a user information field of a sensing NDPA, a common information field of a
sensing NDPA, a common information field of a sensing trigger frame, a user information field of
a sensing trigger frame, or a reserved field of a BRP.

[00137] It should be noted that for a specific implementation of the communication apparatus
in the eighth aspect, refer to a behavior function of the first device in the communication method
provided in any one of the seventh aspect or the possible designs of the seventh aspect.

[00138] According to a ninth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus may be a first device or a chip or a
system on chip in a first device. The communication apparatus may implement a function
performed by the first device in the foregoing aspects or the possible designs, and the function
may be implemented by hardware. In a possible design, the communication apparatus may include
a transceiver and a processor. The transceiver and the processor may be configured to support the
communication apparatus in implementing the function in any one of the seventh aspect or the
possible designs of the seventh aspect. For example, the transceiver may be configured to receive
a first frame for channel measurement from a second device. The processor may be configured to
determine channel state information based on the first frame, where a dimension of the channel
state information is NixNexK, Ny is a quantity of antennas of the first device, N is a quantity of
antennas of the second device, K is a quantity of subcarriers that carry the first frame, and Ny, N,
and K are all positive integers. The processing module is further configured to perform conjugate
transpose and QR decomposition on the channel state information to obtain an upper right
triangular matrix R and a matrix Q. The transceiver may be further configured to send the matrix
Q and first information to the second device, where the first information includes one or more of
the following: a plus or minus sign of a first reference element or a plus or minus sign of a second
reference element, the first reference element is any one of the first L elements on a diagonal of
the matrix R, the second reference element is any one of the first L elements on the diagonal of the
matrix R, the plus or minus sign of the first reference element indicates to rotate the matrix Q in a
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subcarrier dimension, the plus or minus sign of the second reference element indicates to rotate
the matrix Q in a sample dimension, L is a quantity of target paths between the first device and the
second device, a sample is a plurality of pieces of channel state information obtained by
performing a plurality of times of channel measurement in a time dimension, and the sample
dimension is a sample dimension corresponding to the plurality of pieces of channel state
information. In another possible design, the communication apparatus may further include a
memory. The memory is configured to store computer-executable instructions and data that are
necessary for the communication apparatus. When the communication apparatus runs, the
transceiver and the processor execute the computer-executable instructions stored in the memory,
so that the communication apparatus performs the communication method in any one of the
seventh aspect or the possible designs of the seventh aspect.

[00139] For aspecific implementation of the communication apparatus in the ninth aspect, refer
to a behavior function of the first device in the communication method provided in any one of the
seventh aspect or the possible designs of the seventh aspect.

[00140] According to a tenth aspect, an embodiment of this application provides a
communication method. The method may include: A second device sends a first frame for channel
measurement to a first device; the second device receives a matrix Q and first information from
the first device, where the matrix Q is determined based on channel state information, the first
information includes one or more of the following: a plus or minus sign of a first reference element
or a plus or minus sign of a second reference element, the plus or minus sign of the first reference
element indicates to rotate the matrix Q in a subcarrier dimension, the plus or minus sign of the
second reference element indicates to rotate the matrix Q in a sample dimension, a sample is a
plurality of pieces of channel state information obtained by performing a plurality of times of
channel measurement in a time dimension, and the sample dimension is a sample dimension
corresponding to the plurality of pieces of channel state information; the second device rotates the
matrix Q based on the first information to obtain a rotated matrix Q, where in the first L columns
of the rotated matrix Q, plus or minus signs of column vectors corresponding to the first reference
element are consistent in a subcarrier dimension, or plus or minus signs of column vectors
corresponding to the second reference element are consistent in a sample dimension, L is a quantity
of target paths between the first device and the second device, and the rotated matrix Q indicates
attribute information of the target path; and the second device performs target path sensing based
on the rotated matrix Q.

[00141] Based on the tenth aspect, the second device may rotate the matrix Q based on the first
information. Because the rotated matrix Q may reserve relative phase information between

subcarriers and between pulses, that is, the attribute information such as a delay, an AOD, or a
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Doppler shift of the target path may be reserved in the matrix Q, the second device may perform
target path sensing based on the rotated matrix Q.

[00142] In a possible design, the matrix Q is a unitary matrix; or a matrix obtained by
normalizing at least one column of the matrix Q is a unitary matrix.

[00143] In a possible design, a dimension of the channel state information is NexNixK, Ny is a
quantity of antennas of the first device, Nt is a quantity of antennas of the second device, K is a
quantity of subcarriers that carry the first frame, and N, Nt, and K are all positive integers.
[00144] In a possible design, when the first information includes the plus or minus sign of the
first reference element, the second device rotates the matrix Q based on the plus or minus sign of
the first reference element in a subcarrier dimension to obtain the rotated matrix Q, where in the
first L columns of the rotated matrix Q, the plus or minus signs of the column vectors
corresponding to the first reference element are consistent in a subcarrier dimension. When the
first information includes the plus or minus sign of the second reference element, the second device
rotates the matrix Q based on the plus or minus sign of the second reference element in a sample
dimension to obtain the rotated matrix Q, where in the first L columns of the rotated matrix Q, the
plus or minus signs of the column vectors corresponding to the second reference element are
consistent in a sample dimension.

[00145] Based on this possible design, a plurality of feasible solutions are provided for the
second device to rotate the matrix Q based on the first information.

[00146] In a possible design, the attribute information of the target path includes one or more
of the following: a delay of the target path, an angle of departure AOD of the target path, or a
Doppler shift of the target path.

[00147] Based on this possible design, the attribute information such as the delay, the AOD, and
the Doppler shift of the target path may be reserved in the matrix Q, so that the second device can
perform target path sensing based on the attribute information.

[00148] Inapossible design, the second device determines a third location and a fourth location,
where the third location is a location of the first reference element in the matrix R, and the fourth
location is a location of the second reference element in the matrix R.

[00149] In a possible design, that the second device performs target path sensing based on the
rotated matrix Q includes one or more of the following: The second device selects, based on the
third location, a column in which an element at the third location in the matrix Q that is rotated
based on the plus or minus sign of the first reference element in a subcarrier dimension is located,
to perform angle sensing; the second device selects, based on the fourth location, a column in
which an element at the fourth location in the matrix Q that is rotated based on the plus or minus

sign of the second reference element in a sample dimension is located, to perform angle sensing;
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the second device selects, based on the third location, a column in which an element at the third
location in the matrix Q that is rotated based on the plus or minus sign of the first reference element
in a subcarrier dimension is located, to perform Doppler shift sensing in a sample dimension; and
the second device selects, based on the fourth location, a column in which an element at the fourth
location in the matrix Q that is rotated based on the plus or minus sign of the second reference
element in a sample dimension is located, to perform delay sensing in a subcarrier dimension.
[00150] Based on the foregoing two possible designs, the second device may implement angle
sensing, Doppler shift sensing, and delay sensing based on the matrix Q and the third location and
the fourth location. A plurality of feasible solutions are provided for the second device to perform
target path sensing based on the matrix Q.

[00151] In a possible design, the second device receives information about the third location
and information about the fourth location from the first device; or the third location and the fourth
location are predefined; or the third location and the fourth location are defined by the second
device.

[00152] In a possible design, the second device sends information about the third location and
information about the fourth location to the first device.

[00153] Based on the foregoing two possible designs, the third location and the fourth location
may be specified by the first device, or may be specified in a protocol, or may be defined by the
second device. When the third location and the fourth location are defined by the second device,
the second device may further indicate the third location and the fourth location to the first device.
A plurality of feasible solutions are provided for determining the third location and the fourth
location.

[00154] Ina possible design, before the second device sends the first frame to the first device,
the second device receives fourth indication information from the first device, where the fourth
indication information indicates whether the first device supports feedback of a compressed
beamforming matrix based on QR decomposition and the first information.

[00155] Based on this possible design, the first device may indicate, to the second device by
using the fourth indication information, whether the first device supports feedback of the
compressed beamforming matrix based on QR decomposition and the first information. When the
first device supports feedback, the first device may feed back the compressed beamforming matrix
and the first information to the second device by using the method provided in this embodiment
of this application.

[00156] In a possible design, the fourth indication information is located in one or more of the
following fields: a sensing capability field of an association request frame, a core capabilities field
of an EDMG sensing capability field, or an optional subelements field of an EDMG sensing
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capability field.

[00157] Based onthe possible design, a plurality of feasible solutions are provided for designing
the fourth indication information.

[00158] In a possible design, before the second device sends the first frame to the first device,
the second device sends fifth indication information to the first device, where the fifth indication
information indicates whether the second device supports feedback of the compressed
beamforming matrix based on QR decomposition and the first information.

[00159] Based on this possible design, the second device may indicate, to the first device by
using the fifth indication information, whether the second device supports feedback of the
compressed beamforming matrix based on QR decomposition and the first information. When the
second device supports feedback, the second device may feed back the compressed beamforming
matrix and the first information to the first device based on the function performed by the first
device in the method provided in this embodiment of this application, so that the first device
performs target path sensing.

[00160] In a possible design, the fifth indication information is located in one or more of the
following fields: a sensing capability field of an association response frame, a sensing capability
field of a beacon frame, a core capabilities field of an EDMG sensing capability field, or an
optional subelements field of an EDMG sensing capability field.

[00161] Based onthe possible design, a plurality of feasible solutions are provided for designing
the fifth indication information.

[00162] In a possible design, before the second device sends the first frame to the first device,
the second device sends a sensing request frame to the first device, where the sensing request frame
includes a feedback type indication, and the feedback type indication indicates to feed back
channel state information for implementing sensing.

[00163] In a possible design, before the second device sends the first frame to the first device,
the second device receives a sensing response frame from the first device, where the sensing
response frame includes a feedback type indication, and the feedback type indication indicates to
feed back channel state information for implementing sensing.

[00164] Based on the foregoing two possible designs, the first device and the second device
may indicate, by using the sensing request frame or the sensing response frame, to feed back the
channel state information for implementing sensing when the channel state information is fed back,
to perform target path sensing based on the fed-back channel state information.

[00165] In a possible design, before the second device receives the matrix Q and the first
information from the first device, the second device receives sixth indication information from the

first device, where the sixth indication information indicates to use feedback of the compressed
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beamforming matrix based on QR decomposition and the first information.

[00166] Based on this possible design, the first device may further use, based on the sixth
indication information sent by the second device, feedback of the compressed beamforming matrix
based on QR decomposition and the first information, so that the second device performs target
path sensing based on the compressed beamforming matrix and the first information that are fed
back by the first device.

[00167] In a possible design, the sixth indication information is located in one or more of the
following frames: a sensing NDPA, a sensing trigger frame, or a beam refinement protocol BRP.
[00168] In a possible design, the sixth indication information is located in one or more of the
following fields: a user information field of a sensing NDPA, a common information field of a
sensing NDPA, a common information field of a sensing trigger frame, a user information field of
a sensing trigger frame, or a reserved field of a BRP.

[00169] Based on the foregoing two possible designs, a plurality of feasible solutions are
provided for designing the sixth indication information.

[00170] According to an eleventh aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus may implement a function performed by
the second device in the tenth aspect or the possible designs of the tenth aspect, and the function
may be implemented by hardware executing corresponding software. The hardware or the software
includes one or more modules corresponding to the foregoing function, for example, a transceiver
module and a processing module. The transceiver module is configured to send a first frame for
channel measurement to a first device. The transceiver module is further configured to receive a
matrix Q and first information from the first device, where the matrix Q is determined based on
channel state information, the first information includes one or more of the following: a plus or
minus sign of a first reference element or a plus or minus sign of a second reference element, the
plus or minus sign of the first reference element indicates to rotate the matrix Q in a subcarrier
dimension, the plus or minus sign of the second reference element indicates to rotate the matrix Q
in a sample dimension, a sample is a plurality of pieces of channel state information obtained by
performing a plurality of times of channel measurement in a time dimension, and the sample
dimension is a sample dimension corresponding to the plurality of pieces of channel state
information. The processing module is configured to rotate the matrix Q based on the first
information to obtain a rotated matrix Q, where in the first L columns of the rotated matrix Q, plus
or minus signs of column vectors corresponding to the first reference element are consistent in a
subcarrier dimension, or plus or minus signs of column vectors corresponding to the second
reference element are consistent in a sample dimension, L is a quantity of target paths between the
first device and the second device, and the rotated matrix Q indicates attribute information of the
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target path. The processing module is further configured to perform target path sensing based on
the rotated matrix Q.

[00171] In a possible design, the matrix Q is a unitary matrix; or a matrix obtained by
normalizing at least one column of the matrix Q is a unitary matrix.

[00172] In a possible design, a dimension of the channel state information is NexNixK, Ny is a
quantity of antennas of the first device, Nt is a quantity of antennas of the second device, K is a
quantity of subcarriers that carry the first frame, and N, Nt, and K are all positive integers.
[00173] In a possible design, when the first information includes the plus or minus sign of the
first reference element, the processing module rotates the matrix Q based on the plus or minus sign
of the first reference element in a subcarrier dimension to obtain the rotated matrix Q, where in the
first L columns of the rotated matrix Q, the plus or minus signs of the column vectors
corresponding to the first reference element are consistent in a subcarrier dimension. When the
first information includes the plus or minus sign of the second reference element, the processing
module rotates the matrix Q based on the plus or minus sign of the second reference element in a
sample dimension to obtain the rotated matrix Q, where in the first L columns of the rotated matrix
Q, the plus or minus signs of the column vectors corresponding to the second reference element
are consistent in a sample dimension.

[00174] Ina possible design, the attribute information of the target path includes one or more
of the following: a delay of the target path, an angle of departure AOD of the target path, or a
Doppler shift of the target path.

[00175] In a possible design, the processing module is further configured to determine a third
location and a fourth location, where the third location is a location of the first reference element
in the matrix R, and the fourth location is a location of the second reference element in the matrix
R.

[00176] Ina possible design, that the processing module performs target path sensing based on
the rotated matrix Q includes one or more of the following: selecting, based on the third location,
a column in which an element at the third location in the matrix Q that is rotated based on the plus
or minus sign of the first reference element in a subcarrier dimension is located, to perform angle
sensing; selecting, based on the fourth location, a column in which an element at the fourth location
in the matrix Q that is rotated based on the plus or minus sign of the second reference element in
a sample dimension is located, to perform angle sensing; selecting, based on the third location, a
column in which an element at the third location in the matrix Q that is rotated based on the plus
or minus sign of the first reference element in a subcarrier dimension is located, to perform Doppler
shift sensing in a sample dimension; and selecting, based on the fourth location, a column in which
an element at the fourth location in the matrix Q that is rotated based on the plus or minus sign of
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the second reference element in a sample dimension is located, to perform delay sensing in a
subcarrier dimension.

[00177] Inapossible design, the transceiver module is further configured to receive information
about the third location and information about the fourth location from the first device; or the third
location and the fourth location are predefined; or the third location and the fourth location are
defined by the second device.

[00178] In a possible design, the second device sends information about the third location and
information about the fourth location to the first device.

[00179] In a possible design, before sending the first frame to the first device, the transceiver
module further receives fourth indication information from the first device, where the fourth
indication information indicates whether the first device supports feedback of a compressed
beamforming matrix based on QR decomposition and the first information.

[00180] In a possible design, the fourth indication information is located in one or more of the
following fields: a sensing capability field of an association request frame, a core capabilities field
of an EDMG sensing capability field, or an optional subelements field of an EDMG sensing
capability field.

[00181] In a possible design, before sending the first frame to the first device, the transceiver
module further sends fifth indication information to the first device, where the fifth indication
information indicates whether the second device supports feedback of the compressed
beamforming matrix based on QR decomposition and the first information.

[00182] In a possible design, the fifth indication information is located in one or more of the
following fields: a sensing capability field of an association response frame, a sensing capability
field of a beacon frame, a core capabilities field of an EDMG sensing capability field, or an
optional subelements field of an EDMG sensing capability field.

[00183] In a possible design, before sending the first frame to the first device, the transceiver
module further sends a sensing request frame to the first device, where the sensing request frame
includes a feedback type indication, and the feedback type indication indicates to feed back
channel state information for implementing sensing.

[00184] In a possible design, before sending the first frame to the first device, the transceiver
module further receives a sensing response frame from the first device, where the sensing response
frame includes a feedback type indication, and the feedback type indication indicates to feed back
channel state information for implementing sensing.

[00185] In a possible design, before receiving the matrix Q and the first information from the
first device, the transceiver module further receives sixth indication information from the first

device, where the sixth indication information indicates to use feedback of the compressed
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beamforming matrix based on QR decomposition and the first information.

[00186] In a possible design, the sixth indication information is located in one or more of the
following frames: a sensing NDPA, a sensing trigger frame, or a beam refinement protocol BRP.
[00187] In a possible design, the sixth indication information is located in one or more of the
following fields: a user information field of a sensing NDPA, a common information field of a
sensing NDPA, a common information field of a sensing trigger frame, a user information field of
a sensing trigger frame, or a reserved field of a BRP.

[00188] It should be noted that for a specific implementation of the communication apparatus
in the eleventh aspect, refer to a behavior function of the second device in the communication
method provided in any one of the tenth aspect or the possible designs of the tenth aspect.
[00189] According to a twelfth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus may be a chip or a system on chip in a
second device. The communication apparatus may implement a function performed by the second
device in the foregoing aspects or the possible designs, and the function may be implemented by
hardware. In a possible design, the communication apparatus may include a transceiver and a
processor. The transceiver and the processor may be configured to support the communication
apparatus in implementing the function in any one of the tenth aspect or the possible designs of
the tenth aspect. For example, the transceiver may be configured to send a first frame for channel
measurement to a first device. The transceiver may be further configured to receive a matrix Q and
first information from the first device, where the matrix Q is determined based on channel state
information, the first information includes one or more of the following: a plus or minus sign of a
first reference element or a plus or minus sign of a second reference element, the plus or minus
sign of the first reference element indicates to rotate the matrix Q in a subcarrier dimension, the
plus or minus sign of the second reference element indicates to rotate the matrix Q in a sample
dimension, a sample is a plurality of pieces of channel state information obtained by performing a
plurality of times of channel measurement in a time dimension, and the sample dimension is a
sample dimension corresponding to the plurality of pieces of channel state information. The
processor may be configured to rotate the matrix Q based on the first information to obtain a rotated
matrix Q, where in the first L columns of the rotated matrix Q, plus or minus signs of column
vectors corresponding to the first reference element are consistent in a subcarrier dimension, or
plus or minus signs of column vectors corresponding to the second reference element are consistent
in a sample dimension, L is a quantity of target paths between the first device and the second
device, and the rotated matrix Q indicates attribute information of the target path. The processor
may be further configured to perform target path sensing based on the rotated matrix Q. In another
possible design, the communication apparatus may further include a memory. The memory is
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configured to store computer-executable instructions and data that are necessary for the
communication apparatus. When the communication apparatus runs, the transceiver and the
processor execute the computer-executable instructions stored in the memory, so that the
communication apparatus performs the communication method in any one of the tenth aspect or
the possible designs of the tenth aspect.

[00190] For a specific implementation of the communication apparatus in the twelfth aspect,
refer to a behavior function of the second device in the communication method provided in any
one of the tenth aspect or the possible designs of the tenth aspect.

[00191] According to a thirteenth aspect, a communication apparatus is provided. The
communication apparatus includes one or more processors. The one or more processors are
configured to run a computer program or instructions. When the one or more processors execute
the computer instructions or the instructions, the communication apparatus is enabled to perform
the communication method according to any one of the first aspect or the possible designs of the
first aspect, the communication method according to any one of the fourth aspect or the possible
designs of the fourth aspect, the communication method according to any one of the seventh aspect
or the possible designs of the seventh aspect, or the communication method according to any one
of the tenth aspect or the possible designs of the tenth aspect.

[00192] In a possible design, the communication apparatus further includes one or more
memories, the one or more memories are coupled to the one or more processors, and the one or
more memories are configured to store the foregoing computer program or instructions. In a
possible implementation, the memory is located outside the communication apparatus. In another
possible implementation, the memory is located inside the communication apparatus. In this
embodiment of this application, the processor and the memory may alternatively be integrated into
one component. In other words, the processor and the memory may alternatively be integrated
together. In a possible implementation, the communication apparatus further includes a transceiver.
The transceiver is configured to receive information and/or send information.

[00193] In a possible design, the communication apparatus further includes one or more
communication interfaces, the one or more communication interfaces are coupled to the one or
more processors, and the one or more communication interfaces are configured to communicate
with a module other than the communication apparatus.

[00194] According to a fourteenth aspect, a communication apparatus is provided. The
communication apparatus includes an input/output interface and a logic circuit. The input/output
interface is configured to input and/or output information. The logic circuit is configured to
perform the communication method according to any one of the first aspect or the possible designs
of the first aspect, the communication method according to any one of the fourth aspect or the
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possible designs of the fourth aspect, the communication method according to any one of the
seventh aspect or the possible designs of the seventh aspect, or the communication method
according to any one of the tenth aspect or the possible designs of the tenth aspect, and process
and/or generate information based on the information.

[00195] According to a fifteenth aspect, a computer-readable storage medium is provided. The
computer-readable storage medium stores computer instructions or a program. When the computer
instructions or the program is run on a computer, the computer is enabled to perform the
communication method according to any one of the first aspect or the possible designs of the first
aspect, the communication method according to any one of the fourth aspect or the possible designs
of the fourth aspect, the communication method according to any one of the seventh aspect or the
possible designs of the seventh aspect, or the communication method according to any one of the
tenth aspect or the possible designs of the tenth aspect.

[00196] According to a sixteenth aspect, a computer program product including computer
instructions is provided. When the computer program product runs on a computer, the computer is
enabled to perform the communication method according to any one of the first aspect or the
possible designs of the first aspect, the communication method according to any one of the fourth
aspect or the possible designs of the fourth aspect, the communication method according to any
one of the seventh aspect or the possible designs of the seventh aspect, or the communication
method according to any one of the tenth aspect or the possible designs of the tenth aspect.
[00197] According to a seventeenth aspect, an embodiment of this application provides a
computer program. When the computer program is run on a computer, the computer is enabled to
perform the communication method according to any one of the first aspect or the possible designs
of the first aspect, the communication method according to any one of the fourth aspect or the
possible designs of the fourth aspect, the communication method according to any one of the
seventh aspect or the possible designs of the seventh aspect, or the communication method
according to any one of the tenth aspect or the possible designs of the tenth aspect.

[00198] For technical effects brought by any design in the thirteenth aspect to the seventeenth
aspect, refer to technical effects brought by any possible design of the first aspect, technical effects
brought by any possible design of the fourth aspect, technical effects brought by any possible
design of the seventh aspect, or technical effects brought by any possible design of the tenth aspect.
[00199] According to an eighteenth aspect, a communication system is provided. The
communication system includes the communication apparatus according to any one of the second
aspect to the third aspect and the communication apparatus according to any one of the fifth aspect
to the sixth aspect, or includes the communication apparatus according to any one of the eighth
aspect to the ninth aspect and the communication apparatus according to any one of the eleventh
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BRIEF DESCRIPTION OF DRAWINGS

[00200] FIG. 1 is a diagram of a channel measurement and feedback process according to an
embodiment of this application;

[00201] FIG. 2 is a diagram of a communication system according to an embodiment of this
application;

[00202] FIG. 3 is a diagram of a transmit angle and a receive angle corresponding to a target
according to an embodiment of this application;

[00203] FIG. 4a shows a distance spectrum of a vector r according to an embodiment of this
application;

[00204] FIG. 4b shows an angle spectrum of a vector r according to an embodiment of this
application;

[00205] FIG. 4c shows a Doppler shift spectrum of a vector r according to an embodiment of
this application;

[00206] FIG. 5a shows a distance spectrum of a vector d according to an embodiment of this
application;

[00207] FIG. 5b shows an angle spectrum of a vector d according to an embodiment of this
application;

[00208] FIG. 5¢ shows a Doppler shift spectrum of a vector 9 according to an embodiment of
this application;

[00209] FIG. 5d shows a distance spectrum of a vector d, according to an embodiment of this
application;

[00210] FIG. 5e shows a Doppler shift spectrum of a vector a, according to an embodiment
of this application;

[00211] FIG. 5f shows a distance spectrum of a vector d, according to an embodiment of this
application;

[00212] FIG. 5g shows a Doppler shift spectrum of a vector g, according to an embodiment
of this application;

[00213] FIG. 6a shows a distance spectrum of a vector g, according to an embodiment of this
application;

[00214] FIG. 6b shows a Doppler shift spectrum of a vector g, according to an embodiment
of this application;

[00215] FIG. 6¢ shows a distance spectrum of a vector g, according to an embodiment of this
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application;

[00216] FIG. 6d shows a Doppler shift spectrum of a vector g, according to an embodiment
of this application;

[00217] FIG. 6e shows a distance spectrum of a vector g, according to an embodiment of this
application;

[00218] FIG. 6f shows a Doppler shift spectrum of a vector a, according to an embodiment
of this application;

[00219] FIG. 7a shows an STFT spectrum of a channel matrix according to an embodiment of
this application;

[00220] FIG. 7b shows an STFT spectrum of a matrix Q according to an embodiment of this
application;

[00221] FIG. 8 is a flowchart of a communication method according to an embodiment of this
application;

[00222] FIG. 9 is a typical flowchart of low-frequency communication according to an
embodiment of this application;

[00223] FIG. 10 is a typical flowchart of high-frequency communication according to an
embodiment of this application;

[00224] FIG. 11 is a diagram of a frame structure of an EDMG sensing capability field
according to an embodiment of this application;

[00225] FIG. 12 is a diagram of a frame structure of an NDPA according to an embodiment of
this application;

[00226] FIG. 13 is a diagram of a frame structure of a frame control field according to an
embodiment of this application;

[00227] FIG. 14 is a diagram of a frame structure of station information according to an
embodiment of this application;

[00228] FIG. 15 isadiagram of a frame structure of a trigger frame according to an embodiment
of this application;

[00229] FIG. 16 isadiagram of a frame structure of an HE common information field according
to an embodiment of this application;

[00230] FIG. 17 is a diagram of a frame structure of an EHT common information field
according to an embodiment of this application;

[00231] FIG. 18 is a diagram of a frame structure of a BRP request element field according to
an embodiment of this application;

[00232] FIG. 19 is a flowchart of a communication method according to an embodiment of this
application;
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[00233] FIG. 20 is a diagram of a first device according to an embodiment of this application;
and
[00234] FIG. 21 isadiagram of a second device according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[00235] Before embodiments of this application are described, technical terms used in
embodiments of this application are described.

[00236] 1. Wireless local area network (wireless local area network, WLAN) sensing (sensing)
[00237] WLAN sensing is a technology in which wireless signals are used to sense a target. The
target may be an object in a surrounding environment, for example, a person or an object. Based
on a capability of radio measurement or environment sampling, WLAN sensing can provide an
opportunity for each communication path between two physical devices to extract information
about their surroundings.

[00238] 2. WLAN standards

[00239] The WLAN standards may include the Institute of Electrical and Electronics Engineers
(Institute of Electrical and Electronics Engineers, IEEE) 802.11 series standards. The IEEE 802.11
series standards may include mainstream standards related to low frequency bands (for example,
2.4 GHz, 5 GHz, and 6 GHz) (for example, 802.11n, 802.11ac, 802.11ax, 802.11be, and the like)
and standards related to high frequency bands (for example, 60 GHz) (for example,
802.11ad/directional multi-gigabit (directional multi-gigabit, DMG), 802.11ay/enhanced
directional multi-gigabit (enhanced directional multi-gigabit, EDMG)).

[00240] WLAN sensing may be performed based on the WLAN standards. A high-frequency
signal (60 GHz) has a short wavelength, is sensitive to a moving object, and has a large
transmission bandwidth, a high distance resolution, and a good sensing advantage.

[00241] 3. Beamforming

[00242] Beamforming is derived from a concept of an adaptive antenna. A receiving device may
weight and combine signals received by a multi-antenna array element to form a required ideal
signal. If a beamforming technology is used, a multi-antenna system needs to be used. For example,
a multiple-input multiple-output (multiple input multiple output, MIMO) system may use a
plurality of receive antennas, and may also use a plurality of transmit antennas. Because a plurality
of groups of antennas are used, a same spatial stream (spatial stream) corresponding to a radio
signal from a sending device to the receiving device may be transmitted by using a plurality of
paths. The receiving device may process, by using a specific algorithm, signals received by using

a plurality of receiving antennas, to increase a signal-to-noise ratio.
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[00243] Based on the foregoing description of beamforming, the sending device may send a
probe signal, for example, a null data packet (null data packet, NDP), to the receiving device. The
receiving device may perform channel measurement (which may alternatively be described as
channel estimation) based on the received probe signal, to obtain channel state information. The
receiving device may further feed back the channel state information to the sending device. The
sending device may generate a steering matrix based on the received channel state information, to
improve communication performance.

[00244] The probe signal may alternatively be a frame for indicating to perform channel
measurement.

[00245] For example, as shown in FIG. 1, the sending device (for example, an access point
(access point, AP)) may generate an NDP including a preamble, obtain a baseband digital signal
after inverse fast Fourier transform (inverse fast Fourier transform, IFFT) modulation of an
orthogonal frequency division multiplexing (orthogonal frequency division multiplexing, OFDM)
signal, perform digital-to-analog conversion and up-conversion modulation on the baseband
digital signal to obtain a radio frequency signal, and send the radio frequency signal to the
receiving device (for example, a station (station, STA)) through an air interface. The receiving
device (for example, the STA) may perform down-conversion, sampling, and OFDM
demodulation to obtain the NDP sent by the sending device, and perform channel measurement
based on the NDP to obtain the channel state information.

[00246] The NDP may include training sequences such as a short training field (short training
field, STF) and a long training field (long training field, LTF), and these training sequences may
be known fixed symbols.

[00247] A manner in which the receiving device feeds back the channel state information to the
sending device may include an implicit feedback and an explicit feedback. The implicit feedback
means that the receiving device does not feed back specific information of the channel state
information, but feeds back a response data packet to the sending device, and the sending device
estimates the specific information of the channel state information based on the received response
data packet. The explicit feedback means that the receiving device performs channel measurement,
generates specific information of the channel state information, and feeds back the specific
information to the sending device. The specific information of the channel state information may
include an effective channel matrix of each subcarrier that carries the probe signal.

[00248] The explicit feedback is used as a mainstream feedback manner, and the explicit
feedback may be classified into the following three feedback manners based on different feedback
content in the explicit feedback.

[00249] (1) Feedback of original channel state information.
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[00250] For example, the receiving device may feed back, to the sending device, the channel
state information obtained after the receiving device performs channel measurement. The channel
state information obtained after the receiving device performs channel measurement may also be
described as original channel state information.

[00251] For example, as shown in FIG. 1, the receiving device (for example, the STA) may
perform channel measurement based on the NDP sent by the sending device (for example, the AP),
to obtain the channel state information, that is, a matrix H shown in FIG. 1. The receiving device
may feed back the matrix H to the sending device.

[00252] A dimension of the matrix H may be a quantity of antennas of the receiving devicexa
guantity of antennas of the sending devicexa quantity of subcarriers that carry the NDP. The matrix
H may include effective channel matrices of the subcarriers that carry the NDP.

[00253] In another example, the receiving device may alternatively remove a cyclic shift delay
(cyclic shift delay, CSD) based on the channel state information obtained through channel
measurement, extract effective channel matrices of some subcarriers, and feed back the extracted
effective channel matrices of some subcarriers to the sending device, to reduce feedback overheads.
[00254] For example, as shown in FIG. 1, the receiving device may extract the effective channel
matrices of some subcarriers from the matrix H, for example, extract a matrix Heftx. The receiving
device may feed back the matrix Hesk to the sending device.

[00255] kindicates a k™ subcarrier, and the matrix Hesx indicates an effective channel matrix of
the k™ subcarrier.

[00256] (2) Feedback of an uncompressed beamforming matrix.

[00257] The receiving device may alternatively perform QR decomposition on an effective
channel matrix of a subcarrier to obtain a beamforming matrix of the subcarrier, and feed back the
beamforming matrix of the subcarrier to the sending device.

[00258] For example, as shown in FIG. 1, the effective channel matrix of the subcarrier is a
matrix Herx of a k™ subcarrier. The receiving device may perform QR decomposition on the matrix
Hefrx to obtain a beamforming matrix Vi of the k™ subcarrier. The receiving device may feed back
the beamforming matrix Vi of the k™ subcarrier to the sending device.

[00259] It should be noted that for specific descriptions of performing QR decomposition on
the matrix Hefrx to obtain V, refer to the following descriptions of 4. QR decomposition”. Details
are not described herein again.

[00260] Inaddition, when feeding back the beamforming matrix of the subcarrier to the sending
device, the receiving device may perform quantization encoding on the beamforming matrix of the
subcarrier in an order of an imaginary part and a real part, to form an explicit feedback data frame,
and feed back the data frame to the sending device.
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[00261] For example, the 802.11 standard is the 802.11n standard, the receiving device is the
STA, and a bandwidth is 20 MHz. Refer to the following Table 1. Quantization encoding is
performed on the beamforming matrix of the subcarrier in an order of an imaginary part and a real
part, to form the explicit feedback data frame, where Ny, indicates a quantity of quantization bits
of the real part and the imaginary part, N¢ indicates a quantity of columns of the beamforming

matrix, and N, indicates a quantity of rows of the beamforming matrix.

Table 1
Field Size (bits) Meaning
Signal-to-noise ratio (SNR) ofa | 8 Average signal-to-noise ratio
first space-time stream of a space-time stream 1
report sent by the STA
Signal-to-noise ratio (SNR) of 8 Average signal-to-noise ratio
an Nc'" space-time stream in a space-time stream Nc
report sent by the STA
Beamforming matrix of a 2XNpXNcXNr Beamforming matrix V
subcarrier —28
Beamforming matrix of a 2XNpXNcXNr Beamforming matrix V
subcarrier -1
Beamforming matrix of a 2XNpXNcXNr Beamforming matrix V
subcarrier 1
Beamforming matrix of a 2XNpXNcXNr Beamforming matrix V
subcarrier 28

[00262] (3) Feedback of an angle value obtained through after-compression Givens rotation
(Givens rotation)

[00263] The receiving device may alternatively perform Givens rotation on a beamforming
matrix of a subcarrier to obtain the angle value corresponding to the subcarrier, and compress the
beamforming matrix of the subcarrier, to reduce feedback overheads.

[00264] For example, as shown in FIG. 1, the beamforming matrix of the subcarrier is a matrix
Vi of a k" subcarrier. The receiving device may perform Givens rotation on V to obtain an angle
value ¢ andan angle value ¥ that correspond to the k™" subcarrier. The receiving device may
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feed back, to the sending device, the angle value ¢ and the angle value ¥ that correspond to
the k™ subcarrier.
[00265] The angle value ¢ maybe @11,...,0r @ncne. The angle value ¥V may be vii, ...,

or Y- Nrindicates a quantity of rows of the matrix Vi. Nc indicates a quantity of columns of

the matrix V.

[00266] It should be noted that for a specific process of performing Givens rotation on the
beamforming matrix of the subcarrier to obtain the angle value corresponding to the subcarrier,
refer to the following descriptions of "5. Givens rotation". Details are not described herein again.
[00267] In addition, when feeding back the compressed beamforming matrix of the subcarrier
to the sending device, the receiving device may quantize the angle value @ and the angle value
V' that are obtained through compression, to form an explicit feedback data frame, and feed back
the data frame to the sending device.

[00268] For example, the 802.11 standard is the 802.11n standard, the receiving device is the
STA, and the bandwidth is 20 MHz. Refer to the following Table 2. The angle value ¢ and the

angle value ¥ that are obtained through compression are quantized, to form the explicit
feedback data frame, where b¢ indicates a quantity of bits of quantized ¢, bw indicates a

quantity of bits of quantized ¥ , and N, is a quantity of total angle values in Givens rotation.

Table 2
Field Size (bits) Meaning
Signal-to-noise ratio (SNR) of a first 8 Average signal-to-noise
space-time stream ratio of a space-time stream
1 report sent by the STA
Signal-to-noise ratio (SNR) of an Nc™" 8 Average signal-to-noise
space-time stream ratio in a space-time stream
Nc report sent by the STA
Compressed beamforming matrix of a Nax(b +b )/2 Compressed beamforming
[ v
subcarrier —28 Na X (bg +by)/2 matrix
N 2 wll <
Compressed beamforming matrix of a Nax(b +b )/2 Compressed beamforming
¢ v
subcarrier -1 matrix
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Field Size (bits) Meaning

Compressed beamforming matrix of a Nax(b +b )/2 Compressed beamforming
[ v

subcarrier 1 matrix

Compressed beamforming matrix of a Nax(b +b )/2 Compressed beamforming
[ v

subcarrier 28 matrix

[00269] 4. QR decomposition
[00270] The receiving device may decompose an equivalent channel matrix of a subcarrier by
using the following Solution 1, to obtain a beamforming matrix of the subcarrier. Alternatively,
the receiving device may decompose a conjugate transpose matrix of an equivalent channel matrix
of a subcarrier by using the following Solution 2, to obtain a beamforming matrix of the subcarrier.
[00271] The following describes Solution 1 and Solution 2 by using an example in which QR
decomposition is performed on a matrix Hetrx of a k™ subcarrier to obtain a matrix Vx.
[00272] (1) Solution 1
[00273] After obtaining the channel state information through measurement, the receiving
device may perform QR decomposition on the matrix Herrx of the k™ subcarrier, to obtain the
following Formula (1.1):

Her « =HQ nappingx = QR (1.1)

[00274] In Formula (1.1), Qupigx is an orthogonal spatial stream mapping matrix, and is an
identity matrix by default during channel listening. Hgx =HQupigk =Hc. Q, is a unitary
matrix. R is an upper right triangular matrix. In the presence of an upper right triangular matrix
A, ., R isdiagonalized. Thatis, A isa matrix that diagonalizes R. RA =X is satisfied.
R, is a beamforming matrix \/ to be fed back to the sending device.

[00275]  For the k' subcarrier, the sending device may construct, based on \/ fed back by the

receiving device, a steering matrix shown in the following Formula (1.2):

Quteerk = Qumapping kA (1.2)
=A,

[00276] The sending device may modulate a to-be-sent signal based on the steering matrix
shown in Formula (1.2), to obtain a modulated to-be-sent signal shown in the following Formula
(1.3):

s=A,s (1.3)
[00277] In Formula (1.3), 3 indicates the to-be-sent signal. The to-be-sent signal may be any
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signal to be sent by the sending device to the receiving device.
[00278] The sending device may precode the to-be-sent signal, and send a precoded signal to
the receiving device through a channel. A signal received by the receiving device through the
channel may be shown in the following Formula (1.4):

r=QR,A s +n=Q,X,s +n (1.4)
[00279] In Formula (1.4), n indicates noise.

[00280] The receiving device may left-multiply the received signal by a matrix QE’ to obtain

a result shown in the following Formula (1.5):
Q/r=Q{Q,XZ,s+Qy/n (1.5)

[00281] It is assumed that
r=Q{r.n=Q/n (1.6)

[00282]  In this case,
r=Xs+n (1.7

[00283] (2) Solution 2

[00284] After obtaining the channel state information through measurement, the receiving

H

device may perform conjugate transpose on the Hesrx of the ki subcarrier to obtain Hi., and

H

perform QR decomposition on H: .« to obtain the following Formula (1.8):

Herf,k :(Hkaapping,k)H :QkRk (1.8)
[00285] In Formula (1.8), Qg iS an orthogonal spatial stream mapping matrix, and is an
identity matrix by default during channel listening. Hgx =HQupigk =Hc. Q, is a unitary
matrix, and is a beamforming matrix \, to be fed back to the sending device. R is an upper
right triangular matrix. In the presence of an upper right triangular matrix A, , R is
diagonalized. That is, A is a matrix that diagonalizes R. RA =X is satisfied.

[00286]  For the k™ subcarrier, the sending device may construct, based on 'V, fed back by the

receiving device, a steering matrix shown in the following Formula (1.9):

Quteerk = Qumapping k Qi (L.9)
=Q,
[00287] The sending device may modulate a to-be-sent signal based on the steering matrix
shown in Formula (1.9), to obtain a modulated to-be-sent signal shown in the following Formula
(1.10):
s=0Q,s (1.10)
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[00288] InFormula (1.10), 5 indicates the to-be-sent signal. The to-be-sent signal may be any

signal to be sent by the sending device to the receiving device.
[00289] The sending device may precode the to-be-sent signal, and send a precoded signal to
the receiving device through a channel. A signal received by the receiving device through the
channel may be shown in the following Formula (1.11):

r=RI'Q/Q,s +n=Rys+n (1.11)
[00290] In Formula (1.11), n" indicates noise.
[00291] Inthis case, a signal of an i data stream received by the receiving device may be shown

in the following Formula (1.12):

G=di's + D85S, +m (1.12)

j>i
[00292] The receiving device decodes the received signal from top to bottom according to the

following Formula (1.13) to complete continuous interference cancellation:

F=6- di's;=dis +n (1.13)

j>i
[00293] The process of obtaining the beamforming matrix through QR decomposition shown
in the foregoing Solution 1 and Solution 2 is essentially a process of implementing zero-forcing
reception. X in Formula (1.7) is a diagonal matrix. Continuous interference cancellation can also
be completed according to Formula (1.13). This means that a transformed MIMO system is
equivalent to multiple parallel channels that do not interfere with each other.

[00294] 5. Givens rotation

[00295] The receiving device may compress a beamforming matrix of a subcarrier through
Givens rotation to obtain a series of an angle value # and an angle value ¥ , and send, to the
sending device, the angle value ¢ and the angle value ¥ that are obtained through
compression, to implement compression feedback and reduce feedback overheads. The sending
device may reconstruct the beamforming matrix based on the received angle value, and complete

MIMO precoding by using the beamforming matrix.
[00296] For example, a dimension of the beamforming matrix is N. xN.. The beamforming
matrix based on Givens rotation may be shown in the following Formula (1.14):
min(N,,N, 1) ) ) N, ~
V= H l:Di (1i_1ej¢.,i ,..eJ¢Nr_1,i1) H Gy (Wn)} Inn, (1.14)
i=1 I=i+1
[00297] InFormula(1.14), V may be abeamforming matrix of any subcarrier. That is, Givens

rotation may be performed on a beamforming matrix of each subcarrier. Nr indicates a quantity of

rows of V. Nc indicates a quantity of columns of V. As shown in the following Formula (1.15),

40



10

15

20

D, (1,6 -e™ 1] isadiagonal matrixof N xN,and 1, indicates asequence 1 whose length

is i—1. As shown in the following Formula (1.16), G; (t//) indicates a Givens rotation matrix.

As shown in the following Formula (1.17), ierNc indicates a generalized identity matrix:

1, 0 0 .. 0]
0 e 0 0
D, (1.e™ . .e™¥ )= 0 0 . .. 0| (L5
e 0
0 0 0 0 1]
., 0 0 0 0 ]
0 cos(y) O sin(y) O
G|.(W): 0 0 i 0 0 (1.16)
0 -sin(yw) 0 cos(y) O
0 0 0 0 I,
" o
01 -0
I =1 1 7 0f 1)
00 -1
00 - 0

[00298] The receiving device may determine an angle value @ and an angle value V¥
according to the foregoing formulas, and send, to the sending device, the angle value ¢ and the
angle value V¥ that are obtained through compression, to implement compression feedback and
reduce feedback overheads.

[00299] Currently, when the receiving device performs QR decomposition on the channel state
information, relative phase information between subcarriers and between pulses cannot be
reserved in the decomposed channel state information by using an existing QR decomposition rule.
As a result, the sending device cannot extract attribute information of a target based on the
reconstructed channel state information, and cannot implement effective sensing on the target.
[00300] The pulse may also be described as a sample. The attribute information of the target
may include information such as a target delay, a target angle, and a target Doppler shift. The target
delay may be used to determine a distance of the target. The delay may also be described as a
propagation delay. This is not limited in this application. The target angle may be used to determine
a direction of the target. The target Doppler shift may be used to determine a speed of the target,
and the like.

[00301] In conclusion, when the receiving device feeds back the channel state information to

the sending device, how to reserve relative phase information between subcarriers and between
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pulses while reducing feedback overheads to implement effective sensing on a target becomes a
technical problem urgent to be resolved.

[00302] To resolve the foregoing technical problem, an embodiment of this application provides
a communication method. The method may include: A first device receives a first frame for
channel measurement from a second device; the first device determines channel state information
based on the first frame, where a dimension of the channel state information is NixN¢xK, N is a
quantity of antennas of the first device, Nt is a quantity of antennas of the second device, K is a
quantity of subcarriers that carry the first frame, and Ny, Nt, and K are all positive integers; and the
first device performs conjugate transpose and QR decomposition on the channel state information
to obtain an upper right triangular matrix R and a matrix Q, and the first device sends the matrix
Q to the second device, where in the first L rows of the matrix R, at least one row meets that plus
or minus signs of elements on a corresponding diagonal are consistent in a subcarrier dimension,
at least one row meets that plus or minus signs of elements on a corresponding diagonal are
consistent in a sample dimension, L is a quantity of target paths between the first device and the
second device, a sample is a plurality of pieces of channel state information obtained by
performing a plurality of times of channel measurement in a time dimension, the sample dimension
is a sample dimension corresponding to the plurality of pieces of channel state information, and
the matrix Q indicates attribute information of the target path.

[00303] In this embodiment of this application, the first device may perform conjugate
transpose and QR decomposition on the channel state information to obtain the matrix Q and the
matrix R, and the first device may send the matrix Q to the second device. In the first L rows of
the matrix R, at least one row meets that plus or minus signs of elements on a corresponding
diagonal are consistent in a subcarrier dimension, and at least one row meets that plus or minus
signs of elements on a corresponding diagonal are consistent in a sample dimension.
Correspondingly, the matrix Q obtained through QR decomposition of the matrix R may indicate
attribute information of the target path. The second device may determine the attribute information
of the target path based on the matrix Q, to implement effective sensing on the target path.
[00304] The following describes implementations of embodiments of this application in detail
with reference to the accompanying drawings in this specification.

[00305] The communication method provided in embodiments of this application may be
applied to any communication system. The communication system may be a system using the
802.11 series standards. For example, the 802.11 series standards include but are not limited to
mainstream standards (for example, 802.11n, 802.11ac, 802.11ax, 802.11be, and the like) related
to low frequency bands (for example, 2.4 GHz and 5 GHz) and standards (for example,
802.11ad/DMG and 802.11ay/EDMG) related to high frequency bands (for example, 60 GHz) in
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the IEEE 802.11 series standards and future WLAN standards.

[00306] The communication method provided in embodiments of this application may be
further applied to a cellular communication system, for example, a long term evolution (long term
evolution, LTE) system, may also be applied to a new radio (new radio, NR) system in a 5"
generation (5 generation, 5G) communication system or an NR vehicle to everything (vehicle to
everything, V2X) system, may be further applied to an LTE and 5G hybrid networking system, or
a device-to-device (device-to-device, D2D) communication system, a machine-to-machine
(machine-to-machine, M2M) communication system, an internet of things (internet of things, 10T),
a narrow band internet of things (narrow band internet of thing, NB-10T), a frequency division
duplex (frequency division duplex, FDD) system, a time division duplex (time division duplex,
TDD) system, a satellite communication system, a wireless projection communication system, an
integrated access and backhaul communication system, another next-generation communication
system (for example, a 6G communication system), and the like. This is not limited in this
application.

[00307] The communication method provided in embodiments of this application may be
applied to one or more of the following communication scenarios: a communication scenario in
which the first device communicates with the second device, a communication scenario in which
the first device communicates with the first device, and a communication scenario in which the
second device communicates with the second device. In embodiments of this application, the
communication method provided in embodiments of this application is mainly described by using
the communication scenario in which the first device communicates with the second device as an
example. For a communication method in another scenario, refer to the communication scenario
in which the first device communicates with the second device.

[00308] For example, the communication system is a communication system using the 802.11
series standards. FIG. 2 is a diagram of a communication system according to an embodiment of
this application. As shown in FIG. 2, the communication system may include at least one first
device and at least one second device.

[00309] The second device may be an access point device, and the first device may be a station
device.

[00310] The access point device may be an AP, or may be a chip or a processing system installed
in an AP. The station device may be a STA, or may be a chip or a processing system installed in a
STA.

[00311] Forexample, the AP may be a device that supports a plurality of WLAN standards such
as the 802.11 series standards or the next-generation 802.11 standard.

[00312] The AP is an apparatus having a wireless communication function, supports
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communication by using a WLAN protocol, has a function of communicating with another device
(for example, a station or another access point) in a WLAN network, and certainly may further
have a function of communicating with another device. In a WLAN communication system, the
access point may also be referred to as an access point station (AP STA). The apparatus having a
wireless communication function may be an entire device, or may be a chip, a processing system,
or the like installed in an entire device, or the like. The device in which the chip or the processing
system is installed may implement the method and the function in embodiments of this application
under control of the chip or the processing system. The AP in embodiments of this application is
an apparatus that provides a service for the STA, and may support the 802.11 series protocols.
[00313] For example, the AP may be a communication entity, for example, a communication
server, a router, a switch, or a bridge. The AP may alternatively be a macro base station, a micro
base station, a relay station, or the like in various forms. The AP may alternatively be a chip and a
processing system in these various forms of devices. The AP may alternatively be a terminal device
or a network device with a Wi-Fi chip. The AP may alternatively be an access point for a mobile
user to enter a wired network, and is mainly deployed in a home, inside a building, and inside a
park. A typical coverage radius is tens of meters to 100-odd meters. Certainly, the AP may
alternatively be deployed outdoors. The AP is equivalent to a bridge that connects a wired network
and a wireless network, and has a main function of connecting various wireless network clients
together and then connecting the wireless network to the Ethernet.

[00314] For example, the STA may be a device that supports a plurality of WLAN standards
such as the 802.11 series standards or the next-generation 802.11 standard.

[00315] The STA is an apparatus having a wireless communication function, supports
communication by using a WLAN protocol, and has a capability of communicating with another
station or an access point in the WLAN network. In the WLAN system, the station may be referred
to as a non-access point station (non-access point station, non-AP STA). The STA is any user
communication device that allows a user to communicate with the AP and further communicate
with the WLAN. The apparatus having a wireless communication function may be an entire device,
or may be a chip, a processing system, or the like installed in an entire device. The device in which
the chip or the processing system is installed may implement the method and the function in
embodiments of this application under control of the chip or the processing system.

[00316] For example, the STA may be user equipment that can be connected to the Internet,
such as a tablet computer, a desktop computer, a laptop computer, a notebook computer, an ultra-
mobile personal computer (ultra-mobile personal computer, UMPC), a handheld computer, a
netbook, a personal digital assistant (personal digital assistant, PDA), a mobile phone, a set-top

box, a smart television, or a smart wearable device, or may be an internet of things node in the
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internet of things, or may be a vehicle-mounted communication apparatus in the internet of
vehicles, or may be an entertainment device, a game device or a system, a global positioning
system device, or the like. The STA may alternatively be a chip and a processing system in the
foregoing terminals. Alternatively, the STA may be a wireless communication chip, a wireless
sensor, or a wireless communication terminal.

[00317] It should be noted that the communication method provided in this embodiment of this
application is applicable to the first device and the second device shown in FIG. 2. For specific
implementation, refer to the following method embodiments. Details are not described herein
again.

[00318] It should be noted that the solutions in this embodiment of this application may be
further applied to another communication system, and a corresponding name may also be replaced
with a name of a corresponding function in the another communication system.

[00319] It should be understood that FIG. 2 is merely a simplified diagram of an example for
ease of understanding. The communication system may further include another device that is not
drawn in FIG. 2.

[00320] Before describing the communication method provided in embodiments of this
application, the following first describes a simulation analysis process of the communication
method provided in embodiments of this application.

[00321] In the foregoing descriptions of QR decomposition, the receiving device may perform
QR decomposition on a channel matrix of a subcarrier to obtain a matrix Q and a matrix R; or the
receiving device may perform QR decomposition on a conjugate transpose matrix of a channel
matrix of a subcarrier to obtain a matrix Q and a matrix R.

[00322] For example, the receiving device may perform QR decomposition on the channel
matrix of the subcarrier or the conjugate apparatus matrix of the channel matrix of the subcarrier
in any one of the following Manner 1 to Manner 4, to obtain the matrix Q and the matrix R. The
following describes Manner 1 to Manner 4 by using an example in which the receiving device
performs QR decomposition on the channel matrix of the subcarrier to obtain the matrix Q and the
matrix R.

[00323] Manner 1: QR decomposition based on classical Schmidt orthogonalization

[00324] QR decomposition based on classical Schmitt orthogonalization described in Manner
1 is applicable to a case in which the channel matrix is column H full rank.

[00325] For example, QR decomposition based on classical Schmitt orthogonalization is
described by using an example in which the receiving device performs QR decomposition on a

channel matrix Hi of a k™ subcarrier, where Hx may be shown in the following Formula (2.1):
H =[h,...h.] 1)
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[00326] InFormula (2.1), hn indicates an n™ column vector of the channel matrix Hk.

[00327] According to Hy, each element of the matrix Q and each element of the matrix R that
are shown in the following Formula (2.2) and Formula (2.3) may be obtained:
Ry, = ”hl”

(2.2)
q, = hl / R11

R, =aih,1<j<k-1,2<k<n
k-1
hk_ijRjk
j=1

k-1
aq, = (hk _ijRjk)/ Rkk
j=1

R = (2.3)

[00328] In Formula (2.2), R,; indicates an element at a location (1, 1) of the matrix R, and
0, indicates a first column vector of the matrix Q. In Formula (2.3), Rjk indicates an element
at a location (j, k) of the matrix R, namely, an element on a non-diagonal line of the matrix R, Q;

indicates a j™ column vector of the matrix Q, h, indicates a k" column vector of Hi, Ry,
indicates an element at a location (k, k) of the matrix R, namely, an element on a diagonal line of
the matrix R, and (], indicates a k™ column vector of the matrix Q.

[00329] QR decomposition based on classical Schmitt orthogonalization is to calculate the
matrix R by column. Classical Schmitt orthogonalization is actually to project the channel matrix
to orthogonal space in a column dimension. During specific calculation, if the first column vector
is used as a reference item, when remaining orthogonal vectors are calculated, components parallel
to the previous vectors may be subtracted in sequence, and finally the matrix Q may be obtained
through unified unitization. Then, the matrix R is obtained based on the obtained matrix Q and the
channel matrix.

[00330] It should be noted that when QR decomposition is performed on the conjugate
transpose matrix of the channel matrix H of the k™ subcarrier, the channel matrix H in Formula
(2.1) may be replaced with the conjugate transpose matrix of the channel matrix Hy, and then the
matrix Q and the matrix R are obtained according to the foregoing Formula (2.2) and Formula
(2.3).

[00331] Manner 2: QR decomposition based on modified Schmitt orthogonalization

[00332] Similar to the foregoing Manner 1, QR decomposition based on modified Schmitt
orthogonalization shown in Manner 2 is applicable to a case in which the channel matrix is column
H full rank.

[00333] For example, QR decomposition based on modified Schmitt orthogonalization is
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described by using an example in which the receiving device performs QR decomposition on a

channel matrix Hy of a k'™ subcarrier, where Hx may be shown in the following Formula (2.1):

H, =[h,...h,] @.1)

[00334] InFormula (2.1), hn indicates an n™ column vector of the channel matrix Hk.

[00335] According to Hy, each element of the matrix Q and each element of the matrix R that
are shown in the following Formula (2.4) and Formula (2.5) may be obtained:

Rn :||h1||1q1 :hllRll
R;=q'h;,h =h,—qR;,2<j<n
Ry =||h(21)||’QZ =h, /Ry

Ryj =a;'h.h(? =h{? —q,R,;,3< j<n

(2.4)

(2.5)

[00336] In Formula (2.4), R,; indicates an element at a location (1, 1) of the matrix R, 0,
indicates a first column vector of the matrix Q, le indicates an element at a location (1, j) of

the matrix R, h; indicates a j™ column vector of H, and h(jl) indicates a j™ column vector
obtained through the first transformation.

[00337] In Formula (2.5), R,, indicates an element at a location (2,2) of the matrix R, hgl)
indicates a second column vector obtained through the first transformation, (, indicates a second
column vector of the matrix Q, h2 indicates a second column vector of Hy, sz indicates an

element at a location (2, j) of the matrix R, and h(jz) indicates a j" column vector obtained through

the second transformation.

[00338] QR decomposition based on modified Schmitt orthogonalization is to calculate the
matrix R by row, and a rounding error is smaller than that of classical Schmitt orthogonalization.
[00339] It should be noted that when QR decomposition is performed on the conjugate
transpose matrix of the channel matrix Hk of the k™ subcarrier, the channel matrix H in Formula
(2.1) may be replaced with the conjugate transpose matrix of the channel matrix Hy, and then the
matrix Q and the matrix R are obtained according to the foregoing Formula (2.4) and Formula
(2.5).

[00340] Manner 3: QR decomposition based on Household (Householder) transformation
[00341] Householder transformation is essentially to perform specular reflection on a vector on
a specific hyperplane.

[00342] For example, QR decomposition based on Householder transformation is described by

using an example in which the receiving device performs QR decomposition on a channel matrix
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Hx of a k" subcarrier, where Hx may be shown in the following Formula (2.1):

H =[h,...h.] 1)
[00343] InFormula (2.1), hn indicates an n™ column vector of the channel matrix Hk.
[00344]  According to Hy, a first column vector h1 may be transformed to obtain a transformed
vector hfl) shown in the following Formula (2.6), and a Householder transformation matrix

th shown in the following Formula (2.7) may be obtained based on the transformed vector h{l) :

norm(h,)
0
h® = : (2.6)
0
(h, —h®)(h, —=h)" (h, —h®)(h, —h)"
H, =1+ lh”‘i)(h ih(l;) orl - l(h 1—h(1)l)”h1 (2.7)
1 1 1 1 1 1

[00345] Each column vector in H is transformed according to the foregoing Formula (2.6) and
Formula (2.7), and a transformed signal matrix HS) shown in the following Formula (2.8) may
be obtained:

norm(n)® b - B
0
HO=| (28)

. HY
0

[00346] Elements other than the first row and the first column are selected as a matrix H®,

and then the foregoing transformation is performed on the matrix. The process is repeated until

QR decomposition is completed, to obtain a matrix Q shown in the following Formula (2.9) and a

matrix R shown in the following Formula (2.10):

Q= (th,l ) "thHrh)_l (2.9)

R, =H" (2.10)
[00347] It should be noted that when QR decomposition is performed on the conjugate
transpose matrix of the channel matrix Hx of the k™ subcarrier, the channel matrix Hx in Formula
(2.1) may be replaced with the conjugate transpose matrix of the channel matrix Hy, and then the
matrix Q and the matrix R are obtained according to the foregoing Formula (2.6) to Formula (2.10).
[00348] Manner 4: QR decomposition based on Givens rotation

[00349] Similar to Householder transformation, Givens rotation is performed on one column

vector of the channel matrix each time. However, only one element is transformed to zero each

48



10

15

20

time through Givens rotation until QR decomposition is completed.

[00350] For example, QR decomposition based on Givens rotation is described by using an
example in which the receiving device performs QR decomposition on a channel matrix Hy of a
k™ subcarrier. It is assumed that the channel matrix Hy is a 4x4 matrix shown in the following

Formula (2.11), a Givens rotation matrix may be a matrix shown in the following Formula (2.12):

| hll | ejell h12 hl3 h14
h,|e% h h h
Hk — | 21h| h22 h23 h24 (211)
31 32 33 34
h41 h42 h43 h44
cel™ s> 0 0
—se’ ) ce 0 0
G, = 2.12
1 0 0 10 (212)
0 0 0 1

[00351] In Formula (2.12), C and S may be results shown in the following Formula (2.13),

and 6, and 6, may be results shown in the following Formula (2.14):

A I
\/|h11|2+|h21|2 \/|h11|2+|h21|2 .

6 =-argh,,6, =—argh, (2.14)

C=

[00352]  After the first Givens rotation is performed on the channel matrix Hg, a matrix Hl((l)

shown in the following Formula (2.15) may be obtained:
O KO KO KO
h11 h12 hlS 4
O KO KO

O h22 h23 h24
O KO KO KO
h31 h32 h33 h34
O KO KO KO
h41 h42 h43 h44

HY = (2.15)

[00353] In Formula (2.15), hiﬁk) indicates an element at a location (i, j) after the k™" rotation.
[00354]  After Givens rotation is performed on elements in the first column in Formula (2.15),
a matrix G,,G;G,,H shown in the following Formula (2.16) and a matrix G shown in the

following Formula (2.17) may be obtained:

Iy Pl Plhy Pelhg oS b h
0 h(l) h(l) h(l)
G,,G,G,H = 2. B A (2.16)
: N
_ : 0 g h

G, =G,G,G, (2.17)
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[00355] Then, a submatrix of the matrix is transformed through the foregoing transformation.
The process is repeated until QR decomposition is completed, to obtain a matrix Q shown in the
following Formula (2.18) and a matrix R shown in the following Formula (2.19):

Q = (GstG1)_ (2.18)

R=GG,GH (2.19)

[00356] It should be noted that when QR decomposition is performed on the conjugate
transpose matrix of the channel matrix H of the k™ subcarrier, the channel matrix H in Formula
(2.11) may be replaced with the conjugate transpose matrix of the channel matrix Hg, and then the
matrix Q and the matrix R are obtained according to the foregoing Formula (2.12) to Formula
(2.19).

[00357] Based on QR decomposition shown in Manner 1 to Manner 4, an example in which the
channel matrix is a channel response matrix that is caused by parameters such as a target distance,
an angle, and a Doppler shift and that is shown in the following Formula (2.20) is used, and the
foregoing Solution 1 of performing QR decomposition on the channel matrix and Solution 2 of
performing QR decomposition on the conjugate transpose matrix of the channel matrix are

compared and analyzed:

ZEMM@MM% % o0

=L Linear phase corresponding
to a distance and Doppler

[00358] In Formula (2.20), k indicates the k™ subcarrier, i indicates an i™ pulse, L
indicates a quantity of targets, = indicates a delay of an |™ target, f, indicates a Doppler
frequency of the 1" target, and |:|| is a MIMO channel matrix corresponding to the 1™ target,
and may be specifically shown according to the following Formula (2.21):

H, = exp[ —j2nd sin6, - (1: N, )/ A |®exp[ —j2nd sin 6, -(1:N, )/ 1 |

Two-dimensional directional vector formed
by a transmit angle and a receive angle

(2.21)

[00359] In Formula (2.21), d indicates an antenna spacing, ¢, indicates a transmit angle
corresponding to the 1% target, N, indicates a quantity of transmit antennas, ¢, indicates a
receive angle corresponding to the 1% target, N, indicates a quantity of transmit antennas, and
A indicates a carrier wavelength. The transmit angle and the receive angle that correspond to the
target may be the transmit angle and the receive angle that are shown in FIG. 3, 6, indicates the
transmit angle corresponding to the target, and ¢, indicates the receive angle corresponding to
the target.

[00360] Itisassumed that the channel response matrix is a 2x2 matrix H shown in the following

50



10

15

20

25

Formula (2.22). Using QR decomposition based on Householder transformation as an example,
QR decomposition is performed on the channel response matrix by using Solution 1 according to
the following Formula (2.23) to Formula (2.29):

H_(h h )—(A C]_ZL:O( e—jZﬂ(rlkAfHdliAt) 1
B D —j2zsinfAd - j27Ad (sing +sing,)
=1 Dopplerand  \© e

delay information

e—j27rsin pAd

AOD and AOA information
(2.22)

[00361] In Formula (2.22), the matrix H may include information related to an angle of
departure (angle of departure, AOD) and an angle of arrival (angle of arrival, AOA).

[00362] A process of QR decomposition based on Householder transformation in Solution 1 is

as follows:

hil) — (nor?(hl)j (2.23)

[00363] In Formula (2.23), hf) indicates a vector obtained by transforming the first column
vector hl, or may be described as the first column vector obtained through the first Householder

transformation. In this case, a first Householder transformation matrix th may be shown

according to the following Formula (2.24):

A" B"
(hl — hil))(h1 — hil))H 1 H H 2
Hy =1+t g = BA" —norm(h,)B  BB" +norm(h,)A-norm*(h,) | (2.24)
h; ™ (h,-h;”) norm(h,)
A-norm(h,) A-norm(h,)

[00364]  After the first Householder transformation, the matrix H may be transformed into a

matrix H,H shown in the following Formula (2.25):

WO P norm?(h,) A"C+B"D
Hy,H = [hlm h3<1>] = orm(h) 0 B(A" —norm(h,))C + (BB" +norm(h,)A-norm?(h,))D | (2.25)
> ! A-norm(h,)

[00365] h{ shown in the following Formula (2.26) is the first column vector of the submatrix
obtained through the second Householder transformation:

h® =(norm(h{")) (2.26)
[00366] According to Formula (2.26), it may be determined that a second Householder

transformation matrix is a matrix th shown in the following Formula (2.27):

0
(hy —h?)" | (2.27)
h®

1
R 0 ol Y
h h4H(2)(hil)_h22)) 0 1+

[00367] Further, a matrix Q shown in the following Formula (2.28) and a matrix R shown in
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the following Formula (2.29) are obtained:

A B" A—norm(h,)B" s h —h{® )
1 A" —norm(h,) norm(h{")
norm(h,) 5 B" B +norm(h,) A" —norm?(h,) 0+ h® —h{®

A" —norm(h,) norm(h{")

Q :(q1 qz):(th *th)H

(2.28)
)

1 norm?(h,) A"C+B"D
~ norm(h,) 0 norm(h,)norm(h®)

j (2.29)

[00368] ‘4HC + BHD _ afe—jE sin Q}_ﬂ.d(l + ejE Tsin 6_\;:#) +

2 —j2asingyAd j2wsin6, Ad —2a(ATAf = Af ALY —j2masingAd j2 wsin 6, Ad
: J ) (1+9J g J2a( d)ed’ _(l+eJ ) )

a,e )+ a,ae

[00369] According to the matrix Q described in the foregoing Formula (2.28) and the matrix R
shown in Formula (2.29), it may be learned that in Solution 1 in which QR decomposition is
performed on the matrix H, the matrix Q may completely reserve the first column vector in the
matrix H. Therefore, the Doppler shift, the delay, and the AOA may be obtained based on the
matrix Q, and the matrix R may reserve the AOD, a Doppler shift difference, and a delay difference.
[00370] Correspondingly, because QR decomposition is performed on the conjugate transpose
matrix of the matrix H in Solution 2, when QR decomposition is performed by using Solution 2,
because conjugate transpose is performed on the matrix H, the original first row vector may be
completely reserved in the first column vector of the matrix Q. That is, the matrix Q may reserve
the Doppler shift, the delay, and the AOD, and the matrix R may reserve the AOA, the Doppler
shift difference, and the delay difference.

[00371] The Doppler shift difference is a difference between Doppler shifts of any two of the
plurality of targets, and the delay difference is a difference between delays of any two of the
plurality of targets.

[00372]  Similarly, as shown in the following Table 3, for QR decomposition based on different
manners, information reserved by the matrix R obtained by the receiving device by using Solution
1 and information reserved by the matrix Q obtained by using Solution 2 may be shown in the

following Table 3:

Table 3
Solution 1 Solution 2
QR decomposition based on Schmitt R includes Afd and Q includes fd and
orthogonalization
AT . T,
QR decomposition based on Householder | R includes Afd . Az, |Qincludes f,, r,
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Solution 1 Solution 2
transformation and AOD. and AOD.
QR decomposition based on Givens Rincludes Af,, Az, |Qincludes f,, -,
rotation and AOD. and AOD.
Feedback matrix R Q

[00373] Af, indicates a difference between Doppler shifts of targets, At indicates a

difference between delays of targets, fd indicates a Doppler shift of a target, and * indicates a

delay of a target.

[00374] It may be learned from Table 3 that the Doppler shift difference, the delay difference,
and the AOD are reserved in the matrix R obtained by using Solution 1, and the Doppler shift, the
delay, and the AOD are reserved in the matrix Q obtained by using Solution 2. That is, attribute
information of a target may be directly obtained by using Solution 2.

[00375] The following uses an example in which a line of sight (line of sight, LOS) path and a
non-line of sight (non-line of sight, NLOS) path exist between the sending device and the receiving
device. A signal may be linearly transmitted between the sending device and the receiving device
through the LOS path, or may be transmitted in a reflection or diffraction manner through the
NLOS path. When the signal is transmitted in the reflection manner through the NLOS path, the
NLOS path may also be described as a reflection path. Simulation analysis is performed on the
foregoing Solution 1 and Solution 2 based on a simulation parameter table 4 shown in the

following Table 4:

Table 4 Simulation parameter table 4

Parameter Symbol Value
Quantity of transmit antennas N, 4
Quantity of receive antennas N, 4
Bandwidth B 20 MHz
Quantity of subcarriers N 256

Pulse repetition frequency PRF 1 kHz
LOS path distance d 15m
LOS path angle (@ gr) 45°, —40°
LOS path Doppler shift fy 20 Hz
LOS path attenuation factor a 1
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Parameter Symbol Value

Target distance d 45m
Target angle (@ 6 ) -30°, 50°
Target Doppler shift fy 50 Hz
Target path attenuation factor a 0.1

[00376] When the quantity of transmit antennas is 4, the quantity of receive antennas is 4, and
the quantity of subcarriers is 256, the channel matrix obtained by the receiving device through
measurement may be a 4x4x256 matrix, where the channel matrix of the k™ subcarrier may be a

4x4 matrix. When QR decomposition is performed on the channel matrix of the subcarrier by using
the foregoing Solution 1 and Solution 2, a matrix Q,; obtained through decomposition may
include four orthogonal vectors, and first two column vectors are respectively denoted as g, and
d.. R,; obtained through decomposition is an upper right triangular matrix, and a first row

vector and a fourth column vector are respectively denoted as . and r, . A target distance, a
target angle, and a target Doppler shift are extracted from a vector r obtained in Solution 1, and
a result may be shown in FIG. 4a to FIG. 4c. A target distance, a target angle, and a target Doppler
shift are extracted from a vector d obtained in Solution 2, and a result may be shown in FIG. 5a
to FIG. 5¢g.

[00377] FIG. 4a shows a distance spectrum of a vector r. FIG. 4b shows an angle spectrum of
avector r.FIG. 4c shows a Doppler shift spectrum of a vector r.

[00378] FIG. 5a shows a distance spectrum of a vector 4. FIG. 5b shows an angle spectrum of
a vector 4. FIG. 5¢ shows a Doppler shift spectrum of a vector 9. FIG. 5d shows a distance
spectrum of a vector q,. FIG. 5e shows a Doppler shift spectrum of a vector g, . FIG. 5f shows
a distance spectrum of a vector a,. FIG. 5g shows a Doppler shift spectrum of a vector g, .
[00379] Optionally, the target distance, the target angle, and the target Doppler shift may be
extracted by using a multiple signal classification (multiple signal classification, MUSIC)
algorithm. The distance spectrum of the vector q,, the Doppler shift spectrum of the vector q,,
the distance spectrum of the vector a,, and the Doppler shift spectrum of the vector d, may be
extracted by using an IFFT algorithm.

[00380] By comparing processing results in FIG. 4a to FIG. 4c and processing results in FIG.
5a to FIG. 5¢g, it may be learned that an effective target distance and an effective target Doppler
shift cannot be extracted from the matrix R through QR decomposition in Solution 1. Through QR
decomposition in Solution 2, when a quantity of targets and LOS paths is less than a dimension of

the channel matrix, each vector in the matrix Q corresponds to one target, and the distance, the
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angle, and the Doppler shift of the target can be effectively extracted.
[00381] In another example, one LOS path and two target paths exist between the sending
device and the receiving device. Simulation analysis is performed on the foregoing Solution 1 and

Solution 2 based on a simulation parameter table 5 shown in the following Table 5.

Table 5 Simulation parameter table 5

Parameter Symbol Value
Quantity of transmit antennas N, 8
Quantity of receive antennas N, 8
Bandwidth B 20 MHz
Quantity of subcarriers N 256
Pulse repetition frequency PRF 1 kHz
LOS path distance d 15m
LOS path angle (6{ g 45°, —40°
LOS path Doppler shift fy 20 Hz
LOS path attenuation factor a 1

Target 1 distance d 45 m
Target 1 angle (9“ 6, -30°, 50°
Target 1 Doppler shift fy 50 Hz
Target 1 attenuation factor a 0.1
Target 2 distance d 60 m
Target 2 angle (gt,gr 75°, 0°
Target 2 Doppler shift fy 70 Hz
Target 2 attenuation factor a 0.1

[00382] Similar processing is performed on the simulation parameters in Table 5 based on the
foregoing processing of the simulation parameters in Table 4. In this case, because there are three

effective paths in the channel, a rank of the entire channel matrix is 3, and the first three orthogonal
vectors in Q,; obtained through decomposition are denoted as d., d., and d.. The target

distance, the target angle, and the target Doppler shift are extracted from the first three orthogonal
vectors obtained through QR decomposition in Solution 2, and results may be shown in FIG. 6a to
FIG. 6f.

[00383] FIG. 6a shows a distance spectrum of a vector q,. FIG. 6b shows a Doppler shift
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spectrum of a vector q,. FIG. 6¢ shows a distance spectrum of a vector q,. FIG. 6d shows a
Doppler shift spectrum of a vector q,. FIG. 6e shows a distance spectrum of a vector a,. FIG.
6f shows a Doppler shift spectrum of a vector q,.

[00384] According to the processing results in FIG. 6a to FIG. 6f, the target distance, the target
angle, and the target Doppler shift can be effectively extracted through QR decomposition in
Solution 2.

[00385] Instill another example, an actually measured data is used as an example. It is assumed
that a short-time Fourier transform (short-time Fourier transform, STFT) spectrum of a channel
matrix is shown in FIG. 7a, and an STFT spectrum of a matrix Q obtained through QR
decomposition in Solution 2 may be shown in FIG. 7b. Under an actual measurement condition,
the matrix Q may completely reserve the first column vector in the channel matrix, and may be
used to remove a phase offset of an antenna conjugate phase of the sending device when a CSD is
removed. That is, the target distance, the target angle, and the target Doppler shift can be effectively
extracted through QR decomposition in Solution 2.

[00386] Based on the foregoing analysis, it may be learned that when the receiving device
decomposes the conjugate transpose matrix of the channel matrix through QR decomposition
described in Solution 2, the matrix Q obtained through decomposition may completely reserve the
first column vector of the channel matrix, and the target distance, the target angle, and the target
Doppler shift can be effectively extracted based on the matrix Q.

[00387] Based on this, an embodiment of this application provides a communication method. A
receiving device may feed back, to a sending device, a matrix Q obtained through conjugate
transpose and QR decomposition on a channel matrix of a subcarrier. The sending device may
effectively extract a target distance, a target angle, and a target Doppler shift based on the matrix
Q, to implement target sensing.

[00388] An example in which the sending device is a second device and the receiving device is
a first device is used below. As shown in FIG. 8, a communication method provided in an
embodiment of this application is specifically described below.

[00389] FIG. 8 is a flowchart of a communication method according to an embodiment of this
application. As shown in FIG. 8, the method may include the following steps.

[00390] Step 801: The second device sends a first frame to the first device. Correspondingly,
the first device receives the first frame from the second device.

[00391] The first frame may be used for channel measurement.

[00392] For example, the first frame may be a channel sounding frame, a frame having a trigger
function, an NDP, a beam refinement protocol (beam refinement protocol, BRP), or the like. This
is not limited in this application.
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[00393] When the first frame is the frame having the trigger function, the first frame may be a
trigger frame (trigger frame), or may be a sensing trigger frame shown in Table 17 below, or
another frame having a trigger function. Details are not described herein. When the first frame is
the NDP, before sending the NDP to the first device, the second device may further send an NDPA
to the first device. When performing channel measurement after receiving the NDP, the first device
may perform channel measurement based on related information in the NDPA.

[00394] Step 802: The first device determines channel state information based on the first frame.
[00395] The first device may perform channel measurement based on the first frame, to obtain
the channel state information.

[00396] For example, when performing channel measurement, the first device may perform
channel measurement based on samples obtained through sampling, to obtain channel state
information corresponding to each sample.

[00397] For example, a quantity of samples obtained through sampling in a channel
measurement process is eight. The first device may perform channel measurement based on the
eight samples, to obtain channel state information corresponding to each sample.

[00398] A dimension of the channel state information may be NyxNixK, Ny is a quantity of
antennas of the first device, Nt is a quantity of antennas of the second device, K is a quantity of
subcarriers that carry the first frame, and Nr, N, and K are all positive integers. The channel state
information may include a channel matrix that carries each subcarrier of the first frame.

[00399] It should be noted that for descriptions of performing channel measurement on the first
device to obtain the channel state information, refer to related descriptions of channel measurement
in a conventional technology. Details are not described herein again.

[00400] Step 803: The first device performs conjugate transpose and QR decomposition on the
channel state information to obtain an upper right triangular matrix R and a matrix Q.

[00401] Because the channel state information may include the channel matrix of each
subcarrier that carries the first frame, the first device may remove a CSD from the channel state
information, extract channel matrices of some or all subcarriers, and perform conjugate transpose
and QR decomposition on the extracted channel matrices of the subcarriers by using the foregoing
Solution 2, to obtain a matrix R and a matrix Q that correspond to each subcarrier. The matrix Q
may also be described as a beamforming matrix corresponding to the subcarrier.

[00402] Specifically, when the first device performs QR decomposition on a conjugate
transpose matrix of a channel matrix of a subcarrier to obtain the matrix R and the matrix Q, in the
first L rows of the matrix R, at least one row meets that plus or minus signs of elements on a
corresponding diagonal are consistent in a subcarrier dimension, and at least one row meets that

plus or minus signs of elements on a corresponding diagonal are consistent in a sample dimension.
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[00403] L is a quantity of target paths between the first device and the second device. The plus
or minus signs are the same, and are all plus signs or are all minus signs. The sample is a plurality
of pieces of channel state information obtained by performing a plurality of times of channel
measurement in a time dimension, and the sample dimension is a sample dimension corresponding
to the plurality of pieces of channel state information.

[00404] Inafirst possible design, the matrix Q is a unitary matrix.

[00405] When the matrix Q is the unitary matrix, the first column of the matrix Q may reserve
a scaled version of the first row in a CSI matrix, where the scaled factor may be a reciprocal of an
element at a location of the first row and the first column in the matrix R. In this case, the matrix
Q may be used in a beamforming program in the foregoing communication.

[00406] In a second possible design, a matrix obtained by normalizing at least one column of
the matrix Q is a unitary matrix.

[00407] When the matrix Q is the unitary matrix, each beamforming weight (beamforming
weight) is multiplied by a random scaling factor, so that amplitude information cannot be applied
to sensing. Based on this, the matrix R may be transformed/specified, so that elements in at least
one row and at least one column in the matrix R are 1. In this case, at least one row in the CSI
matrix may be completely reserved in at least one column of the obtained matrix Q, to reserve
parameter information that can be used for sensing in a phase and to further reserve the original
amplitude information that can be used for sensing.

[00408] Inaddition, the unitary matrix may be obtained by normalizing the at least one column
of the matrix Q, and the unitary matrix may be further used for precoding of communication.
[00409] For example, the matrix R may be transformed/specified, so that an element in the first
row and the first column in the matrix R is 1. In this case, the first column of the obtained matrix
Q may completely reserve the first row in the CSI matrix. Therefore, the reserved amplitude
information may also be further used for sensing. After the first column of the matrix Q is
normalized, the matrix Q may be restored to a unitary matrix further used for precoding of
communication.

[00410] For example, when performing QR decomposition on the conjugate transpose matrix
of the channel matrix of the subcarrier to obtain the matrix R and the matrix Q, the first device
may perform QR decomposition on the conjugate transpose matrix of the channel matrix of the
subcarrier based on a first location and a second location, so that in the first L rows of the matrix
R, at least one row meets that plus or minus signs of elements on a corresponding diagonal are
consistent in a subcarrier dimension, and at least one row meets that plus or minus signs of
elements on a corresponding diagonal are consistent in a sample dimension.

[00411] The first location is a location, in the matrix R, of an element that is in the first L rows
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of the matrix R and that meets that plus or minus signs of elements on a corresponding diagonal
are consistent in a subcarrier dimension, and the second location is a location, in the matrix R, of
an element that is in the first L rows of the matrix R and that meets that plus or minus signs of
elements on a corresponding diagonal are consistent in a sample dimension.

[00412] For example, the first device may perform QR decomposition on the conjugate
transpose matrix of the channel matrix of the subcarrier based on the first location, so that in the
first L rows of the matrix R, a row corresponding to the first location meets that plus or minus
signs of elements on a corresponding diagonal are consistent in a subcarrier dimension.
Alternatively, the first device may perform QR decomposition on the conjugate transpose matrix
of the channel matrix of the subcarrier based on the second location, so that in the first L rows of
the matrix R, a row corresponding to the second location meets that plus or minus signs of elements
on a corresponding diagonal are consistent in a sample dimension.

[00413] Optionally, the first location and the second location may be determined by the second
device and sent to the first device, or may be predefined in a protocol, or may be defined by the
first device. This is not limited in this application.

[00414] It should be noted that when the first location and the second location are defined by
the first device, the first device may send information about the first location and information about
the second location to the second device, and the second device performs target path sensing based
on the first location and the second location.

[00415] That at least one row in the first L rows of the matrix R meets that plus or minus signs
of elements on a corresponding diagonal are consistent in a subcarrier dimension may also be
described as follows: In the first L rows of the matrix R, plus or minus signs of elements on a
diagonal of the at least one row are consistent in a subcarrier dimension. That at least one row in
the first L rows of the matrix R meets that plus or minus signs of elements on a corresponding
diagonal are consistent in a sample dimension may also be described as follows: In the first L rows
of the matrix R, plus or minus signs of elements on a diagonal of the at least one row are consistent
in a sample dimension.

[00416] For example, a quantity L of target paths between the first device and the second device
is two, the samples obtained through sampling in the channel measurement process include a
sample 1, a sample 2, a sample 3, and a sample 4, and a quantity of subcarriers that carry the first
frame is 256. The first device may perform conjugate transpose and QR decomposition on the
channel state information of each sample. It is assumed that subcarriers extracted by the first device
are a subcarrier 1, a subcarrier 2, ..., and a subcarrier 64. In this case, the first device may obtain
matrices R and matrices Q of 64 subcarriers corresponding to each sample. For each subcarrier, in
the first two rows of the four matrices R corresponding to the four samples, plus or minus signs of
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elements on a diagonal in at least one row are consistent on the current subcarrier. For each sample,
in the first two rows of the 64 matrices R corresponding to the 64 subcarriers, plus or minus signs
of diagonal elements in at least one row are consistent on the current sample.

[00417] For example, the subcarrier 1 is used as an example. It is assumed that in the first two
rows of the four matrices R corresponding to the four samples, plus or minus signs of elements on
adiagonal in the first row are consistent on the subcarrier 1. That is, plus or minus signs of elements
on a diagonal in the first row of the matrix R corresponding to the subcarrier 1 in the sample 1,
plus or minus signs of elements on a diagonal in the first row of the matrix R corresponding to the
subcarrier 1 in the sample 2, plus or minus signs of elements on a diagonal in the first row of the
matrix R corresponding to the subcarrier 1 in the sample 3, and plus or minus signs of elements on
a diagonal in the first row of the matrix R corresponding to the subcarrier 1 in the sample 4 are
consistent, and both are plus signs, or both are minus signs.

[00418] For another example, the sample 1 is used as an example. It is assumed that in the first
two rows of the 64 matrices R corresponding to the 64 subcarriers, plus or minus signs of elements
on a diagonal in the second row are consistent on the sample 1. That is, plus or minus signs of
elements on a diagonal in the second row of the matrix R corresponding to the subcarrier 1 in the
sample 1, plus or minus signs of elements on a diagonal in the second row of the matrix R
corresponding to the subcarrier 2 in the sample 1, ..., and plus or minus signs of elements on a
diagonal in the second row of the matrix R corresponding to the subcarrier 64 in the sample 1 are
consistent, and are all plus signs, or are all minus signs.

[00419] It should be noted that when only Doppler shift sensing is performed, for different
subcarriers, plus or minus signs corresponding to the subcarriers may be consistent, or may be
inconsistent. This is not limited in this application.

[00420]  Plus or minus signs corresponding to subcarriers are plus or minus signs corresponding
to elements on a diagonal in at least one row in the first L rows of the matrix R when the plus or
minus signs of the elements on the diagonal in the at least one row are consistent in a subcarrier
dimension on the current subcarrier.

[00421] For example, the subcarrier 1 is used as an example. It is assumed that in the first L
rows of the matrix R corresponding to each sample, plus or minus signs of elements on a diagonal
in at least one row are consistent on the subcarrier 1. In this case, the plus or minus signs
corresponding to the elements on the diagonal in the at least one row are plus or minus signs
corresponding to the subcarrier 1. When the elements on the diagonal in the at least one row
correspond to a plus sign, the subcarrier 1 corresponds to a plus sign. When the elements on the
diagonal in the at least one row correspond to a minus sign, the subcarrier 1 corresponds to a minus

sign.
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[00422] For example, different subcarriers are the subcarrier 1 and the subcarrier 2. Plus or
minus signs corresponding to the subcarrier 1 may be plus or minus signs corresponding to
elements on a diagonal in at least one row in the first L rows of the matrix R corresponding to each
sample when the plus or minus signs of the elements on the diagonal in the at least one row are
consistent on the subcarrier 1. Plus or minus signs corresponding to the subcarrier 2 may be plus
or minus signs corresponding to elements on a diagonal in at least one row in the first L rows of
the matrix R corresponding to each sample when the plus or minus signs of the elements on the
diagonal in the at least one row are consistent on the subcarrier 2. Plus or minus signs
corresponding to the subcarrier 1 and plus or minus signs corresponding to the subcarrier 2 may
be consistent, or may be inconsistent. To be specific, both the subcarrier 1 and the subcarrier 2
correspond to plus signs; both the subcarrier 1 and the subcarrier 2 correspond to minus signs; the
subcarrier 1 corresponds to a plus sign, and the subcarrier 2 corresponds to a minus sign; or the
subcarrier 1 corresponds to a minus sign, and the subcarrier 2 corresponds to a plus sign. This is
not limited in this application.

[00423]  Similarly, when only delay sensing is performed, for different samples, plus or minus
signs corresponding to the samples may be consistent, or may be inconsistent. This is not limited
in this application.

[00424]  Plus or minus signs corresponding to samples are plus or minus signs corresponding to
elements on a diagonal in at least one row in the first L rows of the matrix R when the plus or
minus signs of the elements on the diagonal in the at least one row are consistent in a sample
dimension on the current sample.

[00425] For example, the sample 1 is used as an example. It is assumed that in the first L rows
of the matrix R corresponding to each subcarrier, plus or minus signs of elements on a diagonal in
at least one row are consistent on the sample 1. In this case, the plus or minus signs corresponding
to the elements on the diagonal in the at least one row are plus or minus signs corresponding to the
sample 1. When the elements on the diagonal in the at least one row correspond to a plus sign, the
sample 1 corresponds to a plus sign. When the elements on the diagonal in the at least one row
correspond to a minus sign, the sample 1 corresponds to a minus sign.

[00426] For example, different samples are the sample 1 and the sample 2. Plus or minus signs
corresponding to the sample 1 may be plus or minus signs corresponding to elements on a diagonal
in at least one row in the first L rows of the matrix R corresponding to each subcarrier when the
plus or minus signs of the elements on the diagonal in the at least one row are consistent on the
sample 1. Plus or minus signs corresponding to the sample 2 may be plus or minus signs
corresponding to elements on a diagonal in at least one row in the first L rows of the matrix R
corresponding to each subcarrier when the plus or minus signs of the elements on the diagonal in
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the at least one row are consistent on the sample 2. Plus or minus signs corresponding to the sample
1 and plus or minus signs corresponding to the sample 2 may be consistent, or may be inconsistent.
To be specific, both the sample 1 and the sample 2 correspond to plus signs; both the sample 1 and
the sample 2 correspond to minus signs; the sample 1 corresponds to a plus sign, and the sample
2 corresponds to a minus sign; or the sample 1 corresponds to a minus sign, and the sample 2
corresponds to a plus sign. This is not limited in this application.

[00427] In addition, in the first L rows of the matrix R, a row in which plus or minus signs of
elements on a corresponding diagonal are consistent in a subcarrier dimension and a row in which
plus or minus signs of elements on a corresponding diagonal are consistent in a sample dimension
may be the same row or different rows. This is not limited in this application.

[00428] For example, in the first L rows of the matrix R, one row in which plus or minus signs
of elements on a corresponding diagonal are consistent in a subcarrier dimension exists, another
row in which plus or minus signs of elements on a corresponding diagonal are consistent in a
sample dimension exists, and the one row and the another row may be the same row or different
rows. This is not limited in this application.

[00429] When the first device performs conjugate transpose and QR decomposition on the
channel matrix of the subcarrier by using Solution 2, when the matrix R meets subcarrier
dimension consistency and sample dimension consistency, the matrix Q may indicate attribute
information of the target path.

[00430] Subcarrier dimension consistency means that in the first L rows of the matrix R, at least
one row meets that plus or minus signs of elements on a corresponding diagonal are consistent in
a subcarrier dimension. Sample dimension consistency means that in the first L rows of the matrix
R, at least one row meets that plus or minus signs of elements on a corresponding diagonal are
consistent in a sample dimension. The target path may be a path between the first device and the
second device.

[00431] The attribute information of the target path may include one or more of the following:
a delay of the target path, an AOD of the target path, or a Doppler shift of the target path.

[00432] Step 804: The first device sends the matrix Q to the second device. Correspondingly,
the second device receives the matrix Q from the first device.

[00433] The matrix Q may also be described as a beamforming matrix. When sending the matrix
Q to the second device, the first device may directly send the matrix Q to the second device, or
may compress the matrix Q and send a compressed matrix Q to the second device, to reduce
feedback overheads.

[00434] For example, the first device may compress the matrix Q through Givens rotation to
obtain a series of an angle value # and an angle value ¥ , and send, to the second device, the
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angle value ¢ and the angle value ¥ that are obtained through compression, to implement
compression feedback and reduce feedback overheads.

[00435] For descriptions of compressing the matrix Q based on Givens rotation, refer to the
related descriptions of compressing the beamforming matrix of the subcarrier through Givens
rotation in "5. Givens rotation™. Details are not described herein again.

[00436] Step 805: The second device performs target path sensing based on the matrix Q.
[00437] Forexample, the second device may perform target path sensing on the received matrix
Q based on the first location and the second location, to obtain the attribute information of the
target path.

[00438] The first location may be a location, in the matrix R, of an element that is in the first L
rows of the matrix R and that meets that plus or minus signs of elements on a corresponding
diagonal are consistent in a subcarrier dimension, and the second location may be a location, in
the matrix R, of an element that is in the first L rows of the matrix R and that meets that plus or
minus signs of elements on a corresponding diagonal are consistent in a sample dimension.
[00439] The first location and the second location may be a same location, or may be different
locations. This is not limited in this application.

[00440] For example, when an element that meets that plus or minus signs of elements on a
corresponding diagonal are consistent in a subcarrier dimension in the first L rows of the matrix R
is an element on a diagonal in the first row of the matrix R, the first location may be (1, 1). When
an element that meets that plus or minus signs of elements on a corresponding diagonal are
consistent in a sample dimension in the first L rows of the matrix R is an element on a diagonal in
the first row of the matrix R, the second location may be (1, 1). Alternatively, when an element
that meets that plus or minus signs of elements on a corresponding diagonal are consistent in a
sample dimension in the first L rows of the matrix R is an element on a diagonal in the second row
of the matrix R, the second location may be (2, 2).

[00441] Optionally, the first location and the second location may be determined by the second
device, or may be predefined in a protocol, or may be defined by the first device. This is not limited
in this application.

[00442] It should be noted that when the first location and the second location are determined
by the second device, the second device may send the information about the first location and the
information about the second location to the first device before the first device performs channel
measurement, and the first device processes the channel state information based on the first
location and the second location to obtain the matrix Q.

[00443] When the first location and the second location are defined by the first device, the first
device may send the information about the first location and the information about the second
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location to the second device, and the second device performs target path sensing based on the first
location and the second location.

[00444] For example, when performing target path sensing based on the matrix Q, the second
device may select, based on the first location and the second location, a corresponding column in
the matrix Q to perform angle sensing, perform delay sensing in a subcarrier dimension, and
perform Doppler shift sensing in a sample dimension.

[00445] For example, the second device may perform target path sensing based on the matrix
Q by using one or more of the following Method 1 to Method 4, to obtain the attribute information
of the target path.

[00446] Method 1: The second device may select, based on the first location, a column in which
an element at the first location in the matrix Q is located, to perform angle sensing.

[00447] The second device may select any subcarrier, and extract, in a sample dimension, a
column in which an element at a first location in a matrix Q corresponding to the subcarrier in
each sample is located, to form a signal matrix whose dimension is TxS, where T indicates a
guantity of transmit antennas, or may be described as a quantity of antennas of the second device,
and S indicates a quantity of samples. The second device may perform angle sensing based on the
signal matrix by using a parameter estimation algorithm, to obtain the AOD of the target path.
[00448] The parameter estimation algorithm may be an algorithm that can perform parameter
estimation, for example, a MUSIC algorithm.

[00449] For example, the first location is (1, 1). The column in which the element at the first
location is located is the first column. The second device may select any subcarrier, and extract, in
a sample dimension, elements in the first column of the matrix Q corresponding to the subcarrier
in each sample, to form a signal matrix whose dimension is TxS, to implement angle sensing.
[00450] Method 2: The second device may select, based on the second location, a column in
which an element at the second location in the matrix Q is located, to perform angle sensing.
[00451] The second device may select any sample, and extract, in a subcarrier dimension, a
column in which an element at the second location in the matrix Q corresponding to each subcarrier
in the sample is located, to form a signal matrix whose dimension is TxK, where T indicates a
quantity of transmit antennas, or may be described as a quantity of antennas of the second device,
and K indicates a quantity of subcarriers. The second device may perform angle sensing based on
the signal matrix by using a parameter estimation algorithm, to obtain the AOD of the target path.
[00452] The parameter estimation algorithm may be an algorithm that can perform parameter
estimation, for example, a MUSIC algorithm.

[00453] For example, the second location is (1, 1). The column in which the element at the

second location is located is the first column. The second device may select any sample, and extract,
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in a subcarrier dimension, elements in the first column of the matrix Q corresponding to each
subcarrier in the sample, to form a signal matrix whose dimension is TxK, to implement angle
sensing.

[00454] Method 3: The second device may select, based on the first location, a column in which
an element at the first location in the matrix Q is located, to perform Doppler shift sensing in a
sample dimension.

[00455] The second device may select any subcarrier, and extract, in a sample dimension, a
column in which an element at a first location in a matrix Q corresponding to the subcarrier in
each sample is located, to form a signal matrix whose dimension is SxT, where S indicates a
quantity of samples, and T indicates a quantity of transmit antennas, or may be described as a
quantity of antennas of the second device. The second device may perform Doppler shift sensing
based on the signal matrix by using a parameter estimation algorithm, to obtain the Doppler shift
of the target path.

[00456] The parameter estimation algorithm may be an algorithm that can perform parameter
estimation, for example, a MUSIC algorithm.

[00457] For example, the first location is (1, 1). The column in which the element at the first
location is located is the first column. The second device may select any subcarrier, and extract, in
a sample dimension, elements in the first column of the matrix Q corresponding to the subcarrier
in each sample, to form a signal matrix whose dimension is SxT, to implement Doppler shift
sensing.

[00458] Method 4: The second device may select, based on the second location, a column in
which an element at the second location in the matrix Q is located, to perform delay sensing in a
subcarrier dimension.

[00459] The second device may select any sample, and extract, in a subcarrier dimension, a
column in which an element at the second location in the matrix Q corresponding to each subcarrier
in the sample is located, to form a signal matrix whose dimension is KxT, where K indicates a
quantity of subcarriers, and T indicates a quantity of transmit antennas, or may be described as a
quantity of antennas of the second device. The second device may perform delay sensing based on
the signal matrix by using a parameter estimation algorithm, to obtain the delay of the target path.
[00460] The parameter estimation algorithm may be an algorithm that can perform parameter
estimation, for example, a MUSIC algorithm.

[00461] For example, the second location is (1, 1). The column in which the element at the
second location is located is the first column. The second device may select any sample, and extract,
in a subcarrier dimension, elements in the first column of the matrix Q corresponding to each

subcarrier in the sample, to form a signal matrix whose dimension is KxT, to implement delay
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sensing.

[00462] It should be noted that delay information and Doppler shift information are carried on
a plurality of subcarriers and a plurality of samples respectively. To ensure that the delay
information and the Doppler shift information are correctly reserved, when the first device
performs conjugate transpose and QR decomposition on the channel state information, in the first
L rows of the matrix R, at least one row needs to meet that plus or minus signs of elements on a
corresponding diagonal are consistent in a subcarrier dimension, and at least one row needs to
meet that plus or minus signs of elements on a corresponding diagonal are consistent in a sample
dimension. In this case, the second device may obtain the delay information and the Doppler shift
information based on the corresponding matrix Q.

[00463] It may be understood that to ensure that the delay information is correctly reserved,
when the first device performs conjugate transpose and QR decomposition on the channel state
information, in the first L rows of the matrix R, at least one row needs to meet that plus or minus
signs of elements on a corresponding diagonal are consistent in a subcarrier dimension. In this
case, the second device may obtain the delay information based on the corresponding matrix Q. In
this case, in the first L rows of the matrix R obtained by the first device through decomposition,
that "at least one row meets that plus or minus signs of elements on a corresponding diagonal are
consistent in a sample dimension™ may be met, or that "at least one row meets that plus or minus
signs of elements on a corresponding diagonal are consistent in a sample dimension” may not be
met.

[00464] To ensure that the Doppler shift information is correctly reserved, when the first device
performs conjugate transpose and QR decomposition on the channel state information, in the first
L rows of the matrix R, at least one row needs to meet that plus or minus signs of elements on a
corresponding diagonal are consistent in a sample dimension. In this case, the second device may
obtain the Doppler shift information based on the corresponding matrix Q. In this case, in the first
L rows of the matrix R obtained by the first device through decomposition, that "at least one row
meets that plus or minus signs of elements on a corresponding diagonal are consistent in a
subcarrier dimension” may be met, or that "at least one row meets that plus or minus signs of
elements on a corresponding diagonal are consistent in a subcarrier dimension™ may not be met.
[00465] In addition, based on the foregoing description of angle sensing in step 805, it may be
learned that the second device may perform angle sensing in a sample dimension, or may perform
angle sensing in a subcarrier dimension.

[00466] Optionally, the second device may further use the matrix Q as a precoding matrix,
precode a signal sent to the first device, and send a precoded signal to the first device.

[00467] Based on the communication method shown in FIG. 8, the first device may perform
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conjugate transpose and QR decomposition on the channel state information to obtain the matrix
Q and the upper right triangular matrix R, and send the matrix Q to the second device. The second
device may perform target path sensing based on the matrix Q. In the first L rows of the matrix R,
at least one row meets that plus or minus signs of elements on a corresponding diagonal are
consistent in a subcarrier dimension, and at least one row meets that plus or minus signs of
elements on a corresponding diagonal are consistent in a sample dimension. Correspondingly, the
matrix Q obtained through QR decomposition of the matrix R may indicate the attribute
information of the target path. In other words, the attribute information such as the delay, the AOD,
and the Doppler shift of the target path may be reserved in the matrix Q. The second device may
determine the attribute information of the target path based on the matrix Q, to implement effective
sensing on the target path based on a channel matrix diagonalization principle.

[00468] FIG. 8 mainly describes a process in which the first device performs channel
measurement and feeds back the matrix Q, and the second device performs target path sensing
based on the matrix Q. Optionally, before the first device performs channel measurement, the first
device may send first indication information to the second device.

[00469] The first indication information indicates whether the first device supports one or more
of the following feedbacks: feedback of a compressed beamforming matrix based on subcarrier
dimension consistency or feedback of a compressed beamforming matrix based on sample
dimension consistency.

[00470] When the first device supports feedback of the compressed beamforming matrix based
on subcarrier dimension consistency, and the first device performs conjugate transpose and QR
decomposition on the channel state information, the obtained matrix R satisfies: In the first L rows
of the matrix R, at least one row meets that plus or minus signs of elements on a corresponding
diagonal are consistent in a subcarrier dimension. When feeding back the matrix Q to the second
device, the first device feeds back the compressed matrix Q to the second device.

[00471] When the first device supports feedback of the compressed beamforming matrix based
on sample dimension consistency, and the first device performs conjugate transpose and QR
decomposition on the channel state information, the obtained matrix R satisfies: In the first L rows
of the matrix R, at least one row meets that plus or minus signs of elements on a corresponding
diagonal are consistent in a sample dimension. When feeding back the matrix Q to the second
device, the first device feeds back the compressed matrix Q to the second device.

[00472] When the first device supports feedback of the compressed beamforming matrix based
on subcarrier dimension consistency and feedback of the compressed beamforming matrix based
on sample dimension consistency, and the first device performs conjugate transpose and QR
decomposition on the channel state information, the obtained matrix R satisfies: In the first L rows

67



10

15

20

25

30

of the matrix R, at least one row meets that plus or minus signs of elements on a corresponding
diagonal are consistent in a subcarrier dimension, and at least one row meets that plus or minus
signs of elements on a corresponding diagonal are consistent in a sample dimension. When feeding
back the matrix Q to the second device, the first device feeds back the compressed matrix Q to the
second device.

[00473] The following describes a frame structure of the first indication information by using a
low frequency scenario as an example.

[00474] FIG. 9 is a typical flowchart of low frequency communication. As shown in FIG. 9, a
communication process may include an association phase, a negotiation phase, a measurement
phase, and a feedback phase. In the association phase, the first device and the second device may
exchange information such as device information and a basic capability. In the negotiation phase,
the first device and the second device may negotiate a subsequent sensing parameter, and set a
measurement bandwidth, a period, a direction, and the like of the first device and the second device.
In the measurement phase, the second device may send the NDPA and the NDP to the first device,
and the first device may perform channel measurement after receiving the NDP. In the feedback
phase, the first device may feed back the compressed beamforming matrix to the second device.
[00475] In a possible design, the first device includes the first indication information in a
sensing capability field, and sends the sensing capability field to the second device in the
association phase.

[00476] That is, in the association phase, the first device may send the sensing capability field
to the second device, where the sensing capability field may include the first indication information.
[00477] For example, the first device may set a bit value of the first indication information to
different values, to indicate whether the first device supports one or more of the foregoing
feedbacks. For example, the first indication information is one bit. The bit may be set to 0 to
indicate that the first device supports one or more of the foregoing feedbacks, or the bit may be set
to 1 to indicate that the first device does not support one or more of the foregoing feedbacks.
Alternatively, as shown in the following Table 6, the bit is set to 1 to indicate that the first device
supports one or more of the foregoing feedbacks, or the bit is set to 0 to indicate that the first device

does not support one or more of the foregoing feedbacks.

Table 6 Example of a bit of the first indication information in the sensing capability field

Bit Meaning (or referred to as information, description, or the like)

X When the bit is set to 1, it indicates that one or more of the

following feedbacks are supported: feedback of the compressed
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Bit Meaning (or referred to as information, description, or the like)

beamforming matrix based on subcarrier dimension consistency or
feedback of the compressed beamforming matrix based on sample
dimension consistency. When the bit is set to 0, it indicates that one
or more of the following feedbacks are not supported: feedback of
the compressed beamforming matrix based on subcarrier dimension
consistency or feedback of the compressed beamforming matrix

based on sample dimension consistency.

[00478]  The first indication information may occupy one bit, for example, an x™ bit in the
sensing capability field shown in Table 6. Alternatively, the first indication information may
occupy a plurality of bits. This is not limited in this application.

[00479] Optionally, the first device may include the sensing capability field in an association
request frame or another related frame that may carry the sensing capability field, and send the
association request frame or the another related frame to the second device. This is not limited in
embodiments of this application.

[00480] The following describes a frame structure of the first indication information by using a
high frequency scenario as an example.

[00481] FIG. 10 is a typical flowchart of high frequency communication. As shown in FIG. 10,
a communication process may include an association phase, a negotiation phase, a measurement
phase, and a feedback phase. In the association phase, the first device and the second device may
exchange information such as device information and a basic capability. In the negotiation phase,
the first device and the second device may negotiate a subsequent sensing parameter, and set a
measurement bandwidth, a period, a direction, and the like of the first device and the second device.
In the measurement phase, the second device may send the BRP to the first device, and the first
device may perform channel measurement after receiving the BRP. In the feedback phase, the first
device may feed back the compressed beamforming matrix to the second device.

[00482] In the association phase, the first device may send the EDMG sensing capability field
to the second device, where the EDMG sensing capability field may include the first indication
information.

[00483] For example, the first device may set a bit value of the first indication information to
different values, to indicate whether the first device supports one or more of the foregoing
feedbacks. For example, the first indication information is one bit. The bit may be set to 0 to
indicate that the first device supports one or more of the foregoing feedbacks, or the bit may be set

to 1 to indicate that the first device does not support one or more of the foregoing feedbacks.
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Alternatively, as shown in the following Table 7, the bit is set to 1 to indicate that the first device
supports one or more of the foregoing feedbacks, or the bit is set to 0 to indicate that the first device
does not support one or more of the foregoing feedbacks.

Table 7 Example of a bit of the first indication information in the EDMG sensing capability
field

Bit Meaning

X When the bit is set to 1, it indicates that one or more of the
following feedbacks are supported: feedback of the compressed
beamforming matrix based on subcarrier dimension consistency or
feedback of the compressed beamforming matrix based on sample
dimension consistency. When the bit is set to 0, it indicates that
one or more of the following feedbacks are not supported:
feedback of the compressed beamforming matrix based on
subcarrier dimension consistency or feedback of the compressed

beamforming matrix based on sample dimension consistency.

[00484] The first indication information may occupy one bit, for example, an x™ bit in the
EDMG sensing capability field shown in Table 7. Alternatively, the first indication information
may occupy a plurality of bits. This is not limited in this application.

[00485] Optionally, as shown in FIG. 11, the first device may include the first indication
information in a core capabilities field of the EDMG sensing capability field or an optional
subelements field of the EDMG sensing capability field, and send the core capabilities field or the
optional subelements field to the second device. This is not limited in embodiments of this
application.

[00486] When the first indication information is carried in the core capabilities field of the
EDMG sensing capability field, a reserved bit of the core capabilities field may indicate the first
indication information.

[00487]  When the first indication information is carried in the optional subelements field of the
EDMG sensing capability field, as shown in the following Table 8, a new field may be designed
to carry the first indication information. For example, the new field is named as a subelement
(subelement) field of a sensing capability (sensing capability). The new field may alternatively

have another name. This is not limited in embodiments of this application.
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Table 8 Optional subelements field

Subelement ID Name Extensible
0 Beamforming capability Yes

1 Antenna polarization capability Yes

4 MAC capability Yes

5 Sensing capability Yes
6-255 Reserved

[00488] Optionally, in the high frequency scenario, a new field may be further designed. The
field may carry a plurality of types of capability indication information (for example, the first
indication information) related to sensing, and the field may be a capability element field (for
example, the sensing capability field (sensing capability element)).

[00489] Optionally, when sending the first indication information to the second device, the first
device may further send seventh indication information to the second device.

[00490] The seventh indication information may indicate whether the first device supports
feedback of a compressed beamforming matrix based on singular value decomposition (singular
value decomposition, SVD).

[00491] When the first device supports feedback of the compressed beamforming matrix based
on SVD, the first device may perform eigenvalue decomposition on a covariance matrix of a
channel matrix of a subcarrier, to obtain an eigenvector matrix and an eigenvalue matrix, and the
beamforming matrix is determined based on the channel matrix, the eigenvector matrix, and the
eigenvalue matrix that are of the subcarrier. The beamforming matrix may indicate the attribute
information of the target path. The first device may send the compressed beamforming matrix to
the second device.

[00492] For SVD, to ensure that delay information and Doppler information are correctly
reserved, when SVD is performed on channel matrices corresponding to different subcarriers in
different first frames, elements at a same location need to be selected as reference items when
column vectors in the eigenvector matrix are calculated. For example, assuming that an a” element
in a first column vector in the eigenvector matrix is used as a reference item, for another column
vector, an a™ element should also be selected as a reference item. In addition, a same value needs
to be assigned to these reference items. For example, first elements of all column vectors in the
eigenvector matrix may be used as reference items, and 1 is assigned to the first elements, to solve
the column vectors in the eigenvector matrix.

[00493] The assigning a same value to the reference items may also be described as: assigning
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a same plus or minus sign to the reference items.

[00494] The following describes frame structures of the first indication information and the
seventh indication information by using a low frequency scenario as an example.

[00495] In a possible design, the first device includes the first indication information and the
seventh indication information in a sensing capability field, and sends the sensing capability field
to the second device in the association phase.

[00496] For example, the first device may set a bit value of the seventh indication information
to different values, to indicate whether the first device supports feedback of the compressed
beamforming matrix based on SVD. For example, the seventh indication information is one bit.
The bit may be set to 0 to indicate that the first device supports feedback of the compressed
beamforming matrix based on SVD, or the bit may be set to 1 to indicate that the first device does
not support feedback of the compressed beamforming matrix based on SVD. Alternatively, as
shown in the following Table 9, the bit is set to 1 to indicate that the first device supports feedback
of the compressed beamforming matrix based on SVD, or the bit is set to 0 to indicate that the first

device does not support feedback of the compressed beamforming matrix based on SVD.

Table 9 Example of bits of the first indication information and the seventh indication

information in the sensing capability field

Bit Meaning

X When the bit is set to 1, it indicates that one or more of the
following feedbacks are supported: feedback of the compressed
beamforming matrix based on subcarrier dimension consistency or
feedback of the compressed beamforming matrix based on sample
dimension consistency. When the bit is set to 0, it indicates that
one or more of the following feedbacks are not supported:
feedback of the compressed beamforming matrix based on
subcarrier dimension consistency or feedback of the compressed
beamforming matrix based on sample dimension consistency.

x+1 When the bit is set to 1, it indicates that feedback of the

compressed beamforming matrix based on SVD is supported.
When the bit is set to 0, it indicates that feedback of the

compressed beamforming matrix based on SVD is not supported.

[00497] The first indication information may occupy one bit, for example, an x™ bit in the
sensing capability field shown in Table 9. The seventh indication information may occupy one bit,
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for example, an (x+1)" bit in the sensing capability field shown in Table 9. Alternatively, the first
indication information may occupy a plurality of bits, and the seventh indication information may
occupy a plurality of bits. This is not limited in this application.

[00498] Optionally, the first device may include the sensing capability field in an association
request frame or another related frame that may carry the sensing capability field, and send the
association request frame or the another related frame to the second device. This is not limited in
this application.

[00499] The following describes frame structures of the first indication information and the
seventh indication information by using a high frequency scenario as an example.

[00500] In the association phase, the first device may send the EDMG sensing capability field
to the second device, where the EDMG sensing capability field may include the first indication
information and the seventh indication information.

[00501] For example, the first device may set a bit value of the seventh indication information
to different values, to indicate whether the first device supports feedback of the compressed
beamforming matrix based on SVD. For example, the seventh indication information is one bit.
The bit may be set to O to indicate that the first device supports feedback of the compressed
beamforming matrix based on SVD, or the bit may be set to 1 to indicate that the first device does
not support feedback of the compressed beamforming matrix based on SVD. Alternatively, as
shown in the following Table 10, the bit is set to 1 to indicate that the first device supports feedback
of the compressed beamforming matrix based on SVD, or the bit is set to 0 to indicate that the first

device does not support feedback of the compressed beamforming matrix based on SVD.

Table 10 Example of bits of the first indication information and the seventh indication
information in the EDMG sensing capability field

Bit Meaning

X When the bit is set to 1, it indicates that one or more of the
following feedbacks are supported: feedback of the compressed
beamforming matrix based on subcarrier dimension consistency or
feedback of the compressed beamforming matrix based on sample
dimension consistency. When the bit is set to 0, it indicates that
one or more of the following feedbacks are not supported:
feedback of the compressed beamforming matrix based on
subcarrier dimension consistency or feedback of the compressed

beamforming matrix based on sample dimension consistency.
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Bit Meaning
x+1 When the bit is set to 1, it indicates that feedback of the

compressed beamforming matrix based on SVD is supported.
When the bit is set to 0, it indicates that feedback of the

compressed beamforming matrix based on SVD is not supported.

[00502] The first indication information may occupy one bit, for example, an x™ bit in the
EDMG sensing capability field shown in Table 10. The seventh indication information may occupy
one bit, for example, an (x+1)™ bit in the EDMG sensing capability field shown in Table 10.
Alternatively, the first indication information may occupy a plurality of bits, and the seventh
indication information may occupy a plurality of bits. This is not limited in this application.
[00503] Optionally, as shown in FIG. 11, the first device may include the first indication
information and the seventh indication information in a core capabilities field of the EDMG
sensing capability field or an optional subelements field of the EDMG sensing capability field,
and send the core capabilities field or the optional subelements field to the second device. This is
not limited in this application.

[00504] When the first indication information and the seventh indication information are carried
in the core capabilities field of the EDMG sensing capability field, a reserved bit of the core
capabilities field may indicate the first indication information.

[00505] When the first indication information and the seventh indication information are carried
in the EDMG sensing capability field, as shown in Table 8, the first indication information and the
seventh indication information may be carried in the subelement field of the sensing capability.
[00506] Optionally, in the high frequency scenario, a field may be further designed and may
carry a plurality of types of capability indication information (for example, the first indication
information and the seventh indication information) related to sensing, and the field may be a
capability element field (for example, the sensing capability field (sensing capability element)).
[00507] Optionally, before the first device performs channel measurement, the first device may
further send eighth indication information to the second device, where the eighth indication
information may indicate whether the first device supports feedback of a compressed beamforming
matrix for implementing sensing.

[00508] When the first device supports feedback of the compressed beamforming matrix for
implementing sensing, the first device may feed back the compressed beamforming matrix to the
second device by using the method shown in FIG. 8, or the first device may feed back the
compressed beamforming matrix to the second device based on SVD.

[00509] The following describes a frame structure of the eighth indication information by using
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a low frequency scenario as an example.

[00510] In a possible design, the first device includes the eighth indication information in a
sensing capability field, and sends the sensing capability field to the second device in the
association phase.

[00511] In the association phase, the first device may send the sensing capability field to the
second device, where the sensing capability field may include the eighth indication information.
[00512] For example, the first device may set a bit value of the eighth indication information to
different values, to indicate whether the first device supports feedback of the compressed
beamforming matrix for implementing sensing. For example, the eighth indication information is
one bit. The bit may be set to 0 to indicate that the first device supports feedback of the compressed
beamforming matrix for implementing sensing, or the bit may be set to 1 to indicate that the first
device does not support feedback of the compressed beamforming matrix for implementing
sensing. Alternatively, as shown in the following Table 11, the bit is set to 1 to indicate that the
first device supports feedback of the compressed beamforming matrix for implementing sensing,
or the bit is set to 0 to indicate that the first device does not support feedback of the compressed

beamforming matrix for implementing sensing.

Table 11 Example of a bit of the eighth indication information in the sensing capability field

Bit Meaning

X When the bit is set to 1, it indicates that feedback of the compressed
beamforming matrix for implementing sensing is supported.
When the bit is set to 0, it indicates that feedback of the compressed

beamforming matrix for implementing sensing is not supported.

[00513] The eighth indication information may occupy one bit, for example, an x" bit in the
sensing capability field shown in Table 11. Alternatively, the eighth indication information may
occupy a plurality of bits. This is not limited in this application.

[00514] Optionally, the first device may include the sensing capability field in an association
request frame or another related frame that may carry the sensing capability field, and send the
association request frame or the another related frame to the second device. This is not limited in
this application.

[00515] The following describes a frame structure of the eighth indication information by using
a high frequency scenario as an example.

[00516] In the association phase, the first device may send the EDMG sensing capability field
to the second device, where the EDMG sensing capability field may include the eighth indication
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information.

[00517] For example, the first device may set a bit value of the eighth indication information to
different values, to indicate whether the first device supports feedback of the compressed
beamforming matrix for implementing sensing. For example, the eighth indication information is
one bit. The bit may be set to 0 to indicate that the first device supports feedback of the compressed
beamforming matrix for implementing sensing, or the bit may be set to 1 to indicate that the first
device does not support feedback of the compressed beamforming matrix for implementing
sensing. Alternatively, as shown in the following Table 12, the bit is set to 1 to indicate that the
first device supports feedback of the compressed beamforming matrix for implementing sensing,
or the bit is set to 0 to indicate that the first device does not support feedback of the compressed

beamforming matrix for implementing sensing.

Table 12 Example of a bit of the eighth indication information in the EDMG sensing
capability field

Bit Meaning

X When the bit is set to 1, it indicates that feedback of the compressed
beamforming matrix for implementing sensing is supported.
When the bit is set to 0, it indicates that feedback of the compressed

beamforming matrix for implementing sensing is not supported.

[00518] The eighth indication information may occupy one bit, for example, an x" bit in the
EDMG sensing capability field shown in Table 12. Alternatively, the eighth indication information
may occupy a plurality of bits. This is not limited in this application.

[00519] Optionally, as shown in FIG. 11, the first device may include the eighth indication
information in a core capabilities field of the EDMG sensing capability field or an optional
subelements field of the EDMG sensing capability field, and send the core capabilities field or the
optional subelements field to the second device. This is not limited in this application.

[00520] When the eighth indication information is carried in the core capabilities field of the
EDMG sensing capability field, a reserved bit of the core capabilities field may indicate the eighth
indication information.

[00521] When the eighth indication information is carried in the optional subelements field of
the EDMG sensing capability field, the eighth indication information may be carried in the
subelement field of the sensing capability.

[00522] Optionally, in the high frequency scenario, a field may be further designed and carry a
plurality of types of capability indication information (for example, the eighth indication

76



10

15

20

25

30

35

information) related to sensing, and the field may be a capability element field (for example, the
sensing capability field (sensing capability element)).

[00523] Optionally, the second device may send second indication information to the first
device.

[00524] The second indication information indicates whether the second device supports one or
more of the following feedbacks: feedback of a compressed beamforming matrix based on
subcarrier dimension consistency or feedback of a compressed beamforming matrix based on
sample dimension consistency.

[00525] Itshould be noted that for descriptions of the foregoing one or more types of feedbacks,
refer to the descriptions of the foregoing one or more types of feedbacks in the first indication
information. Details are not described herein again.

[00526] The second device may send the second indication information to the first device in the
association phase. When the second device performs channel measurement and feeds back channel
state information to the first device, if the second device supports the foregoing one or more of
feedbacks, the second device may perform channel measurement through the action performed by
the first device in FIG. 8, and feed back the compressed beamforming matrix to the first device.
The first device may perform target path sensing through the action performed by the second
device in FIG. 8.

[00527] The following describes a frame structure of the second indication information by using
a low frequency scenario as an example.

[00528] In a possible design, the second device includes the second indication information in a
sensing capability field, and sends the sensing capability field to the first device in the association
phase.

[00529] For descriptions of carrying the second indication information in the sensing capability
field, refer to the foregoing descriptions of carrying the first indication information in the sensing
capability field. Details are not described herein again.

[00530] Optionally, the second device may include the sensing capability field in an association
response frame, a beacon frame, or another related frame that may carry the sensing capability
field, and send the association response frame, the beacon frame, or the another related frame to
the first device. This is not limited in this application.

[00531] The following describes a frame structure of the second indication information by using
a high frequency scenario as an example.

[00532] In the association phase, the second device may send the EDMG sensing capability
field to the first device, where the EDMG sensing capability field may include the second

indication information.
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[00533] For descriptions that the EDMG sensing capability field includes the second indication
information, refer to the related descriptions that the EDMG sensing capability field includes the
first indication information. Details are not described herein again.

[00534] Optionally, as shown in FIG. 11, the second device may include the second indication
information in a core capabilities field of the EDMG sensing capability field or an optional
subelements field of the EDMG sensing capability field, and send the core capabilities field or the
optional subelements field to the first device. This is not limited in this application.

[00535] When the second indication information is carried in the core capabilities field of the
EDMG sensing capability field, a reserved bit of the core capabilities field may indicate the second
indication information.

[00536] When the second indication information is carried in the optional subelements field of
the EDMG sensing capability field, as shown in Table 8, the second indication information may
be carried in the subelement field of the sensing capability.

[00537] Optionally, in the high frequency scenario, a field may be further designed and carry a
plurality of types of capability indication information (for example, the second indication
information) related to sensing, and the field may be a capability element field (for example, the
sensing capability field (sensing capability element)).

[00538] Optionally, when sending the second indication information to the first device, the
second device may further send ninth indication information to the first device.

[00539] The ninth indication information may indicate whether the second device supports
feedback of the compressed beamforming matrix based on SVD.

[00540] For descriptions of feedback of the compressed beamforming matrix based on SVD,
refer to the descriptions of feedback of the compressed beamforming matrix based on SVD in the
seventh indication information. Details are not described herein again.

[00541] The following describes frame structures of the second indication information and the
ninth indication information by using a low frequency scenario as an example.

[00542] Ina possible design, the second device includes the second indication information and
the ninth indication information in a sensing capability field, and sends the sensing capability field
to the second device in the association phase.

[00543] For descriptions of carrying the second indication information and the ninth indication
information in the sensing capability field, refer to the descriptions of carrying the first indication
information and the seventh indication information in the sensing capability field. Details are not
described herein again.

[00544] Optionally, the second device may include the sensing capability field in an association
response frame, a beacon frame, or another related frame that may carry the sensing capability
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field, and send the association response frame, the beacon frame, or the another related frame to
the first device. This is not limited in this application.

[00545] The following describes frame structures of the second indication information and the
ninth indication information by using a high frequency scenario as an example.

[00546] In the association phase, the second device may send the EDMG sensing capability
field to the first device, where the EDMG sensing capability field may include the second
indication information and the ninth indication information.

[00547] For descriptions that the EDMG sensing capability field includes the second indication
information and the ninth indication information, refer to the descriptions that the EDMG sensing
capability field includes the first indication information and the seventh indication information.
Details are not described herein again.

[00548] Optionally, as shown in FIG. 11, the second device may include the second indication
information and the ninth indication information in a core capabilities field of the EDMG sensing
capability field or an optional subelements field of the EDMG sensing capability field, and send
the core capabilities field or the optional subelements field to the first device. This is not limited
in this application.

[00549] When the second indication information and the ninth indication information are
carried in the core capabilities field of the EDMG sensing capability field, a reserved bit in the
core capabilities field may indicate the second indication information.

[00550] When the second indication information and the ninth indication information are
carried in the EDMG sensing capability field, as shown in Table 8, the second indication
information and the ninth indication information may be carried in the subelement field of the
sensing capability.

[00551] Optionally, in the high frequency scenario, a field may be further designed and carry a
plurality of types of capability indication information (for example, the second indication
information and the ninth indication information) related to sensing, and the field may be a
capability element field (for example, the sensing capability field (sensing capability element)).
[00552] Optionally, the second device may further send tenth indication information to the first
device, where the tenth indication information may indicate whether the second device supports
feedback of a compressed beamforming matrix for implementing sensing.

[00553] For descriptions about whether the second device supports feedback of the compressed
beamforming matrix for implementing sensing, refer to the descriptions about whether the first
device supports feedback of the compressed beamforming matrix for implementing sensing in the
eighth indication information. Details are not described herein again.

[00554] The following describes a frame structure of the tenth indication information by using
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a low frequency scenario as an example.

[00555] In a possible design, the second device includes the tenth indication information in a
sensing capability field, and sends the sensing capability field to the first device in the association
phase.

[00556] For descriptions of carrying the tenth indication information in the sensing capability
field, refer to the descriptions of carrying the eighth indication information in the sensing capability
field. Details are not described herein again.

[00557] Optionally, the second device may include the sensing capability field in an association
response frame, a beacon frame, or another related frame that may carry the sensing capability
field, and send the association response frame, the beacon frame, or the another related frame to
the first device. Details are not described herein again.

[00558] The following describes a frame structure of the tenth indication information by using
a high frequency scenario as an example.

[00559] In the association phase, the second device may send the EDMG sensing capability
field to the first device, where the EDMG sensing capability field may include the tenth indication
information.

[00560] For descriptions that the EDMG sensing capability field includes the tenth indication
information, refer to the descriptions that the EDMG sensing capability field includes the eighth
indication information. Details are not described herein again.

[00561] Optionally, as shown in FIG. 11, the second device may include the tenth indication
information in a core capabilities field of the EDMG sensing capability field or an optional
subelements field of the EDMG sensing capability field, and send the core capabilities field or the
optional subelements field to the first device. This is not limited in this application.

[00562] When the tenth indication information is carried in the core capabilities field of the
EDMG sensing capability field, a reserved bit of the core capabilities field may indicate the tenth
indication information.

[00563] When the tenth indication information is carried in the optional subelements field of
the EDMG sensing capability field, the tenth indication information may be carried in the
subelement field of the sensing capability.

[00564] Optionally, in the high frequency scenario, a field may be further designed. The field
may carry a plurality of types of capability indication information (for example, the tenth
indication information) related to sensing. For example, the field may be a capability element field
(for example, the sensing capability field (sensing capability element)).

[00565] Optionally, before the first device performs channel measurement, the second device
may send a sensing request frame to the first device.
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[00566] The sensing request frame may include a feedback type indication. The feedback type
indication may indicate to feed back channel state information for implementing sensing.

[00567] When the feedback type indication indicates to feed back the channel state information
for implementing sensing, the first device may feed back the compressed beamforming matrix to
the second device by using the method described in FIG. 8, and the second device may perform
sensing based on the received compressed beamforming matrix.

[00568] The following describes a frame structure of the sensing request frame by using a low
frequency scenario as an example. A frame structure of the sensing request frame in a high
frequency scenario is similar to that in the low frequency scenario. Details are not described herein
again.

[00569] The second device may send the sensing request frame to the first device in the
negotiation phase. The sensing request frame may include a feedback type indication field. The
feedback type indication field may also be described as a sensing feedback type subfield. As shown
in Table 13, the sensing feedback type subfield may be set to 00 to indicate to feed back the channel
state information for implementing sensing, or the sensing feedback type subfield may be set to

one of 01 to 11 to indicate another feedback type.

Table 13 Sensing feedback type subfield

Bit Meaning

00 Indicating to feed back the compressed
beamforming matrix for implementing sensing
01-11 Feedback type in other WLAN sensing

[00570] Table 13 is merely an example for description. A specific value of a bit occupied by the
sensing feedback type subfield and a quantity of occupied bits are not limited in embodiments of
this application. For example, the sensing feedback type subfield may alternatively be set to 01 to
indicate to feed back the channel state information for implementing sensing, or the sensing
feedback type subfield may be set to one of 00, 10, or 11 to indicate another feedback type.
Alternatively, the sensing feedback type subfield may be set to 10 to indicate to feed back the
channel state information for implementing sensing, or the sensing feedback type subfield may be
set to one of 00, 01, or 11 to indicate another feedback type or the like. This is not limited in this
application.

[00571] It should be noted that the sensing request frame may also be described as a
measurement setup request (measurement setup request) frame, or may be described as a sensing

setup request (sensing setup request) frame. This is not limited in this application.
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[00572] Optionally, before the first device performs channel measurement, the first device may
send a sensing response frame to the second device.

[00573] The sensing response frame may include a feedback type indication. The feedback type
indication may indicate to feed back the channel state information for implementing sensing.
[00574] When the feedback type indication indicates to feed back the channel state information
for implementing sensing, the first device may feed back the compressed beamforming matrix to
the second device by using the method described in FIG. 8, and the second device may perform
sensing based on the received compressed beamforming matrix.

[00575] The following describes a frame structure of the sensing response frame by using a low
frequency scenario as an example. A frame structure of the sensing response frame in a high
frequency scenario is similar to that in the low frequency scenario. Details are not described herein
again.

[00576] The first device may send the sensing response frame to the second device in the
negotiation phase. The sensing response frame may include a feedback type indication field shown
in Table 13. The feedback type indication field may also be described as a sensing feedback type
subfield. As shown in Table 13, the feedback type indication field may be set to 00 to indicate to
feed back the channel state information for implementing sensing, or the feedback type indication
field may be set to one of 01 to 11 to indicate another feedback type.

[00577] Table 13 is merely an example for description. A specific value of a bit occupied by the
sensing feedback type subfield and a quantity of occupied bits are not limited in embodiments of
this application. For example, the sensing feedback type subfield may alternatively be set to 01 to
indicate to feed back the channel state information for implementing sensing, or the sensing
feedback type subfield may be set to one of 00, 10, or 11 to indicate another feedback type.
Alternatively, the sensing feedback type subfield may be set to 10 to indicate to feed back the
channel state information for implementing sensing, or the sensing feedback type subfield may be
set to one of 00, 01, or 11 to indicate another feedback type or the like. This is not limited in this
application.

[00578] It should be noted that the sensing response frame may also be described as a
measurement setup response (measurement setup response) frame, or may be described as a
sensing setup response (sensing setup response) frame. This is not limited in this application.
[00579] Optionally, before the first device performs channel measurement, the second device
may send third indication information to the first device.

[00580] The third indication information may indicate to use one or more of the following
feedbacks: feedback of a compressed beamforming matrix based on subcarrier dimension
consistency or feedback of a compressed beamforming matrix based on sample dimension
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consistency.

[00581] When the third indication information indicates to use feedback of the compressed
beamforming matrix based on subcarrier dimension consistency, and the first device performs
conjugate transpose and QR decomposition on the channel state information, the obtained matrix
R satisfies: In the first L rows of the matrix R, at least one row meets that plus or minus signs of
elements on a corresponding diagonal are consistent in a subcarrier dimension. When feeding back
the matrix Q to the second device, the first device feeds back the compressed matrix Q to the
second device.

[00582] When the third indication information indicates to use feedback of the compressed
beamforming matrix based on sample dimension consistency, and the first device performs
conjugate transpose and QR decomposition on the channel state information, the obtained matrix
R satisfies: In the first L rows of the matrix R, at least one row meets that plus or minus signs of
elements on a corresponding diagonal are consistent in a sample dimension. When feeding back
the matrix Q to the second device, the first device feeds back the compressed matrix Q to the
second device.

[00583] When the third indication information indicates to use feedback of the compressed
beamforming matrix based on subcarrier dimension consistency and feedback of the compressed
beamforming matrix based on sample dimension consistency, and the first device performs
conjugate transpose and QR decomposition on the channel state information, the obtained matrix
R satisfies: In the first L rows of the matrix R, at least one row meets that plus or minus signs of
elements on a corresponding diagonal are consistent in a subcarrier dimension, and at least one
row meets that plus or minus signs of elements on a corresponding diagonal are consistent in a
sample dimension. When feeding back the matrix Q to the second device, the first device feeds
back the compressed matrix Q to the second device.

[00584] The following describes a frame structure of the third indication information by using
a low frequency scenario as an example.

[00585] In a possible design, the third indication information is located in a sensing NDPA.
[00586] The second device may send the NDPA shown in FIG. 12 to the first device in the
measurement phase. The NDPA may include a MAC header (MAC Header), a sounding dialog
token field, a station information field, and a frame check sequence field. The MAC header may
include a frame control field, a duration field, a receiver address field, and a transmitter address
field.

[00587] The second device may adjust the frame control field, the sounding dialog token field,
or the station information field to turn the NDPA into the sensing NDPA.

[00588] When the second device adjusts the frame control field to turn the NDPA into the
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sensing NDPA, as shown in FIG. 13, the second device may adjust values of a type field and a
subtype field to indicate a new type in the frame control field, indicating that the NDPA is the
sensing NDPA.

[00589] For example, as shown in Table 14, the type field may be set to 01, and the subtype
field may be set to 0010 or another value, indicating that the NDPA is a new NDPA (the new NDPA
may be the sensing NDPA). The type field may be set to 01, and the subtype field may be set to
0101, indicating that the NDPA is a VHT NDPA.

Table 14
Type field Meaning Subtype field Meaning
01 Control frame 0101 VHT NDPA
01 Control frame 0010 or another value New NDPA

The frame may include an
NDPA variant (variant)
field. One variant is the
sensing NDPA. A related
field (the sensing feedback
type subfield) in the
sensing NDPA may
indicate the third

indication information.

[00590] When the second device adjusts the sounding dialog token field to turn the NDPA into
the sensing NDPA, as shown in the following Table 15, the second device may combine the first
two bits of the sounding dialog token field with another manner, to indicate that the NDPA is a
new NDPA. A field (for example, four bits) is added to the new NDPA to divide NDPA types, to
indicate that the NDPA is the sensing NDPA.

[00591] Optionally, the sensing NDPA may include one common information field (common
info field) and/or one or more user information fields (user info field). The sensing feedback type
subfield shown in Table 13 may be included in a common information field or a corresponding
user information field. For example, if feedback types of a plurality of first devices are the same,
the sensing feedback type subfield may be included in a common information field in the sensing
NPDA sent by the second device. If feedback types of a plurality of first devices are different, a
sensing feedback type subfield corresponding to each first device may be included in each user
information field that is in a one-to-one correspondence with the first device and that is in the
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sensing NPDA sent by the second device.

Table 15

Field name Meaning

Sounding dialog token field Meaning of the first two bits:

00: VHT NDPA

01: HE NDPA

10: Ranging NDPA

11: EHT NDPA

In this embodiment of this application, the field may be set to
00. In this case, all devices identify the NDPA as a result VHT
NDPA (a length of a station information field of the VHT
NDPA is two bytes). Then, a disambiguation bit is added to a
corresponding location B11 in each two bytes (16 bits), to
indicate a new NDPA type.

In addition, a field (for example, four bits) may be added to
the new NDPA to divide NDPA types. When one NDPA of a
new extension type is selected as the sensing NDPA, the
sensing feedback type subfield in the NDPA may be used to

carry the third indication information.

[00592] Optionally, the sensing NDPA may include one common information field (common
info field) and/or one or more user information fields (user info field). The sensing feedback type
subfield shown in Table 13 may be included in a common information field or a corresponding
user information field. For example, if feedback types of a plurality of first devices are the same,
the sensing feedback type subfield may be included in a common information field in the sensing
NPDA sent by the second device. If feedback types of a plurality of first devices are different, a
sensing feedback type subfield corresponding to each first device may be included in each user
information field that is in a one-to-one correspondence with the first device and that is in the
sensing NPDA sent by the second device.

[00593] When the second device adjusts the station information field to turn the NDPA into the
sensing NDPA, as shown in the following Table 16, the second device may indicate, by using a
special AID (special AID) in the station information shown in FIG. 14, that the NDPA is the sensing
NDPA.
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Table 16

Field name Meaning

Station information 1 In a manner, in the station information 1, a special AID (for
example, AID=2045, or another AID, where a value range of the
special AID is [2008, 2047]) may indicate that the NDPA is a
sensing NDPA in a corresponding version (HE/Ranging/EHT). A
related bit of the NDPA may be used to carry the third indication
information.

In another manner, the first two bits of the sounding dialog token
field may be 01 (HE NDPA)/10 (Ranging NDPA)/11 (EHT
NDPA). A special AID (with a same value range as above)
indicates a general NDPA, and a field (for example, an NDPA
variant, four bits) is added to the general NDPA to distinguish
NDPA types. An NDPA under the general NDPA is a sensing
NDPA. In this case, the sensing feedback type subfield in the

sensing NDPA may carry the third indication information.

[00594] Optionally, the third indication information is located in the sensing feedback type
subfield in the user information field of the sensing NDPA.

[00595] It should be noted that if the second device indicates a plurality of first devices to use
different feedback types, the third indication information of each first device may be located in a
user information field (user info field) corresponding to each first device. If the second device
indicates a plurality of first devices to use a same feedback type, the third indication information
may be present in a user information field starting with a special AID. In this case, the user
information field may be used as a common information field. That is, all the first devices perform
feedback based on the third indication information in the common information field.

[00596] In another possible design, the third indication information is located in a sensing
trigger frame.

[00597] The second device may send the trigger frame shown in FIG. 15 to the first device in
the feedback phase. The trigger frame may include a MAC header (MAC Header), a common
information field, a station information field, a padding field, and a frame check sequence field.
The MAC header may include a frame control field, a duration field, a receiver address field, and
a transmitter address field.

[00598] The second device may adjust the common information field to turn the trigger frame
into the sensing trigger frame.
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[00599] For example, as shown in the following Table 17, the second device may add a new
type to a trigger type in the common information field. For example, a value of a trigger type field
is set to 8 to indicate sensing beamforming report poll, to indicate that the trigger frame is the
sensing trigger frame. Alternatively, an existing beamforming report poll may be directly reused
to indicate that the trigger frame is the sensing trigger frame.

[00600] For example, the HE common information field shown in FIG. 16 and the EHT
common information field shown in FIG. 17 are used as examples. The new type may be added to

the trigger type, to indicate that the trigger frame is the sensing trigger frame.

Table 17
Value of the trigger Meaning of the trigger frame
type field
0 Basic (Basic)
1 Beamforming report poll (Beamforming report poll)
7 NDP feedback report poll (Dull data packet feedback report poll)
8 Sensing beamforming report poll (Sensing beamforming report roll)
9-15 Reserved

[00601] Optionally, the third indication information may be located in the common information
field of the sensing trigger frame or the user information field of the sensing trigger frame. This is
not limited in this application.

[00602] It should be noted that if the second device indicates a plurality of first devices to use
different feedback types, the third indication information of each first device may be located in a
user information field (user info field) corresponding to each first device in the sensing trigger
frame. If the second device indicates a plurality of first devices to use a same feedback type, the
third indication information may be present in a common information field of the sensing trigger
frame. That is, all the first devices perform feedback based on the third indication information in
the common information field.

[00603] The following describes a frame structure of the third indication information by using
a high frequency scenario as an example.

[00604] Ina possible design, the third indication information is located in the BRP.

[00605] The second device may send the BRP to the first device in the feedback phase, where
the BRP may include a BRP request field and a BRP request element field. The BRP request field
is designed in the 802.11ad. The BRP request element field is a newly added field in the 802.11ay,
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and is used to carry additional BRP related information. As shown in FIG. 18, the BRP request
element field may include an element ID field, a length field, an element ID extension field, a
digital beamforming request field, a feedback type field, an Nc index field, and a reserved field.
[00606] Optionally, the third indication information is located in the reserved field in the BRP.
[00607] For example, when the feedback type field is 1, it indicates an MU scenario. In this
case, ay is an OFDM PHY. When the feedback type field is 1, as shown in the following Table 18,
one reserved bit (any one of B91 to B95) indicates the third indication information.

Table 18
Any bit of B91 to B95 Meaning
1 Third indication information
0 Other

[00608] It should be noted that when a new frame for indicating sensing information is present
in WLAN sensing at a high frequency, the third indication information may alternatively be located
in the new frame. This is not limited in embodiments of this application.

[00609] Based on the foregoing descriptions of the first indication information to the tenth
indication information and the sensing request frame and the sensing response frame, the foregoing
indication information, the sensing request frame, and the sensing response frame may be used
independently, or may be used in combination. This is not limited in this application.

[00610] Different from FIG. 8 to FIG. 17 showing the method in which subcarrier dimension
consistency or sample dimension consistency needs to be met when the first device performs QR
decomposition, FIG. 19 shows the method in which subcarrier dimension consistency and sample
dimension consistency may not need to be met when the first device performs QR decomposition.
[00611] FIG. 19is a flowchart of a communication method according to an embodiment of this
application. As shown in FIG. 19, the method may include the following steps.

[00612] Step 1901: The second device sends a first frame to the first device. Correspondingly,
the first device receives the first frame from the second device.

[00613] For descriptions of step 1901, refer to the foregoing descriptions of step 801. Details
are not described herein again.

[00614] Step 1902: The first device determines channel state information based on the first
frame.

[00615] For descriptions of step 1902, refer to the foregoing descriptions of step 802. Details
are not described herein again.

[00616] Step 1903: The first device performs conjugate transpose and QR decomposition on

88



10

15

20

25

30

35

the channel state information to obtain an upper right triangular matrix R and a matrix Q.

[00617] Because the channel state information may include the channel matrix of each
subcarrier that carries the first frame, the first device may remove a CSD from the channel state
information, extract channel matrices of some or all subcarriers, and perform conjugate transpose
and QR decomposition on the extracted channel matrices of the subcarriers by using the foregoing
Solution 2, to obtain a matrix R and a matrix Q that correspond to each subcarrier. The matrix Q
may also be described as a beamforming matrix corresponding to the subcarrier.

[00618] Step 1904: The first device sends the matrix Q and first information to the second
device. Correspondingly, the second device receives the matrix Q and the first information.
[00619] The first information may include one or more of the following: a plus or minus sign
of a first reference element or a plus or minus sign of a second reference element. The first
reference element is any one of the first L elements on a diagonal of the matrix R, the second
reference element is any one of the first L elements on the diagonal of the matrix R, the plus or
minus sign of the first reference element indicates to rotate the matrix Q in a subcarrier dimension,
the plus or minus sign of the second reference element indicates to rotate the matrix Q in a sample
dimension, L is a quantity of target paths between the first device and the second device, a sample
is a plurality of pieces of channel state information obtained by performing a plurality of times of
channel measurement in a time dimension, and the sample dimension is a sample dimension
corresponding to the plurality of pieces of channel state information.

[00620] A plus or minus sign of the reference element may indicate a plus or minus sign of a
corresponding column vector in the matrix Q. When the plus or minus sign of the reference element
is plus, the plus or minus sign of the corresponding column vector in the matrix Q is plus. When
the plus or minus sign of the reference element is minus, the plus or minus sign of the
corresponding column vector in the matrix Q is minus.

[00621] For example, the quantity L of target paths between the first device and the second
device is two, the samples obtained through sampling in the channel measurement process include
asample 1, a sample 2, a sample 3, and a sample 4, and a quantity of subcarriers that carry the first
frame is 256. The first device may perform conjugate transpose and QR decomposition on the
channel state information of each sample. It is assumed that subcarriers extracted by the first device
are a subcarrier 1, a subcarrier 2, ..., and a subcarrier 64. In this case, the first device may send, to
the second device, a matrix Q of 64 subcarriers corresponding to each sample, a plus or minus sign
of a first reference element corresponding to each matrix Q, and/or a plus or minus sign of a second
reference element corresponding to each matrix Q.

[00622] It should be noted that the first reference element and the second reference element
may be a same element. This is not limited in embodiments of this application.
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[00623] Optionally, the first device may determine the first reference element and the second
reference element based on a third location and a fourth location, where the third location is a
location of the first reference element in the matrix R, and the fourth location is a location of the
second reference element in the matrix R.

[00624] The third location and the fourth location may be determined by the second device and
sent to the first device, or may be predefined in a protocol, or may be defined by the first device.
This is not limited in this application.

[00625] It should be noted that when the third location and the fourth location are defined by
the first device, the first device may send information about the third location and information
about the fourth location to the second device, and the second device performs target path sensing
based on the third location and the fourth location.

[00626] Step 1905: The second device rotates the matrix Q based on the first information, to
obtain a rotated matrix Q.

[00627] The rotating the matrix Q may be understood as rotating plus or minus signs of column
vectors in the matrix Q. That is, the rotating the matrix Q may be understood as multiplying the
column vectors of the matrix Q by plus 1, so that the plus or minus signs of the column vectors
remain unchanged. Alternatively, the rotating the matrix Q may be understood as multiplying the
column vectors of the matrix Q by minus 1, so that the plus or minus signs of the column vectors
change from plus to minus or from minus to plus.

[00628] When the second device rotates the matrix Q based on the first information in the first
L columns of the rotated matrix Q, plus or minus signs of column vectors corresponding to the
first reference element are consistent in a subcarrier dimension, and/or plus or minus signs of
column vectors corresponding to the second reference element are consistent in a sample
dimension.

[00629] The rotated matrix Q may indicate attribute information of the target path. The attribute
information of the target path may include one or more of the following: a delay of the target path,
an AOD of the target path, or a Doppler shift of the target path.

[00630] Specifically, when the first information includes the plus or minus sign of the first
reference element, the second device may rotate the matrix Q based on the plus or minus sign of
the first reference element in a subcarrier dimension to obtain the rotated matrix Q, where in the
first L columns of the rotated matrix Q, the plus or minus signs of the column vectors
corresponding to the first reference element are consistent in a subcarrier dimension. When the
first information includes the plus or minus sign of the second reference element, the second device
rotates the matrix Q based on the plus or minus sign of the second reference element in a sample
dimension to obtain the rotated matrix Q, where in the first L columns of the rotated matrix Q, the
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plus or minus signs of the column vectors corresponding to the second reference element are
consistent in a sample dimension.

[00631] For example, the quantity L of target paths between the first device and the second
device is two, the samples obtained through sampling in the channel measurement process include
asample 1, a sample 2, a sample 3, and a sample 4, and a quantity of subcarriers that carry the first
frame is 256. The first device may perform conjugate transpose and QR decomposition on the
channel state information of each sample. It is assumed that subcarriers extracted by the first device
are a subcarrier 1, a subcarrier 2, ..., and a subcarrier 64. In this case, the first device may send, to
the second device, a matrix Q of 64 subcarriers corresponding to each sample, a plus or minus sign
of a first reference element corresponding to each matrix Q, or a plus or minus sign of a second
reference element corresponding to each matrix Q.

[00632] The second device may rotate the matrix Q in a subcarrier dimension based on the plus
or minus sign of the first reference element corresponding to each matrix Q, to obtain rotated
matrices Q of 64 subcarriers corresponding to each sample. Assuming that the third location
corresponding to the first reference element is (1, 1), for each subcarrier, in the first two columns
of the four rotated matrices Q corresponding to the four samples, plus or minus signs of first
column vectors are consistent on the current subcarrier. The second device may rotate the received
matrix Q in a sample dimension based on the plus or minus sign of the second reference element
corresponding to each matrix Q, to obtain rotated matrices Q of 64 subcarriers corresponding to
each sample. Assuming that a fourth location corresponding to the second reference element is (2,
2), for each sample, in the first two columns of the 64 rotated matrices Q corresponding to the 64
subcarriers, plus or minus signs of second column vectors are consistent on the current sample.
[00633] For example, a subcarrier 1 is used as an example. It is assumed that in the first two
columns of the four rotated matrices Q corresponding to the four samples, plus or minus signs of
the first column vectors are consistent on the subcarrier 1. To be specific, a plus or minus sign of
a first column vector of a rotated matrix Q corresponding to the subcarrier 1 in the sample 1, a plus
or minus sign of a first column vector of a rotated matrix Q corresponding to the subcarrier 1 in
the sample 2, a plus or minus sign of a first column vector of a rotated matrix Q corresponding to
the subcarrier 1 in the sample 3, and a plus or minus sign of a first column vector of a rotated
matrix Q corresponding to the subcarrier 1 in the sample 4 are consistent, and are all plus signs, or
are all minus signs.

[00634] For another example, a sample 1 is used as an example. It is assumed that in the first
two columns of the 64 rotated matrix Q corresponding to the 64 subcarriers, plus or minus signs
of the second column vectors are consistent in the sample 1. To be specific, a plus or minus sign

of a second column vector of a rotated matrix Q corresponding to the subcarrier 1 in the sample 1,
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a plus or minus sign of a second column vector of a rotated matrix Q corresponding to the
subcarrier 2 in the sample 1, ..., and a plus or minus sign of a second column vector of a rotated
matrix Q corresponding to the subcarrier 64 in the sample 1 are consistent, and are all plus signs,
or are all minus signs.

[00635] Optionally, in the first L columns of the rotated matrix Q, plus or minus signs of column
vectors corresponding to the first reference element are consistent in a subcarrier dimension, and/or
plus or minus signs of column vectors corresponding to the second reference element are consistent
in a sample dimension, which may also be described as follows: In the first L columns of the
rotated matrix Q, the column vectors corresponding to the first reference element meet that the
plus or minus signs of corresponding first reference elements are consistent in a subcarrier
dimension, and/or the column vectors corresponding to the second reference element meet that the
plus or minus signs of corresponding second reference elements are consistent in a sample
dimension.

[00636] When rotating the matrix Q based on the plus or minus sign of the first reference
element, the second device may rotate the matrix Q based on the plus or minus sign of the first
reference element, or may rotate the first reference element based on the plus or minus sign of the
first reference element. When rotating the matrix Q based on the plus or minus sign of the second
reference element, the second device may rotate the matrix Q based on the plus or minus sign of
the second reference element, or may rotate the second reference element based on the plus or
minus sign of the second reference element.

[00637] The rotating the reference element may be understood as rotating a plus or minus sign
of the reference element. That is, the rotating the reference element may be understood as
multiplying the reference element by plus 1, so that the plus or minus sign of the reference element
remains unchanged. Alternatively, the rotating the reference element may be understood as
multiplying the reference element by minus 1, so that the plus or minus sign of the reference
element changes from plus to minus or from minus to plus.

[00638] It should be noted that, in that the column vectors corresponding to the first reference
element meet that the plus or minus signs of corresponding first reference elements are consistent
in a subcarrier dimension, that the plus or minus signs are consistent means that after the first
reference elements corresponding to the column vectors are rotated, the plus or minus signs of the
rotated first reference elements are consistent. In that the column vectors corresponding to the
second reference element meet that the plus or minus signs of corresponding second reference
elements are consistent in a subcarrier dimension, that the plus or minus signs are consistent means
that after the second reference elements corresponding to the column vectors are rotated, the plus

or minus signs of the rotated second reference elements are consistent.
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[00639] The second device may rotate, based on a first reference element whose plus or minus
sign is minus, a matrix Q and first reference elements that correspond to the first reference element,
so that in the first L columns of a rotated matrix Q, the column vectors corresponding to the first
reference element meet that the plus or minus signs of the corresponding first reference elements
are plus in a subcarrier dimension. In this case, the second device may not rotate, based on a first
reference element whose plus or minus sign is plus, a matrix Q and first reference elements that
correspond to the first reference element. That is, for the matrix Q corresponding to the first
reference element whose plus or minus sign is plus, the matrix Q is the same as a rotated matrix Q
corresponding to the matrix Q.

[00640] Alternatively, the second device may rotate, based on a first reference element whose
plus or minus sign is plus, a matrix Q and first reference elements that correspond to the first
reference element, so that in the first L columns of a rotated matrix Q, the column vectors
corresponding to the first reference element meet that the plus or minus signs of the corresponding
first reference elements are minus in a subcarrier dimension. In this case, the second device may
not rotate, based on a first reference element whose plus or minus sign is minus, a matrix Q and
first reference elements that correspond to the first reference element. That is, for the matrix Q
corresponding to the first reference element whose plus or minus sign is minus, the matrix Q is the
same as a rotated matrix Q corresponding to the matrix Q.

[00641] Similarly, for descriptions that the second device rotates each received matrix Q based
on the second reference element, refer to the foregoing descriptions that the second device rotates
each received matrix Q based on the first reference element. Details are not described herein again.
[00642] For example, the quantity L of target paths between the first device and the second
device is two, the samples obtained through sampling in the channel measurement process include
asample 1, a sample 2, a sample 3, and a sample 4, and a quantity of subcarriers that carry the first
frame is 256. The first device may perform conjugate transpose and QR decomposition on the
channel state information of each sample. It is assumed that subcarriers extracted by the first device
are a subcarrier 1, a subcarrier 2, ..., and a subcarrier 64. In this case, the first device may send, to
the second device, a matrix Q of 64 subcarriers corresponding to each sample, a plus or minus sign
of a first reference element corresponding to each matrix Q, or a plus or minus sign of a second
reference element corresponding to each matrix Q.

[00643] The second device may rotate the matrix Q and the first reference element in a
subcarrier dimension based on the plus or minus sign of the first reference element corresponding
to each matrix Q, to obtain rotated matrices Q of 64 subcarriers corresponding to each sample and
a rotated first reference element corresponding to each rotated matrix Q. Assuming that the third
location corresponding to the first reference element is (1, 1), for each subcarrier, in the first two
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columns of the four rotated Q matrices corresponding to the four samples, plus or minus signs of
rotated first reference elements corresponding to first column vectors are consistent on the current
subcarrier. The second device may rotate the received matrix Q in a sample dimension based on
the plus or minus sign of the second reference element corresponding to each matrix Q, to obtain
rotated matrices Q of 64 subcarriers corresponding to each sample and a rotated second reference
element corresponding to each rotated matrix Q. Assuming that a fourth location corresponding to
the second reference element is (2, 2), for each sample, in the first two columns of the 64 rotated
matrix Q corresponding to the 64 subcarriers, plus or minus signs of rotated second reference
elements corresponding to second column vectors are consistent on the current sample.

[00644] For example, a subcarrier 1 is used as an example. It is assumed that in the first two
columns of the four rotated matrices Q corresponding to the four samples, plus or minus signs of
the rotated first reference elements corresponding to the first column vectors on the subcarrier 1
are consistent. To be specific, a plus or minus sign of a rotated first reference element
corresponding to a first column vector of a rotated matrix Q corresponding to the subcarrier 1 in
the sample 1, a plus or minus sign of a rotated first reference element corresponding to a first
column vector of a rotated matrix Q corresponding to the subcarrier 1 in the sample 2, a plus or
minus sign of a rotated first reference element corresponding to a first column vector in a rotated
matrix Q corresponding to the subcarrier 1 in the sample 3, and a plus or minus sign of a rotated
first reference element corresponding to a first column vector in a rotated matrix Q corresponding
to the subcarrier 1 in the sample 4 are consistent, and are all plus signs, or are all minus signs.
[00645] For another example, a sample 1 is used as an example. It is assumed that in the first
two columns of the 64 rotated matrices Q corresponding to the 64 subcarriers, plus or minus signs
of the rotated second reference elements corresponding to the second column vectors are consistent
on the sample 1. To be specific, a plus or minus sign of a rotated second reference element
corresponding to a second column vector of a rotated matrix Q corresponding to the subcarrier 1
in the sample 1, a plus or minus sign of a rotated second reference element corresponding to a
second column vector of a rotated matrix Q corresponding to the subcarrier 2 in the sample 1, ...,
and a plus or minus sign of a rotated second reference element corresponding to a second column
vector of a rotated matrix Q corresponding to the subcarrier 64 in the sample 1 are consistent, and
are all plus signs, or are all minus signs.

[00646] It should be noted that when only Doppler shift sensing is performed, for different
subcarriers, plus or minus signs corresponding to the subcarriers may be consistent, or may be
inconsistent. This is not limited in this application.

[00647] A plus or minus sign corresponding to a subcarrier is the plus or minus sign
corresponding to the column vectors corresponding to the first reference element when the plus or
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minus signs of the column vectors corresponding to the first reference element in the first L
columns of the rotated matrix Q are consistent in a subcarrier dimension for a current subcarrier.
[00648] For example, a subcarrier 1 is used as an example. It is assumed that in the first L
columns of the rotated matrix Q corresponding to each sample, plus or minus signs of the column
vectors corresponding to the first reference element are consistent on the subcarrier 1. In this case,
a plus or minus sign corresponding to the column vectors corresponding to the first reference
element is a plus or minus sign corresponding to the subcarrier 1. When the column vector
corresponding to the first reference element corresponds to a plus sign, the subcarrier 1
corresponds to a plus sign. When the column vector corresponding to the first reference element
corresponds to a minus sign, the subcarrier 1 corresponds to a minus sign.

[00649] For example, different subcarriers are a subcarrier 1 and a subcarrier 2. A plus or minus
sign corresponding to the subcarrier 1 may be the plus or minus sign corresponding to the column
vectors corresponding to the first reference element when the plus or minus signs of the column
vectors corresponding to the first reference element in the first L columns of the rotated matrix Q
corresponding to each sample are consistent on the subcarrier 1. A plus or minus sign
corresponding to the subcarrier 2 may be the plus or minus sign corresponding to the column
vectors corresponding to the first reference element when the plus or minus signs of the column
vectors corresponding to the first reference element in the first L columns of the rotated matrix Q
corresponding to each sample are consistent on the subcarrier 2. Plus or minus signs corresponding
to the subcarrier 1 and plus or minus signs corresponding to the subcarrier 2 may be consistent, or
may be inconsistent. To be specific, both the subcarrier 1 and the subcarrier 2 correspond to plus
signs; both the subcarrier 1 and the subcarrier 2 correspond to minus signs; the subcarrier 1
corresponds to a plus sign, and the subcarrier 2 corresponds to a minus sign; or the subcarrier 1
corresponds to a minus sign, and the subcarrier 2 corresponds to a plus sign. This is not limited in
this application.

[00650] Similarly, when only delay sensing is performed, for different samples, plus or minus
signs corresponding to the samples may be consistent, or may be inconsistent. This is not limited
in this application.

[00651]  Aplus or minus sign corresponding to a sample is the plus or minus sign corresponding
to the column vectors corresponding to the second reference element when the plus or minus signs
of the column vectors corresponding to the second reference element in the first L columns of the
matrix Q are consistent in a sample dimension for a current sample.

[00652] For example, a sample 1 is used as an example. It is assumed that in the first L columns
of the matrix Q corresponding to each subcarrier, the plus or minus signs of the column vectors
corresponding to the second reference element are consistent in the sample 1. In this case, the plus
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or minus sign corresponding to the column vectors corresponding to the second reference element
is a plus or minus sign corresponding to the sample 1. When the column vectors corresponding to
the second reference element correspond to a plus sign, the sample 1 corresponds to a plus sign.
When the column vectors corresponding to the second reference element correspond to a minus
sign, the sample 1 corresponds to a minus sign.

[00653] For example, different samples are a sample 1 and a sample 2. A plus or minus sign
corresponding to the sample 1 may be the plus or minus sign corresponding to the column vectors
corresponding to the second reference element when the plus or minus signs of the column vectors
corresponding to the second reference element in the first L columns of the matrix Q corresponding
to each subcarrier are consistent on the sample 1. A plus or minus sign corresponding to the sample
2 may be the plus or minus sign corresponding to the column vectors corresponding to the second
reference element when the plus or minus signs of the column vectors corresponding to the second
reference element in the first L columns of the matrix Q corresponding to each subcarrier are
consistent on the sample 2. Plus or minus signs corresponding to the sample 1 and plus or minus
signs corresponding to the sample 2 may be consistent, or may be inconsistent. To be specific, both
the sample 1 and the sample 2 correspond to plus signs; both the sample 1 and the sample 2
correspond to minus signs; the sample 1 corresponds to a plus sign, and the sample 2 corresponds
to a minus sign; or the sample 1 corresponds to a minus sign, and the sample 2 corresponds to a
plus sign. This is not limited in this application.

[00654] In addition, in the first L columns of the rotated matrix Q, a column in which plus or
minus signs of column vectors corresponding to the first reference element are consistent in a
subcarrier dimension and a column in which plus or minus signs of column vectors corresponding
to the second reference element are consistent in a sample dimension may be the same column or
different columns. This is not limited in this application.

[00655] For example, in the first L columns of the rotated matrix Q, one column in which plus
or minus signs of column vectors corresponding to the first reference element are consistent in a
subcarrier dimension exists, and another column in which plus or minus signs of column vectors
corresponding to the second reference element are consistent in a sample dimension exists, and
the one column and the another column may be the same column or different columns. This is not
limited in this application.

[00656] Step 1906: The second device performs target path sensing based on the rotated matrix
Q.

[00657] For example, the second device may perform target path sensing on the rotated matrix
Q based on the third location and the fourth location, to obtain the attribute information of the
target path.
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[00658] The third location may be a location of the first reference element in the matrix R, and
the fourth location is a location of the second reference element in the matrix R. The third location
and the fourth location may be a same location, or may be different locations. This is not limited
in this application.

[00659] Optionally, the third location and the fourth location may be determined by the second
device, or may be predefined in a protocol, or may be defined by the first device. This is not limited
in this application.

[00660] It should be noted that when the third location and the fourth location are determined
by the second device, the second device may send the information about the third location and the
information about the fourth location to the first device before the first device performs channel
measurement, and the first device determines the plus or minus sign of the first reference element
and the plus or minus sign of the second reference element based on the third location and the
fourth location.

[00661] When the third location and the fourth location are defined by the first device, the first
device may send the information about the third location and the information about the fourth
location to the second device, and the second device performs target path sensing based on the
third location and the fourth location.

[00662] For example, when performing target path sensing based on the rotated matrix Q, the
second device may select, based on the third location and the fourth location, a corresponding
column in the rotated matrix Q to perform angle sensing, perform delay sensing in a subcarrier
dimension, and perform Doppler shift sensing in a sample dimension.

[00663] For example, the second device may perform target path sensing based on the rotated
matrix Q by using one or more of the following Method 1 to Method 4, to obtain the attribute
information of the target path.

[00664] Method 1: The second device may select, based on the third location, a column in which
an element at the third location in the matrix Q rotated in a subcarrier dimension based on the plus
or minus sign of the first reference element is located, to perform angle sensing.

[00665] The second device may select any subcarrier, and extract, in a sample dimension, a
column in which an element at the third location in the matrix Q that is rotated based on the plus
or minus sign of the first reference element and that corresponds to the subcarrier in each sample
is located, to form a signal matrix whose dimension is TxS, where T indicates a quantity of transmit
antennas, or may be described as a quantity of antennas of the second device, and S indicates a
quantity of samples. The second device may perform angle sensing based on the signal matrix by
using a parameter estimation algorithm, to obtain the AOD of the target path.

[00666] The parameter estimation algorithm may be an algorithm that can perform parameter
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estimation, for example, a MUSIC algorithm.

[00667] For example, the third location is (1, 1). The column in which the element at the third
location is located is the first column. The second device may select any subcarrier, and extract, in
a sample dimension, elements in the first column of the rotated matrix Q corresponding to the
subcarrier in each sample, to form a signal matrix whose dimension is TxS, to implement angle
sensing.

[00668] Method 2: The second device may select, based on the fourth location, a column in
which an element at the fourth location in the matrix Q rotated in a sample dimension based on the
plus or minus sign of the second reference element is located, to perform angle sensing.

[00669] The second device may select any sample, and extract, in a subcarrier dimension, a
column in which an element at the fourth location in the matrix Q that is rotated based on the plus
or minus sign of the second reference element and that corresponds to each subcarrier in the sample
is located, to form a signal matrix whose dimension is TxK, where T indicates a quantity of
transmit antennas, or may be described as a quantity of antennas of the second device, and K
indicates a quantity of subcarriers. The second device may perform angle sensing based on the
signal matrix by using a parameter estimation algorithm, to obtain the AOD of the target path.
[00670] The parameter estimation algorithm may be an algorithm that can perform parameter
estimation, for example, a MUSIC algorithm.

[00671] Forexample, the fourth location is (1, 1). The column in which the element at the fourth
location is located is the first column. The second device may select any sample, and extract, in a
subcarrier dimension, elements in the first column of the rotated matrix Q corresponding to each
subcarrier in the sample, to form a signal matrix whose dimension is TxK, to implement angle
sensing.

[00672] Method 3: The second device may select, based on the third location, a column in which
an element at the third location in the matrix Q rotated in a subcarrier dimension based on the plus
or minus sign of the first reference element is located, to perform Doppler shift sensing in a sample
dimension.

[00673] The second device may select any subcarrier, and extract, in a sample dimension, a
column in which an element at the third location in the matrix Q that is rotated based on the plus
or minus sign of the first reference element and that corresponds to the subcarrier in each sample
is located, to form a signal matrix whose dimension is SxT, where S indicates a quantity of samples,
and T indicates a quantity of transmit antennas, or may be described as a quantity of antennas of
the second device. The second device may perform Doppler shift sensing based on the signal
matrix by using a parameter estimation algorithm, to obtain the Doppler shift of the target path.
[00674] The parameter estimation algorithm may be an algorithm that can perform parameter
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estimation, for example, a MUSIC algorithm.

[00675] For example, the third location is (1, 1). The column in which the element at the third
location is located is the first column. The second device may select any subcarrier, and extract, in
a sample dimension, elements in the first column of the rotated matrix Q corresponding to the
subcarrier in each sample, to form a signal matrix whose dimension is SxT, to implement Doppler
shift sensing.

[00676] Method 4: The second device may select, based on the fourth location, a column in
which an element at the fourth location in the matrix Q rotated in a sample dimension based on the
plus or minus sign of the second reference element is located, to perform delay sensing in a
subcarrier dimension.

[00677] The second device may select any sample, and extract, in a subcarrier dimension, a
column in which an element at the fourth location in the matrix Q that is rotated based on the plus
or minus sign of the second reference element and that corresponds to each subcarrier in the sample
is located, to form a signal matrix whose dimension is KxT, where K indicates a quantity of
subcarriers, and T indicates a quantity of transmit antennas, or may be described as a quantity of
antennas of the second device. The second device may perform delay sensing based on the signal
matrix by using a parameter estimation algorithm, to obtain the delay of the target path.

[00678] The parameter estimation algorithm may be an algorithm that can perform parameter
estimation, for example, a MUSIC algorithm.

[00679] Forexample, the fourth location is (1, 1). The column in which the element at the fourth
location is located is the first column. The second device may select any sample, and extract, in a
subcarrier dimension, elements in the first column of the rotated matrix Q corresponding to each
subcarrier in the sample, to form a signal matrix whose dimension is KxT, to implement delay
sensing.

[00680] It should be noted that delay information and Doppler shift information are carried on
a plurality of subcarriers and a plurality of samples respectively. To ensure that the delay
information is correctly reserved, when the second device rotates the matrix Q, in the first L
columns of the rotated matrix Q, the plus or minus signs of the column vectors corresponding to
the first reference element need to be consistent in a subcarrier dimension. In this case, the second
device may obtain the delay information based on the corresponding matrix Q.

[00681] To ensure that the Doppler shift information is correctly reserved, when the second
device rotates the matrix Q, in the first L columns of the rotated matrix Q, the plus or minus signs
of the column vectors corresponding to the second reference element need to be consistent in a
sample dimension. In this case, the second device may obtain the Doppler shift information based
on the rotated matrix Q.
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[00682] Inaddition, based on the foregoing description of angle sensing in step 1906, it may be
learned that the second device may perform angle sensing in a sample dimension, or may perform
angle sensing in a subcarrier dimension.

[00683] Optionally, the second device may further use the rotated matrix Q as a precoding
matrix, precode a signal sent to the first device, and send a precoded signal to the first device.
[00684] Based on the communication method shown in FIG. 19, the first device may perform
conjugate transpose and QR decomposition on the channel state information to obtain the matrix
Q and the upper right triangular matrix R, and send the matrix Q and the first information to the
second device. The second device rotates the matrix Q based on the first information, and performs
target path sensing based on the rotated matrix Q. In the first L columns of the rotated matrix Q,
the plus or minus signs of the column vectors corresponding to the first reference element are
consistent in a subcarrier dimension, or the plus or minus signs of the column vectors
corresponding to the second reference element are consistent in a sample dimension. Therefore,
the rotated matrix Q may indicate the attribute information of the target path. In other words, the
attribute information such as the delay, the AOD, and the Doppler shift of the target path may be
reserved in the rotated matrix Q. Therefore, the second device may determine the attribute
information of the target path based on the rotated matrix Q, to implement effective sensing on the
target path based on a channel matrix diagonalization principle.

[00685] FIG. 19 mainly describes a process in which the first device performs channel
measurement and feeds back the matrix Q and the first information, and the second device rotates
the matrix Q based on the first information and performs target path sensing based on the rotated
matrix Q. Optionally, before the first device performs channel measurement, the first device may
send fourth indication information to the second device.

[00686] The fourth indication information may indicate whether the first device supports
feedback of a compressed beamforming matrix based on QR decomposition and the first
information, that is, indicate whether the first device supports QR decomposition and feedback
shown in FIG. 109.

[00687] When the fourth indication information indicates that the first device supports feedback
of the compressed beamforming matrix based on QR decomposition and the first information, the
first device may perform QR decomposition by using the method shown in FIG. 19, and feed back
the compressed beamforming matrix based on QR decomposition and the first information to the
second device.

[00688] Optionally, the first device includes the fourth indication information in a sensing
capability field and sends the sensing capability field to the second device in the association phase,
the first device includes the fourth indication information in a core capabilities field of an EDMG
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sensing capability field and sends the core capabilities field to the second device in the association
phase, or the first device includes the fourth indication information in an optional subelements
field of an EDMG sensing capability field and sends the optional subelements field to the second
device in the association phase.

[00689] For descriptions of a frame structure of the fourth indication information, refer to the
foregoing descriptions of the frame structure of the first indication information. Details are not
described herein again.

[00690] Optionally, when sending the fourth indication information to the second device, the
first device may further send seventh indication information to the second device.

[00691] The seventh indication information may indicate whether the first device supports
feedback of a compressed beamforming matrix based on SVD.

[00692] For descriptions that the first device sends the fourth indication information and the
seventh indication information to the second device, refer to the foregoing descriptions that the
first device sends the first indication information and the seventh indication information to the
second device. Details are not described herein again.

[00693] Optionally, before the first device performs channel measurement, the first device may
further send eleventh indication information to the second device, where the eleventh indication
information may indicate whether the first device supports feedback of a compressed beamforming
matrix for implementing sensing.

[00694] When the eleventh indication information indicates that the first device supports
feedback of the compressed beamforming matrix for implementing sensing, the first device may
feed back the compressed beamforming matrix and the first information to the second device by
using the method shown in FIG. 19, or the first device may feed back the compressed beamforming
matrix to the second device based on SVD.

[00695] For descriptions of a frame structure of the eleventh indication information, refer to the
foregoing descriptions of the frame structure of the eighth indication information. Details are not
described herein again.

[00696] Optionally, before the first device performs channel measurement, the second device
may send fifth indication information to the first device.

[00697] The fifth indication information may indicate whether the second device supports
feedback of a compressed beamforming matrix based on QR decomposition and the first
information.

[00698] When the fifth indication information indicates that the second device supports
feedback of the compressed beamforming matrix based on QR decomposition and the first
information, the second device may perform QR decomposition through the action performed by
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the first device in FIG. 19, and feed back the compressed beamforming matrix based on QR
decomposition and the first information to the first device. The first device may rotate the matrix
Q through the action performed by the second device in FIG. 19, and perform target path sensing
based on the rotated matrix Q.

[00699] Optionally, the second device includes the fifth indication information in a sensing
capability field of an association response frame or a beacon frame and sends the sensing capability
field to the first device in the association phase, the second device includes the fifth indication
information in the core capabilities field of the EDMG sensing capability field and sends the core
capabilities field to the first device in the association phase, or the second device includes the fifth
indication information in the optional subelements field of the EDMG sensing capability field and
sends the optional subelements field to the first device in the association phase.

[00700] For descriptions of a frame structure of the fifth indication information, refer to the
foregoing descriptions of the frame structure of the second indication information. Details are not
described herein again.

[00701] Optionally, when sending the fifth indication information to the first device, the second
device may further send ninth indication information to the first device.

[00702] The ninth indication information may indicate whether the second device supports
feedback of the compressed beamforming matrix based on SVD.

[00703] For descriptions that the second device sends the fifth indication information and the
ninth indication information to the first device, refer to the foregoing descriptions that the second
device sends the second indication information and the ninth indication information to the first
device. Details are not described herein again.

[00704] Optionally, before the first device performs channel measurement, the second device
may further send twelfth indication information to the first device, where the twelfth indication
information may indicate whether the second device supports feedback of the compressed
beamforming matrix for implementing sensing.

[00705] When the twelfth indication information indicates that the second device supports
feedback of the compressed beamforming matrix for implementing sensing, the second device
may feed back the compressed beamforming matrix and the first information to the first device
through the action performed by the first device in the method shown in FIG. 19, or the second
device may feed back the compressed beamforming matrix to the first device based on SVD.
[00706] For descriptions of a frame structure of the twelfth indication information, refer to the
foregoing descriptions of the frame structure of the tenth indication information. Details are not
described herein again.

[00707] Optionally, before the first device performs channel measurement, the second device
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may send a sensing request frame to the first device.

[00708] The sensing request frame may include a feedback type indication. The feedback type
indication may indicate to feed back channel state information for implementing sensing.

[00709] When the feedback type indication indicates to feed back the channel state information
for implementing sensing, the first device may feed back the compressed beamforming matrix and
the first information to the second device by using the method described in FIG. 19, and the second
device performs sensing based on the received compressed beamforming matrix and the received
first information.

[00710] For descriptions of a frame structure of the sensing request frame, refer to the foregoing
descriptions of the frame structure of the sensing request frame. Details are not described herein
again.

[00711] Optionally, before the first device performs channel measurement, the first device may
send a sensing response frame to the second device.

[00712] The sensing response frame may include a feedback type indication. The feedback type
indication may indicate to feed back the channel state information for implementing sensing.
[00713] When the feedback type indication indicates to feed back the channel state information
for implementing sensing, the first device may feed back the compressed beamforming matrix and
the first information to the second device by using the method described in FIG. 19, and the second
device performs sensing based on the received compressed beamforming matrix and the received
first information.

[00714] For descriptions of a frame structure of the sensing response frame, refer to the
foregoing descriptions of the frame structure of the sensing response frame. Details are not
described herein again.

[00715] Optionally, before the first device performs channel measurement, the second device
may send sixth indication information to the first device.

[00716] The sixth indication information indicates to use feedback of the compressed
beamforming matrix based on QR decomposition and the first information.

[00717] Optionally, the sixth indication information is located in one or more of the following
frames: a sensing NDPA, a sensing trigger frame, or a BRP.

[00718] Optionally, the sixth indication information is located in one or more of the following
fields: a user information field of a sensing NDPA, a common information field of a sensing NDPA,
a common information field of a sensing trigger frame, a user information field of a sensing trigger
frame, or a reserved field of a BRP.

[00719] When the sixth indication information indicates to use feedback of the compressed

beamforming matrix based on QR decomposition and the first information, the first device may
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feed back the compressed beamforming matrix and the first information to the second device by
using the method in FIG. 19, and the second device performs sensing based on the received
compressed beamforming matrix and the received first information.

[00720] For descriptions of a frame structure of the sixth indication information, refer to the
foregoing descriptions of the frame structure of the third indication information. This is not limited
in this application.

[00721] Based on the foregoing descriptions of the fourth indication information to the twelfth
indication information and the sensing request frame and the sensing response frame, the foregoing
indication information, the sensing request frame, and the sensing response frame may be used
independently, or may be used in combination. This is not limited in this application.

[00722] Based on the communication method shown in FIG. 8, the first device may decompose
the channel state information based on QR decomposition, may decompose the channel state
information through SVD, or may decompose the channel state information in another
decomposition manner. This is not limited in this application. It should be noted that in the
beamforming feedback matrix (or may also be described as the beamforming matrix) obtained by
the first device through decomposition, the plus or minus signs of the column vectors for sensing
are consistent in a subcarrier dimension, and/or the plus or minus signs of the column vectors for
sensing are consistent in a sample dimension.

[00723] Based on the communication method shown in FIG. 19, the first device may decompose
the channel state information based on QR decomposition, may decompose the channel state
information through SVD, or may decompose the channel state information in another
decomposition manner. This is not limited in this application. It should be noted that after receiving
the beamforming feedback matrix sent by the first device, the second device may rotate the
beamforming feedback matrix, and in a rotated beamforming feedback matrix, plus or minus signs
of column vectors for sensing are consistent in a subcarrier dimension, and/or plus or minus signs
of column vectors for sensing are consistent in a sample dimension.

[00724] The foregoing mainly describes the solutions provided in embodiments of this
application from a perspective of interaction between the devices. It may be understood that, to
implement the foregoing functions, each device includes a corresponding hardware structure
and/or a corresponding software module for performing each function. A person skilled in the art
should easily be aware that, in combination with algorithm steps of the examples described in
embodiments disclosed in this specification, this application may be implemented by hardware or
a combination of hardware and computer software. Whether a function is performed by hardware
or hardware driven by computer software depends on a particular application and a design
constraint of the technical solutions. A person skilled in the art may use different methods to
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implement the described functions for each particular application, but it should not be considered
that the implementation goes beyond the scope of this application.

[00725] Inembodiments of this application, functional modules of each device may be obtained
through division according to the foregoing method example. For example, each functional 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 functional module. It should be
noted that, in embodiments of this application, division into the modules is an example and is
merely logical function division, and may be other division in an actual implementation.

[00726] When each functional module is obtained through division based on each
corresponding function, FIG. 20 shows a first device 200. The first device 200 may perform actions
performed by the first device in FIG. 8 to FIG. 19.

[00727]  The first device 200 may include a transceiver module 2001 and a processing module
2002. For example, the first device 200 may be the first device, or may be a chip used in the first
device or another combined part or component having a function of the first device. When the first
device 200 is the first device, the transceiver module 2001 may be a transceiver. The transceiver
may include an antenna, a radio frequency circuit, and the like. The processing module 2002 may
be a processor (or a processing circuit), for example, a baseband processor. The baseband processor
may include one or more CPUs. When the first device 200 is a component having a function of
the first device, the transceiver module 2001 may be a radio frequency unit. The processing module
2002 may be a processor (or a processing circuit), for example, a baseband processor. When the
first device 200 is a chip system, the transceiver module 2001 may be an input/output interface of
a chip (for example, a baseband chip). The processing module 2002 may be a processor (or a
processing circuit) of the chip system, and may include one or more central processing units. It
should be understood that the transceiver module 2001 in this embodiment of this application may
be implemented by a transceiver or a transceiver-related circuit component. The processing
module 2002 may be implemented by a processor or a processor-related circuit component (or
referred to as a processing circuit).

[00728] For example, the transceiver module 2001 may be configured to perform all sending
and receiving operations performed by the first device in embodiments shown in FIG. 8 to FIG.
19, and/or configured to support another process of the technology described in this specification.
The processing module 2002 may be configured to perform all operations other than the receiving
and sending operations performed by the first device in the embodiments shown in FIG. 8 to FIG.
19, and/or configured to support another process of the technology described in this specification.
[00729] In another possible implementation, the transceiver module 2001 in FIG. 20 may be
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replaced with a transceiver, and a function of the transceiver module 2001 may be integrated into
the transceiver. The processing module 2002 may be replaced with a processor, and a function of
the processing module 2002 may be integrated into the processor. Further, the first device 200
shown in FIG. 20 may further include a memory.

[00730] When each functional module is obtained through division based on each
corresponding function, FIG. 21 shows a second device 210. The second device 210 may perform
actions performed by the second device in FIG. 8 to FIG. 19.

[00731] The second device 210 may include a transceiver module 2101 and a processing
module 2102. For example, the second device 210 may be the second device, or may be a chip
used in the second device or another combined part or component having a function of the second
device. When the second device 210 is the second device, the transceiver module 2101 may be a
transceiver. The transceiver may include an antenna, a radio frequency circuit, and the like. The
processing module 2102 may be a processor (or a processing circuit), for example, a baseband
processor. The baseband processor may include one or more CPUs. When the second device 210
is a component having a function of the second device, the transceiver module 2101 may be a radio
frequency unit. The processing module 2102 may be a processor (or a processing circuit), for
example, a baseband processor. When the second device 210 is a chip system, the transceiver
module 2101 may be an input/output interface of a chip (for example, a baseband chip). The
processing module 2102 may be a processor (or a processing circuit) of the chip system, and may
include one or more central processing units. It should be understood that the transceiver module
2101 in this embodiment of this application may be implemented by a transceiver or a transceiver-
related circuit component. The processing module 2102 may be implemented by a processor or a
processor-related circuit component (or referred to as a processing circuit).

[00732] For example, the transceiver module 2101 may be configured to perform all sending
and receiving operations performed by the second device in embodiments shown in FIG. 8 to FIG.
19, and/or configured to support another process of the technology described in this specification.
The processing module 2102 may be configured to perform all operations other than the receiving
and sending operations performed by the second device in the embodiments shown in FIG. 8 to
FIG. 19, and/or configured to support another process of the technology described in this
specification.

[00733] In another possible implementation, the transceiver module 2101 in FIG. 21 may be
replaced with a transceiver, and a function of the transceiver module 2101 may be integrated into
the transceiver. The processing module 2102 may be replaced with a processor, and a function of
the processing module 2102 may be integrated into the processor. Further, the second device 210
shown in FIG. 21 may further include a memory.

106



10

15

20

25

30

35

[00734] Embodiments of this application further provide a computer-readable storage medium.
All or some of procedures in the foregoing method embodiments may be implemented by a
computer program instructing related hardware. The program may be stored in the foregoing
computer-readable storage medium. When the program is executed, the procedures in the
foregoing method embodiments may be performed. The computer-readable storage medium may
be an internal storage unit in the terminal (including a data transmitter and/or a data receiver) in
any one of the foregoing embodiments, for example, a hard disk or a memory of the terminal. The
computer-readable storage medium may alternatively be an external storage device of the
foregoing terminal, for example, a plug-in hard disk, a smart media card (smart media card, SMC),
a secure digital (secure digital, SD) card, or a flash card (flash card) that is configured on the
foregoing terminal. Further, the computer-readable storage medium may further include both an
internal storage unit and an external storage device of the foregoing terminal. The computer-
readable storage medium is configured to store the computer program and other programs and data
required by the foregoing terminal. The computer-readable storage medium may be further
configured to temporarily store data that has been output or is to be output.

[00735] It should be noted that, in the specification, claims, and accompanying drawings of this
application, the terms "first", "second", and the like are intended to distinguish between different
objects but do not describe a particular order. In addition, the terms "including™ and "having" and
any other variants thereof are intended to cover a non-exclusive inclusion. For example, a process,
a method, a system, a product, or a device that includes a series of steps or units is not limited to
the listed steps or units, but optionally further includes an unlisted step or unit, or optionally further
includes another inherent step or unit of the process, the method, the product, or the device.
[00736] Itshould be understood that, in this application, "at least one (item)™ means one or more,
"a plurality of" means two or more, "at least two (items)" means two, three, or more, and "and/or"
is used to describe an association relationship between associated objects, and indicates that there
may be three relationships. For example, "A and/or B" may indicate that only A exists, only B
exists, and both A and B exist, where A and B may be singular or plural. The character "/" usually
indicates an "or" relationship between associated objects. "At least one of the following items
(pieces)" or a similar expression thereof refers to any combination of these items, including any
combination of singular items (pieces) or plural items (pieces). For example, at least one of a, b,
or ¢ may indicate a, b, c,aand b, aand ¢, b and c, or a, b, and ¢, where a, b, and ¢ may be singular
or plural.

[00737] Based on the foregoing descriptions of the implementations, a person skilled in the art
may clearly understand that for the purpose of convenient and brief descriptions, division into the

foregoing functional modules is merely used as an example for descriptions. During actual
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application, the foregoing functions can be allocated to different functional modules for
implementation based on a requirement, in other words, an inner structure of an apparatus is
divided into different functional modules to implement all or a part of the functions described
above.

[00738] In the several embodiments provided in this application, it should be understood that
the disclosed apparatuses and methods may be implemented in other manners. For example, the
described apparatus embodiments are merely examples. For example, division into the modules or
units is merely logical function division, and may be other division during actual implementation.
For example, a plurality of units or components may be combined or may be integrated into another
apparatus, or some features may be ignored or not performed. In addition, the displayed or
discussed mutual couplings or direct couplings or communication connections may be
implemented through some interfaces. The indirect couplings or communication connections
between the apparatuses or units may be implemented in electrical, mechanical, or another form.
[00739] The units described as separate parts may or may not be physically separate, and parts
displayed as units may be one or more physical units, that is, may be located in one place, or may
be distributed in a plurality of different places. Some or all of the units may be selected based on
actual requirements to achieve the objectives of the solutions of embodiments.

[00740] In addition, functional units in embodiments of this application may be integrated into
one processing unit, each of the units may exist alone physically, or two or more units are
integrated into one unit. The integrated unit may be implemented in a form of hardware, or may
be implemented in a form of a software functional unit.

[00741] When the integrated unit is implemented in the form of a software functional unit and
sold or used as an independent product, the integrated unit may be stored in a readable storage
medium. Based on such an understanding, the technical solutions of this application essentially, or
the part contributing to the conventional technology, or all or some of the technical solutions may
be implemented in the form of a software product. The software product is stored in a storage
medium and includes several instructions for instructing a device (which may be a single-chip
microcomputer, a chip, or the like) or a processor (processor) to perform all or some of the steps
of the methods described in embodiments of this application. The foregoing storage medium
includes any medium that can store program code, for example, a USB flash drive, a removable
hard disk, a ROM, a RAM, a magnetic disk, or an optical disc.

108



10

15

20

25

30

CLAIMS

What is claimed is:

1. A communication method, comprising:

receiving, by a first device, a first frame from a second device, wherein the first frame is used
for channel measurement;

determining, by the first device, channel state information based on the first frame, wherein
a dimension of the channel state information is Nr.xNixK, N is a quantity of antennas of the first
device, Nt is a quantity of antennas of the second device, K is a quantity of subcarriers that carry
the first frame, and Ny, N, and K are all positive integers;

performing, by the first device, conjugate transpose and QR decomposition on the channel
state information to obtain an upper right triangular matrix R and a matrix Q, wherein in the first
L rows of the matrix R, at least one row meets that plus or minus signs of elements on a
corresponding diagonal are consistent in a subcarrier dimension, at least one row meets that plus
or minus signs of elements on a corresponding diagonal are consistent in a sample dimension, L is
a quantity of target paths between the first device and the second device, a sample is a plurality of
pieces of channel state information obtained by performing a plurality of times of channel
measurement in a time dimension, the sample dimension is a sample dimension corresponding to
the plurality of pieces of channel state information, and the matrix Q indicates attribute information
of the target path; and

sending, by the first device, the matrix Q to the second device.

2. The method according to claim 1, wherein

the matrix Q is a unitary matrix; or

a matrix obtained by normalizing at least one column of the matrix Q is a unitary matrix.

3. The method according to claim 1 or 2, wherein

the attribute information of the target path comprises one or more of the following: a delay
of the target path, an angle of departure AOD of the target path, or a Doppler shift of the target
path.

4. The method according to any one of claims 1 to 3, wherein the performing, by the first
device, conjugate transpose and QR decomposition on the channel state information to obtain the
matrix R and the matrix Q comprises:

determining, by the first device, a first location and a second location, wherein the first
location is a location, in the matrix R, of an element that is in the first L rows of the matrix R and
that meets that plus or minus signs of elements on a corresponding diagonal are consistent in a

subcarrier dimension, and the second location is a location, in the matrix R, of an element that is
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in the first L rows of the matrix R and that meets that plus or minus signs of elements on a
corresponding diagonal are consistent in a sample dimension; and

performing, by the first device, conjugate transpose and QR decomposition on the channel
state information based on the first location and the second location.

5. The method according to claim 4, wherein the determining, by the first device, the first
location and the second location comprises:

receiving, by the first device, information about the first location and information about the
second location from the second device; or

the first location and the second location are predefined; or

the first location and the second location are defined by the first device.

6. The method according to claim 4, wherein the method further comprises:

sending, by the first device, information about the first location and information about the
second location to the second device.

7. The method according to any one of claims 1 to 6, wherein before the receiving, by the
first device, the first frame from the second device, the method further comprises:

sending, by the first device, first indication information to the second device, wherein the first
indication information indicates whether the first device supports one or more of the following
feedbacks: feedback of a compressed beamforming matrix based on subcarrier dimension
consistency or feedback of a compressed beamforming matrix based on sample dimension
consistency.

8. The method according to claim 7, wherein

the first indication information is located in one or more of the following fields: a sensing
capability field of an association request frame, a core capabilities field of an enhanced directional
multi-gigabit EDMG sensing capability field, or an optional subelements field of an EDMG
sensing capability field.

9. The method according to any one of claims 1 to 8, wherein before the receiving, by the
first device, the first frame from the second device, the method further comprises:

receiving, by the first device, second indication information from the second device, wherein
the second indication information indicates whether the second device supports one or more of the
following feedbacks: feedback of a compressed beamforming matrix based on subcarrier
dimension consistency or feedback of a compressed beamforming matrix based on sample
dimension consistency.

10. The method according to claim 9, wherein

the second indication information is located in one or more of the following fields: a sensing
capability field of an association response frame, a sensing capability field of a beacon frame, a
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core capabilities field of an EDMG sensing capability field, or an optional subelements field of an
EDMG sensing capability field.

11. The method according to any one of claims 1 to 10, wherein before the receiving, by the
first device, the first frame from the second device, the method further comprises:

receiving, by the first device, a sensing request frame from the second device, wherein the
sensing request frame comprises a feedback type indication, and the feedback type indication
indicates to feed back channel state information for implementing sensing.

12. The method according to any one of claims 1 to 11, wherein before the receiving, by the
first device, the first frame from the second device, the method further comprises:

sending, by the first device, a sensing response frame to the second device, wherein the
sensing response frame comprises a feedback type indication, and the feedback type indication
indicates to feed back channel state information for implementing sensing.

13. The method according to any one of claims 1 to 12, wherein before the sending, by the
first device, the matrix Q to the second device, the method further comprises:

receiving, by the first device, third indication information from the second device, wherein
the third indication information indicates to use one or more of the following feedbacks: feedback
of a compressed beamforming matrix based on subcarrier dimension consistency or feedback of a
compressed beamforming matrix based on sample dimension consistency.

14. The method according to claim 13, wherein

the third indication information is located in one or more of the following frames: a sensing
NDPA, a sensing trigger frame, or a beam refinement protocol BRP.

15. The method according to claim 13 or 14, wherein

the third indication information is located in one or more of the following fields: a user
information field of a sensing NDPA, a common information field of a sensing NDPA, a common
information field of a sensing trigger frame, a user information field of a sensing trigger frame, or
a reserved field of a BRP.

16. A communication method, comprising:

sending, by a second device, a first frame to a first device, wherein the first frame is used for
channel measurement;

receiving, by the second device, a matrix Q from the first device, wherein the matrix Q is
determined based on channel state information, the matrix Q indicates attribute information of a
target path, and the target path is a path between the first device and the second device; and

performing, by the second device, target path sensing based on the matrix Q.

17. The method according to claim 16, wherein

the matrix Q is a unitary matrix; or
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a matrix obtained by normalizing at least one column of the matrix Q is a unitary matrix.

18. The method according to claim 16 or 17, wherein

a dimension of the channel state information is N:xN¢xK, Nr is a quantity of antennas of the
first device, Nt is a quantity of antennas of the second device, K is a quantity of subcarriers that
carry the first frame, and Nr, N, and K are all positive integers.

19. The method according to any one of claims 16 to 18, wherein

the attribute information of the target path comprises one or more of the following: a delay
of the target path, an angle of departure AOD of the target path, or a Doppler shift of the target
path.

20. The method according to any one of claims 16 to 19, wherein the method further
comprises:

determining, by the second device, a first location and a second location, wherein

the first location is a location, in a matrix R, of an element that is in the first L rows of the
matrix R and that meets that plus or minus signs of elements on a corresponding diagonal are
consistent in a subcarrier dimension, the second location is a location, in the matrix R, of an
element that is in the first L rows of the matrix R and that meets that plus or minus signs of elements
on a corresponding diagonal are consistent in a sample dimension, and L is a quantity of target
paths.

21. The method according to claim 20, wherein the performing, by the second device, target
path sensing based on the matrix Q comprises one or more of the following:

selecting, by the second device based on the first location, a column in which an element at
the first location in the matrix Q is located, to perform angle sensing;

selecting, by the second device based on the second location, a column in which an element
at the second location in the matrix Q is located, to perform angle sensing;

selecting, by the second device based on the first location, a column in which an element at
the first location in the matrix Q is located, to perform Doppler shift sensing in a sample dimension;
or

selecting, by the second device based on the second location, a column in which an element
at the second location in the matrix Q is located, to perform delay sensing in a subcarrier dimension.

22. The method according to claim 20 or 21, wherein the determining, by the second device,
the first location and the second location comprises:

receiving, by the second device, information about the first location and information about
the second location from the first device; or

the first location and the second location are predefined; or

the first location and the second location are defined by the second device.
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23. The method according to claim 20 or 21, wherein before the receiving, by the second
device, the matrix Q from the first device, the method further comprises:

sending, by the second device, information about the first location and information about the
second location to the first device.

24. The method according to any one of claims 16 to 23, wherein before the sending, by the
second device, the first frame to the first device, the method further comprises:

receiving, by the second device, first indication information from the first device, wherein the
first indication information indicates whether the first device supports one or more of the following
feedbacks: feedback of a compressed beamforming matrix based on subcarrier dimension
consistency or feedback of a compressed beamforming matrix based on sample dimension
consistency.

25. The method according to claim 24, wherein

the first indication information is located in one or more of the following fields: a sensing
capability field of an association request frame, a core capabilities field of an enhanced directional
multi-gigabit EDMG sensing capability field, or an optional subelements field of an EDMG
sensing capability field.

26. The method according to any one of claims 16 to 25, wherein before the sending, by the
second device, the first frame to the first device, the method further comprises:

sending, by the second device, second indication information to the first device, wherein the
second indication information indicates whether the second device supports one or more of the
following feedbacks: feedback of a compressed beamforming matrix based on subcarrier
dimension consistency or feedback of a compressed beamforming matrix based on sample
dimension consistency.

27. Acommunication apparatus, wherein the communication apparatus comprises a processor,
and the processor is configured to run a computer program or instructions to enable the
communication apparatus to perform the communication method according to any one of claims
1 to 15 or the communication method according to any one of claims 16 to 26.

28. A communication apparatus, wherein the communication apparatus comprises an
input/output interface and a logic circuit, the input/output interface is configured to input and/or
output information, and the logic circuit is configured to perform the communication method
according to any one of claims 1 to 15 or the communication method according to any one of
claims 16 to26, and perform processing based on the information and/or generate the information.

29. A computer-readable storage medium, wherein the computer-readable storage medium
stores computer instructions or a program, and when the computer instructions or the program is

run on a computer, the computer is enabled to perform the communication method according to
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any one of claims 1 to 15 or the communication method according to any one of claims 16 to 26.

30. Acomputer program product, wherein the computer program product comprises computer
instructions, and when some or all of the computer instructions are run on a computer, the computer
is enabled to perform the communication method according to any one of claims 1 to 15 or the
communication method according to any one of claims 16 to 26.
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