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BEAM ALIGNMENT TRAINING METHOD AND APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202311289449.X,
filed with China National Intellectual Property Administration on September 27, 2023, and entitled
"BEAM ALIGNMENT TRAINING METHOD AND APPARATUS", which is incorporated

herein by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of communications, and more specifically, to a beam

alignment training method and apparatus.

BACKGROUND

[0003] Currently, the Institute of Electrical and Electronics Engineers (Institute of Electrical
and Electronics Engineers, IEEE) 802.11ad/ay is one of the standards for applying wireless local
area network (wireless local area network, WLAN) communication to a millimeter-wave
frequency band. Hybrid analog-digital beamforming (hybrid analog-digital beamforming, HAD-
BF) is a technology used to overcome signal attenuation in a millimeter-wave frequency band.
HAD-BF is a process of selecting an optimal beam through a beam alignment training process.
[0004] However, beams sent by a transmit end (initiator) of the HAD-BF technology are
codebook beams that are in fixed different directions and that are pre-stored in the transmit end.
Because division of angle space by the codebook beam is predetermined, when main lobes of
codebook beams sent by the receive end (responder) and a transmit end that perform analog beam
alignment training cannot be completely aligned, the receive end cannot obtain a maximum beam
gain. Similarly, when a millimeter-wave signal has a reflection path, a single beam cannot cover
all channel angles. In this case, the receive end cannot obtain all channel gains.

[0005] Therefore, how to improve beam alignment training performance is an urgent problem

to be resolved.

SUMMARY

[0006] This application provides a beam alignment training method and apparatus, to better

match an actual air interface channel direction and better use a channel gain, so as to implement
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precise beam alignment and improve coverage performance.

[0007] According to a first aspect, a beam alignment training method is provided. The method
includes: A transmit end sends M pieces of first beam measurement data, where the M pieces of
first beam measurement data correspond to M measurement beams; the transmit end receives a
combination coefficient set, where the combination coefficient set is determined by a receive end
based on the M pieces of first beam measurement data, the combination coefficient set includes M
beam weighting coefficients, an m™ beam weighting coefficient corresponds to an m™ piece of first
beam measurement data, the m™" beam weighting coefficient represents a weight value of an m™
measurement beam in the M measurement beams, 1<m<M, and m and M are positive integers;
and the transmit end determines a combined beam based on the combination coefficient set and
the M measurement beams.

[0008] In the foregoing technical solution, the transmit end obtains beam weighting
coefficients corresponding to a plurality of measurement beams, and combines the beam weighting
coefficients and the original measurement beams into a new combined beam. The combined beam
can better match an actual air interface channel direction, and a channel gain can be better used,
so that precise beam alignment can be implemented, and coverage performance can be improved.
For example, in a scenario in which that of the receive end is not completely aligned with a main
lobe of the measurement beam, a channel gain can be better used through the combined beam
obtained through the combination coefficient set, to implement precise beam alignment. For
another example, in a scenario in which an NLOS exists in a millimeter-wave channel, when a
single beam cannot cover all channel angles, channel gains of all beams are comprehensively
considered for the combined beam obtained through the combination coefficient set, to implement
precise beam alignment and improve coverage performance.

[0009] With reference to the first aspect, in some implementations of the first aspect, before
that the transmit end sends the M pieces of first beam measurement data, the method further
includes: The transmit end sends N pieces of second beam measurement data, where the N pieces
of second beam measurement data correspond to N measurement beams; and the transmit end
receives N second signal-to-noise ratios, where an n second signal-to-noise ratio corresponds to
an n'" measurement beam; and determines, as the M measurement beams, measurement beams
corresponding to second signal-to-noise ratios that are in the N second signal-to-noise ratios and
that are greater than a preset threshold, where 1<n<N, n and N are positive integers, and M<N.
[0010] In the foregoing technical solution, the measurement beams obtained through one
round of beam alignment training are used for a next round of beam alignment training, so that
beam overheads and a calculation amount of the receive end can be reduced, and a signal-to-noise

ratio fluctuation of measurement beams in a next round of in-package beam alignment training can
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be limited, so that the combination coefficient set obtained through calculation is more accurate.
[0011] With reference to the first aspect, in some implementations of the first aspect, the
method further includes: The transmit end receives M first signal-to-noise ratios and an estimated
combination signal-to-noise ratio, where the M first signal-to-noise ratios are obtained by the
receive end based on the M pieces of first beam measurement data, and the estimated combination
signal-to-noise ratio is determined by the receive end based on the M pieces of first beam
measurement data and the combination coefficient set; and the transmit end determines, based on
the M first signal-to-noise ratios and the estimated combination signal-to-noise ratio, to use the
combined beam to perform data transmission, or determines to use a measurement beam
corresponding to a largest first signal-to-noise ratio in the M first signal-to-noise ratios to perform
data transmission.
[0012] In the foregoing technical solution, the transmit end comprehensively considers the M
first signal-to-noise ratios and the estimated combination signal-to-noise ratio, and selects a more
proper beam for subsequent data transmission, so that precise beam alignment can be implemented,
and coverage performance can be improved.
[0013] With reference to the first aspect, in some implementations of the first aspect, the M
pieces of first beam measurement data are carried in one null data packet NDP, or the M pieces of
first beam measurement data are carried in one or M protocol data unit PPDU data packets, where
when the M pieces of first beam measurement data are carried in one NDP or one PPDU
data packet, the M pieces of first beam measurement data may be M training fields.
[0014] In the foregoing technical solution, when the M pieces of first beam measurement data
are carried in one NDP, a channel measurement compression feedback manner of a current
mainline Wi-Fi protocol may still be used, and a high frequency and low frequency convergence
scenario may be compatible.
[0015] According to a second aspect, a beam alignment training method is provided, including:
Areceive end receives M pieces of first beam measurement data, where the M pieces of first beam
measurement data correspond to M measurement beams; the receive end determines a combination
coefficient set based on the M pieces of first beam measurement data, where the combination
coefficient set includes M beam weighting coefficients, an m" beam weighting coefficient
corresponds to an m™" piece of first beam measurement data, the m"™ beam weighting coefficient
represents a weight value of an m" measurement beam in the M measurement beams, 1<m<M,
and m and M are positive integers; and the receive end sends the combination coefficient set.
[0016] It should be understood that beneficial effects corresponding to the solution of the
second aspect are similar to those of the first aspect. For detailed descriptions, refer to the first
aspect. Details are not described herein again.
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[0017] With reference to the second aspect, in some implementations of the second aspect, that
the receive end determines the combination coefficient set based on the M pieces of first beam
measurement data includes: The receive end determines M first channel estimation results based
on the M pieces of first beam measurement data; the receive end determines a full-band channel
covariance matrix corresponding to the M first channel estimation results, where the full-band
channel covariance matrix is obtained by performing summation averaging on K MxM-
dimensional channel covariance matrices corresponding to K subcarriers, and K is a positive
integer; and the receive end performs singular value decomposition on the full-band channel
covariance matrix to obtain the combination coefficient set.

[0018] In the foregoing technical solution, for beam alignment training of a millimeter-wave
high frequency, the combination coefficient set is obtained by performing singular value
decomposition on the full-band channel covariance matrix. This not only has low complexity, but
also may still use a channel measurement compression feedback manner of a current mainline Wi-
Fi protocol, and has good compatibility.

[0019] With reference to the second aspect, in some implementations of the second aspect,
before receiving the M pieces of first beam measurement data, the method further includes: The
receive end receives N pieces of second beam measurement data, where the N pieces of second
beam measurement data correspond to N measurement beams, 1<n<N, and n and N are positive
integers; the receive end determines N second signal-to-noise ratios based on the N pieces of
second beam measurement data, where an n" second signal-to-noise ratio corresponds to an n™
measurement beam; and the receive end sends the N second signal-to-noise ratios.

[0020] With reference to the second aspect, in some implementations of the second aspect, the
method further includes: The receive end determines an estimation result of combination based on
the combination coefficient set and the M first channel estimation results; the receive end
determines an estimated combination signal-to-noise ratio based on the estimation result of
combination; the receive end determines M first signal-to-noise ratios based on the M first channel
estimation results; and the receive end sends the M first signal-to-noise ratios and the estimated
combination signal-to-noise ratio.

[0021] With reference to the second aspect, in some implementations of the second aspect, the
M pieces of first beam measurement data are carried in one null data packet NDP, or the M pieces
of first beam measurement data are carried in one or M protocol data unit PPDU data packets.
[0022] According to a third aspect, a beam alignment training apparatus is provided, including
a transceiver unit and a processing unit. The transceiver unit is configured to send M pieces of first
beam measurement data, where the M pieces of first beam measurement data correspond to M

measurement beams; the transceiver unit is configured to receive a combination coefficient set,
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where the combination coefficient set is determined by a receive end based on the M pieces of first
beam measurement data, the combination coefficient set includes M beam weighting coefficients,
an m™" beam weighting coefficient corresponds to an m" piece of first beam measurement data, the
m™ beam weighting coefficient represents a weight value of an m™ measurement beam in the M
measurement beams, 1<m<M, and m and M are positive integers; and the processing unit is
configured to determine a combined beam based on the combination coefficient set and the M
measurement beams.

[0023] It should be understood that beneficial effects corresponding to the solution of the third
aspect are similar to those in the first aspect. Details are not described herein again.

[0024] With reference to the third aspect, in some implementations of the third aspect, before
the transceiver unit is configured to send the M pieces of first beam measurement data, the
transceiver unit is further configured to: send N pieces of second beam measurement data, where
the N pieces of second beam measurement data correspond to N measurement beams; and receive
N second signal-to-noise ratios, where an n" second signal-to-noise ratio corresponds to an n'"
measurement beam; and the processing unit is further configured to determine, as the M
measurement beams, measurement beams corresponding to second signal-to-noise ratios that are
in the N second signal-to-noise ratios and that are greater than a preset threshold, where 1<n<N, n
and N are positive integers, and M<N.

[0025] With reference to the third aspect, in some implementations of the third aspect, the
transceiver unit is further configured to: receive M first signal-to-noise ratios and an estimated
combination signal-to-noise ratio, where the M first signal-to-noise ratios are obtained by the
receive end based on the M pieces of first beam measurement data, and the estimated combination
signal-to-noise ratio is determined by the receive end based on the M pieces of first beam
measurement data and the combination coefficient set; and the processing unit is further configured
to: determine, based on the M first signal-to-noise ratios and the estimated combination signal-to-
noise ratio, to use the combined beam to perform data transmission, or determine to use a
measurement beam corresponding to a largest first signal-to-noise ratio in the M first signal-to-
noise ratios to perform data transmission.

[0026] With reference to the third aspect, in some implementations of the third aspect, the M
pieces of first beam measurement data are carried in one null data packet NDP, or the M pieces of
first beam measurement data are carried in one or M protocol data unit PPDU data packets.
[0027] According to a fourth aspect, a beam alignment training apparatus is provided,
including a transceiver unit and a processing unit. The transceiver unit is configured to receive M
pieces of first beam measurement data, where the M pieces of first beam measurement data

correspond to M measurement beams; the processing unit is configured to determine a
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combination coefficient set based on the M pieces of first beam measurement data, where the
combination coefficient set includes M beam weighting coefficients, an m™" beam weighting
coefficient corresponds to an m™" piece of first beam measurement data, the m" beam weighting
coefficient represents a weight value of the m™ measurement beam in the M measurement beams,
1<m<M, and m and M are positive integers; and the transceiver unit is configured to send the
combination coefficient set.

[0028] It should be understood that beneficial effects corresponding to the solution of the
fourth aspect are similar to those in the second aspect. Details are not described herein again.
[0029] With reference to the fourth aspect, in some implementations of the fourth aspect, the
processing unit is specifically configured to determine M first channel estimation results based on
the M pieces of first beam measurement data; determine a full-band channel covariance matrix
corresponding to the M first channel estimation results, where the full-band channel covariance
matrix is obtained by performing summation averaging on K MxM-dimensional channel
covariance matrices corresponding to K subcarriers, and K is a positive integer; and perform
singular value decomposition on the full-band channel covariance matrix to obtain the combination
coefficient set.

[0030] With reference to the fourth aspect, in some implementations of the fourth aspect,
before the transceiver unit is configured to receive the M pieces of first beam measurement data,
the transceiver unit is further configured to: receive N pieces of second beam measurement data,
where the N pieces of second beam measurement data correspond to N measurement beams,
1<n<N, and n and N are positive integers; the processing unit is further configured to determine N
second signal-to-noise ratios based on the N pieces of second beam measurement data, where an
n" second signal-to-noise ratio corresponds to an n' measurement beam; and the transceiver unit
is further configured to send the N second signal-to-noise ratios.

[0031] With reference to the fourth aspect, in some implementations of the fourth aspect, the
processing unit is further configured to: determine an estimation result of combination based on
the combination coefficient set and the M first channel estimation results; determine an estimated
combination signal-to-noise ratio based on the estimation result of combination; and determine M
first signal-to-noise ratios based on the M first channel estimation results; and the transceiver unit
is further configured to send the M first signal-to-noise ratios and the estimated combination
signal-to-noise ratio.

[0032] With reference to the fourth aspect, in some implementations of the fourth aspect, the
M pieces of first beam measurement data are carried in one null data packet NDP, or the M pieces
of first beam measurement data are carried in one or M protocol data unit PPDU data packets.
[0033] According to a fifth aspect, a beam alignment training apparatus is provided. The

6



10

15

20

25

30

35

apparatus includes: a memory, configured to store a program; and a processor, configured to
execute a computer program or instructions stored in the memory. When the computer program or
the instructions stored in the memory is/are executed, the processor is configured to perform the
method provided in any implementation of the first aspect or the second aspect.

[0034] In an implementation, the apparatus is a transmit end or a receive end in beam
alignment training.

[0035] In another implementation, the apparatus is a chip, a chip system, or a circuit in a
transmit end or a receive end in beam alignment training.

[0036] According to a sixth aspect, this application provides a processor, configured to
perform the method according to any one of the implementations of the first aspect and the second
aspect. In a process of performing these methods, a process of sending the foregoing information
and a process of obtaining/receiving the foregoing information in the foregoing methods may be
understood as a process of outputting the foregoing information by the processor and a process of
receiving the foregoing inputted information by the processor. When outputting the foregoing
information, the processor outputs the foregoing information to an interface, and transmits the
information through the interface. After the foregoing information is output by the processor, other
processing may further need to be performed on the information before the information arrives at
the interface. Similarly, when the processor receives the foregoing input information, the interface
obtains/receives the foregoing information, and inputs the foregoing information into the processor.
Further, after the interface receives the foregoing information, other processing may need to be
performed on the foregoing information before the foregoing information is input into the
processor.

[0037] Unless otherwise specified, or if operations such as related transmitting, sending and
obtaining/receiving do not conflict with actual functions or internal logic in related descriptions,
the operations may be understood as operations such as outputting, receiving, and inputting, or
may be understood as transmitting, sending and receiving operations performed by a radio
frequency circuit and an antenna. This is not limited in this application.

[0038] In an implementation process, the processor may be a processor specially configured
to perform these methods, or a processor, for example, a general-purpose processor, that executes
a computer program or instructions in the memory to perform these methods. The memory may
be a non-transitory (non-transitory) memory, for example, a read-only memory (read-only memory,
ROM). The memory and the processor may be integrated on a same chip, or may be separately
disposed on different chips. A type of the memory and a manner of disposing the memory and the
processor are not limited in embodiments of this application.

[0039] According to a seventh aspect, a computer-readable storage medium is provided. The
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computer-readable storage medium stores program code to be executed by a device, and the
program code includes the method provided in any one of the implementations of the first aspect
and the second aspect.

[0040] According to an eighth aspect, a computer program product including instructions is
provided. When the computer program product runs on a computer, the computer is enabled to
perform the method provided in any one of the implementations of the first aspect and the second
aspect.

[0041] According to a ninth aspect, a chip is provided. The chip includes a processor and a
communication interface. The processor reads, through the communication interface, instructions
stored in a memory, to perform the method provided in any one of the implementations of the first
aspect and the second aspect.

[0042] Optionally, in an implementation, the chip further includes the memory. The memory
stores a computer program or instructions. The processor is configured to execute the computer
program or the instructions stored in the memory. When the computer program or the instructions
is/are executed, the processor is configured to perform the method provided in any one of the

implementations of the first aspect and the second aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0043] FIG. 1 is a diagram of a wireless communication application scenario according to an
embodiment of this application;

[0044] FIG. 2 is a diagram of a structure of analog and digital hybrid beamforming according
to an embodiment of this application;

[0045] FIG. 3A and FIG. 3B are diagrams of a beam alignment training method according to
an embodiment of this application;

[0046] FIG. 4 is a diagram of a beam alignment training scenario according to an embodiment
of this application;

[0047] FIG. 5 is a flowchart of interaction of a beam alignment training method according to
an embodiment of this application;

[0048] FIG. 6 is a diagram of interaction of another beam alignment training method according
to an embodiment of this application;

[0049] FIG. 7A and FIG. 7B are diagrams of interaction of still another beam alignment
training method according to an embodiment of this application;

[0050] FIG. 8 is a diagram of interaction of yet another beam alignment training method

according to an embodiment of this application;
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[0051] FIG. 9 is a diagram of a beam alignment training apparatus 900 according to an
embodiment of this application;

[0052] FIG. 10 is a diagram of a structure of a beam alignment training apparatus 1000
according to an embodiment of this application; and

[0053] FIG. 11 is a diagram of a chip system 1100 according to an embodiment of this

application.

DESCRIPTION OF EMBODIMENTS

[0054] The following describes technical solutions of this application with reference to
accompanying drawings.

[0055] For ease of understanding embodiments of this application, the following points are
described.

[0056] First, in this application, unless otherwise stated or there is a logic conflict, terms and/or
descriptions in different embodiments are consistent and may be mutually referenced, and
technical features in different embodiments may be combined based on an internal logical
relationship thereof, to form a new embodiment.

[0057] Second, in this application, "at least one™ means one or more, and "a plurality of" means
two or more. The term "and/or" describes an association relationship between associated objects,
and indicates that three relationships may exist. For example, A and/or B may indicate the
following cases: Only A exists, both A and B exist, and only B exists, where A and B may be
singular or plural. In text descriptions of this application, the character "/" generally indicates an
"or" relationship between the associated objects. "At least one of the following items (pieces)" or
a similar expression thereof means any combination of these items, including a single item (piece)
or any combination of a plurality of items (pieces). For example, at least one of a, b, and ¢ may
indicate a, b, ¢,aand b, aand c, b and c, or a, b, and c. Each of a, b, and ¢ may be in a singular
form or a plural form.

[0058] Third, in this application, "first", "second”, and various numerical numbers (for
example, #1 and #2) are merely used for distinguishing for ease of description, but are not intended
to limit the scope of embodiments of this application, for example, distinguishing different pieces
of beam measurement data or the like, rather than describing a particular order or sequence. It
should be understood that objects described in such a way are interchangeable in an appropriate
circumstance, so that a solution other than embodiments of this application can be described.
[0059] It should be noted that, in the following, meanings represented by the information #1,

the resource indication information #1, and the resource request information #1 are different from
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each other. It should be understood that names of information are merely examples for description.
This is not limited in this application, and should not constitute any limitation on the technical
solutions of this application.

[0060] Fourth, in this application, descriptions such as "when...", "in a case of...", and "if" all
mean that corresponding processing is performed in a specific objective situation, and are not
intended to limit time. The descriptions do not mean that a determining action is required during
implementation, and do not mean any other limitation. In addition, it does not mean that a
determining action after these condition conjunctions is the only condition for implementing the
result, and other additional conditions may be included to implement the result.

[0061] Fifth, in this application, the terms "include™, "have", and any variants thereof are
intended to cover non-exclusive inclusion. For example, a process, method, system, product, or
device including a series of steps or units is not necessarily limited to those clearly listed steps or
units, but may include other steps or units that are not clearly listed or are inherent to the process,
method, product, or device.

[0062] Sixth, in this application, "indicate” may include "directly indicate” and "indirectly
indicate”. When a piece of indication information indicates A, the indication information may
directly indicate A or indirectly indicate A, but this does not mean that the indication information
necessarily carries A.

[0063] Indication manners in embodiments of this application should be understood as
covering various methods that can enable a to-be-indicated party to learn of to-be-indicated
information. The to-be-indicated information may be sent as a whole, or may be divided into a
plurality of pieces of sub-information for separate sending. In addition, sending periodicities
and/or sending occasions of the sub-information may be the same or may be different. A specific
sending method is not limited in this application.

[0064] The "indication information™ in embodiments of this application may be an explicit
indication, to be specific, direct indication is performed by using signaling, or obtaining is
implemented based on a parameter indicated by signaling in combination with another rule or
another parameter or through deduction; or may be an implicit indication, to be specific, obtaining
is implemented based on a rule, a relationship, or another parameter or through deduction. This is
not specifically limited in this application.

[0065] Seventh, in this application, "store" may refer to being stored in one or more memories.
The one or more memories may be separately disposed, or may be integrated into an encoder or a
decoder, a processor, or a communication apparatus. Alternatively, a part of the one or more
memories may be separately disposed, and a part of the one or more memories are integrated into
the translator, the processor, or the communication apparatus. A type of the memory may be a
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storage medium in any form. This is not limited in this application.

[0066] The technical solutions provided in embodiments of this application are applicable to
a wireless local area network WLAN scenario. For example, the technical solutions support IEEE
802.11-related standards, for example, 802.11be, 802.11ad, 802.11ay, or 802.11bf, or Wi-Fi 8.
Alternatively, the technical solutions may be applied to an ultra-wideband (ultra-wideband,
UWB)-based wireless personal area network system, for example, 802.15 series standards, or may
be applied to a sensing (sensing) system, for example, 802.11bf series standards, or may be applied
to millimeter wave (millimeter wave, mmWave), for example, 802.11ad series standards, or may
be applied to wireless fidelity artificial intelligence (wireless fidelity artificial intelligence, Wi-Fi
Al). The 802.11be standard is referred to as an extremely high throughput (extremely high
throughput, EHT) standard. 802.11bf includes two major categories of standards: a low frequency
(Sub-7 GHz) and a high frequency (60 GHz). Sub-7 GHz is implemented mainly based on
standards such as 802.11ax, 802.11be, and a next-generation standard. 60 GHz is implemented
mainly based on standards such as 802.11ad, 802.11ay, and a next-generation standard. 802.11ad
may also be referred to as a directional multi-gigabit (directional multi-gigabit, DMG) standard,
and 802.11ay may also be referred to as an enhanced directional multi-gigabit (enhanced
directional multi-gigabit, EDMG) standard.

[0067] Although embodiments of this application are mainly described by using an example
in which a WLAN network is deployed, especially a network to which the IEEE 802.11 system
standards are applied, a person skilled in the art easily understands that various aspects in
embodiments of this application may be extended to other networks that use various standards or
protocols, for example, a high performance radio local area network (high performance radio local
area network, HIPERLAN), a wireless wide area network (wireless wide area network, WWAN),
a wireless personal area network (wireless personal area network, WPAN), or other networks that
are known or developed in the future. Therefore, regardless of a used coverage area and a used
wireless access protocol, the various aspects provided in embodiments of this application are
applicable to any suitable wireless network.

[0068] The technical solutions in embodiments of this application may be further applied to
various communication systems, for example, a WLAN communication system, a Wi-Fi system,
a fifth generation (5th generation, 5G) system or new radio (new radio, NR), a future sixth
generation (6th generation, 6G) system, an internet of things (internet of things, 10T) network, or
a vehicle-to-everything (vehicle to x, V2X).

[0069] The foregoing communication systems to which this application is applicable are
merely examples for description, and the communication systems to which this application is
applicable are not limited thereto. Unified descriptions are provided herein, and are not described
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below again.

[0070] FIG. 1 is a diagram of a wireless communication application scenario according to an
embodiment of this application. A millimeter-wave communication scenario shown in FIG. 1 may
support communication between one transmit end and at least one receive end. For example, the
transmit end communicates with a receive end #1, a receive end #2, and a receive end #3. A
quantity of receive ends is not limited in this embodiment of this application. Embodiments of this
application are not only applicable to communication between a transmit end and at least one
receive end, but also applicable to mutual communication between a receive end and at least one
transmit end. For ease of description, this application is described only by using an example in
which a transmit end communicates with at least one receive end. However, the description manner
does not limit an actual application scope of the technical solutions of this application. This is
described herein once for all, and details are not described below again.

[0071] The transmit end in this application may be a device configured to communicate with
the receive end. The network device may be a base transceiver station (base transceiver station,
BTS) in a global system for mobile communications (global system for mobile communications,
GSM) or a code division multiple access (code division multiple access, CDMA) system, may be
a NodeB (NodeB, NB) in a wideband code division multiple access (wideband code division
multiple access, WCDMA) system, may be an evolved NodeB (evolved NodeB, eNB or eNodeB)
in an LTE system, or may be a radio controller in a cloud radio access network (cloud radio access
network, CRAN) scenario. Alternatively, the network device may be a relay station, an access
point, a vehicle-mounted device, a wearable device, a network device in a 5G network, a network
device in a future 6G network, a network device in a PLMN network, or the like. This is not limited
in embodiments of this application.

[0072] The transmit end may be an access point (access point, AP) for the receive end (for
example, a mobile phone) to access a wired (or wireless) network, and is mainly deployed at home,
inside a building, and inside a campus. A typical coverage radius is tens of meters to hundreds of
meters. Certainly, the transmit end may alternatively be deployed outdoors. The transmit end acts
as a bridge that connects a wired network and a wireless network, primarily serving to connect
various wireless network clients together and then connect the wireless network to the Ethernet.
Specifically, the transmit end may be a terminal device (like a mobile phone) or a network device
(like a router) with a Wi-Fi chip. The transmit end may be a device that supports the 802.11be
standard. Alternatively, the access point may be a device supporting a plurality of WLAN standards
of the 802.11 family such as 802.11ax, 802.11ac, 802.11n, 802.11g, 802.11b, 802.11a, 802.11ad,
802.11ay, 802.11aj, 802.11bf, and a next generation of 802.11be. The transmit end in this
application may be a device that supports mmWave communication, or may be a transmit end
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applicable to a future-generation Wi-Fi standard.

[0073] The receive end in this application may be user equipment (user equipment, UE), an
access terminal, a subscriber unit, a subscriber station, a mobile station, a mobile console, a remote
station, a remote terminal, a mobile device, a user terminal, a terminal, a wireless communication
device, a user agent, or a user apparatus. The terminal may alternatively be a cellular phone, a
cordless phone, a session initiation protocol (session initiation protocol, SIP) phone, a wireless
local loop (wireless local loop, WLL) station, a personal digital assistant (personal digital assistant,
PDA), a handheld device having a wireless communication function, a computing device, another
processing device connected to a wireless modem, a vehicle-mounted device, a wearable device,
a terminal device in a 5G network, a terminal device in a future 6G network, a terminal device in
a public land mobile network (public land mobile network, PLMN), or the like. This is not limited
in embodiments of this application.

[0074] The receive end may be a wireless communication chip, a wireless sensor, a wireless
communication terminal, or the like, and may also be referred to as a user. For example, the receive
end may be a mobile phone, a tablet computer, a set-top box, a smart television set, a smart
wearable device, a vehicle-mounted communication device, a computer, or the like that supports
a Wi-Fi communication function. Optionally, the station may support the 802.11be standard.
Alternatively, the station may support WLAN standards of the 802.11 family such as 802.11ax,
802.11ac, 802.11n, 802.11g, 802.11b, 802.11a, 802.11ad, 802.11ay, 802.11aj, 802.11bf, and a next
generation of 802.11be.

[0075] For example, the transmit end and the receive end may be devices applied to an internet
of vehicles, internet of things nodes and sensors in an 10T, smart cameras, smart remote controls,
and smart water meters and electricity meters in a smart home, or sensors in a smart city.

[0076] As described above, to overcome signal attenuation in a millimeter-wave frequency
band, an analog beam of analog-digital hybrid beamforming is generally used in the millimeter-
wave frequency band. FIG. 2 is a diagram of a structure of analog-digital hybrid beamforming
according to an embodiment of this application. As shown in FIG. 2, digital beamforming is a
baseband signal. Frequency conversion and digital-to-analog conversion are respectively
implemented between the baseband signal and a radio frequency signal by using an intermediate
frequency unit and a digital-to-analog converter. Each digital domain channel corresponds to one
phase shifter network, and each phase shifter network may generate a different analog beam. In
this embodiment of this application, the analog beam may also be referred to as a measurement
beam, a codebook beam, or a beam. A name of the beam is not limited in this embodiment of this
application.

[0077] FIG. 3A and FIG. 3B are diagrams of a beam alignment training method according to
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an embodiment of this application.

[0078] The IEEE 802.11.ad/ay standard is applied to communication in a millimeter-wave
frequency band. FIG. 3A and FIG. 3B show two beam alignment training methods. FIG. 3A shows
a packet-by-packet (packet by packet) beam alignment training method, and FIG. 3B shows an in-
packet (in-packet) beam alignment training method.

[0079] As shown in FIG. 3A, in time domain, in a first step, a transmit end may continuously
send a plurality of data packets, where each data packet is a complete protocol data unit
(presentation protocol data unit, PPDU), and includes a preamble and data. Each data packet may
be sent through a different beam, and directions of the different beams are determined based on
pre-stored beam direction angles. As shown in FIG. 3A and FIG. 3B, a data packet #1 is sent to a
receive end through a beam #1, a data packet #2 is sent to the receive end through a beam #2, and
so on. A data packet #N is sent to the receive end through a beam #N. A type of each data packet
may be a sector sweep data packet (sector sweep packet, SSW packet) or a short sector sweep data
packet (short sector sweep packet, short-SSW packet). Step 2: The receive end measures a signal-
to-noise ratio (signal-to-noise ratio, SNR) of each data packet. Step 3: The receive end feeds back
the measured SNR and a corresponding beam identifier to the transmit end. Step 4: The transmit
end selects an optimal transmit beam based on content fed back by the receive end.

[0080] To reduce overheads corresponding to a beam, a training (training, TRN) field is added
to the PPDU. As shown in FIG. 3B, a general procedure of the in-packet beam alignment training
method is similar to that of the packet-by-packet beam alignment training method. A difference
lies in that in the in-packet beam alignment training method, only one PPDU data packet is sent in
a first step, a plurality of training fields are added to the PPDU, and each training field is sent
through a different beam.

[0081] In the foregoing two beam alignment training methods, the optimal beam is selected
based on the corresponding beam identifier and the signal-to-noise ratio that is fed back by the
receive end and that is obtained through measurement. Measured beams are all codebook beams
in predetermined directions of the transmit end, and a quantity of predefined codebook beams is
limited. Therefore, in some scenarios, a channel direction cannot be completely matched, and the
receive end cannot obtain a maximum beam gain. Consequently, the transmit end cannot obtain an
optimal beam based on a measurement result.

[0082] In one scenario, a main lobe of a codebook beam of the transmit end is not completely
aligned with that of the receive end, for example, a location relationship between the transmit end
and the receive end #1 shown in FIG. 1. In this scenario, angular space is divided through the
codebook beam predefined by the transmit end. A location of the transmit end is fixed, but a
location of the receive end is random. The main lobe of the codebook beam of the transmit end is
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not completely aligned with that of the receive end, and the receive end cannot obtain a maximum
beam gain. In this case, the transmit end cannot obtain the optimal beam based on a feedback result.
[0083] In another scenario, there is a non-line-of-sight (non-line-of-sight, NLOS) scenario on
a millimeter-wave channel. FIG. 4 is a diagram of a beam alignment training scenario according
to an embodiment of this application. As shown in FIG. 4, after being reflected by an obstacle, a
beam #1 arrives at a receive end. A single beam cannot cover all channel angle directions. As a
result, the receive end cannot obtain all channel gains, and the receive end cannot obtain the
optimal beam based on a feedback result.

[0084] To resolve the foregoing problem, embodiments of this application provide a beam
alignment training method and apparatus. The following provides detailed descriptions with
reference to FIG. 5to FIG. 11.

[0085] FIG. 5 is a flowchart of interaction of a beam alignment training method according to
an embodiment of this application. It should be understood that, in the interaction diagram of this
application, an example in which the transmit end and the receive end are used as execution bodies
of the interaction diagram is used to show a corresponding method. However, the execution bodies
of the interaction diagram are not limited in this application. For example, the transmit end in FIG.
5 may alternatively be a chip, a chip system, or a processor that supports the transmit end in
implementing a corresponding method, or may be a logical module or software that can implement
all or some functions of the transmit end. The receive end in FIG. 5 may alternatively be a chip, a
chip system, or a processor that supports the receive end in implementing a corresponding method,
or may be a logical module or software that can implement all or some functions of the receive
end.

[0086] S501: The transmit end sends M pieces of first beam measurement data to the receive
end, where the M pieces of first beam measurement data correspond to M measurement beams.
An m™" measurement beam corresponds to an m™" piece of first beam measurement data.

[0087] It should be understood that the M measurement beams are a subset of N measurement
beams, and N=M, or 1<M<N. The N measurement beams are all measurement beams
corresponding to one digital domain transmit channel of the transmit end.

[0088] Different measurement beams correspond to fixed different directions. It should be
understood that, when the M measurement beams are a proper subset of the N measurement beams
and 1<M<N, a specific implementation of the method is described in detail with reference to FIG.
6.

[0089] In a possible implementation, the M pieces of first beam measurement data may be
carried in one null data packet (null data packet, NDP), or the M pieces of first beam measurement
data are carried in one or M protocol data unit PPDU data packets.
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[0090] For example, when the M pieces of first beam measurement data are carried in M PPDU
data packets, the transmit end sends the M PPDU data packets through the M measurement beams
at an equal interval. Specifically, this may also be understood as a packet-by-packet beam
alignment training manner. A detailed process is described in detail with reference to FIG. 7A.
[0091] For another example, when the M pieces of first beam measurement data are carried in
one null data packet NDP or one PPBU data packet, the first beam measurement data may be a
training field, and the transmit end sends the M training fields through the M measurement beams
in one data packet. Specifically, this may also be understood as an in-packet beam alignment
training manner, or in combination with a low frequency NDP measurement manner. A detailed
process is described in detail with reference to FIG. 7B and FIG. 8.

[0092] S502: The receive end determines a combination coefficient set based on the M pieces
of first beam measurement data, where the combination coefficient set includes M beam weighting
coefficients, an m" beam weighting coefficient corresponds to the m™ piece of first beam
measurement data, the m™" beam weighting coefficient represents a weight value of the m®"
measurement beam in the M measurement beams, 1<m<M, and m and M are positive integers.
[0093] In a possible implementation, M first channel estimation results are determined based
on the M pieces of first beam measurement data; a full-band channel covariance matrix is
determined based on the M first channel estimation results, where the full-band channel covariance
matrix is obtained by performing summation averaging based on K MxM-dimensional channel
covariance matrices corresponding to K subcarriers, and K is a positive integer; and singular value
division is performed on the full-band channel covariance matrix to obtain the combination
coefficient set.

[0094] It should be understood that a specific representation form of the first channel
estimation result may be an estimation matrix for the first beam measurement data. The full-band
channel covariance matrix represents channel characteristic space information. Each useful
subcarrier may correspond to one channel covariance matrix obtained based on the first channel
estimation result. The full-band channel covariance matrix may also be referred to as a full-
bandwidth channel covariance matrix, and is obtained by performing summation averaging based
on the K MxM-dimensional channel covariance matrices corresponding to the K subcarriers.
[0095] In a possible implementation, when the receive end has a multi-stream transmission
capability, the receive end jointly calculates, based on the M pieces of first beam measurement
data and according to a criterion of maximizing a total system capacity, combination coefficient
sets of a plurality of digital domain transmit channels.

[0096] Specifically, the combination coefficient set of each digital channel is sequentially
calculated according to the M pieces of first beam measurement data in a manner similar to serial
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interference cancellation, to coordinate inter-stream interference and maximize a system capacity.
[0097] In a possible implementation, when the receive end has a multi-beam measurement
capability, the receive end calculates, in a joint iteration manner of the receive end and the transmit
end, a combination coefficient set corresponding to a plurality of beams.

[0098] S503: The receive end sends the combination coefficient set to the transmit end.
[0099] S504: The transmit end determines a combined beam based on the combination
coefficient set and the M measurement beams.

[00100] Specifically, weighted combination is performed on the M measurement beams by
using the M beam weighting coefficients in the combination coefficient set, and the combined
beam is obtained through processing based on a hardware limitation constraint.

[00101] In the foregoing technical solution, the transmit end obtains beam weighting
coefficients corresponding to a plurality of measurement beams, and combines the beam weighting
coefficients and the original measurement beams into a new combined beam. The combined beam
can better match an actual air interface channel direction, and a channel gain can be better used,
so that precise beam alignment can be implemented, and coverage performance can be improved.
For example, in a scenario in which the receive end is not completely aligned with a main lobe of
the measurement beam, a channel gain can be better used through the combined beam obtained
through the combination coefficient set, to implement precise beam alignment. For another
example, in a scenario in which an NLOS exists in a millimeter-wave channel, when a single beam
cannot cover all channel angles, channel gains of all beams are comprehensively considered for
the combined beam obtained through the combination coefficient set, to implement precise beam
alignment and improve coverage performance.

[00102] FIG. 6isadiagram of interaction of another beam alignment training method according
to an embodiment of this application. It should be understood that, for related descriptions of the
execution body shown in FIG. 6, reference may be made to FIG. 5. Details are not described herein
again.

[00103] S601: A transmit end sends N pieces of second beam measurement data to a receive
end, where the N pieces of second beam measurement data correspond to N measurement beams.
[00104] It should be understood that the N pieces of second beam measurement data may be
specifically carried in the PPDU data packet in the per-beam alignment training method shown in
FIG. 3A, or the N pieces of second beam measurement data may be N training fields in one PPDU
data packet in the in-packet alignment training method shown in FIG. 3B. Different measurement
beams correspond to fixed different directions.

[00105] Specifically, the transmit end traverses and uses the N measurement beams to send the
N pieces of second beam measurement data to the receive end.
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[00106] S602: The receive end determines N second signal-to-noise ratios based on the N pieces
of second beam measurement data.

[00107] S603: The receive end sends the N second signal-to-noise ratios to the transmit end.
[00108] S604: The transmit end determines M measurement beams based on the N second
signal-to-noise ratios.

[00109] Specifically, the transmit end determines, as the M measurement beams, measurement
beams corresponding to second signal-to-noise ratios that are in the N second signal-to-noise ratios
and that are greater than a first threshold.

[00110] It should be understood that S601 to S604 are a process of determining the M
measurement beams when the M measurement beams are a subset of the N measurement beams
and 1<M<N. The M measurement beams may be understood as better measurement beams in the
N measurement beams.

[00111] S605: The transmit end sends M pieces of first beam measurement data to the receive
end, where the M pieces of first beam measurement data correspond to the M measurement beams,
and an m™" measurement beam corresponds to an m™" piece of first beam measurement data.
[00112] It should be understood that, for a detailed process of S605, reference may be made to
S501. Details are not described herein again.

[00113] S606: The receive end determines a combination coefficient set based on the M pieces
of first beam measurement data, where the combination coefficient set includes M beam weighting
coefficients, an m" beam weighting coefficient corresponds to the m™ piece of first beam
measurement data, the m™ beam weighting coefficient represents a weight coefficient of the m™"
measurement beam in the M measurement beams, 1<m<M, and m and M are positive integers.
[00114] In a possible implementation, M first channel estimation results are determined based
on the M pieces of first beam measurement data; and a full-band channel covariance matrix is
determined based on the M first channel estimation results, and singular value division is
performed on the full-band channel covariance matrix to obtain the combination coefficient set.
[00115] Specifically, in a scenario in which the transmit end has only a single digital domain
transmit channel, when the transmit end sends the M pieces of first beam measurement data

through the digital domain transmit channel, an m™ first channel estimation result corresponding
to the m™" measurement beam is denoted as H, (K), where 1<m<M, m is a positive integer, k
represents numbers of K useful subcarriers in a bandwidth, 1<k<K, and k and K are positive
integers. The M first channel estimation results are denoted as H(k) =[H1(k) w Hy (k)]

[00116] Specifically, in a scenario in which the transmit end has only a single digital domain

transmit channel, the full-band channel covariance matrix may be obtained by using formula (1),
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and a dimension of the full-band channel covariance matrix is M xM .
1l —x 7
R:EzkﬂH (K)H (k) (1)

[00117] Singular value decomposition is performed on the full-band channel covariance matrix,
and R =usv . A first column vector v of a matrix V is the combination coefficient set, and a
dimension of the matrix Vis M x1.

[00118] Inapossible implementation, M first signal-to-noise ratios are determined based on the
M first channel estimation results.

[00119] Ina possible implementation, an estimation result of combination is obtained based on
the combination coefficient set and the M first channel estimation results; and an estimated
combination signal-to-noise ratio is determined based on the estimation result of combination.
[00120] Specifically, the M first channel estimation results are multiplied by the combination

coefficient set to obtain the combination estimation result, where the combination estimation result
may be specifically denoted as I:I(k) =H(K)v.

[00121] In a scenario in which the transmit end has a plurality of digital domain transmit
channels, each digital domain transmit channel may send a plurality of pieces of first beam
measurement data. Correspondingly, each digital domain transmit channel corresponds to a
plurality of first channel estimation results.

[00122] In the scenario in which the transmit end has the plurality of digital domain transmit

channels, the receive end may calculate a full-band channel covariance matrix for each digital

domain transmit channel, where the full-band channel covariance matrix is denoted as R
Correspondingly, singular value decomposition R :UiSI\/iT is performed on each full-band

channel covariance matrix. A first column vector \/i of each matrix VI is a combination coefficient

set corresponding to each digital domain transmit channel.

[00123] S607: The receive end sends the combination coefficient set, the M first signal-to-noise
ratios, and the estimated combination signal-to-noise ratio to the transmit end.

[00124] Specifically, the receive end may compress the combination coefficient set, the M first
signal-to-noise ratios, and the estimated combination signal-to-noise ratio, and feed back a
compression result to the transmit end.

[00125] S608: The transmit end obtains a combined beam based on the combination coefficient
set and the M measurement beams.

[00126] Specifically, weighted combination is performed on the M measurement beams by

using the M beam weighting coefficients in the combination coefficient set, and the combined
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beam is obtained through processing based on a hardware limitation constraint.

[00127] S609: The transmit end determines, based on the M first signal-to-noise ratios and the
estimated combination signal-to-noise ratio, to use the combined beam or a target beam to perform
data transmission, where a first signal-to-noise ratio corresponding to the target beam is the largest
in the M first signal-to-noise ratios.

[00128] In a possible implementation, if the estimated combination signal-to-noise ratio is
greater than the largest first signal-to-noise ratio in the M first signal-to-noise ratios, it is
determined that the combined beam is used for data transmission.

[00129] In a possible implementation, if the estimated combination signal-to-noise ratio is less
than or equal to the largest first signal-to-noise ratio in the M first signal-to-noise ratios, it is
determined that the target beam is used for data transmission.

[00130] A difference between the beam alignment training method shown in FIG. 6 and the
beam alignment training method shown in FIG. 5 lies in that the M measurement beams used in
S605 in FIG. 6 to send the M pieces of first beam measurement data are obtained through screening
in S601 to S604.

[00131] In the foregoing technical solution, the measurement beams obtained through one
round of beam alignment training are used for a next round of beam alignment training, so that
beam overheads and a calculation amount of the receive end can be reduced, and a signal-to-noise
ratio fluctuation of measurement beams in a next round of in-package beam alignment training can
be limited, so that the combination coefficient set obtained through calculation is more accurate.
[00132] The following describes in detail beam alignment training methods of different types
of first beam measurement data with reference to FIG. 7A and FIG. 7B and FIG. 8.

[00133] FIG. 7A and FIG. 7B are diagrams of interaction of still another beam alignment
training method according to an embodiment of this application. FIG. 7A shows a packet-by-
packet beam alignment training method in which M pieces of first beam measurement data are
carried in M data packets (for example, M PPDU data packets).

[00134] S1: A transmit end continuously sends M data packets to a receive end through M
measurement beams, where each data packet is a complete PPDU data packet. A type of the M
data packets may be an SSW data packet or may be a short-SSW data packet.

[00135] S2: The receive end determines a combination coefficient set based on the M data
packets. It should be understood that a specific possible implementation has been described in
detail in FIG. 5 and FIG. 6. Details are not described herein again.

[00136] S3: The receive end feeds back the combination coefficient set to the transmit end. It
should be understood that, for a detailed explanation of the combination coefficient set, reference
may be made to S502 and S606.
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[00137] Optionally, the receive end further feeds back M first signal-to-noise ratios and an
estimated combination signal-to-noise ratio to the transmit end. The combination coefficient set,
the M first signal-to-noise ratios, and the estimated combination signal-to-noise ratio may be
compressed and then fed back to the transmit end.

[00138] S4: The transmit end determines a combined beam based on the combination
coefficient set and the M measurement beams.

[00139] S5: The transmit end performs data transmission through a target beam or the combined
beam. It should be understood that, for a specific process of determining whether to use the target
beam or the combined beam, reference may be made to S609. Details are not described herein
again.

[00140] FIG. 7B shows an in-packet beam alignment training method in which M pieces of first
beam measurement data are carried in M training fields in one data packet (for example, one PPDU
data packet). A difference between FIG. 7B and FIG. 7A lies in that in S1, M measurement beams
are used in one data packet to send M training fields, and the M training fields are in the same data
packet. Other steps are similar. Details are not described herein again.

[00141] Inthis way, if the M measurement beams are measurement beams with a small signal-
to-noise ratio difference that are obtained after a first round of screening in FIG. 6 and on which
in-packet beam alignment training is performed, a signal-to-noise ratio fluctuation of measurement
beams in a next round of in-package beam alignment training may be limited, so that an obtained
combination coefficient set is more accurate, and bandwidth resources and signaling overheads
can be reduced.

[00142] Currently, high frequency and low frequency WLAN protocols are independent. A
next-generation WLAN technology will develop in a high frequency and low frequency
convergence direction. Currently, a mainline Wi-Fi protocol (for example, 802.11ac/ax/be) is
mainly applied to a sub-7 GHz low frequency scenario, and a millimeter-wave high frequency is
considered to be integrated in a next-generation mainline Wi-Fi protocol.

[00143] FIG. 8 is a diagram of interaction of yet another beam alignment training method
according to an embodiment of this application. The beam alignment method shown in FIG. 8 may
be compatible with a low frequency scenario in which a current mainline Wi-Fi protocol is applied,
and may also be compatible with a high frequency and low frequency convergence scenario in
which a next-generation mainline Wi-Fi protocol is applied.

[00144] As shown in FIG. 8, in time domain, a transmit end sends a null data packet
announcement (null data packet announcement, NDPA) to a receive end. The NDPA is used to
notify the receive end of existence of a subsequent NDP, and indicate the receive end to perform
channel measurement and feedback.
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[00145] S1: The transmit end sends M training fields in one NDP through M measurement
beams.

[00146] The M training (TRN) fields are added to a data structure of the current NDP. The NDP
is a PPDU that does not carry a data domain, and the NDP is used for channel measurement.
[00147] For a high frequency signal, channel estimation may be implemented by using S2.
[00148] S2: Determine a combination coefficient set based on the M training fields. It should
be understood that a specific possible implementation has been described in detail in FIG. 5 and
FIG. 6. Details are not described herein again.

[00149] For a low frequency signal, channel estimation may be implemented by using S3.
[00150] S3: Perform singular value decomposition on each useful subcarrier channel to obtain
a digital domain weight and a signal-to-noise ratio.

[00151] Inthis way, for the high frequency signal, in S2, when singular value decomposition is
performed on a wideband channel covariance matrix to obtain the combination coefficient set, not
only complexity is low, but also a channel measurement compression feedback manner of a current
mainline Wi-Fi protocol may still be used, and compatibility is good.

[00152] For the high frequency signal, a feedback result may be obtained by using S4.

[00153] S4: The receive end feeds back the combination coefficient set to the transmit end. It
should be understood that, for a detailed explanation of the combination coefficient set, reference
may be made to S502 and S606.

[00154] Optionally, the receive end further feeds back M first signal-to-noise ratios and an
estimated combination signal-to-noise ratio to the transmit end. The combination coefficient set,
the M first signal-to-noise ratios, and the estimated combination signal-to-noise ratio may be
compressed and then fed back to the transmit end.

[00155] For a low frequency signal, a result may be fed back by using the following steps.
[00156] Optionally, the receive end compresses and feeds back the digital domain weight and
the signal-to-noise ratio of S3.

[00157] For a high frequency signal, subsequent data transmission may be implemented by
using S5 and S6. For detailed processes of S5 and S6, refer to S508 and S509 in FIG. 5. Details
are not described herein again.

[00158] For a low frequency signal, subsequent data transmission may be implemented
according to the digital domain weight and the signal-to-noise ratio that are fed back by the
transmit end.

[00159] The foregoing describes, in detail with reference to FIG. 5 to FIG. 8, the beam
alignment training methods provided in the embodiments of this application. It may be understood
that, to implement the foregoing functions, the electronic device includes a corresponding
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hardware structure and/or a corresponding software module for performing each function.
[00160] A person skilled in the art may be aware that, in combination with units and 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
particular applications and design constraints of the technical solutions. A person skilled in the art
may use different methods to implement the described functions for the particular application, but
it should not be considered that the implementation goes beyond the scope of this application.
[00161] The following describes, in detail with reference to FIG. 9 to FIG. 11, beam alignment
training apparatuses provided in embodiments of this application. It should be understood that
descriptions of apparatus embodiments correspond to the descriptions of the method embodiments.
Therefore, for content that is not described in detail, refer to the foregoing method embodiments.
For brevity, some content is not described again.

[00162] FIG. 9 is a diagram of a beam alignment training apparatus 900 according to an
embodiment of this application. The apparatus 900 may include a processing unit 920, and the
processing unit 920 is configured to process data. The apparatus 900 may further include a
transceiver unit 910. The transceiver unit 910 may implement a corresponding communication
function. The transceiver unit 910 may also be referred to as a communication interface, a
communication unit, or an interface unit. It should be understood that unless otherwise specified,
or if operations such as sending and receiving in this application do not contradict an actual
function or internal logic of the operations in related descriptions, the operations may be more
generally understood as operations such as outputting and inputting, instead of operations of
sending and receiving directly performed by a radio frequency circuit and an antenna.

[00163] Optionally, the apparatus 900 may further include a storage unit. The storage unit may
be configured to store instructions and/or data. The processing unit 920 may read the instructions
and/or the data in the storage unit, so that the apparatus implements the foregoing method
embodiment.

[00164] The apparatus 900 may be configured to perform actions performed by the transmit end
in the foregoing method embodiments. In this case, the apparatus 900 may be a communication
device or a component that can be configured in a communication device. The transceiver unit 910
is configured to perform a receiving/sending-related operation on the communication device side
in the foregoing method embodiments, and the processing unit 920 is configured to perform a
processing-related operation on the transmit end in the foregoing method embodiments.

[00165] In a design, the apparatus 900 is configured to perform actions performed by the
transmit end in the beam alignment training in the method embodiments shown in FIG. 5 to FIG.
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8. An execution body may be a chip, a chip system, or a processor that supports the transmit end
in implementing the corresponding method, or may be a logic module or software that can
implement all or some functions of the transmit end.

[00166] Specifically, the transceiver unit 910 is configured to receive M pieces of first beam
measurement data, where the M pieces of first beam measurement data correspond to M
measurement beams.

[00167] The processing unit 920 is configured to determine a combination coefficient set based
on the M pieces of first beam measurement data, where the combination coefficient set includes
M beam weighting coefficients, an m™ beam weighting coefficient corresponds to an m™ piece of
first beam measurement data, the m" beam weighting coefficient represents a weight value of an
m™ measurement beam in the M measurement beams, 1<m<M, and m and M are positive integers.
[00168] The transceiver unit 910 is configured to send the combination coefficient set.

[00169] For parts that are not described in detail, refer to the foregoing method embodiments.
[00170] Inadesign, the beam alignment training apparatus 900 is configured to perform actions
performed by the receive end in the beam alignment training in the method embodiments shown
in FIG. 5 to FIG. 8. An execution body may be a chip, a chip system, or a processor that supports
the receive end in implementing the corresponding method, or may be a logic module or software
that can implement all or some functions of the receive end.

[00171] Specifically, the transceiver unit 910 is configured to receive M pieces of first beam
measurement data, where the M pieces of first beam measurement data correspond to M
measurement beams. The processing unit 920 is configured to determine a combination coefficient
set based on the M pieces of first beam measurement data, where the combination coefficient set
includes M beam weighting coefficients, an m™ beam weighting coefficient corresponds to an m™
piece of first beam measurement data, the m™" beam weighting coefficient represents a weight value
of an m" measurement beam in the M measurement beams, 1<m<M, and m and M are positive
integers. The transceiver unit 910 is configured to send the combination coefficient set.

[00172] For parts that are not described in detail, refer to the foregoing method embodiments.
[00173] It should be understood that a specific process in which the units perform the foregoing
corresponding steps is described in detail in the foregoing method embodiments, and for brevity,
details are not described herein.

[00174] The processing unit 920 in the foregoing embodiments may be implemented by at least
one processor or processor-related circuit. The transceiver unit 910 may be implemented by using
a transceiver or a transceiver-related circuit. The storage unit may be implemented by at least one
memory.

[00175] FIG. 10 is a diagram of a structure of a beam alignment training apparatus 1000
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according to an embodiment of this application.

[00176] As shown in FIG. 10, an embodiment of this application further provides a beam
alignment training apparatus 1000. The apparatus 1000 includes a processor 1010. The processor
1010 is coupled to a memory 1020. The memory 1020 is configured to store a computer program
or instructions and/or data. The processor 1010 is configured to execute the computer program or
the instructions and/or the data stored in the memory 1020, so that the methods in the foregoing
method embodiments are performed.

[00177] Optionally, the apparatus 1000 includes one or more processors 1010.

[00178] Optionally, as shown in FIG. 10, the apparatus 1000 may further include the memory
1020.

[00179] Optionally, the apparatus 1000 may include one or more memories 1020.

[00180] Optionally, the memory 1020 and the processor 1010 may be integrated together or
separately disposed.

[00181] Optionally, as shown in FIG. 10, the apparatus 1000 may further include a transceiver
1030. The transceiver 1030 is configured to receive and/or send a signal. For example, the
processor 1010 is configured to control the transceiver 1030 to receive and/or send the signal.
[00182] In a solution, the apparatus 1000 is configured to implement an operation performed
by the transmit end or the receive end in the foregoing method embodiments.

[00183] For example, the processor 1010 is configured to implement a processing-related
operation performed by the transmit end or the receive end in the foregoing method embodiments,
and the transceiver 1030 is configured to implement a receiving/sending-related operation
performed by the transmit end or the receive end in the foregoing method embodiments.

[00184] FIG. 11 is a diagram of a chip system 1100 according to an embodiment of this
application. As shown in FIG. 11, the chip system 1100 (or may be referred to as a processing
system) includes a logic circuit 1110 and an input/output interface (input/output interface) 1120.
The logic circuit is configured to be coupled to the input interface, and transmit a data parameter
through the input/output interface, to perform the methods in the foregoing method embodiments.
A device in which the chip system 1100 is installed may implement the methods and functions in
embodiments of this application. For example, the logic circuit 1110 may be a processing circuit
in the chip system 1100, to control the device in which the chip system 1100 is installed, or may
be coupled to a storage unit, and invoke instructions in the storage unit, so that the device can
implement the methods and functions in embodiments of this application. The input/output
interface 1120 may be an input/output circuit in the chip system 1100, to output information
processed by the chip system 1100, or input to-be-processed data or signaling information to the
chip system 1100 for processing.
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[00185] In a solution, the chip system 1100 is configured to implement operations performed
by the beam alignment training apparatus (for example, the transmit end or the receive end) in the
foregoing method embodiments.

[00186] For example, the logic circuit 1110 is configured to implement a processing-related
operation performed by the transmit end or the receive end in the foregoing method embodiment,
and the input/output interface 1120 is configured to implement a receiving/sending-related
operation performed by the transmit end or the receive end in the foregoing method embodiment.
[00187] An embodiment of this application further provides a communication system. The
communication system includes one or more transmit ends and one or more receive ends that
implement the beam alignment training method in the foregoing method embodiment.

[00188] An embodiment of this application further provides a computer-readable storage
medium. The computer-readable storage medium stores a computer instruction used to implement
the method performed by the beam alignment training apparatus (for example, the transmit end or
the receive end) in the foregoing method embodiments.

[00189] For example, when this computer program is executed by a computer, the computer is
enabled to implement the method performed by the beam alignment training apparatus (for
example, the transmit end or the receive end) in the foregoing method embodiments.

[00190] An embodiment of this application further provides a computer program product
including instructions. When the instructions are executed by a computer, the computer is enabled
to implement the method performed by the beam alignment training apparatus (for example, the
transmit end or the receive end) in the foregoing method embodiments.

[00191] For explanations and beneficial effects of related content in any one of the apparatuses
provided above, refer to the corresponding method embodiment provided above. Details are not
described herein again.

[00192] It should be understood that, the processor mentioned in this embodiment of this
application may be a central processing unit (central processing unit, CPU), and may further be
another general-purpose processor, a digital signal processor (digital signal processor, DSP), an
application-specific integrated circuit (application-specific integrated circuit, ASIC), a field
programmable gate array (field programmable gate array, FPGA) or another programmable logic
device, a discrete gate or a transistor logic device, a discrete hardware component, or the like. The
general-purpose processor may be a microprocessor, or the processor may be any conventional
processor or the like.

[00193] It should be further understood that the memory mentioned in embodiments of this
application may be a volatile memory and/or a non-volatile memory. The nonvolatile memory may

be a read-only memory (read-only memory, ROM), a programmable read-only memory
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(programmable ROM, PROM), an erasable programmable read-only memory (erasable PROM,
EPROM), an electrically erasable programmable read-only memory (electrically EPROM,
EEPROM), or a flash memory. The volatile memory may be a random access memory (random
access memory, RAM). For example, the RAM may be used as an external cache. By way of
example, and not limitation, the RAM may include the following plurality of forms: a static
random access memory (static RAM, SRAM), a dynamic random access memory (dynamic RAM,
DRAM), a synchronous dynamic random access memory (synchronous DRAM, SDRAM), a
double data rate synchronous dynamic random access memory (double data rate SDRAM, DDR
SDRAM), an enhanced synchronous dynamic random access memory (enhanced SDRAM,
ESDRAM), a synchlink dynamic random access memory (synchlink DRAM, SLDRAM), and a
direct rambus random access memory (direct rambus RAM, DR RAM).

[00194] It should be noted that when the processor is a general-purpose processor, a DSP, an
ASIC, an FPGA, another programmable logic device, a discrete gate or a transistor logic device,
or a discrete hardware component, the memory (storage module) may be integrated into the
processor.

[00195] It should further be noted that the memory described herein is intended to include, but
is not limited to, these and any other appropriate type of memory.

[00196] A person of ordinary skill in the art may be aware that, in combination with the
examples described in embodiments disclosed in this specification, units and algorithm steps may
be implemented by electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by hardware or software depends on particular
applications and design constraint conditions of the technical solutions. A person skilled in the art
may use different methods to implement the described functions for each particular application,
but it should not be considered that the implementation goes beyond the scope of this application.
[00197] It may be clearly understood by a person skilled in the art that, for the purpose of
convenient and brief description, for a detailed working process of the foregoing system, apparatus,
and unit, refer to a corresponding process in the foregoing method embodiments. Details are not
described herein again.

[00198] In the several embodiments provided in this application, it should be understood that
the disclosed system, apparatuses, and methods may be implemented in other manners. For
example, the described apparatus embodiments are merely examples. For example, division into
the 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 integrated
into another system, 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
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implemented by using some interfaces. The indirect couplings or communication connections
between the apparatuses or units may be implemented in electronic, mechanical, or other forms.
[00199] The units described as separate parts may or may not be physically separate, and parts
displayed as units may or may not be physical units, may be located in one position, or may be
distributed on a plurality of network units. Some or all of the units may be selected based on actual
requirements to achieve the objectives of the solutions of embodiments.

[00200] In addition, functional units in embodiments of this application may be integrated into
one processing unit, or each of the units may exist alone physically, or two or more units are
integrated into one unit.

[00201] When the functions are implemented in the form of a software functional unit and sold
or used as an independent product, the functions may be stored in a computer-readable storage
medium. Based on such an understanding, the technical solutions of this application essentially, or
the part contributing to the conventional technology, or some of the technical solutions may be
implemented in a form of a software product. The computer software product is stored in a storage
medium, and includes several instructions for instructing a computer device (which may be a
personal computer, a server, or a network device) to perform all or some of the steps of the methods
described in the embodiments of this application. The foregoing storage medium includes any
medium that can store program code, such as a USB flash drive, a removable hard disk, a read-
only memory ROM, a random access memory RAM, a magnetic disk, or an optical disc.

[00202] The foregoing descriptions are merely specific implementations of this application, but
are not intended to limit the protection scope of this application. Any variation or replacement
readily figured out by a person skilled in the art in the technical scope disclosed in this application
shall fall within the protection scope of this application. Therefore, the protection scope of this

application shall be subject to the protection scope of the claims.
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CLAIMS

1. A beam alignment training method, comprising:

sending, by a transmit end, M pieces of first beam measurement data, wherein the M pieces
of first beam measurement data correspond to M measurement beams;

receiving, by the transmit end, a combination coefficient set, wherein the combination
coefficient set is determined by a receive end based on the M pieces of first beam measurement
data, the combination coefficient set comprises M beam weighting coefficients, an m™ beam
weighting coefficient corresponds to an m" piece of first beam measurement data, the m™ beam
weighting coefficient represents a weight value of an m"™ measurement beam in the M
measurement beams, 1<m<M, and m and M are positive integers; and

determining, by the transmit end, a combined beam based on the combination coefficient set
and the M measurement beams.

2. The method according to claim 1, wherein before sending, by the transmit end, the M pieces
of first beam measurement data, the method further comprises:

sending, by the transmit end, N pieces of second beam measurement data, wherein the N
pieces of second beam measurement data correspond to N measurement beams;

receiving, by the transmit end, N second signal-to-noise ratios, wherein an n second signal-
to-noise ratio corresponds to an n' measurement beam; and

determining, as the M measurement beams, measurement beams corresponding to second
signal-to-noise ratios that are in the N second signal-to-noise ratios and that are greater than a
preset threshold, wherein 1<n<N, n and N are positive integers, and M<N.

3. The method according to claim 1 or 2, wherein the method further comprises:

receiving, by the transmit end, M first signal-to-noise ratios and an estimated combination
signal-to-noise ratio, wherein the M first signal-to-noise ratios are obtained by the receive end
based on the M pieces of first beam measurement data, and the estimated combination signal-to-
noise ratio is determined by the receive end based on the M pieces of first beam measurement data
and the combination coefficient set; and

determining, by the transmit end based on the M first signal-to-noise ratios and the estimated
combination signal-to-noise ratio, to use the combined beam to perform data transmission, or
determining to use a measurement beam corresponding to a largest first signal-to-noise ratio in the
M first signal-to-noise ratios to perform data transmission.

4. The method according to any one of claims 1 to 3, wherein the M pieces of first beam
measurement data are carried in one null data packet NDP, or the M pieces of first beam
measurement data are carried in one or M protocol data unit PPDU data packets.

5. A beam alignment training method, comprising:
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receiving, by a receive end, M pieces of first beam measurement data, wherein the M pieces
of first beam measurement data correspond to M measurement beams;

determining, by the receive end, a combination coefficient set based on the M pieces of first
beam measurement data, wherein the combination coefficient set comprises M beam weighting
coefficients, an m™" beam weighting coefficient corresponds to an m" piece of first beam
measurement data, the m™ beam weighting coefficient represents a weight value of an m™
measurement beam in the M measurement beams, 1<m<M, and m and M are positive integers;
and

sending, by the receive end, the combination coefficient set.

6. The method according to claim 5, wherein determining, by the receive end, the combination
coefficient set based on the M pieces of first beam measurement data comprises:

determining, by the receive end, M first channel estimation results based on the M pieces of
first beam measurement data;

determining, by the receive end, a full-band channel covariance matrix corresponding to the
M first channel estimation results, wherein the full-band channel covariance matrix is obtained by
performing summation averaging on K MxM-dimensional channel covariance matrices
corresponding to K subcarriers, and K is a positive integer; and

performing, by the receive end, singular value decomposition on the full-band channel
covariance matrix to obtain the combination coefficient set.

7. The method according to claim 6, wherein before receiving the M pieces of first beam
measurement data, the method further comprises:

receiving, by the receive end, N pieces of second beam measurement data, wherein the N
pieces of second beam measurement data correspond to N measurement beams, 1<n<N, and n and
N are positive integers;

determining, by the receive end, N second signal-to-noise ratios based on the N pieces of
second beam measurement data, wherein an n'" second signal-to-noise ratio corresponds to an n™
measurement beam; and

sending, by the receive end, the N second signal-to-noise ratios.

8. The method according to claim 6 or 7, wherein the method further comprises:

determining, by the receive end, an estimation result of combination based on the
combination coefficient set and the M first channel estimation results;

determining, by the receive end, an estimated combination signal-to-noise ratio based on the
estimation result of combination;

determining, by the receive end, M first signal-to-noise ratios based on the M first channel

estimation results; and
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sending, by the receive end, the M first signal-to-noise ratios and the estimated combination
signal-to-noise ratio.

9. The method according to any one of claims 5 to 8, wherein the M pieces of first beam
measurement data are carried in one null data packet NDP, or the M pieces of first beam
measurement data are carried in one or M protocol data unit PPDU data packets.

10. A beam alignment training apparatus, comprising a transceiver unit and a processing unit,
wherein

the transceiver unit is configured to send M pieces of first beam measurement data, wherein
the M pieces of first beam measurement data correspond to M measurement beams;

the transceiver unit is configured to receive a combination coefficient set, wherein the
combination coefficient set is determined by a receive end based on the M pieces of first beam
measurement data, the combination coefficient set comprises M beam weighting coefficients, an
m™ beam weighting coefficient corresponds to an m™ piece of first beam measurement data, the
m™ beam weighting coefficient represents a weight value of an m™" measurement beam in the M
measurement beams, 1<m<M, and m and M are positive integers; and

the processing unit is configured to determine a combined beam based on the combination
coefficient set and the M measurement beams.

11. The apparatus according to claim 10, wherein before the transceiver unit is configured to
send the M pieces of first beam measurement data, the transceiver unit is further configured to:

send N pieces of second beam measurement data, wherein the N pieces of second beam
measurement data correspond to N measurement beams; and

receive N second signal-to-noise ratios, wherein an n"" second signal-to-noise ratio
corresponds to an n'" measurement beam; and

the processing unit is further configured to:

determine, as the M measurement beams, measurement beams corresponding to second
signal-to-noise ratios that are in the N second signal-to-noise ratios and that are greater than a
preset threshold, wherein 1<n<N, n and N are positive integers, and M<N.

12. The apparatus according to claim 10 or 11, wherein the transceiver unit is further
configured to:

receive M first signal-to-noise ratios and an estimated combination signal-to-noise ratio,
wherein the M first signal-to-noise ratios are obtained by the receive end based on the M pieces of
first beam measurement data, and the estimated combination signal-to-noise ratio is determined
by the receive end based on the M pieces of first beam measurement data and the combination
coefficient set; and

the processing unit is further configured to: determine, based on the M first signal-to-noise
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ratios and the estimated combination signal-to-noise ratio, to use the combined beam to perform
data transmission, or determine to use a measurement beam corresponding to a largest first signal-
to-noise ratio in the M first signal-to-noise ratios to perform data transmission.

13. The apparatus according to any one of claims 10 to 12, wherein the M pieces of first beam
measurement data are carried in one null data packet NDP, or the M pieces of first beam
measurement data are carried in one or M protocol data unit PPDU data packets.

14. A beam alignment training apparatus, comprising a transceiver unit and a processing unit,
wherein

the transceiver unit is configured to receive M pieces of first beam measurement data, wherein
the M pieces of first beam measurement data correspond to M measurement beams;

the processing unit is configured to determine a combination coefficient set based on the M
pieces of first beam measurement data, wherein the combination coefficient set comprises M beam
weighting coefficients, an m™" beam weighting coefficient corresponds to an m™ piece of first beam
measurement data, the m™ beam weighting coefficient represents a weight value of an m™
measurement beam in the M measurement beams, 1<m<M, and m and M are positive integers;
and

the transceiver unit is configured to send the combination coefficient set.

15. The apparatus according to claim 14, wherein the processing unit is specifically
configured to:

determine M first channel estimation results based on the M pieces of first beam measurement
data;

determine a full-band channel covariance matrix corresponding to the M first channel
estimation results, wherein the full-band channel covariance matrix is obtained by performing
summation averaging on K MxM-dimensional channel covariance matrices corresponding to K
subcarriers, and K is a positive integer; and

perform singular value decomposition on the full-band channel covariance matrix to obtain
the combination coefficient set.

16. The apparatus according to claim 15, wherein before the transceiver unit is configured to
receive the M pieces of first beam measurement data, the transceiver unit is further configured to:

receive N pieces of second beam measurement data, wherein the N pieces of second beam
measurement data correspond to N measurement beams, 1<n<N, and n and N are positive integers;

the processing unit is further configured to determine N second signal-to-noise ratios based
on the N pieces of second beam measurement data, wherein an n' second signal-to-noise ratio
corresponds to an n'" measurement beam; and

the transceiver unit is further configured to send the N second signal-to-noise ratios.
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17. The apparatus according to claim 15 or 16, wherein the processing unit is further
configured to:

determine an estimation result of combination based on the combination coefficient set and
the M first channel estimation results;

determine an estimated combination signal-to-noise ratio based on the estimation result of
combination; and

determine M first signal-to-noise ratios based on the M first channel estimation results; and

the transceiver unit is further configured to send the M first signal-to-noise ratios and the
estimated combination signal-to-noise ratio.

18. The apparatus according to any one of claims 14 to 17, wherein the M pieces of first beam
measurement data are carried in one null data packet NDP, or the M pieces of first beam
measurement data are carried in one or M protocol data unit PPDU data packets.

19. A beam alignment training apparatus, comprising a processor, wherein the processor is
coupled to a memory, the memory is configured to store a computer program or instructions, and
the processor is configured to execute the computer program or the instructions in the memory, to
enable the apparatus to perform the method according to any one of claims 1 to 9.

20. A computer-readable storage medium, wherein the computer-readable storage medium
stores a computer program or instructions, and when the computer program or the instructions are
run on a computer, the computer is enabled to perform the method according to any one of claims
1t09.

21. A chip, wherein the chip is coupled to a memory, and is configured to: read and execute
program instructions stored in the memory, to implement the method according to any one of
claims 1to 9.
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