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SIGNAL PROCESSING METHOD AND APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202110184266.6,
filed with the China National Intellectual Property Administration on February 10, 2021 and
entitled "SIGNAL PROCESSING METHOD AND APPARATUS", which is incorporated herein

by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of communication technologies, and in particular,

to a signal processing method and an apparatus.

BACKGROUND

[0003] Currently, the Institute of Electrical and Electronics Engineers (institute of electrical
and electronics engineers, IEEE) series standards include low frequency band (for example, 2.4
GHz and 5 GHz) related standards (for example, 802.11n, 802.11ac, and 802.11ax) and high
frequency band (for example, 60 GHz) related standards (for example, 802.11ad and 802.11ay).
[0004] In addition, a high-frequency signal (for example, 60 GHz) has many advantages, for
example, a short wavelength, sensitivity to a moving target, a large transmission bandwidth, and a
high distance resolution. Therefore, a related operation is usually performed by using the high-
frequency signal. For example, the related operation may include channel estimation or target
sensing. For example, a transmit device sends a physical layer (physical, PHY) protocol data unit
(PHY protocol data unit, PPDU) to a receive device, so that the receive device may perform
channel estimation, target sensing, or the like based on a sequence carried in the PPDU.

[0005] Therefore, how to improve sequence sending efficiency needs to be urgently resolved.

SUMMARY

[0006] This application provides a signal processing method and an apparatus, to effectively
improve sequence sending efficiency.

[0007] According to a first aspect, an embodiment of this application provides a signal
processing method. The method includes:

generating a physical layer (physical, PHY) protocol data unit (PHY protocol data unit,
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PPDU), where the PPDU includes a first field, the first field is used for carrying M sequences, the
M sequences correspond to M space-time streams, one sequence corresponds to one space-time
stream, M is a positive integer, the M sequences include a first sequence, cross-correlation energy
between the first sequence and at least two of the M sequences within a length range of a Golay
complementary sequence is zero when M is greater than 2, autocorrelation side lobe energy of the
first sequence within the length range of the Golay complementary sequence is zero, the first
sequence is obtained based on a channel estimation (channel estimation, CE) sequence, and the
Golay complementary sequence is used for constructing the CE sequence; and sending the PPDU.
[0008] In this embodiment of this application, when M is greater than 1, and a transmit device
sends the M sequences, cross-correlation energy between the first sequence and the at least two
sequences provided in this embodiment of this application within the length range of the Golay
complementary sequence is zero. Therefore, interference between the first sequence and the at
least two sequences is reduced. In this way, the transmit device can send as many sequences as
possible (for example, may send at least three sequences) within one period. Further, efficiency of
sending the M sequences by the transmit device is improved, and efficiency of performing channel
estimation by a receive device is improved. In addition, because the transmit device can send at
least three sequences within one period, pulse sensing time is further effectively reduced, and a
maximum detectable Doppler or rate is further improved based on a relationship between a pulse
repetition time and a pulse repetition frequency.
[0009] According to a second aspect, an embodiment of this application provides a signal
processing method. The method includes:

receiving a physical layer protocol data unit PPDU, where the PPDU includes a first
field, the first field is used for carrying M sequences, the M sequences correspond to M space-time
streams, one sequence corresponds to one space-time stream, M is a positive integer, the M
sequences include a first sequence, cross-correlation energy between the first sequence and at least
two of the M sequences within a length range of a Golay complementary sequence is zero when
M is greater than 2, autocorrelation side lobe energy of the first sequence within the length range
of the Golay complementary sequence is zero, the first sequence is obtained based on a channel
estimation CE sequence, and the Golay complementary sequence is used for constructing the CE
sequence; and performing signal processing based on the M sequences.
[0010] For example, a receive device may perform channel estimation, target sensing, or the
like based on the M sequences.
[0011] For beneficial effect of the second aspect, refer to the description of the first aspect.
Details are not described herein again.
[0012] With reference to the first aspect or the second aspect, in a possible implementation,
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the M sequences are used for channel estimation, or the M sequences are used for target sensing.
[0013] With reference to the first aspect or the second aspect, in a possible implementation,
when M is greater than 4, cross-correlation energy between the first sequence and at least three of
the M sequences within the length range of the Golay complementary sequence is zero.

[0014] With reference to the first aspect or the second aspect, in a possible implementation,
the first sequence is obtained based on a P-matrix and the CE sequence, and the P-matrix is:

VR
+1 +1
+1 +1
+1 +1
+1 1|
+1 -1
+1 -1
+1 -1

[0015] With reference to the first aspect or the second aspect, in a possible implementation,
the Golay complementary sequence includes first Golay complementary sequences Ga and Gb,
the first sequence is obtained based on Ga, Gb, and a first symbol sequence, and the first symbol
sequence is used for representing positive and negative symbols of Ga and Gb.
[0016] With reference to the first aspect or the second aspect, in a possible implementation,
the first symbol sequence a(n) = {a4, a,, as, a4, as, ag, a;, ag, aq, a0}, a; 1s equal to aq, a,
is equal to a,,, and a value of each element in a(n) is1or-1.
[0017] With reference to the first aspect or the second aspect, in a possible implementation,
a(n) meets at least one of the following:

a-a,+a;-a,+a,-a,+a,-a,=0

a,-a,+a,-a,+a;-a,+a,-3,=0

a;-a,+a,-a,+a,-a,+a,-a,=0
[0018] With reference to the first aspect or the second aspect, in a possible implementation,
valuesof a, to a,, areany one of the following, and a horizontal order sequentially corresponds

to a; 10 aqp:

1 1 -1 1 -1 1 1 1 1 1;
1 1 -1 1 1 -1 1 1 1 1;
1 1 -1 1 1 1 -1 1 1 1;
1 1 1 -1 1 1 -1 1 1 1;
1 1 1 1 -1 1 -1 1 1 1;
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[0019] With reference to the first aspect or the second aspect, in a possible implementation,
when M is greater than 2, the M sequences further include a second sequence, cross-correlation
energy between the second sequence and the first sequence within the length range of the Golay
complementary sequence is zero, and the Golay complementary sequence further includes second
Golay complementary sequences Ga' and Gb'.
[0020] The second sequence is obtained based on Ga', Gb', and a second symbol sequence
b(n) = {by, by, bs, by, bs, be, b, bg, b, b1y}, the second symbol sequence is used for representing
positive and negative symbols of Ga' and Gb', b, is equal to by, b, isequal to b,,, a value of
each elementin b(n) islor-1,and b(n) isnotequal to a(n).
[0021] With reference to the first aspect or the second aspect, in a possible implementation,
a(n) and b(n) meet at least one of the following:

a,-b,+as-b,+a,-b,+a,-b,=0

a,-b,+a,-b,+a,-b,+a;-b, =0

b, +a,b, +a b, +2, b, =0

a,-b, +as b, +a; b +3,-b, =0
a,-b,+a,-b.+a,-b, +a,-b,=0

a-b,+a,-b,+a;-b,+a,-b,=0
[0022] With reference to the first aspect or the second aspect, in a possible implementation,
when a(n)={1,1,-1,1,-1,1,1,1,1,1} , b(n) ={1,1,1,-1,-1,1,-1,-1,1,1}, or b(n) =
{-11,-1,-1,1,1,1,-1,-1,1};

when a(n) ={1,1,1,-1,1,-1,1,1,1,1}, b(n) ={1,1,-1,1,1,—-1,—-1,-1,1,1}, or
b(n) ={-1,1,1,1,-1,-1,1,—-1,-1,1};

when a(n) ={1,1,1,1,-1,1,-1,1,1,1}, b(n) ={1,1,-1,-1,-1,1,1,—-1,1,1}, or
b(n) ={-1,1,1,-1,1,1,-1,-1,-1,1};

when a(n) ={1,1,-1,-1,1-,1,-1,1,1,1}, b(n) ={1,1,1,1,1,-1,1,—-1,1,1}, or
b(n) ={-1,1,-1,1,-1,-1,-1,-1,-1,1};

when a(n) = {1,1,-1,-1,-1,1,1,-1,1,1}, b(n) = {-1,1,-1,1,1,1,1,1, - 1,1};

when a(n) = {1,1,1,1,1,-1,1,-1,1,1}, b(n) = {-1,1,1,-1,-1,-1,1,1, -1,1};

when a(n) = {1,1,1,-1,-1,1,-1,-1,1,1}, b(n) = {-1,1,1,1,1,1,—1,1, —1,1};

when an) ={1,1,-1,1,1,-1,-1,-1,1,1} : b(n) =
{(-1,1,-1,-1,-1,-1,-1,1, -1,1};

when a(n) ={-1,1,-1,1,1,1,1,1,-1,1}, b(n) = {-1,1,1,-1,1,1,-1,—-1,-1,1};

when a(n) ={-1,1,1,-1,-1,-1,1,1,—-1,1} : b(n) =
{-1,1,-1,1,-1,-1,-1,-1,-1,1};
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when a(n) ={-1,1,1,1,1,1,-1,1,-1,1}, b(n) ={-1,1,-1,-1,1,1,1,—1,-1,1};
or

when a(n) ={-11,-1,-1,-1,-1,-1,1,-1,1} , b(n) =
{-1,1,1,1,-1,-1,1,-1,-1,1}.
[0023] With reference to the first aspect or the second aspect, in a possible implementation,
the first field is a training field unit in the PPDU;

the first field is an enhanced directional multi-gigabit channel estimation field in the
PPDU; or

the first field is a long training field in the PPDU.
[0024] It may be understood that, for specific descriptions of the first aspect or the second
aspect, refer to the following embodiments. Details are not described herein again.
[0025] According to a third aspect, an embodiment of this application provides a
communication apparatus, configured to perform the method in any one of the first aspect or the
possible implementations of the first aspect. The communication apparatus includes corresponding
units configured to perform the method in any one of the first aspect or the possible
implementations of the first aspect.
[0026] For example, the communication apparatus may be a transmit device, a chip in a
transmit device, or the like.
[0027] According to a fourth aspect, an embodiment of this application provides a
communication apparatus, configured to perform the method in any one of the second aspect or
the possible implementations of the second aspect. The communication apparatus includes
corresponding methods configured to perform the method in any one of the second aspect or the
possible implementations of the second aspect.
[0028] For example, the communication apparatus may be a receive device, a chip in a receive
device, or the like.
[0029] In the third aspect or the fourth aspect, the communication apparatus may include a
transceiver unit and a processing unit. For specific descriptions of the transceiver unit and the
processing unit, refer to apparatus embodiments shown in the following.
[0030] According to a fifth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus includes a processor, configured to
perform the method in any one of the first aspect or the possible implementations of the first aspect.
Alternatively, the processor is configured to execute a program stored in a memory. When the
program is executed, the method in any one of the first aspect or the possible implementations of
the first aspect is performed.

[0031] In a process of performing the foregoing method, a process of sending information (for
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example, sending a PPDU) in the foregoing method may be understood as a process of outputting
the foregoing information by the processor, or a process of receiving the foregoing input
information by the processor. When outputting the information, the processor outputs the
information to a transceiver, so that the transceiver transmits the information. After the information
is output by the processor, other processing may further need to be performed on the information
before the information arrives at the transceiver. Similarly, when the processor receives the
foregoing input information, the transceiver receives the foregoing information, and inputs the
foregoing information into the processor. Further, after the transceiver receives the foregoing
information, other processing may need to be performed on the foregoing information before the
information is input into the processor.

[0032] Unless otherwise specified, or if operations such as transmitting, sending, and receiving
related to the processor do not contradict an actual function or internal logic of the operations in
related descriptions, all the operations may be more generally understood as operations such as
outputting, receiving, and inputting of the processor, instead of operations such as transmitting,
sending, and receiving directly performed by a radio frequency circuit and an antenna.

[0033] 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
computer 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 this embodiment of this application. It may be understood that descriptions of
the processor and the memory are also applicable to the sixth aspect shown below. To avoid
repetition, details are not described in the sixth aspect again.

[0034] In a possible implementation, the memory is located outside the communication
apparatus.

[0035] In a possible implementation, the memory is located inside the communication
apparatus.

[0036] In this embodiment of this application, the processor and the memory may alternatively
be integrated into one component. In other words, the processor and the memory may alternatively
be integrated together.

[0037] In a possible implementation, the communication apparatus further includes a
transceiver. The transceiver is configured to receive or send a signal. For example, the transceiver
may be further configured to send a PPDU and the like.

[0038] In this embodiment of this application, the communication apparatus may be a transmit
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device, a chip in a transmit device, or the like.

[0039] According to a sixth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus includes a processor, configured to
perform the method in any one of the second aspect or the possible implementations of the second
aspect. Alternatively, the processor is configured to execute a program stored in a memory. When
the program is executed, the method in any one of the second aspect or the possible
implementations of the second aspect is performed.

[0040] In a possible implementation, the memory is located outside the communication
apparatus.

[0041] In a possible implementation, the memory is located inside the communication
apparatus.

[0042] In this embodiment of this application, the processor and the memory may alternatively
be integrated into one component. In other words, the processor and the memory may alternatively
be integrated together.

[0043] In a possible implementation, the communication apparatus further includes a
transceiver. The transceiver is configured to receive or send a signal. For example, the transceiver
may be configured to receive a PPDU.

[0044] In this embodiment of this application, the communication apparatus may be a receive
device, a chip in a receive device, or the like.

[0045] According to a seventh aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus includes a logic circuit and an interface,
the logic circuit is coupled to the interface, the logic circuit is configured to generate a PPDU, and
the interface is configured to output the PPDU.

[0046] It may be understood that the foregoing interface and logic circuit may further be
understood as follows:

[0047] For example, the logic circuit is configured to obtain processed data (such as a PPDU),
and the interface is configured to output processing performed by the logic circuit.

[0048] It may be understood that for descriptions of the PPDU, M sequences, a first sequence,
a Golay complementary sequence, a CE sequence, and the like, refer to the descriptions of the first
aspect or the second aspect; or refer to embodiments shown in the following. Details are not
described herein again.

[0049] According to an eighth aspect, an embodiment of this application provides a
communication apparatus. The communication apparatus includes a logic circuit and an interface,
the logic circuit is coupled to the interface, the interface is configured to input a PPDU, and the
logic circuit is configured to process the PPDU (for example, including processing M sequences

8



10

15

20

25

30

35

carried in the PPDU).

[0050] It may be understood that the foregoing interface and logic circuit may further be
understood as follows:

[0051] For example, the interface is configured to input to-be-processed data (for example, a
PPDU), and the logic circuit is configured to process the to-be-processed data.

[0052] It may be understood that for descriptions of the PPDU, the M sequences, a first
sequence, a Golay complementary sequence, a CE sequence, and the like, refer to the descriptions
of the first aspect or the second aspect; or refer to embodiments shown in the following. Details
are not described herein again.

[0053] According to a ninth aspect, an embodiment of this application provides a computer-
readable storage medium. The computer-readable storage medium is configured to store a
computer program, and when the computer program is run on a computer, the method in any one
of the first aspect or the possible implementations of the first aspect is performed.

[0054] According to a tenth aspect, an embodiment of this application provides a computer-
readable storage medium. The computer-readable storage medium is configured to store a
computer program, and when the computer program is run on a computer, the method in any one
of the second aspect or the possible implementations of the second aspect is performed.

[0055] According to an eleventh aspect, an embodiment of this application provides a
computer program product. The computer program product includes a computer program or
computer code, and when the computer program product runs on a computer, the method in any
one of the first aspect or the possible implementations of the first aspect is performed.

[0056] According to a twelfth aspect, an embodiment of this application provides a computer
program product. The computer program product includes a computer program or computer code,
and when the computer program product runs on a computer, the method in any one of the second
aspect or the possible implementations of the second aspect is performed.

[0057] According to a thirteenth aspect, an embodiment of this application provides a
computer program. When the computer program is run on a computer, the method in any one of
the first aspect or the possible implementations of the first aspect is performed.

[0058] According to a fourteenth aspect, an embodiment of this application provides a
computer program. When the computer program is run on a computer, the method in any one of
the second aspect or the possible implementations of the second aspect is performed.

[0059] According to a fifteenth aspect, an embodiment of this application provides a wireless
communication system. The wireless communication system includes a transmit device and a
receive device. The transmit device is configured to perform the method in any one of the first

aspect or the possible implementations of the first aspect. The receive device is configured to
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aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0060] FIG. 1 is a schematic diagram of a communication system according to an embodiment
of this application;

[0061] FIG. 2 is a schematic diagram of a structure of an access point and a structure of a
station according to an embodiment of this application;

[0062] FIG. 3a and FIG. 3b each are a schematic diagram of a structure of a PPDU according
to an embodiment of this application;

[0063] FIG. 4a is a schematic diagram of a structure of a CE sequence according to an
embodiment of this application;

[0064] FIG. 4b is a schematic diagram of a structure of CE sequence autocorrelation according
to an embodiment of this application;

[0065] FIG. 4c is a schematic diagram of sending a multi-stream sequence according to an
embodiment of this application;

[0066] FIG. 4d is a schematic diagram of a structure of a CE sequence according to an
embodiment of this application;

[0067] FIG. 5a is a schematic diagram of analyzing CE sequence autocorrelation according to
an embodiment of this application;

[0068] FIG. 5b to FIG. 5d each are a schematic diagram of a structure of a CE sequence
according to an embodiment of this application;

[0069] FIG. 6a and FIG. 6b each are a schematic diagram of analyzing CE sequence cross-
correlation according to an embodiment of this application;

[0070] FIG. 6¢ is a schematic diagram of a structure of a CE sequence according to an
embodiment of this application;

[0071] FIG. 7 is a schematic flowchart of a signal processing method according to an
embodiment of this application;

[0072] FIG. 8a is a schematic diagram of a structure of a CE sequence according to an
embodiment of this application;

[0073] FIG. 8b and FIG. 8c each are a schematic diagram of a result of CE sequence
autocorrelation according to an embodiment of this application;

[0074] FIG. 8d and FIG. 8e each are a schematic diagram of a result of CE sequence cross-

correlation according to an embodiment of this application;
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[0075] FIG. 9 is a schematic diagram of sending a multi-stream sequence according to an
embodiment of this application;

[0076] FIG. 10a-1 and FIG. 10a-2 are a schematic diagram of a structure of a CE sequence
according to an embodiment of this application;

[0077] FIG. 10b to FIG. 10e each are a schematic diagram of a result of CE sequence cross-
correlation according to an embodiment of this application;

[0078] FIG. 11A and FIG. 11B are a schematic diagram of a structure of a CE sequence
according to an embodiment of this application; and

[0079] FIG. 12 to FIG. 14 each are a schematic diagram of a structure of a communication

apparatus according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0080] To make objectives, technical solutions, and advantages of this application clearer, the
following further describes this application with reference to the accompanying drawings.

[0081] In the specification, claims, and the accompanying drawings of this application, terms
such as "first" and "second" are only intended to distinguish between different objects but do not
describe a particular order. In addition, terms "include”, "have", or any other variant thereof are
intended to cover a non-exclusive inclusion. For example, a process, a method, a system, a product,
or a device that includes a series of steps or units is not limited to the listed steps or units, but
optionally further includes an unlisted step or unit, or optionally further includes another step or
unit inherent to the process, the method, the product, or the device.

[0082] An "embodiment” mentioned in this specification means that a particular feature,
structure, or characteristic described with reference to this embodiment may be included in at least
one embodiment of this application. The phrase appearing at various locations in the specification
does not necessarily refer to a same embodiment, and is not an independent or alternative
embodiment mutually exclusive with another embodiment. It is explicitly and implicitly
understood by a person skilled in the art that embodiments described in the specification may be
combined with another embodiment.

[0083] In this application, "at least one (item)" means one or more, "a plurality of" means two
or more, "at least two (item)" means two or three or more, and "and/or" is used to describe an
association relationship between associated objects and indicates that three relationships may exist.
For example, "A and/or B" may indicate the following three cases: Only A exists, only B exists,
and both A and B exist, where A and B may be singular or plural. The character "/* generally

indicates an "or" relationship between the associated objects. "At least one of the following items
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(pieces)" or a similar expression thereof means any combination of these items. For example, at
least one item (piece) of a, b, and ¢ may represent a, b, ¢, "aand b", "aand c", "b and c", or "a, b,
and c".

[0084] A method provided in this application may be applied to various communication
systems, for example, an internet of things (internet of things, 10T) system, a narrow band internet
of things (narrow band internet of things, NB-10T) system, a long term evolution (long term
evolution, LTE) system, a 5th generation (5th-generation, 5G) communication system, and a new
communication system (for example, 6G) emerging in future communication development. The
method provided in this application may further be applied to a wireless local area network
(wireless local area network, WLAN) system, for example, wireless fidelity (wireless-fidelity, Wi-
Fi).

[0085] The method provided in this application may be implemented by a communication
apparatus in a wireless communication system. For example, the communication apparatus may
be an access point (access point, AP) device or a station (station, STA) device.

[0086] The method provided in this application may be applied to a scenario in which one
node performs data transmission with one or more nodes, may be applied to single-user
uplink/downlink transmission, and/or multi-user uplink/downlink transmission, may be applied to
device-to-device (device to device, D2D) transmission, and the like. The method may be further
applied to sensing a target in an environment, and estimating information such as a distance, a
speed, and an angle of the target. Further, an action of the sensed target may be further recognized,
imaged, or the like based on related information. Details are not described herein. For example,
WLAN sensing is a technology that uses a WLAN wireless signal to sense a target. This technology
can be based on radio measurement and environment sampling capabilities. In this way, each
communication path between two physical devices can obtain information about a surrounding
environment.

[0087] The node may be an AP or a STA. For ease of description, the following uses
communication between the AP and the STA as an example for description.

[0088] For example, a communication system to which the method provided in this application
may be applied may include an access point (access point, AP) device and a station (station, STA)
device. The access point device may also be understood as an access point entity, and the station
device may also be understood as a station entity. For example, this application is applicable to a
scenario in which an AP communicates with or senses a STA in a WLAN. Optionally, the AP may
communicate with or sense a single STA, or the AP may simultaneously communicate with or
sense a plurality of STAs. Specifically, communication or sensing between the AP and the plurality
of STAs may be further divided into downlink transmission in which the AP simultaneously sends
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signals to the plurality of STAs and uplink transmission in which the plurality of STAs send signals
to the AP. The AP and the STA may support a WLAN communication protocol. The
communication protocol may include protocols of the IEEE 802.11 series. For example, the
communication protocol may be a low frequency band (for example, 2.4 GHz and 5 GHz) protocaol,
such as 802.11n, 802.11ac, or 802.11ax; a high frequency band (for example, 60 GHz) protocaol,
such as 802.11ad/directional multi-gigabit (directional multi gigabit, DMG) or 802.11ay/enhanced
directional multi-gigabit (enhanced directional multi gigabit, EDMG); or a single-carrier physical
layer (single carrier physical layer, SC PHY) protocol, such as 802.11ay. Certainly, with
continuous evolution and development of communication technologies, the communication
protocol may further include a next-generation protocol of IEEE 802.11ay, IEEE 802.11ad, or the
like.

[0089] FIG. 1 is a schematic diagram of an architecture of a communication system according
to an embodiment of this application. The communication system may include one or more APs
and one or more STAs. FIG. 1 shows one access point device, for example, an AP, and three station
devices, for example, a STAL, a STA2, and a STAS. It may be understood that FIG. 1 shows only
one AP and three STAs as an example. However, there may be more or less APs or STAs. This is
not limited in this application.

[0090] The access point (for example, the AP in FIG. 1) is an apparatus having a wireless
communication function, supports communication or sensing by using a WLAN protocol, and has
a function of communicating with or sensing another device (for example, a station or another
access point) in a WLAN network, and certainly, may further have a function of communicating
with or sensing another device. Alternatively, the access point is equivalent to a bridge that
connects a wired network and a wireless network. A main function of the access point is to connect
various wireless network clients together and then connect the wireless network to the Ethernet.
In the WLAN system, the access point may be referred to as an access point station (AP STA). The
apparatus having a wireless communication function may be an entire device, or may be a chip or
a processing system installed in an entire device. The device in which the chip or the processing
system is installed may implement a method and a function in embodiments of this application
under control of the chip or the processing system. The AP in embodiments of this application is
an apparatus that provides a service for a STA, and may support the 802.11 series protocols. For
example, the access point may be an access point for a terminal device (for example, a mobile
phone) to access a wired (or wireless) network, and is mainly deployed in a home, a building, and
a park. A typical coverage radius is tens of meters to 100-odd meters. Certainly, the access point
may alternatively be deployed outdoors. For another example, the AP may be a communication

entity, for example, a communication server, a router, a switch, or a bridge, or the AP may include
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various forms of macro base stations, micro base stations, relay stations, and the like. Certainly,
the AP may alternatively be a chip or a processing system in these devices in various forms, to
implement the method and function in embodiments of this application. The access point in this
application may be a high-efficiency (high-efficiency, HE) AP, an extremely high throughput
(extremely high throughput, EHT) AP, or an access point applicable to a future Wi-Fi standard.
[0091] A station (for example, the STA1 or the STA2 in FIG. 1) is an apparatus having a
wireless communication function, supports communication or sensing by using a WLAN protocol,
and has a capability of communicating with or sensing another station or access point in a WLAN
network. In a WLAN system, the station may be referred to as a non-access point station (non-
access point station, non-AP STA). For example, the STA is any user communication device that
allows a user to communicate with or sense an AP and further to communicate with a WLAN. The
apparatus having a wireless communication function may be an entire device, or may be a chip, a
processing system, or the like installed in an entire device. The device in which the chip or the
processing system is installed may implement a method and a function in embodiments of this
application under control of the chip or the processing system. For example, the station may be a
wireless communication chip, a wireless sensor, or a wireless communication terminal, and may
also be referred to as a user. For another example, the station may be a mobile phone supporting a
Wi-Fi communication function, a tablet computer supporting a Wi-Fi communication function, a
set-top box supporting a Wi-Fi communication function, a smart television supporting a Wi-Fi
communication function, an intelligent wearable device supporting a Wi-Fi communication
function, a vehicle-mounted communication device supporting a Wi-Fi communication function,
or a computer supporting a Wi-Fi communication function.

[0092] The WLAN system can provide high-speed and low-latency transmission. With
continuous evolution of WLAN application scenarios, the WLAN system is to be applied to more
scenarios or industries, for example, the internet of things industry, the internet of vehicles industry,
the banking industry, enterprise offices, exhibition halls of stadiums, concert halls, hotel rooms,
dormitories, wards, classrooms, supermarkets, squares, streets, production workshops and
warehousing. Certainly, a device (for example, an access point or a station) that supports WLAN
communication or sensing may be a sensor node (for example, a smart water meter, a smart
electricity meter, or a smart air detection node) in a smart city, a smart device (for example, a smart
camera, a projector, a display screen, a television, a stereo, a refrigerator, or a washing machine)
in a smart home, a node in the internet of things, an entertainment terminal (for example, an AR,
a VR, or another wearable device), a smart device in smart office (for example, a printer, a projector,
a loudspeaker, or a stereo), an internet of vehicles device in the internet of vehicles, an

infrastructure (for example, a vending machine, a self-service navigation station of a supermarket,
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a self-service cash register device, or a self-service ordering machine) in daily life scenarios, a
device in a large sports and music venue, and the like. For example, the access point and the station
may be devices applied to the internet of vehicles, internet of things nodes, sensors, or the like in
the internet of things (10T, internet of things), smart cameras, smart remote controls, smart water
or electricity meters, or the like in a smart home, and sensors in a smart city. Specific forms of the
STA and the AP are not limited in embodiments of this application, and are merely examples for
description herein.

[0093] Although this application is mainly described by using a network in which IEEE 802.11
is deployed as an example, a person skilled in the art easily understands that various aspects of this
application can be expanded to other networks that use various standards or protocols, for example,
Bluetooth (Bluetooth), a high performance radio LAN (high performance radio LAN, HIPERLAN)
(a wireless standard that is similar to the IEEE 802.11 standard, and is mainly used in Europe), a
wide area network (WAN), a wireless local area network (wireless local area network, WLAN), a
personal area network (personal area network, PAN), or another known or later developed network.
[0094] For example, FIG. 2 is a schematic diagram of a structure of an access point and a
structure of a station according to an embodiment of this application. The AP may have a plurality
of antennas, or may have a single antenna. As shown in FIG. 2, the AP includes a physical layer
(physical layer, PHY) processing circuit and a medium access control (medium access control,
MAC) processing circuit. The physical layer processing circuit may be configured to process a
physical layer signal, and the MAC layer processing circuit may be configured to process a MAC
layer signal. The 802.11 standard focuses on the PHY and the MAC. As shown in FIG. 2, FIG. 2
further shows a schematic diagram of a structure of a STA having a single antenna. In an actual
scenario, the STA may alternatively have a plurality of antennas, and may be a device having more
than two antennas. The STA may include a PHY processing circuit and a MAC processing circuit.
The physical layer processing circuit may be configured to process a physical layer signal, and the
MAC layer processing circuit may be configured to process a MAC layer signal.

[0095] In this application, a transmit device may be an access point device or a station device.
Alternatively, a receive device may be an access point device or a station device. For example, the
transmit device may be an access point device, and the receive device is an access point device.
For another example, the transmit device is a station device, and the receive device is a station
device. For another example, the transmit device may be an access point device, and the receive
device is a station device. For another example, the transmit device may be a station device, and
the receive device is an access point device. It may be understood that the transmit device and the
receive device shown herein may also be collectively referred to as a communication apparatus.

[0096] It may be understood that in this application, an example in which the transmit device
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sends a physical layer protocol data unit (PHY protocol data unit, PPDU) to the receive device is
used to describe the signal processing method provided in this application. However, the method
shown in this application is further applicable to various types of PPDUs. For example, the PPDU
may include a multi-user physical layer protocol data unit (multiple user PHY protocol data unit,
MU PPDU), a single-user physical layer protocol data unit (single user PHY protocol data unit,
SU PPDU), a trigger-based physical layer protocol data unit (trigger based PHY protocol data unit,
TB PPDU), or the like.

[0097] For example, FIG. 3a is a schematic diagram of a structure of a PPDU. As shown in
FIG. 3a, the PPDU may include a legacy short training field (legacy-short training field, L-STF),
a legacy long training field (legacy-long training field, L-LTF), a legacy header (legacy-header, L-
header) flag, an enhanced directional multi-gigabit header flag A (EDMG-header-A), an enhanced
directional multi-gigabit short training field (EDMG-STF), an enhanced directional multi-gigabit
channel estimation field (EDMG-channel estimation field, EDMG-CEF), an enhanced directional
multi-gigabit header flag B (EDMG-header-B), data (data), and a training field unit (training filed
unit, TRN unit). The training field unit may include a sequence (sequence). It may be understood
that, for specific descriptions of the PPDU shown in FIG. 3a, refer to the 802.11ay EDMG protocol
and the like. Details are not described herein again.

[0098] For example, FIG. 3b is a schematic diagram of a structure of a PPDU. For example,
the PPDU may include a short training field (short training field, STF), a long training field (long
training field, LTF), a header (header), data (data), and a training field unit (TRN unit). It may be
understood that, for specific description of the PPDU shown in FIG. 3b, refer to the 802.11ad
DMG protocol.

[0099] The following describes in detail a Golay (Golay) complementary sequence (which
may also be referred to as a Golay complementary sequence) and a channel estimation (channel
estimation, CE) sequence in this application.

[00100] For example, if binary constant modulus sequences x and y whose lengths are N (that
IS, a sequence length is N, or may also be referred to as a Golay complementary sequence whose
length is N) meet the following formula (1), the binary constant modulus sequences x and y may

be mutually referred to as Golay complementary sequences.
x(nN)®x (—n)+y(n)®y (-n)=2Ns(n) (1)
[00101] The superscript * represents a complex conjugate, and the symbol & represents a

convolution operation.

[00102] With reference to a Golay complementary sequence specified in a related standard such

as 802.11ay, (Gay, , Ghy ) and (Ga’, Gb ) have a zero cross-correlation (zero cross
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correlation, ZCC) feature, as shown in the following formula (2) and formula (3). Similarly, (Gai’l ,
Gb?)and (Gay,, Gby), (Ga), Gby)and (Gay, Gb{), and (Ga/, Gb/) and
(Ga}, Gb} ) also have ZCC features.

Gay, (—n) ®Gay, (n)+Ghy (—n) ®Ghy (n)=0 (2)

Gay, (—n)®Gay, (n)+Ghy (—n)®Gh (n) =0 (3)
[00103] It may be understood that the superscripts 1 to 8 shown herein may be understood as

indexes of sequences, sequence numbers, or the like. For example, when a transmit device sends

one stream, a CE1 sequence may be formed by Ga}“ and G bﬁ, ; when the transmit device sends

two streams, a CE2 sequence may be formed by Ga,ﬁ and be, (when the transmit device
sends two streams, the CE1 sequence is also sent); when the transmit device sends three streams,
a CE3 sequence may be formed by Gaﬁ, and Gb,ﬂ , and the like. This is not listed one by one

herein. n represents an element index, an index of a chip, or the like, and the symbol & represents
a convolution operation.

[00104] For example, the CE sequence may be used for WLAN sensing (sensing). During
WLAN sensing, a one-way distance L may meet a formula (4).

(4)

B N xcC
Chip _rate

[00105] If a chip rate (for example, may also be referred to as an element rate) specified in the
802.11ay SC PHY standard is 1.76 Gpbs, a bit rate sent per second is 1.76 G. Therefore,
Chip_rate=1.76 Gbps=1.76 Gb/s in the formula (2). For example, when N is 128,

~128x3.0x10°m /s

. =21.8181 m. Therefore, a round-trip distance L/2=10.9091 m, and the
1.76x10°b /s

distance can meet most application scenarios of WLAN sensing. It should be noted that N shown
herein is merely an example. N shown below in this application may be equal to 128, or N may be
equal to 256, or N may be equal to 512, or the like. A specific value of the sequence length N is
not limited in this application. However, as the value of N changes, the distance L also changes,
and a length range of a Golay complementary sequence shown below in this application also
changes.

[00106] FIG. 4a is a schematic diagram of a structure of a CE sequence constructed by using a
Golay complementary sequence. The CE sequence is constructed by using the Golay
complementary sequence. In this way, autocorrelation side lobe energy of the CE sequence within

a length range (for example, —128 to +128) of the Golay complementary sequence can be zero
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(zero may also be referred to as 0). FIG. 4b is a schematic diagram of a result of CE sequence
autocorrelation. It can be learned from FIG. 4b that autocorrelation side lobe energy within a length
range (that is, —128 to +128) of a Golay complementary sequence is zero. In FIG. 4b, a horizontal
coordinate represents a delay index (delay index), and a vertical coordinate represents energy
(power). It can be learned from FIG. 4b that, within the range from —-128 to +128, a result of CE
sequence autocorrelation at a horizontal coordinate 0 may reach 1024 (that is, autocorrelation main
lobe energy is 1024), and within a range from —-128 to +128 other than 0, a result of the CE
sequence autocorrelation is 0. It may be understood that a horizontal coordinate in FIG. 4b may
alternatively be represented as an element. It should be noted that the horizontal coordinate in the
accompanying drawings of this application is shown by using samples (samples) as an example,
but should not be construed as a limitation on this application. In FIG. 4b, FIG. 8b to FIG. 8e, and
FIG. 10b to FIG. 10e, a horizontal coordinate is shown by using samples as an example, and the
horizontal coordinate may also be referred to as a code element or a delay index (not shown in the
accompanying drawings).

[00107] The CE sequence can be applied to multiple-input multiple-output (multiple input
multiple output, MIMO) channel estimation, to combine a P-matrix (P-matrix) for transmission.
[00108] For example, the P-matrix may be shown in a formula (5):

+1 +1 +1 +1
+1 +1 +1 +1
+1 -1 +1 -1
P +1 -1 +1 -1 )

+1 +1 -1 -1
+1 +1 -1 -1
+1 -1 -1 +1
+1 -1 -1 +1

[00109] It may be understood that, because the first row and the second row in the foregoing
formula (5) are the same, the third row and the fourth row are the same, the fifth row and the sixth
row are the same, and the seventh row and the eighth row are the same, the foregoing formula (5)

may also be equivalently expressed as follows:

11 1 1
1 -1 1 -1
=l 1 4 1| ®
1 -1 -1 1

[00110] With reference to the formula (5) or formula (6), FIG. 4c is a schematic diagram of
transmitting a CE sequence for channel estimation. In FIG. 4c, a horizontal coordinate may

represent time (time), and a vertical coordinate may represent a space-time stream (space time
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stream) (which may also be referred to as a stream for short in FIG. 4c), and FIG. 4c shows a
schematic diagram of transmitting a CE sequence in combination with a P-matrix.
[00111] As shown in FIG. 4c, when two streams are transmitted for channel estimation, as

shown in FIG. 4d, Gu; and Gv; are separately obtained based on Golay complementary sequences

Gai28 and Gbllzg, and Gu, and Gv, are separately obtained based on Golay complementary

sequences Ga’, and Gh’,. In addition, CE sequences of two streams have a same symbol

structure, or may be referred to as having a same construction manner. The symbol structure or
construction manner shown in this application is positive and negative symbols of Golay

complementary sequences forming the CE sequence. For example, a symbol structure of a CE1

sequence is positive and negative symbols of Gail28 and Gbllzs. For another example, a symbol

structure of a CE2 sequence is positive and negative symbols of Ga’, and GhZ,. For ease of

description, the following describes the CE sequence provided in this application in a same
construction manner.

[00112] The following describes in detail a method for performing channel estimation by a
receive device based on the CE1 sequence (which may also be referred to as CE1 for short) and

the CE2 sequence (which may also be referred to as CE2 for short).

[00113] If C(n) is set to a combination sequence of a cyclic prefix (cyclic prefix) and CEi,
U.(n) is a sequence that is the same as G () but whose cyclic prefix and cyclic suffix are both
0. U.(n) may also be a sequence that is the same as C.(n) but does not include a cyclic prefix
or a cyclic suffix. In a channel estimation process, Ui (N) may be used as a reference sequence
for channel estimation. For example, Q(n) represents a combination sequence of a cyclic prefix

and CE1, Q(n) represents a combination sequence of a cyclic prefix and CE2, U1(n) represents

a combination sequence of a cyclic prefix 0 and CE1, a cyclic suffix in the CE1 sequence is 0,

U2(n) represents a combination sequence of a cyclic prefix 0 and CE2, and a cyclic suffix in the

CE2 sequence is 0. For another example, Q(n) represents a combination sequence of a cyclic

prefix and CEL, Q(n) represents a combination sequence of a cyclic prefix and CE2, Ui(n) is

the same as the CE1 sequence, but does not include a cyclic suffix, and Uz(n) is the same as the
CE2 sequence, but does not include a cyclic suffix.
[00114] Inthis case, when a transmit device transmits two streams, for example, when channel

estimation is performed in time domain, information received by a first antenna may be as follows:
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¥, =h, ®CG () +h, ®CG,(N)+7 (7)
[00115] hu and |”12 respectively represent channel responses of the first stream and the

second stream, Z represents noise, and & represents a convolution operation. For example, the
following formula (8) may be obtained through solution by using a matched filter (or a correlator

or the like):

s = hy, ®C,(0) ®U, (—n) + h,, ®C, (M) ®U, (1) + 2, ®U, (1) ()

=1 =0

[00116] According to a property of the convolution operation, it can be concluded that
C.(n)®U,(—n) is actually correlation between C(n) and U,(n), and - is set to a value that

is translated during correlation. For example, within —128<7 <128 (that is, a zero-correlation

region), according to a property of the Golay complementary sequence, it may be learned that there
is a value of C(nN)®U,(—) at only a point of 7 =0 in —128<7 <128, and all values of
C,(N)®U,(—) in the region —128<7<128 are 0.

[00117] Similarly, the matched filter may also be used for channel estimation on hz as shown

below:

iz =y, ®C, (M) ®U, (—n) + hy, ® C, (M) ®U, () + 2, ®U, (1) (g)

=0 =1

[00118] The foregoing is a channel estimation method for transmitting CE sequences of two

streams. However, when CE sequences of more than two streams are transmitted, because a ZCC

feature does not exist between CE sequences within the length range (for example, —128 to +128)

of the Golay complementary sequence, the CE sequences need to be transmitted in combination

with the P-matrix. When three or four streams are transmitted, as shown in FIG. 4c, channel

estimation is performed within two periods in combination with the P-matrix. In this case, the P-
matrix is shown as follows:

+1 +1

P +1 +1

+1 -1

+1 -1

(10)

[00119] It may be understood that, because symbol structures of CE1 and CE2 are the same,
and symbol structures of CE3 and CE4 are the same, the foregoing formula (10) may also be

represented as:
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[00120] When CE sequences of five, six, seven, or eight streams are transmitted, as shown in
FIG. 4c, channel estimation is performed within four periods in combination with the P-matrix. In
this case, the P-matrix is shown in the foregoing formula (5) or formula (6).

[00121] The foregoing process describes how to implement MIMO channel estimation by using
the CE sequence and the P-matrix. As described above, in addition to being used for channel
estimation, the sequence in this application may be further used for sensing a target in an
environment (for example, WLAN sensing shown above). When sensing a target in an
environment, channel estimation may be performed according to the foregoing procedure, and then
processing such as multipath elimination and target parameter (time, a distance, and an angle)
estimation is further performed based on a result of channel estimation, to implement target sensing.
[00122] It may be understood that for a specific procedure or method of channel estimation or
target sensing, refer to a related standard or protocol. Details are not described in this application.
[00123] It can be learned from the foregoing analysis that, a quantity of orthogonal CE
sequences causes different P-matrices. As shown in the method shown above and FIG. 4c, when
CE sequences of more than two streams are transmitted, for example, when CE sequences of three
or four streams are transmitted, the P-matrix is shown in the formula (10) or formula (11), that is,
the transmit device needs to send the CE sequences within two periods such as T1 and T2, to
ensure that the receive device can correctly perform channel estimation. It may be understood that,
if the transmit device does not send the CE sequences of the four streams in combination with the
P-matrix, for example, sends the CE sequences of the four streams within one period, interference
is generated between the CE1 sequence and the CE3 (or CE4) sequence, and interference is
generated between the CE2 sequence and the CE3 (or CE4) sequence. As a result, the receive
device cannot correctly perform channel estimation. Therefore, when sending the CE sequences
of the four streams, the transmit device needs to send the CE sequences of the four streams within
two periods in combination with the P-matrix shown in the foregoing formula (10), to ensure that
the four sequences sent by the transmit device can be pairwise orthogonal. It may be understood
that the two sequences shown in this application are pairwise orthogonal, or it may be understood
that cross-correlation energy between the two sequences within the length range of the Golay
complementary sequence is zero.

[00124] For another example, when CE sequences of five or six streams are transmitted, the P-
matrix is shown in the formula (5) or formula (6), that is, the transmit device needs to transmit the
CE sequences within four periods such as T1, T2, T3, and T4, to ensure that the receive device can

correctly perform channel estimation. For another example, when CE sequences of seven or eight
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streams are transmitted, the P-matrix is shown in the formula (5) or formula (6), that is, the transmit
device needs to transmit the CE sequence within four periods such as T1 to T4, to ensure that the
receive device can correctly perform channel estimation.

[00125] In other words, when the CE sequence is sent by using the foregoing method, the
transmit device needs more sending periods (or referred to as sending time), to ensure that the
receive device can correctly perform multi-stream channel estimation. That is, when channel
estimation performed by using the CE sequence includes MIMO channel estimation and target
sensing, the transmit device needs to send the CE sequence in combination with the P-matrix, and
also needs to send the CE sequence within at least two periods. In this way, the receive device can
accurately perform channel estimation.

[00126] Inview of this, this application provides a signal processing method and an apparatus,
to reduce a transmission time for sending a CE sequence by a transmit device on a basis that a
receive device can correctly perform channel estimation, to improve efficiency of target sensing
(including WLAN sensing) or MIMO channel estimation. In addition, according to the method
provided in this application, a CE sequence is reconstructed, so that CE sequences of four streams
can have a ZCC feature within a length range of a Golay complementary sequence. Therefore,
during channel estimation, a dimension of a P-matrix can be improved (for example, dimension
reduction is performed on the P-matrix), and a period of sending the CE sequence can be further
reduced. Especially, for WLAN sensing, a sensing pulse repetition time may be further reduced by
reducing a dimension of the P-matrix. Because the pulse repetition time and a pulse repetition
frequency have a reciprocal relationship, the method provided in this application effectively
improves a pulse repetition frequency (pulse repetition frequency, PRF) of sensing, and a
maximum detectable Doppler/speed in sensing. This can effectively optimize sensing performance.
[00127] For example, when CE sequences of three or four streams are sent, cross-correlation
energy between a CE1 sequence and a CE2 sequence provided in this application within the length
range of the Golay complementary sequence is zero, cross-correlation energy between a CE3
sequence and a CE4 sequence within the length range of the Golay complementary sequence is
zero. In addition, cross-correlation energy between the CE1 sequence and the CE3 (or CE4)
sequence within the length range of the Golay complementary sequence is zero, and cross-
correlation energy between the CE2 sequence and the CE3 (or CE4) sequence within the length
range of the Golay complementary sequence is zero. The CE1 sequence, the CE2 sequence, the
CE3 sequence, and the CE4 sequence provided in this application are pairwise orthogonal.
Therefore, when the transmit device sends the CE sequences of the four streams, the foregoing
four CE sequences can be pairwise orthogonal without further combining the P-matrix. In this way,
the transmit device can send the CE sequences of the four streams within only one period. This
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effectively improves efficiency of sending the CE sequence, and further improves efficiency of
performing channel estimation by the receive device, a PRF of target sensing, and the like.
[00128] For example, when CE sequences of six streams are sent, cross-correlation energy
between the CE1 sequence provided in this application and at least three sequences (for example,
a CE2 sequence, a CE5 sequence, and a CE6 sequence) within the length range of the Golay
complementary sequence is zero. In this case, because cross-correlation energy between the CE1
sequence and the CE3 sequence within the length range of the Golay complementary sequence is
not zero, if the CE1 sequence and the CE3 sequence are sent within a same period, interference is
generated between the CE1 sequence and the CE3 sequence. As a result, the receive device cannot
effectively perform channel estimation. Therefore, in this case, the transmit device may send the
CE sequences of the six streams in combination with the P-matrix, for example, send the CE
sequences of the six streams within two periods. Therefore, the transmit device can send the CE
sequences of the six streams within two periods. Compared with the foregoing case in which the
transmit device needs to send the CE sequences of the six streams within four periods, the method
provided in this application effectively improves efficiency of sending the CE sequence, and
improves efficiency of performing channel estimation by the receive device, a PRF of target
sensing, and the like.

[00129] Before the signal processing method provided in this application is described, the
following analyzes autocorrelation and cross-correlation properties of the CE sequence in this
application, to describe a theoretical basis of the CE sequence constructed in this application.
[00130] A length N of the Golay complementary sequence in this application is equal to 128,
or N is equal to 256, or N is equal to 512, or the like. A value of N is not limited in this application.
Alternatively, N may be equal to 32, 64, or the like.

[00131] For example, when N=128, a length range of the Golay complementary sequence may

be —128 to +128 (which may include —128 and/or +128). For example, unit lengths (representing

a length of a unit) of Golay complementary sequences such as Gaj,, and Gh.,, Ga’, and
Ghi, Gap, and Gby, Gaj, and Ghi,, Gap, and Gby,, Gag, and Ghy,, Gay,
and Gbl,, Gal, and Gh}, are respectively 128. A length range of each Golay

complementary sequence is —128 to +128.

[00132] That is, when N=128, a range of zero autocorrelation side lobe energy of the CE
sequence may be —128 to +128. A range of zero cross-correlation energy between different CE
sequences is —128 to +128 (which may include —128 and/or +128).

[00133] For example, when N=256, a length range of the Golay complementary sequence may
be —256 to +256 (which may include —256 and/or +256). That is, when N=256, a range of zero
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autocorrelation side lobe energy of the CE sequence may be —256 to +256. A range of zero cross-
correlation energy between different CE sequences may be —256 to +256 (which may include —
256 and/or +256). For example, when N=512, a length range of the Golay complementary
sequence may be -512 to +512 (which may include —-512 and/or +512). To be specific, when
N=512, a range of zero autocorrelation side lobe energy of the CE sequence may be —-512 to +512,
and a range of zero cross-correlation energy between different CE sequences may be -512 to +512
(which may include -512 and/or +512). For ease of description, the following describes the method
provided in this application by using N=128 as an example, but N=128 should not be understood
as a limitation on this application. It may be understood that the length range of the Golay
complementary sequence shown in this application may also be understood as a range of a unit
length of the Golay complementary sequence. For example, each dashed box shown in FIG. 5a
may represent a unit length of the Golay complementary sequence. It may be understood that FIG.
5a shows only three unit lengths as an example, and other length units shown in FIG. 5a are not
shown one by one in FIG. 5a.

[00134] 1. CE sequence autocorrelation

[00135] It can be learned from the schematic diagram of the result of the CE sequence
autocorrelation shown in FIG. 4b that, within the range from —128 to +128, other than the range 0,
energy of other ranges within the range from —128 to +128 other than the range 0 is 0. Therefore,
after a cyclic prefix is replaced with 0128 (that is, an all-0 sequence with a length of 128), and a
cyclic suffix of the CE sequence is replaced with 012¢, the all-O sequence is multiplied by the
corresponding part of the CE sequence, and a resulting sum is zero.

[00136] Forexample, in FIG. 5a, a sequence 2 is an original CE sequence, and unit lengths (for
example, unit lengths corresponding to a cyclic prefix and a unit length corresponding to a cyclic
suffix) of Golay complementary sequences at two ends of a sequence that is correlated with the
sequence 2 are replaced with 0, to obtain a sequence 1 and a sequence 3. In other words, for the
sequence 2, the sequence 1 is translated to the left by n (0 <n <128) elements, and the sequence
3 is translated to the right by n (0 <n <128) elements.

[00137] The sequence 1 is multiplied by a corresponding element of the sequence 2, to obtain

a formula (12) and a formula (13). It may be understood that all sequences shown in this
application may be understood as row vectors. For example, (Gaﬁ)T may represent a
transposition vector of Gaﬁ :

G2 x (Gat)" —Gb? x (Ga?)" +Gh® x (Ga®)” —Gh® x(Ga’)" =0
Ga? x (Gb?)" —GaZ x (Gb)" —Ga! x (Gh®)' +Ga’ x (Gb%)" =0 (12)
4Gh, x(Gh,)" +4Ga, x(Ga,,)" =0

24



10

15

20

25

[00138] m=128-n, and in this application, a superscript in formula (12), formula (13), formula
(14), and formula (16) in this application represents a location in the CE sequence. That is, the
superscript shown herein is different from the superscript shown in another embodiment of this
application. For example, the superscript in the foregoing formula (2) and formula (3) represent
Golay complementary sequences that form the CE sequence, and different superscripts represent
different Golay complementary sequences. In this application, a superscript in formula (12),
formula (13), formula (14), and formula (16) represents a location in the CE sequence, and
different superscripts represent different locations of the CE sequence.

GbZ x(Gh2)" +Ghb? x(Gh?)" +Gh? x (Gh®)" +Gh® x (Gb%)" = 4Ghb, x(Gb, )"

Galx(Ga’)' +Ga’ x(Ga>)" +Ga’ x(Gal )" +Ga’ x(Ga’)" =4Ga_ x(Ga, )’

[00139] 4CGh,-(N, +4Ga, -Ga, =0 can be obtained from a property of the Golay

complementary sequence.

(13)

[00140] Similarly, the sequence 3 is multiplied by a corresponding element of the sequence 2,
and a sum is obtained, that is, a formula (14).
~Gb; x(Ga})" +Gh° x (Ga’)" —Gh? x(Ga))" +Gb;’ x(Ga;)' =0
Ga’x(Gb?)" —Ga’ x(Gb?)" —Ga/ x(Gh?)" +Ga’ x(Ghb?)" =0 (14)
4Gb, % (Gh,)" +4Ga, x(Ga,)" =0

[00141] Therefore, it may be learned that, if zero autocorrelation side lobe energy of the CE
sequence within the length range of the Golay complementary sequence is required, the formula
(12) and formula (14) need to be met at the same time. It is assumed that a symbol sequence (that

is, positive and negative symbols) of the Golay complementary sequence used for constructing the
CE sequenceis X(N)={a,,a,,8;,a,,8;,8;,8,8, 8,8} , where a, to a0 are positive and negative

symbols of each unit length of the Golay complementary sequence, for example, a; corresponds
to a cyclic prefix, aio corresponds to a cyclic suffix, and a;=ag and az=aio. According to the
foregoing case, if a feature that the autocorrelation side lobe energy of the CE sequence within the
length range of the Golay complementary sequence is zero needs to be implemented, the symbol
sequence needs to meet at least one of the formula (15).

a-a,+a,-a,+a;-a;+a,-a,=0

a,"8,+8,-8;,+3;-a, +a3-3, =0 (15)

a;-a,+a;-a,+a,-a;+ay-a,=0
[00142] Values of a; to aio are respectively -1 or 1. For example, a;is-1or1,azis-1or 1, and
so on, and ai is -1 or 1.
[00143] The foregoing derived reference sequence (for example, the sequence 1 in FIG. 5a) is

formed by a cyclic prefix of 0 and a CE sequence with a cyclic suffix of 0. If the reference sequence
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is a CE sequence without a cyclic suffix, the foregoing derivation is also true. For example, the
reference sequence shown in this application may be a sequence stored in a device (for example,
a receive device) or a sequence stored in a cloud, instead of a sequence sent by another device (for
example, a transmit device).

[00144] It should be noted that the symbol sequence

Y(n)={—31,—32,—33,—34,—85,—86,—&7,—38,—39,—610} also falls within the protection scope of

this application. A difference between y(n) and x(n) lies only in that phases are opposite, and the
CE sequence constructed based on y(n) has the same effect as the CE sequence constructed based
on x(n).

[00145] For example, a; represents positive and negative symbols of a cyclic prefix, a, to as
represent positive and negative symbols corresponding to a Gu unit, as to ag represent positive and
negative symbols corresponding to a Gv unit, aio represents a symbol of a cyclic suffix, and the
CE sequence includes Gu, Gv, and a cyclic suffix. Therefore, a, to aip may correspond to positive
and negative symbols of each unit length of the Golay complementary sequence. Values of a; to

ayo are shown in Table 1.

Table 1
No. a a as =W as as az as ag aio
1 1 1 -1 1 -1 1 1 1 1 1
2 1 1 -1 1 1 -1 1 1 1 1
3 1 1 1 -1 1 -1 1 1 1 1
4 1 1 -1 1 1 1 -1 1 1 1
5 1 1 1 -1 1 1 -1 1 1 1
6 1 1 1 1 -1 1 -1 1 1 1
7 1 1 -1 -1 -1 1 -1 1 1 1
8 1 1 -1 -1 1 -1 -1 1 1 1
9 1 1 -1 1 -1 -1 -1 1 1 1
10 1 1 -1 1 1 1 1 -1 1 1
11 1 1 1 -1 1 1 1 -1 1 1
12 1 1 1 1 -1 1 1 -1 1 1
13 1 1 -1 -1 -1 1 1 -1 1 1
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No. ai do2 as a4 das ds az dg do aio

72 -1 -1 1 -1 1 -1 -1 -1 -1 -1

[00146]  With reference to a; to aio and Gaizs and Gbizs, the CE sequence may be shown in FIG.
5b.

[00147] For example, values of a; to ajg are respectively {1, 1,-1,1,-1,1, 1,1, 1, 1} (that is,
values corresponding to No. 1 in Table 1), and the CE sequence may be shown in FIG. 5c. With
reference to FIG. 4c, for example, the transmit device sends the CE sequences of two streams, the
CEL1 sequence and the CE2 sequence sent by the transmit device each may be shown in FIG. 5d.
For example, CE1 represents the CEL1 sequence, and CE2 represents the CE2 sequence, and

CE1={ Ga1128 , Gbllzs , _Ga1128 ) Gbllzs , _Ga1128 ) Gbllzs , Ga1128 , Gbllzs , Ga1128 , Gbllzs }. and
CE2={Ga},, Gb’,, —Ga’,, Gbl,, -Ga’,, Gb’,, Ga’,, Gb’,, Gal,, Gb}.
Autocorrelation side lobe energy of the CE1 sequence within the length range of the Golay
complementary sequence is zero, autocorrelation side lobe energy of the CE2 sequence within the
length range of the Golay complementary sequence is zero, and cross-correlation energy between
the CE1 sequence and the CE2 sequence within the length range of the Golay complementary
sequence is zero.

[00148] For example, values of a; to ajo are respectively {1, 1,-1,1,1,-1,1,1, 1, 1} (that is,

values corresponding to No. 2 in Table 1). When the transmit device sends the CE sequences of
two streams, CE1={ Ga1128 , Gbllzs , ‘Ga1128 , Gbllzs , Ga1128 , _Gbllzs , Ga1128 , Gbllzs ' Ga1128 '
Gbllzs }, and CE2={ Ga1228 ) Gb1228 ) _Gaizza ) Gb1228 , Ga1228 , _Gb1228 , Gaizza , Gb1228 , Ga1228 ,
Gl }.

[00149] For example, values of a; to ajo are respectively {1, 1,1,-1,1,-1, 1,1, 1, 1} (that is,

values corresponding to No. 3 in Table 1). When the transmit device sends the CE sequences of
two streams, CE1={ Ga1128 , Gbllzs , Ga1128 , _Gbllzs , Ga1128 , _Gbllzs , Ga1128 ' Gbllzs , Ga1128 '
Gbllzs }, and CE2={ Ga1228 ) Gb1228 ) Ga1228 , _Gb1228 , Ga1228 , _Gb1228 , Ga1228 , Gb1228 , Ga1228 ,
Gl }.

[00150] For example, values of a; to ajg are respectively {1, 1,-1,1,1,1,-1, 1, 1, 1} (that is,

values corresponding to No. 4 in Table 1). When the transmit device sends the CE sequences of

two streams, CE1={Gay,s, Gy, —Gay,, Gby,, Gayg, Gbyy, —Gayg, Gbyg, Gay,
Gbllzg }, and CE2={ Ga1228 ) Gb1228 ) _Ga1228 ) Gb1228 , Ga1228 ’ Gb1228 y T Ga1228 , Gb1228 , Ga1228 )
G b1228 }.
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[00151] It may be understood that the foregoing merely provides four CE sequences
corresponding to values of a; to ajo as an example. All CE sequences constructed based on the
values of a; to aio shown in Table 1 fall within the protection scope of this application. This is not
listed one by one herein. It may be understood that the foregoing merely shows CE sequences of
two streams as an example, and for a CE sequence of one stream, the foregoing method is also
applicable. It may be understood that the values of a; to aio shown above may also be used for
constructing a single CE sequence in CE sequences of three streams (or CE sequences of four
streams or CE sequences of five streams). For example, the values of a; to aip shown above may
be used for constructing a CE3 sequence in the CE sequences of three streams. For another
example, the values of a; to aio shown above may also be used for constructing a CE5 sequence
in the CE sequences of five streams. For another example, the values of a; to aio shown above may
alternatively be used for constructing a CE7 sequence in CE sequences of seven streams. Details
are not described herein. In other words, the foregoing method is applicable to a CE sequence of
a single stream. When CE sequences of more than two streams are sent, a relationship between CE
sequences of more than two streams is not limited in this application. For example, when CE
sequences of more than two streams are sent, for a relationship between CE sequences of more
than the two streams, refer to the following description of cross-correlation of different CE
sequences.

[00152] It may be understood that, if the sequence is used for WLAN sensing, all sequences in
Table 1 may be applied to TRN for sensing. If an EDMG-STF is used for MIMO channel
estimation, because the EDMG-STF ends with —Gaizs (that is, ends with a minus sign), to keep
compatibility, a sequence of a cyclic prefix formed based on the minus sign may be applied to an
EDMG-CEF after the EDMG-STF sequence, as shown in Table 2. In addition, in MIMO channel
estimation, at the first moment, the CE sequence may not have a cyclic prefix (that is, may not
have a; in Table 1 or Table 2). Certainly, if a plurality of moments (that is, two or more moments)

are required to complete MIMO channel estimation, a cyclic prefix may exist from the second

moment.
Table 2
No. di do2 as a4 das ds ay dg do aio
1 -1 1 -1 1 1 1 1 1 -1 1
2 -1 1 1 -1 1 1 1 1 -1 1
3 -1 1 1 1 -1 1 1 1 -1 1
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No. a a as W as as az as ag aio
33 -1 -1 1 -1 -1 -1 1 -1 -1 -1
34 -1 -1 -1 1 -1 1 -1 -1 -1 -1
35 -1 -1 1 -1 -1 1 -1 -1 -1 -1
36 -1 -1 1 -1 1 -1 -1 -1 -1 -1

[00153] It may be understood that the sequences in the units shown in FIG. 5a to FIG. 5c are

Gaizs and Ghizs as examples, and are not distinguished between Ga;,, and Gb},,, and between

Ga’, and Gb,. This is because the method shown above in this application is intended to

describe an autocorrelation feature of a CE sequence, and does not focus on a CE sequence.
[00154] 2. Cross-correlation of different CE sequences

[00155] For example, a value corresponding to No. 1 shown in Table 1 is a positive or negative
symbol of an arrangement 1 shown in FIG. 6a or FIG. 6b, and a value corresponding to No. 16
shown in Table 1 is a positive or negative symbol of an arrangement 16 shown in FIG. 6a or FIG.
6b. The arrangement 16 is a reference sequence. During correlation in an actual process, the
reference sequence does not include a cyclic prefix or a cyclic suffix, and therefore is replaced
with 0 herein. It should be noted that when a related operation is performed on a reference sequence
that does not include a cyclic prefix or a cyclic suffix, the following derivation is still valid. As
shown in FIG. 6a or FIG. 6b, because Ga; and Gbs, and Gas and Gb; are not Golay complementary
sequences, Ga; and Gbs, and Gaz and Gb; need to be considered as unrelated sequences for
elimination, that is, products of corresponding parts are added to zero, to obtain a result that cross-
correlation energy within a length range of the Golay complementary sequence is zero. It may be
understood that Ga; and Gbz and Gas and Gb; shown herein are merely examples. For example,
Ga; and Gb; may form a CE sequence, and Gas and Gbs may form another CE sequence. In other
words, a subscript in a formula (15) shown below has a same meaning as a superscript 1 or 2 in
the formula (2) or the formula (3) shown above in this application, but a length N of the Golay
complementary sequence is omitted in the formula (15) shown below. It may be understood that
Ga; and Gbgs, and Gasz and Gb; in this application may be understood as row vectors.

[00156] Therefore, according to the sum obtained by multiplying the elements corresponding
to FIG. 6ais 0, and the sum obtained by multiplying the elements corresponding to FIG. 6b is O,

Gai, Gh1, Gas, and Gbs may meet at least one of the following:
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Gb; x (Ga})" —Gh? x(Ga’)" —Ghf x(Ga/)" +Gh® x(Ga,)" =0
GbZ x (Gb?)" —Gb; x (Gb!)" +Gh? x (Gb})" —Gb x (Gb’)" =0
-Ga; x (Ga))" +Ga; x(Gay)' —Ga; x(Ga/)" +Ga; x(Ga,)" =0
-Ga; x (Ghf)" +Ga; x (Gh/')" +Gay x (Gb])" —Ga; x(Gh)" =0
Gb; x(Ga/)" —Gby x(Ga;)" —Ghy x(Ga/)" +Ghbj x (Ga;)" =0
Ga, x (Gh)" +Ga; x(Ghy')" —Ga; x(Gby’)" —Ga] x(GbY)" =0

[00157] A superscript represents a location, and multiplication (for example, x) represents

(15)

multiplication of two vectors.
[00158] In other words, if the foregoing relationship is met, two unrelated sequences may be
cross-correlate and have a ZCC feature within the length range of the Golay complementary

sequence. It is assumed that positive and negative symbols of the Golay complementary sequence
used for constructing a CE sequence are a(n) ={a,,a,...a, |, and positive and negative symbols
of the Golay complementary sequence used for constructing another CE sequence are
b(n)={b,b,...b,}, and a1=as, a=ao, b1=bs, and b,=b1o. Values of a; to aio and by to by are

respectively 1 and 1. Therefore, if at least one of the following formula (17) is met, two CE
sequences (for example, the CE1 sequence and the CE3 sequence) may have zero cross-correlation
energy within the length range of the Golay complementary sequence, that is, the two CE
sequences have a ZCC feature within the length range of the Golay complementary sequence.

aA'bs"'ae 'b5+as 'b7+aio b9 =0

a,-b,+a,-b,+a,-b,+a;-b,=0

a;-by+a;-b;+a,-b, +a,-b, =0

a,-b,+a,-b,+a,-b+a,-b, =0
a,-b,+a,-b,+a,-b, +a,-by,=0

a-b,+a,-b,+a;-b,+a,-b,=0

[00159] In the formula (17), point multiplication (for example, -) indicates that a sum is

(17)

obtained by multiplying corresponding locations of a sequence. It may be understood that the point
multiplication shown in this application may also be referred to as a point product, an inner product,
a quantity product, or the like.

[00160] As shown in FIG. 6c, although Ga; and Gbs are not Golay complementary sequences,
and Gasz and Gb; are not Golay complementary sequences, by using the foregoing formula (17),
two CE sequences that do not have a ZCC feature within the length range of the Golay
complementary sequence may have a ZCC feature. In addition, any CE sequence in the two CE
sequences is characterized by a feature that autocorrelation side lobe energy within the length
range of the Golay complementary sequence is zero. It may be understood that the CE1 sequence

and the CE3 sequence shown in FIG. 6¢ are merely examples, and the CE1 sequence and the CE3
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sequence shown in FIG. 6¢ should not be understood as a limitation on this application.

[00161] For example, a relationship between a; to aio and b; to bip may be shown in Table 3.

Table 3
No. 1 No. 2
1 16
1 28
1 45
1 o7
3 17
3 29
3 44
3 56
6 13
6 32
6 41
6 60
8 14
8 36
8 37
8 59
13 19
13 o4
13 67
14 24
14 49
14 65
16 25
16 48
16 72
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No. 1 No. 2
17 27
17 46
17 70
19 32
19 41
19 60
24 36
24 37
24 59
25 28
25 45
25 o7
27 29
27 44
27 56
28 48
28 72
29 46
29 70
32 54
32 67
36 49
36 65
37 49
37 65
41 o4
41 67
44 46
44 70
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No. 1 No. 2
45 48
45 72
46 56
48 57
49 59
54 60
56 70
57 72
59 65
60 67

[00162] It may be understood that No. 1 and No. 2 in Table 3 are both numbers in Table 1. For
example, if No. 1 represents 1 and No. 2 represents 16, values of a; to aio may be respectively No.
linTable 1,thatis, {1,1,-1,1,-1,1,1,1,1, 1}, and values of by to b1 are respectively No. 16
in Table 1, that is, {1, 1, 1, -1, -1, 1, -1, -1, 1, 1}. For another example, values of by to bip may
be respectively No. 1 in Table 1, that is, {1, 1, -1, 1,-1, 1, 1, 1, 1, 1}, and values of a; to aio are
respectively No. 16 in Table 1, thatis, {1,1,1,-1,-1,1,-1,-1,1, 1}.

[00163] In other words, two CE sequences having no ZCC feature within the length range of
the Golay complementary sequence may have the ZCC feature by using the CE sequence
constructed in Table 3, that is, cross-correlation energy between the two CE sequences within the
length range of the Golay complementary sequence may be zero. It may be understood that No. 1
in Table 3 may correspond to a; to aio, and No. 2 may correspond to b; to big. Alternatively, No. 1
in Table 3 may correspond to b; to bip, and No. 2 corresponds to a; to aso.

[00164] For example, values of a; to ajo are respectively {1, 1,-1,1,-1,1,1,1, 1, 1} (that is,
values corresponding to No. 1 in Table 1), and values of b; to bso are respectively {1, 1, 1, -1, -1,

1,-1,-1,1, 1} (that is, values corresponding to No. 16 in Table 1). When the transmit device sends

CE sequences of four streams, CE1={Gay,;, Gbl,, —Ga,,;, Gb,;, —-Ga,,;,, Gb.,,, Gal,,
Gbllzg, Gajzg, Gbll28 }, CE2:{Gaf28, Gblzzg, —Gafzg, Gblzzs, —Gafzs, Gblzzg, Gafzg, Gblzzg,
Gafzg : Gblz28 } CE3={Ga1328 : bezs , Gaf28 : —be28 : —G&\f28 , be28 : —G&\f28 , —be28 , G{:\f28 ,
Gbls28 }, and CE4={ Gaf28 : be28 , Gaf28 : —Gb1428 : —Gaf28 : Gbl428 : —Gaf28 : —be28 : Gaf28 ,

Gbl428 }. Alternatively, CEl:{Gaiza’ Gbllzsy Ga1128’ _Gbllzs' _Ga1128’ Gbllzs’ ‘Ga1128’ _Gbllzsy
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Ga,,, Gby,,}, CE2={Ga’,, Gbl,, Ga’y,-Gb’,, -Ga’,, Gh’,,-Ga’,,-Gb’;, Ga’,,
Gb’,}, CE3={Ga’,, Gb’,, -Ga’,, Gb),,-Ga),, Gb},, Ga),, Gb),, Gal,, Gb’.},
and CE4={Ga},,, Gb.,, -Gal,, Gb,, -Gal,, Gb,, Ga,,, Gbl,, Gal,, Gbl,}.

[00165] For example, values of a; to ajg are respectively {1, 1,1,-1,1,-1, 1, 1, 1, 1} (that is,

values corresponding to No. 3 in Table 1), and values of b to bio are respectively {1,1,-1,1,1, -

1,-1,-1, 1, 1} (that is, values corresponding to No. 17 in Table 1). When the transmit device sends
CE sequences of four streams, CE1={Gay,;, Gbl,;, Gas, —Gbl, Gag, —Gb,, Gasy,
Ghl,, Gal,,, Gb,}, CE2={Ga’,, Gb2,, Ga’,, -Gb’,, Ga’,, -Gb’,, Ga’,, Gb’,,
Ga:I.228 ' Gb1228 }l CEB:{Ga1.328 ' Gb1328 ' _Ga1328 ' Gb1328 ' Ga1328 ' _Gbl328 ' _Ga1328 ! _Gbl328 ! Ga1328 !
Gb’,}, and CE4={Ga},, Gb},, -Ga,,, Gb},, Gal,, -Gb},, -Gal,, -Gh,, Galy,
Gb/s }. Alternatively, CE1={Gaj,,, Gb,,;, —Gal,,, Gb;,;, Gays, —Gb;,;, —Gal,,, —Gby,,
Ga,,, Gby,,}, CE2={Ga’,, Gbl,,-Ga’y, Gbl,, Ga’,,—Gh’,,-Ga’,,-Gb’;, Ga’,,
Gb1228 }! CE?’:{Cja:l.328 ' Gb1328 ' GafZB ' _Gbl328 ' Ga1328 ' _Gb1328 ! GafZS ! Gb1328 ! GafZS ' Gb1328 }l
and CE4:{Ga1428 , Gb1428 , Ga1428 , _Gb1428 , Ga1428 , _Gb1428 , Ga1428 , Gb1428 , Gafzs , Gb1428 2
[00166] It may be understood that the CE sequences shown above are merely examples, and CE
sequences corresponding to different values of a(n) and b(n) are not listed one by one herein.
Similarly, for specific descriptions of sending CE sequences of five streams, CE sequences of six
streams, CE sequences of seven streams, or CE sequences of eight streams by the transmit device,
refer to the following descriptions. Details are not described herein again.

[00167] The following describes in detail the signal processing method provided in
embodiments of this application.

[00168] It may be understood that for descriptions of the communication apparatus and a
communication system in the signal processing method provided in this application, refer to the
foregoing descriptions. Details are not described herein again. It may be understood that the
following describes the method provided in embodiments of this application by using an example
in which the communication apparatus includes a transmit device and a receive device. The
transmit device shown in the following may be understood as a device for sending a PPDU, and
the receive device may be understood as a device for receiving a PPDU.

[00169] FIG. 7 is a schematic flowchart of a signal processing method according to an
embodiment of this application. As shown in FIG. 7, the method includes the following steps.
[00170] 701: A transmit device generates a PPDU, where the PPDU includes a first field, the

first field is used for carrying M sequences, the M sequences correspond to M space-time streams,
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one sequence corresponds to one space-time stream, the M sequences include a first sequence,
cross-correlation energy between the first sequence and at least two of the M sequences within a
length range of a Golay complementary sequence is zero when M is greater than 2, autocorrelation
side lobe energy of the first sequence within the length range of the Golay complementary
sequence is zero, the first sequence is obtained based on a CE sequence, and the Golay
complementary sequence is used for constructing the CE sequence.

[00171] In this embodiment of this application, each sequence in the M sequences may be
obtained based on a CE sequence, and the CE sequence may be obtained based on the Golay
complementary sequence. It may be understood that, the first sequence shown in this embodiment
of this application being obtained based on the CE sequence may be understood as follows: The
first sequence is a CE sequence, or the first sequence is different from the CE sequence, but is
obtained based on the CE sequence. The autocorrelation side lobe energy of the CE sequence
within the length range of the Golay complementary sequence is zero. For descriptions of the
autocorrelation, refer to the foregoing description. Details are not described herein again. It may
be understood that, when M=1, the first field is used for carrying one sequence, for example, a

first sequence. The first sequence may be a CE1 sequence, and the CE1 sequence may be obtained
by using a first Golay complementary sequence, for example, Gaj,, and Gb;,,. When M=2, the

first field is used for carrying two sequences, for example, a sequence 1 and a sequence 2. The

sequence 1 may be a CE1 sequence. The CEL sequence may be obtained based on a Golay
complementary sequence, for example, Ga,,; and Gb;,, . The sequence 2 may be a CE2
sequence. The CE2 sequence may be obtained based on a Golay complementary sequence, for

example, Ga’;, and Gb},.When M=2, for example, the sequence 1 may be referred to as a first

sequence, and Gaj,, and Gh,, may be referred to as a first Golay complementary sequence.
Alternatively, for another example, the sequence 2 may be referred to as a first sequence, and
Gal, and Gb?, may be referred to as a first Golay complementary sequence. In other words,
the first sequence may be either the sequence 1 or the sequence 2. It may be understood that for

descriptions of positive and negative symbols of Ga;,, and Gb;, (for example, the first

symbol sequence) and positive and negative symbols of Ga’, and Gh2,, refer to descriptions

in other parts of this application. Details are not described herein again.

[00172] The following describes in detail the cross-correlation in embodiments of this
application.

[00173] For example, when M=3, the first field may be used for carrying three sequences. For
example, the three sequences are respectively a sequence 1, a sequence 2, and a sequence 3. For
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example, the sequence 1 may be a CE1 sequence, the sequence 2 may be a CE2 sequence, and the
sequence 3 may be a CE3 sequence. In this embodiment of this application, cross-correlation
energy between the CE1 sequence and the CE2 sequence within the length range of the Golay
complementary sequence is zero, or it may be referred to that the CE1 sequence and the CE2
sequence have a ZCC feature within the length range of the Golay complementary sequence, or it
may be referred to that the CE1 sequence and the CE2 sequence are orthogonal within the length
range of the Golay complementary sequence. Therefore, the cross-correlation energy between the
sequence 1 and the sequence 2 within the length range of the Golay complementary sequence is
zero, and cross-correlation energy between the CE1 sequence and the CE3 sequence within the
length range of the Golay complementary sequence is zero. Therefore, cross-correlation energy
between the sequence 1 and the sequence 3 within the length range of the Golay complementary
sequence is zero, and cross-correlation energy between the CE2 sequence and the CE3 sequence
within the length range of the Golay complementary sequence is zero. Therefore, cross-correlation
energy between the sequence 2 and the sequence 3 within the length range of the Golay
complementary sequence is zero. It may be understood that the sequence 1 may be referred to as
a first sequence, and the sequence 3 may be referred to as a second sequence. For example, the

sequence 3 may be a CE3 sequence, and the CE3 sequence may be obtained based on a second

Golay complementary sequence, for example, Gaf28 and be28 . For descriptions of positive and
negative symbols of Gaj,, and Gb,, (for example, the first symbol sequence) and positive and

negative symbols of Ga’, and Gb), and positive and negative symbolsof Ga’, and Gb.,

(for example, the second symbol sequence), refer to descriptions in other parts of this application.
Details are not described herein again.

[00174] For example, when M=4, the first field may be used for carrying four sequences. For
example, the four sequences are respectively a sequence 1, a sequence 2, a sequence 3, and a
sequence 4, and the sequence 4 is a CE4 sequence. For descriptions of the sequence 1 to the
sequence 3, refer to the foregoing descriptions. Details are not described herein again. In this
embodiment of this application, cross-correlation energy between the CE1 sequence and the CE4
sequence within the length range of the Golay complementary sequence is zero, cross-correlation
energy between the CE2 sequence and the CE4 sequence within the length range of the Golay
complementary sequence is zero, and cross-correlation energy between the CE3 sequence and the
CE4 sequence within the length range of the Golay complementary sequence is zero. Therefore,
cross-correlation energy between the sequence 1 and the sequence 4 within the length range of the
Golay complementary sequence is zero, cross-correlation energy between the sequence 2 and the

sequence 4 within the length range of the Golay complementary sequence is zero, and cross-
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correlation energy between the sequence 3 and the sequence 4 within the length range of the Golay
complementary sequence is zero. It may be understood that any one of the sequence 3 or the
sequence 4 may be referred to as a second sequence. It should be noted that descriptions of the
first sequence and the second sequence in this embodiment of this application are merely examples.
For example, when M=4, any one of the sequence 3 or the sequence 4 may be referred to as the
first sequence, and any one of the sequence 1 or the sequence 2 is referred to as the second sequence.
[00175] It may be understood that when M=1, M=2, M=3, or M=4, the reason why the sequence
1 is a CE1 sequence, the sequence 2 is a CE2 sequence, the sequence 3 is a CE3 sequence, and the
sequence 4 is a CE4 sequence is that cross-correlation energy between any two CE sequences
between the CE1 sequence and the CE4 sequence provided in this application within the length
range of the Golay complementary sequence is zero. When the transmit device sends the sequence,
the P-matrix may be shown in the following formula (18), that is, each row of elements in the P-
matrix is +1. Therefore, after obtaining the CE1 sequence to the CE4 sequence, the transmit device
may directly send the CE1 sequence to the CE4 sequence.

[00176] When M is greater than 4, for example, when M=5, the sequence 5 is obtained based
on the CE5 sequence because the transmit device needs to send the sequence 5 in combination
with the P-matrix. In this case, when the P-matrix is the formula (19) shown below, the sequence
5 may be obtained based on the CES5 sequence, and the sequence 6 may be obtained based on the
CE®6 sequence. Alternatively, when the P-matrix is the formula (20) shown below, the sequence 3
may be obtained based on the CE3 sequence, the sequence 4 may be obtained based on the CE4
sequence, the sequence 5 is obtained based on the CE5 sequence, and the sequence 6 is obtained
based on the CE6 sequence. Alternatively, when the P-matrix is the formula (21) shown below, the
sequence 3 may be obtained based on the CE3 sequence, the sequence 4 may be obtained based
on the CE4 sequence, the sequence 5 may be obtained based on the CE5 sequence, and the
sequence 6 may be obtained based on the CE6 sequence. It may be understood that, to avoid
repetition, a relationship between a sequence and a CE sequence is not described in detail in the
following. For brevity, in this application, an example in which a sequence is obtained based on a
CE sequence is used to describe the method provided in this embodiment of this application.
[00177] For example, when M=5, the first field may be used for carrying five sequences. For

example, the five sequences are respectively a sequence 1 to a sequence 5, the sequence 5 may be
obtained based on a CE5 sequence, and the CE5 sequence may be obtained based on Ga,,, and
Gb,,, . For example, the CE5 sequence may separately have zero cross-correlation energy with the

CE4 sequence, the CE3 sequence, and the CE1 sequence within the length range of the Golay
complementary sequence, and the sequence 5 may separately have zero cross-correlation energy
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with the sequence 4, the sequence 3, and the sequence 1 within the length range of the Golay
complementary sequence. It may be understood that, the CE5 sequence shown herein separately
having zero cross-correlation energy with the CE4 sequence, the CE3 sequence, and the CE1
sequence within the length range of the Golay complementary sequence is merely an example. For
example, alternatively, the CE5 sequence may separately have zero cross-correlation energy with
the CE1 sequence and the CE2 sequence within the length range of the Golay complementary
sequence. For another example, alternatively, the CE5 sequence may separately have zero cross-
correlation energy with the CE3 sequence and the CE4 sequence within the length range of the
Golay complementary sequence. Details are not described herein again.

[00178] For example, when M=6, the first field may be used for carrying six sequences. For
example, the six sequences are respectively a sequence 1 to a sequence 6, the sequence 6 may be

obtained based on the CE6 sequence, and the CE6 sequence may be obtained based on Ga;,, and

be28 . For example, the CE6 sequence may separately have zero cross-correlation energy with the

CES3 sequence, the CE4 sequence, and the CE5 sequence within the length range of the Golay
complementary sequence, and the sequence 6 may separately have zero cross-correlation energy
with the sequence 3, the sequence 4, and the sequence 5 within the length range of the Golay
complementary sequence. For example, if the sequence 1 is referred to as a first sequence, any one
of the sequence 3 to the sequence 6 may be referred to as a second sequence. It should be noted
that the first sequence and the second sequence shown in this application are merely examples. A
specific name of another sequence in the M sequences is not limited in this embodiment of this
application. For example, names of the M sequences may alternatively be the sequence 1, the
sequence 2, the sequence 3, or the like as shown above. It may be understood that descriptions of
the first sequence and the second sequence are not described in detail in the following. For a
specific description of M=6, refer to the description of M=5. Details are not described in this
embodiment of this application.

[00179] For example, when M=8, the first field may be used for carrying eight sequences. For
example, the eight sequences are respectively a sequence 1 to a sequence 8. For example, the

sequence 7 may be obtained based on a CE7 sequence, and the CE7 sequence may be obtained
based on a Golay complementary sequence Ga,,, and Gb/,,. The sequence 8 may be obtained
based on the CES8 sequence, and the CE8 sequence may be obtained based on the Golay
complementary sequence Gaf28 and bezg. For example, the CE8 sequence may separately

have zero cross-correlation energy with the CE7 sequence, the CE1 sequence, and the CE2
sequence within the length range of the Golay complementary sequence. Therefore, the sequence
8 may separately have zero cross-correlation energy with the sequence 7, the sequence 1, and the
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sequence 2 within the length range of the Golay complementary sequence. For another example,
the CES8 sequence may separately have zero cross-correlation energy with the CE5 sequence, the
CEG6 sequence, and the CE7 sequence within the length range of the Golay complementary
sequence. Therefore, the sequence 8 may separately have zero cross-correlation energy with the
sequence 5, the sequence 6, and the sequence 7 within the length range of the Golay
complementary sequence. For another example, the CE8 sequence may separately have zero cross-
correlation energy with the CE7 sequence, the CE3 sequence, and the CE4 sequence within the
length range of the Golay complementary sequence. Therefore, the sequence 8 may separately
have zero cross-correlation energy with the sequence 7, the sequence 3, and the sequence 4 within
the length range of the Golay complementary sequence. It may be understood that the CE8 shown
herein is merely an example. For specific descriptions of the CEl to the CE7, refer to the
descriptions of the CES8. Details are not described in this embodiment of this application. For
descriptions of positive and negative symbols of the foregoing Golay complementary sequences,
refer to descriptions in other parts of this application. Details are not described herein again. It may
be understood that for specific descriptions of the CE1 sequence to the CE8 sequence, refer to
descriptions in other parts of this application. Details are not described herein again.

[00180] For example, for specific descriptions of the autocorrelation feature of each CE
sequence or the cross-correlation features between different CE sequences, refer to the foregoing
embodiments. Similarly, for descriptions of the autocorrelation feature of the sequences in the M
sequences or the cross-correlation features between different sequences in the M sequences, refer
to the foregoing descriptions of the CE sequences. Details are not described herein again. For
example, for a specific sequence of each CE sequence, refer to the foregoing embodiments and the
following embodiments.

[00181] In this embodiment of this application, when M is greater than 4, the transmit device
may further send the CE sequence in combination with the P-matrix. To be specific, when M is
greater than 4, the first sequence may be obtained based on the CE sequence and the P-matrix. For
specific descriptions of the P-matrix, refer to descriptions in other parts of this application. Details
are not described herein again.

[00182] In this embodiment of this application, the first field may be a TRN in a PPDU, or the
first field may be an EDMG-CEF in a PPDU, or the first field may be an LTF in a PPDU. For
example, the CE sequence may be carried in a TRN in the 802.11ay SC PHY, and the TRN may
be used for target sensing, beam training, and the like. For another example, the CE sequence may
be carried in an EDMG-CEF in the 802.11ay SC PHY, and the EDMG-CEF may be used for
(MIMO) channel estimation. For another example, the CE sequence may be carried in a TRN in

802.11ad, and the TRN may be used for target sensing and beam training. For another example,
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the CE sequence may be carried in a DMG-CEF in 802.11ad, and the DMG-CEF may be used for
channel estimation.

[00183] The M sequences shown in this application may be used for channel estimation, target
sensing, or the like. For a specific function of the M sequences, refer to a function of a CE sequence
described in other parts of this application. Details are not described herein again.

[00184] 702: The transmit device sends the PPDU. Correspondingly, a receive device receives
the PPDU.

[00185] 703: The receive device performs signal processing based on the M sequences.
[00186] For example, the receive device performs channel estimation or target sensing based
on the M sequences. Details are not described herein again.

[00187] For example, when M=1 or M=2, the receive device may perform channel estimation
or target sensing on the CE sequence. For another example, when M=5 or M=6, the receive device
may perform channel estimation, target sensing, or the like based on the M sequences received by
the receive device.

[00188] According to the method provided in this embodiment of this application, time of
sending a sequence by the transmit device can be effectively shortened, and efficiency of channel
estimation performed by the receive device, a PRF of target sensing, or the like can also be
improved.

[00189] The following separately describes CE sequences provided in embodiments of this
application with reference to different quantities of streams.

[00190] 1. One spatial stream/Two spatial streams (first stream/two streams for short)

[00191] In this embodiment of this application, a transmit device may send one CE sequence
such as a CE1 sequence (that is, one stream), or may send two CE sequences (that is, two streams)
such as a CE1 sequence and a CE2 sequence. Positive and negative symbols that form the CE1
sequence may be obtained based on Table 1. That is, there may be 72 options for positive and
negative symbols of the CE1 sequence provided in this application.

[00192] It can be learned from the foregoing description of autocorrelation of the CE sequence
that, even if the CE1 sequence and the CE2 sequence are simultaneously sent, the CE1 sequence
has a feature of zero autocorrelation side lobe energy within a length range of a Golay
complementary sequence, and the CE2 sequence also has a feature of zero autocorrelation side
lobe energy within the length range of the Golay complementary sequence. Therefore, after
receiving the PPDU, a receive device may perform channel estimation based on the CE1 sequence
and the CE2 sequence that are obtained by the receive device. For a channel estimation method,
refer to descriptions of the foregoing formula (7) to formula (9). Details are not described herein

again.
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[00193] It may be understood that for specific descriptions of the CE1 sequence and the CE2
sequence, refer to the foregoing descriptions in FIG. 5d. Details are not described herein again.
[00194] In this embodiment of this application, the transmit device generates and sends a
physical layer protocol data unit PPDU, where the PPDU includes a first field, the first field is
used for carrying M sequences, the M sequences correspond to M space-time streams, one
sequence corresponds to one space-time stream, and M is a positive integer; and the receive device
receives the PPDU and performs signal processing based on the M sequences.

[00195] For example, when M=1, a sequence carried in the first field may be the same as the

CEZ1 sequence. For example, the first sequence={ Gay,,, Gby,s,-Gay,s, Gby,s,—Gay,e, Gby,,
Gay,,, Gb;,,, Ga,,, Gb},,} (for example, values of a; to aio corresponding to No. 1 in Table
1). For another example, the first sequence={ Gay,;, Gbl, —Gaj,,, Gbl,,, Gaj, —Gbi,,
Gay,,, Gby,,, Ga,,, Gb,,} (for example, values of a; to aio corresponding to No. 2 in Table
1). For another example, the first sequence={ Gay,;, Gbl, Ga,, —Gbl,,, Gaj, —Gbi,,
Gay,,, Gb;,,, Ga,,, Gb},,} (for example, values of a; to aio corresponding to No. 3 in Table
1). For another example, the first sequence={Gaj,;, Gby,,, -Gal,,, Gby,,, Gaj,;, Gbls, -

Ga,,,, Gby,,, Ga,,, Gb,} (for example, values of a; to aio corresponding to No. 4 in Table

1).
[00196] For example, when M=2, two sequences may be carried in the first field. For example,

the two sequences may be a sequence 1 and a sequence 2. The sequence 1={ Gay,;, —Gb},;, Gay,,,
-Gbl,, Ga,,, Gb,, Ga,,, Gb,, Ga,,, —Gb;} (for example, values of a; to ao
corresponding to No. 37 in Table 1), and the sequence 2={ Ga/,,, —Gb’%,, Gal,,—Gb},, Gal,,
Gb’,, Ga’,, Gb’,, Ga’g, -Gb2,}. For another example, the sequence 1={ Gay,, , —Gb,,,
Ga,,,, Gby,,,-Ga,,, Gb,, Ga,,, Gb,,, Ga,s,—-Gb;,,} (for example, values of a; to ai
corresponding to No. 38 in Table 1), and the sequence 2={ Ga’,; , —~Gb};, Ga’,, Gb’,,-Gal,,
Gb’,, Ga’,, Gb’y, Ga’,, -Gb2,}. For another example, the sequence 1={Gay,,, —Gb,;,
Ga,,, Gb',, Gal,,, -Gb),, Gal,,, Gbl,, Gal,,,-Gbl,} (for example, values of a; to ai
corresponding to No. 39 in Table 1), and the sequence 2={ Ga’, , ~Gb’;, Ga’,, Gb’y, Gal,,
-GbZ,, Ga’,, Gb’y, Ga’,,—-Gb’;}. For another example, the sequence 1={ Ga,, , —Ghl,,

-Ga,,, -Ghl,,, Ga,,, -Gb;,,, Ga,,, Gb,,, Ga,,, —Gb;,} (for example, values of a; to
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a1o corresponding to No. 40 in Table 1), and the sequence 2={Ga’,, —Gb’,, —Ga’,, —Gb,,
Ga1228 J —Gb1228 ’ Ga1228 J Gb1228 ’ Ga1228 J _Gb1228 }

[00197] It should be noted that descriptions of the M sequences shown herein are merely
examples. When M=1 or M=2, a specific example of the sequence carried in the first field may

alternatively be obtained based on Table 1 and the Golay complementary sequence. It may be

understood that the sequence 1 or the sequence 2 may be referred to as a first sequence. For
example, the sequence 1 is referred to as a first sequence, and Ga,,, and Gb.,, may be referred
to as a first Golay complementary sequence. For another example, when the sequence 2 is referred
to as a first sequence, Gaf28 and be28 may be referred to as a first Golay complementary

sequence.
[00198] 2. Three streams/Four streams

[00199] In this embodiment of this application, the transmit device may send three CE
sequences, such as a CE1 sequence, a CE2 sequence, and a CE3 sequence (that is, three streams),
or may send four CE sequences, such as a CE1 sequence, a CE2 sequence, a CE3 sequence, and a
CE4 sequence (that is, four streams).

[00200] The following mainly uses the CE1 sequence to the CE4 sequence as an example to
describe a CE sequence construction method provided in this embodiment of this application.
[00201] For example, the CE1 sequence and the CE2 sequence are constructed in a same
manner (that is, symbol sequences of the CE1 sequence and the CE2 sequence are the same), and
the CE3 sequence and the CE4 sequence are constructed in a same manner (that is, symbol
sequences of the CE3 sequence and the CE4 sequence are the same). According to Table 1 and
Table 2, for example, if the symbol sequences of the CE1 sequence and the CE2 sequence
correspond to No. 1 in Table 1, the symbol sequences of the CE3 sequence and the CE4 sequence
may correspond to No. 16 (as shown in FIG. 8a), No. 28, No. 45, or No. 57 in Table 1.

[00202] In this embodiment of this application, the transmit device generates and sends a
physical layer protocol data unit PPDU, where the PPDU includes a first field, the first field is
used for carrying M sequences, the M sequences correspond to M space-time streams, one
sequence corresponds to one space-time stream, and M is a positive integer; and the receive device
receives the PPDU and performs signal processing based on the M sequences. For example, four

CE sequences and four sequences when M=4 are as follows:

[00203] CE1={Gay,,, Gb,, —Gayy, Gbi,y, —Gal,, Gbh,, Gaye, Gbhy, Gan,,
Gbl,}, CE2={Ga’,, Gbh’,,-Ga’,, Gb’y, —Ga’y, Gbl,, Ga’,, Ghl,, Ga’,, Gb’.},
CE3={Ga,, Gb),, Gal,, —-Gb},, -Ga’,, Gbl,, -Ga’,, -Gb’,, Ga’,, Gb,}
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(corresponding to No. 16 in Table 1), and CE4={Ga,,,, Gb,, Ga},, -Gb,, -Ga,,, Gb,,
—-Gal,, -Gb,, Gal,, Gb,}. In this case, four sequences are carried in the first field, for
example, a sequence 1={ Ga,,;, Gb},,,-Gal,,, Gb;,;,-Ga,,,, Gb,,, Ga,,, Gbl,, Ga,,,
Gb;,, }, a sequence 2={Ga’,, Gbl,,-Ga),, Gb’y, -Ga’,, Gbl,, Ga’y, GbZ,, Ga’,
Gb’,}, asequence 3={Ga},, Gb},, Ga’l,,-Gbl,,-Gal,, Gbl,,-Ga’,,-Gbl,, Galy,
Gb’,}, and a sequence 4={Ga,,,, Gb,, Ga,, —Gb,, -Gal,, Gb,, —Ga,, —Ghly,
Ga’,, Gb%,}.

[00204]  Alternatively, CE3={-Ga’,,, Gb’,, —Ga’,, -Gb},, Gal,, Gbl,, Gal,, -
Gbi,, -Gal,, Gbl,}, and CE4={-Ga’,, Gb’,,-Ga’,, -Gb’,, Ga’,, Gb,, Ga’,, -
Gblg, -Gat,, Gbl,} (thatis, corresponding to No. 28 in Table 1). In this case, four sequences
are carried in the first field, for example, a sequence 3={-Ga,,;, Gb’,,-Ga’,,-Gb},, Gal,,
Gb},, Ga’,, -Gb’y, —-Ga’,, Gb’,}, and a sequence 4={-Ga,,,, Gb/;, —Ga,, —Gb,
Ga,,, Gbl,, Gal,, -Gb),, —Ga),, Gb,}.

[00205]  Alternatively, CE3={Ga’y, —~Ghb'y, Galy, Gblg,—Gal,,-Gblg, —Gal,, Gbl,
Ga)y,-Gbl,}, CE4={Ga},,,-Gb);, Ga.,, Gb.,,-Ga,,,-Gb},,-Ga,, Ghl,, Gal,,
—-Gb., } (that is, corresponding to No. 45 in Table 1). In this case, four sequences are carried in
the first field, for example, a sequence 3={Ga’,, —-Gb’,, Ga’,, Gb’,, -Ga’,, -Gb’;, -
Ga’,, Gb),, Gal,, -Gb’,}, and a sequence 4={Ga},,, -Gb/,,, Ga},, Gb},, -Ga},, —
Gb,,-Gal,, Gb,, Ga),,-Gbl}.

[00206]  Alternatively, CE3={- Ga},, , - Gby,, —Gal,, Gbl,, Galy, —Gbl,, Ga,,
Gbl,, -Gal,, -Gb’, }, CE4={-Ga},,, -Gb,, -Ga},, Gb},, Gal,, -Gb},, Gal,,
Gbs, —Ga,, —Gb/, } (that is, corresponding to No. 57 in Table 1). In this case, four sequences
are carried in the first field, for example, a sequence 3={—Ga’,, , -Gb’,,-Ga’,, Gb},, Ga’,,
—-Ghl,, Galy, Gbly, —Gal,, —Gb’,}, and a sequence 4={-Ga,,,, —Gby, —Gay,, Gby,
Ga,, , —Gb,, Gal,, Gbl,, —Ga,, —Gb); }. It may be understood that for specific

descriptions of the sequence 1 and the sequence 2, refer to the foregoing descriptions. Details are

not described herein again. It may be understood that the sequence 1 or the sequence 2 may be
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referred to as a first sequence, and Ga,,, and Gb;,, (that is, Ga and Gb shown above) may be

referred to as a first Golay complementary sequence, or Ga’,, and Gb/, may be referred to as
a first Golay complementary sequence. In this case, the sequence 3 or the sequence 4 may be

referred to as a second sequence, and Ga.,, and Gb, (thatis, Ga' and Gb' shown above) may

be referred to as a second Golay complementary sequence, or Ga,,, and Gb/}, may be referred

to as a second Golay complementary sequence.
[00207] For another example, the symbol sequences of the CE1 sequence and the CE2 sequence
correspond to No. 3 in Table 1, and the symbol sequences of the CE3 sequence and the CE4

sequence may correspond to No. 17, No. 29, No. 44, or No. 56 in Table 1.
[00208]  For example, CE1={Gay,,, Gb,,,, Ga,,, —Gby,,, Gays, —Gbly, Ga,,, Gbiy,

Gal,, GbL,}, CE2={Ga2,, Gb%,, Gal,,-Gb2,, Gal,, —GbZ,, Gal,, Gb2,, Gai,,
Gb2, }, CE3={Ga’,, GbY,, —Gad,, GbS,, Ga’,, —Gbl,, —Ga’,, —Gbd,, Gal,,
Gb3,}, and CE4={Ga’,, Ghl,, —Ga’,, Gb%,, Gal,, —Gb',, —Ga’',, —Ghi,, Gal,,
Gb/ } (that is, corresponding to No. 17 in Table 1). In this case, four sequences are carried in the
first field, for example, a sequence 1={Ga,,, Gb;,;, Ga,,,, -Gb,,, Ga,,, -Gb,,, Ga,,
Gbl,, Gal,,, Gb;,;}, asequence 2={Ga’,, Gb’,, Ga’,,-Gb’,, Ga’,, -Gb’y, Ga’,,
Gb’,, Ga’,, Gb,}, asequence 3={Ga’,, Gb),,-Ga’,, Gb’,, Gal,,-Gb’,, —Ga,,
-Gb},, Gal,, Gb’.}, and a sequence 4={Ga,,, Gb);, —-Ga.,, Gb},, Ga,,, -Gb,, -
Ga,, -Gbly, Gay,, Gbi,}.

[00209] Alternatively, CE3={-Ga},,, Gb},, Ga’,, Gbl,, -Ga),, -Gb},, Ga’,, —
Gb1328, —Gafzs, be28 }, and CE4={-Ga,,,, Gb},, Ga},, Gbl,, -Ga,, -Gb,, Gayy, -
Ghe, —Gayy, Gby} (that is, corresponding to No. 29 in Table 1). In this case, four sequences
are carried in the first field, for example, a sequence 3={-Ga’,, Gb’,, Gal,, Gb’,,-Ga’,,
-Gb},, Gal,,-Gb},,-Ga’,, Gb’,}, and asequence 4={-Ga,,,, Gb},, Gal,, Gb;, -
Galy,—Gbl,, Gal,, —Gbl,,—Gaby, Gb.}.

[00210] Alternatively, CE3={Ga},,-Gb’,,-Ga’,,-Gb’,, Ga’,, Gbl,, -Ga’,, Gbl,,
Gal,, —-Gbl,}, and CE4={Ga},,, —Gb/,, —Ga},, —Gb/,, Gal,, Gbly, —Gal,, Gb,

Ga,y, -Gb, } (that is, corresponding to No. 44 in Table 1). In this case, four sequences are
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carried in the first field, for example, a sequence 3={Ga,,, —Gb,, —-Ga’,, -Gb’,, Gal,,
Gbly, -Ga’,, Gb)y, Gal,, -Gb’,}, and a sequence 4={Ga},,, —-Gb,,, —Ga,,,, —Gb,
Ga,,, Gbl,,-Ga,,, Gb),, Gal,, -Gb,}.

[00211]  Alternatively, CE3={-— Ga,, , —Gb},, Ga’y, —Gb}y, —Ga’,, Gbl,, Gal,,
Gb,, -Ga’y, —-Gb’,, and CE4={-Ga,,, -Gb},, Ga,,, -Gb.;, -Ga.,, Gb},, Gal,,
Gb/y, —Gale, —Gb/5, } (corresponding to No. 56 in Table 1). In this case, four sequences are
carried in the first field, for example, a sequence 3={-Ga};, —Gb’;, Ga’,, -Gb},, -Ga’,,
Gbl,, Gal,, Gbl,,-Gal,,—Gb},}, and asequence 4={-Ga’,,-Gb},, Ga’,,-Gb;, -
Galy, Gbl,, Ga'y, Gbly, —Ga’y, —Gblg}. It may be understood that for descriptions of

the sequence 1 and the sequence 2, refer to the foregoing descriptions. Details are not described
herein again.

[00212] For another example, if the symbol sequences of the CE1 sequence and the CE2
sequence correspond to No. 6 in Table 1, the symbol sequences of the CE3 sequence and the CE4
sequence may correspond to No. 13 or No. 32 in Table 1. For another example, if the symbol
sequences of the CE1 sequence and the CE2 sequence correspond to No. 8 in Table 1, the symbol
sequences of the CE3 sequence and the CE4 sequence may correspond to No. 14 or No. 36 in
Table 1. It may be understood that, for the symbol sequences of the CE1 sequence to the CE4
sequence, refer to the foregoing Table 1 and Table 2. This is not listed one by one herein. It may
be understood that FIG. 8a merely provides an example of symbol sequences of the CE1 sequence
and the CE2 sequence, and symbol sequences of the CE3 sequence and the CE4 sequence. For
specific descriptions of FIG. 8a, refer to the foregoing description. Details are not described herein
again. For specific descriptions of the sequence 1 to the sequence 4, refer to descriptions of CE1
to CE4. Details are not described herein again.

[00213] It may be understood that, only four CE sequences and four sequences when M=4 are
provided herein as an example, and specific descriptions of three CE sequences and three
sequences when M=3 are provided herein. Details are not described herein again.

[00214] It can be learned from the foregoing description of cross-correlation of the CE
sequences that, the CE1 sequence to the CE4 sequence may have a feature that cross-correlation
energy between any two of the CE1 sequence to the CE4 sequence within the length range of the
Golay complementary sequence is zero. For example, a peak value of cross-correlation (that is,
maximum energy) between the four CE sequences within the length range of the Golay

complementary sequence, for example, =128 to +128, is shown in Table 4.
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Table 4

CEl CE2 CE3 CE4
CEl 1024 0 0 0
CE2 0 1024 0 0
CE3 0 0 1024 0
CE4 0 0 0 1024
[00215] In a possible implementation, when MIMO channel estimation is performed in a case
of three streams or four streams, a P-matrix may be represented by the following formula (18):
+1
p|
T+ (18)
+1
[00216] That is, the transmit device may send three streams or four streams within one period,

and the receive device may further complete channel estimation, target sensing, or the like within
one period. As shown in FIG. 8b to FIG. 8e, FIG. 8b is a schematic diagram of a result of CE1
sequence autocorrelation, FIG. 8c is a schematic diagram of a result of CE3 sequence
autocorrelation, FIG. 8d is a schematic diagram of a result of cross-correlation between a CE1
sequence and a CE3 sequence that do not have a local ZCC feature, and FIG. 8e is a schematic
diagram of a result of cross-correlation between a CE1 sequence and a CE3 sequence that have a
local ZCC feature according to this application. It can be learned from FIG. 8b to FIG. 8e that, the
CEL1 sequence of a single stream and the CE3 sequence of a single stream constructed in this
application both have a feature of zero autocorrelation side lobe energy within a length range of a
Golay complementary sequence. For a cross-correlation feature, compared with that the CE1
sequence and the CE3 sequence shown in 802.11ad have a non-zero cross-correlation energy
within the length range of the Golay complementary sequence, that is, the CE1 sequence and the
CE3 sequence do not have a ZCC feature in a local region, the CE1 sequence and the CE3 sequence
constructed in this application have a feature of zero cross-correlation energy within the length
range of the Golay complementary sequence. That is, the CE1 sequence and the CE3 sequence
constructed in this application have a ZCC feature within the length range of the Golay
complementary sequence.

[00217]
refer to the foregoing descriptions of Table 3, and the like. Details are not described herein again.
[00218]

It may be understood that, for descriptions of the CE1 sequence to the CE4 sequence,

According to the method provided in this embodiment of this application, when the
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transmit device sends the three streams or the four streams, the transmit device may simultaneously
send the three streams or the four streams within only one period, as shown in FIG. 9. In this way,
channel estimation time (which may also be referred to as channel estimation duration) can be
effectively shortened, and channel estimation efficiency is also improved. In addition, if the
method is applied to target sensing, the method provided in this embodiment of this application
can further shorten target sensing time, and improve target sensing efficiency. Further, due to a
relationship between a period and a frequency, the method provided in this embodiment of this
application further effectively improves a PRF of sensing, and improves a maximum detectable
Doppler and/or a speed in sensing.

[00219]
[00220]
physical layer protocol data unit PPDU, where the PPDU includes a first field, the first field is

3. Five streams/Six streams

In this embodiment of this application, the transmit device generates and sends a

used for carrying M sequences, the M sequences correspond to M space-time streams, one
sequence corresponds to one space-time stream, and M is a positive integer; and the receive device
receives the PPDU and performs signal processing based on the M sequences, for example, M=5
or 6.

[00221]
for example, a CE1 sequence to a CE5 sequence, or may send six CE sequences, for example, a

In this embodiment of this application, the transmit device may send five CE sequences,

CEL1 sequence to a CE6 sequence.
[00222]

manner, and the CE3 sequence, the CE4 sequence, the CE5 sequence, and the CE6 sequence are

For example, the CE1 sequence and the CE2 sequence are constructed in a same

constructed in a same manner. That is, symbol sequences corresponding to the CE1 sequence and
the CE2 sequence are the same, and symbol sequences corresponding to the CE3 sequence to the
CEB6 sequence are the same. Specific values of the two symbol sequences may be shown in Table
1 and Table 2. FIG. 10a-1 and FIG. 10a-2 show an example of a CE1 sequence to a CE6 sequence.
For example, a peak value of cross-correlation between the six CE sequences within the length
range of the Golay complementary sequence from —128 to +128 is shown in Table 5.

Table 5
CE1l CE2 CE3 CE4 CE5 CE6
CE1l 1024 0 0 0 0 0
CE2 0 1024 0 0 0 0
CE3 0 0 1024 0 160 288
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CE4 0 0 1024 288 160

CE5 0 160 288 1024 0

CE®6 0 288 160 0 1024
[00223]  With reference to FIG. 10b to FIG. 10e, FIG. 10b is a schematic diagram of a result of

cross-correlation between a CE3 sequence and a CE5 sequence according to this application, FIG.
10c is a schematic diagram of a result of cross-correlation between a CE3 sequence and a CE5
sequence shown in 802.11ad, FIG. 10d is a schematic diagram of a result of cross-correlation
between a CE1 sequence and a CE3 sequence according to this application, and FIG. 10e is a
schematic diagram of a result of cross-correlation between a CE1 sequence and a CE3 sequence
shown in 802.11ad. It can be learned from the figure that the CE1 sequence and the CE3 sequence
shown in this application have a local ZCC feature.

[00224]
a local ZCC feature, the transmit device may determine the CE sequence in combination with a P-

In a possible implementation, because the CE3 sequence and CE5 sequence do not have

matrix. As shown in FIG. 9, the transmit device may send the CE sequence in combination with

the P-matrix. The P-matrix may be a formula (19) shown below:

+1 +1
+1 +1
P +1 +1 (19)

+1 +1
+1 -1
+1 -1

[00225]
constructed in a same manner. For example, symbol sequences of CE1 and CE2 correspond to No.
1 in Table 1, and symbol sequences of CE3 to CE6 correspond to No. 16, No. 28, No. 45, or No.
57 in Table 1.

[00226]
CEL1 to the CE4 and the sequence 1 to the sequence 4, refer to the foregoing descriptions of the

For example, CE1 and CE2 are constructed in a same manner, and CE3 to CE6 are

It can be understood that in this embodiment of this application, for descriptions of the

three streams/four streams. Details are not described herein again. The following focuses on the

CE5 and the CES6, and the sequence 6 and the sequence 7.

[00227] Forexample, CE5={Ga,,,, Gb,, Ga),,-Gb);, —Ga’;, Gb,,-Ga,,—Gh,,
Ga,,,, Gb’,} (thatis, corresponding to No. 16 in Table 1), and CE6={Ga,,,, Gb’,, Ga’,,—
Gby,-Gal,, Gbly, -Gal,,-Gbl,, Ga’,, Gbl, }.Inthiscase, the sequence 5={-Ga’;,

—Gb1528, _Ga1528' Gb1528, Gafzs’ _Gblsza’ Gafzs’ bezs’ _Ga1528’ _Gb1528 }, and the sequence
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6:{_Ga1628 ' _Gb1628 ' _Ga1628 ' Gb1628 ' C;a1628 ' _Gb1628 ' Ga1628 ’ Gb1628 ' _Ga1628 ' _Gb1628 }

[00228]  Alternatively, CE5={-Ga}y,, Gby, —Ga,s, —Gby, Ga’,,, Gbl,, Ga,, -
Gb1528' _Ga1528’ Gb1528 }l and CE6:{_Ga1628' Gb1628’ _Ga1628' _Gb1628’ C;a1628' Gb1628’ C;a1628' -
Gb’y, -Ga),,, Gbl,} (that is, corresponding to No. 28 in Table 1). In this case, the sequence
5:{631528’ _Gblszs’ Ga1528’ Gblszs’ _Gaiszs’ _Gb1528’ _Gafzaa Gblszs’ Ga15281 _Gb1528 }. and the
sequence 6={Ga1628 , _Gb1628 , Gafzs , Gb1628 , _Gafzs , _Gb1628 , _Ga1628 , Gb1628 , Ga1628 , _Gb1628 ¥
[00229]  Alternatively, CE5={Ga,,;,—Gb’;, Ga,,, Gb,,-Ga,,,-Gb ., -Gay, Gbl,,
Ga:l.528 ' _Gb1528 }! CEG:{ Ga1628 ' _Gb1628 ' Gaf28 ' Gb1628 ' _GalﬁZB ' _Gb1628 ' _Gaf28 ! Gb1628 ! Gaf28 !
—-Gb., } (that is, corresponding to No. 45 in Table 1). In this case, the sequence 5={—Ga,,;, Gb.,,
_Ga1528 , _Gb1528 , Ga1528 , Gb1528 , Ga1528 , _Gb1528 , _Ga1528 , Gb1528 }, and the sequence 6={_Ga1628 ,
Gbl628 ' _Ga1628 ' _Gbl628 ' Ga1628 ' Gbl628 ' Ga1628 ' _Gb1628 ’ _Gaf28 ' Gb1628 }

[00230]  Alternatively, CE5={- Ga,,, , —Gb’y, —Gay,;, Gby,, Ga,, —Gb),, Ga,,
Gb1528 ' _Ga1528 ' _Gb1528 }1 CE6:{_ Ga1628 ' _Gb1628 ' _Ga1628 ' Gb1628 ' GaieZB ' _Gbl628 ’ Ga1628 ’
Gb’y, -Gal,, —Gb’ } (that is, corresponding to No. 57 in Table 1). In this case, the sequence
5:{Ga1528' Gblszsa Ga1528' _Gblszsi _Gafzal Gblszsa —Gafzs, —Gb1528, Gaiszsa Gb1528 }, and the
sequence 6={Ga1628 , Gb1628 , Ga1628 , ‘Gb1628 , _Gafzs , Gb1628 , _Gafzs , _Gb1628 , Ga1628 , Gb1628 2

[00231] It may be understood that the foregoing is merely an example. For specific descriptions
of CE1 to CE6 and the sequence 1 to the sequence 6, refer to other embodiments shown in this
application. Details are not described herein again.

[00232] Inapossible implementation, the CE1 sequence, the CE2 sequence, the CE5 sequence,
and the CE6 sequence are constructed in a same manner, and the CE3 sequence and the CE4
sequence are constructed in a same manner.

[00233] The transmit device may alternatively send the CE sequence in combination with the
P-matrix, and the P-matrix may be shown in the foregoing formula (19).

[00234] Inapossible implementation, the CE1 sequence, the CE2 sequence, the CE3 sequence,
and the CE4 sequence are constructed in a same manner, and the CE5 sequence and the CE6
sequence are constructed in a same manner.

[00235] The transmit device may alternatively send the CE sequence in combination with the

P-matrix. The P-matrix may be shown in a formula (20) or a formula (21):
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+1 +1
+1 +1
P +1 -1 (20)

+1 -1
+1 +1
+1 +1

+1 +1
+1 +1
p=| ™t M ey

+1 -1
+1 -1
+1 -1

[00236] It may be understood that for specific descriptions of the CE1 to the CE6 and the

sequence 1 to the sequence 6, refer to the foregoing description of the formula (19). Details are
not described herein again.

[00237] In this embodiment of this application, the receive device may perform channel
estimation or target sensing within two periods in combination with the P-matrix. This shortens
time for sending a CE sequence by the transmit device, and also shortens time for channel
estimation by the receive device or time for sensing by the receive device.

[00238] 4. Seven streams/Eight streams

[00239] In this embodiment of this application, the transmit device generates and sends a
physical layer protocol data unit PPDU, where the PPDU includes a first field, the first field is
used for carrying M sequences, the M sequences correspond to M space-time streams, one
sequence corresponds to one space-time stream, and M is a positive integer; and the receive device
receives the PPDU and performs signal processing based on the M sequences, for example, M=7
or 8.

[00240] In this embodiment of this application, the transmit device may send seven CE
sequences, for example, a CE1 sequence to a CE7 sequence, or may send eight CE sequences, for
example, a CE1 sequence to a CE8 sequence.

[00241] For example, the CEL1 sequence, the CE2 sequence, the CE7 sequence, and the CES8
sequence are constructed in a same manner, and the CE3 sequence, the CE4 sequence, the CE5
sequence, and the CE6 sequence are constructed in a same manner. That is, symbol sequences
corresponding to the CE1 sequence, the CE2 sequence, the CE7 sequence, and the CE8 sequence
are the same, and symbol sequences corresponding to the CE3 sequence, the CE4 sequence, the
CE5 sequence, and the CE6 sequence are the same. Specific values of the two symbol sequences
may be shown in Table 1 and Table 2. For example, FIG. 11A and FIG. 11B show an example of
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a CE1 sequence to a CES8 sequence.
[00242]
provided in this application within a length range of a Golay complementary sequence, for example,
—-128 to +128, is shown in Table 6.

For example, a peak value of cross-correlation between the eight CE sequences

10

Table 6

CE1l CE2 CE3 CE4 CES5 CE6 CE7 CES8
CE1l 1024 0 0 0 0 0 512 128
CE2 0 1024 0 0 0 0 128 512
CE3 0 0 1024 0 160 288 0 0
CE4 0 0 0 1024 288 160 0 0
CE5 0 0 160 288 1024 0 0 0
CE®6 0 0 288 160 0 1024 0 0
CE7 512 128 0 0 0 0 1024 0
CES8 128 512 0 0 0 0 0 1024

[00243] For example, the peak value of the cross-correlation between the CE1 sequence and the

CES8 sequence shown in 802.11ad may be shown in Table 7.

Table 7

CE1l CE2 CE3 CE4 CES5 CE6 CE7 CES8
CE1l 1024 0 256 160 256 160 512 128
CE2 0 1024 160 256 160 256 128 512
CE3 256 160 1024 0 160 288 512 144
CE4 160 256 0 1024 288 160 144 512
CE5 256 160 160 288 1024 0 512 144
CE®6 160 256 288 160 0 1024 144 512
CE7 512 128 512 144 512 144 1024 0
CES8 128 512 144 512 144 512 0 1024

[00244] Compared with Table 7, the CE sequence provided in this application is significantly

improved. It may be learned from Table 6 that, a result of cross-correlation between the CE1
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sequence and the CE7 sequence is not 0, and in addition, a result of cross-correlation between the
CE1 sequence and the CE8 sequence is not O either, and the like. Therefore, the transmit device
may send the CE sequence in combination with the P-matrix shown in formula (22). In this case,
the receive device may complete channel estimation or WLAN sensing within two periods in
combination with the P-matrix. This shortens time for sending the CE sequence by the transmit
device, and also shortens time for channel estimation by the receive device, or time for sensing by
the receive device.

[00245]  For example, the P-matrix may be shown in the following formula (22):

+1 +1
+1 +1
+1 +1
P +1 +1 22)

+1 -1
+1 -1
+1 -1
+1 -1

[00246] It can be understood that the P-matrix applicable to the five streams or six streams may
alternatively be the foregoing formula (22), and the formula (19) shown in the foregoing five
streams/six streams may alternatively be replaced with the formula (22).

[00247] For example, the CE1 sequence, the CE2 sequence, the CE7 sequence, and the CES8
sequence are constructed in a same manner, and the CE3 sequence, the CE4 sequence, the CE5
sequence, and the CE6 sequence are constructed in a same manner. For example, symbols of CE1,
CE2, CE7, and CES8 correspond to No. 1 in Table 1, and CE3 to CEG6 correspond to No. 16, No.
28, No. 45, or No. 57 in Table 1. It may be understood that, in the foregoing example, the CE3 to
the CE6 are constructed in a same manner, and CE1 and CE2 are constructed in a same manner.
Therefore, for descriptions of CE1 to CE6 and the sequence 1 to the sequence 6 in this embodiment
of this application, refer to the foregoing descriptions of the five streams/six streams. Details are
not described herein again. The following focuses on the CE7 and the CES8, and the sequence 7

and the sequence 8.

[00248] For example, CE7={Ga/,;, Gb/,, -Gal,,, Gb,, -Ga),,, Gb),, Ga),, Gbhl,,
Ga),,, Gbl;}, and CE8={Ga’,, Gb},, -Ga’,, Gb’,, -Ga’,, Gb’,, Ga’,, Gb’,,
Ga’,, Gbl,} (thatis, corresponding to No. 1 in Table 1). In this case, the sequence 7={-Ga,;,
-Gbh,, Gal,, -Gbl,, Ga),, -Gb),, -Ga/,, -Gb/,,, -Ga/,;, —~Gb/,, }, and the sequence

8:{_Ga1828 ! _beZB ! Ga1828 ' _Gb1828 ' Ga1828 ' _beZB ! _Ga1828 ! _GbJ?ZS ! _Ga1828 ' _GbJ?ZS }
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[00249] It may be understood that for specific descriptions of the CE1 to the CE8 and the
sequence 1 to the sequence 8, refer to descriptions in other parts of this application. Details are not
described herein again.

[00250] For example, the CE1 sequence to the CE4 sequence are constructed in a same manner,
and the CE5 sequence to the CE8 sequence are constructed in a same manner. In this case, the
transmit device may alternatively perform channel estimation or target sensing in combination

with the P-matrix. The P-matrix may be shown in the following formula (23) or formula (24):

+1 +1
+1 +1
+1 -1
p_| ™ 1 (23)

+1 -1
+1 -1
+1 +1
+1 +1

+1 +1
+1 +1
+1 -1
T

-1 +1
-1 +1
+1 +1

+1 +1

[00251] It can be understood that the P-matrix applicable to the five streams or six streams may
alternatively be the foregoing formula (23), and the formula (21) shown in the foregoing five
streams/six streams may alternatively be replaced with the formula (23).

[00252] For example, symbol sequences of CE1 to CE4 correspond to a No. 1 in Table 1, and
symbol sequences of CE5 to CE8 correspond to No. 16 in Table 1. In this case, CE1={ Ga,,,,

Gbl,, -Ga,,,, Ghl,, -Ga,,, Gb,,, Ga,,, Gb,, Ga,,, Gb,}, CE2={Ga’,, Gb},,
—Ga1228, Gblzzg,—Gafzg, Gblzzs, Ga1228, Gblzzs, Ga1228, Gblzzg}, CE3={G31328, Gb1328,—Gaf28,
Gbl,, -Ga’,, Gb’y, Ga’,, Gb’,, Gal,, Gb’,} and CE4={Ga,,, Gb},, —Ga,,,
Gblg,-Gal,, Gby, Gay,, Gbl,, Gal,, Gbl}, thatis, corresponding toaNo. 1in Table
1. CE5={Ga},,, Gby, Ga,, —Gb,, —Ga,,, Gb)y, —Ga,,, —Gby, Gal,, Gb)y 1},
CE6={Ga’,, Gb’,, GaS,, —GhS,, —Gal,, GhS,, —Gal, , —Gb,, Gas,, Gbl,}
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CE7={ Ga1728’ Gbl728' Ga1728, _Gbl728' —Ga1728, Gb1728' —Ga1728, _Gb1728’ Ga1728’ Gb1728 }, and
CE8:{Ga1828 , Gb1828 , Ga1828 , _Gb1828 , _Ga1828 , Gb1828 , _Gafzs , _Gb1828 , Gafzs , Gb1828 }, that is,

corresponding to No. 16 in Table 1.

[00253] For the P-matrix shown in formula (23), eight sequences are carried in the first field,
for example, a sequence 1={Ga,,,, Gbj,,, —Gay,,, Gb,,, —Ga,,,, Gby,,, Gas, Gbly,
Ga,,,, Gby,,}, asequence 2={Ga’,, Gbl,, -Ga},, Gb’,,-Ga’,, Gbl,, Ga’,, Gbl,,
Ga1228’ Gb1228 }, a sequence 3:{_Ga1328 , _bezs’ Gafzs , _Gb1328’ Ga1328’ _Gb1328’ _Gafzs T
Gb’,,-Gal,, —Gb’}, and a sequence 4={-Ga},, —Gh.,, Gal,,-Gb,, Ga,,-Gby, -
Gayy, —Gbyyy, —Gayy, , —Gbyyy }. The sequence 5={-Gayy, , —Ghy,,, —Gayy, Gy, Gap,, -
Gb g, Gay, Gbl,, -Ga),, —Gb),}, the sequence 6={-Ga,,,, —-Gb,, -Ga’,, Gb,,
Gafzs’ —bezs, Gafzs’ Gb1628, _Gafzsl _Gb1628 }, the sequence 7={Gay,,, Gbj,, Ga)y, -
Gbl,, -Ga),,, Gbl,, -Ga/,,, -Gb,,, Ga/,,, Gbl,}, and the sequence 8={Ga;,,, Gb,,
GafZ8 ' _Gbl828 ' _Ga2?28 ' Gb1828 ' _Ga1828 ' _Gb1828 ! GafZB ' Gb1828 }

[00254] For example, the CE1 sequence, the CE2 sequence, the CE5 sequence, and the CE6
sequence are constructed in a same manner, and the CE3 sequence, the CE4 sequence, the CE7
sequence, and the CE8 sequence are constructed in a same manner. Details are not described herein
again. In this case, the transmit device may alternatively perform channel estimation or target
sensing in combination with the P-matrix. The P-matrix may be shown in the foregoing formula
(23) or formula (24). It may be understood that for specific descriptions of CE1 to CE8 and the
sequence 1 to the sequence 8, refer to the foregoing description. Details are not described herein
again.

[00255] In this embodiment of this application, the receive device may complete channel
estimation or WLAN sensing within two periods in combination with the P-matrix. This shortens
time for sending the CE sequence by the transmit device, and also shortens time for channel
estimation by the receive device, or time for sensing by the receive device.

[00256] It should be noted that the PPDUs shown in FIG. 3a and FIG. 3b in this application are
merely examples, but all PPDUs having functions similar to those of the PPDUs shown in
embodiments of this application fall within the protection scope of this application. The PPDU
shown in FIG. 3a and/or FIG. 3b is merely an example. With evolution of a standard, a form of the
PPDU may also change. However, provided that a field or some fields in the PPDU meet a feature
of the first field shown in this application, the PPDU falls within the protection scope of this
application.
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[00257] It should be noted that, the foregoing merely provides an example of one type of Golay
complementary sequence, that is, (Ga,L ,Gb;l ). The foregoing description of the Golay
complementary sequence is also applicable to another type of Golay complementary sequence,
that is, (Gc) ,Gd,, ). Certainly, with evolution of the standard, another type of Golay

complementary type whose function is similar to that of the foregoing Golay complementary
sequence may emerge. This is not limited in this embodiment of this application.

[00258] According to the foregoing description, a length N of the Golay complementary
sequence in this application is equal to 128, or N is equal to 256, or N is equal to 512, or the like.
Avalue of N is not limited in this application. Alternatively, N may be equal to 32, 64, or the like.
[00259] For example, when N=128, it may be learned from the result of the CE sequence
autocorrelation shown in FIG. 4b that, because O indicates complete overlap, the length range of
the Golay complementary sequence shown above may alternatively be —127 to +127. Therefore,
when N=128, a range of zero autocorrelation side lobe energy of a CE sequence may be —127 to
+127 (including =127 and/or +127, and not including 0). A range of zero cross-correlation energy
between different CE sequences is =127 to +127 (including —127 and/or +127, and including 0).
[00260]  Similarly, when N=64, a length range of the Golay complementary sequence may be —
63 to +63 (which may include —63 and/or +63). When N=64, a range of zero autocorrelation side
lobe energy of a CE sequence may be —63 to +63 (including —63 and/or +63, and not including 0).
A range of zero cross-correlation energy between different CE sequences may be —63 to +63
(including —63 and/or +63, and including 0).

[00261] Similarly, when N=256, a length range of the Golay complementary sequence may be
-255 to +255 (which may include -255 and/or +255). When N=256, a range of zero
autocorrelation side lobe energy of a CE sequence may be —255 to +255 (including —255 and/or
+255, and not including 0). A range of zero cross-correlation energy between different CE
sequences may be —255 to +255 (including —255 and/or +255, and including 0).

[00262] Similarly, when N=512, a length range of the Golay complementary sequence may be
-511 to +511 (which may include 511 and/or +511). That is, when N=512, a range of zero
autocorrelation side lobe energy of a CE sequence may be —-511 to +511 (including —511 and/or
+511, and not including 0), and a range of zero cross-correlation energy between different CE
sequences may be 511 to +511 (including =511 and/or +511, and including 0).

[00263] It may be understood that a relationship between a value of N and a length range of the
Golay complementary sequence is not listed one by one herein. For descriptions of other values of
N, refer to the foregoing description. The descriptions of the length range of the CE-Golay
complementary sequences are also applicable to the M sequences shown above. Details are not
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described herein again.

[00264] Inthis application, an English name of a cyclic prefix is a cyclic prefix, and an English
name of a cyclic suffix is a cyclic suffix.

[00265] In addition to being represented as a sample, an element, or a delay index, a horizontal
coordinate shown in FIG. 4b, FIG. 8b to FIG. 8e, and FIG. 10b to FIG. 10e in this application may
further represent an element or a bit. A vertical coordinate shown in FIG. 4b, FIG. 8b to FIG. 8e,
and FIG. 10b to FIG. 10e may further represent a correlation value (correlation).

[00266] It may be understood that, in this application, cross-correlation energy between two CE
sequences shown above within a length range of a Golay complementary sequence being zero may
also be referred to as: Cross-correlation between the two CE sequences within the length range of
the Golay complementary sequence is zero. Autocorrelation side lobe energy of a CE sequence
within a length range of a Golay complementary sequence being zero may also be referred to as:
Autocorrelation side lobe of the CE sequence within the length range of the Golay complementary
sequence is zero. Similarly, in this application, cross-correlation energy between the first sequence
shown above and at least two of the M sequences within a length range of a Golay complementary
sequence being zero may also be referred to as: Cross-correlation between the first sequence and
the at least two of the M sequences within the length range of the Golay complementary sequence
is zero. Autocorrelation side lobe energy of the first sequence within the length range of the Golay
complementary sequence being zero may also be referred to as: Autocorrelation side lobe of the
first sequence within the length range of the Golay complementary sequence is zero. That is, the
autocorrelation side lobe energy shown above in this application being zero may also be referred
to as: Autocorrelation side lobe is zero. The cross-correlation energy being zero may also be
referred to as: Cross-correlation is zero.

[00267] The following describes communication apparatuses provided in embodiments of this
application.

[00268] In this application, the communication apparatus is divided into functional modules
based on the foregoing method examples. For example, functional modules corresponding to
functions may be obtained through division, or two or more functions may be integrated into one
processing module. The integrated module may be implemented in a form of hardware, or may be
implemented in a form of a software functional module. It should be noted that, in this application,
module division is an example, and is merely a logical function division. In actual implementation,
another division manner may be used. The following describes in detail a communication
apparatus in an embodiment of this application with reference to FIG. 12 to FIG. 14.

[00269] FIG. 12 is a schematic diagram of a structure of a communication apparatus according
to an embodiment of this application. As shown in FIG. 12, the communication apparatus includes
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a processing unit 1201 and a transceiver unit 1202.

[00270] In some embodiments of this application, the communication apparatus may be the
transmit device, a chip in the transmit device, or the like shown above. That is, the communication
apparatus may be configured to perform a step or a function performed by the transmit device in
the method embodiments.

[00271] The processing unit 1201 is configured to generate a PPDU. The transceiver unit 1202
is configured to output the PPDU.

[00272] It may be understood that specific descriptions of the transceiver unit and the
processing unit described in this embodiment of this application are merely examples. For specific
functions, steps, or the like of the transceiver unit and the processing unit, refer to the foregoing
method embodiments. Details are not described herein again. For example, the processing unit
1201 may be configured to perform step 701 shown in FIG. 7. The transceiver unit 1202 may be
configured to perform the sending step in step 702 shown in FIG. 7.

[00273] FIG. 12 is reused. In some other embodiments of this application, the communication
apparatus may be the receive device, a chip in the receive device, or the like shown above. That is,
the communication apparatus may be configured to perform a step or a function performed by the
receive device in the method embodiments.

[00274] For example, the transceiver unit 1202 is configured to input a PPDU; and the
processing unit 1201 is configured to process M sequences carried in the PPDU.

[00275] For example, the processing unit 1201 may perform channel estimation based on the
M sequences, or perform target sensing based on the M sequences. For specific functions of the M
sequences, refer to the foregoing description. Details are not described herein again.

[00276] It may be understood that specific descriptions of the transceiver unit and the
processing unit described in this embodiment of this application are merely examples. For specific
functions, steps, or the like of the transceiver unit and the processing unit, refer to the foregoing
method embodiments. Details are not described herein again. For example, the transceiver unit
1202 may be further configured to perform the receiving step in step 702 shown in FIG. 7. The
processing unit 1201 may be further configured to perform step 703 shown in FIG. 7.

[00277] Inthe foregoing embodiments, for descriptions of the PPDU, the M sequences, the first

sequence, the Golay complementary sequence (for example, including Ga;,, and Gb;,,, Gaf28
and Gb’,, Gal, and Gb),, Ga), and Gb),, Ga,, and Gb,, Ga), and Gb’y,
Ga,, and Gh),, and Ga’, and Gb};), and the CE sequence (for example, including the

CE1l sequence to the CES8 sequence), refer to the descriptions in the foregoing method

embodiments. Details are not described herein again.
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[00278] The transmit device and the receive device in this embodiment of this application are
described above. The following describes possible product forms of the transmit device and the
receive device. It should be understood that, a product in any form that has the functions of the
transmit device in FIG. 12 or a product in any form that has the functions of the receive device in
FIG. 12 falls within the protection scope of embodiments of this application. It should further be
understood that the following descriptions are merely examples, and do not limit product forms of
the transmit device and the receive device in this embodiment of this application.

[00279] In a possible implementation, in the communication apparatus shown in FIG. 12, the
processing unit 1201 may be one or more processors, and the transceiver unit 1202 may be a
transceiver, or the transceiver unit 1202 may be a sending unit and a receiving unit. The sending
unit may be a transmitter. The receiving unit may be a receiver. The sending unit and the receiving
unit are integrated into one component, for example, a transceiver. In this embodiment of this
application, the processor and the transceiver may be coupled, or the like. A connection manner
between the processor and the transceiver is not limited in this embodiment of this application.
[00280] As shown in FIG. 13, the communication apparatus 130 includes one or more
processors 1320 and a transceiver 1310.

[00281] For example, when the communication apparatus is configured to perform the steps,
the methods, or the functions performed by the transmit device, the processor 1320 is configured
to generate a PPDU; and the transceiver 1310 is configured to send the PPDU to the receive device.
[00282] For example, when the communication apparatus is configured to perform the steps,
the methods, or the functions performed by the receive device, the transceiver 1310 is configured
to receive a PPDU from the transmit device; and the processor 1320 is configured to process the
M sequences carried in the PPDU.

[00283] In this embodiment of this application, for descriptions of the PPDU, the M sequences,

the first sequence, the Golay complementary sequences (for example, including Gall28 and
Gbllzs’ Ga1228 and Gblzzs’ Ga1328 and Gb1328, Ga1428 and Gb1428' Ga1528 and Gb1528, Ga1628
and Gb’,, Ga), and Gb),, and Ga},, and Gb.,), and the CE sequences (for example,

including the CE1 sequence to the CE8 sequence), refer to the descriptions in the foregoing method
embodiments. Details are not described herein again.

[00284] It may be understood that for specific descriptions of the processor and the transceiver,
refer to the descriptions of the processing unit and the transceiver unit shown in FIG. 12. Details
are not described herein again.

[00285] In the implementations of the communication apparatus shown in FIG. 13, the

transceiver may include a receiver device and a transmitter device. The receiver device is
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configured to perform a receiving function (or operation), and the transmitter device is configured
to perform a transmitting function (or operation). The transceiver is configured to communicate
with another device/apparatus through a transmission medium.

[00286] Optionally, the communication apparatus 130 may further include one or more
memories 1330, configured to store program instructions and/or data, and the like. The memory
1330 is coupled to the processor 1320. The coupling in this embodiment of this application may
be an indirect coupling or a communication connection between apparatuses, units, or modules in
an electrical form, a mechanical form, or another form, and is used for information exchange
between the apparatuses, the units, or the modules. The processor 1320 may operate in
collaboration with the memory 1330. The processor 1320 may execute the program instructions
stored in the memory 1330. Optionally, at least one of the one or more memories may be included
in the processor.

[00287] A specific connection medium between the transceiver 1310, the processor 1320, and
the memory 1330 is not limited in this embodiment of this application. In this embodiment of this
application, in FIG. 13, the memory 1330, the processor 1320, and the transceiver 1310 are
connected through a bus 13120, and the bus is represented by a bold line in FIG. 13. A connection
manner between other parts is merely an example for description, and does not impose a limitation.
The bus may be classified into an address bus, a data bus, a control bus, and the like. For ease of
representation, only one bold line is used to represent the bus in FIG. 13, but this does not mean
that there is only one bus or only one type of bus.

[00288] In embodiments of this application, the processor may be a general-purpose processor,
a digital signal processor, an application-specific integrated circuit, a field programmable gate
array or another programmable logic device, a discrete gate or transistor logic device, or a discrete
hardware component, and may implement or execute the methods, steps, and logical block
diagrams disclosed in embodiments of this application. The general-purpose processor may be a
microprocessor or any conventional processor or the like. The steps of the methods disclosed with
reference to embodiments of this application may be directly executed and accomplished by a
hardware processor, or may be executed and accomplished by using a combination of hardware
and software modules in the processor.

[00289] In this embodiment of this application, the memory may include but is not limited to a
nonvolatile memory, for example, a hard disk drive (hard disk drive, HDD) or a solid-state drive
(solid-state drive, SSD), a random access memory (Random Access Memory, RAM), an erasable
programmable read-only memory (Erasable Programmable ROM, EPROM), a read-only memory
(Read-Only Memory, ROM), or a compact disc read-only memory (Compact Disc Read-Only
Memory, CD-ROM). The memory is any storage medium that can be used to carry or store
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program code in a form of an instruction or a data structure and that can be read and/or written by
a computer (for example, the communication apparatus shown in this application). However, this
is not limited thereto. The memory in embodiments of this application may alternatively be a
circuit or any other apparatus that can implement a storage function, and is configured to store the
program instructions and/or the data.

[00290] For example, the processor 1320 is mainly configured to: process a communication
protocol and communication data, control the entire communication apparatus, execute a software
program, and process data of the software program. The memory 1330 is mainly configured to
store a software program and data. The transceiver 1310 may include a control circuit and an
antenna. The control circuit is mainly configured to: perform conversion between a baseband
signal and a radio frequency signal, and process the radio frequency signal. The antenna is mainly
configured to receive and send a radio frequency signal in a form of an electromagnetic wave. The
input/output apparatus, such as a touchscreen, a display screen, or a keyboard, is mainly configured
to: receive data input by a user and output data to the user.

[00291] After the communication apparatus is powered on, the processor 1320 may read the
software program in the memory 1330, interpret and execute instructions of the software program,
and process data of the software program. When data needs to be sent wirelessly, the processor
1320 performs baseband processing on the to-be-sent data, and then outputs a baseband signal to
a radio frequency circuit. The radio frequency circuit performs radio frequency processing on the
baseband signal, and then sends, by using the antenna, a radio frequency signal in an
electromagnetic wave form. When data is sent to the communication apparatus, the radio
frequency circuit receives a radio frequency signal through the antenna, converts the radio
frequency signal into a baseband signal, and outputs the baseband signal to the processor 1320.
The processor 1320 converts the baseband signal into data and processes the data.

[00292] Inanother implementation, the radio frequency circuit and the antenna may be disposed
independent of the processor that performs baseband processing. For example, in a distributed
scenario, the radio frequency circuit and the antenna may be disposed remotely and independent
of the communication apparatus.

[00293] It may be understood that the communication apparatus shown in this embodiment of
this application may further have more components than those in FIG. 13, and the like. This is not
limited in this embodiment of this application. The methods performed by the processor and the
transceiver are merely examples. For specific steps performed by the processor and the transceiver,
refer to the methods described above.

[00294] Inanother possible implementation, in the communication apparatus shown in FIG. 12,
the processing unit 1201 may be one or more logic circuits, and the transceiver unit 1202 may be
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an input/output interface, or referred to as a communication interface, an interface circuit, an
interface, or the like. Alternatively, the transceiver unit 1202 may be a sending unit and a receiving
unit. The sending unit may be an output interface, and the receiving unit may be an input interface.
The sending unit and the receiving unit are integrated into one unit, for example, an input/output
interface. As shown in FIG. 14, the communication apparatus shown in FIG. 14 includes a logic
circuit 1401 and an interface 1402. That is, the processing unit 1201 may be implemented by using
the logic circuit 1401, and the transceiver unit 902 may be implemented by using the interface
1402. The logic circuit 1401 may be a chip, a processing circuit, an integrated circuit, a system on
chip (system on chip, SoC) chip, or the like. The interface 1402 may be a communication interface,
an input/output interface, a pin, or the like. For example, in FIG. 14, the foregoing communication
apparatus is a chip, and the chip includes a logic circuit 1401 and an interface 1402.

[00295] In this embodiment of this application, the logic circuit may further be coupled to the
interface. A specific connection manner of the logical circuit and the interface is not limited in this
embodiment of this application.

[00296] For example, when the communication apparatus is configured to perform the methods,
the functions, or the steps performed by the transmit device, the logic circuit 1401 is configured to
generate a PPDU; and the interface 1402 is configured to output the PPDU.

[00297] For example, when the communication apparatus is configured to perform the methods,
the functions, or the steps performed by the receive device, the interface 1402 is configured to
input a PPDU; and the logic circuit 1401 is configured to process the M sequences carried in the
PPDU.

[00298] It may be understood that the communication apparatus shown in this embodiment of
this application may implement the method provided in embodiments of this application in a form
of hardware or in a form of software. This is not limited in embodiments of this application.

[00299] In this embodiment of this application, for descriptions of the PPDU, the M sequences,

the first sequence, the Golay complementary sequences (for example, including Gaj,, and
GbllZS’ C;a1228 and Gb1228' Ga1328 and Gb1328’ C;a1428 and Gb1428' Ga1528 and Gb1528' Ga1628
and Gb’,, Gal, and Gb/;, and Ga,, and Gb.,), and the CE sequences (for example,

including the CE1 sequence to the CE8 sequence), refer to the descriptions in the foregoing method
embodiments. Details are not described herein again.

[00300] For a specific implementation of each embodiment shown in FIG. 14, refer to the
foregoing embodiments. Details are not described herein again.

[00301] Anembodiment of this application further provides a wireless communication system.

The wireless communication system includes a transmit device and a receive device. The transmit
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device and the receive device may be configured to perform the method in any one of the foregoing
embodiments (as shown in FIG. 7).

[00302] In addition, this application further provides a computer program. The computer
program is used to implement operations and/or processing performed by the transmit device in
the method provided in this application.

[00303] This application further provides a computer program. The computer program is used
to implement operations and/or processing performed by the receive device in the method provided
in this application.

[00304] This application further provides a computer-readable storage medium. The computer-
readable storage medium stores computer code When the computer code is run on a computer, the
computer is enabled to perform operations and/or processing performed by the transmit device in
the method provided in this application.

[00305] This application further provides a computer-readable storage medium. The computer-
readable storage medium stores computer code When the computer code is run on a computer, the
computer is enabled to perform operations and/or processing performed by the receive device in
the method provided in this application.

[00306] This application further provides a computer program product. The computer program
product includes computer code or a computer program. When the computer code or the computer
program is run on a computer, operations and/or processing performed by the transmit device in
the method provided in this application are/is performed.

[00307] This application further provides a computer program product. The computer program
product includes computer code or a computer program. When the computer code or the computer
program is run on a computer, operations and/or processing performed by the receive device in the
method provided in this application are/is performed.

[00308] In the several embodiments provided in this application, it should be understood that
the disclosed system, apparatus, and method may be implemented in other manners. For example,
the described apparatus embodiment is merely an example. For example, division into the units is
merely logical function division and may be other division in 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 implemented through some interfaces.
The indirect couplings or communication connections between the apparatuses or units may be
implemented in electrical, mechanical, or other forms.

[00309] 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

65



10

15

20

distributed on a plurality of network units. Some or all of the units may be selected based on actual
requirements to achieve the technical effect of the solutions provided in embodiments in this
application.

[00310] 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. The integrated unit may be implemented in a form of hardware, or may
be implemented in a form of a software functional unit.

[00311] When the integrated unit is implemented in the form of the software functional unit and
sold or used as an independent product, the integrated unit 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 all or some of the technical
solutions may be implemented in a form of a software product. The computer software product is
stored in a readable-storage medium, and includes several instructions for instructing a computer
device (which may be a personal computer, a server, a network device, or the like) to perform all
or some of the steps of the methods described in embodiments of this application. The readable-
storage medium includes any medium that can store program code, such as a USB flash drive, a
removable hard disk, a read-only memory (read-only memory, ROM), a random access memory
(random access memory, RAM), a magnetic disk, or an optical disc.

[00312] 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 within 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.

66



10

15

20

25

30

CLAIMS

What is claimed is:

1. A signal processing method, wherein the method comprises:

generating a physical layer protocol data unit PPDU, wherein the PPDU comprises a first
field, the first field is used for carrying M sequences, the M sequences correspond to M space-time
streams, one sequence corresponds to one space-time stream, M is a positive integer, the M
sequences comprise a first sequence, cross-correlation energy between the first sequence and at
least two of the M sequences within a length range of a Golay complementary sequence is zero
when M is greater than 2, autocorrelation side lobe energy of the first sequence within the length
range of the Golay complementary sequence is zero, the first sequence is obtained based on a
channel estimation CE sequence, and the Golay complementary sequence is used for constructing
the CE sequence; and

sending the PPDU.

2. A signal processing method, wherein the method comprises:

receiving a physical layer protocol data unit PPDU, wherein the PPDU comprises a first field,
the first field is used for carrying M sequences, the M sequences correspond to M space-time
streams, one sequence corresponds to one space-time stream, M is a positive integer, the M
sequences comprise a first sequence, cross-correlation energy between the first sequence and at
least two of the M sequences within a length range of a Golay complementary sequence is zero
when M is greater than 2, autocorrelation side lobe energy of the first sequence within the length
range of the Golay complementary sequence is zero, the first sequence is obtained based on a
channel estimation CE sequence, and the Golay complementary sequence is used for constructing
the CE sequence; and

performing signal processing based on the M sequences.

3. The method according to claim 1 or 2, wherein the M sequences are used for channel
estimation, or the M sequences are used for target sensing.

4. The method according to any one of claims 1 to 3, wherein when M is greater than 4, cross-
correlation energy between the first sequence and at least three of the M sequences within the
length range of the Golay complementary sequence is zero.

5. The method according to claim 4, wherein the first sequence is obtained based on a P-
matrix and the CE sequence, and the P-matrix is:
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+1 +1
+1 +1
+1 +1
+1 +1
+1 1|
+1 -1
+1 -1
+1 -1

6. The method according to any one of claims 1 to 5, wherein the Golay complementary
sequence comprises first Golay complementary sequences Ga and Gb, the first sequence is
obtained based on Ga, Gb, and a first symbol sequence, and the first symbol sequence is used for
representing positive and negative symbols of Ga and Gb.

7. The method according to claim 6, wherein the first symbol sequence a(n) =
{ai,a,,a3,a4,as,a6,a7,ag, ag, a1}, a; 1Sequalto aq, a, isequalto a,,, and a value of each
elementin a(n) is1or-1.

8. The method according to claim 7, wherein a(n) meets at least one of the following:

a-a,+a,-a,+a;-a,+a,-a,=0

a,-a,+a,-a+a,-a,+a,-a,=0

a;-a,+a;-a;+a, - +ay-a,=0

9. The method according to claim 7 or 8, wherein values of a, to a,, are any one of the

following, and a horizontal order sequentially corresponds to a; to a,:

1 1 -1 1 -1 1 1 1 1 1;
1 1 -1 1 1 -1 1 1 1 1;
1 1 -1 1 1 1 -1 1 1 1;
1 1 1 -1 1 1 -1 1 1 1;
1 1 1 1 -1 1 -1 1 1 1;
1 1 -1 -1 -1 1 -1 1 1 1;
1 1 -1 -1 1 -1 -1 1 1 1;
1 1 -1 1 -1 -1 -1 1 1 1;
1 1 -1 1 1 1 1 -1 1 1;
1 1 1 -1 1 1 1 -1 1 1;
1 1 1 1 -1 1 1 -1 1 1;
1 1 -1 -1 -1 1 1 -1 1 1;
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1 1 1 -1 -1 -1 1 -1 1 1;
1 1 1 -1 -1 1 -1 -1 1 1;
1 1 -1 1 1 -1 -1 -1 1 1;
1 1 1 -1 1 -1 -1 -1 1 1;
-1 1 -1 1 1 1 1 1 -1 1;
-1 1 1 -1 1 1 1 1 -1 1;
-1 1 1 1 -1 1 1 1 -1 1;
-1 1 -1 -1 -1 1 1 1 -1 1;
-1 1 1 1 1 -1 1 1 -1 1
-1 1 1 -1 -1 -1 1 1 -1 1;
-1 1 1 1 1 1 -1 1 -1 1;
-1 1 1 1 -1 -1 -1 1 -1 1;
-1 1 -1 -1 -1 -1 -1 1 -1 1;
-1 1 -1 -1 1 1 1 -1 -1 1;
-1 1 1 1 -1 -1 1 -1 -1 1;
-1 1 -1 -1 -1 -1 1 -1 -1 1;
-1 1 -1 1 1 1 -1 -1 -1 1;
-1 1 1 -1 1 1 -1 -1 -1 1;
-1 1 1 1 -1 1 -1 -1 -1 1;
-1 1 -1 -1 -1 1 -1 -1 -1 1;
-1 1 -1 -1 1 -1 -1 -1 -1 1;
-1 1 -1 1 -1 -1 -1 -1 -1 1.

10. The method according to any one of claims 1 to 7, wherein when M is greater than 2, the
M sequences further comprise a second sequence, cross-correlation energy between the second
sequence and the first sequence within the length range of the Golay complementary sequence is
zero, and the Golay complementary sequence further comprises second Golay complementary
sequences Ga' and Gb'; and

the second sequence is obtained based on Ga', Gb', and a second symbol sequence b(n) =
{by, by, b3, by, bs, b, b;, bg, by, b1}, the second symbol sequence is used for representing positive

and negative symbols of Ga' and Gb', b; is equal to by, b, is equal to b,,, a value of each
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elementin b(n) islor-1,and b(n) isnotequal to a(n).

11. The method according to claim 10, wherein a(n) and b(n) meet at least one of the
following:

a,-b,+a,-b,+a,-b,+a,-b,=0

a,-b,+a,-b,+a,-b,+a,-b, =0

8,b, +a,-by +a, b, +a,-b, =0

a,-b,+a,-b,+a,-b+a,-b,=0

a,-b,+a,-b,+a;-b, +a,-b,=0

a-b,+a,-b,+a,-b,+a,-b,=0

12. The method according to claim 10 or 11, wherein

when a(n) ={1,1,-1,1,-1,1,1,1,1,1}, b(n) ={1,1,1,-1,-1,1,-1,-1,1,1}, or b(n) =
{-11,-1,-1,1,1,1,-1,-1,1};

when a(n) ={1,1,1,-1,1,-1,1,1,1,1}, b(n) = {1,1,-1,1,1,-1,-1,-1,1,1}, or b(n) =
{-1,1,1,1,-1,-1,1,-1,-1,1};

when a(n) ={1,1,1,1,-1,1,-1,1,1,1}, b(n) ={1,1,-1,-1,-1,1,1,-1,1,1}, or b(n) =
{-1,1,1,-1,1,1,-1,-1,-1,1}

when a(n) = {1,1,-1,-1,1 -,1,-1,1,1,1}, b(n) = {1,1,1,1,1,—-1,1,-1,1,1}, or b(n) =
{(-1,1,-11,-1,-1,-1,-1,-1,1};

when a(n) = {1,1,-1,-1,-1,1,1,-1,1,1}, b(n) = {-1,1,-1,1,1,1,1,1, - 1,1};

when a(n) = {1,1,1,1,1,-1,1,-1,1,1}, b(n) = {-1,1,1,-1,-1,-1,1,1, -1,1};

when a(n) = {1,1,1,-1,-1,1,—-1,-1,1,1}, b(n) = {-1,1,1,1,1,1,-1,1,-1,1};

when a(n) = {1,1,-1,1,1,-1,-1,-1,1,1}, b(n) = {-1,1,-1,-1,-1,-1,-1,1, - 1,1};

when a(n) ={-1,1,-1,1,1,1,1,1,-1,1}, b(n) = {-1,1,1,-1,1,1,-1,—-1,-1,1};

when a(n) = {-1,1,1,-1,-1,-1,1,1,-1,1}, b(n) = {-1,1,-1,1,—-1,-1,-1,—-1,-1,1};

when a(n) = {-1,1,1,1,1,1,-1,1,-1,1}, b(n) = {-1,1,—-1,-1,1,1,1,—1,—-1,1}; or

when a(n) = {-1,1,-1,-1,-1,-1,-1,1,-1,1}, b(n) = {-1,1,1,1,-1,-1,1,-1,—-1,1}.

13. The method according to any one of claims 1 to 12, wherein the first field is a training
field unit in the PPDU,;

the first field is an enhanced directional multi-gigabit channel estimation field in the PPDU;
or

the first field is a long training field in the PPDU.

14. A communication apparatus, wherein the communication apparatus comprises:

a processing unit, configured to generate a physical layer protocol data unit PPDU, wherein
the PPDU comprises a first field, the first field is used for carrying M sequences, the M sequences

correspond to M space-time streams, one sequence corresponds to one space-time stream, M is a
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positive integer, the M sequences comprise a first sequence, cross-correlation energy between the
first sequence and at least two of the M sequences within a length range of a Golay complementary
sequence is zero when M is greater than 2, autocorrelation side lobe energy of the first sequence
within the length range of the Golay complementary sequence is zero, the first sequence is obtained
based on a channel estimation CE sequence, and the Golay complementary sequence is used for
constructing the CE sequence; and

a transceiver unit, configured to send the PPDU.

15. A communication apparatus, wherein the communication apparatus comprises:

a transceiver unit, configured to receive a physical layer protocol data unit PPDU, wherein
the PPDU comprises a first field, the first field is used for carrying M sequences, the M sequences
correspond to M space-time streams, one sequence corresponds to one space-time stream, M is a
positive integer, the M sequences comprise a first sequence, cross-correlation energy between the
first sequence and at least two of the M sequences within a length range of a Golay complementary
sequence is zero when M is greater than 2, autocorrelation side lobe energy of the first sequence
within the length range of the Golay complementary sequence is zero, the first sequence is obtained
based on a channel estimation CE sequence, and the Golay complementary sequence is used for
constructing the CE sequence; and

a processing unit, configured to perform signal processing based on the M sequences.

16. The communication apparatus according to claim 14 or 15, wherein the M sequences are
used for channel estimation, or the M sequences are used for target sensing.

17. The communication apparatus according to any one of claims 14 to 16, wherein when M
is greater than 4, cross-correlation energy between the first sequence and at least three of the M
sequences within the length range of the Golay complementary sequence is zero.

18. The communication apparatus according to claim 17, wherein the first sequence is
obtained based on a P-matrix and the CE sequence, and the P-matrix is:

+1 +1
+1 +1
+1 +1
+1 +1
+1 1|
+1 -1
+1 -1
+1 -1

19. The communication apparatus according to any one of claims 14 to 18, wherein the Golay
complementary sequence comprises first Golay complementary sequences Ga and Gb, the first
sequence is obtained based on Ga, Gb, and a first symbol sequence, and the first symbol sequence
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is used for representing positive and negative symbols of Ga and Gb.

20. The communication apparatus according to claim 19, wherein the first symbol sequence
a(n) = {ay,a,, as, a,, as,aq, a;, ag, aq, A1}, a; iSequal to aq, a, isequal to a,,, and a value
of each element in a(n) is1or-1.

21. The communication apparatus according to claim 20, wherein a(n) meets at least one
of the following:

a-a,+a,-a,+a,-a,+a,-a,=0

a-a,+a,-a+a,-a,+a,-a,=0,

a;-a,+a;-a;+a, - +a,-a,=0

22. The communication apparatus according to claim 20 or 21, wherein values of a, to a4,

are any one of the following, and a horizontal order sequentially corresponds to a, t0 a,,:

1 1 -1 1 -1 1 1 1 1 1;
1 1 -1 1 1 -1 1 1 1 1,
1 1 -1 1 1 1 -1 1 1 1,
1 1 1 -1 1 1 -1 1 1 1;
1 1 1 1 -1 1 -1 1 1 1;
1 1 -1 -1 -1 1 -1 1 1 1;
1 1 -1 -1 1 -1 -1 1 1 1,
1 1 -1 1 -1 -1 -1 1 1 1,
1 1 -1 1 1 1 1 -1 1 1;
1 1 1 -1 1 1 1 -1 1 1;
1 1 1 1 -1 1 1 -1 1 1;
1 1 -1 -1 -1 1 1 -1 1 1,
1 1 1 1 1 -1 1 -1 1 1,
1 1 1 -1 -1 -1 1 -1 1 1;
1 1 1 -1 -1 1 -1 -1 1 1;
1 1 -1 1 1 -1 -1 -1 1 1;
1 1 1 -1 1 -1 -1 -1 1 1,
-1 1 -1 1 1 1 1 1 -1 1,
-1 1 1 -1 1 1 1 1 -1 1;
-1 1 1 1 -1 1 1 1 -1 1;
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-1 1 1 1 1
-1 1 1 -1 -1
-1 1 1 1 1
-1 1 1 1 -1
-1 1 -1 -1 -1
-1 1 -1 -1 1
-1 1 1 1 -1
-1 1 -1 -1 -1
-1 1 -1 1 1
-1 1 1 -1 1
-1 1 1 1 -1
-1 1 -1 -1 -1
-1 1 -1 -1 1
-1 1 -1 1 -1

23. The communication apparatus according to any one of claims 14 to 20, wherein when M
is greater than 2, the M sequences further comprise a second sequence, cross-correlation energy
between the second sequence and the first sequence within the length range of the Golay
complementary sequence is zero, and the Golay complementary sequence further comprises
second Golay complementary sequences Ga' and Gb'; and

the second sequence is obtained based on Ga', Gb', and a second symbol sequence b(n) =
{by, by, b3, by, bs, b, b7, bg, by, b1}, the second symbol sequence is used for representing positive
and negative symbols of Ga' and Gb', b, is equal to by, b, is equal to b,,, a value of each
elementin b(n) islor-1,and b(n) isnotequal to a(n).

24. The communication apparatus according to claim 23, wherein a(n) and b(n) meet at

least one of the following:

a4'b3+ae'b5+a8'b7+a10'b9:O
a,-b,+a,-b,+a,-b,+a,-b, =0
as'b3+a5'b5+a7'b7+a~a'b9:0
a,-b,+a b, +a,-b,+a,-b,=0"
a,-b,+a,-b,+a;-b, +a,-b,=0
a-b,+a;-b,+a;-b;+a,-b, =0
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25. The communication apparatus according to claim 23 or 24, wherein

when a(n) = {1,1,-1,1,-1,1,1,1,1,1}, b(n) = {1,1,1,-1,-1,1,-1,-1,1,1}, or b(n) =
{-11,-1,-1,1,1,1,-1,-1,1};

when a(n) ={1,1,1,-1,1,-1,1,1,1,1}, b(n) = {1,1,-1,1,1,-1,-1,-1,1,1}, or b(n) =
{-1,1,1,1,-1,-1,1,-1,-1,1};

when a(n) ={1,1,1,1,-1,1,-1,1,1,1}, b(n) ={1,1,-1,-1,-1,1,1,-1,1,1}, or b(n) =
{(-1,1,1,-1,1,1,—-1,-1,-1,1};

when a(n) = {1,1,-1,-1,1 -,1,-1,1,1,1}, b(n) = {1,1,1,1,1,—-1,1,-1,1,1}, or b(n) =
{-11,-11,-1,-1,-1,-1,-1,1};

when a(n) = {1,1,-1,-1,-1,1,1,-1,1,1}, b(n) = {-1,1,-1,1,1,1,1,1, - 1,1};

when a(n) ={1,1,1,1,1,-1,1,-1,1,1}, b(n) = {-1,1,1,-1,-1,-1,1,1,-1,1};

when a(n) = {1,1,1,-1,-1,1,-1,-1,1,1}, b(n) = {-1,1,1,1,1,1,—1,1, - 1,1};

when a(n) = {1,1,-1,1,1,-1,-1,-1,1,1}, b(n) = {-1,1,-1,-1,-1,-1,-1,1,-1,1};

when a(n) = {-1,1,-1,1,1,1,1,1,-1,1}, b(n) = {-1,1,1,-1,1,1,-1,-1, -1,1};

when a(n) ={-1,1,1,-1,-1,-1,1,1,-1,1}, b(n) = {-1,1,-1,1,-1,-1,-1,-1,-1,1};

when a(n) = {-1,1,1,1,1,1,-1,1,-1,1}, b(n) = {-1,1,-1,-1,1,1,1,—1,—1,1}; or

when a(n) = {-1,1,-1,-1,-1,-1,-1,1,-1,1}, b(n) = {-1,1,1,1,-1,-1,1,-1,-1,1}.

26. The communication apparatus according to any one of claims 14 to 25, wherein the first
field is a training field unit in the PPDU,;

the first field is an enhanced directional multi-gigabit channel estimation field in the PPDU;
or

the first field is a long training field in the PPDU.

27. A communication apparatus, comprising a processor and a memory, wherein

the processor is configured to store computer-executable instructions; and

the processor is configured to execute the computer-executable instructions, to perform the
method according to any one of claims 1 to 13.

28. A communication apparatus, comprising a logic circuit and an interface, wherein the logic
circuit is coupled to the interface; and

the interface is configured to input and/or output code instructions, and the logic circuit is
configured to execute the code instructions, to perform the method according to any one of claims
1to 13.

29. A computer-readable storage medium, wherein the computer-readable storage medium is
configured to store a computer program, and when the computer program is executed, the method
according to any one of claims 1 to 13 is performed.

30. A computer program, wherein when the computer program is executed, the method
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according to any one of claims 1 to 13 is performed.
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