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COMMUNICATION METHOD AND SYSTEM, AND APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202210366508.8,
filed with the China National Intellectual Property Administration on April 8, 2022 and entitled
"COMMUNICATION METHOD AND SYSTEM, AND APPARATUS", which is incorporated

herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this application relate to the field of communication technologies, and

in particular, to a communication method and system, and an apparatus.

BACKGROUND

[0003] Development of a wireless local area network (wireless local area network, WLAN)

makes wireless communication increasingly popular. Standards formulated by the International

Institute of Electrical and Electronics Engineers (IEEE) for the WLAN (namely, the 802.11

protocol suite) are continuously evolved. For example, protocol standards for a low frequency

band include 802.11a/g, 802.11n, 802.11ac, 802.11ax, and 802.11be, and supported frequency

bands include one or more of 2.4 GHz/5 GHz/6 GHz; and protocol standards for a high frequency
band include 802.11aj/ay, and supported frequency bands include one or more of 45 GHz/60 GHz.

[0004] Frame structures of physical layer protocol data units (PHY protocol data units, PPDUSs)
corresponding to the foregoing different protocols are different. In particular, a frame structure of
a PPDU corresponding to a protocol for the low frequency band is greatly different from a frame

structure of a PPDU corresponding to a protocol for the high frequency band. Therefore, a method

for processing a low-frequency signal is also different from a method for processing a high-

frequency signal. In this case, hardware for processing the signals (for example, implemented by
dedicated circuits in baseband chips) is also greatly different.

[0005] In view of this, baseband chips may be respectively designed for the high-frequency
signal and the low-frequency signal, but costs are high. It is complex to design a converged

baseband chip that can be used to process both the low-frequency signal and the high-frequency

signal.



10

15

20

25

30

SUMMARY

[0006] Embodiments of this application provide a communication method and system, and an
apparatus, so that a process of processing a high-frequency signal is similar to that of processing
a low-frequency signal. This reduces complexity of designing a baseband chip compatible with a
high frequency and a low frequency.

[0007] To achieve the foregoing objectives, the following technical solutions are used in
embodiments of this application.

[0008] According to a first aspect, an embodiment of this application provides a
communication method, applied to a transmit device. The method includes: obtaining a first carrier
spacing, where the first carrier spacing is N times a second carrier spacing corresponding to a first
low-frequency channel, and N>1; modulating a to-be-sent high-frequency physical layer signal
based on the first carrier spacing, to generate a first PPDU; and sending the first PPDU to a receive
device through a first high-frequency channel.

[0009] In the communication method provided in this embodiment of this application, for the
high-frequency channel, in a signal sending process, the carrier spacing corresponding to the high-
frequency channel is set to N times (N>1) the carrier spacing corresponding to the low-frequency
channel, that is, the high-frequency physical layer signal is obtained by expanding a carrier spacing
of a low-frequency physical layer signal. Therefore, a manner of sending the high-frequency
physical layer signal is closer to a manner of sending the low-frequency physical layer signal. In
addition, a process of processing a digital signal of the high-frequency signal is close to that of the
low-frequency signal. This is very friendly in chip design and implementation for a next-
generation WLAN protocol that supports both a high frequency band and a low frequency band.
[0010] It may be understood that signal modulation is a process in which the transmit device
processes information about a signal source, to change the information into a form of a signal
suitable for transmission. Modulating a to-be-sent information bit (for example, the high-
frequency physical layer signal) includes: In frequency domain, channel encoding and digital
modulation, pilot insertion, serial-to-parallel conversion, IDFT, cyclic prefix insertion and
windowing, and parallel-to-serial conversion are performed on the to-be-sent information bit, to
obtain a digital signal after modulation, and then the digital signal is converted into an analog
signal via a digital-to-analog converter (the signal obtained through conversion of the digital-to-
analog converter is the first PPDU in this embodiment of this application), where one of parameters
of the digital-to-analog converter is a sample rate or the first carrier spacing.

[0011] In a possible implementation, the modulating a to-be-sent high-frequency physical

layer signal based on the first carrier spacing specifically includes: in a process of modulating the
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high-frequency physical layer signal based on the first carrier spacing, for data part processing,
skipping performing IDFT on the high-frequency physical layer signal, and setting signal values
carried on a direct current subcarrier and a guard subcarrier in a signal of an LTF in the first PPDU
to non-zero values.

[0012] The transmit device modulates data in frequency domain, and then performs IDFT
processing. Therefore, the generated PPDU is formed by superimposing a plurality of independent
subcarrier signals obtained through modulation. When phases of subcarriers are the same or close
to each other, the superimposed signals are modulated based on signals with a same initial phase,
to generate a large instantaneous power peak, resulting in a large PAPR. It can be learned that an
OFDM system has a disadvantage of a high PAPR, and the high PAPR results in non-linear
distortion of a signal, obvious spectrum extension interference, and in-band signal distortion, and
deteriorates system performance.

[0013] In this embodiment of this application, the transmit device does not perform IDFT
processing on a data part, and therefore modulates the data in time domain. In this way,
superimposing of subcarriers is avoided, and a PAPR of a signal is low. However, when the
transmit device modulates the data in time domain, the receive device needs to perform channel
estimation and equalization on the direct current subcarrier and the guard subcarrier. Therefore, in
this embodiment of this application, when IDFT processing is not performed on the data part, the
signal values carried on the direct current subcarrier and the guard subcarrier in the signal of the
LTF are further set to the non-zero values, for example, changed to —1 or 1, so that the receive
device can smoothly perform channel estimation and equalization on the direct current subcarrier
and the guard subcarrier. Through the foregoing improvement, sending and receiving the high-
frequency physical layer signal by using an OFDM technology can be changed to sending and
receiving the high-frequency physical layer signal in a single-carrier mode. Therefore, the PAPR
can be reduced, and a change to a transmit end and a receive end is very small, which is conducive
to chip implementation. It should be understood that, in the single-carrier mode, signal modulation
is performed in time domain, and channel estimation and equalization need to be performed on the
direct current subcarrier and the guard subcarrier at the receive end.

[0014] According to a second aspect, an embodiment of this application provides a
communication method, applied to a receive device. The method includes: obtaining a first carrier
spacing, where the first carrier spacing is N times a second carrier spacing corresponding to a first
low-frequency channel, and N>1; receiving a first PPDU from a transmit device through a first
high-frequency channel, where the first PPDU is a high-frequency physical layer signal; and
demodulating the first PPDU based on the first carrier spacing.

[0015] Refer to the descriptions of the technical effect of the technical solutions in the first
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aspect. For the high-frequency channel, in a signal sending process, the carrier spacing
corresponding to the high-frequency channel is set to N times (N>1) the carrier spacing
corresponding to the low-frequency channel, that is, the high-frequency physical layer signal is
obtained by expanding a carrier spacing of a low-frequency physical layer signal. Therefore, a
manner of sending the high-frequency physical layer signal is closer to a manner of sending the
low-frequency physical layer signal. Correspondingly, a manner of receiving the high-frequency
physical layer signal is closer to a manner of receiving the low-frequency physical layer signal. In
addition, a process of processing a digital signal of the high-frequency signal is close to that of the
low-frequency signal. This is very friendly in chip design and implementation for a next-
generation WLAN protocol that supports both a high frequency band and a low frequency band.
[0016] It may be understood that signal demodulation is a process of extracting the information
about the signal source from a received signal. The signal demodulation process includes analog-
to-digital conversion, serial-to-parallel conversion, cyclic prefix removal, DFT, residual frequency
offset and phase noise processing (that is, pilot signal processing), channel equalization, parallel-
to-serial conversion, and digital demodulation and channel decoding. After receiving the signal
(analog signal), the receive device converts the analog signal into a digital signal via the analog-
to-digital converter. Similar to that of the transmit device, one of parameters of the analog-to-
digital converter is a sample rate or the first carrier spacing.

[0017] In a possible implementation, in a process of modulating the signal by the transmit
device, for data part processing, no inverse discrete Fourier transform IDFT is performed on the
high-frequency physical layer signal, and signal values carried on a direct current subcarrier and a
guard subcarrier in a signal of an LTF in the first PPDU are non-zero values.

[0018] In a possible implementation, the demodulating the first PPDU based on the first carrier
spacing specifically includes: converting the first PPDU from an analog signal into a digital signal
based on the first carrier spacing; converting a signal of a data field in the first PPDU from a time
domain signal into a frequency domain signal; performing equalization processing on the signal
of the data field in the first PPDU; then converting a signal, obtained through equalization
processing, of the data field in the first PPDU from a frequency domain signal into a time domain
signal; and further processing a pilot signal of the data field in the first PPDU.

[0019] For the receive device, originally, pilot signal processing (pilot signal processing
includes residual frequency offset processing and phase noise processing) is further included after
DFT processing and before channel equalization; and when IDFT processing is removed for the
transmit device, the receive device performs IDFT processing after channel equalization to obtain
the time domain signal, and then the receive device processes the pilot signal.

[0020] According to a third aspect, an embodiment of this application provides a transmit
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device, including an obtaining module, a modulation module, and a sending module. The obtaining
module is configured to obtain a first carrier spacing, where the first carrier spacing is N times a
second carrier spacing corresponding to a first low-frequency channel, and N>1. The modulation
module is configured to modulate a to-be-sent high-frequency physical layer signal based on the
first carrier spacing, to generate a first PPDU. The sending module is configured to send the first
PPDU to a receive device through a first high-frequency channel.

[0021] In a possible implementation, the transmit device provided in this embodiment of this
application further includes a control module. The control module is configured to control the
modulation module to: in a process of modulating the high-frequency physical layer signal based
on the first carrier spacing, skip performing IDFT on the high-frequency physical layer signal, and
set signal values carried on a direct current subcarrier and a guard subcarrier in a signal of an LTF
in the first PPDU to non-zero values.

[0022] According to a fourth aspect, an embodiment of this application provides a receive
device, including an obtaining module, a receiving module, and a demodulation module. The
obtaining module is configured to obtain a first carrier spacing, where the first carrier spacing is
N times a second carrier spacing corresponding to a first low-frequency channel, and N>1. The
receiving module is configured to receive a first PPDU from a transmit device through a first high-
frequency channel, where the first PPDU is a high-frequency physical layer signal. The
demodulation module is configured to demodulate the first PPDU based on the first carrier spacing.
[0023] In a possible implementation, the demodulation module is specifically configured to:
convert the first PPDU from an analog signal into a digital signal based on the first carrier spacing;
convert asignal of a data field in the first PPDU from a time domain signal into a frequency domain
signal; perform equalization processing on the signal of the data field in the first PPDU; then
convert a signal, obtained through equalization processing, of the data field in the first PPDU from
a frequency domain signal into a time domain signal; and further process a pilot signal of the data
field in the first PPDU.

[0024] For the first aspect to the fourth aspect, in a possible implementation, a value range of
the first carrier spacing includes any one of the following: [3.55 MHz, 4.03 MHz], [7.11 MHz,
8.05 MHz], [3.46 MHz, 3.92 MHZ], [6.92 MHz, 7.85 MHZz], [3.31 MHz, 3.75 MHz], [6.61 MHz,
7.5 MHz], [3.23 MHz, 3.67 MHz], [3.313 MHz, 3.755 MHz], [7.19 MHz, 7.98 MHz], [7.36 MHz,
8.18 MHz], [3.6 MHz, 4 MHz], [7.79 MHz, 8.59 MHz], or [3.85 MHz, 4.25 MHz], where MHz
represents megabyte, and is a unit of the first carrier spacing.

[0025] In this embodiment of this application, when channel bandwidths of the high-frequency
channel are respectively 270 MHz, 540 MHz, 1080 MHz, 2160 MHz, 4320 MHz, and 8640 MHz,
and in the channel bandwidth of the high-frequency channel, a range of a proportion of a high-
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frequency effective bandwidth may be 0.75 to 0.85, the value ranges of the first carrier spacing are
respectively obtained by extending different carrier spacings of the low-frequency channel. It may
be understood that an effective bandwidth, a quantity of effective subcarriers, and a subcarrier
spacing satisfy: Effective bandwidth=quantity of effective subcarriersxsubcarrier spacing.
[0026] When a quantity of effective subcarriers corresponding to the high-frequency channel
is the same as a quantity of effective subcarriers corresponding to the low-frequency channel, a
manner of processing a signal sent on the high-frequency channel is similar to a manner of
processing a signal sent on the low-frequency channel. Therefore, to ensure that a manner of
processing a high-frequency signal is the same as a manner of processing a low-frequency signal,
the quantity of effective subcarriers corresponding to the first low-frequency channel is used as a
quantity of effective subcarriers of the first high-frequency channel, and then the first carrier
spacing is calculated according to the foregoing formula of a relationship between the effective
bandwidth, the quantity of effective subcarriers, and the subcarrier spacing, where the first carrier
spacing is a ratio of the high-frequency effective bandwidth to the quantity of effective subcarriers
corresponding to the first low-frequency channel.
[0027] For the first aspect to the fourth aspect, in a possible implementation, a value of the
first carrier spacing includes any one of the following: 3.75 MHz, 7.8125 MHz, 3.5156 MHz,
7.03125 MHz, 7.93 MHz, 3.91 MHz, 8.2 MHz, or 4.05 MHz. The value of the first carrier spacing
is a value obtained when a sample rate of the high-frequency signal is M times (M is a positive
integer greater than 1) a minimum sample rate of a low-frequency signal. In each WLAN protocol
for a low frequency provided in this embodiment of this application, a minimum sample rate is 20
MHz.
[0028] In this embodiment of this application, when a sample rate of a high-frequency signal
is an integer multiple (M times) of a minimum sample rate of a low-frequency signal, a sampling
clock frequency (the sample rate is the sampling clock frequency) corresponding to the high-
frequency signal and a sampling clock frequency corresponding to the low-frequency signal may
be implemented based on same hardware (a crystal oscillator combined with a phase-locked loop).
This can reduce complexity of designing a baseband chip compatible with a high frequency and a
low frequency.
[0029] For the first aspect to the fourth aspect, in a possible implementation, in the signal of
the LTF, signal values whose indexes are —32, -31, -30, -29, 0, 29, 30, and 31 are successively —
1,1,1,1,-1,-1,1,and 1; or

in the signal of the LTF, signal values whose indexes are —64, —63, —-62, —61, —60, -59,
-1,0,1,59, 60, 61, 62, and 63 are successively-1,1,1,-1,1,1,1,-1,1,-1,-1,1,-1,and 1; or

in the signal of the LTF, signal values whose indexes are —128, -127, -126, —125, -124,
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-123,-1, 0, 1, 123, 124, 125, 126, and 127 are successively -1,-1,-1,1,1,1,-1,-1,1, -1, -1,
1,1,and 1; or

in the signal of the LTF, signal values whose indexes are —128, -127, -126, —125, -124,
-123,-1,0, 1, 123, 124, 125, 126, and 127 are successively-1,-1,1,1,1,-1,-1,1,-1,-1,1,1,
1,and -1; or

in the signal of the LTF, signal values whose indexes are —256, —255, —254, —253, -252,
-251,-129, -128, -127, -5, -4,-3,-2,-1,0, 1, 2, 3, 4,5, 127, 128, 129, 251, 252, 253, 254, and
255 are successively-1,-1,1,1,1,1,1,1,-1,1,-1,1,1,1,-1,-1,-1,-1,-1,1,-1,1,-1,1, 1,
1,1,and 1; or

in the signal of the LTF, signal values whose indexes are —256, —255, —254, —253, —252,
—251, -250, —249, -248, —247, =246, -245, -2, -1, 0, 1, 2, 245, 246, 247, 248, 249, 250, 251, 252,
253, 254, and 255 are successively-1,1,-1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,-1,1,1,-1, -
1,-1,1,-1,-1,-1,-1,-1,1,and 1; or

in the signals of the LTF, signal values whose indexes are =512, -511, -510, -509, —
508, -507, -506, -505, -504, -503, -502, =501, -2, -1, 0, 1, 2, 501, 502, 503, 504, 505, 506, 507,
508, 509, 510, and 511 are successively 1,1,1,-1,-1,-1,-1,1,1,1,1,-1,-1,-1,1,-1,-1, -1,
-1,1,-1,1,1,-1,1,1,-1, and -1.
[0030] In this embodiment of this application, some signal values in the LTF are changed, so
that a requirement for channel estimation and equalization in the single-carrier mode can be met,
and a change of the PAPR of the LTF may be unobvious. It should be understood that a PAPR of
the data part is very high, which is a bottleneck of the PAPR of the entire PPDU. In this
embodiment of this application, after the carrier spacing corresponding to the first high-frequency
channel (namely, the first carrier spacing) is obtained by extending the carrier spacing
corresponding to the first low-frequency channel (namely, the second carrier spacing), and in the
data generation process of the data part on the transmit device side, IDFT processing is removed
and some signal values of the LTF are changed, a PAPR of a data part obtained through change is
significantly reduced in comparison with the PAPR of the data part in the first low-frequency
channel (this is because a PAPR of a signal obtained through single-carrier time-domain
modulation is very low). This greatly reduces a requirement of the transmit end for a component.
In addition, compared with the PAPR of the LTF in the first low-frequency channel, the PAPR of
the LTF obtained through change does not change significantly, that is, it can be ensured that the
LTF obtained through change does not obviously increase the PAPR of the system.
[0031] For the first aspect to the fourth aspect, in a possible implementation, the first carrier
spacing is determined in the following manner: determining a high-frequency effective bandwidth
in a channel bandwidth of the first high-frequency channel, where the high-frequency effective
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bandwidth includes a bandwidth corresponding to a data subcarrier, a bandwidth corresponding to
a pilot subcarrier, and a bandwidth corresponding to a direct current subcarrier; and determining
the first carrier spacing based on the high-frequency effective bandwidth and a quantity of effective
subcarriers corresponding to a channel bandwidth of the first low-frequency channel. The effective
subcarrier includes a data subcarrier, a pilot subcarrier, and a direct current subcarrier. Similarly,
the high-frequency effective bandwidth in the channel bandwidth of the first high-frequency
channel includes the bandwidth corresponding to the data subcarrier, the bandwidth corresponding
to the pilot subcarrier, and the bandwidth corresponding to the direct current subcarrier in the
channel bandwidth of the first high-frequency channel.

[0032] For the first aspect to the fourth aspect, in a possible implementation, the first carrier
spacing is determined in the following manner: determining, based on a channel bandwidth of the
first high-frequency channel and a channel bandwidth of the first low-frequency channel, a sample
rate of a signal carried on the first high-frequency channel, where the sample rate is M times a
minimum sample rate of a signal carried on the first low-frequency channel, and M is a positive
integer greater than 1; and determining the first carrier spacing based on the sample rate and a DFT
size of the first PPDU. In this embodiment of this application, when the sample rate of the high-
frequency signal is an integer multiple (M times) of the minimum sample rate of the low-frequency
signal, because a sampling clock is usually implemented by a crystal oscillator combined with a
phase-locked loop in terms of hardware, it is easier to reuse the sampling clock for sending the
high-frequency signal and sending the low-frequency signal.

[0033] For the first aspect to the fourth aspect, in a possible implementation, the determining,
based on a channel bandwidth of the first high-frequency channel and a channel bandwidth of the
first low-frequency channel, a sample rate of a signal carried on the first high-frequency channel
specifically includes: determining a high-frequency effective bandwidth in the channel bandwidth
of the first high-frequency channel, where the high-frequency effective bandwidth includes a
bandwidth corresponding to a data subcarrier, a bandwidth corresponding to a pilot subcarrier, and
a bandwidth corresponding to a direct current subcarrier; and determining, based on the high-
frequency effective bandwidth, a quantity of effective subcarriers corresponding to the channel
bandwidth of the first low-frequency channel, and the DFT size of the first PPDU, the sample rate
of the signal carried on the first high-frequency channel. In this embodiment of this application,
the sample rate satisfies the following formula: Sample rate=carrier spacingxDFT size.

[0034] According to a fifth aspect, an embodiment of this application provides a transmit
device, including a memory and at least one processor connected to the memory. The memory is
configured to store instructions, and after the instructions are read by the at least one processor,
the method in any one of the first aspect and the possible implementations of the first aspect is
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performed.

[0035] According to a sixth aspect, an embodiment of this application provides a computer-
readable storage medium. The computer-readable storage medium stores a computer program, and
the computer program is executed by a processor, to implement the method in any one of the first
aspect and the possible implementations of the first aspect.

[0036] According to a seventh aspect, an embodiment of this application provides a computer
program product. The computer program product includes instructions, and when the computer
program product runs on a computer, the method in any one of the first aspect and the possible
implementations of the first aspect is performed.

[0037] According to an eighth aspect, an embodiment of this application provides a chip,
including a memory and a processor. The memory is configured to store computer instructions.
The processor is configured to invoke the computer instructions from the memory and run the
computer instructions, to perform the method in any one of the first aspect and the possible
implementations of the first aspect.

[0038] According to a ninth aspect, an embodiment of this application provides a receive
device, including a memory and at least one processor connected to the memory. The memory is
configured to store instructions, and after the instructions are read by the at least one processor,
the method in any one of the second aspect and the possible implementations of the second aspect
is performed.

[0039] According to a tenth aspect, an embodiment of this application provides a computer-
readable storage medium. The computer-readable storage medium stores a computer program, and
the computer program is executed by a processor, to implement the method in any one of the
second aspect and the possible implementations of the second aspect.

[0040] According to an eleventh aspect, an embodiment of this application provides a
computer program product. The computer program product includes instructions, and when the
computer program product runs on a computer, the method in any one of the second aspect and
the possible implementations of the second aspect is performed.

[0041] According to a twelfth aspect, an embodiment of this application provides a chip,
including a memory and a processor. The memory is configured to store computer instructions.
The processor is configured to invoke the computer instructions from the memory and run the
computer instructions, to perform the method in any one of the second aspect and the possible
implementations of the second aspect.

[0042] According to a thirteenth aspect, an embodiment of this application provides a
communication system, including the transmit device in the third aspect or the fifth aspect and the
receive device in the fourth aspect or the ninth aspect.
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[0043] It should be understood that, for beneficial effect achieved by the technical solutions in
the second aspect to the thirteenth aspect and the corresponding possible implementations in
embodiments of this application, refer to the foregoing technical effect in the first aspect or the
second aspect and the corresponding possible implementations thereof. Details are not described

herein again.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG. 1 is a diagram of frame structures of PPDUs in different WLAN protocols
according to an embodiment of this application;

[0045] FIG. 2 is a diagram of an architecture of a wireless communication system according
to an embodiment of this application;

[0046] FIG. 3 is a diagram of hardware of an electronic device according to an embodiment
of this application;

[0047] FIG. 4 is a diagram 1 of a communication method according to an embodiment of this
application;

[0048] FIG. 5 is a diagram 2 of a communication method according to an embodiment of this
application;

[0049] FIG. 6 is a diagram 3 of a communication method according to an embodiment of this
application;

[0050] FIG. 7 is a diagram of a signal modulation framework based on an OFDM technology
according to an embodiment of this application;

[0051] FIG. 8 is a diagram of a signal modulation framework according to an embodiment of
this application;

[0052] FIG. 9 is a diagram 1 of a structure of a transmit device according to an embodiment
of this application;

[0053] FIG. 10 is a diagram 2 of a structure of a transmit device according to an embodiment
of this application;

[0054] FIG. 11 is a diagram 1 of a structure of a receive device according to an embodiment
of this application; and

[0055] FIG. 12 is a diagram 2 of a structure of a receive device according to an embodiment

of this application.

DESCRIPTION OF EMBODIMENTS

[0056] The term "and/or" in this specification describes only an association relationship for
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associated objects and indicates that three relationships may exist. For example, A and/or B may
indicate the following three cases: Only A exists, both A and B exist, and only B exists.

[0057] In the specification and claims of embodiments of this application, the terms "first",
"second", and the like are intended to distinguish between different objects but do not indicate a
particular order of the objects. For example, a first carrier spacing, a second carrier spacing, and
the like are used to distinguish between different carrier spacings, but are not used to describe a
particular order of the carrier spacings.

[0058] In embodiments of this application, the word "example”, "for example", or the like is
used to represent giving an example, an illustration, or a description. Any embodiment or design
scheme described as an "example™ or "for example™ in embodiments of this application should not
be explained as having more advantages than another embodiment or design scheme. Exactly, use
of the word "example", "for example", or the like is intended to present a related concept in a
specific manner.

[0059] In descriptions of embodiments of this application, "a plurality of"" means two or more,
unless otherwise specified. For example, a plurality of stations (STAs) means two or more stations.
[0060] First, some concepts related to a communication method and system, and an apparatus
provided in embodiments of this application are described.

[0061] (1) Development of wireless local area network WLAN protocol standards

[0062] With development of WLAN protocol standards (the 802.11 protocol suite), the WLAN
protocol standards support larger bandwidths (from 20 MHz to 320 MHz) and higher and more
frequency bands, and spectral efficiency and a throughput are continuously improved. The 802.11
protocol suite is divided into a protocol for a low frequency band and a protocol for a high
frequency band.

[0063] For example, for some protocols proposed for a low frequency band, supported

maximum rates, and supported frequency bands, refer to Table 1.

Table 1
Protocol name Supported frequency band Maximum rate
802.11 2.4 GHz 2 Mbps
802.11b 2.4 GHz 11 Mbps
802.11a 5 GHz 54 Mbps
802.11g 2.4 GHz 54 Mbps
802.11n 2.4 GHz and 5 GHz 600 Mbps
802.11ac 5GHz 1300 Mbps
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Protocol name Supported frequency band Maximum rate

802.11ax 2.4 GHz and 5 GHz 10 Gbps

802.11be 2.4 GHz, 5 GHz, and 6 GHz 30 Gbps

[0064] For example, for some protocols proposed for a high frequency band, supported

maximum rates, and supported frequency bands, refer to Table 2.

Table 2
Protocol name Supported frequency band Maximum rate
802.113j 45 GHz 7 Gbps
802.11ay 60 GHz 176 Gbps

[0065] WLAN technologies will further develop continuously. A research direction of a next-
generation WLAN technology is to further improve a physical layer capability, so as to support
signal sending in both a high frequency band and a low frequency band.

[0066] (2) Orthogonal frequency division multiplexing (Orthogonal frequency division
multiplexing, OFDM) technology

[0067] The OFDM technology is a basic transmission manner of current wireless
communication, and is widely applied to wireless communication systems such as a long term
evolution (long term evolution, LTE) system, a worldwide interoperability for microwave access
(worldwide interoperability for microwave access, WiMAX) system, and a Wi-Fi system. A basic
principle of the OFDM technology is that, in an allowable range of subcarrier orthogonality, a
signal is divided into N subsignals, and then N orthogonal subcarriers are modulated based on the
N subsignals respectively. Because spectra of the subcarriers overlap, high spectral efficiency can
be obtained. In addition, a subcarrier spacing is compressed to minimum by using the OFDM
technology. This can ensure that a plurality of parallel paths that do not interfere with each other
are formed.

[0068] An essence of the OFDM technology is as follows: At a transmit end, serial-to-parallel
conversion and IFFT are sequentially performed on a to-be-sent signal, then parallel data is
converted into serial data, and a guard band (also referred to as a "cyclic prefix™) is added, to form
an OFDM symbol. It may be understood that, in a WLAN technology, a subcarrier of an OFDM
symbol may include a guard subcarrier, a direct current subcarrier, a data subcarrier, and a pilot
subcarrier. The guard subcarrier and the direct current subcarrier do not carry a signal. It may also
be considered that signal values carried on the guard subcarrier and the direct current subcarrier

are 0. The data subcarrier is used to carry payload information. The pilot subcarrier is used to carry
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a pilot signal, a value of the pilot signal is usually 1 or -1, and the pilot signal is used to estimate
a residual frequency offset and phase noise.

[0069] It should be understood that, at a physical layer, a physical layer protocol data unit
(PPDU) is generated after encoding, modulation, and other processing are performed on the to-be-
sent signal. Frame structures of PPDUs in different WLAN protocols are different.

[0070] (3) Frame structures of PPDUs in different protocols

[0071] The following describes several frame structures of PPDUs corresponding to protocols
for a low frequency band.

[0072] 1). Frame structure of a PPDU in a high throughput (high throughput, HT) mode in
802.11n

[0073] Refer to (a) in FIG. 1. APPDU is divided into two parts. One part is a part compatible
with a legacy frame, and may be referred to as a pre-HT modulated field (collectively referred to
as the pre-HT modulated field below), and the other part is a modulated field corresponding to the
HT mode (collectively referred to as an HT modulated field). As shown in (a) in FIG. 1, the pre-
HT modulated field includes an L-STF, an L-LTF (the L-STF and the L-LTF are legacy preambles),
an L-SIG (legacy signal), and an HT-SIG (HT signal). The HT modulated field includes a high
throughput short training field (high throughput short training field, HT-STF), a high throughput
long training field (high throughput long training field, HT-LTF), and a data (data) field.

[0074] 2). Frame structure of a PPDU in a very high throughput (very high throughput, VHT)
mode in 802.11ac

[0075] Refer to (b) in FIG. 1. Similar to that in 802.11n, the PPDU is divided into two parts.
One part is a part compatible with a legacy frame, and may be referred to as a pre-VHT modulated
field (collectively referred to as the pre-VHT modulated field below), and the other part is a
modulated field corresponding to the VHT mode (collectively referred to as a VHT modulated
field). As shown in (b) in FIG. 1, the pre-VHT modulated field includes an L-STF, an L-LTF (the
L-STF and the L-LTF are legacy preambles), an L-SIG (legacy signal), and a VHT-SIG-A (VHT
signal A) field. The VHT modulated field includes a very high throughput short training field (very
high throughput short training field, VHT-STF), a very high throughput long training field (very
high throughput long training field, VHT-LTF), a VHT-SIG-B field (VHT signal B field), and a
data (DATA) field.

[0076] 3). Frame structure of a PPDU in a high efficiency (high efficiency, HE) mode in
802.11ax

[0077] Refer to (c) in FIG. 1. APPDU is divided into two parts. One part is a part compatible
with a legacy frame, and may be referred to as a pre-HE modulated field (collectively referred to
as the pre-HE modulated field below), and the other part is a modulated field corresponding to the
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HE mode (collectively referred to as an HE modulated field). As shown in (c) in FIG. 1, the pre-
HE modulated field includes an L-STF, an L-LTF (the L-STF and the L-LTF are legacy preambles),
an L-SIG, an RL-SIG (repeated legacy signal, RL-SIG), an HE-SIG-A (HE signal A) field and an
HE-SIG-B (HE signal B) field; and the HE modulated field includes a high efficiency short training
field (high efficiency short training field, HE-STF), a high efficiency long training field (high
efficiency long training field, HE-LTF), and a data (data) field.

[0078] 4). Frame structure of a PPDU in an extremely high efficiency (extremely high
throughput, EHT) mode in 802.11be

[0079] Refer to (d) in FIG. 1. A PPDU includes a legacy preamble (legacy preamble, L-
preamble), an extremely high throughput preamble (EHT-preamble), and a physical layer
convergence service data unit (physical layer convergence protocol service data unit, PSDU),
where the L-preamble includes an L-STF field, an L-LTF field, and an L-SIG field; the EHT-
preamble includes an RL-SIG field, a U-SIG (universal SIG, universal signal) field, an EHT-SIG
field, an EHT-STF field, and an EHT-LTF field; and the PSDU includes a data field.

[0080] It may be understood that 802.11n, 802.11ac, 802.11ax, and 802.11be are all WLAN
protocols based on an OFDM technology.

[0081] The following describes several frame structures of PPDUs corresponding to protocols
for a high frequency band.

[0082] 1. Frame structure of a PPDU corresponding to 802.11aj

[0083] The PPDU corresponding to 802.11aj is also referred to as a China millimeter-wave
multi-gigabit (China millimeter-wave multi-gigabit, CMMG) PPDU.

[0084] A format of a PPDU at a channel bandwidth of 540 MHz in a single-carrier (SC) mode
is shown in (e) in FIG. 1. The CMMG PPDU includes an STF, a channel estimation field (channel
estimation field, CEF), an SIG field, and an SC-DATA field.

[0085] 2. Frame structure of a PPDU corresponding to 802.11ay

[0086] The PPDU corresponding to 802.11ay may also be referred to as an enhanced
directional multi-gigabit (enhanced directional multi-gigabit, EDMG) PPDU.

[0087] Refer to (f) in FIG. 1. An EDMG PPDU includes an L-STF field, an L-CEF field, an
L-Header (for signaling indication) field, an EDMG-Header-A field, an EDMG-STF field, an
EDMG-CEF field, an EDMG-Header-B field, a DATA field, and a TRN (for beam alignment and
tracking) field.

[0088] It may be understood that 802.11aj and 802.11ay are WLAN protocols based on the
single-carrier mode. An OFDM-based protocol and a protocol based on the single-carrier mode
are greatly different from each other in preamble structures, signaling indication, and signal

processing.
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[0089] For detailed descriptions of fields in PPDUs corresponding to various protocols, refer
to existing protocol content. Details are not described one by one in embodiments of this
application. It should be noted that, in embodiments of this application, an LTF (for example, an
HT-LTF, a VHT-LTF, an HE-LTF, or an EHT-LTF) in a modulated field is adjusted. Therefore, only
the LTF field is briefly described. The LTF field in the modulated field is used for channel
estimation, and a signal sent by a transmit end may be obtained through parsing based on a channel
estimation result. The LTF field is an LTF sequence (a sequence including 0, 1, and —-1), and the
LTF sequence includes values carried on subcarriers. It should be understood that one subcarrier
corresponds to one value in the LTF sequence (one value in the LTF sequence may be referred to
as one signal of the LTF).
[0090] In embodiments of this application, different bandwidths correspond to different LTF
sequences, and the LTF sequences may include a 1x sequence, a 2x sequence, and a 4x sequence.
There are at least three zeros between two non-zero elements (an element is a signal of the LTF)
in the 1x sequence, there is at least one zero between two non-zero elements in the 2x sequence,
and there are consecutive non-zero values in the 4x sequence. Because non-zero elements in the
4x sequence are dense, accuracy of channel estimation performed based on the 4x sequence is high.
[0091] A k™™ element in an LTF sequence is denoted as LTFx, a signal received by a receive
end through a channel is denoted as Y, a signal received through a channel corresponding to a k™
subcarrier is denoted as Yk, a channel between the transmit end and the receive end is denoted as
H, and the channel corresponding to the k™ subcarrier is denoted as Hk. Channel estimation is
performed via a matrix P (the matrix P is an orthogonal matrix) corresponding to a data subcarrier.
In this case, a principle of channel estimation performed based on the LTF sequence is as follows:

Y k=HkXPmnXxLTF
[0092] It should be noted that a size of the matrix P is MxN, M represents a quantity of data
streams, N represents a quantity of OFDM symbols, corresponding to an LTF, for one data stream,
me[1, M], ne[1, N], m represents an m™ data stream, and n represents an n'® OFDM symbol.
[0093] Therefore, the channel Hk corresponding to the k™ subcarrier may be deduced as
follows:

Hk=Yk*Pmn /(LTFk)
[0094] Pmn" represents conjugate transpose of Pm,n
[0095] (4) Peak to average power ratio
[0096] The peak to average power ratio (peak to average power ratio, PAPR), referred to as a
peak-to-average ratio for short, is a ratio of an instantaneous power peak of a signal to an average

signal power for a signal sequence, and may be represented according to the following formula:
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PAPR =10-log,, | TXXi).
mean(X.”)

[0097] Xi represents a time domain discrete value of a signal in the signal sequence; max(Xi?)
represents a maximum value of a square of the time domain discrete value in the signal sequence,
namely, the instantaneous power peak of the signal; and mean(Xi?) represents an average value of
squares of the time domain discrete values, namely, the average signal power.

[0098] It can be learned from the foregoing content that because signal (SC or OFDM) modes
of physical layer protocol data units (PHY protocol data units, PPDUSs) corresponding to a high
frequency band and a low frequency band are different, preamble structures, signaling indication,
and data signal generation processes of the PPDUs are different. Therefore, a method for
processing a low-frequency signal is also different from a method for processing a high-frequency
signal. In this case, hardware for processing the signals (for example, dedicated circuits in
baseband chips) is also greatly different. Currently, baseband chips may be respectively designed
for the high-frequency signal and the low-frequency signal, but costs of chip design, development,
debugging, and testing are high. Alternatively, a converged baseband chip that can be used to
process both the low-frequency signal and the high-frequency signal is designed. However, this
manner is complex.

[0099] For problems described in the background, embodiments of this application provide a
communication method, so that a process of processing a high-frequency signal is similar to that
of processing a low-frequency signal. This reduces complexity of designing a baseband chip
compatible with a high frequency and a low frequency. Specifically, for a high frequency channel,
in a signal sending process, a carrier spacing corresponding to the high-frequency channel is set to
N times (N>1) a carrier spacing corresponding to a low-frequency channel. That is, a high-
frequency physical layer signal is obtained by extending a carrier spacing of a low-frequency
physical layer signal. Therefore, a manner of sending the high-frequency physical layer signal is
closer to a manner of sending the low-frequency physical layer signal. This reduces the complexity
of designing the baseband chip compatible with the high frequency and the low frequency.
[00100] The communication method provided in embodiments of this application may be
applied to a wireless communication system in which a transmit device communicates with a
receive device. The transmit device modulates a to-be-sent high-frequency physical layer signal
based on an obtained first carrier spacing (obtained by extending a second carrier spacing
corresponding to a low-frequency channel), to generate a first PPDU, and sends the first PPDU to
the receive device. Correspondingly, the receive device obtains the first carrier spacing, and
demodulates the first PPDU based on the first carrier spacing, to obtain the high-frequency

physical layer signal.
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[00101] For example, the wireless communication system may be a Wi-Fi wireless
communication system. Refer to FIG. 2. The wireless communication system includes an access
point (access point, AP) and one or more stations (stations, STAS). In FIG. 2, two STAs: a STA1
and a STA 2 are separately included. The transmit device may be an AP or a STA, and the receive
device may also be an AP or a STA. For example, when the transmit device is an AP, the receive
device is a STA; or when the transmit device is a STA, the receive device is an AP. In other words,
a device in the wireless communication system may be used as a transmit device or a receive
device.

[00102] For example, in embodiments of this application, both the AP and the STA include but
are not limited to devices such as a server, a router, a switch, a bridge, a computer, and a mobile
phone.

[00103] The communication method provided in embodiments of this application may be
performed by a communication apparatus. The communication apparatus has a function of
performing the technical solutions of this application. The communication apparatus may be one
of the foregoing devices such as the server, the router, the switch, the bridge, the computer, and
the mobile phone. Alternatively, the communication apparatus may be one or more functional
modules in the foregoing device, and the functional module may be an element in a hardware
device, or may be software running on dedicated hardware, or a combination of hardware and
software. Optionally, the communication apparatus may be implemented by one device, or may be
implemented by a plurality of devices. This is not specifically limited in embodiments of this
application.

[00104] Forexample, related functions of the communication apparatus in embodiments of this
application may be implemented by an electronic device in FIG. 3. Refer to FIG. 3. A hardware
structure of an electronic device provided in this application is described. It should be understood
that the electronic device shown in FIG. 3 is merely an example of the electronic device, and the
electronic device may have more or fewer components than those shown in the figure, or may
combine two or more components, or may have different component configurations. Various
components shown in FIG. 3 may be implemented in hardware including one or more signal
processing and/or application-specific integrated circuits, software, or a combination of hardware
and software.

[00105] As shown in FIG. 3, the electronic device provided in an embodiment of this
application may include a processor 301, and may further include a memory 302 and a
communication interface 303. The processor 301, the memory 302, and the communication
interface 303 may be connected to each other through a bus 304, or may be connected to each

other in another manner.
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[00106] The processor 301 is a control center of the electronic device. The processor 301 may
be a general-purpose central processing unit (central processing unit, CPU), another general-
purpose processor, or the like. The general-purpose processor may be a microprocessor, any
conventional processor, or the like. The processor 301 may include one or more processing units.
For example, the processor 301 may include an application processor (application processor, AP),
a graphics processing unit (graphics processing unit, GPU), an image signal processor (image
signal processor, ISP), a controller, a memory, or the like. Different processing units may be
independent devices, or may be integrated into one or more processors. For example, in this
embodiment of this application, the processor 301 may parse signaling information, process related
data, and the like.

[00107] A controller in the processor 301 is a nerve center and a command center of the
electronic device. The controller may generate an operation control signal based on instruction
operation code and a time sequence signal, to complete control of instruction reading and
instruction execution. A memory may be further disposed in the processor 301, and is configured
to store instructions and data.

[00108] The memory 302 in the electronic device includes but is not limited to a random access
memory (random access memory, RAM), a read-only memory (read-only memory, ROM), an
erasable programmable read-only memory (erasable programmable read-only memory, EPROM),
a flash memory, an optical memory, a magnetic disk storage medium, another magnetic storage
device, or any other medium that can carry or store expected program code in an instruction form
or in a data structure form and that can be accessed by a computer. In this embodiment of this
application, the memory 302 may store signaling information, some predetermined preset values,
and the like.

[00109] In a possible implementation, the memory 302 may be independent of the processor
301. The memory 302 may be connected to the processor 301 through the bus 304, and is
configured to store data, instructions, or program code. When invoking and executing the
instructions or program code stored in the memory 302, the processor 301 can implement the
communication method provided in embodiments of this application.

[00110] The communication interface 303 may be a transceiver module, and is configured to
communicate with another device or a communication network, for example, an ethernet, a RAN,
or a wireless local area network (wireless local area network, WLAN). The communication
interface 303 may receive instructions, a message, data, or the like. The transceiver module may
be an apparatus such as a transceiver or a transceiver machine. The transceiver includes a
transmitter and a receiver. In this embodiment of this application, the transmitter is configured to
send a first PPDU, and the receiver is configured to receive the first PPDU. Optionally, the
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communication interface 303 may alternatively be a transceiver circuit located in the processor
301, and is configured to implement signal input and signal output of the processor. The
communication interface 303 is a wireless interface.

[00111] Optionally, the electronic device in this embodiment of this application may further
include an input/output interface 305. The input/output interface 305 is configured to connect to
an input device and receive information entered by a user via the input device. The input device
includes but is not limited to a keyboard, a touchscreen, and a microphone. The input/output
interface 305 is further configured to connect to an output device and output a processing result of
the processor 301. The output device includes but is not limited to a display and a printer.
[00112] The bus 304 may be an industry standard architecture (industry standard architecture,
ISA) bus, a peripheral component interconnect (peripheral component interconnect, PCI) bus, an
extended industry standard architecture (extended industry standard architecture, EISA) bus, or
the like. The bus may be classified into an address bus, a data bus, a control bus, or the like. For
ease of representation, only one thick line is used to represent the bus in FIG. 3, but this does not
indicate that there is only one bus or only one type of bus.

[00113] The following describes a communication method and system, and an apparatus
provided in embodiments of this application with reference to accompanying drawings.

[00114] Based on the content described in the foregoing embodiment, the communication
method provided in embodiments of this application is described from a perspective of interaction
between a transmit device and a receive device. As shown in FIG. 4, the method includes the
following steps.

[00115] Step 401: The transmit device obtains a first carrier spacing, where the first carrier
spacing is N times a second carrier spacing corresponding to a first low-frequency channel, and
N>1.

[00116] In this embodiment of this application, the transmit device obtains the first carrier
spacing, to send a high-frequency physical layer signal based on the first carrier spacing. The high-
frequency physical layer signal is sent through a high-frequency channel (in the following
embodiment, the high-frequency channel is referred to as a first high-frequency channel).

[00117] It may be understood that, in this embodiment of this application, a frequency band of
the first low-frequency channel includes one of 2.4 GHz, 5 GHz, or 6 GHz, that is, some frequency
bands supported by an 802.11 protocol for a low frequency described in the foregoing embodiment;
and a frequency band of the first high-frequency channel includes either 45 GHz or 60 GHz, that
is, some frequency bands supported by an 802.11 protocol for a high frequency described in the
foregoing embodiment.

[00118] Optionally, a value range of the first carrier spacing in this embodiment of this
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application includes any one of the following: [3.55 MHz, 4.03 MHz], [7.11 MHz, 8.05 MHZ],
[3.46 MHz, 3.92 MHZz], [6.92 MHz, 7.85 MHz], [3.31 MHz, 3.75 MHz], [6.61 MHz, 7.5 MHz],
[3.23 MHz, 3.67 MHZ], [3.313 MHz, 3.755 MHz], [7.19 MHz, 7.98 MHz], [7.36 MHz, 8.18 MHz],
[3.6 MHz, 4 MHZz], [7.79 MHz, 8.59 MHZz], or [3.85 MHz, 4.25 MHz], where MHz represents
megabyte, and is a unit of the first carrier spacing.

[00119] The first carrier spacing is obtained by extending the second carrier spacing
corresponding to the first low-frequency channel by N (N>1) times. Optionally, N may be a
positive integer, or N may not be a positive integer. Whether a value of N is a positive integer is
not limited in embodiments of this application.

[00120] When a sample rate of a signal carried on the first high-frequency channel needs to be
M (M is a positive integer greater than 1) times a minimum sample rate of a signal carried on the
first low-frequency channel, a value of the first carrier spacing may include any one of the
following: 3.75 MHz, 7.8125 MHz, 3.5156 MHz, 7.03125 MHz, 7.93 MHz, 3.91 MHz, 8.2 MHz,
or 4.05 MHz.

[00121] In this embodiment of this application, the value of the first carrier spacing is
predefined in a protocol. Various values of the first carrier spacing may be prestored in a memory
of the transmit device; and when the transmit device sends the high-frequency physical layer signal,
a proper carrier spacing may be obtained from the memory based on an actual requirement to send
the signal.

[00122] In some implementations, the first carrier spacing may alternatively be determined by
the transmit device. It should be understood that, regardless of whether the first carrier spacing is
predefined in the protocol or determined by the transmit device, derivation methods of the first
carrier spacing are similar.

[00123] Optionally, as shown in FIG. 5, the first carrier spacing may be determined via the
following step 501 and step 502.

[00124] Step 501: Determine a high-frequency effective bandwidth in a channel bandwidth of
the first high-frequency channel.

[00125] The high-frequency effective bandwidth includes a bandwidth corresponding to a data
subcarrier, a bandwidth corresponding to a pilot subcarrier, and a bandwidth corresponding to a
direct current subcarrier. Because a guard subcarrier does not need to carry an effective signal, the
high-frequency effective bandwidth does not include a bandwidth corresponding to the guard
subcarrier. The high-frequency effective bandwidth is actually an effective channel bandwidth in
a channel bandwidth of a high-frequency channel.

[00126] In this embodiment of this application, the channel bandwidth of the high-frequency
channel may include 270 MHz, 540 MHz, 1080 MHz, 2160 MHz, 4320 MHz, and 8640 MHz.
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[00127] Inthis embodiment of this application, in the channel bandwidth of the high-frequency
channel, a range of a proportion of the high-frequency effective bandwidth may be 0.75 to 0.85.
In an implementation, a channel bandwidth whose proportion is 0.8 in the channel bandwidth of
the high-frequency channel is determined as the high-frequency effective bandwidth, that is, a
bandwidth whose proportion is 0.2 in the channel bandwidth of the high-frequency channel is
determined as a guard bandwidth. It should be noted that, when the channel bandwidth of the high-
frequency channel increases to a specific extent, the guard bandwidth in the channel bandwidth
tends to be stable (that is, the guard bandwidth basically remains unchanged). For example, when
channel bandwidths are 270 MHz, 540 MHz, 1080 MHz, and 2160 MHz, high-frequency effective
bandwidths in the channel bandwidths are determined based on the foregoing proportion. When
channel bandwidths are 4320 MHz and 8640 MHz, high-frequency effective bandwidths in the
channel bandwidths are differences between a fixed bandwidth and the channel bandwidths. The
fixed bandwidth is the guard bandwidth.

[00128] For example, when the channel bandwidth of the first high-frequency channel is 270
MHz, and the range of the proportion of the high-frequency effective bandwidth is 0.75 to 0.85, a
range of the high-frequency effective bandwidth is 202.5 MHz (that is, 270 MHz X 0.75) to 229.5
MHz (270 MHz X< 0.85), and when the proportion of the high-frequency effective bandwidth is 0.8,
the high-frequency effective bandwidth is 216 MHz (270 MHz X 0.8).

[00129] Table 3 and Table 4 below show examples of high-frequency effective bandwidths of

high-frequency channels with different channel bandwidths.

Table 3
Channel Range of a Range of the effective Proportion of | Effective
bandwidth | proportion of an bandwidth the effective | bandwidth
effective bandwidth bandwidth
270 MHz 0.75t0 0.85 202.5 MHz to 229.5 MHz 0.8 216 MHz
540 MHz 0.7510 0.85 405 MHz to 459 MHz 0.8 432 MHz
1080 MHz | 0.751t0 0.85 810 MHz to 918 MHz 0.8 864 MHz
2160 MHz | 0.75t0 0.85 1620 MHz to 1836 MHz 0.8 1728 MHz

[00130] For example, when the channel bandwidth of the first high-frequency channel is 270
MHz, and the range of the proportion of the high-frequency effective bandwidth is 0.75 to 0.85, a
range of the high-frequency effective bandwidth is 202.5 MHz (that is, 270 MHz X 0.75) to 229.5

MHz (270 MHz X 0.85), and when the proportion of the high-frequency effective bandwidth is 0.8,
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the high-frequency effective bandwidth is 216 MHz (270 MHz X 0.8).

[00131] When the channel bandwidth of the first high-frequency channel is 2160 MHz, a guard
bandwidth in the channel bandwidth is 432 MHz (that is, 2160 MHz-1728 MHz). In this
embodiment of this application, when the channel bandwidth of the first high-frequency channel
is greater than 2160 MHz, the guard bandwidth in the channel bandwidth of the first high-
frequency channel is fixed at 432 MHz.

Table 4
Channel Guard Effective Range of the effective
bandwidth bandwidth bandwidth bandwidth
4320 MHz 432 MHz 3888 MHz 3600 MHz to 4000 MHz
8640 MHz 432 MHz 8208 MHz 7800 MHz to 8600 MHz

[00132] Step 502: Determine the first carrier spacing based on the high-frequency effective
bandwidth and a quantity of effective subcarriers corresponding to a channel bandwidth of the first
low-frequency channel.

[00133] It should be understood that the effective subcarrier includes a data subcarrier, a pilot
subcarrier, and a direct current subcarrier.

[00134] The channel bandwidth of the first low-frequency channel may include 20 MHz, 40
MHz, 80 MHz, and 160 MHz. In this embodiment of this application, first carrier spacings
corresponding to first high-frequency channels with different channel bandwidths may be obtained
by extending second carrier spacings of first low-frequency channels with different channel
bandwidths. Optionally, there may be one or more combination relationships between the channel
bandwidths of the first high-frequency channels and the channel bandwidths of the first low-
frequency channels. For example, Table 5 shows several combination relationships between the
channel bandwidths of the first high-frequency channels and the channel bandwidths of the first

low-frequency channels.

Table 5
Channel bandwidth of the first Channel bandwidth of the first low-frequency channel
high-frequency channel and a corresponding protocol
270 MHz 20 MHz 802.11n/802.11ac
540 MHz 20 MHz 802.11n/802.11ac
40 MHz 802.11n/802.11ac

22



10

15

Channel bandwidth of the first Channel bandwidth of the first low-frequency channel

high-frequency channel and a corresponding protocol

1080 MHz 20 MHz 802.11ax/802.11be
40 MHz 802.11n/802.11ac
80 MHz 802.11ac

2160 MHz 20 MHz 802.11ax/802.11be
40 MHz 802.11ax/802.11be
80 MHz 802.11ac
160 MHz 802.11ac

4320 MHz 40 MHz 802.11ax/802.11be
80 MHz 802.11ax/802.11be
160 MHz 802.11ac

8640 MHz 80 MHz 802.11ax/802.11be
160 MHz 802.11ax/802.11be

[00135] Inthisembodiment of this application, the effective bandwidth, the quantity of effective
subcarriers, and a subcarrier spacing satisfy:
Effective bandwidth=quantity of subcarriersxsubcarrier spacing

[00136] It should be understood that when a quantity of effective subcarriers corresponding to
a high-frequency channel is the same as a quantity of effective subcarriers corresponding to a low-
frequency channel, a manner of processing a signal sent on the high-frequency channel is similar
to a manner of processing a signal sent on the low-frequency channel. Therefore, to ensure that a
manner of processing a high-frequency signal is the same as a manner of processing a low-
frequency signal, the quantity of effective subcarriers corresponding to the first low-frequency
channel is used as a quantity of effective subcarriers corresponding to the first high-frequency
channel, and then the first carrier spacing is calculated according to the foregoing formula of a
relationship between the effective bandwidth, the quantity of effective subcarriers, and the
subcarrier spacing, where the first carrier spacing is a ratio of the high-frequency effective
bandwidth to the quantity of effective subcarriers corresponding to the first low-frequency channel.
[00137]  With reference to Table 3, Table 4, and Table 5, Table 6 shows an example of possible

value ranges and values of the first carrier spacing in different cases.
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Table 6

Channel |Channel Quantity of Range of |Range of the |High- First
bandwidth | bandwidth |effective the high-  |first carrier frequency |carrier
of the first | of the first |subcarriers frequency |spacing effective  |spacing
high- low- corresponding to |effective bandwidth
frequency |frequency |the first low- bandwidth
channel  |channel frequency
channel
270 MHz |20 MHz o7 202.5MHz |3.55MHzto |[216 MHz |3.79
to 229.5 4.03 MHz MHz
MHz
540 MHz |20 MHz 57 405 MHzto|7.11 MHzto 432 MHz |7.58
459 MHz |8.05 MHz MHz
40 MHz 117 3.46 MHz to 3.69
3.92 MHz MHz
1080 20 MHz 245 810 MHz t0|3.31 MHzto 864 MHz |3.53
918 MHz |3.75 MHz MHz
40 MHz 117 6.92 MHz to 7.38
7.85 MHz MHz
80 MHz 245 3.31 MHz to 3.53
3.75 MHz MHz
2160 20 MHz 245 1620 MHz |6.61 MHzto |1728 MHz |7.05
MHz to 1836 7.5 MHz MHz
40 MHz 489 MHz 3.313 MHz to 3.534
3.755 MHz MHz
80 MHz 245 6.61 MHz to 7.05
7.5 MHz MHz
160 MHz 501 3.23 MHz to 3.5 MHz
3.67 MHz
4320 40 MHz 489 3600 MHz |7.36 MHzto 3888 MHz |7.95
MHz to 4000 8.18 MHz MHz
80 MHz 1001 MHz 3.6 MHzto 4 3.884
MHz MHz
160 MHz 501 7.19 MHz to 7.76
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Channel |Channel Quantity of Range of |Range of the |High- First
bandwidth | bandwidth |effective the high-  |first carrier frequency |carrier
of the first | of the first |subcarriers frequency |spacing effective  |spacing
high- low- corresponding to |effective bandwidth
frequency |frequency |the first low- bandwidth
channel |channel frequency
channel
7.98 MHz MHz
8640 80 MHz 1001 7800 MHz |7.79 MHzto 8208 MHz (8.2 MHz
MHz to 8600 8.59 MHz
160 MHz 2025 MHz 3.85 MHz to 4.05
4.25 MHz MHz

[00138] Optionally, as shown in FIG. 6, the first carrier spacing may be determined via the
following step 601 and step 602.

[00139] Step 601: Determine, based on a channel bandwidth of the first high-frequency channel
and a channel bandwidth of the first low-frequency channel, a sample rate (sample rate) of a signal
carried on the first high-frequency channel.

[00140] It should be understood that the sample rate is M times a minimum sample rate of a
signal carried on the first low-frequency channel, where M is a positive integer greater than 1. In
this embodiment of this application, the sample rate may also be referred to as a signal bandwidth,
a baseband clock frequency, or a baseband sampling clock frequency. This is not limited in
embodiments of this application.

[00141] Specifically, the sample rate of the signal carried on the first high-frequency channel is
determined via the following step 6011 and step 6012.

[00142] Step 6011: Determine a high-frequency effective bandwidth in the channel bandwidth
of the first high-frequency channel.

[00143] Same as that in step 501, the high-frequency effective bandwidth includes a bandwidth
corresponding to a data subcarrier, a bandwidth corresponding to a pilot subcarrier, and a
bandwidth corresponding to a direct current subcarrier. For related descriptions of the high-
frequency effective bandwidth, refer to the detailed descriptions of step 501 in the foregoing
embodiment. Details are not described herein again.

[00144] Step 6012: Determine, based on the high-frequency effective bandwidth, a quantity of
effective subcarriers corresponding to the channel bandwidth of the first low-frequency channel,

and a DFT size of a first PPDU, the sample rate of the signal carried on the first high-frequency
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channel.

[00145] In this embodiment of this application, the sample rate satisfies the following formula:
Sample rate=carrier spacingxDFT size
[00146] The DFT size is a quantity of points of discrete Fourier transform, and the carrier

spacing may be determined by using the process described in step 502. The sample rate of the

signal carried on the first high-frequency channel may be calculated based on the carrier spacing

determined in step 501 and step 502 and the DFT size of the to-be-generated first PPDU.

Table 7
Channel Channel DFT | Range of the | Range of the | Carrier Sample
bandwidth of | bandwidth of | size | carrier sample rate spacing | rate
the first high- | the first low- spacing
frequency frequency
channel channel
270 MHz 20 MHz 64 3.55MHzto |227.2 MHzto | 3.79 242.56
4.03 MHz 257.92 MHz | MHz MHz
540 MHz 20 MHz 64 7.11 MHzto | 455.04 MHz | 7.58 485.12
8.05 MHz to 515.2 MHz | MHz MHz
40 MHz 128 | 3.46 MHzto |442.88 MHz | 3.69 472.32
3.92 MHz to 501.76 MHz MHz
MHz
1080 20 MHz 256 | 3.31 MHzto |847.36 MHz |3.53 903.68
3.75 MHz to 960 MHz | MHz MHz
40 MHz 128 | 6.92MHzto |885.76 MHz | 7.38 944.64
7.85 MHz to 1004.8 MHz MHz
MHz
80 MHz 256 | 3.31 MHzto |847.36 MHz |3.53 903.68
3.75 MHz to 960 MHz | MHz MHz
2160 MHz 20 MHz 256 | 6.61 MHzto | 1692.16 MHz | 7.05 1804.8
7.5 MHz to 1920 MHz | MHz MHz
40 MHz 512 | 3.313 MHz to | 1696.26 MHz | 3.534 1809.41
3.755 MHz to 1922.56 MHz MHz
MHz
80 MHz 256 | 6.61 MHzto |1692.16 MHz | 7.05 1804.8
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Channel Channel DFT | Range of the | Range of the | Carrier Sample
bandwidth of | bandwidth of | size | carrier sample rate spacing | rate
the first high- | the first low- spacing
frequency frequency
channel channel
7.5 MHz to 1920 MHz | MHz MHz
160 MHz 512 | 3.23MHzto |1653.76 MHz | 3.5 MHz | 1792
3.67 MHz to 1879.04 MHz
MHz
4320 MHz 40 MHz 512 | 7.36 MHzto | 3768.32 MHz | 7.95 4070.4
8.18 MHz t0 4188.16 MHz MHz
MHz
80 MHz 1024 | 3.6 MHzto 4 | 3686.4 MHz | 3.884 3977.216
MHz to 4096 MHz | MHz MHz
160 MHz 512 | 7.19 MHzto |3681.28 MHz | 7.76 3973.12
7.98 MHz to 4085.76 MHz MHz
MHz
8640 MHz 80 MHz 1024 | 7.79 MHz to | 7976.96 MHz | 8.2 MHz | 8396.8
8.59 MHz to 8796.16 MHz
MHz
160 MHz 2048 | 3.85 MHzto | 7884.8 MHz | 4.05 8294.4
4.25 MHz to 8704 MHz | MHz MHz
[00147] Step 602: Determine the first carrier spacing based on the sample rate and the discrete

Fourier transform DFT size of the first PPDU.

[00148]

According to the formula: Sample rate=carrier spacingxDFT size, a DFT size of the

first low-frequency channel is the same as that of the first high-frequency channel. Therefore, to
implement sampling clock reusing, the sample rate of the signal carried on the first high-frequency
channel needs to be an integer multiple (that is, M times) of the minimum sample rate of the signal
carried on the first low-frequency channel. In each WLAN protocol for a low frequency provided
in this embodiment of this application, a minimum sample rate is 20 MHz.

[00149]

rate determined in Table 7, so that the final sample rate is an integer multiple of the minimum

With reference to Table 7, a final sample rate is determined from the range of the sample

sample rate 20M of the signal carried on the first low-frequency channel, and is close to a value of

the sample rate determined in Table 7. Table 8 shows first carrier spacings under different
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parameters. The different parameters include the channel bandwidth of the first high-frequency

channel, the channel bandwidth of the first low-frequency channel, a DFT size of a high-frequency

channel a proportion of the sample rate, and the like.

Table 8
Channel Channel DFT | Range of the Sample Final First
bandwidth of bandwidth of | size | sample rate rate sample | carrier
the first high- the first low- rate spacing
frequency frequency
channel channel
270 MHz 20 MHz 64 227.2 MHz to | 242.56 240 3.75 MHz
257.92 MHz MHz MHz
540 MHz 20 MHz 64 455.04 MHz to | 485.12 500 7.8125
515.2 MHz MHz MHz MHz
40 MHz 128 | 442.88 MHz to | 472.32 480 3.75 MHz
501.76 MHz MHz MHz
1080 MHz 20 MHz 256 | 847.36 MHz to | 903.68 900 3.5156
960 MHz MHz MHz MHz
40 MHz 128 | 885.76 MHz to | 944.64 1000 7.8125
1004.8 MHz MHz MHz MHz
80 MHz 256 | 847.36 MHz to | 903.68 900 3.5156
960 MHz MHz MHz MHz
2160 MHz 20 MHz 256 | 1692.16 MHz | 1804.8 1800 7.03125
to 1920 MHz MHz MHz MHz
40 MHz 512 | 1696.26 MHz | 1809.41 1800 3.5156
to 1922.56 MHz MHz MHz
MHz
80 MHz 256 | 1692.16 MHz | 1804.8 1800 7.03125
to 1920 MHz MHz MHz MHz
160 MHz 512 | 1653.76 MHz | 1792 MHz | 1800 3.5156
to 1879.04 MHz MHz
MHz
4320 MHz 40 MHz 512 | 3768.32 MHz | 4070.4 4060 7.93 MHz
t0 4188.16 MHz MHz
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Channel Channel DFT | Range of the Sample Final First
bandwidth of bandwidth of | size | sample rate rate sample | carrier
the first high- the first low- rate spacing
frequency frequency
channel channel
MHz
80 MHz 1024 | 3686.4 MHz to | 3977.216 | 4000 3.91 MHz
4096 MHz MHz MHz
160 MHz 512 | 3681.28 MHz | 3973.12 4000 7.8125
to 4085.76 MHz MHz MHz
MHz
8640 MHz 80 MHz 1024 | 7976.96 MHz | 8396.8 8400 8.2 MHz
to 8796.16 MHz MHz
MHz
160 MHz 2048 | 7884.8 MHz to | 8294.4 8300 4.05 MHz
8704 MHz MHz MHz
[00150] With reference to Table 8, for example, the channel bandwidth of the first high-

frequency channel is 270 MHz, the channel bandwidth of the first low-frequency channel is 20
MHz, the DFT size of the to-be-sent high-frequency physical layer signal is 64, and a sample rate
that is 12 times the minimum sample rate (20 MHz) is used as the sample rate of the signal carried
on the first high-frequency channel, that is, the sample rate is 240 MHz. Therefore, it may be
obtained that the first carrier spacing is 3.75 MHz (that is, 240 MHz/64).

[00151]

is an integer multiple (M times) of a minimum sample rate of a low-frequency signal, a sampling

In this embodiment of this application, when a sample rate of a high-frequency signal

clock frequency (the sample rate is the sampling clock frequency) corresponding to the high-
frequency signal and a sampling clock frequency corresponding tothe low-frequency signal may
be implemented based on same hardware (a crystal oscillator combined with a phase-locked loop).
This can reduce complexity of designing a baseband chip compatible with a high frequency and a
low frequency.

[00152]
signal based on the first carrier spacing, to generate a first physical layer protocol data unit PPDU.
[00153]

processes information about a signal source, to change the information into a form of a signal

Step 402: The transmit device modulates the to-be-sent high-frequency physical layer

It may be understood that signal modulation is a process in which the transmit device

suitable for transmission. Correspondingly, signal demodulation is a process of extracting the
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information about the signal source from a received signal.

[00154] In this embodiment of this application, when the to-be-sent high-frequency physical
layer signal (in this embodiment of this application, the high-frequency physical layer signal is a
digital signal) is modulated by using an OFDM technology, refer to a diagram of a signal
modulation framework shown in FIG. 7. Specifically, modulating a to-be-sent information bit
includes: In frequency domain, channel encoding and digital modulation (for example, using a
quadrature amplitude modulation (quadrature amplitude modulation, QAM) technology), pilot
insertion, serial-to-parallel conversion, IDFT, cyclic prefix insertion and windowing, and parallel-
to-serial conversion are performed on the to-be-sent information bit, to obtain a digital signal
obtained through modulation, and then the digital signal is converted into an analog signal via a
digital-to-analog converter (the signal obtained through conversion of the digital-to-analog
converter is the first PPDU in this embodiment of this application), where one of parameters of
the digital-to-analog converter is the sample rate or the first carrier spacing. For detailed content
of a signal modulation process shown in FIG. 7, refer to the conventional technology. Details are
not described again in embodiments of this application.

[00155] Step 403: The transmit device sends the first PPDU to the receive device through the
first high-frequency channel. Correspondingly, the receive device receives the first PPDU from
the transmit device through the first high-frequency channel.

[00156] Optionally, there may be a noise signal in a process of transmitting the first PPDU
through the first high-frequency channel.

[00157] Step 404: The receive device obtains the first carrier spacing.

[00158] The first carrier spacing is N times the second carrier spacing corresponding to the first
low-frequency channel, and N>1. It should be understood that a method for obtaining the first
carrier spacing by the receive device is the same as the method for obtaining the first carrier
spacing by the transmit device in step 401.

[00159] In this embodiment of this application, the first carrier spacing is pre-agreed on by the
receive device and the transmit device, or is predefined in a protocol.

[00160] It should be noted that a sequence of step 404 and step 403 (the receive device receives
the first PPDU) is not limited in embodiments of this application. To be specific, step 403 may be
performed before step 404, or step 404 may be performed before step 403, or step 403 and step
404 are simultaneously performed.

[00161] Step 405: Demodulate the first PPDU based on the first carrier spacing.

[00162] In this embodiment of this application, a signal demodulation process is an inverse
operation of the signal modulation process. When a clock of the transmit device is synchronized
with a clock of the receive device (if the two clocks are not synchronized, clock synchronization
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needs to be first performed), the signal demodulation process includes analog-to-digital conversion,
serial-to-parallel conversion, cyclic prefix removal, DFT, residual frequency offset and phase noise
processing (that is, pilot signal processing), channel equalization, parallel-to-serial conversion,
digital demodulation and channel decoding. After receiving the signal (analog signal), the receive
device converts the analog signal into a digital signal via the analog-to-digital converter. Similar
to that of the transmit device, one of parameters of the analog-to-digital converter is the sample
rate or the first carrier spacing. For detailed content of a signal demodulation process shown in
FIG. 7, refer to the conventional technology. Details are not described again in embodiments of
this application.

[00163] In conclusion, in the communication method provided in this embodiment of this
application, for the high-frequency channel, in a signal sending process, the carrier spacing
corresponding to the high-frequency channel is set to N times (N>1) the carrier spacing
corresponding to the low-frequency channel, that is, the high-frequency physical layer signal is
obtained by expanding the carrier spacing of the low-frequency physical layer signal. Therefore, a
manner of sending the high-frequency physical layer signal is closer to a manner of sending the
low-frequency physical layer signal. In addition, a process of processing a digital signal of the
high-frequency signal is close to that of the low-frequency signal. This is very friendly in chip
design and implementation for a next-generation WLAN protocol that supports both a high
frequency band and a low frequency band.

[00164] In addition, when the sample rate of the high-frequency signal is an integer multiple
(M times) of the minimum sample rate of the low-frequency signal, because the sampling clock is
usually implemented by the crystal oscillator combined with the phase-locked loop in terms of
hardware, it is easier to reuse the sampling clock for sending the high-frequency signal and sending
the low-frequency signal.

[00165] Further, refer to FIG. 8. In this embodiment of this application, on a transmit device
side, modulating the to-be-sent information bit based on the first carrier spacing specifically
includes: In a process of modulating the information bit based on the first carrier spacing, for data
part processing, inverse discrete Fourier transform IDFT is not performed on the information bit
(that is, IDFT is not performed on a data part in the generated first PPDU). In addition, for a long
training field LTF in the first PPDU, signal values carried on a direct current subcarrier and a guard
subcarrier in a signal of the LTF are non-zero values. Correspondingly, on a receive device side,
for data part processing, IDFT processing is added after channel equalization. Further, pilot signal
processing is performed after the IDFT, to obtain a finally demodulated information bit.

[00166]  With reference to the diagram of the foregoing signal modulation framework based on

the OFDM technology, it can be learned that the transmit device modulates data in frequency
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domain, and then performs IDFT processing. Therefore, the generated PPDU is formed by
superimposing a plurality of independent subcarrier signals obtained through modulation. When
phases of subcarriers are the same or close to each other, the superimposed signals are modulated
based on signals with a same initial phase, to generate a large instantaneous power peak, resulting
in a large PAPR. It can be learned that an OFDM system has a disadvantage of a high PAPR, and
the high PAPR results in non-linear distortion of a signal, obvious spectrum extension interference,
and in-band signal distortion, and deteriorates system performance.

[00167] In this embodiment of this application, the transmit device does not perform IDFT
processing on the data part, and therefore modulates the data in time domain. In this way,
superimposing of subcarriers is avoided, and a PAPR of a signal is low. However, when the
transmit device modulates the data in time domain, the receive device needs to perform channel
estimation and equalization on the direct current subcarrier and the guard subcarrier. Therefore, in
this embodiment of this application, when IDFT processing is not performed on the data part, the
signal values carried on the direct current subcarrier and the guard subcarrier in the signal of the
LTF are further set to the non-zero values, for example, changed to -1 or 1, so that the receive
device can smoothly perform channel estimation and equalization on the direct current subcarrier
and the guard subcarrier. Through the foregoing improvement, sending and receiving the high-
frequency physical layer signal by using the OFDM technology can be changed to sending and
receiving the high-frequency physical layer signal in a single-carrier mode. Therefore, the PAPR
can be reduced, and a change to a transmit end and a receive end is very small, which is conducive
to chip implementation. It should be understood that, in the single-carrier mode, signal modulation
is performed in time domain, and channel estimation and equalization need to be performed on the
direct current subcarrier and the guard subcarrier at the receive end.

[00168] Inthe OFDM technology, the signal values carried on the direct current subcarrier and
the guard subcarrier in the signal of the LTF are both 0. In this embodiment of this application,
based on a principle that the PAPR of the system does not increase after some signal values of the
LTF are changed, Table 9 shows signal values carried on direct current subcarriers and guard

subcarriers in several signals of the LTF.
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Table 9

Channel Channel bandwidth of the first | Index of the signal Signal value

bandwidth of the | low-frequency channel anda | of the LTF obtained through

first high- corresponding protocol change

frequency channel

540 MHz 20 MHz | 802.11n/802.11ac | -32,-31,-30,-29, |-1,1,1,1,-1,-
0, 29, 30, and 31 1,1,and 1

1080 MHz 40 MHz | 802.11n/802.11ac | -64,-63,-62,-61, |-1,1,1,-1,1,1,
-60, -59, -1, 0, 1, 1,-1,1,-1,-1,
59, 60, 61, 62, and 1,-1,and 1
63

2160 MHz 20 MHz | 802.11ax/802.11be | -128,-127,-126,- |-1,-1,1,1,1, -
125,-124,-123,-1, | 1,-1,1,-1, -1,
0,1,123,124,125, |1,1,1,and-1
126, and 127

80 MHz | 802.11ac -128, -127,-126,- |-1,-1,-1,1,1,

125,-124,-123,-1, | 1,-1,-1,1,-1, -
0,1,123,124,125, |1,1,1,and1
126, and 127

4320 MHz 40 MHz | 802.11ax/802.11be | -256, —255, -254,- | -1,1,-1,-1,1, -
253, -252,-251, — 1,-1,-1,-1,-1,
250, -249,-248,- |1,1,-1,-1,-1,
247,-246,-245,-2, | 1,1,-1,-1, -1,
-1,0,1,2, 245,246, | 1,-1,-1,-1, -1,
247,248, 249,250, |-1,1,and1
251, 252, 253, 254,
and 255

160 MHz | 802.11ac -256, -255,-254,- |-1,-1,1,1,1,1,

253, -252,-251, — 1,1,-1,1,-1, 1,
129,-128,-127,-5, |1,1,-1,-1,-1, -
-4,-3,-2,-1,0,1, |1,-1,1,-1,1,-
2,3,4,5/127,128, |1,1,1,1,1, and
129, 251, 252, 253, |1

254, and 255
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Channel Channel bandwidth of the first | Index of the signal Signal value
bandwidth of the | low-frequency channel anda | of the LTF obtained through
first high- corresponding protocol change

frequency channel

8640 MHz 80 MHz | 802.11ax/802.11be | -512, -511, -510,- |1,1,1,-1,-1, -
509, -508, -507,- |1,-1,1,1,1,1,-
506, -505, -504,- |1,-1,-1,1,-1,-

503, -502,-501,-2, | 1,-1,-1,1, -1,
-1,0,1,2,501,502, | 1,1,-1,1,1,-1,
503, 504, 505, 506, | and -1

507, 508, 509, 510,
and 511

[00169] In this embodiment of this application, in the single-carrier mode, an effective signal
bandwidth of the first high-frequency channel (different from the effective channel bandwidth in
the foregoing embodiment, namely, the high-frequency effective bandwidth) is usually a specific
proportion of the channel bandwidth, and the effective signal bandwidth is the sample rate, for
example, a range of a ratio of the sample rate to the channel bandwidth may be 0.75 to 0.85.
Specifically, the ratio of the sample rate to the channel bandwidth may be 0.8. Therefore, a value
range of the sample rate and a value of the sample rate corresponding to the ratio of 0.8 may be
determined.

[00170] The final sample rate is determined from the determined range of the sample rate, so
that the final sample rate is the integer multiple of the minimum sample rate 20M of the signal
carried on the first low-frequency channel, and is close to the sample rate determined when the
ratio of the sample rate to the channel bandwidth is 0.8. Table 10 shows sample rates under

different parameters below.

Table 10
Channel bandwidth | Range of the Range of | Proportion of | Sample | Final
of the first high- proportion of the | the sample | the sample rate sample
frequency channel sample rate rate rate rate
540 MHz 0.75t0 0.85 405MHz | 0.8 432 440
to 459 MHz MHz
MHz

34



10

15

20

Channel bandwidth | Range of the Range of Proportion of | Sample | Final

of the first high- proportion of the | the sample | the sample rate sample

frequency channel sample rate rate rate rate

1080 MHz 0.751t0 0.85 810 MHz | 0.8 864 860
to 918 MHz MHz
MHz

2160 MHz 0.751t0 0.85 1620 MHz | 0.8 1728 1720
to 1836 MHz MHz
MHz

4320 MHz 0.751t0 0.85 3240 MHz | 0.8 3456 3460
to 3672 MHz MHz
MHz

8640 MHz 0.75t0 0.85 6480 MHz | 0.8 6912 6920
to 7344 MHz MHz
MHz

[00171] When the channel bandwidth of the first high-frequency channel is 540 MHz, the DFT
size may be 64 or 128. With reference to the final sample rate 440 MHz provided in Table 10, the
determined first carrier spacing is 6.875 MHz or 3.4375 MHz.

[00172]  When the channel bandwidth of the first high-frequency channel is 1080 MHz, the DFT
size may be 128 or 256. With reference to the final sample rate 860 MHz provided in Table 10, the
determined first carrier spacing is 6.7188 MHz or 3.3594 MHz.

[00173] When the channel bandwidth of the first high-frequency channel is 2160 MHz, the DFT
size may be 256 or 512. With reference to the final sample rate 1720 MHz provided in Table 10,
the determined first carrier spacing is 6.7188 MHz or 3.3594 MHz.

[00174]  When the channel bandwidth of the first high-frequency channel is 4320 MHz, the DFT
size may be 512 or 1024. With reference to the final sample rate 3460 MHz provided in Table 10,
the determined first carrier spacing is 6.7578 MHz or 3.3789 MHz.

[00175] When the channel bandwidth of the first high-frequency channel is 8640 MHz, the DFT
size may be 1024 or 2048. With reference to the final sample rate 6920 MHz provided in Table 10,
the determined first carrier spacing is 6.7578 MHz or 3.3789 MHz.

[00176] It should be noted that, based on the related descriptions in the foregoing embodiment,
when the channel bandwidth of the high-frequency channel increases to a specific extent, a guard
bandwidth in the channel bandwidth tends to be stable (that is, the guard bandwidth basically
remains unchanged). For example, when channel bandwidths are 270 MHz, 540 MHz, 1080 MHz,
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or 2160 MHz, high-frequency effective bandwidths in the channel bandwidths are determined
based on the ratio (0.8) of the sample rate to the channel bandwidth. When channel bandwidths
are 4320 MHz and 8640 MHz, high-frequency effective bandwidths in the channel bandwidths are
differences between a fixed bandwidth and the channel bandwidths. The fixed bandwidth is the
guard bandwidth. In this embodiment of this application, when the channel bandwidth of the first
high-frequency channel is greater than 2160 MHz, the guard bandwidth in the channel bandwidth
of the first high-frequency channel is fixed to 432 MHz, for example, when the channel bandwidth
is 4320 MHz, the sample rate is 3888 MHz, or the channel bandwidth is 8640 MHz, the sample
rate is 8208 MHz.

[00177] With reference to Table 10, Table 11 shows another example of the sample rates under
the different parameters below.

Table 11
Channel bandwidth | Range of the Range of the | Proportion of | Sample | Final
of the first high- proportion of | sample rate the sample rate sample
frequency channel the sample rate rate rate
540 MHz 0.75t00.85 405 MHzto | 0.8 432 440
459 MHz MHz MHz
1080 MHz 0.75t00.85 810 MHzto | 0.8 864 860
918 MHz MHz MHz
2160 MHz 0.75t00.85 1620 MHz to | 0.8 1728 1720
1836 MHz MHz MHz
4320 MHz / 3600 MHz to |/ 3888 3880
4000 MHz MHz MHz
8640 MHz / 7800 MHz to |/ 8208 8200
8400 MHz MHz MHz

[00178] When the channel bandwidth of the first high-frequency channel is 540 MHz, the DFT
size may be 64 or 128. With reference to the final sample rate 440 MHz provided in Table 11, the
determined first carrier spacing is 6.875 MHz or 3.4375 MHz.

[00179] When the channel bandwidth of the first high-frequency channel is 1080 MHz, the DFT
size may be 128 or 256. With reference to the final sample rate 860 MHz provided in Table 11, the
determined first carrier spacing is 6.7188 MHz or 3.3594 MHz.

[00180] When the channel bandwidth of the first high-frequency channel is 2160 MHz, the DFT
size may be 256 or 512. With reference to the final sample rate 1720 MHz provided in Table 11,
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the determined first carrier spacing is 6.7188 MHz or 3.3594 MHz.

[00181] When the channel bandwidth of the first high-frequency channel is 4320 MHz, the DFT
size may be 512 or 1024. With reference to the final sample rate 3880 MHz provided in Table 11,
the determined first carrier spacing is 7.5781 MHz or 3.7109 MHz.

[00182] When the channel bandwidth of the first high-frequency channel is 8640 MHz, the DFT
size may be 1024 or 2048. With reference to the final sample rate 8200 MHz provided in Table 11,
the determined first carrier spacing is 8.0078 MHz or 4.0039 MHz.

[00183] In conclusion, in this embodiment of this application, some signal values in the LTF
are changed, so that a requirement for channel estimation and equalization in the single-carrier
mode can be met, and a change of the PAPR of the LTF may be unobvious.

[00184] It should be understood that a PAPR of the data part is very high, which is a bottleneck
of the PAPR of the entire PPDU. In this embodiment of this application, after the carrier spacing
corresponding to the first high-frequency channel (namely, the first carrier spacing) is obtained by
extending the carrier spacing corresponding to the first low-frequency channel (namely, the second
carrier spacing), and in the data generation process of the data part on the transmit device side,
IDFT processing is removed and some signal values of the LTF are changed, a PAPR of a data part
obtained through change is significantly reduced in comparison with the PAPR of the data part in
the first low-frequency channel (this is because a PAPR of a signal obtained through single-carrier
time-domain modulation is very low). This greatly reduces a requirement of the transmit end for a
component. In addition, compared with the PAPR of the LTF in the first low-frequency channel,
the PAPR of the LTF obtained through change does not change significantly, that is, it can be
ensured that the LTF obtained through change does not obviously increase the PAPR of the system.
[00185]  With reference to Table 9 above, Table 12 shows PAPRs of the LTF in the first low-
frequency channel (referred to as PAPRs of a low-frequency LTF for short) and PAPRs of the LTF
obtained through change (PAPRs of the LTF obtained through change) under different parameters.

Table 12

Channel bandwidth | Channel bandwidth of the first low- PAPR of the PAPR of the
of the first high- frequency channel and a low-frequency | LTF obtained
frequency channel | corresponding protocol LTF through change
540 MHz 20 MHz | 802.11n/802.11ac 4.9 4.74
1080 MHz 40 MHz | 802.11n/802.11ac 7.42 6.23
2160 MHz 20 MHz | 802.11ax/802.11be 5.36 5.09

80 MHz | 802.11ac 5.21 5.25
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Channel bandwidth | Channel bandwidth of the first low- PAPR of the PAPR of the
of the first high- frequency channel and a low-frequency | LTF obtained
frequency channel | corresponding protocol LTF through change
4320 MHz 40 MHz | 802.11ax/802.11be 5.47 5.24

160 MHz | 802.11ac 8.09 7.09
8640 MHz 80 MHz | 802.11ax/802.11be 6.29 5.99

[00186] Further, demodulating the first PPDU on the receive end side specifically includes:
converting a signal of a data field in the first PPDU from a time domain signal into a frequency
domain signal; performing equalization processing on the signal of the data field in the first PPDU
based on the first carrier spacing; then converting a signal, obtained through equalization
processing, of the data field in the first PPDU from a frequency domain signal into a time domain
signal; and processing a pilot signal of the data field in the first PPDU.

[00187] In this embodiment of this application, on the receive device side, originally, pilot
signal processing (pilot signal processing includes residual frequency offset processing and phase
noise processing) is further included after DFT processing and before channel equalization; and
when IDFT processing is removed for the transmit device, the receive device performs IDFT
processing after channel equalization to obtain the time domain signal, and then the receive device
processes the pilot signal.

[00188] Correspondingly, an embodiment of this application provides a transmit device. In this
embodiment of this application, the transmit device may be divided into functional modules based
on the foregoing method example, for example, each functional module may be obtained through
division based on each corresponding function, or two or more functions may be integrated into
one processing module. The integrated module may be implemented in a form of hardware, or may
be implemented in a form of a software functional module. It should be noted that in embodiments
of the present invention, module division is an example, and is merely logical function division.
During actual implementation, another division manner may be used.

[00189] When each functional module is obtained through division based on each
corresponding function, FIG. 9 is a diagram of a possible structure of the transmit device in the
foregoing embodiments. As shown in FIG. 9, the transmit device includes an obtaining module
901, amodulation module 902, and a sending module 903. The obtaining module 901 is configured
to: obtain a first carrier spacing, where the first carrier spacing is N times a second carrier spacing
corresponding to a first low-frequency channel, and N>1, for example, perform step 401 in the
foregoing method embodiment. The modulation module 902 is configured to modulate a to-be-

sent high-frequency physical layer signal based on the first carrier spacing, to generate a first
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PPDU, for example, perform step 402 in the foregoing method embodiment. The sending module
903 is configured to send the first PPDU to a receive device through a first high-frequency channel,
for example, perform step 403 in the foregoing method embodiment.

[00190] Optionally, the transmit device provided in this embodiment of this application further
includes a control module 904. The control module 904 is configured to control the modulation
module 902 to: in a process of modulating the high-frequency physical layer signal based on the
first carrier spacing, skip performing IDFT on the high-frequency physical layer signal, and set
signal values carried on a direct current subcarrier and a guard subcarrier in a signal of an LTF in
the first PPDU to non-zero values.

[00191] The modules of the transmit device may be further configured to perform other actions
in the foregoing method embodiments. All related content of the steps in the foregoing method
embodiment may be cited in function descriptions of the corresponding functional modules.
Details are not described herein again.

[00192] When an integrated unit is used, FIG. 10 is a diagram of another possible structure of
the transmit device in the foregoing embodiments. As shown in FIG. 10, the transmit device
provided in this embodiment of this application may include a processing module 1001 and a
communication module 1002. The processing module 1001 may be configured to control and
manage an action of the transmit device. For example, the processing module 1001 may be
configured to support the transmit device in performing step 401 and step 402 in the foregoing
method embodiment, and/or another process of the technology described in this specification. The
communication module 1002 may be configured to support the transmit device in communicating
with another network entity, for example, support the transmit device in performing step 403 in
the foregoing method embodiment. Optionally, as shown in FIG. 10, the transmit device may
further include a storage module 1003, configured to store program code and data of the transmit
device.

[00193] The processing module 1001 may be a processor or a controller (for example, may be
the processor 301 shown in FIG. 3). Alternatively, the processor may be a combination of
processors implementing a computing function, for example, a combination of one or more
microprocessors, or a combination of a DSP and a microprocessor. The communication module
1002 may be a transceiver, a transceiver circuit, a communication interface (for example, may be
the communication interface 303 shown in FIG. 1), or the like. The storage module 1003 may be
a memory (for example, may be the memory 302 shown in FIG. 3).

[00194] When the processing module 1001 is the processor, the communication module 1002
is the communication interface, and the storage module 1003 is the memory, the processor, the

transceiver, and the memory may be connected through a bus. The bus may be a peripheral
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component interconnect (peripheral component interconnect, PCI) bus, an extended industry
standard architecture (extended industry standard architecture, EISA) bus, or the like. The bus may
be classified into an address bus, a data bus, a control bus, or the like.

[00195] For more details about implementing the foregoing functions by the modules included
in the transmit device, refer to the descriptions in the foregoing method embodiment. Details are
not described herein again.

[00196] Embodiments in this specification are all described in a progressive manner, for same
or similar parts in embodiments, refer to these embodiments, and each embodiment focuses on a
difference from other embodiments.

[00197] Correspondingly, an embodiment of this application provides a receive device. In this
embodiment of this application, the receive device may be divided into functional modules based
on the foregoing method example, for example, each functional module may be obtained through
division based on each corresponding function, or two or more functions may be integrated into
one processing module. The integrated module may be implemented in a form of hardware, or may
be implemented in a form of a software functional module. It should be noted that in embodiments
of the present invention, module division is an example, and is merely logical function division.
During actual implementation, another division manner may be used.

[00198] When each functional module is obtained through division based on each
corresponding function, FIG. 11 is a diagram of a possible structure of the receive device in the
foregoing embodiments. As shown in FIG. 11, the receive device includes an obtaining module
1101, a receiving module 1102, and a demodulation module 1103. The obtaining module 1101 is
configured to: obtain a first carrier spacing, where the first carrier spacing is N times a second
carrier spacing corresponding to a first low-frequency channel, and N>1, for example, perform
step 404 in the foregoing method embodiment. The receiving module 1102 is configured to:
receive a first PPDU from a transmit device through a first high-frequency channel, where the first
PPDU is a high-frequency physical layer signal, for example, perform step 403 in the foregoing
method embodiment. The demodulation module 1103 is configured to demodulate the first PPDU
based on the first carrier spacing, for example, perform step 405 in the foregoing method
embodiment.

[00199] Optionally, the demodulation module 1103 is specifically configured to: convert a
signal of a data field in the first PPDU from a time domain signal into a frequency domain signal;
perform equalization processing on the signal of the data field in the first PPDU based on the first
carrier spacing; then convert a signal, obtained through equalization processing, of the data field
in the first PPDU from a frequency domain signal into a time domain signal; and process a pilot
signal of the data field in the first PPDU.
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[00200] The modules of the receive device may be further configured to perform other actions
in the foregoing method embodiments. All related content of the steps in the foregoing method
embodiment may be cited in function descriptions of the corresponding functional modules.
Details are not described herein again.

[00201] When an integrated unit is used, FIG. 12 is a diagram of another possible structure of
the receive device in the foregoing embodiments. As shown in FIG. 12, the receive device provided
in this embodiment of this application may include a processing module 1201 and a
communication module 1202. The processing module 1201 may be configured to control and
manage an action of the receive device. For example, the processing module 1201 may be
configured to support the receive device in performing step 404 and step 405 in the foregoing
method embodiment, and/or another process of the technology described in this specification. The
communication module 1202 may be configured to support the receive device in communicating
with another network entity, for example, support the receive device in performing step 403 in the
foregoing method embodiment. Optionally, as shown in FIG. 12, the receive device may further
include a storage module 1203, configured to store program code and data of the receive device.
[00202] The processing module 1201 may be a processor or a controller (for example, may be
the processor 301 shown in FIG. 3). Alternatively, the processor may be a combination of
processors implementing a computing function, for example, a combination of one or more
microprocessors, or a combination of a DSP and a microprocessor. The communication module
1202 may be a transceiver, a transceiver circuit, a communication interface (for example, may be
the communication interface 303 shown in FIG. 1), or the like. The storage module 1203 may be
a memory (for example, may be the memory 302 shown in FIG. 3).

[00203] When the processing module 1201 is the processor, the communication module 1202
is the communication interface, and the storage module 1203 is the memory, the processor, the
transceiver, and the memory may be connected through a bus. The bus may be a PCI bus, an EISA
bus, or the like. The bus may be classified into an address bus, a data bus, a control bus, or the like.
[00204] For more details about implementing the foregoing functions by the modules included
in the receive device, refer to the descriptions in the foregoing method embodiment. Details are
not described herein again.

[00205] Embodiments in this specification are all described in a progressive manner, for same
or similar parts in embodiments, refer to these embodiments, and each embodiment focuses on a
difference from other embodiments.

[00206]  All or some of the foregoing embodiments may be implemented by software, hardware,
firmware, or any combination thereof. When a software program is used to implement

embodiments, all or some of embodiments may be implemented in a form of a computer program
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product. The computer program product includes one or more computer instructions. When the
computer instructions are loaded and executed on a computer, all or some of the procedures or
functions in embodiments of this application are generated. The computer may be a general-
purpose computer, a dedicated computer, a computer network, or another programmable apparatus.
The computer instructions may be stored in a computer-readable storage medium or may be
transmitted from a computer-readable storage medium to another computer-readable storage
medium. For example, the computer instructions may be transmitted from a website, computer,
server, or data center to another website, computer, server, or data center in a wired (for example,
a coaxial cable, an optical fiber, or a digital subscriber line (digital subscriber line, DSL)) or
wireless (for example, infrared, radio, or microwave) manner. The computer-readable storage
medium may be any usable medium accessible by a computer, or a data storage device, such as a
server or a data center, integrating one or more usable media. The usable medium may be a
magnetic medium (for example, a floppy disk, a magnetic disk, or a magnetic tape), an optical
medium (for example, a digital video disc (digital video disc, DVD)), a semiconductor medium
(for example, a solid state drive (solid state drive, SSD)), or the like.

[00207] The foregoing descriptions about implementations allow a person skilled in the art to
understand that, for the purpose of convenient and brief description, division into the foregoing
functional modules is used as an example for illustration. In an actual application, the foregoing
functions may be allocated to different functional modules for implementation based on a
requirement, that is, an inner structure of an apparatus is divided into different functional modules
to implement all or some of the functions described above. For a detailed working process of the
foregoing system, apparatus, and unit, refer to a corresponding process in the foregoing method
embodiments, and details are not described herein again.

[00208] 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 modules
or units is merely logical function division and may be other division during actual implementation.
For example, a plurality of units or components may be combined or 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 in an electric form, a mechanical form, or another form.

[00209] 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 at one location, or may be
distributed on a plurality of network units. Some or all of the units may be selected based on actual
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requirements to achieve the objectives of the solutions of embodiments.

[00210] 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 may be
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.

[00211] 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 storage medium and includes several instructions for instructing a computer device
(which may be a personal computer, a server, or a network device) or a processor to perform all or
some of the steps of the methods described in embodiments of this application. The foregoing
storage medium includes any medium that can store program code, such as a flash memory, a
removable hard disk drive, a read-only memory, a random access memory, a magnetic disk, or an
optical disc.

[00212] 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
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.
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CLAIMS

1. A communication method, applied to a transmit device, wherein the method comprises:

obtaining a first carrier spacing, wherein the first carrier spacing is N times a second carrier
spacing corresponding to a first low-frequency channel, and N>1;

modulating a to-be-sent high-frequency physical layer signal based on the first carrier spacing,
to generate a first physical layer protocol data unit PPDU; and

sending the first PPDU to a receive device through a first high-frequency channel.

2. The method according to claim 1, wherein

a value range of the first carrier spacing comprises any one of the following: [3.55 MHz, 4.03
MHz], [7.11 MHz, 8.05 MHz], [3.46 MHz, 3.92 MHz], [6.92 MHz, 7.85 MHZ], [3.31 MHz, 3.75
MHz], [6.61 MHz, 7.5 MHz], [3.23 MHz, 3.67 MHz], [3.313 MHz, 3.755 MHz], [7.19 MHz, 7.98
MHz], [7.36 MHz, 8.18 MHZ], [3.6 MHz, 4 MHZz], [7.79 MHz, 8.59 MHZz], or [3.85 MHz, 4.25
MHZz], wherein MHz represents megabyte, and is a unit of the first carrier spacing.

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

a value of the first carrier spacing comprises any one of the following: 3.75 MHz, 7.8125
MHz, 3.5156 MHz, 7.03125 MHz, 7.93 MHz, 3.91 MHz, 8.2 MHz, or 4.05 MHz.

4. The method according to any one of claims 1 to 3, wherein the modulating a to-be-sent
high-frequency physical layer signal based on the first carrier spacing comprises:

in a process of modulating the high-frequency physical layer signal based on the first carrier
spacing, for data part processing, skipping performing inverse discrete Fourier transform IDFT on
the high-frequency physical layer signal, and setting signal values carried on a direct current
subcarrier and a guard subcarrier in a signal of a long training field LTF in the first PPDU to non-
zero values.

5. The method according to claim 4, wherein

in the signal of the LTF, signal values whose indexes are —-32, =31, —-30, —-29, 0, 29, 30, and
31 are successively -1,1,1,1,-1,-1, 1, and 1; or

in the signal of the LTF, signal values whose indexes are —64, —63, -62, —-61, —60, -59, -1, 0,
1,59, 60, 61, 62, and 63 are successively -1, 1,1,-1,1,1,1,-1,1,-1,-1,1,-1,and 1; or

in the signal of the LTF, signal values whose indexes are —128, -127, -126, -125, -124, -123,
-1, 0,1, 123, 124, 125, 126, and 127 are successively -1,-1,-1,1,1,1,-1,-1,1,-1,-1, 1, 1,
and 1; or

in the signal of the LTF, signal values whose indexes are —128, -127, -126, -125, -124, -123,
-1,0,1, 123, 124, 125, 126, and 127 are successively-1,-1,1,1,1,-1,-1,1,-1,-1,1,1, 1, and
-1; 0or
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in the signal of the LTF, signal values whose indexes are —256, —255, —254, —253, -252, —-251,
-129, -128, -127, -5, -4, -3,-2,-1,0, 1, 2, 3, 4,5, 127, 128, 129, 251, 252, 253, 254, and 255
are successively-1,-1,1,1,1,1,1,1,-1,1,-1,1,1,1,-1,-1,-1,-1,-1,1,-1,1,-1,1,1,1, 1,
and 1; or

in the signal of the LTF, signal values whose indexes are —256, —255, —254, —253, -252, 251,
—-250, —249, -248, —247, -246, -245, -2, -1, 0, 1, 2, 245, 246, 247, 248, 249, 250, 251, 252, 253,
254, and 255 are successively-1,1,-1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,-1,1,1,-1,-1, -1,
1,-1,-1,-1,-1,-1,1,and 1; or

in the signals of the LTF, signal values whose indexes are -512, =511, =510, -509, -508, —
507, =506, 505, -504, -503, =502, -501, -2, -1, 0, 1, 2, 501, 502, 503, 504, 505, 506, 507, 508,
509, 510, and 511 are successively 1,1,1,-1,-1,-1,-1,1,1,1,1,-1,-1,-1,1,-1,-1, -1, -1,
1,-1,1,1,-1,1,1,-1, and -1.

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

the first carrier spacing is determined in the following manner:

determining a high-frequency effective bandwidth in a channel bandwidth of the first high-
frequency channel, wherein the high-frequency effective bandwidth comprises a bandwidth
corresponding to a data subcarrier, a bandwidth corresponding to a pilot subcarrier, and a
bandwidth corresponding to a direct current subcarrier; and

determining the first carrier spacing based on the high-frequency effective bandwidth and a
quantity of effective subcarriers corresponding to a channel bandwidth of the first low-frequency
channel.

7. The method according to claim 3, wherein

the first carrier spacing is determined in the following manner:

determining, based on a channel bandwidth of the first high-frequency channel and a channel
bandwidth of the first low-frequency channel, a sample rate of a signal carried on the first high-
frequency channel, wherein the sample rate is M times a minimum sample rate of a signal carried
on the first low-frequency channel, and M is a positive integer greater than 1; and

determining the first carrier spacing based on the sample rate and a discrete Fourier transform
DFT size of the first PPDU.

8. The method according to claim 7, wherein the determining, based on a channel bandwidth
of the first high-frequency channel and a channel bandwidth of the first low-frequency channel, a
sample rate of a signal carried on the first high-frequency channel comprises:

determining a high-frequency effective bandwidth in the channel bandwidth of the first high-
frequency channel, wherein the high-frequency effective bandwidth comprises a bandwidth
corresponding to a data subcarrier, a bandwidth corresponding to a pilot subcarrier, and a
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bandwidth corresponding to a direct current subcarrier; and

determining, based on the high-frequency effective bandwidth, a quantity of effective
subcarriers corresponding to the channel bandwidth of the first low-frequency channel, and the
DFT size of the first PPDU, the sample rate of the signal carried on the first high-frequency channel.

9. A communication method, applied to a receive device, wherein the method comprises:

obtaining a first carrier spacing, wherein the first carrier spacing is N times a second carrier
spacing corresponding to a first low-frequency channel, and N>1;

receiving a first physical layer protocol data unit PPDU from a transmit device through a first
high-frequency channel, wherein the first PPDU is a high-frequency physical layer signal; and

demodulating the first PPDU based on the first carrier spacing.

10. The method according to claim 9, wherein

a value range of the first carrier spacing comprises any one of the following:

[3.55 MHz, 4.03 MHz], [7.11 MHz, 8.05 MHz], [3.46 MHz, 3.92 MHZz], [6.92 MHz, 7.85
MHz], [3.31 MHz, 3.75 MHz], [6.61 MHz, 7.5 MHz], [3.23 MHz, 3.67 MHz], [3.313 MHz, 3.755
MHz], [7.19 MHz, 7.98 MHz], [7.36 MHz, 8.18 MHz], [3.6 MHz, 4 MHz], [7.79 MHz, 8.59 MHz],
or [3.85 MHz, 4.25 MHz], wherein MHz represents megabyte, and is a unit of the first carrier
spacing.

11. The method according to claim 9 or 10, wherein

a value of the first carrier spacing comprises any one of the following: 3.75 MHz, 7.8125
MHz, 3.5156 MHz, 7.03125 MHz, 7.93 MHz, 3.91 MHz, 8.2 MHz, or 4.05 MHz.

12. The method according to any one of claims 9 to 11, wherein

in a process of modulating the signal by the transmit device, for data part processing, no
inverse discrete Fourier transform IDFT is performed on the high-frequency physical layer signal,
and signal values carried on a direct current subcarrier and a guard subcarrier in a signal of a long
training field LTF in the first PPDU are non-zero values.

13. The method according to claim 12, wherein

in the signal of the LTF, signal values whose indexes are —-32, =31, -30, -29, 0, 29, 30, and
31 are successively-1,1,1,1,-1,-1,1,and 1; or

in the signal of the LTF, signal values whose indexes are —64, —63, -62, —61, —60, =59, -1, 0,
1,59, 60, 61, 62, and 63 are successively-1,1,1,-1,1,1,1,-1,1,-1,-1,1,-1,and 1; or

in the signal of the LTF, signal values whose indexes are -128, -127, -126, -125, 124, -123,
-1, 0, 1, 123, 124, 125, 126, and 127 are successively -1,-1,-1,1,1,1,-1,-1,1,-1,-1, 1, 1,
and 1; or

in the signal of the LTF, signal values whose indexes are -128, -127, -126, -125, —-124, -123,
-1,0, 1,123, 124, 125, 126, and 127 are successively-1,-1,1,1,1,-1,-1,1,-1,-1,1,1,1, and
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-1; or

in the signal of the LTF, signal values whose indexes are —256, —255, —254, -253, —-252, -251,
-129, -128, -127, -5, -4, -3,-2,-1,0, 1, 2, 3, 4,5, 127, 128, 129, 251, 252, 253, 254, and 255
are successively-1,-1,1,1,1,1,1,1,-1,1,-1,1,1,1,-1,-1,-1,-1,-1,1,-1,1,-1,1,1, 1, 1,
and 1; or

in the signal of the LTF, signal values whose indexes are —256, —255, —254, -253, —-252, -251,
—250, —249, -248, —247, -246, -245, -2, -1, 0, 1, 2, 245, 246, 247, 248, 249, 250, 251, 252, 253,
254, and 255 are successively-1,1,-1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,-1,1,1,-1, -1, -1,
1,-1,-1,-1,-1,-1,1,and 1; or

in the signals of the LTF, signal values whose indexes are -512, -511, -510, -509, -508, —
507, =506, 505, -504, -503, =502, -501, -2, -1, 0, 1, 2, 501, 502, 503, 504, 505, 506, 507, 508,
509, 510, and 511 are successively 1,1,1,-1,-1,-1,-1,1,1,1,1,-1,-1,-1,1,-1,-1, -1, -1,
1,-1,1,1,-1,1,1,-1, and -1.

14. The method according to claim 12 or 13, wherein the demodulating the first PPDU based
on the first carrier spacing comprises:

converting the first PPDU from an analog signal into a digital signal based on the first carrier
spacing;

converting a signal of a data field in the first PPDU from a time domain signal into a frequency
domain signal;

performing equalization processing on the signal of the data field in the first PPDU;

converting, a signal, obtained through equalization processing, of the data field in the first
PPDU from a frequency domain signal into a time domain signal; and

processing a pilot signal of the data field in the first PPDU.

15. The method according to claim 9 or 10, wherein

the first carrier spacing is determined in the following manner:

determining a high-frequency effective bandwidth in a channel bandwidth of the first high-
frequency channel, wherein the high-frequency effective bandwidth comprises a bandwidth
corresponding to a data subcarrier, a bandwidth corresponding to a pilot subcarrier, and a
bandwidth corresponding to a direct current subcarrier; and

determining the first carrier spacing based on the high-frequency effective bandwidth and a
quantity of effective subcarriers corresponding to a channel bandwidth of the first low-frequency
channel.

16. The method according to claim 11, wherein

the first carrier spacing is determined in the following manner:

determining, based on a channel bandwidth of the first high-frequency channel and a channel
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bandwidth of the first low-frequency channel, a sample rate of a signal carried on the first high-
frequency channel, wherein the sample rate is M times a minimum sample rate of a signal carried
on the first low-frequency channel, and M is a positive integer greater than 1; and

determining the first carrier spacing based on the sample rate and a discrete Fourier transform
DFT size of the first PPDU.

17. The method according to claim 16, wherein the determining, based on a channel
bandwidth of the first high-frequency channel and a channel bandwidth of the first low-frequency
channel, a sample rate of a signal carried on the first high-frequency channel comprises:

determining a high-frequency effective bandwidth in the channel bandwidth of the first high-
frequency channel, wherein the high-frequency effective bandwidth comprises a bandwidth
corresponding to a data subcarrier, a bandwidth corresponding to a pilot subcarrier, and a
bandwidth corresponding to a direct current subcarrier; and

determining, based on the high-frequency effective bandwidth, a quantity of effective
subcarriers corresponding to the channel bandwidth of the first low-frequency channel, and the
DFT size of the first PPDU, the sample rate of the signal carried on the first high-frequency channel.

18. A transmit device, comprising an obtaining module, a modulation module, and a sending
module, wherein

the obtaining module is configured to obtain a first carrier spacing, wherein the first carrier
spacing is N times a second carrier spacing corresponding to a first low-frequency channel, and
N>1;

the modulation module is configured to modulate a to-be-sent high-frequency physical layer
signal based on the first carrier spacing, to generate a first physical layer protocol data unit PPDU;
and

the sending module is configured to send the first PPDU to a receive device through a first
high-frequency channel.

19. The transmit device according to claim 18, wherein the transmit device further comprises
a control module, wherein

the control module is configured to control the modulation module to: in a process of
modulating the high-frequency physical layer signal based on the first carrier spacing, for data part
processing, skip performing inverse discrete Fourier transform IDFT on the high-frequency
physical layer signal, and set signal values carried on a direct current subcarrier and a guard
subcarrier in a signal of a long training field LTF in the first PPDU to non-zero values.

20. A receive device, comprising an obtaining module, a receiving module, and a
demodulation module, wherein

the obtaining module is configured to obtain a first carrier spacing, wherein the first carrier
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spacing is N times a second carrier spacing corresponding to a first low-frequency channel, and
N>1;

the receiving module is configured to receive a first physical layer protocol data unit PPDU
from a transmit device through a first high-frequency channel, wherein the first PPDU is a high-
frequency physical layer signal; and

the demodulation module is configured to demodulate the first PPDU based on the first carrier
spacing.

21. The receive device according to claim 20, wherein

the demodulation module is specifically configured to: convert the first PPDU from an analog
signal into a digital signal based on the first carrier spacing; convert a signal of a data field in the
first PPDU from a time domain signal into a frequency domain signal; perform equalization
processing on the signal of the data field in the first PPDU; then convert a signal, obtained through
equalization processing, of the data field in the first PPDU from a frequency domain signal into a

time domain signal; and further process a pilot signal of the data field in the first PPDU.

22. A transmit device, comprising a memory and at least one processor connected to the
memory, wherein the memory is configured to store instructions, and after the instructions are read
by the at least one processor, the method according to any one of claims 1 to 8 is performed.

23. A receive device, comprising a memory and at least one processor connected to the
memory, wherein the memory is configured to store instructions, and after the instructions are read

by the at least one processor, the method according to any one of claims 9 to 17 is performed.

24. A computer-readable storage medium, wherein the computer-readable storage medium
stores a computer program, and the computer program is executed by a processor to implement
the method according to any one of claims 1 to 8.

25. A computer-readable storage medium, wherein the computer-readable storage medium
stores a computer program, and the computer program is executed by a processor to implement

the method according to any one of claims 9 to 17.
26. A communication system, comprising the transmit device according to claim 18 or 19 and

the receive device according to claim 20 or 21, or comprising the transmit device according to

claim 22 and the receive device according to claim 23.
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