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DATA TRANSMISSION METHOD AND APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No. 202110604642.2,
filed with the China National Intellectual Property Administration on May 31, 2021 and entitled
"DATA TRANSMISSION METHOD 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 data transmission method and an apparatus.

BACKGROUND

[0003] A concept of a resource unit (resource unit, RU) is introduced in a wireless local area
network (wireless local area network, WLAN). A channel bandwidth for data transmission in the
WLAN is divided into a plurality of RUs. In other words, a frequency domain resource is allocated
by RUs instead of channels. For example, a 20 MHz channel may include a plurality of RUs, which
may be a 26-tone RU, a 52-tone RU, or a 106-tone RU. Tone indicates a quantity of subcarriers.

[0004] In the WLAN standard protocol, uplink multi-user transmission is an important
technology. A main procedure of uplink multi-user transmission is initiated by sending a trigger
frame by an access point (access point, AP). The trigger frame carries identifier information and
resource allocation information of a station (station, STA). After receiving the trigger frame, the
STA sends an uplink data frame in a corresponding RU by using an extremely high throughput
(extremely high throughput, EHT) trigger based (trigger based, TB) physical layer protocol data
unit (physical layer protocol data unit, PPDU), and receives, after a short interframe space (short
interframe space, SIFS), a block acknowledgment (block acknowledgment, BA) frame sent by the
AP, as shown in FIG. 1. FIG. 2 shows a frame structure of an EHT PPDU by using an uplink data
frame sent in WLAN 802.11be as an example. The frame structure of the EHT PPDU includes a
legacy short training field (legacy short training field, L-STF) field, a legacy long training field
(legacy long training field, L-LTF) field, a legacy signal field (legacy signal field a, L-SIG) field,
a repeated legacy signal field (repeated legacy signal field, RL-SIG) field, a universal signal field
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(universal signal field, U-SIG) field, an EHT-STF field, a data DATA field, and the like.

[0005] In the WLAN standard protocol, maximum transmit power and maximum transmit
frequency spectrum density are strictly limited. First, transmit power cannot exceed the maximum
power, and transmit power spectral density cannot exceed the maximum power spectral density.
Therefore, as a transmit bandwidth increases, how to increase data transmit power and ensure a
peak to average power ratio (peak average power ratio, PAPR) of an STF when a limitation of the

maximum power spectral density is met is an urgent problem to be resolved.

SUMMARY

[0006] This application provides a data transmission method and an apparatus, to ensure
increase of average power of a data part, and ensure a PAPR of an STF, thereby ensuring system
performance.

[0007] According to a first aspect, this application provides a data transmission method. The
method may be implemented through interaction between a first communication apparatus and a
second communication apparatus. The first communication apparatus may be understood as a STA,
and the second communication apparatus may be understood as an AP. This is merely an example
for description herein, and does not specifically limit specific types of the first communication
apparatus and the second communication apparatus.

[0008] The second communication apparatus sends a trigger frame to at least one first
communication apparatus. Correspondingly, the first communication apparatus receives the trigger
frame sent by the second communication apparatus. The trigger frame is used to trigger at least
one first communication apparatus that includes the first communication apparatus to transmit an
uplink PPDU. The first communication apparatus sends the PPDU to the second communication
apparatus based on the trigger frame. The PPDU includes a data field and an STF sequence, the
data field is carried in a distributed RU, the distributed RU includes a plurality of subcarrier groups
that are discrete in frequency domain, one of the subcarrier groups includes one subcarrier or
includes at least two consecutive subcarriers, the STF sequence is carried on all subcarriers of a
plurality of consecutive RUs, the plurality of consecutive RUs are consecutive RUs corresponding
to the distributed RU, and each of the consecutive RUs includes a plurality of subcarriers that are
consecutive in frequency domain.

[0009] It should be noted that, in this application, a consecutive RU and a distributed RU are
corresponding concepts. A plurality of subcarriers included in one transmission bandwidth may
form a plurality of consecutive RUs, or may form a plurality of distributed RUs. In other words, a

subcarrier belongs to one consecutive RU in a consecutive RU allocation mechanism, or belongs
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to one distributed RU in a distributed RU allocation mechanism. A consecutive RU and a
distributed RU may include a part of same subcarriers. The consecutive RU is an RU including a
plurality of consecutive subcarriers. Alternatively, the consecutive RU is an RU including two
consecutive subcarrier groups, where a plurality of subcarriers included in each consecutive
subcarrier group are consecutive, and the two subcarrier groups are spaced by only one or more of
a guard subcarrier, a null subcarrier, or a direct current subcarrier.

[0010] According to a second aspect, this application further provides a data transmission
method. The method may be implemented through interaction between a first communication
apparatus and a second communication apparatus. The first communication apparatus may be
understood as a STA, and the second communication apparatus may be understood as an AP. This
is merely an example for description herein, and does not specifically limit specific types of the
first communication apparatus and the second communication apparatus.

[0011] The second communication apparatus sends a trigger frame to at least one first
communication apparatus. Correspondingly, the first communication apparatus receives the trigger
frame sent by the second communication apparatus. The trigger frame is used to trigger at least
one first communication apparatus that includes the first communication apparatus to transmit an
uplink PPDU. The first communication apparatus sends the PPDU to the second communication
apparatus based on the trigger frame. The PPDU includes a data field and an STF sequence, the
data field is carried in a distributed RU, the distributed RU includes a plurality of subcarrier groups
that are discrete in frequency domain, one of the subcarrier groups includes one subcarrier or
includes at least two consecutive subcarriers, the STF sequence is carried on all subcarriers in a
first transmission bandwidth, and the first transmission bandwidth is a bandwidth corresponding
to the distributed RU that is allocated by the second communication apparatus to the at least one
first communication apparatus for transmitting the uplink PPDU.

[0012] It should be understood that the first transmission bandwidth may also be understood
as a bandwidth allocated by the AP to the uplink PPDU. In a scenario in which all RUs included
in the entire transmission bandwidth are distributed RUs, or in a scenario in which a distributed
RU is used to allocate a resource to the entire bandwidth, the transmission bandwidth is the entire
bandwidth. In a scenario in which the entire bandwidth includes both a distributed RU and a
consecutive RU, or in a scenario in which a distributed RU is used to allocate a resource to a part
of the entire bandwidth and a consecutive RU is used to allocate a resource to the other part of the
bandwidth, the transmission bandwidth is a bandwidth occupied by the distributed RU. For
example, it is assumed that the entire bandwidth is 40 MHz. In a scenario in which the distributed
RU is used to allocate a resource to the 40 MHz bandwidth, the transmission bandwidth is 40 MHz.

In a scenario in which the distributed RU is used to allocate a resource to a 20 MHz bandwidth in
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the 40 MHz bandwidth and the consecutive RU is used to allocate a resource to the other 20 MHz
bandwidth, the transmission bandwidth is 20 MHz. The distributed RU that carries the data field
may be one RU, or may be a plurality of RUs. In addition, regardless of which distributed RU or
distributed RUs in the first transmission bandwidth is/are the distributed RU that carries the data
field, a bandwidth occupied by the distributed RU is the first transmission bandwidth.

[0013]  According to the data transmission method provided in this application, when the
distributed RU is used to carry the data field, the STF sequence is carried on all subcarriers in the
first transmission bandwidth or in the consecutive RUs corresponding to the distributed RU,
instead of being carried only in the distributed RU. This can ensure increase of average power of
a data part sent by the first communication apparatus, and ensure a relatively low PAPR of the first
communication apparatus, thereby ensuring system performance.

[0014] With reference to the first aspect and the second aspect, in an optional manner, there
are N first communication apparatuses, N>1, the trigger frame includes a first field, the first field
indicates spatial stream information allocated to the first communication apparatus when the first
communication apparatus transmits data by using the distributed RU, and the spatial stream
information includes a spatial stream start location and a number of spatial streams, where the
spatial stream information of the first communication apparatus is determined by the second
communication apparatus based on a total number of spatial streams that are in the transmission
bandwidth and that are allocated to the N first communication apparatuses.

[0015] It should be noted that, in a conventional technology, because the data field is carried
in the consecutive RUs, and the consecutive RUs do not overlap each other, the spatial stream
information is the spatial stream start location and the number of spatial streams of the first
communication apparatus that are determined after numbers of spatial streams of all users in the
consecutive RUs are sorted. However, in this application, the data field is carried in the distributed
RU, and consecutive RUs corresponding to distributed RUs of the users may overlap. To avoid
mutual interference between STFs of the users in an overlapping area, in this application, the
spatial stream start location and the number of spatial streams of the first communication apparatus
are determined based on a total number of spatial streams in the transmission bandwidth.

[0016] In an optional manner, the STF sequence is obtained through spatial stream
information-based cyclic shift.

[0017] It should be noted that, during actual application, there may be a plurality of first
communication apparatuses, namely, a plurality of STAs, and the plurality of STAs send STF
sequences in consecutive RUs corresponding to distributed RUs of the STAs. The consecutive RUs
corresponding to the distributed RUs of the STAs may overlap. In this case, phase superposition

and phase cancellation may occur in STFs sent by the STAs, that is, there is a relatively large
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correlation between the STFs sent by the STAs, resulting in inaccurate power measurement. To
reduce correlation, the STF sequences sent by the STAs may be considered as STF sequences in
different spatial streams. In addition, the spatial streams are numbered. Then, cyclic shift is
performed on the STFs based on the numbers of the spatial streams. In this way, correlation
between the spatial streams during transmission is reduced, so that accuracy of power
measurement is improved.

[0018] In an optional manner, the first communication apparatus determines, based on the
spatial stream information, F cyclic shift diversity (cyclic shift diversity, CSD) values
corresponding to F spatial streams of the first communication apparatus, where F>I; and

determines, based on a CSD value corresponding to an i

spatial stream, an STF sequence
corresponding to the i spatial stream, where i is greater than or equal to 1 and less than or equal
to F.

[0019] It should be noted that the number of spatial streams allocated to the first
communication apparatus corresponds to a quantity of CSD values. The STF sequences
corresponding to the spatial streams are determined based on the CSD values corresponding to
different spatial streams, so that correlation between the spatial streams can be reduced.

[0020] In an optional manner, the first field may include a first sub-field and a second sub-
field. The first sub-field indicates the spatial stream start location allocated by the second
communication apparatus to the first communication apparatus. The second sub-field indicates the
number of spatial streams allocated by the second communication apparatus to the first
communication apparatus.

[0021] In an optional manner, the first sub-field may be a starting spatial stream (Starting
Spatial Stream) field in the trigger frame. The second sub-field may be a number of spatial streams
(Number Of Spatial Streams) field in the trigger frame.

[0022] In an optional manner, the first communication apparatus determines a device number
of the first communication apparatus based on the trigger frame; determines a non-zero subcarrier
index based on the device number; and determines the STF sequence of the first communication
apparatus based on the non-zero subcarrier index.

[0023] It should be noted that, to avoid mutual interference between the STF sequences sent
by the first communication apparatuses when the first communication apparatuses carry data fields
by using the distributed RUs, different STF sequences may be determined for non-zero subcarrier
indexes of different first communication apparatuses. A non-zero subcarrier may be understood as
a subcarrier whose sequence value is not 0 in a consecutive RU corresponding to a distributed RU.
[0024] In an optional manner, the device number of the first communication apparatus is

determined by calculating receiving time of a (user information list) User Info List field, receiving
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time of a (user information field) User Info Field field, and a length of the User Info Field field in
the trigger frame.

[0025] It should be noted that the device number of the first communication apparatus is
determined based on the receiving time of the User Info List field, the receiving time of the User
Info Field field, and the length of the User Info Field field in the trigger frame without increasing
indication overheads.

[0026] Specifically, Device number of the first communication apparatus=(Receiving time of
the User Info Field field—Receiving time of the User Info List field in the trigger frame)/Length of
the User Info Field field+1.

[0027] In addition, if BS5 in a Common Field field in the trigger frame is 0, it indicates that
the 1% User Info Field in the User Info List is an extension of the Common Field, which is referred
to as whether there is a special user information field Special User Info Field. In this case, Device
number N of the first communication apparatus=(Receiving time of the User Info Field field—
Receiving time of the User Info List field in the trigger frame)/Length of the User Info Field field.
In other words, when B55=0, the Special User Info Field is used as an extension of the Common
Field, and one User Info Field is actually not allocated to the user. Therefore, an actual device
number N' of the first communication apparatus is the sequence number N of the User Info Field
minus 1, that is, N'=N—1. When B55 is equal to 1, the device number N of the first communication
apparatus is equal to the sequence number of the User Info Field.

[0028] In an optional manner, the number of spatial streams allocated to the first
communication apparatus is less than or equal to 8. The first communication apparatus may
indicate the device number of the first communication apparatus by using a first bit and a second
bit in the trigger frame, where the first bit and the second bit are in a User Info List field in the
trigger frame.

[0029] It should be noted that, the first bit may be 1 bit in a reserved field of the User Info List
field in the trigger frame, and the second bit may be 1 bit in a Starting Spatial Stream field in the
User Info List field. If the reserved field indicates the device number of the first communication
apparatus, the field is not referred to as a reserved field.

[0030] In an optional manner, a periodicity of the STF sequence is 0.8 microseconds s, the
transmission bandwidth supports the N first communication apparatuses to transmit data, 1<N<4,
an offset value of a non-zero subcarrier index corresponding to a first communication apparatus
whose device number is j is a multiple of 16/K, K=2/, 1<j<N, and /is 1 or 2.

[0031] In an optional manner, N is 4. An offset value of a non-zero subcarrier index
corresponding to a first communication apparatus whose device number is 1 is 0; an offset value

of a non-zero subcarrier index corresponding to a first communication apparatus whose device
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number is 2 is 4; an offset value of a non-zero subcarrier index corresponding to a first
communication apparatus whose device number is 3 is 8; and an offset value of a non-zero
subcarrier index corresponding to a first communication apparatus whose device number is 4 is
12.

[0032] In an optional manner, a periodicity of the STF sequence is 1.6 ps, the transmission
bandwidth supports the N first communication apparatuses to transmit data, | <N<4, an offset value
of a non-zero subcarrier index corresponding to a first communication apparatus whose device
number is j is a multiple of 8/K, K=2, 1<j<N, and /is 1 or 2.

[0033] In an optional manner, N is 4. An offset value of a non-zero subcarrier index
corresponding to a first communication apparatus whose device number is 1 is 0; an offset value
of a non-zero subcarrier index corresponding to a first communication apparatus whose device
number is 2 is 2; an offset value of a non-zero subcarrier index corresponding to a first
communication apparatus whose device number is 3 is 4; and an offset value of a non-zero
subcarrier index corresponding to a first communication apparatus whose device number is 4 is 6.
[0034] In an optional manner, the trigger frame further includes a second field, and the second
field indicates whether the first communication apparatus transmits data by using the distributed
RU.

[0035] In this application, the second field in the trigger frame indicates whether to transmit
data by using the distributed RU, to determine, based on the field, how to send the PPDU.

[0036] In an optional manner, the second field may be a sub-field in the common information
Common Field field in the trigger frame. The sub-field in the Common Field field may be a
reserved field in a Common Field field in a trigger frame in the conventional technology, or may
be another field. This is not specifically limited in this application.

[0037] According to a third aspect, this application provides a data transmission method. The
method may be implemented through interaction between a first communication apparatus and a
second communication apparatus. The first communication apparatus may be understood as a STA,
and the second communication apparatus may be understood as an AP. This is merely an example
for description herein, and does not specifically limit specific types of the first communication
apparatus and the second communication apparatus.

[0038] The second communication apparatus sends a trigger frame to at least one first
communication apparatus. Correspondingly, the first communication apparatus receives the trigger
frame from the second communication apparatus. The trigger frame includes a second field, and
the second field indicates whether the first communication apparatus transmits data by using a
distributed RU. The first communication apparatus sends a PPDU to the second communication

apparatus based on the second field.
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[0039] In this application, the second field in the trigger frame indicates whether to transmit
data by using the distributed RU, to determine, based on the field, how to send the PPDU.
[0040] In an optional manner, the second field may be a sub-field in a Common Field field in
the trigger frame.
[0041] According to a fourth aspect, this application provides a data transmission apparatus.
The apparatus includes a transceiver unit and a processing unit.
[0042] The transceiver unit is configured to receive a trigger frame sent by a second
communication apparatus, where the trigger frame is used to trigger at least one first
communication apparatus that includes the first communication apparatus to transmit an uplink
PPDU. The processing unit is configured to send the PPDU to the second communication
apparatus based on the trigger frame. The PPDU includes a data field and an STF sequence, the
data field is carried in a distributed RU, the distributed RU includes a plurality of subcarrier groups
that are discrete in frequency domain, one of the subcarrier groups includes one subcarrier or
includes at least two consecutive subcarriers, the STF sequence is carried on all subcarriers of a
plurality of consecutive RUs, the plurality of consecutive RUs are consecutive RUs corresponding
to the distributed RU, and each of the consecutive RUs includes a plurality of subcarriers that are
consecutive in frequency domain.
[0043] In an optional manner, the trigger frame includes a first field, and the first field indicates
spatial stream information allocated to the first communication apparatus when the first
communication apparatus transmits data by using the distributed RU. The STF sequence is
obtained through spatial stream information-based cyclic shift.
[0044] In an optional manner, the spatial stream information includes a spatial stream start
location and a number of spatial streams. The spatial stream information of the first communication
apparatus is determined by the second communication apparatus based on a total number of spatial
streams that are in a transmission bandwidth and that are allocated to the N first communication
apparatuses, where N>1.
[0045] In an optional manner, the processing unit is further configured to: determine a device
number of the first communication apparatus based on the trigger frame; determine a non-zero
subcarrier index based on the device number; and determine the STF sequence of the first
communication apparatus based on the non-zero subcarrier index.
[0046] In an optional manner, the processing unit is specifically configured to:

determine the device number of the first communication apparatus by calculating
receiving time of a User Info List field, receiving time of a User Info Field field, and a length of
the User Info Field field in the trigger frame.

[0047] In an optional manner, the number of spatial streams allocated to the first
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communication apparatus is less than or equal to 8, and the processing unit is specifically
configured to:

indicate the device number of the first communication apparatus by using a first bit and
a second bit in the trigger frame, where the first bit and the second bit are in a User Info List field
in the trigger frame.

[0048] In an optional manner, a periodicity of the STF sequence is 0.8 s, the transmission
bandwidth supports the N first communication apparatuses to transmit data, 1<N<4, an offset value
of a non-zero subcarrier index corresponding to a first communication apparatus whose device
number is j is a multiple of 16/K, K=2, 1<j<N, and /is 1 or 2.

[0049] In an optional manner, a periodicity of the STF sequence is 1.6 s, the transmission
bandwidth supports the N first communication apparatuses to transmit data, | <N<4, an offset value
of a non-zero subcarrier index corresponding to a first communication apparatus whose device
number is j is a multiple of 8/K, K=2/, 1<j<N, and /is 1 or 2.

[0050] In an optional manner, the trigger frame further includes a second field, and the second
field indicates whether the first communication apparatus transmits data by using the distributed
RU.

[0051] In an optional manner, the second field is a sub-field in a Common Field field in the
trigger frame.

[0052] According to a fifth aspect, this application provides a data transmission apparatus. The
apparatus includes:

a transceiver unit, configured to: send a trigger frame to at least one first
communication apparatus, where the trigger frame is used to trigger at least one first
communication apparatus that includes the first communication apparatus to transmit an uplink
PPDU; and receive the PPDU from the at least one first communication apparatus, where the
PPDU includes a data field and a short training field STF sequence that is used for power control,
the data field is carried in a distributed RU, the distributed RU includes a plurality of subcarrier
groups that are discrete in frequency domain, one of the subcarrier groups includes one subcarrier
or includes at least two consecutive subcarriers, the STF sequence is carried on all subcarriers of
a plurality of consecutive RUs, the plurality of consecutive RUs are consecutive RUs
corresponding to the distributed RU, and each of the consecutive RUs includes a plurality of
subcarriers that are consecutive in frequency domain; and

a processing unit, configured to parse the PPDU.

[0053] In an optional manner, there are N first communication apparatuses, N>1, the trigger
frame includes a first field, the first field indicates spatial stream information allocated to the first

communication apparatus when the first communication apparatus transmits data by using the
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distributed RU, and the spatial stream information includes a spatial stream start location and a
number of spatial streams, where the spatial stream information of the first communication
apparatus is determined by the second communication apparatus based on a total number of spatial
streams that are in a transmission bandwidth and that are allocated to the N first communication
apparatuses.

[0054] In an optional manner, the trigger frame further includes a second field, and the second
field indicates whether the first communication apparatus transmits data by using the distributed
RU.

[0055] In an optional manner, the second field is a sub-field in a Common Field field in the
trigger frame.

[0056] According to a sixth aspect, this application provides a data transmission apparatus.
The apparatus includes a transceiver unit and a processing unit.

[0057] The transceiver unit is configured to receive a trigger frame from a second
communication apparatus, where the trigger frame includes a second field, and the second field
indicates whether the first communication apparatus transmits data by using a distributed RU. The
processing unit is configured to send a PPDU to the second communication apparatus based on
the second field.

[0058] In an optional manner, the second field may be a sub-field in a Common Field field in
the trigger frame.

[0059] According to a seventh aspect, this application provides a communication apparatus.
The apparatus includes at least one processor and a memory. The memory is configured to store a
computer program or instructions. When the apparatus runs, the at least one processor executes
the computer program or the instructions, to enable the communication apparatus to perform the
method according to the first aspect or the embodiments of the first aspect or the method according
to the second aspect or the embodiments of the second aspect.

[0060] Optionally, there are one or more processors, and there are one or more memories.
[0061] Optionally, the memory may be integrated with the processor, or the memory and the
processor are separately disposed.

[0062] In a specific implementation process, the memory may be a non-transitory (non-
transitory) memory, for example, a read-only memory (read-only memory, ROM). The memory
and the processor may be integrated into one chip, or may be separately disposed in different chips.
A type of the memory and a manner in which the memory and the processor are disposed are not
limited in this embodiment of this application.

[0063] According to an eighth aspect, an embodiment of this application provides another

communication apparatus. The apparatus includes an input circuit, an output circuit, and a
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processing circuit. The processing circuit is configured to: receive a signal through the input circuit,
and transmit a signal through the output circuit, to enable the processor to perform the method
according to any one of the first aspect to the third aspect or the possible implementations of the
first aspect to the third aspect.

[0064] In a specific implementation process, the processor may be a chip, the input circuit may
be an input pin, the output circuit may be an output pin, and the processing circuit may be a
transistor, a gate circuit, a trigger, various logic circuits, or the like. An input signal received by
the input circuit may be received and input by, for example, but not limited to, a receiver, a signal
output by the output circuit may be output to, for example, but not limited to, a transmitter and
transmitted by the transmitter, and the input circuit and the output circuit may be a same circuit,
where the circuit is used as the input circuit and the output circuit at different moments. Specific
implementations of the processor and the various circuits are not limited in this embodiment of
this application.

[0065] The processing apparatus in the eighth aspect may be a chip. The processor may be
implemented by using hardware or software. When the processor is implemented by using
hardware, the processor may be a logic circuit, an integrated circuit, or the like. When the processor
is implemented by using software, the processor may be a general-purpose processor, and is
implemented by reading software code stored in the memory. The memory may be integrated into
the processor, or may exist independently of the processor.

[0066] According to a ninth aspect, this application further provides a computer-readable
storage medium. The computer-readable storage medium stores computer-readable instructions.
When the computer-readable instructions are run on a computer, the computer is enabled to
perform the method according to any one of the first aspect or the possible designs of the first
aspect, the method according to any one of the second aspect or the possible designs of the second
aspect, or the method according to any one of the third aspect or the possible designs of the third
aspect.

[0067] According to a tenth aspect, this application provides a computer program product
including instructions. When the computer program product runs on a computer, the computer is
enabled to perform the method according to the first aspect or the embodiments of the first aspect,
the method according to the second aspect or the embodiments of the second aspect, or the method
according to the third aspect or the embodiments of the third aspect.

[0068] According to an eleventh aspect, this application provides a chip system. The chip
system includes a processor, and may further include a memory, to implement the method
according to any one of the first aspect or the possible designs of the first aspect, the method

according to any one of the second aspect or the possible designs of the second aspect, or the
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method according to any one of the third aspect or the possible designs of the third aspect. The
chip system may include a chip, or may include a chip and another discrete component.

[0069] According to a twelfth aspect, this application provides a communication system. The
system includes a first communication apparatus and a second communication apparatus. The first
communication apparatus or the second communication apparatus is configured to perform the
method according to any one of the first aspect or the possible designs of the first aspect, the
method according to any one of the second aspect or the possible designs of the second aspect, or
the method according to any one of the third aspect or the possible designs of the third aspect.
[0070] According to a thirteenth aspect, this application provides a functional entity. The
functional entity is configured to implement the method according to any one of the first aspect
and the second aspect or the possible implementations of the first aspect to the third aspect.
[0071] For technical effects that can be achieved in the second aspect to the thirteenth aspect,
refer to descriptions of technical effects that can be achieved in corresponding possible design

solutions in the first aspect. Details are not described herein again in this application.

BRIEF DESCRIPTION OF DRAWINGS

[0072] FIG. 1 is a schematic diagram of an uplink multi-user data transmission procedure;
[0073] FIG. 2 is a schematic diagram of a frame structure sent by a STA;

[0074] FIG. 3 is a schematic diagram of a communication system according to an embodiment
of this application;

[0075] FIG. 4 is a schematic diagram of a possible RU allocation manner when a bandwidth
is 20 MHz;

[0076] FIG. 5 is a schematic diagram of a distributed RU;

[0077] FIG. 6 is a schematic flowchart of a data transmission method according to an
embodiment of this application;

[0078] FIG. 7 is a schematic structural diagram of a trigger frame according to an embodiment
of this application;

[0079] FIG. 8 is a schematic diagram of a distributed RU according to an embodiment of this
application;

[0080] FIG. 9 is a schematic diagram of a distributed RU according to an embodiment of this
application;

[0081] FIG. 10A to FIG. 10C are a schematic structural diagram of a trigger frame according
to an embodiment of this application;

[0082] FIG. 11 is a schematic structural diagram of an STF sequence according to an
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embodiment of this application;

[0083]  FIG. 12 is a schematic structural diagram of a trigger frame according to an
embodiment of this application;

[0084] FIG. 13 is a schematic diagram of an offset of a non-zero subcarrier index according to
an embodiment of this application;

[0085] FIG. 14 is a schematic structural diagram of a data transmission apparatus according to
an embodiment of this application;

[0086] FIG. 15 is a schematic structural diagram of a communication apparatus according to
an embodiment of this application; and

[0087] FIG. 16 is a schematic structural diagram of a communication apparatus according to

an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0088] To make objectives, technical solutions, and advantages of this application clearer, the
following further describes this application in detail with reference to the accompanying drawings.
A specific operation method in a method embodiment may also be applied to an apparatus
embodiment or a system embodiment. In descriptions of this application, unless otherwise
specified, "a plurality of" means two or more than two. Therefore, mutual reference may be made
to implementation of the apparatus and the method. Repeated parts are not described again.
[0089] The technical solutions in embodiments of this application may be applied to various
communication systems, such as a WLAN communication system, a long term evolution (long
term evolution, LTE) system, an LTE frequency division duplex (frequency division duplex, FDD)
system, an LTE time division duplex (time division duplex, TDD) system, a universal mobile
telecommunications system (universal mobile telecommunications system, UMTS), a worldwide
interoperability for microwave access (worldwide interoperability for microwave access, WiIMAX)
communication system, a 5th generation (5th generation, 5G) system, a new radio (new radio, NR)
system, and a future 6th generation (6th generation, 6G) system.

[0090] For example, the following describes an application scenario in embodiments of this
application and a method in embodiments of this application by using only a WLAN system as an
example.

[0091] Specifically, embodiments of this application may be applied to the WLAN system,
and may be applied to any protocol in the institute of electrical and electronics engineers (institute
of electrical and electronics engineers, IEEE) 802.11 series protocols used in a WLAN, such as

802.11a/b/g, 802.11n, 802.11ac, 802.11ax, 802.11be, and a future 802.11 protocol. The method
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provided in this application may be implemented by a communication device in a wireless
communication system or a chip or a processor in the communication device. Correspondingly,
the communication device supports communication by using the IEEE 802.11 series protocols.
[0092] For ease of understanding embodiments of this application, a communication system
shown in FIG. 3 is first used as an example to describe in detail a communication system applicable
to embodiments of this application. In this application, an AP is used as an example of a first
communication apparatus for description, and a STA is used as an example of a second
communication apparatus for description.

[0093] A WLAN system in FIG. 3 may include one or more APs and one or more STAs. In
FIG. 3, an example in which the APs are an AP #1 and an AP #2 is used for description, and an
example in which the STAs are a STA #1 and a STA #2 is used for description. However, during
actual application, quantities of APs and STAs in the communication system are not limited.
[0094] The AP may be an access point used by a terminal device (for example, a mobile phone)
to access a wired (or wireless) network, and is mainly deployed at home, in a building, and in a
park. A typical coverage radius is tens of meters to a hundred meters. Certainly, the access point
may alternatively be deployed outdoors. The access point is equivalent to a bridge that connects
the wired network and the wireless network. A main function of the access point is to connect
various wireless network clients together and then connect the wireless network to the Ethernet.
Specifically, the AP may be a terminal device (for example, a mobile phone) or a network device
(for example, a router) with a wireless fidelity (wireless fidelity, Wi-Fi) chip. The access point may
be a device that supports 802.11be and a next-generation standard of 802.11be. Alternatively, the
access point may be a device that supports a plurality of WLAN standards of 802.11 families such
as 802.11ax, 802.11ac, 802.11n, 802.11g, 802.11b, and 802.11a.

[0095] The access point may include a processor, a transmitter, and a receiver. The processor
is configured to control and manage an action of the access point, the transmitter is configured to
send information, and the receiver is configured to receive information.

[0096] The STA may be a wireless communication chip, a wireless sensor, a wireless
communication terminal, or the like, and may also be referred to as user equipment. For example,
the station may be a mobile phone supporting a Wi-Fi communication function, a tablet computer
supporting a Wi-Fi communication function, a set-top box supporting a Wi-Fi communication
function, a smart television supporting a Wi-Fi communication function, an intelligent wearable
device supporting a Wi-Fi communication function, a vehicle-mounted communication device
supporting a Wi-Fi communication function, or a computer supporting a Wi-Fi communication
function. Optionally, the station may support 802.11be and a next-generation standard of 802.11be.
Alternatively, the station may support a plurality of WLAN standards of 802.11 families such as
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802.11ax, 802.11ac, 802.11n, 802.11g, 802.11b, and 802.11a.

[0097] The STA may include a processor, a transmitter, and a receiver. The processor is
configured to control and manage an action of the access point, the transmitter is configured to
send information, and the receiver is configured to receive information.

[0098] For example, the AP and the STA may be devices used in the internet of vehicles,
internet of things nodes, sensors, or the like in the internet of things (internet of things, [oT), smart
cameras, smart remote controls, or smart water or electricity meters in a smart home, and sensors
in a smart city.

[0099] It should be noted that the AP may be multi-antenna/multi-radio frequency, or may be
single-antenna/single-radio frequency. The antenna/radio frequency is configured to send/receive
a data packet. In an implementation, an antenna or a radio frequency part of the AP may be
separated from a main body of the AP, that is, may be remotely disposed. In an implementation,
the STA may be a single antenna/radio frequency, or may be a multi-antenna/multi-radio frequency,
and may be a device with more than two antennas. The antenna/radio frequency is configured to
send/receive a data packet. In an implementation, an antenna or a radio frequency part of the STA
may be separated from a main body of the STA, that is, may be remotely disposed.

[00100] It should be noted that orthogonal frequency division multiple access (orthogonal
frequency division multiple access, OFDMA) may be used for data transmission between the AP
and the STA. In an OFDMA transmission scenario, a WLAN protocol divides an entire bandwidth
into several RUs, and a PPDU may be transmitted between the AP and the STA by using the
allocated RUs. According to the 802.11ax standard, a 20 MHz, 40 MHz, 80 MHz, or 160 MHz
bandwidth may be divided into a plurality of types of RUs, and a size of an RU may be a 26-tone
RU, a 52-tone RU, a 106-tone RU, a 242-tone RU, a 484-tone RU, a 996-tone RU, or the like.
Tone represents a subcarrier. For example, the 26-tone RU represents an RU including 26
consecutive subcarriers, or an RU including a group of 13 consecutive subcarriers and another
group of 13 consecutive subcarriers.

[00101] In the 802.11be standard, the foregoing resource allocation manner in which the
bandwidth is divided into several resource units is used. In the 802.11be standard, locations of
some data subcarriers and pilot subcarriers are changed according to the 802.11ax standard. For
20 MHz, 40 MHz, 80 MHz, 160 MHz, or 320 MHz, a spectrum bandwidth may be divided into a
plurality of types of RUs, and a size of an RU may be a 26-tone RU, a 52-tone RU, a 106-tone RU,
a 242-tone RU, a 484-tone RU, a 996-tone RU, or the like. The 26-tone RU may be allocated to
one STA for use. Usually, an RU with a size greater than or equal to 242-tone may be allocated to
one or more STAs for use. The RU in the bandwidth includes a data (data) subcarrier and a pilot

(pilot) subcarrier. The data subcarrier is used to carry data information. The pilot subcarrier
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transmits a fixed value, and is used by a receiving end to estimate a phase and perform phase
correction.

[00102] 802.11be defines different frame structures, and a periodicity of an EHT-STF includes
two types: 0.8 us and 1.6 ps. In addition, five channel bandwidths supported in 802.11be are 20
MHz, 40 MHz, 80 MHz, 160 MHz, and 320 MHz. Each bandwidth and each periodicity
correspond to one EHT-STF (for example, a periodicity is 0.8 ps and a channel bandwidth is 20
MHz, which corresponds to one EHT-STF). Therefore, there are a total of 10 (2*5=10) frequency
domain values of the EHT-STF.

[00103] For example, FIG. 4 is a schematic diagram of a possible RU allocation manner when
a bandwidth is 20 MHz. The entire 20 MHz bandwidth may include an entire 242-tone RU, or may
include any combination of a 26-tone RU, a 52-tone RU, and a 106-tone RU. In addition to the
RUs for data transmission, some guard (Guard) subcarriers, null subcarriers, or direct current
(direct current, DC) subcarriers are further included. In addition, other bandwidths may correspond
to different RU allocation manners. Examples are not listed herein one by one.

[00104] In a low power indoor (low power indoor, LPI) communication manner, maximum
transmit power and maximum transmit frequency spectrum density are strictly limited. Transmit
power of a device is limited by both maximum power and maximum power spectral density. First,
transmit power cannot exceed the maximum power, and transmit power spectral density cannot
exceed the maximum power spectral density. Because Transmit power of the device=Power
spectral density*Transmit bandwidth, when the power spectral density is constant, maximum
transmit power of the device increases with increase of the transmit bandwidth. It is known that
Average transmit power of each subcarrier=Transmit power/Quantity of valid subcarriers.
Therefore, when the power spectral density is constant, to increase the average transmit power of
each subcarrier, the transmit power may be increased, and to increase the transmit power, the
transmit bandwidth may be increased.

[00105] In a manner, subcarriers in one consecutive RU may be discretely distributed to a
plurality of consecutive RUs for sending. As shown in FIG. 5, considering a case in which one
consecutive 26-tone RU (denoted as a consecutive RU #1) is allocated to a user, subcarriers of the
consecutive RU #1 may be discretely distributed to two consecutive 26-tone RUs for sending. For
example, 13 subcarriers at odd-numbered locations are selected from the consecutive RU #1, and
subcarriers at even-numbered locations are selected from another consecutive 26-tone RU
(denoted as a consecutive RU #2). An RU that includes the 13 subcarriers at odd-numbered
locations in the consecutive RU #1 and the 13 subcarriers at even-numbered locations in the
consecutive RU #2 may be referred to as a distributed RU. It can be learned that, under same power

spectral density, a transmit bandwidth of the distributed RU is twice a transmit bandwidth of the
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consecutive RU, and transmit power is also doubled. However, the quantity of subcarriers is still
26. In this case, the average power of each subcarrier is doubled.

[00106] In the foregoing implementation, after one consecutive RU is allocated to a user, the
user transmits data and an STF on all subcarriers of the consecutive RU. Because in the
transmission manner, a PAPR of the STF is considered during design of an STF sequence, a PAPR
of the STF can be ensured in the transmission manner. However, the subcarriers included in the
distributed RU are not consecutive, and are distributed in a wider frequency range. Therefore,
when the distributed RU is used to send data, subcarriers in one consecutive RU are discretely
distributed to a plurality of consecutive RUs for sending. Under same power spectral density, a
transmit bandwidth of the distributed RU is increased compared with a transmit bandwidth of the
consecutive RU, and transmit power is also increased. In this case, the average power of each
subcarrier is doubled. If the STF sequence is still sent in the consecutive RU before discreteness,
power of the distributed RU cannot be accurately measured. If the STF sequence is sent only at a
location of the subcarriers of the distributed RU, the PAPR of the STF sequence cannot be ensured.
[00107] This application provides a data transmission method, to ensure increase of average
power of a data part sent by a first communication apparatus, and ensure a relatively low PAPR of
the first communication apparatus.

[00108] FIG. 6 shows a data transmission method according to an embodiment of this
application. The method may be implemented through interaction between a first communication
apparatus and a second communication apparatus. The first communication apparatus may be
understood as a STA, and the second communication apparatus may be understood as an AP. This
1s merely an example for description herein, and does not specifically limit specific types of the
first communication apparatus and the second communication apparatus. In FIG. 6, an example in
which first communication apparatuses are a STA #1 and a STA #2, and a second communication
apparatus is an AP is used for description. During actual application, neither of a quantity of first
communication apparatuses and a quantity of second communication apparatuses is limited.
Reference may be made to the following steps for execution.

[00109] Step 601A: The AP sends a trigger frame to the STA #1.

[00110] Step 601B: The AP sends a trigger frame to the STA #2.

[00111] It should be noted that an execution sequence of step 601 A and step 601B is not limited.
Step 601B may be performed before step 601A, or step 601 A may be performed before step 601B,
or step 601 A and step 601B may be performed simultaneously.

[00112] In addition, the trigger frames sent by the AP to the STA #1 and the STA #2 are the
same. In other words, information carried in the trigger frames is the same, or frame structures of

the trigger frames are the same. This is not specifically limited herein in this application. The frame
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structure of the trigger frame may be a trigger frame, or may be triggered response scheduling
(triggered response scheduling, TRS). The TRS mainly includes a control wrapper frame (control
wrapper frame), a quality of service (quality of service, QoS) data frame, a QoS-null (null) frame,
a management frame, and the like.

[00113] In FIG. 7, an example in which a frame structure of a trigger frame is a trigger frame
is used for description. The trigger frame includes a Common Info field and a User Info List field.
The common information field includes common information that needs to be read by all STAs.
The user information list field includes one or more user information fields. Each user information
field includes information that needs to be read by each STA. The trigger frame specifically
includes: a 2-bit frame control (frame control) field, a 2-bit duration (Duration) field, a 6-bit
receiver address (RA) field, a 6-bit transmitter address (TA) field, an 8-bit or more-bit common
information (Common Info) field, a user information list (User Info List) field, a padding (Padding)
field, and a 4-bit frame check sequence (FCS) field. The frame control field indicates a frame type.
The Duration field indicates frame duration. The RA field indicates a media access control (media
access control, MAC) address of a receiving STA. The TA field indicates a MAC address of a
transmitting STA. The Common Info field indicates common information that needs to be read by
all STAs. The User Info List field includes one or more user information fields, and each user
information field includes information that needs to be read by each STA. The Padding field is
used for zero padding. The FCS field is used for frame check.

[00114] The trigger frame is used to trigger at least one first communication apparatus that
includes the first communication apparatus to transmit an uplink PPDU. The example in FIG. 6
may be understood as that the trigger frame is used to trigger the STA #1 and the STA #2 to
separately send a PPDU to the AP.

[00115] Step 602A: The STA #1 sends the PPDU to the AP based on the trigger frame.

[00116] Step 602B: The STA #2 sends the PPDU to the AP based on the trigger frame.

[00117] As shown in FIG. 2, the PPDU includes a data field and an STF sequence, and names
and simple functions of fields (or referred to as fields) of the PPDU are shown in the following
Table 1. The Data field is the data field in this application. It should be understood that the PPDU
is merely an example, and a specific format of the PPDU is formulated by a standard. Table 1
merely uses an EHT PPDU in 802.11be as an example for description. However, during actual
application, in this application, the trigger frame is not specifically limited to the PPDU in
802.11be, and may alternatively be a PPDU in another WLAN standard. This is not specifically

limited in this application.
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Table 1

Field in a Function

trigger frame

L-STF Perform PPDU discovery, coarse synchronization, and automatic gain control
L-LTF Perform fine synchronization and channel estimation

L-SIG Carry signaling information related to a PPDU length, to ensure coexistence
RL-SIG Distinguish an HE PPDU from a non-HT, HT, or VHT PPDU

U-SIG Provide necessary information for translating an EHT PPDU

EHT-STF Perform automatic gain control of a subsequent field

Data Carry data information

[00118] During implementation of the solutions of this application, the data field may be carried
in a distributed RU. For example, as shown in FIG. 5, the data field is carried on 13 subcarriers at
odd-numbered locations in a consecutive RU #1 and subcarriers at even-numbered locations in a
consecutive RU #2. The distributed RU includes a plurality of subcarrier groups that are discrete
in frequency domain, one of the subcarrier groups includes one subcarrier or includes at least two
consecutive subcarriers, the STF sequence is carried on all subcarriers of a plurality of consecutive
RUs, the plurality of consecutive RUs are consecutive RUs corresponding to the distributed RU,
and each of the consecutive RUs includes a plurality of subcarriers that are consecutive in
frequency domain.

[00119] The following describes a consecutive RU, a distributed RU, and a correspondence
between a consecutive RU and a distributed RU in this application.

[00120] (1) Consecutive RU

[00121] The consecutive RU may be understood as an RU including a plurality of consecutive
subcarriers. Alternatively, the consecutive RU is an RU including two consecutive subcarrier
groups, where a plurality of subcarriers included in each consecutive subcarrier group are
consecutive, and the two subcarrier groups are spaced by only one or more of a guard subcarrier,
a null subcarrier, or a direct current subcarrier. All RUs supported in 802.11ax may be understood
as consecutive RUs. It should be understood that the consecutive RU may alternatively have
another name, for example, a regular RU. A name of the consecutive RU is not limited in this
application.

[00122] It should be understood that the plurality of subcarriers of the consecutive RU may be
consecutive; or the consecutive RUs may include two consecutive subcarrier groups, where the

two consecutive subcarrier groups are inconsecutive. For example, a 26-tone RU including a group
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of 13 consecutive subcarriers (such as a subcarrier 1 to a subcarrier 13) and another group of 13
consecutive subcarriers (such as a subcarrier 14 to a subcarrier 26) is a consecutive RU. Similarly,
a 996-tone RU including a group of 484 consecutive subcarriers and another group of 484
consecutive subcarriers is a consecutive RU. The RU may also be referred to as a special
consecutive RU or a generalized consecutive RU. The consecutive RU in this application
alternatively includes a special consecutive RU or a generalized consecutive RU.

[00123] In this application, a consecutive RU including K subcarriers is referred to as a
consecutive K-tone RU. For example, a consecutive 26-tone RU is a consecutive RU including 26
subcarriers. In other words, a concept of the consecutive K-tone RU is the same as a concept of a
K-tone RU in the existing 802.11ax standard.

[00124] (2) Distributed RU

[00125] The distributed RU includes a plurality of subcarrier groups that are discrete in
frequency domain. To be specific, the distributed RU includes a plurality of subcarrier groups, and
any two subcarrier groups are discrete in frequency domain. One subcarrier group includes one
subcarrier or includes at least two consecutive subcarriers. In other words, one subcarrier group
includes one subcarrier or includes a plurality of consecutive subcarriers.

[00126] It should be noted that the distributed RU may also be referred to as a non-consecutive
RU, a discrete RU, a separated RU, or the like. In another embodiment, the distributed RU may
alternatively have another name. A name of the distributed RU is not limited in this application.
An RU that meets a definition of the distributed RU in this application may be considered as the
distributed RU in this application. In this application, a quantity of subcarrier groups included in
one distributed RU is greater than or equal to 2. In addition, FIG. 5 is merely an example of the
distributed RU, and does not constitute a limitation.

[00127] In this application, a distributed RU including K subcarriers is referred to as a
distributed K-tone RU. For example, a distributed 26-tone RU is a distributed RU including 26
subcarriers. For a value of K, refer to a value of K used for the consecutive RU. Certainly, the
value of K may alternatively be different from the value of K used for the consecutive RU. For
example, when a bandwidth is 20 MHz, 20 MHz may include one or a combination of a distributed
26-tone RU, a distributed 52-tone RU, a distributed 106-tone RU, and a distributed 242-tone RU.
[00128] In this application, one distributed RU and another distributed RU may form a
distributed multi-RU, and the distributed multi-RU may be allocated to one or more stations. For
example, a distributed 242-tone RU and a distributed 484-tone RU may form a distributed
484+242-tone RU.

[00129] It should be noted that the special consecutive RU or the generalized consecutive RU

mentioned above do not belong to the distributed RU in this embodiment of this application. For
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example, in the foregoing example, the 26-tone RU including the group of 13 consecutive
subcarriers and the another group of 13 consecutive subcarriers is not the distributed RU defined
in this application, but is a special consecutive RU.

[00130] In some examples, quantities of subcarriers included in any two of the plurality of
subcarrier groups included in the distributed RU may be the same or different. For example, a
quantity of subcarriers in each subcarrier group may be 1. For another example, a quantity of
subcarriers in a part of the subcarrier groups is 1, and a quantity of subcarriers in other subcarrier
groups is 2. To be specific, one distributed RU may include four subcarrier groups, and quantities
of subcarriers in the four subcarrier groups may be sequentially 1 (for example, a subcarrier 3), 1
(for example, a subcarrier 5), 2 (such as a subcarrier 7 and a subcarrier 8), and 2 (such as a
subcarrier 10 and a subcarrier 11). This is merely described as an example herein, and is not
specifically limited.

[00131] Insome examples, when a quantity of subcarrier groups included in the distributed RU
is greater than or equal to 3, in the plurality of discrete subcarrier groups included in the distributed
RU, quantities of subcarriers between every two adjacent subcarrier groups may be the same or
different. Every two adjacent subcarrier groups are two adjacent subcarrier groups of one
distributed RU.

[00132] For example, for a distributed RU including three distributed subcarrier groups (which
are respectively a subcarrier group #1, a subcarrier group #2, and a subcarrier group #3), the
subcarrier group #1 is adjacent to the subcarrier group #2, and the subcarrier group #2 is adjacent
to the subcarrier group #3. In other words, frequencies of subcarriers included in the subcarrier
group #1 are less than frequencies of subcarriers included in the subcarrier group #2, and
frequencies of subcarriers included in the subcarrier group #2 are less than frequencies of
subcarriers included in the subcarrier group #3. In addition, a subcarrier with a highest frequency
in the subcarrier group #1 and a subcarrier with a lowest frequency in the subcarrier group #2 are
inconsecutive in frequency (or frequency domain). To be specific, the subcarrier with the highest
frequency in the subcarrier group #1 and the subcarrier with the lowest frequency in the subcarrier
group #2 are spaced by K1 (K1>1) subcarriers. In other words, there are K1 subcarriers between
the subcarrier with the highest frequency in the subcarrier group #1 and the subcarrier with the
lowest frequency in the subcarrier group #2. A subcarrier with a highest frequency in the subcarrier
group #2 and a subcarrier with a lowest frequency in the subcarrier group #3 are inconsecutive in
frequency (or frequency domain). To be specific, the subcarrier with the highest frequency in the
subcarrier group #2 and the subcarrier with the lowest frequency in the subcarrier group #3 are
spaced by K2 (K2>1) subcarriers. In other words, there are K2 subcarriers between the subcarrier

with the highest frequency in the subcarrier group #2 and the subcarrier with the lowest frequency
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in the subcarrier group #3. K1 may be equal to K2, or may not be equal to K2.

[00133] For another example, for a distributed RU including four discrete subcarrier groups
(denoted as a subcarrier group #1, a subcarrier group #2, a subcarrier group #3, and a subcarrier
group #4), the subcarrier group #1 is adjacent to the subcarrier group #2, the subcarrier group #2 is
adjacent to the subcarrier group #3, and the subcarrier group #3 is adjacent to the subcarrier group
#4. In addition, a subcarrier with a highest frequency in the subcarrier group #1 and a subcarrier with
a lowest frequency in the subcarrier group #2 are spaced by K1 (K1>1) subcarriers, and a subcarrier
with a highest frequency in the subcarrier group #2 and a subcarrier with a lowest frequency in the
subcarrier group #3 are spaced by K2 (K2>1) subcarriers, and a subcarrier with a highest frequency
in the subcarrier group #3 and a subcarrier with a lowest frequency in the subcarrier group #4 are
spaced by K3 (K3>1) subcarriers. All of K1, K2, and K3 may be equal, or two of K1, K2, and K3
may be equal, or any two of K1, K2, and K3 are unequal.

[00134] For example, FIG. 8 is a schematic diagram of a distributed RU. Refer to FIG. 8. A
distributed 52-tone RU is distributed in a frequency range of 20 MHz, and the distributed 52-tone
RU includes 26 subcarriers in the 1% consecutive 52-tone RU and 26 subcarriers in the 3™
consecutive 52-tone RU in the 1*' frequency range of 20 MHz.

[00135] For example, FIG. 9 is a schematic diagram of a distributed RU. Refer to FIG. 9. A
distributed 52-tone RU is distributed in a frequency range of 80 MHz, and the distributed 52-tone
RU includes 13 subcarriers in the 1 consecutive 52-tone RU in the 1* frequency range of 20 MHz,
13 subcarriers in the 1% consecutive 52-tone RU in the 2™ frequency range of 20 MHz, 13
subcarriers in the 1% consecutive 52-tone RU in the 3™ frequency range of 20 MHz, and 13
subcarriers in the 15t consecutive 52-tone RU in the 4" frequency range of 20 MHz.

[00136] Optionally, the distributed RU includes K subcarriers. A quantity of MHz occupied by
the distributed RU is greater than a quantity of MHz occupied by an RU whose quantity of
subcarriers is K. A minimum granularity of a quantity of MHz is 1.

[00137] The quantity of MHz occupied by the distributed RU is a quantity of MHz occupied by
the K subcarriers of the distributed RU. The bandwidth includes a plurality of MHz. At least one
subcarrier of the distributed RU is distributed in one MHz. Even if the subcarriers of the distributed
RU do not occupy the entire MHz, the MHz is counted in the quantity of MHz occupied by the
distributed RU. Refer to FIG. 5. It can be learned that one 26-tone RU in the 1% frequency range
of 20 MHz includes 26 subcarriers, and a bandwidth occupied by one 26-tone RU is approximately
2 MHz on average (where a 20 MHz bandwidth shown in FIG. 9 includes nine 26-tone RUs). If
the distributed RU is used, one 26-tone RU may be distributed to odd-numbered subcarriers of one
26-tone RU and even-numbered subcarriers of another 26-tone RU for sending. In this case, the

occupied bandwidth is 2*2 MHz. 2*2 MHz is greater than 2 MHz. However, regardless of whether
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the distributed 26-tone RU or the consecutive 26-tone RU is used, the quantity of included
subcarriers remains unchanged, which is 26.

[00138] For example, the 26 subcarriers in the distributed 26-tone RU, including four subcarrier
groups. In ascending order of frequencies, the 1% to 7" subcarriers are consecutive, and belong to
one subcarrier group; the 8" to 14" subcarriers are consecutive, and belong to one subcarrier group;
the 15" to 20" subcarriers are consecutive, and belong to one subcarrier group; and the 21% to 26"
subcarriers are consecutive, and belong to one subcarrier group.

[00139] In 1 MHz occupied by the 1% to 7" subcarriers, only the seven subcarriers are the
subcarriers of the distributed 26-tone RU. Even if a frequency corresponding to the 1% to 7%
subcarriers is only 0.5 MHz, that is, the 1% to 7 subcarriers do not fully occupy the 1 MHz, because
a minimum granularity of the quantity of MHz is 1, a quantity of MHz occupied by the 1% to 7™
subcarriers is also 1 MHz.

[00140]  Similarly, in 1 MHz occupied by the 8 to 14 subcarriers, only the seven subcarriers
are the subcarriers of the distributed 26-tone RU. A quantity of MHz occupied by the 8% to 14"
subcarriers is also 1 MHz. In 1 MHz occupied by the 15" to 20" subcarriers, only the seven
subcarriers are the subcarriers of the distributed 26-tone RU. A quantity of MHz occupied by the
15" to 20™ subcarriers is also 1 MHz. In 1 MHz occupied by the 21% to 26" subcarriers, only the
seven subcarriers are the subcarriers of the distributed 26-tone RU. A quantity of MHz occupied
by the 215 to 26" subcarriers is also 1 MHz. In this way, the quantity of MHz occupied by the
distributed 26-tone RU is 4 MHz.

[00141] 1t can be learned from the foregoing descriptions that subcarrier distribution of a
consecutive RU is different from that of a distributed RU. For an RU, there is a fixed
correspondence between a quantity of subcarriers and a quantity of MHz occupied by the
subcarriers. For example, a quantity of MHz occupied by 26 subcarriers in a consecutive 26-tone
RU is 2, a quantity of MHz occupied by 52 subcarriers in a consecutive 52-tone RU is 4, ..., a
quantity of MHz occupied by 242 subcarriers in a consecutive 242-tone RU is 20, a quantity of
MHz occupied by a consecutive 484-tone RU is 40, and a quantity of MHz occupied by a
consecutive 996-tone RU is 80. However, for a distributed RU, there is no fixed correspondence
between a quantity of subcarriers and a quantity of MHz occupied by the subcarriers. For example,
996 subcarriers of a distributed 996-tone RU may be distributed in 160 MHz, or may be distributed
in 320 MHz. In other words, a quantity of MHz occupied by 996 subcarriers of a distributed 996-
tone RU may be 160 MHz, or may be 320 MHz.

[00142] (3) Correspondence between a distributed RU and a consecutive RU

[00143] In this application, a plurality of consecutive RUs corresponding to one distributed RU

are a plurality of consecutive RUs that include all subcarriers in the distributed RU and that have
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a minimum total quantity of included subcarriers. Any one of the plurality of consecutive RUs
corresponding to the distributed RU includes a part of subcarriers of the distributed RU.

[00144] 1t should be understood that, that one distributed RU corresponds to a plurality of
consecutive RUs may be described as that one distributed RU occupies a plurality of consecutive
RUs, or one distributed RU is in a plurality of consecutive RUs, or there is a mapping relationship
between one distributed RU and a plurality of consecutive RUs, or a plurality of consecutive RUs
are consecutive RUs in which one distributed RU is located.

[00145] For example, the distributed RU shown in FIG. 5 is used as an example. The 1%
consecutive 26-tone RU, the 1% consecutive 52-tone RU, the 1% consecutive 106-tone RU, the 1
consecutive 242-tone RU, and the 1% consecutive 484-tone RU in the 1% 20 MHz shown in FIG. 5
are respectively denoted as a consecutive RU #1, a consecutive RU #2, a consecutive RU #3, a
consecutive RU #4, and a consecutive RU #5. The 1% consecutive 26-tone RU, the 1% consecutive
52-tone RU, the 1% consecutive 106-tone RU, the 1% consecutive 242-tone RU, and the 1%
consecutive 484-tone RU in the 2™ 20 MHz are respectively denoted as a consecutive RU #6, a
consecutive RU #7, a consecutive RU #8, a consecutive RU #9, and a consecutive RU #10. Any
one of the consecutive RUs #1 to #5 includes a part of subcarriers of the distributed 26-tone RU
shown in FIG. 5, and any one of the consecutive RUs #6 to #10 includes another part of subcarriers
of the distributed 26-tone RU. In other words, the plurality of consecutive RUs including all the
subcarriers of the distributed RU are any one of the consecutive RUs #1 to #5 and any one of the
consecutive RUs #6 to #10. In a combination including one of the consecutive RUs #1 to #5 and
one of the consecutive RUs #6 to #10, the consecutive RU #1 and the consecutive RU #6 include
a total of 52 subcarriers, and a total quantity of subcarriers included in two consecutive RUs in
another combination is greater than 52. In other words, the consecutive RU #1 and the RU #6 are
a plurality of consecutive RUs that include all the subcarriers of the distributed RU and that have
a minimum total quantity of subcarriers in the plurality of consecutive RUs. Therefore, the
plurality of consecutive RUs corresponding to the distributed 26-tone RU are the consecutive RU
#1 and the consecutive RU #6.

[00146] It should be understood that the AP allocates a bandwidth, namely, a transmission
bandwidth, to the uplink PPDU. In a scenario in which all RUs included in the entire transmission
bandwidth are distributed RUs, or in a scenario in which a distributed RU is used to allocate a
resource to the entire bandwidth, the transmission bandwidth is the entire bandwidth. In a scenario
in which the entire bandwidth includes both a distributed RU and a consecutive RU, or in a
scenario in which a distributed RU is used to allocate a resource to a part of the entire bandwidth
and a consecutive RU is used to allocate a resource to the other part of the bandwidth, the

transmission bandwidth is a bandwidth occupied by the distributed RU. For example, it is assumed
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that the entire bandwidth is 40 MHz. In a scenario in which the distributed RU is used to allocate
aresource to the 40 MHz bandwidth, the transmission bandwidth is 40 MHz. In a scenario in which
the distributed RU is used to allocate a resource to a 20 MHz bandwidth in the 40 MHz bandwidth
and the consecutive RU is used to allocate a resource to the other 20 MHz bandwidth, the
transmission bandwidth is 20 MHz. The distributed RU that carries the data field may be one RU,
or may be a plurality of RUs. In addition, regardless of which distributed RU or distributed RUs
in the transmission bandwidth is/are the distributed RU that carries the data field, a bandwidth
occupied by the distributed RU is the transmission bandwidth.

[00147] According to the data transmission method provided in this application, when the
distributed RU is used to carry the data field, the STF sequence is carried in the transmission
bandwidth or in the consecutive RUs corresponding to the distributed RU, instead of being carried
only in the distributed RU. This can ensure increase of average power of a data part sent by the
first communication apparatus, and ensure a relatively low PAPR of the first communication
apparatus, thereby ensuring system performance.

[00148] Further, a manner in which the STF sequence is sent when the distributed RU is used
to carry the data field in the PPDU may be determined in a plurality of manners, for example,
through spatial stream information-based cyclic shift or based on a non-zero subcarrier index. This
is not specifically limited herein in this application, and only the spatial stream information-based
cyclic shift and the non-zero subcarrier index are used as an example for description. A non-zero
subcarrier may also be referred to as a subcarrier whose sequence value is not zero, or may have
another name. This is not specifically limited herein in this application.

[00149] Example 1: Determine the STF sequence through spatial stream information-based
cyclic shift.

[00150] The AP may allocate a plurality spatial streams to a STA. When PPDUs are sent, if
same STF sequences are used for a plurality of spatial streams, consecutive RUs corresponding to
distributed RUs of the STAs may overlap. In this case, phase superposition and phase cancellation
may occur in STFs sent by the STAs, that is, there is a relatively large correlation between the
STFs sent by the STAs, resulting in inaccurate power measurement. To reduce correlation, the STF
sequences sent by the STAs may be considered as STF sequences in different spatial streams. In
addition, the spatial streams are numbered. Then, cyclic shift is performed on the STFs based on
the numbers of the spatial streams. In this way, correlation between the spatial streams during
transmission is reduced, so that accuracy of power measurement is improved.

[00151] For example, there may be N STAs, and N>1. Spatial stream information of the first
communication apparatus is determined by the second communication apparatus based on a total

number of spatial streams that are in the transmission bandwidth and that are allocated to the N
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STAs. The spatial stream information includes a spatial stream start location and a number of
spatial streams.

[00152] During actual application, the AP may determine, based on a channel measurement
result, capability information reported by each STA, and the transmission bandwidth, a spatial
stream start location and a number of spatial streams of each STA, and indicate, by using a first
field in the trigger frame, spatial stream information allocated to the STA when the STA transmits
data by using a distributed RU. The first field may include a first sub-field and a second sub-field.
The first sub-field indicates the spatial stream start location allocated by the second
communication apparatus to the first communication apparatus. The second sub-field indicates the
number of spatial streams allocated by the second communication apparatus to the first
communication apparatus. As shown in FIG. 10A to FIG. 10C, the first field may be a spatial
stream allocation (SS Allocation) field. The first sub-field may be a starting spatial stream (Starting
Spatial Stream) field in the trigger frame. The second sub-field may be a number of spatial streams
(Number Of Spatial Streams) field in the trigger frame. The Starting Spatial Stream field may
indicate a sequence number of a starting stream of the STA. For example, if the Starting Spatial
Stream field is 2, it indicates that the starting stream allocated to the STA is the 3" spatial stream.
The Number Of Spatial Streams field may indicate a number of spatial streams allocated to the
STA. For example, two spatial streams are allocated to the STA. It can be learned, according to the
sequence number of the starting stream of the STA and the number of spatial streams allocated to
the STA, that the spatial streams allocated to the STA are a spatial stream 3 and a spatial stream 4.
[00153] It should be noted that, in a conventional technology, because a data field is not carried
in a distributed RU, but is carried in consecutive RUs, and the consecutive RUs do not overlap
each other, spatial stream information is a spatial stream start location of a STA and a number of
spatial streams allocated to the STA that are determined after an AP sorts spatial streams of all
users in the consecutive RUs (where an RU allocation field may indicate a resource unit in which
multiple-input multiple-output (multiple-input multiple-output, MIMO) occurs). However, in this
application, the data field is carried in the distributed RU, and consecutive RUs corresponding to
distributed RUs of users may overlap. To avoid mutual interference between STFs of the users in
an overlapping area, in this application, the spatial stream start location and the number of spatial
streams of the STA are determined based on a total number of spatial streams in the transmission
bandwidth (which may be specifically determined by referring to a UL BW field).

[00154] The STA determines, based on the spatial stream information, F CSD values
corresponding to F spatial streams of the STA, where F>1; and determines, based on a CSD value
corresponding to an i™ spatial stream, an STF sequence corresponding to the i spatial stream,

where 1 is greater than or equal to 1 and less than or equal to F. 802.11n specifies CSD values of
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the 1% to 4™ streams, as shown in Table 2. To be specific, if two spatial streams are allocated to the
STA, the 1% spatial stream is not shifted, and the 2" spatial stream is cyclically shifted by 400 ns.
If three spatial streams are allocated to the STA, the 1% spatial stream is not shifted, the 2" spatial
stream is cyclically shifted by 400 ns, and the 3™ spatial stream is cyclically shifted by 200 ns. If
four spatial streams are allocated to the STA, the 1% spatial stream is not shifted, the 2™ spatial
stream is cyclically shifted by 400 ns, the 3™ spatial stream is cyclically shifted by 200 ns, and the
4™ spatial stream is cyclically shifted by 600 ns.

Table 2
Number of spatial streams | Shift value on each spatial stream (ns)
1 2 3 4
1 0 - - -
2 0 —400 - -
3 0 —400 -200 -
4 0 —400 -200 —600

[00155] In addition, 802.11ac/802.11ax specifies CSD values of the 1% to 8" streams, as shown
in Table 3. It should be noted that 802.11ac/802.11ax is compatible with design of the CSD values
in 802.11n. If eight spatial streams are allocated to the STA, the 1% spatial stream is not shifted,
the 2" spatial stream is cyclically shifted by 400 ns, the 3™ spatial stream is cyclically shifted by
200 ns, the 4™ spatial stream is cyclically shifted by 600 ns, the 5" spatial stream is cyclically
shifted by 350 ns, the 6 spatial stream is cyclically shifted by 650 ns, the 7" spatial stream is
cyclically shifted by 100 ns, and the 8" spatial stream is cyclically shifted by 750 ns.

Table 3

Number of Shift value on each spatial stream (ns)

spatial streams | 1 2 3 4 5 6 7 8
1 0 - - - - - - -
2 0 —400 - - - - - -
3 0 —400 -200 - - - - -
4 0 —400 —200 —600 - - - -
5 0 —400 -200 —600 -350 - - -
6 0 —400 -200 —600 -350 —650 - -
7 0 —400 -200 —600 -350 —650 -100 -

27



10

15

20

25

30

8 0 —400 —200 —600 -350 —650 —-100 —750

[00156] Then, the STA may determine the STF sequence based on the CSD value corresponding
to each spatial stream, and transmit the STF sequence in the PPDU.

[00157] In the foregoing embodiment, the AP uniformly sorts the numbers of spatial streams of
all the users (including OFDMA and MU-MIMO) in the entire bandwidth, and performs CSD
selection based on the sorting, so that interference from the STF sequences of the spatial streams
caused when the STAs carries data by using the distributed RUs can be avoided. Table 2 and Table
3 are merely examples for description, and do not limit a WLAN standard protocol to which this
application is applicable. The foregoing method for determining the STF sequence through spatial
stream information-based cyclic shift is not only applicable to 802.11be, but also applicable to a
future standard protocol. This is not specifically limited herein in this application.

[00158] Specifically, for STAs whose consecutive RUs corresponding to the distributed RUs
overlap, because STF sequences sent by the STAs are the same, meaningless beamforming formed
by the STF sequences at the receiving end can be avoided by using different CSD values. The
meaningless beamforming refers to a case in which same STF sequences are superposed in a same
direction or are reversely canceled. This causes a relatively large fluctuation in a power ratio of
the STF to the data part. In this application, the data field is carried in the distributed RU, and the
consecutive RUs corresponding to distributed RUs of the users may overlap. CSD cyclic shift is
performed on the STF sequences sent in the consecutive RUs corresponding to the distributed RUs,
so that mutual interference between the STFs of the users in an overlapping area can be avoided.
In addition, in Example 1, the sent STF sequences do not change. In other words, a non-zero
subcarrier spacing of the STF sequences does not change. Therefore, PAPRs of the STFs can be
ensured, so that system performance can be ensured.

[00159] Example 2: Determine the STF sequence based on a non-zero subcarrier index.
[00160] It should be noted that the STF sequence is constructed based on an M sequence
through multiplexing, phase rotation, and splicing, as shown in FIG. 11. An optimized value is
defined in the 802.11be standard. Specifically, a 20 MHz EHT-STF sequence is obtained through
splicing after an M sequence is multiplied by a rotation factor c1. A40MHz EHT-STF sequence is
obtained through splicing after two 20MHz EHT-STF sequences are multiplied by rotation factors
c2 and c3. Similarly, an 80 MHz EHT-STF sequence is obtained through splicing after four 20
MHz EHT-STF sequences are multiplied by rotation factors. In addition, values al and a2 need to
be inserted between every two M sequences. In addition, a direct current subcarrier in an OFDM
modulation mode needs to be 0. The PAPR of the EHT-STF can be minimized by optimizing a and

C.
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[00161] An STF sequence is usually constructed by using an M sequence. Herein, only an EHT-
STF sequence is used as an example for description, and a manner of constructing the STF
sequence is not specifically limited:

EHTS 11246112 = (M} (1 + ) /V2;

EHES, = 0.
[00162] The M sequence is {-1, -1, -1, 1, 1, 1, -1, 1, 1, 1, -1, 1, 1, =1, 1}. When the
transmission bandwidth is 20 MHz, and a periodicity of the EHT-STF sequence is 0.8 s, there are
a total of 256 subcarriers, and subcarrier indexes range from —128 to 127. However, a value is
assigned only to subcarrier indexes from —112 to 112 at an interval of 16 steps. For example,
corresponding to the foregoing M sequence, when a subcarrier index is —112, a sequence value
corresponding to a subcarrier is —1+ (1 + j)/v/2; when a subcarrier index is —96, a sequence value
corresponding to a subcarrier is —1+ (1 + j)/v/2; when a subcarrier index is —80, a sequence value
corresponding to a subcarrier is —1+ (1 + j)/v/2; when a subcarrier index is —64, a sequence value
corresponding to a subcarrier is 1 (1 + j)/v2; when a subcarrier index is —48, a sequence value
corresponding to a subcarrier is 1 (1 + j)/v2; when a subcarrier index is —32, a sequence value

corresponding to a subcarrier is 1 (1 + j)/v2; when a subcarrier index is —16, a sequence value

corresponding to a subcarrier is —1- (1 + j)/v/2; when a subcarrier index is 0, a sequence value
corresponding to a subcarrier is 0; when a subcarrier index is 16, a sequence value corresponding
to a subcarrier is 1- (1 + j)/v/2, and so on. The sequence values corresponding to the subcarriers
corresponding to the subcarrier index —96, the subcarrier index —80, and the like are not 0. If none
of the sequence values corresponding to the subcarrier —112, the subcarrier —96, the subcarrier —
80, the subcarrier —64, the subcarrier —48, the subcarrier —32, the subcarrier —16, the subcarrier 16,
the subcarrier 32, the subcarrier 48, the subcarrier 64, the subcarrier 80, the subcarrier 96, and the
subcarrier 112 is zero, the subcarriers are non-zero subcarriers. Sequence values corresponding to
subcarriers other than the non-zero subcarriers are all 0. For example, the sequence values
corresponding to the subcarrier 0 and the subcarrier 128 are both 0. Therefore, it can be learned
that the EHT-STF sequence is {0, 14 0s, 0, -1+ (1 + j)//2, 15 0s,-1- (1 + j) /v/2, 15 0s,—-1- (1 +
N/N2,150s, 1- (1 + j)/V2, 15 0s, 1- (1 + j)/V2, 15 0s, 1- (1 + j)/V/2, 15 0s, —1- (1 + j) /V2,
150s,0,150s, 1- (1 + j)/v/2, 15 0s, 1+ (1 + j)/v/2, 15 0s, -1+ (1 + j) /¥/2, 15 0s, 1- (1 + ) /V/2,
150s, 1- (1 + j)/V2,15 0s, -1+ (1 + j) /N2, 15 0s, 1- (1 + j) /V/2, 14 0s, 0}.

[00163] In addition, it should be further noted that different transmission bandwidths have
different quantities of subcarriers, and correspond to different non-zero subcarrier indexes. For
example, if the transmission bandwidth is 40 MHz, and the periodicity of the EHT-STF sequence

is 0.8 ps, a value range of the non-zero subcarrier index is —240 to 240; if the transmission
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bandwidth is 80 MHz, and the periodicity of the EHT-STF sequence is 0.8 s, a value range of the
non-zero subcarrier index is —496 to 496; or if the transmission bandwidth is 160 MHz, and the
periodicity of the EHT-STF sequence is 0.8 ps, a value range of the non-zero subcarrier index is —
1008 to 1008. In the foregoing non-zero subcarrier indexes, a subcarrier index whose special
specified sequence value is 0 (for example, in an example in which the periodicity of the EHT-
STF sequence in 20 MHz is 0.8 ps, a sequence value corresponding to a subcarrier whose index is
0 is specified as 0) may not be included in the non-zero subcarrier index, or may be included in
the non-zero subcarrier index.

[00164] The STA may determine the STF sequence of the STA based on the non-zero subcarrier
index, where the non-zero subcarrier index is determined based on a device number, and the device
number is determined based on the trigger frame.

[00165] For example, the STA may determine a device number of the first communication
apparatus by calculating receiving time of a User Info List field, receiving time of a User Info
Field field, and a length of the User Info Field field in the trigger frame. FIG. 12 shows the
receiving time TL of the User Info List field, the receiving time TF of the User Info Field field,
and the length Tc of the User Info Field field.

[00166] During actual application, Device number N of the first communication
apparatus=(Receiving time TF of the User Info Field field—Receiving time TL of the User Info
List field in the trigger frame)/Length Tc of the User Info Field field+1. In addition, if B55 in a
Common Field field in the trigger frame is 0, it indicates that the 1% User Info Field in the User
Info List is an extension of the Common Field, which is referred to as a Special User Info Field.
In this case, Device number N of the first communication apparatus=(Receiving time of the User
Info Field field—Receiving time of the User Info List field in the trigger frame)/Length of the User
Info Field field. In other words, when B55=0, the Special User Info Field is used as an extension
of the Common Field, and one User Info Field is actually not allocated to the user. Therefore, an
actual device number N' of the first communication apparatus is the sequence number N of the
User Info Field minus 1, that is, N'=N—1. When B55 is equal to 1, the device number N of the first
communication apparatus is equal to the sequence number of the User Info Field.

[00167] For example, if the number of spatial streams allocated to the STA is less than or equal
to 8, the STA may indicate the device number of the first communication apparatus by using a first
bit and a second bit in the trigger frame, where the first bit and the second bit are in the User Info
List field in the trigger frame. The first bit may be a bit in a reserved field of the User Info List
field in the trigger frame, and the second bit may be one of four bits in a Starting Spatial Stream
field in the User Info List field. If the reserved field indicates the device number of the first

communication apparatus, the field is not a reserved field.
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[00168] In an optional manner, the periodicity of the STF sequence is 0.8 ps, the transmission
bandwidth supports the N STAs to transmit data, 1<N<4, an offset value of a non-zero subcarrier
index corresponding to a STA whose device number is j is a multiple of 16/K, K=2/, 1<j<N, and /
is 1 or 2. For example, there are two STAs. If / is 1, an offset value of a non-zero subcarrier index
corresponding to a STA whose device number is 1 may be 0 or 8. If the offset value of the non-
zero subcarrier index corresponding to the STA whose device number is 1 is 0, an offset value of
a non-zero subcarrier index corresponding to a STA whose device number is 2 is §; or if the offset
value of the non-zero subcarrier index corresponding to the STA whose device number is 1 is 8,
an offset value of a non-zero subcarrier index corresponding to a STA whose device number is 2
is 0. There are two STAs. If / is 2, an offset value of a non-zero subcarrier index corresponding to
a STA whose device number is 1 may be 0, 4, 8, or 12. If the offset value of the non-zero subcarrier
index corresponding to the STA whose device number is 1 is 0, an offset value of a non-zero
subcarrier index corresponding to a STA whose device number is 2 may be one of 4, 8, and 12; or
if the offset value of the non-zero subcarrier index corresponding to the STA whose device number
is 1 is 8, an offset value of a non-zero subcarrier index corresponding to a STA whose device
number is 2 is one of 0, 4, and 12. This is merely an example for description, and is not illustrated
one by one herein. There are three STAs. If / is 2, an offset value of a non-zero subcarrier index
corresponding to a STA whose device number is 1 may be 0, 4, 8, or 12. If the offset value of the
non-zero subcarrier index corresponding to the STA whose device number is 1 is 0, an offset value
of a non-zero subcarrier index corresponding to a STA whose device number is 2 may be one of 4,
8, and 12; or if the offset value of the non-zero subcarrier index corresponding to the STA whose
device number is 1 is 4, an offset value of a non-zero subcarrier index corresponding to a STA
whose device number is 3 may be 8 or 12. This is merely an example for description, and is not
illustrated one by one herein.

[00169] If there are four STAs, an offset value of a non-zero subcarrier index corresponding to
a STA whose device number is 1 is 0; an offset value of a non-zero subcarrier index corresponding
to a STA whose device number is 2 is 4; an offset value of a non-zero subcarrier index
corresponding to a STA whose device number is 3 is 8, and an offset value of a non-zero subcarrier
index corresponding to a STA whose device number is 4 is 12. The offset value herein may be
understood as an offset of a non-zero subcarrier index to the left or to the right. Whether the offset
is to the left or to the right is not specifically limited herein, and may be determined according to
a protocol agreed on between the AP and the STA during actual application.

[00170] At the receiving end, a periodicity of a signal received by the AP is 0.8%4=3.2 ps. The
transmit end STA needs to send five periodicities, that is, 3.2*5=16 ps. An EHT-STF in a 20M

bandwidth is used as an example. STAs 1 to 4 separately send the following sequences. FIG. 13 is
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a schematic diagram of offset values of non-zero subcarrier indexes of different STAs. The STA 2
is offset to the left by four indexes relative to a value of a non-zero subcarrier index of a STA 1,
the STA 3 is offset to the left by eight indexes relative to the value of the non-zero subcarrier index
of the STA 1, and the STA 4 is offset to the left by 12 indexes relative to the value of the non-zero
subcarrier index of the STA 1. An offset value of the non-zero subcarrier index corresponding to
the STA 1 is 0, and a value range of the non-zero subcarrier index is —112 to 112. An offset value
of a non-zero subcarrier index corresponding to the STA 2 is —4, and a value range of the non-zero
subcarrier index is —116 to 108. An offset value of a non-zero subcarrier index corresponding to
the STA 3 is —8, and a value range of the non-zero subcarrier index is —120 to 104. An offset value
of a non-zero subcarrier index corresponding to the STA 4 is —12, and a value range of the non-
zero subcarrier index is —124 to 100. Details are shown as follows:

STA 1: EHTS 1216112 = (M} * (1 + j) /2, EHTS, = 0;

STA 2: EHTS 1616108 = (M} * (1 + j) /N2, EHTS_, = 0;

STA 3: EHTS 120.16:100 = (M} * (1 + ) /N2, EHTS_g = 0;

STA 4: EHTS 154.16:100 = (M} * (1 + j) /N2, EHTS_;, = 0.
[00171] It should be noted that the offset of the non-zero subcarrier index may be understood
as an overall offset of the EHT-STF sequence, or may be understood as a separate offset of a
sequence value corresponding to each subcarrier, and results obtained in both manners are the
same. This is not specifically limited herein in this application. In other words, the offset of the
non-zero subcarrier index is a possible implementation, and an assigned subcarrier may also be
defined. The assigned subcarrier herein may be understood as a subcarrier index that is included
in the foregoing non-zero subcarrier indexes and whose special specified sequence value is 0. For
example, the transmission bandwidth is 20 MHz, and the periodicity of the EHT-STF sequence is
0.8 us. The EHT-STF sequence has a total of 256 subcarriers, and subcarrier indexes range from —
128 to 127. According to the foregoing process of constructing the EHT-STF sequence, a value is
assigned to the subcarrier indexes from —112 to 112 at an interval of 16 steps. When a subcarrier
index is 0, a corresponding sequence value is assigned to 0. Therefore, the subcarrier indexes may
be from —112 to 112. A subcarrier index with an interval step of 16 is considered as an assigned
subcarrier index. Simply speaking, compared with a non-zero subcarrier index, an assigned
subcarrier index has an additional subcarrier index that is specially specified as 0 (where a
corresponding subcarrier index in the foregoing example is 0). When the offset of the subcarrier
index described in this embodiment of this application is performed, the assigned subcarrier may
also be considered as a whole for offset.

[00172] As described above, the EHT-STF sequence sent by the STA 1 is not offset, which is

{0, 14 0s, 0, -1+ (1 + j)/¥2, 15 0s, —1- (1 + j) /2, 15 0s, —1- (1 + j) /v/2, 15 0s, 1- (1 + ) /V/2,
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150s, 1- (1 4 j)/v/2, 15 0s, 1- (1 + ) /v/2, 15 0s, -1 (1 + ) /v/2, 15 0s, 0, 15 0s, 1- (1 + j)//2,
15 0s, 1 (1 + j)/V2, 15 0s, —1- (1 + j) /N2, 15 0s, 1- (1 + j) /V2, 15 0s, 1- (1 + j) /2, 15 0s, —
1- (14 j)/V2,150s, 1- (1 + j)/V2, 14 0s, 0}; the EHT-STF sequence sent by the STA 2 is offset
by —4, which is {0, 10 0s, 0, —1- (1 + j)/v/2, 15 0s, —1- (1 + j)/¥/2, 15 0s, —1- (1 + j) /N2, 15 0s,
1 (1 +)/V2,150s, 1- (1 + j)/V2, 15 0s, 1- (1 + ) /V2, 15 0s,~1- (1 + /) /2, 15 0s, 0, 15 Os,
1- (1 + j)/V2, 15 0s, 1- (1 + j) /N2, 15 0s, —1- (1 + j)/v/2, 15 0s, 1- (1 + j) /N2, 15 0s, 1+ (1 +
N/N2,150s, -1+ (1 + j)/V2, 15 0s, 1- (1 + j) /V2, 18 0s, 0}; the EHT-STF sequence sent by the
STA 3 is offset by —8, which is {0, 6 0s, 0, —1- (1 + j)/v/2, 15 0s, -1+ (1 + j)/v/2, 15 0s, 1+ (1 +
N/V2,150s, 1- (1 +j)/V2, 15 0s, 1- (1 + j)/V2, 15 0s, 1- (1 + j)/V/2, 15 0s, —1- (1 + j) /V2,
150s,0, 15 0s, 1+ (1 + j)/V2, 15 0s, I- (1 + ) /v2, 15 0s, -1 (1 + j)/¥2, 15 0s, 1- (1 + j) /V2,
15 0s, 1- (1 + j)/V2, 15 0s, —1- (1 + j)/v/2, 15 0s, 1+ (1 + j) /N2, 22 0s, 0}; and the EHT-STF
sequence sent by the STA 4 is offset by —12, which is {0, 2 0s, 0, —1- (1 + j)/v/2, 15 0s, —1- (1 +
N/V2, 15 0s, —1- (1 + j)/V2, 15 0s, 1- (1 + j)/V/2, 15 0s, 1- (1 + j)/V/2, 15 0s, 1- (1 + ) /V2,
150s,-1- (1 +)/v2,150s,0, 15 0s, 1- (1 + j) /v/2, 15 0s, 1- (1 + j)/¥2, 15 0s, -1 (1 + /) /2,
150s, 1 (1 + j) /2,15 0s, 1- (1 + j) /N2, 15 0s,—1- (1 + j) /N2, 15 0s, 1 (1 + j) /N2, 26 0s, 0}
[00173] In another optional manner, the periodicity of the STF sequence is 1.6 pus, the
transmission bandwidth supports the N first communication apparatuses to transmit data, 1<N<4,
an offset value of a non-zero subcarrier index corresponding to a first communication apparatus
whose device number is j is a multiple of 8/K, K=2/, 1<j<N, and /is 1 or 2.

[00174] If there are four STAs, an offset value of a non-zero subcarrier index corresponding to
a STA whose device number is 1 is 0; an offset value of a non-zero subcarrier index corresponding
to a STA whose device number is 2 is 2; an offset value of a non-zero subcarrier index
corresponding to a STA whose device number is 3 is 4, and an offset value of a non-zero subcarrier
index corresponding to a STA whose device number is 4 is 6. The offset value herein may be
understood as an offset of a non-zero subcarrier index to the left or to the right. Whether the offset
is to the left or to the right is not specifically limited herein, and may be determined according to
a protocol agreed on between the AP and the STA during actual application.

[00175] In Example 2, when the distributed RU is used for the data part in the PPDU, the
distributed RUs corresponding to the STAs are allowed to overlap. In this case, for an overlapping
RU part, the STFs sent by the STAs are the same, and meaningless beamforming may be formed,
resulting in an inaccurate AGC gain. In Example 2, the non-zero subcarrier index is offset, so that

the EHT-STFs of the users do not overlap each other. This avoids meaningless beamforming of

the EHT-STFs.
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[00176] In addition, it should be further noted that, in the foregoing Example 1 or 2, the trigger
frame further includes a second field, and the second field may indicate whether the first
communication apparatus transmits data by using the distributed RU. During actual application,
the second field may be the reserved field in the Common Field field in the trigger frame shown
in FIG. 10A to FIG. 10C, namely, any bit in B56 to B63. For example, B63 is used for indication.
If a value corresponding to the field B63 is 1, it is determined that the STA needs to transmit data
by using the distributed RU; or if a value corresponding to the field B63 is 0, it is determined that
the STA does not need to transmit data by using the distributed RU. A specific manner in which
the STA transmits data by using the distributed RU is not limited in this application.

[00177] It should be noted that the AP may indicate, by using the second field, whether each
STA transmits data by using the distributed RU, and may perform indication according to Table 4.
For example, if the second field is 1, it indicates that the STA #1 transmits data by using the
distributed RU and the STA #2 transmits data by using the distributed RU. If the second field is 0,
it indicates that the STA #1 does not transmit data by using the distributed RU and the STA #2
does not transmit data by using the distributed RU. Alternatively, if the second field is 0, it indicates
that the STA #1 transmits data by using the distributed RU and the STA #2 transmits data by using
the distributed RU. If the second field is 1, it indicates that the STA #1 does not transmit data by
using the distributed RU and the STA #2 does not transmit data by using the distributed RU. This

1s not limited in this application.

Table 4

Whether to transmit data by using a distributed RU

Bit value of a second field | STA #1 STA #2
1 Yes Yes
0 No No

[00178] When the STA transmits data by using the distributed RU, reference may be made to
the foregoing Example 1 or Example 2 to determine how to send the STF sequence in the PPDU.
Details are not described herein again. During actual application, the second field may be any bit
in sub-fields such as B56 to B63 in the Common Field field in the trigger frame shown in FIG.
10A to FIG. 10C, or may be another sub-field. This is not specifically limited herein in this
application. For example, B63 is used for indication. If a value corresponding to the field B63 is
1, it is determined that the STA needs to transmit data by using the distributed RU; or if a value
corresponding to the field B63 is 0, it is determined that the STA does not need to transmit data by
using the distributed RU. A specific manner in which the STA transmits data by using the
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distributed RU is not limited in this application.

[00179] It should be uniformly noted that, in this application, the EHT-STF sequence is used as
an example to describe embodiments of this application. However, this is not limited. The 802.11be
standard is used as a boundary. The method provided in this application may be applied to a
standard before 802.11be, or may be applied to a standard after 802.11be, namely, a next-
generation 802.11 standard.

[00180] As shown in FIG. 14, a data transmission apparatus provided in this application
includes a transceiver unit 1401 and a processing unit 1402.

[00181] The data transmission apparatus may be understood as a first communication apparatus,
or may be understood as a second communication apparatus. When the data transmission apparatus
is the first communication apparatus, the transceiver unit 1401 is configured to receive a trigger
frame sent by a second communication apparatus, where the trigger frame is used to trigger at least
one first communication apparatus that includes the first communication apparatus to transmit an
uplink PPDU; and the processing unit 1402 is configured to send the PPDU to the second
communication apparatus based on the trigger frame, where the PPDU includes a data field and
an STF sequence, the data field is carried in a distributed RU, the distributed RU includes a
plurality of subcarrier groups that are discrete in frequency domain, one of the subcarrier groups
includes one subcarrier or includes at least two consecutive subcarriers, the STF sequence is
carried on all subcarriers of a plurality of consecutive RUs, the plurality of consecutive RUs are
consecutive RUs corresponding to the distributed RU, and each of the consecutive RUs includes
a plurality of subcarriers that are consecutive in frequency domain.

[00182] When the data transmission apparatus is the second communication apparatus, the
transceiver unit 1401 is configured to: send a trigger frame to at least one first communication
apparatus, where the trigger frame is used to trigger at least one first communication apparatus
that includes the first communication apparatus to transmit an uplink PPDU; and receive the PPDU
from the at least one first communication apparatus, where the PPDU includes a data field and a
short training field STF sequence that is used for power control, the data field is carried in a
distributed RU, the distributed RU includes a plurality of subcarrier groups that are discrete in
frequency domain, one of the subcarrier groups includes one subcarrier or includes at least two
consecutive subcarriers, the STF sequence is carried on all subcarriers of a plurality of consecutive
RUs, the plurality of consecutive RUs are consecutive RUs corresponding to the distributed RU,
and each of the consecutive RUs includes a plurality of subcarriers that are consecutive in
frequency domain.

[00183] It should be noted that, in this application, a consecutive RU and a distributed RU are

corresponding concepts. A plurality of subcarriers included in one bandwidth may form a plurality

35



10

15

20

25

30

35

of consecutive RUs, or may form a plurality of distributed RUs. In other words, a subcarrier
belongs to one consecutive RU in a consecutive RU allocation mechanism, or belongs to one
distributed RU in a distributed RU allocation mechanism. A consecutive RU and a distributed RU
may include a part of same subcarriers. The consecutive RU is an RU including a plurality of
consecutive subcarriers. Alternatively, the consecutive RU is an RU including two consecutive
subcarrier groups, where a plurality of subcarriers included in each consecutive subcarrier group
are consecutive, and the two subcarrier groups are spaced by only one or more of a guard subcarrier,
a null subcarrier, or a direct current subcarrier.

[00184] It should be understood that the transmission bandwidth may also be understood as a
bandwidth allocated by the AP to the uplink PPDU. In a scenario in which all RUs included in the
entire transmission bandwidth are distributed RUs, or in a scenario in which a distributed RU is
used to allocate a resource to the entire bandwidth, the transmission bandwidth is the entire
bandwidth. In a scenario in which the entire bandwidth includes both a distributed RU and a
consecutive RU, or in a scenario in which a distributed RU is used to allocate a resource to a part
of the entire bandwidth and a consecutive RU is used to allocate a resource to the other part of the
bandwidth, the transmission bandwidth is a bandwidth occupied by the distributed RU. For
example, it is assumed that the entire bandwidth is 40 MHz. In a scenario in which the distributed
RU is used to allocate a resource to the 40 MHz bandwidth, the transmission bandwidth is 40 MHz.
In a scenario in which the distributed RU is used to allocate a resource to a 20 MHz bandwidth in
the 40 MHz bandwidth and the consecutive RU is used to allocate a resource to the other 20 MHz
bandwidth, the transmission bandwidth is 20 MHz. The distributed RU that carries the data field
may be one RU, or may be a plurality of RUs. In addition, regardless of which distributed RU or
distributed RUs in the transmission bandwidth is/are the distributed RU that carries the data field,
a bandwidth occupied by the distributed RU is the transmission bandwidth.

[00185] According to the data transmission method provided in this application, when the
distributed RU is used to carry the data field, the STF sequence is carried on all subcarriers in the
transmission bandwidth or in the consecutive RUs corresponding to the distributed RU, instead of
being carried only in the distributed RU. This can ensure increase of average power of a data part
sent by the first communication apparatus, and ensure a relatively low PAPR of the first
communication apparatus, thereby ensuring system performance.

[00186] In an optional manner, there are N first communication apparatuses, N>1, the trigger
frame includes a first field, the first field indicates spatial stream information allocated to the first
communication apparatus when the first communication apparatus transmits data by using the
distributed RU, and the spatial stream information includes a spatial stream start location and a

number of spatial streams, where the spatial stream information of the first communication
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apparatus is determined by the second communication apparatus based on a total number of spatial
streams that are in the transmission bandwidth and that are allocated to the N first communication
apparatuses.

[00187] It should be noted that, in the conventional technology, because the data field is carried
in the consecutive RUs, and the consecutive RUs do not overlap each other, the spatial stream
information is the spatial stream start location and the number of spatial streams of the first
communication apparatus that are determined after numbers of spatial streams of all users in the
consecutive RUs are sorted. However, in this application, the data field is carried in the distributed
RU, and consecutive RUs corresponding to distributed RUs of the users may overlap. To avoid
mutual interference between STFs of the users in an overlapping area, in this application, the
spatial stream start location and the number of spatial streams of the first communication apparatus
are determined based on a total number of spatial streams in the transmission bandwidth.

[00188] 1In an optional manner, the STF sequence is obtained through spatial stream
information-based cyclic shift.

[00189] It should be noted that, during actual application, there may be a plurality of first
communication apparatuses, namely, a plurality of STAs, and the plurality of STAs send STF
sequences in consecutive RUs corresponding to distributed RUs of the STAs. The consecutive RUs
corresponding to the distributed RUs of the STAs may overlap. In this case, phase superposition
and phase cancellation may occur in STFs sent by the STAs, that is, there is a relatively large
correlation between the STFs sent by the STAs, resulting in inaccurate power measurement. To
reduce correlation, the STF sequences sent by the STAs may be considered as STF sequences in
different spatial streams. In addition, the spatial streams are numbered. Then, cyclic shift is
performed on the STFs based on the numbers of the spatial streams. In this way, correlation
between the spatial streams during transmission is reduced, so that accuracy of power
measurement is improved.

[00190] In an optional manner, the processing unit 1402 is configured to: determine, based on
the spatial stream information, F CSD values corresponding to F spatial streams of the first
communication apparatus, where F>1; and determine, based on a CSD value corresponding to an
i spatial stream, an STF sequence corresponding to the i spatial stream, where i is greater than
or equal to 1 and less than or equal to F.

[00191] It should be noted that the number of spatial streams allocated to the first
communication apparatus corresponds to a quantity of CSD values. The STF sequences
corresponding to the spatial streams are determined based on the CSD values corresponding to
different spatial streams, so that correlation between the spatial streams can be reduced.

[00192] In an optional manner, the first field may include a first sub-field and a second sub-
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field. The first sub-field indicates the spatial stream start location allocated by the second
communication apparatus to the first communication apparatus. The second sub-field indicates the
number of spatial streams allocated by the second communication apparatus to the first
communication apparatus.

[00193] In an optional manner, the first sub-ficld may be a starting spatial stream (Starting
Spatial Stream) field in the trigger frame. The second sub-field may be a number of spatial streams
(Number Of Spatial Streams) field in the trigger frame.

[00194] In an optional manner, the processing unit 1402 is configured to: determine a device
number of the first communication apparatus based on the trigger frame; determine a non-zero
subcarrier index based on the device number; and determine the STF sequence of the first
communication apparatus based on the non-zero subcarrier index.

[00195] It should be noted that, to avoid mutual interference between the STF sequences sent
by the first communication apparatuses when the first communication apparatuses carry data fields
by using the distributed RUs, different STF sequences may be determined for non-zero subcarrier
indexes of different first communication apparatuses. A non-zero subcarrier may be understood as
a subcarrier whose sequence value is not 0 in an RU corresponding to a distributed RU.

[00196] In an optional manner, the device number of the first communication apparatus is
determined by calculating receiving time of a (user information list) User Info List field, receiving
time of a (user information field) User Info Field field, and a length of the User Info Field field in
the trigger frame.

[00197] 1t should be noted that the device number of the first communication apparatus is
determined based on the receiving time of the User Info List field, the receiving time of the User
Info Field field, and the length of the User Info Field field in the trigger frame without increasing
indication overheads.

[00198] Specifically, Device number of the first communication apparatus=(Receiving time of
the User Info Field field—Receiving time of the User Info List field in the trigger frame)/Length of
the User Info Field field+1.

[00199] In addition, if BS5 in a Common Field field in the trigger frame is 0, it indicates that
the 1% User Info Field in the User Info List is an extension of the Common Field, which is referred
to as whether there is a special user information field Special User Info Field. In this case, Device
number N of the first communication apparatus=(Receiving time of the User Info Field field—
Receiving time of the User Info List field in the trigger frame)/Length of the User Info Field field.
In other words, when B55=0, the Special User Info Field is used as an extension of the Common
Field, and one User Info Field is actually not allocated to the user. Therefore, an actual device

number N' of the first communication apparatus is the sequence number N of the User Info Field
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minus 1, that is, N'=N-1. When B55 is equal to 1, the device number N of the first communication
apparatus is equal to the sequence number of the User Info Field.

[00200] In an optional manner, the number of spatial streams allocated to the first
communication apparatus is less than or equal to 8. The first communication apparatus may
indicate the device number of the first communication apparatus by using a first bit and a second
bit in the trigger frame, where the first bit and the second bit are in the User Info List field in the
trigger frame.

[00201] It should be noted that, the first bit may be 1 bit in a reserved field of the User Info List
field in the trigger frame, and the second bit may be 1 bit in a Starting Spatial Stream field in the
User Info List field. If the reserved field indicates the device number of the first communication
apparatus, the field is not referred to as a reserved field.

[00202] In an optional manner, a periodicity of the STF sequence is 0.8 microseconds ps, the
transmission bandwidth supports the N first communication apparatuses to transmit data, 1<N<4,
an offset value of a non-zero subcarrier index corresponding to a first communication apparatus
whose device number is j is a multiple of 16/K, K=2/, 1<j<N, and /is 1 or 2.

[00203] In an optional manner, N is 4. An offset value of a non-zero subcarrier index
corresponding to a first communication apparatus whose device number is 1 is 0; an offset value
of a non-zero subcarrier index corresponding to a first communication apparatus whose device
number is 2 is 4; an offset value of a non-zero subcarrier index corresponding to a first
communication apparatus whose device number is 3 is 8; and an offset value of a non-zero
subcarrier index corresponding to a first communication apparatus whose device number is 4 is
12.

[00204] In an optional manner, a periodicity of the STF sequence is 1.6 ps, the transmission
bandwidth supports the N first communication apparatuses to transmit data, 1<N<4, an offset value
of a non-zero subcarrier index corresponding to a first communication apparatus whose device
number is j i1s a multiple of 8/K, K=2/, 1<j<N, and /is 1 or 2.

[00205] In an optional manner, N is 4. An offset value of a non-zero subcarrier index
corresponding to a first communication apparatus whose device number is 1 is 0; an offset value
of a non-zero subcarrier index corresponding to a first communication apparatus whose device
number is 2 is 2; an offset value of a non-zero subcarrier index corresponding to a first
communication apparatus whose device number is 3 is 4; and an offset value of a non-zero
subcarrier index corresponding to a first communication apparatus whose device number is 4 is 6.
[00206] In an optional manner, the trigger frame further includes a second field, and the second
field indicates whether the first communication apparatus transmits data by using the distributed

RU.
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[00207] In this application, the second field in the trigger frame indicates whether to transmit
data by using the distributed RU, to determine, based on the field, how to send the PPDU.
[00208] In an optional manner, the second field may be a sub-field in the (common information)
Common Field field in the trigger frame. The sub-field in the Common Field field may be a
reserved field in a Common Field field in a trigger frame in the conventional technology, or may
be another field. This is not specifically limited in this application.

[00209] In addition, FIG. 15 is a schematic structural diagram of a communication apparatus
according to an embodiment of this application. As shown in FIG. 15, the communication
apparatus 1500 may include a processor 1501 and a transceiver 1505, and optionally further
include a memory 1502. The communication apparatus may be used as an apparatus for sending a
trigger frame and a PPDU in this application, or may be used as an apparatus for receiving a trigger
frame and a PPDU in this application.

[00210] The transceiver 1505 may be referred to as a transceiver unit, a transceiver machine, a
transceiver circuit, or the like, and is configured to implement a transceiver function. The
transceiver 1505 may include a receiver and a transmitter. The receiver may be referred to as a
receiving machine, a receiver circuit, or the like, and is configured to implement a receiving
function. The transmitter may be referred to as a transmitting machine, a transmitter circuit, or the
like, and is configured to implement a sending function.

[00211] The memory 1502 may store a computer program, software code, or instructions 1504,
where the computer program, the software code, or the instructions 1504 may also be referred to
as firmware. The processor 1501 may control a MAC layer and a PHY layer by running a computer
program, software code, or instructions 1503 in the processor 1501, or by invoking the computer
program, the software code, or the instructions 1504 stored in the memory 1502, to implement a
PPDU transmission method provided in the following embodiments of this application. The
processor 1501 may be a central processing unit (central processing unit, CPU), and the memory
1502 may be, for example, a read-only memory (read-only memory, ROM) or a random access
memory (random access memory, RAM).

[00212] The processor 1501 and the transceiver 1505 that are described in this application may
be implemented on an integrated circuit (integrated circuit, IC), an analog IC, a radio frequency
integrated circuit RFIC, a mixed-signal IC, an application-specific integrated circuit (application-
specific integrated circuit, ASIC), a printed circuit board (printed circuit board, PCB), an electronic
device, or the like.

[00213] The communication apparatus 1500 may further include an antenna 1506. The modules
included in the communication apparatus 1500 are merely examples for description, and are not

limited in this application.
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[00214] As described above, the communication apparatus 1500 described in the foregoing
embodiment may be an AP or a STA. However, the scope of the communication apparatus
described in this application is not limited thereto, and a structure of the communication apparatus
may not be limited to the structure in FIG. 15.

[00215] The communication apparatus in this application may alternatively be an independent
device or may be a part of a relatively large device. For example, the communication apparatus
may be implemented in the following form:

(1) an independent integrated circuit IC, a chip, a chip system, or a subsystem; (2) a set
including one or more ICs, where optionally, the set of ICs may also include a storage component
for storing data and instructions; (3) a module that can be embedded in other devices; (4) a receiver,
an intelligent terminal, a wireless device, a handheld device, a mobile unit, a vehicle-mounted
device, a cloud device, an artificial intelligence device, or the like; or (5) others.

[00216] For the communication apparatus implemented in the form of the chip or the chip
system, refer to a schematic structural diagram of a chip shown in FIG. 16. The chip shown in FIG.
16 includes a processor 1601 and an interface 1602. There may be one or more processors 1601,
and there may be a plurality of interfaces 1602. The interface 1602 is configured to input and
output a signal. Optionally, the chip or the chip system may include a memory 1603. The memory
1603 is configured to store program instructions and data that are necessary for the chip or the chip
system.

[00217] Tt should be noted that, when an implementation form of the communication apparatus
is a chip or a chip system, the transceiver unit may be correspondingly understood as an interface.
[00218] Embodiments of this application do not limit the protection scope and applicability of
the claims. A person skilled in the art may adaptively change functions and deployments of
elements in this application, or omit, replace, or add various processes or components as
appropriate without departing from the scope of embodiments of this application.

[00219] Based on the foregoing embodiments, an embodiment of this application further
provides a readable storage medium. The readable storage medium stores instructions. When the
instructions are executed, the method performed in any one of the foregoing embodiments is
implemented. The readable storage medium may include any medium that can store program code,
such as a USB flash drive, a removable hard disk, a read-only memory, a random access memory,
a magnetic disk, or an optical disc.

[00220] A person skilled in the art should understand that embodiments of this application may
be provided as a method, a system, or a computer program product. Therefore, this application
may use a form of a hardware-only embodiment, a software-only embodiment, or an embodiment

with a combination of software and hardware. In addition, this application may use a form of a
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computer program product implemented on one or more computer-usable storage media (including
but not limited to a disk memory, a CD-ROM, an optical memory, and the like) that include
computer-usable program code.

[00221] This application is described with reference to the flowcharts and/or block diagrams of
the method, the apparatus (system), and the computer program product according to this
application. It should be understood that computer program instructions may be used to implement
each process and/or each block in the flowcharts and/or the block diagrams and a combination of
a process and/or a block in the flowcharts and/or the block diagrams. These computer program
instructions may be provided for a general-purpose computer, a dedicated computer, an embedded
processor, or a processor of another programmable data processing apparatus to generate a
machine, so that the instructions executed by the computer or the processor of the another
programmable data processing apparatus generate an apparatus for implementing a specific
function in one or more processes in the flowcharts and/or in one or more blocks in the block
diagrams.

[00222] These computer program instructions may alternatively be stored in a computer-
readable memory that can instruct a computer or another programmable data processing apparatus
to work in a specific manner, so that the instructions stored in the computer-readable memory
generate an artifact that includes an instruction apparatus. The instruction apparatus implements a
specific function in one or more processes in the flowcharts and/or in one or more blocks in the
block diagrams.

[00223] The computer program instructions may alternatively be loaded onto a computer or
another programmable data processing apparatus, so that a series of operations and steps are
performed on the computer or the another programmable apparatus, to generate computer-
implemented processing. Therefore, the instructions executed on the computer or the another
programmable apparatus provide steps for implementing a specific function in one or more

processes in the flowcharts and/or in one or more blocks in the block diagrams.
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CLAIMS

What is claimed is:

1. A data transmission method, comprising:

receiving, by a first communication apparatus, a trigger frame sent by a second
communication apparatus, wherein the trigger frame is used to trigger at least one first
communication apparatus that comprises the first communication apparatus to transmit an uplink
physical layer protocol data unit PPDU; and

sending the PPDU to the second communication apparatus based on the trigger frame,
wherein

the PPDU comprises a data field and a short training field STF sequence, the data field is
carried in a distributed resource unit RU, the distributed RU comprises a plurality of subcarrier
groups that are discrete in frequency domain, one of the subcarrier groups comprises one subcarrier
or comprises at least two consecutive subcarriers, the STF sequence is carried on all subcarriers of
a plurality of consecutive RUs, the plurality of consecutive RUs are consecutive RUs
corresponding to the distributed RU, and each of the consecutive RUs comprises a plurality of
subcarriers that are consecutive in frequency domain.

2. A data transmission method, comprising:

sending, by a second communication apparatus, a trigger frame to at least one first
communication apparatus, wherein the trigger frame is used to trigger at least one first
communication apparatus that comprises the first communication apparatus to transmit an uplink
physical layer protocol data unit PPDU; and

receiving the PPDU from the at least one first communication apparatus, wherein

the PPDU comprises a data field and a short training field STF sequence, the data field is
carried in a distributed RU, the distributed RU comprises a plurality of subcarrier groups that are
discrete in frequency domain, one of the subcarrier groups comprises one subcarrier or comprises
at least two consecutive subcarriers, the STF sequence is carried on all subcarriers of a plurality of
consecutive RUs, the plurality of consecutive RUs are consecutive RUs corresponding to the
distributed RU, and each of the consecutive RUs comprises a plurality of subcarriers that are
consecutive in frequency domain.

3. The method according to claim 1 or 2, wherein there are N first communication apparatuses,
N>1, the trigger frame comprises a first field, the first field indicates spatial stream information
allocated to the first communication apparatus when the first communication apparatus transmits
data by using the distributed RU, and the spatial stream information comprises a spatial stream

start location and a number of spatial streams, wherein
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the spatial stream information of the first communication apparatus is determined by the
second communication apparatus based on a total number of spatial streams that are in a
transmission bandwidth and that are allocated to the N first communication apparatuses.

4. The method according to any one of claims 1 to 3, wherein the STF sequence is obtained
through spatial stream information-based cyclic shift.

5. The method according to any one of claims 1 to 4, further comprising:

determining a device number of the first communication apparatus based on the trigger frame;

determining a non-zero subcarrier index based on the device number; and

determining the STF sequence of the first communication apparatus based on the non-zero
subcarrier index.

6. The method according to claim 5, wherein the determining a device number of the first
communication apparatus based on the trigger frame comprises:

determining the device number of the first communication apparatus by calculating receiving
time of a user information list User Info List field, receiving time of a user information field User
Info Field field, and a length of the User Info Field field in the trigger frame.

7. The method according to claim 5, wherein the number of spatial streams allocated to the
first communication apparatus is less than or equal to 8, and the determining a device number of
the first communication apparatus based on the trigger frame comprises:

indicating the device number of the first communication apparatus by using a first bit and a
second bit in the trigger frame, wherein the first bit and the second bit are in a User Info List field
in the trigger frame.

8. The method according to any one of claims 5 to 7, wherein a periodicity of the STF
sequence is 0.8 microseconds ps, the transmission bandwidth supports the N first communication
apparatuses to transmit data, 1<N<4, an offset value of a non-zero subcarrier index corresponding
to a first communication apparatus whose device number is j is a multiple of 16/K, K=2/, 1<j<N,
and /1is 1 or 2.

9. The method according to any one of claims 5 to 7, wherein a periodicity of the STF
sequence is 1.6 microseconds ps, the transmission bandwidth supports the N first communication
apparatuses to transmit data, 1<N<4, an offset value of a non-zero subcarrier index corresponding
to a first communication apparatus whose device number is j is a multiple of 8/K, K=2/, 1<j<N,
and /is 1 or 2.

10. The method according to any one of claims 1 to 9, wherein the trigger frame further
comprises a second field, and the second field indicates whether the first communication apparatus
transmits data by using the distributed RU.

11. The method according to claim 10, wherein the second field is a sub-field in a common
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information Common Field field in the trigger frame.

12. A data transmission apparatus, comprising:

a transceiver unit, configured to receive a trigger frame sent by a second communication
apparatus, wherein the trigger frame is used to trigger at least one first communication apparatus
that comprises the first communication apparatus to transmit an uplink physical layer protocol data
unit PPDU; and

a processing unit, configured to send the PPDU to the second communication apparatus based
on the trigger frame, wherein

the PPDU comprises a data field and a short training field STF sequence, the data field is
carried in a distributed resource unit RU, the distributed RU comprises a plurality of subcarrier
groups that are discrete in frequency domain, one of the subcarrier groups comprises one subcarrier
or comprises at least two consecutive subcarriers, the STF sequence is carried on all subcarriers of
a plurality of consecutive RUs, the plurality of consecutive RUs are consecutive RUs
corresponding to the distributed RU, and each of the consecutive RUs comprises a plurality of
subcarriers that are consecutive in frequency domain.

13. A data transmission apparatus, comprising:

a transceiver unit, configured to send a trigger frame to at least one first communication
apparatus, wherein the trigger frame is used to trigger at least one first communication apparatus
that comprises the first communication apparatus to transmit an uplink physical layer protocol data
unit PPDU, wherein

the transceiver unit is further configured to receive the PPDU from the at least one first
communication apparatus, wherein

the PPDU comprises a data field and a short training field STF sequence that is used for power
control, the data field is carried in a distributed RU, the distributed RU comprises a plurality of
subcarrier groups that are discrete in frequency domain, one of the subcarrier groups comprises
one subcarrier or comprises at least two consecutive subcarriers, the STF sequence is carried on
all subcarriers of a plurality of consecutive RUs, the plurality of consecutive RUs are consecutive
RUs corresponding to the distributed RU, and each of the consecutive RUs comprises a plurality
of subcarriers that are consecutive in frequency domain; and

a processing unit, configured to parse the PPDU.

14. The apparatus according to claim 12 or 13, wherein there are N first communication
apparatuses, N>1, the trigger frame comprises a first field, the first field indicates spatial stream
information allocated to the first communication apparatus when the first communication
apparatus transmits data by using the distributed RU, and the spatial stream information comprises

a spatial stream start location and a number of spatial streams, wherein
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the spatial stream information of the first communication apparatus is determined by the
second communication apparatus based on a total number of spatial streams that are in a
transmission bandwidth and that are allocated to the N first communication apparatuses.

15. The apparatus according to any one of claims 12 to 14, wherein the STF sequence is
obtained through spatial stream information-based cyclic shift.

16. The apparatus according to any one of claims 12 to 15, wherein the processing unit is
further configured to:

determine a device number of the first communication apparatus based on the trigger frame;

determine a non-zero subcarrier index based on the device number; and

determine the STF sequence of the first communication apparatus based on the non-zero
subcarrier index.

17. The apparatus according to claim 16, wherein the processing unit is specifically
configured to:

determine the device number of the first communication apparatus by calculating receiving
time of a user information list User Info List field, receiving time of a user information field User
Info Field field, and a length of the User Info Field field in the trigger frame.

18. The apparatus according to claim 16, wherein the number of spatial streams allocated to
the first communication apparatus is less than or equal to 8, and the processing unit is specifically
configured to:

indicate the device number of the first communication apparatus by using a first bit and a
second bit in the trigger frame, wherein the first bit and the second bit are in a User Info List field
in the trigger frame.

19. The apparatus according to any one of claims 16 to 18, wherein a periodicity of the STF
sequence is 0.8 microseconds ps, the transmission bandwidth supports the N first communication
apparatuses to transmit data, 1<N<4, an offset value of a non-zero subcarrier index corresponding
to a first communication apparatus whose device number is j is a multiple of 16/K, K=2/, 1<j<N,
and /is 1 or 2.

20. The apparatus according to any one of claims 16 to 18, wherein a periodicity of the STF
sequence is 1.6 microseconds ps, the transmission bandwidth supports the N first communication
apparatuses to transmit data, 1<N<4, an offset value of a non-zero subcarrier index corresponding
to a first communication apparatus whose device number is j is a multiple of 8/K, K=2/, 1<j<N,
and /is 1 or 2.

21. The apparatus according to any one of claims 13 to 20, wherein the trigger frame further
comprises a second field, and the second field indicates whether the first communication apparatus

transmits data by using the distributed RU.
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22. The apparatus according to claim 21, wherein the second field is a sub-field in a common
information Common Field field in the trigger frame.

23. A communication apparatus, comprising at least one processor and a memory, wherein

the memory is configured to store a computer program or instructions; and

the at least one processor is configured to execute the computer program or the instructions,
so that the method according to any one of claims 1 to 11 is performed.

24. A computer-readable storage medium, wherein the computer-readable storage medium
stores instructions, and when the instructions are executed by a computer, the method according
to any one of claims 1 to 11 is performed.

25. A computer program product, comprising a computer program or instructions, wherein
when the computer program product runs on a computer, the method according to any one of

claims 1 to 11 is performed.
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