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SHORT TRAINING SEQUENCE DESIGN METHOD AND
APPARATUS

TECHNICAL FIELD

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

training sequence design method and apparatus.

BACKGROUND

[0003] During evolution from 802.11a to 802.11g, 802.11n, 802.11ac, and 802.11ax, available
frequency bands include 2.4 gigahertz (GHz) and 5 GHz. As a quantity of open frequency bands
increases, a maximum channel bandwidth supported by 802.11 is extended from 20 megahertz
(MHz) to 40 MHz and then to 160 MHz. In 2017, the US Federal Communications Commission
(federal communications commission, FCC) opened a new free 6-GHz frequency band (5925—
7125 MHz), and workers of the 802.11ax standard extended an operating range of 802.11ax
devices from 2.4 GHz and 5 GHz to 2.4 GHz, 5 GHz, and 6 GHz in the 802.11ax project
authorization requests (project authorization requests, PAR). Because an available bandwidth of
the newly opened 6-GHz frequency band is higher, it can be predicted that a channel bandwidth
greater than 160 MHz isto be supported in evolution of a next-generation standard after 802.11ax.
[0004] In this case, how to design a short training field (short training field, STF) is a concern

for ahigher channel bandwidth.
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SUMMARY

[0005] This application provides a short training sequence design method and apparatus, so that
a short training sequence can be designed for a higher channel bandwidth, and backward
compatibility can be implemented.

[0006] According to afirst aspect, ashort training field sending method is provided. The method
includes. determining a short training sequence; and sending a short training field on a target
channel, where the short training field is obtained by performing inverse fast Fourier
transformation IFFT on the short training sequence, and abandwidth of the target channel isgreater
than 160 MHz.

[0007] Based on the foregoing technical solution, a short training sequence corresponding to a
higher channel bandwidth is determined, so that a receive end can perform automatic gain control
on datatransmitted on the higher channel bandwidth. The short training sequence may be obtained
based on ashort training sequence for an existing channel bandwidth, and a short training sequence
with comparatively good performance may be obtained through simulation calculation, for
example, by adjusting a parameter. Then inverse fast Fourier transformation is performed on the
short training sequence to obtain a short training field. According to this embodiment of this
application, a higher channel bandwidth can be achieved in practice, and backward compatibility
is implemented. In addition, exhaustive simulation is performed on parameters to verify that the
short training sequence provided in this embodiment of this application has a comparatively small
peak-to-average power ratio PAPR and comparatively good performance, thereby improving an
estimation effect for an automatic gain control circuit at areceive end, and reducing a receive bit
error rate.

[0008] With reference to the first aspect, in some implementations of the first aspect, the short
trai ning sequence is obtai ned through transformation based on an M-sequence, or the short training
sequence is obtained through transformation based on a high efficiency frequency-domain
sequence HES corresponding to a bandwidth of a reference channel, where the bandwidth of the
reference channel isless than or equal to 160 MHz.

[0009] Based on the foregoing technical solution, the short training sequence corresponding to
the higher channel bandwidth may be directly obtained based on the M-sequence. For example, it
can be learned from the 802.11ax standard that a high efficiency-short training sequence HE-STF
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is constructed by performing multiplexing, phase rotation, and combination based on the M-
sequence. The M-sequenceisdefinedasM ={-1,-1,-1,1,1,1,-1,1,1,1,-1,1,1, -1, 1} inthe
802.11ax standard. Alternatively, the short training sequence corresponding to the higher channel
bandwidth may be obtained based on a high efficiency frequency-domain sequence HES
corresponding to an existing channel, for example, an HES corresponding to 80 MHz or 160 MHz,
so as to be compatible with an existing short training sequence. For the HES, the 802.11ax standard
defines a frequency-domain value HESan.c of the HE-STF, where a indicates a subscript of a

starting tone, ¢ indicates a subscript of an ending tonea-and-c-ihdicate subseripts-of-starting-tones,

b indicates a spacing, and a:b:c indicates starting with a tone a and ending with a tone c, with a

spacing of b tones in between. On other tones, an HES value is 0.
[0010] With reference to the first aspect, in some implementations of the first aspect, the
bandwidth of the target channel is 240 MHz; and when a periodicity included in the short training

field is 0.8 ps, the short training sequence is expressed as follows:
{L11,-R1,1,-L1,0,RL 0,-L1, 0, R1}. @+ D/V2. o
{-L1,-1,R1,—1,L1,0,—R1,0, L1, 0, R1}- @+ D/V2. o
{L11,-R1,—1,-L1,0,—R1, 1, L1, 1, R1}- @+ D/V2. o
(11,1, R1, 1, L1, 0,R1, 1, L1, 1, —R1}- A+ D/N2. o
{L1,1-RL 1110 RL 11, 0,-R1y @+ D/V2. o
{-L1,-1,R1,—1,L1,0,—R1, -1, L1, 0, R1}. A+ D/V2. o
{L1,0,—RL 0,—L1,0, Rl -1, L1, 0,—R1}- @+ D/V2. o
{-L1,0,R10,L10,—R1, 1, L1, 0,R1}- @+ D/V2. o
{L1,1-R10,-L1 0,R1,—1,11,0,—R1y- @+ D/V2. o

{11,1,R1,0,L1,0,—R1 1, 11,0, R1}- @+ D/¥2 \yhere

Llisexpressed as{M, 1, -M}, Rl isexpressed as{-M, 1, -M}, -L1 is expressed as
{-M, -1, M}, and Rl isexpressed as{M, -1, M}.
[0011] Intheforegoing technical solution, the 240-MHz bandwidth has 3072 tonesin total. When
the periodicity included in the short training field is 0.8 ps, the short training sequence may be

expressed as S.1520:16:1520, Where -1520 indicates a subscript of a starting tone, 1520 indicates a
3
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subscript of an ending tone—1520-and-1520-idicate-sdbseripts-of-starting-tones, 16 indicates a
spacing, and —1520:16:1520 indicates starting with a tone whose subscript is —1520 and ending

with a tone whose subscript is 1520, with a spacing of 16 tones in between. On other tones, a
frequency-domain sequence value is 0. Therefore, the values given by the foregoing short training
sequence each correspond to a frequency-domain sequence value that starts with a tone whose
subscript is —1520 and ends with a tone whose subscript is 1520, with a spacing of 16 tones in
between. L1 and R1 are sequences related to a short training sequence corresponding to an 80-
MHz short training field with a periodicity of 0.8 ps. Therefore, the 240-MHz short training
seguence can be compatible with the 80-MHz short training sequence. In addition, the 240-MHz
short training sequence can support automatic gain control on a high-bandwidth (the bandwidth is
greater than 160 MHz) channel. In addition, it is verified through simulation that these short
training sequences have comparatively small peak-to-average power ratios, and therefore can
support automatic gain control on a high-bandwidth channel and can improve an estimation effect
for an automatic gain control circuit at areceive end, thereby reducing areceive bit error rate.

[0012] With reference to the first aspect, in some implementations of the first aspect, the
bandwidth of thetarget channel is 240 MHz; and when the periodicity included in the short training

field is 1.6 ps, the short training sequence is expressed as follows:
(L2,-1,—R2,1,12,0.R2,1, 1.2, 1, Rz} @+ D/IN2 . o
(12,1R2,1 -2 0,—R2 -1 12,1, R} A+ DIN2. o
12,0,-R2,1,12,0,R2, 1,12, 1, Rz} A+ DIN2. o
{ }
{-12,0,R2,1,-12,0,-R2, -1, L2, -1, Rz} - A+ D1V2.. o
12,1, -R2,-1,12,0,R2, 1, L2,0,—R2}. A+ DIV2. o
{ }

(12,1, R2,1,-12,0,-R2, -1, L2,0,R2}- A+ D/V2 . o
(L2,-1,—R2,—1,12,0,R2, 0,2, 1, R} - A+ D /N2 o
12, 1R2,1,-12,0,-R2,0,12, -1, R} - A+ D/V2. o

{ }
12,1, -R2,0,L2,0,R2, 1,12, 1, Rz} A+ D/IN2. o
{ }

{-L2,1,R2,0,-L2,0,-R2, -1, L2, -1, R2}- A+ D/ V2 \yhere

L2isexpressed as{M, -1, M, -1, -M, -1, M}, R2 isexpressed as{-M, 1, M, 1, -M,
4
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1, M}, -L2isexpressed as{-M, 1,-M, 1, M, 1, -M}, and -R2 is expressed as{M, -1, —M, —1,
M, -1, M}.

[0013] Intheforegoing technical solution, the 240-MHz bandwidth has 3072 tonesin total. When
the periodicity included in the short training field is 1.6 ps, the short training sequence may be
expressed as S-isxg:8:1508, Where -1528 indicates a subscript of a starting tone, 1528 indicates a

subscript of an ending tone-1528-and-1528-indicate-subscripts-of starting-tones, 8 indicates a
spacing, and —1528:8:1528 indi cates starting with atone whose subscript is—1528 and ending with

atone whose subscript is 1528, with a spacing of 8 tonesin between. On other tones, afrequency-
domain sequence value is 0. Therefore, the values given by the foregoing short training sequence
each correspond to a frequency-domain sequence value that starts with a tone whose subscript is
—1528 and ends with atone whose subscript is 1528, with a spacing of 8 tones in between. L2 and
R2 are sequences related to an 80-MHz and 1.6-ps short training sequence. Therefore, the 240-
MHz short training sequence can be compatible with the 80-MHz short training sequence. In
addition, the 240-MHz short training sequence can support automatic gain control on a high-
bandwidth (the bandwidth is greater than 160 MHz) channel. In addition, it is verified through
simulation that these short training sequences have comparatively small peak-to-average power
ratios, and therefore can support automatic gain control on a high-bandwidth channel and can
improve an estimation effect for an automatic gain control circuit at areceive end, thereby reducing
areceive bit error rate.

[0014] With reference to the first aspect, in some implementations of the first aspect, the
bandwidth of the target channel is 320 MHz; and when a periodicity included in the short training

field is 0.8 ps, the short training sequence is expressed as follows:
(L1,0, R1,0,L1,0,R1,0,L1,0, Rl _1,-L1,0, R1}- @+ D/V2. o
(L1,0.R1,0,-L1,0,-R1,0,-L1,0,R1, 1,L1,0,R1}- @+ D/¥2. o
(L1,0,-R1,_1,L10.RI,0.L1,0, RI,_1,-L1,0, R1}-@+ D/V2. o
(L1,0.RI,1,-L1,0,R1,0, L1, 0,RI, 1,L1,0,R1}- @ D/v2. o
(L1,0,-R1,0,-L1,0,R1,0,-L1,0,RI, 1, L1,0, R1}- @+ /2. o

(L1,0.R10,L1,0,-R1,0.L1,0,RI, 1,L1,0,R1}- @+ D/V2. o
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(L1,0,_R1,0,L1,0, RI,0,_L1,0, R1,0,L1,0,R1}- @+ D/¥2. o
(L1,0.RI,0,-L1,0.R1,0,L1,0,R1,0,-L1,0,_R1}- @+ D/¥2. o
(L1,0,-R1.1,L1,0,_R1,0,-L1,0,_RI._1,L1,0,R1}-@+ D/V2. o

(L1,0.RI, 1, L1,0.R1,0,L1,0.R1, 1, L1, 0, R1}- @+ D/V2 \ynere
Llisexpressed as{M, 1, -M}, Rl isexpressed as{-M, 1, -M}, -L1 is expressed as
{-M, -1, M}, and Rl isexpressed as{M, -1, M}.
[0015] Intheforegoing technical solution, the 320-M Hz bandwidth has 4096 tonesin total. When
the periodicity included in the short training field is 0.8 ps, the short training sequence may be
expressed as Soo32:16:2032, Where -2032 indicates a subscript of a starting tone, 2032 indicates a

subscript of an ending tone—2032-and-2032-Hdicate-sdbscripts-of starting-tones, 16 indicates a
spacing, and —2032:16:2032 indicates starting with a tone whose subscript is —2032 and ending

with a tone whose subscript is 2032, with a spacing of 16 tones in between. On other tones, a
frequency-domain sequence value is 0. Therefore, the values given by the foregoing short training
sequence each correspond to a frequency-domain sequence value that starts with a tone whose
subscript is —2032 and ends with a tone whose subscript is 2032, with a spacing of 16 tones in
between. L1 and R1 are sequences related to a short training sequence corresponding to 80 MHz
and the periodicity of 0.8 ps. Therefore, the 320-MHz short training sequence can be compatible
with the 80-MHz short training sequence. In addition, the 320-MHz short training sequence can
support automatic gain control on a high-bandwidth (the bandwidth is greater than 160 MHz)
channel. In addition, it is verified through ssimulation that these short training sequences have
comparatively small peak-to-average power ratios, and therefore can support automatic gain
control on a high-bandwidth channel and can improve an estimation effect for an automatic gain
control circuit at areceive end, thereby reducing areceive bit error rate.

[0016] With reference to the first aspect, in some implementations of the first aspect, the
bandwidth of the target channel is 320 MHz; and when a periodicity included in the short training

field is 0.8 ps, the short training sequence is expressed as follows:
(13,0, R3,0,13, 1, R3}- @+ D/V2. o

{-L3,0,-R3,0,L3, 1,-R3} @+ ) /2 or
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{-L3,0,-R3,0,L3,0,-R3}- @+j) /2 : or

{L3,1,-R3,0,-L3, 1,-R3}- (I NIN2. o

{-L3,-1,R3,0,L3, -1, R3} @+ j)/v2 “or

(L3, 1, -R3, 0, L3, 0, -R3}- 1+ i) IN2 or

(13, -1,R3,0,L3,0,R3}- W /2, o

{L3,1,R3,0,-L3, -1, Rg}.(1+ i) /2 or

{-L3,-1,-R3,0,L3, 1,-R3}- @+ ) /2 where

L3isexpressed as{M, 1, -M, 0, -M, 1, -M}, R3is expressed as{-M, -1, M, 0, -M,
11 _M}1 _L3 |SeXpre$&j %{_M1 _11 M1 01 M1 _11 M}, and_R3 isexprm aS{M1 1’ _M1 01 M,
-1, M}.
[0017] Intheforegoing technical solution, the 320-MHz bandwidth has 4096 tonesintotal. When

the periodicity included in the short training field is 0.8 ps, the short training sequence may be

expressed as S oo32:16:2032, Where -2032 indicates a subscript of a starting tone, 2032 indicates a

subscript of an ending tone-2032-and-2032-dicate-subseripts-of-starting-tones, 16 indicates a
spacing, and —2032:16:2032 indicates starting with a tone whose subscript is —2032 and ending

with a tone whose subscript is 2032, with a spacing of 16 tones in between. On other tones, a
frequency-domain sequence valueis 0. Therefore, the values given by the foregoing short training
segquence each correspond to a frequency-domain sequence vaue that starts with a tone whose
subscript is —2032 and ends with a tone whose subscript is 2032, with a spacing of 16 tonesin
between. L3 and R3 are sequences related to a short training sequence corresponding to 160 MHz
and the periodicity of 0.8 ps. Therefore, the 320-MHz short training sequence can be compatible
with the 160-MHz short training sequence. In addition, the 320-MHz short training sequence can
support automatic gain control on a high-bandwidth (the bandwidth is greater than 160 MHz)
channel. In addition, it is verified through ssmulation that these short training sequences have
comparatively small peak-to-average power ratios, and therefore can support automatic gain
control on a high-bandwidth channel and can improve an estimation effect for an automatic gain

control circuit at areceive end, thereby reducing areceive bit error rate.
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[0018] With reference to the first aspect, in some implementations of the first aspect, the
bandwidth of thetarget channel is 320 MHz; and when the periodicity included in the short training

field is 1.6 ps, the short training sequence is expressed as follows:

(12,0,-R2, 1,12, 0,-R2, 0, 12, 0, R2, -1, 12, 0, —R2}- A+ D/V2.. o
(-12,0,R2, 1,-1.2, 0, R2, 0, 1.2, 0, R2, 1, 1.2, 0, R2}- A+ 1)/ V2.
(L2,0,-R2,0,12,0,-R2, 0, L2, 0, R2, 1, 12, 0, -R2}- @+ /2. o
{-12,0,R2, 0, L2, 0, R2, 0, L2, 0,—R2, 1, 12, 0, R2}- A+ D/¥2 . o
(12,0,-R2, 1,12, 0,-R2, 0, L2, 0, R2, 0,12, 0, —R2}- L+ D/¥2. o
(-12,0,R2, 1,-1.2,0, R2, 0, 1.2, 0, —R2, 0, L.2, 0, R2}- A+ 1)/ V2. o
(12,0,-R2, 1,12, 0,-R2, 0, L2, 0, R2, 1, 12, 0, -R2}- A+ /2., o
(12,0, R2,~1,-12,0, R2, 0,12, 0,-R2, 1, 12, 0, R2}- L+ V2. o
{L2,0,-R2,0,12,0, R2,0, L2, 0,R2, 0,12, 0, -R2}- A+ /2, o

(12,0.R2,0,-12,0,R2, 0, 12,0, R2, 0,12, 0, R2}- &+ N/¥2 \ypere

L2 isexpressed as{M, -1, M, -1, M, -1, M}, R2 isexpressed as{-M, 1, M, 1, -M,
1, -M}, -L2isexpressed as{-M, 1,-M, 1, M, 1, -M}, and -R2 is expressed as{ M, -1, -M, —1,
M, -1, M}.
[0019] In the foregoing technical solution, the 320-MHz bandwidth has 4096 tones in total. When the periodicity
included in the short training field is 1.6 ps, the short training sequence may be expressed as S_soz4:8:2024, Where -2024

indicates a subscript of a starting tone, 2024 indicates a subscript of an ending tone—2024-and-2024-indicate subseripts

of-startingtenes, 8 indicates a spacing, and —2024:8:2024 indi cates starting with a tone whose subscript is —2024 and
ending with atone whose subscript is 2024, with aspacing of 8 tonesin between. On other tones, afrequency-domain
sequence vaue is 0. Therefore, the values given by the foregoing short training sequence each correspond to a
frequency-domain segquence value that starts with a tone whose subscript is —2024 and ends with a tone whose
subscript is 2024, with a spacing of 8 tones in between. L2 and R2 are sequences related to a short training sequence
corresponding to 80 MHz and the periodicity of 1.6 ps. Therefore, the 320-MHz short training sequence can be
compatible with the 80-MHz short training sequence. In addition, the 320-MHz short training sequence can support
automatic gain control on ahigh-bandwidth (the bandwidth is greater than 160 MHz) channel. In addition, it isverified

through simulation that these short training sequences have comparatively small peak-to-average power ratios, and
8
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therefore can support automatic gain control on a high-bandwidth channel and can improve an estimation effect for
an automatic gain control circuit at areceive end, thereby reducing areceive bit error rate.

[0020] with reference to the first aspect, in some implementations of the first aspect, the bandwidth of the target
channel is 320 MHz; and when the periodicity included in the short training field is 1.6 ps, the short training sequence

is expressed as follows:
(L4,1,R4,0,L4, 1, R4}- A+ i) /2 or
{-L4,-1,-R4,0,-L4, 1, R4}- @+ j) /N2 or
{L4, 0, R4, 0, L4, 0, -R4} A+ ) /2 or
{-14,0,-R4,0,-14, 0, R4}- 1+ ) /2 : of
(L4, 0,R4, 0, L4, —1, -R4}- 3+ i) 12 or
{-L4,0,-R4,0,-L4, 1, R4}- T+ )/ J2 or
{L4,0,-R4,0,L4, 1, R4} @+ j) /N2 or
{14,0,R4,0, L4, 1, R4} @+ DIV2, o
(L4, 1, R4, 0, L4, 0, —Ray- A+ D /N2 o

(14,1, R4, 0,14, 0,R41- @+ DIV2 \nere
L4isexpressed as{M, -1, M, -1,-M, -1, M, 0, -M, 1, M, 1, -M, 1, -M};
R4 isexpressed as{-M, 1,-M, 1, M, 1-M, 0, -M, 1, M, 1, -M, 1, -M};
—L4isexpressed as{-M, 1,-M, 1, M, 1,-M,0, M, -1, -M, -1, M, -1, M}; and
—R4isexpressed as{M, -1, M, -1, -M, -1, M, O, M, -1, -M, -1, M, -1, M}.

In the foregoing technical solution, the 320-MHz bandwidth has 4096 tones in total. When the

periodicity included in the short training field is 1.6 ps, the short training sequence may be

expressed as S ono:8:2040, Where -2040 indicates a subscript of a starting tone, 2040 indicates a

subscript of an ending tone—2040-and-2040-indicate-subseripts-of-starting-tones, 8 indicates a

spacing, and —2040:8:2040 indi cates starting with atone whose subscript is—2040 and ending with

atone whose subscript is 2040, with a spacing of 8 tones in between. On other tones, afrequency-
domain sequence value is 0. Therefore, the values given by the foregoing short training sequence
each correspond to a frequency-domain sequence value that starts with a tone whose subscript is

—2040 and ends with atone whose subscript is 2040, with a spacing of 8 tones in between. L4 and
9
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R4 are sequences related to a short training sequence corresponding to 160 MHz and the
periodicity of 1.6 ps. Therefore, the 320-MHz short training sequence can be compatible with the
160-MHz short training sequence. In addition, the 320-MHz short training sequence can support
automatic gain control on a high-bandwidth (the bandwidth is greater than 160 MHZz) channdl. In
addition, it is verified through simulation that these short training sequences have comparatively
small peak-to-average power ratios, and therefore can support automatic gain control on a high-
bandwidth channel and can improve an estimation effect for an automatic gain control circuit at a
receive end, thereby reducing areceive bit error rate.-

[0021] According to a second aspect, a short training field sending apparatus is provided. The
apparatus includes: a determining module, configured to determine a short training sequence; and
a sending module, configured to send a short training field on a target channel, where the short
training field is obtained by performing inverse fast Fourier transformation IFFT on the short
training sequence, and a bandwidth of the target channel is greater than 160 MHz.

[0022] According to a third aspect, a short training field sending apparatus is provided. The
apparatus includes: a processor, configured to determine a short training sequence; and a
transceiver, configured to send a short training field on a target channel, where the short training
field is obtained by performing inverse fast Fourier transformation IFFT on the short training
sequence, and a bandwidth of the target channel is greater than 160 MHz.

[0023] According to afourth aspect, aprocessor is provided, including an input circuit, an output
circuit, and a processing circuit. The processing circuit is configured to receive asignal by using
the input circuit, and transmit a signal by using the output circuit, so that the processor performs
the method according to any one of the first aspect or the possible implementations of the first
aspect.

[0024] During specific implementation, 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 atransistor, a
gatecircuit, atrigger, variouslogic circuits, or thelike. Aninput signal received by theinput 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. In addition, the input circuit and the output circuit may be a same circuit, and the
circuit serves as the input circuit and the output circuit at different moments. Specific
implementations of the processor and various circuits are not limited in this embodiment of this

10
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application.

[0025] According to afifth aspect, a communications deviceis provided, including a processor,
and optionally, further including a memory. The memory is coupled to the processor, and the
processor is configured to perform the method according to any one of the first aspect or the
possible implementations of the first aspect.

[0026] Optionally, there are one or more processors, and there are one or more memories.
[0027] Optionally, the memory may be integrated with the processor, or the memory and the
processor are disposed separately.

[0028] During specific implementation, the memory may be a non-transitory (non-transitory)
memory, for example, a read-only memory (read only memory, ROM). The memory and the
processor may be integrated on a same chip, or may be separately disposed on different chips. A
type of the memory and a manner of disposing the memory and the processor are not limited in
this embodiment of this application.

[0029] Optionally, the processor includes at least one circuit configured to determine a short
training sequence, and includes at least one circuit configured to transmit the short training field
by using the transmitter.

[0030] The processor in the fifth aspect may be a chip. The processor may be implemented by
hardware or software. When the processor is implemented by hardware, the processor may be a
logic circuit, an integrated circuit, or the like. When the processor isimplemented by software, the
processor may be ageneral -purpose processor, and isimplemented by reading software code stored
in a memory. The memory may be integrated in the processor, or may be located outside the
processor and exist independently.-

[0031] According to a sixth aspect, a computer program is provided. When the computer
program is executed by a computer, the computer program is used to perform the method according
to any one of the first aspect or the possible implementations of the first aspect. The computer
program may be entirely or partialy stored in a storage medium packaged with a processor, or
may be partially or entirely stored in amemory not packaged with a processor.

[0032] According to a seventh aspect, a computer-readable storage medium is provided. The
computer-readabl e storage medium stores a computer program. The computer program includes
at least one segment of code. The at least one segment of code may be executed by a compuiter, to
control the computer to perform the method according to any one of the first aspect or the possible

11
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implementations of the first aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1isaschematic diagram of acommunications system to which ashort training field
sending method according to an embodiment of this application is applicable;

[0034] FIG. 2isaninterna structural diagram of awireless access point to which an embodiment
of this application is applicable;

[0035] FIG. 3isan internal structural diagram of a subscriber station to which an embodiment
of this application is applicable;

[0036] FIG. 4isaschematic diagram of aVHT frame structure in 802.11ac;

[0037] FIG. 5 is aschematic diagram of a short training field sending method according to an
embodiment of this application;

[0038] FIG. 6isaschematic diagram of constructing an HE-STF by using an M-sequence;
[0039] FIG. 7 isaschematic block diagram of ashort training field sending apparatus according
to an embodiment of this application; and

[0040] FIG. 8isaschematic structural diagram of anetwork device according to an embodi ment

of this application.

DESCRIPTION OF EMBODIMENTS

[0041] The following describes the technical solutions in this application with reference to the
accompanying drawings.

[0042] Thetechnical solutionsin the embodiments of this application may be applied to various
communications systems, for example, awirelessloca areanetwork (wirelessloca area network,
WLAN) communications system, a global system for mobile communications (globa system of
for mobile communication, GSM) system, a code division multiple access (code division multiple
access, CDMA) system, a wideband code division multiple access (wideband code division
multiple access, WCDMA) system, a general packet radio service (general packet radio service,
GPRS) system, a long term evolution (long term evolution, LTE) system, an LTE frequency
division duplex (frequency division duplex, FDD) system, LTE timedivision duplex (timedivision
duplex, TDD) system, a universal mobile telecommunications system (universal mobile
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telecommunications system, UMTS), a worldwide interoperability for microwave access
(worldwide interoperability for microwave access, WiMAX) communications system, a 5th
generation (5th generation, 5G) system, or new radio (new radio, NR) system.

[0043] In the following example descriptions, only a WLAN system is used as an example to
describe an application scenario and a method in the embodiments of this application.

[0044] Specifically, the embodiments of this application may be applied to awireless loca area
network (wireless local area network, WLAN), and the embodiments of this application is
applicableto any protocol of Institute of Electrical and Electronics Engineers (institute of electrical
and electronics engineers, |IEEE) 802.11 series protocols currently used for the WLAN. The
WLAN may include one or more basic service sets (basic service set, BSS), and a network node
in the basic service set includes an access point (access point, AP) and a station (station, STA).
[0045] Specifically, in the embodiments of this application, an initiation device and a response
device each may be a subscriber station (STA) on the WLAN. The subscriber station may also be
referred to as a system, a subscriber unit, an access terminal, a mobile station, a mobile console, a
remote station, a remote terminal, a mobile device, a user terminal, a terminal, a wireless
communications device, a user agent, a user apparatus, or user equipment (user equipment, UE).
The STA may be a cellular phone, acordless phone, a session initiation protocol (sessioninitiation
protocol, SIP) phone, awireless local loop (wireless local loop, WLL) station, a personal digital
assistant (personal digital assistant, PDA), a handheld device with a wireless local area network
(for example, Wi-Fi) communication function, a wearable device, a computing device, or another
processing device connected to awirel ess modem:..

[0046] Alternatively, in the embodiments of this application, the initiation device and the
response device each may be an AP on the WLAN. The AP may be configured to communicate
with an access termina through a wireless local area network, and transmit data of the access
terminal to a network side, or transmit data from the network side to the access terminal.

[0047] For ease of understanding the embodiments of this application, acommunications system
shownin FIG. lisfirst used asan exampleto describe in detail acommunications system to which
the embodiments of this application are applicable. In ascenario shown in FIG. 1, the system may
beaWLAN system. The WLAN system in FIG. 1 may include one or more APs and one or more
STAs. In FIG. 1, one AP and three STAs are used as examples. The AP and the STAs may
wirelessly communicate with each other by using various standards. For example, wireless
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communication may be performed between the AP and the STAs by using a single-user multiple-
input multiple-output (single-user multiple-input multiple-output, SU-MIMO) technology or a
multi-user multiple-input multiple-output (multi-users multiple-input multiple-output, MU-
MIMO) technology.

[0048] TheAPisalso referred to as a wireless access point, a hotspot, or the like. The APis an
access point for amobile subscriber to access awired network, and is mainly deployed in ahome,
a building, or a campus, or may be deployed outdoors. The AP is equivalent to a bridge that
connectsthewired network and awireless network. A main function of the APisto connect various
wireless network clients, and then connect the wireless network to the Ethernet. Specificaly, the
AP may be aterminal device or anetwork device with awirelessfidelity (wireless fidelity, Wi-Fi)
chip. Optionally, the AP may be a device that supports a plurality of WLAN standards such as
802.11. FIG. 2 isan interna structura diagram of an AP product. The AP may have a plurality of
antennas or a single antenna. In FIG. 2, the AP includes a physical layer (physical layer, PHY)
processing circuit and amediaaccess control (mediaaccess control, MAC) layer processing circulit.
The physical layer processing circuit may be configured to process aphysical layer signal, and the
MAC layer processing circuit may be configured to process a MAC layer signa. The 802.11
standard focuses on a PHY and a MAC layer, and the embodiments of this application focus on
protocol design on the MAC layer and the PHY.

[0049] A STA product is usually a termina product supporting 802.11 series standards, for
example, a mobile phone or a notebook computer. FIG. 3 is astructural diagram of a STA with a
single antenna. In an actua scenario, the STA may aternatively have a plurality of antennas, and
may be a device with more than two antennas. In FIG. 3, the STA may include a physical layer
(physical layer, PHY) processing circuit and a media access control (media access control, MAC)
layer processing circuit. The physical layer processing circuit may be configured to process a
physical layer signal, and the MAC layer processing circuit may be configured to processaMAC
layer signal.

[0050] To gresatly increase a service transmission rate of aWLAN system, in the IEEE 802.11ax
standard, an orthogonal frequency division multiple access (orthogonal frequency division
multiple access, OFDMA) technology is further used based on an existing orthogonal frequency
division multiplexing (orthogonal frequency division multiplexing, OFDM) technology. The
OFDMA technology enables a pluraity of nodes to simultaneously transmit and receive data,
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thereby achieving a multi-station diversity gain.

[0051] During evolution from 802.11a to 802.11g, 802.11n, 802.11ac, and 802.11ax, available
frequency bands include 2.4 gigahertz (GHz) and 5 GHz. As a quantity of open frequency bands
increases, a maximum channel bandwidth supported by 802.11 is extended from 20 megahertz
(MHz) to 40 MHz and then to 160 MHz. In 2017, the US Federal Communications Commission
(federal communications commission, FCC) opened a new free 6-GHz frequency band (5925—
7125 MHz), and workers of the 802.11ax standard extended an operating range of 802.11ax

devices from 2.4 GHz and 5 GHz to 2.4 GHz, 5 GHz, and 6 GHz in the 802.11ax project

authorization requests (project authorization requests, PAR). Because an available bandwidth of

the newly opened 6-GHz frequency band is higher, it can be predicted that a channel bandwidth
greater than 160 MHz isto be supported in evolution of anext-generation standard after 802.11ax.

[0052] Each generation of mainstream 802.11 protocol is compatible with legacy stations. For

example, aframe structure in 802.11afor an earliest generation of mainstream Wi-Fi starts with a
preamble, and includes alegacy-short training field (legacy-short training field, L-STF), alegacy-

long training field (legacy-long training field, L-LTF), and a legacy-signa field (legacy-signal

field, L-SIG). For compatibility with legacy stations, a frame structure in subsequent 802.11 and

802.11ax that is being finalized starts with alegacy preamble. The legacy preambleisfollowed by

a signal field, a short training field, and a long training field that are newly defined for each

generation. The short training field (short training field, STF) after the legacy preambleisreferred

to as an extremely high throughput-short training field (extremely high throughput-STF, EHT-STF)
for differentiation from the L-STF. When transmission is performed at achannel bandwidth greater

than 20 MHz, the L-STF is replicated and then transmitted on every 20-MHz channel bandwidth.

These EHT-STFs introduced after 802.11a are separately defined as new sequences for a channel

bandwidth greater than 20 MHz. For example, for an STF defined in 802.11ac, that is, avery high

throughput-short training field (very high throughput-STF, VHT-STF), 20-MHz, 40-MHz, 80-

MHz, and 160-MHz sequences are separately defined, as shown in FIG. 4. FIG. 4 is a schematic
diagram of a VHT frame structure in 802.11ac. Similarly, a high efficiency-short training field

(high efficiency-STF, HE-STF) defined in 802.11ax also supports a maximum channel bandwidth

of 160 MHz. FIG. 4 includes a legacy-training field (legacy-training field, L-TF), a duplicate
legacy-training field (duplicate legacy-training field, Dup L-TF), a legacy-signa field (legacy-

signal field, L-SIG), aduplicate |egacy-s gnaltrainiag field (duplicate legacy-signal field, Dup L-
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SIG), a very high throughput-signal field-—-A (very high throughput-signa-A, VHT-SIG-A), a
duplicate very high throughput-signal field—-A (duplicate very high throughput-signal-A, Dup
VHT-SIG-A), avery high throughput-short training field (very high throughput-short training field,
VHT-STF), a very high throughput-long training field (very high throughput-long training field,
VHT-LTF), avery high throughput-signal field-B (very high throughput-signal-B, VHT-SIG-B),
and very high throughput data (very high throughput data, VHT Data).

[0053] According to stipulations of aprotocol, atime-domain waveform of the HE-STF includes
five repetitions, and is mainly used to enhance an estimation of an automatic gain control
(automatic gain control, AGC) circuit in multiple-input multiple-output (multiple-input multiple-
output, MIMO) transmission; therefore, it is required that a smaller peak-to-average power ratio
(pesk to average power ratio, PAPR) of a sequence should be better. As described above, a next-
generation protocol of 802.11 is expected to support a channel bandwidth greater than 160 MHz.
[0054] Therefore, a new short training sequence needs to be designed for a new channel
bandwidth. In view of this, for anew channel bandwidth, this application proposes a short training
seguence design corresponding to a next-generation STF.

[0055] For ease of understanding the embodiments of this application, the following first briefly
describes several nouns or terms used in this application.

[0056] 1. Tone A wirelesscommunication signal hasalimited bandwidth. An OFDM technology
may be used to divide a channel bandwidth into a plurality of frequency components within the
bandwidth based on a specific frequency spacing. These components are referred to as tones.
[0057] 2. Short training sequence

[0058] The short training sequence is mainly used for signal detection, automatic gain control
(automatic gain control, AGC), symbol timing acquisition, coarse frequency offset estimation, and
the like. Different sequences may be defined for different maximum channel bandwidths. For
example, the HE-STF defined in 802.11ax supports a maximum channel bandwidth of 160 MHz.
This application focuses on a channe bandwidth greater than 160 MHz, therefore, for
differentiation, is referred to as an EHT-STF in the embodiments of this application. It should be
understood that the EHT-STF is used to represent a short training field for a bandwidth greater
than 160 MHz, and a specific name of the EHT-STF does not limit the protection scope of the
embodiments of this application.

[0059] The short training sequence may be constructed based on an M-sequence. For example,
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it can be learned from the 802.11ax standard that a high efficiency-short training sequence (high
efficiency-short training sequencehigh—efficieney—sequence, HES-STF) of the HE-STFis

constructed by performing multiplexing, phase rotation, and combination based on the M-
seguence. The M-sequence is a most basic pseudo-noise sequence (Pseudo-noise Sequence, PN
sequence) currently used in a CDMA system. The M-sequence is short for a maximum-length
linear feedback shift register sequence. The M-sequenceisdefinedasM ={-1,-1,-1,1, 1,1, -1,
1,1,1,-1,1,1,-1, 1} inthe 802.11ax standard.

[0060] It should be noted that a specific name of the M-sequence does not limit the protection
scope of the embodiments of this application. For example, the M-sequence may also be referred
to as a frequency-domain sequence.

[0061] 3. Pesk-to-average power ratio

[0062] The peak-to-average power ratio (peak to average power ratio, PAPR) may be aratio of
an instantaneous peak power of continuous signals to an average signal power within a symbol,
and may be expressed by using the following formula:

max(X?)

PAPR=10lo _—
G0 ( mean( X ?)

j , Where

Xi indicates a time-domain discrete value of a sequence;

max(Xi?) indicates a maximum value of a square of the time-domain discrete value;
and

mean(X;?) indicates an average value of the square of the time-domain discrete val ue.
[0063] According to stipulations of a protocol, atime-domain waveform of an HE-STF includes
five repetitions, and is mainly used to enhance an AGC estimation in MIMO transmission;
therefore, it isrequired that a smaller PAPR of a sequence should be better.
[0064] It should be noted that, in the embodiments of this application, the "protocol" may be a
standard protocol in the communications field, for example, may include an LTE protocol, an NR
protocol, a WLAN protocol, and a related protocol applied to a future communications system.
Thisis not limited in this application.
[0065] It should be further noted that, in the embodiments of this application, "pre-obtaining"
may include being indicated by a network device through signaling, or being predefined, for
example, being defined in a protocol. The "predefining” may be implemented by prestoring
corresponding code or atable on adevice (for example, including aterminal device and a network
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device), or in another manner that may be used to indicate related information. A specific
implementation thereof is not limited in this application. For example, the predefining may mean
being defined in a protocol.

[0066] It should be further noted that "storing” in the embodi ments of this application may mean
being stored in one or more memories. The one or more memories may be separately disposed, or
may be integrated in an encoder, a decoder, a processor, or a communications apparatus.
Alternatively, some of the one or more memories may be separately disposed, and some of the one
or more memories are integrated in a decoder, a processor, or acommunications apparatus. A type
of the memory may be a storage medium in any form. Thisis not limited in this application.
[0067] It should be further noted that, in the embodiments of this application, one of "of (of)", "
relevant (rel evant)eerrespending{eerrespendingrelevant)”, and " corresponding (corresponding)”

may be used sometimes. It should be noted that expressed meanings are consistent when

differences are not emphasized.

[0068] It should be further noted that, in the following embodiments, first, second, and third are
merely intended to distinguish between different objects, and should not constitute any limitation
on thisapplication, for example, areintended to distinguish between different channel bandwidths.
[0069] It should befurther noted that "and/or" describes an association relationship for describing
associated objects and represents that three relationships may exist. For example, A and/or B may
represent the following three cases: Only A exists, both A and B exist, and only B exists. The
character "/" generally indicatesan "or" relationship between the associated objects. "At least one”
means one or more. Similar to "A and/or B", "at least one of A and B" describes an association
relationship for describing associated objects and represents that three rel ationships may exist. For
example, at least one of A and B may represent the following three cases. Only A exists, both A
and B exist, and only B exists. The following describes in detail the technical solutions provided
in this application with reference to the accompanying drawings.

[0070] It should be understood that the technical solutions in this application may be applied to
a wireless communications system, for example, the wireless communications system shown in
FIG. 1. FIG. 5isaschematic block diagram of a short training field sending method according to
an embodiment of this application. The method 200 shown in FIG. 5 includes step 210 and step
220.

[0071] Step 210: Determine a short training sequence.
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[0072] Step 220: Send ashort training field on atarget channel, where the short training field is
obtained by performing inverse fast Fourier transformation IFFT on the short training sequence,
and a bandwidth of the target channdl is greater than 160 MHz.

[0073] In this embodiment of this application, for differentiation from a legacy-short training
field, the short training field corresponding to the bandwidth of the target channel is denoted as an
EHT-STF. It should be understood that the EHT-STF is used to represent a short training field
corresponding to a bandwidth greater than 160 MHz, and a specific name of the EHT-STF does
not limit the protection scope of this embodiment of this application.

[0074] Inthisembodiment of this application, the bandwidth of the target channel is greater than
160 MHz. In this embodiment of this application, an example in which the bandwidth of the target
channel is 240 MHz and an example in which the bandwidth of the target channel is 320 MHz are
used for description. It should be understood that this embodiment of this application is not limited
thereto. For example, the bandwidth of the target channel may be alternatively 200 MHz or 280
MHz.

[0075] Example 1: The bandwidth of the target channel is 240 MHz.

[0076] The EHT-STF is obtained by performing IFFT transformation on a frequency-domain
sequence of the EHT-STF. In this application, for ease of description, the frequency-domain
seguence of the EHT-STF is denoted as a short training sequence S (sequence), the EHT-STF may
include a plurality of periods, and duration of each period may be 0.8 us or 1.6 us. For brevity, in
this embodiment of this application, the duration of the period included inthe EHT-STF is denoted
as a periodicity. In this embodiment of this application, a scenario in which the periodicity is 0.8
us and a scenario in which the periodicity is 1.6 us are used to describe the EHT-STF for the
bandwidth of the target channel.

[0077] Scenario 1: The periodicity is 0.8 ps-.

[0078] In this embodiment of this application, a short training sequence S corresponding to a
240-MHz EHT-STF with a periodicity of 0.8 pus may be determined by using at least the following
three methods.

[0079] The 240-MHz bandwidth has 1024x3=3072 tonesin total. There are 12 guard tones on a
left edge, 11 guard tones on a right edge, and five direct-current tones in the middlie of the
bandwidth. In addition, when the periodicity included in the short training field is 0.8 ps, the short
training sequence corresponding to the 240-MHz EHT-STF may be expressed as S.1520:16:1520,
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where -1520 indicates a subscript of a starting tone, 1520 indicates a subscript of an ending tone—

1520-and-1520-indicate-subseripts-of-starting-tones, 16 indicates a spacing, and —1520:16:1520

indicates starting with a tone whose subscript is —1520 and ending with a tone whose subscript is

1520, with a spacing of 16 tones in between. On other tones, a frequency-domain sequence value
isO.

[0080] Method 1

[0081] Determine, based on afrequency-domain sequence HES of areference channel, the short
training sequence S corresponding to the 240-MHz EHT-STF with the periodicity of 0.8 ps.
[0082] For the HES, the 802.11ax standard defines a frequency-domain value HESap.c of the
HE-STF, where aindicates a subscript of a starting tone, ¢ indicates a subscript of an ending tonea
and-endicate subseriptsef-starting-tenes, b indicates a spacing, and a:b:c indicates starting with a

tone a and ending with a tone c, with a spacing of b tones in between. On other tones, an HES

value is 0. During sending, inverse Fourier transformation is performed on a frequency-domain
value to obtain a time-domain waveform.

[0083] For example, a bandwidth of the reference channel is 80 MHz. Optionally, the short
training sequence S corresponding to the EHT-STF with the periodicity of 0.8 us and the channel
bandwidth of 240 MHz may be expressed as follows:

{L1,1,-R1,1,-L1, 0,RL, 0, L1, 0,—R1}- &+ i)/N2 o
{-L1,-1,R1, 1 L1, 0,—R1, 0, L1, 0, Ry} - 4T /N2 o
{L1,1,-RL,-1,-L1,0,—RL, 1, L1, 1, Ry} &+ /N2 o
{-L1,-1,RL, 1,L1, 0, RL, 1, - 1, -1, Ry &+ )/ V2 o
{L1,1,-R1,1,-L1,0,RL, 1, L1, 0,—R1}- &+ DIRE: o
{-L1,-1,R1, -1, L1, 0,—R1, -1, L1, 0, Ry} . 4+ D)/ V2 o
{L1,0,-R1,0,-L1,0, RL, 1, L1, 0,—R1}. L+ 1)/ V2 o
{-L1,0,RL,0,L1,0,—RL, 1, L1, 0, Ry} AT /N2 o
{L1,1,-RL,0,-L1, 0, RL, 1, 1,0, Ry} 41D/ V2 o

{-L1,-1,R1,0,L1,0,—R1, 1, L1, 0, R} . L+ 1)/ V2 , where
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L1 = HES et 1'\/5/(14_ j) = HES—496:16:—16'\/§/(1+ J), R1 = HESright 1'\/5/(14_ J)

= HESs6:16:406° \/é [(A+]) ;

HESLet 1 IS a part of HES 496:16:406 ON the left of a tone 0, and HESright 1 IS a part of
HES 496:16:406 ON the right of the tone O;

HES 496:16:496 is an HES corresponding to 80 MHz and the periodicity of 0.8 us; and

L1lisexpressed as{M, 1, -M}, Rl isexpressed as {-M, 1, -M}, —L1 is expressed as
{-M, -1, M}, and Rl isexpressed as{M, -1, M}.
[0084] Asdescribed above, the short training sequence corresponding to the 240-MHz EHT-STF
may be expressed as S.is20:16:1520. Therefore, the values given by the foregoing short training
seguence each correspond to a frequency-domain sequence vaue that starts with a tone whose
subscript is —1520 and ends with a tone whose subscript is 1520, with a spacing of 16 tonesin
between.
[0085] It should be noted that, in this embodiment of this application, L (for example, L1, L2,
L3, and L4) and R (for example, R1, R2, R3, and R4), or HES,et (for example, HES &t 1 and
HES. et 2) and HESrign (for example, HESrign: 1 and HESrignt 2) are used to indicate a part on the
left of the tone 0 and a part on the right of the tone 0. Specifically, L1 indicates a part, on the left
of the tone 0, of the HES corresponding to 80 MHz and the periodicity of 0.8 ps, and R1 indicates
apart, on the right of the tone 0, of the HES corresponding to 80 MHz and the periodicity of 0.8
us; L2 indicates a part, on the left of the tone O, of an HES corresponding to 80 MHz and the
periodicity of 1.6 us, and R2 indicates a part, on the right of the tone 0, of the HES corresponding
to 80 MHz and the periodicity of 1.6 ps; L3 indicates a part, on the left of the tone O, of an HES
corresponding to 160 MHz and the periodicity of 0.8 us, and R3 indicates a part, on the right of
the tone 0, of the HES corresponding to 160 MHz and the periodicity of 0.8 pus; L4 indicates a part,
on the left of the tone 0, of an HES corresponding to 160 MHz and the periodicity of 1.6 ps, and
R4 indicates a part, on the right of the tone O, of the HES corresponding to 160 MHz and the

periodicity of 1.6 ps. In addition, L = HES et \/E [+]) , and R = HESRight \/E [+]) .

[0086] It should be further noted that L (for example, L1, L2, L3, and L4), R (for example, R1,
R2, R3, and R4), and the like are only used to indicate a part on the left of the tone 0 and apart on
the right of the tone 0, and names thereof (for example, L1, L2, L3, L4, R1, R2, R3, and R4) do
not limit the protection scope of this embodiment of this application.-
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[0087] It should be understood that the short training sequence S corresponding to the EHT-STF
with the periodicity of 0.8 ps and the channel bandwidth of 240 MHz may be expressed as any one
of the foregoing 10 expressions.
[0088] It can be learned from the foregoing that, by using the method 1, the short training
sequence S corresponding to the 240-MHz EHT-STF with the periodicity of 0.8 pus may be
obtained through transformation based on an HES specified in a standard.
[0089] Method 2
[0090] Obtain, through transformation based on an M-sequence, the short training sequence S
corresponding to the 240-MHz EHT-STF with the periodicity of 0.8 ps-.
[0091] Specificaly, L1 expressed as{M, 1, -M}, R1 expressed as {-M, 1, -M}, —L 1 expressed
as{-M, -1, M}, and —R1 expressed as {M, —1, M} are substituted, and it can be learned that the
short training sequence S corresponding to the 240-MHz EHT-STF with the periodicity of 0.8 ps
may be expressed as follows:

M1, -MI,M-I,M1,-M-1,M,0,-M, 1,-M, 0, -M, -1, M, 0, M, -1, M}-
W+ DIN2.

M, -I,M,-1,-M, I,-M, -1, M, I,-M, 0, M, -1, M, 0, M, 1, -M, 0, -M, 1, -M}-
W+ DIN2.

{M, 1’ _M, 1, M’ _1, M, _1, _M’ _1, M5 0, M, _1, M, 1, M, 1, _M’ 1’ _M’ 1’ _M}
W+ DIN2.

{_M’ _1, M’ _1, _M, 1, _M, 1’ M, 1, _M, 0, _M, 1, _M, _1, _M, _1’ M5 _1, M’ _1’ M}
W+ DIN2.

{Ma 1: _Ma 13 M: _la Ma 1: _Ma _1: Ma 0: _Ma 1: _Ma 17 _Ma _17 Ma 07 M: _la M}
A+ NIN2, o

{_M: _17 M: _17 _Ma 1: _Ma _la Ma 17 _Ma 07 Ma _17 M: _17 Ma 13 _Ma 03 _Ma 13 _M}
A+ NIN2, o

{Ma 13 _Ma 03 M: _l: M: Oa _Ma _1: M: Oa _Ma 17 _Ma _13 _Ma _13 Ma 0: Ma _17 M}
W+ )IN2.

M, -1,M,0,-M, 1,-M,0,M, 1,-M, 0, M, -1, M, 1, M, 1, -M, 0, -M, 1, -M}-
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W+ DIN2.

M, 1,-M, I,M, -1, M, 0,-M, -1, M, 0, -M, 1, -M, -1, -M, -1, M, 0, M, —1, M}~
W+ DIN2.

M, -1, M, -1,-M, 1,-M, 0, M, 1, -M, 0, M, -1, M, 1, M, 1, -M, 0, -M, 1, -M}-
@)z
[0092] Similarly, as described above, the short training sequence corresponding to the 240-MHz
EHT-STF may be expressed as S-is20:16:1520. Therefore, the values given by the foregoing short
training sequence each correspond to a frequency-domain sequence value that starts with a tone
whose subscript is—1520 and ends with atone whose subscript is 1520, with a spacing of 16 tones
in between.
[0093] It should be noted that the short training sequence S corresponding to the EHT-STF with
the periodicity of 0.8 pus and the channel bandwidth of 240 MHz may be expressed as any one of
the foregoing 10 expressions.
[0094] It can be learned from the foregoing that, by using the method 2, the short training
sequence S corresponding to the 240-MHz EHT-STF with the periodicity of 0.8 pus may be
obtained through transformation based on the M-sequence.
[0095] Method 3
[0096] The short training sequence S corresponding to the EHT-STF in the foregoing method 1
or method 2 isdirectly cached or stored locally. When the short training sequence S corresponding
to the EHT-STF is to be used, the short training sequence S corresponding to the EHT-STF may
be directly obtained locally.-
[0097] It should be understood that the foregoing three methods are merely examples for
description, and this application is not limited thereto. Any method that can be used to obtain the
240-MHz EHT-STF with the periodicity of 0.8 ps falls within the protection scope of this
embodiment of this application.
[0098] The 240-MHz EHT-STF with the periodicity of 0.8 ps may be obtained through
simulation calculation. For example, if the method 1 is used, the EHT-STF may be obtained
through calculation based on a stored HE-STF by using a corresponding formula. For another
example, if the method 2 is used, the EHT-STF may be obtained through calculation based on a
stored or protocol-specified M-sequence by using a corresponding formula. Details are provided
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bel ow.

[0099] Specificaly, in this embodiment of this application, the short training sequence
corresponding to the bandwidth of the target channel may be designed based on a short training
seguence for an existing channel bandwidth (for exampl e, the bandwidth of the reference channd!).
For brevity, the short training sequence for the bandwidth of the reference channel isreferred to as
areference short training sequence. Without loss of generality, the following describes in detail a
method for designing the short training sequence S corresponding to the 240-MHz EHT-STF in
this embodiment of this application by using an example in which areference short training field
isan HE-STF and atarget short training field isan EHT-STF.

[00100] Determining a short training sequence HES corresponding to an HE-STF for the
bandwidth of the reference channel may be pre-obtaining a short training sequence HES, or
directly using ashort training sequence HES that correspondsto an HE-STF for a bandwidth of an
existing reference channel and that is specified in astandard. Thisisnot limited in thisembodiment
of this application. In this embodiment of this application, designing a short training sequence for
ahigher channel bandwidth based on a short training sequence for an existing channel bandwidth
ismainly considered.

[00101] According to this embodiment of this application, in consideration of backward
compatibility, a short training sequence for a higher channel bandwidth, for example, a short
training sequence S corresponding to an EHT-STF, is designed based on a short training sequence
HES corresponding to an STF for an existing channel bandwidth, for example, a short training
sequence HES corresponding to an HE-STF.

[00102] For ease of understanding, a design, in 802.11ax, of a short training sequence HES
corresponding to an HE-STF isfirst briefly described-.

[00103] FIG. 6 is a schematic diagram of constructing an HE-STF by using an M-sequence. A
diagram (1) in FIG. 6 is arepetition structure. Specificaly, a 20-MHz HE-STF is constructed by
using one M-sequence, a40-MHz HE-STF is obtai ned by combining two 20-MHz HE-STFs (that
is, two M-sequences), and similarly, an 80-MHz HE-STF is obtained by combining four 20-MHz
HE-STFs. To ensure that the HE-STF includes five repetitions in time domain and a PAPR of the
HE-STF is as small as possible, an additional parameter value and a rotation factor may be used
for adjustment and optimization, as shown in adiagram (2) in FIG. 6. Specifically, a20-MHz HE-
STF is constructed by using one M-sequence, a 40-MHz HE-STF is obtained by combining two
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20-MHz HE-STFs (that is, two M-sequences) that are multiplied by a rotation factor C, and
similarly, an 80-MHz HE-STF is obtained by combining four 20-MHz HE-STFsthat are multiplied
by the rotation factor. In addition, a parameter value A needs to be inserted between every two M-
seguences, to ensure that the HE-STF includes five repetitions in time domain. An exception is
that an OFDM modulation scheme requires that a direct-current tone should be 0. Therefore, a
PAPR of the HE-STF can be minimized by optimizing A and C. As shown in the diagram (2) in
FIG. 6, the rotation factor C includes{cl, c2, c3, c4, ...}, and the parameter value A includes { al,
a2, a3, &4, ..} -

[00104] Asdescribed above, 802.11ax defines HE-STFs with two periodicities based on different
frame structures defined in 802.11ax, where the periodicities are 0.8 pus and 1.6 ps. In addition,
802.11ax supports four channel bandwidths: 20 MHz, 40 MHz, 80 MHz, and 160 MHz. Each
bandwidth and periodicity correspond to one HE-STF. Therefore, the HE-STF has el ght frequency-
domain values HESa.c in total .

[00105] The following separately describes optimized frequency-domain sequences for different
channel bandwidths in a case in which a periodicity is 0.8 ps and a case in which a periodicity is
1.6 ps.

[00106] Case 1: frequency-domain sequence of a 0.8-us HE-STF

[00107] A 0.8-us HE-STF with a channel bandwidth of 20 MHz has 256 tones in total, and a
subscript ranges from —127 to 128. A tone with a subscript of O corresponds to a direct-current
component, atone with a negative-number subscript corresponds to a frequency component lower
than the direct-current component, and a tone with a positive-number subscript corresponds to a
frequency component higher than the direct-current component.

[00108] HES 112:16:112 may be expressed by using the following formula:

HES11216:112 = {M}- \/E/ (@+1]) , where HESy = 0, and frequency-domain values of
other tones are 0;

HES 11216112 indicates a frequency-domain sequence of the 20-MHz HE-STF,
specifically, frequency-domain val ues of tones with subscripts of —112, -96, —80, —64, —48, —-32, —
16, 0, 16, 32, 48, 64, 80, 96, and 112; and

the other tones are tones with remaining subscripts, within the subscript range from —
127 to 128, other than the tones with the subscripts of —112, —96, —80, —64, —48, -32, -16, 0, 16,

32, 48, 64, 80, 96, and 112.
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[00109] The foregoing formulais expanded as follows:

HES 11216112 = {— (1+j)/\/§ y (1+j)/\/§ y (1+j)/\/§ ) (1+j)/\/§ )
WrD)IN2 _@+IN2 @ )iN2 @+ )IN2 @eIN2 (W i)iN2 @ iN2
@+i)N2 _@ri)iN2 @iz,

[00110] Therefore, the frequency-domain values of the tones with the subscripts of —112, —96, —
80, —64, 48, 32, -16, 0, 16, 32, 48, 64, 80, 96, and 112 are as follows:

_@DN2 @ )IN2 _@rN2 @eiN2 @eiN2 @eiiN2
WrD)IN2 @ N2 @ IN2 @2 _a+ N2 @2 @riiN2
L@ i)IN2 g @ i)IN2

[00111] It should be noted that, in thisembodiment of this application, expressionssimilar to HES-
112:16:112 1N formulas have similar meanings. For brevity, details are not described again.-

[00112] It should be further noted that, in this embodiment of this application, in the following
descriptions of formulas, unless otherwise specified, frequency-domain values of tones with other
subscripts are al 0. For brevity, details are not described again.

[00113] A 0.8-us HE-STF with a channel bandwidth of 40 MHz has 512 tones in total, and a

subscript ranges from —255 to 256. HES 240:16:240 may be expressed by using thefollowing formula:

HES 240:16:240 = {M, 0, -M} @+5)/ \/E , Where
HES 240:16:240 i Ndi cates a frequency-domain sequence of the 40-MHz HE-STF.
[00114] A 0.8-us HE-STF with a channel bandwidth of 80 MHz has 1024 tones in total, and a

subscript ranges from —511 to 512. HES 496:16:496 May be expressed by using the following formula:

HES o160 = {M, 1, -M, 0, -M, 1, -M}- A+ 1)/ V2 , where

HES 496:16:496 1Ndicates a frequency-domain sequence of the 80-MHz HE-STF.
[00115] A 0.8-us HE-STF with a channel bandwidth of 160 MHz has 2048 tones in total, and a
subscript ranges from —1023 to 1024. HES 1008:16:1008 May be expressed by using the following

formula:

HES 1008:16:1008 = {M, 1,-M, 0, -M, 1,-M, 0, -M, -1, M, 0, -M, 1, -M} (L+ J)/\/E ,
where
HES 1008:16:1008 i Ndli cates a frequency-domain sequence of the 160-MHz HE-STF.
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[00116] Case 2: frequency-domain sequence of a 1.6-us HE-STF
[00117] A 1.6-us HE-STF with a channel bandwidth of 20 MHz has 256 tones in total, and a

subscript ranges from —127 to 128. HES 112:8:112 may be expressed by using the following formula:

HES112812= {M, 0,-M}- @+ \/E , Where HESo = 0, and frequency-domain values
of other tones are 0;; and

similar to that in the case 1:

HES 128112 indicates a frequency-domain sequence of the 20-MHz HE-STF,
specificaly, frequency-domain values of tones with subscripts of —112, —104, —96, —88, —80, —72,
—64, -56, 48, 40, -32, -24,-16, -8, 0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88, 96, 104, and 112;
and

the other tones are tones with remaining subscripts, within the subscript range from —
127 to 128, other than the tones with the subscripts of —112, —104, —96, —88, —80, —72, —64, —56, —
48, —40, -32, —24, 16, -8, 0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88, 96, 104, and 112.

[00118] The foregoing formulais expanded as follows:
HES e = (- QT DIN2 _@rD)IN2 _@+DIN2 @+i)iV2 @iy,
W+ i)/V2 _@+)N2 @ iN2 @ )N2 @) iN2 _@ N2 @+ j)iN2
W D/N2 @2 @2 @2 @eN2 @2
WriV2 @2 @iz @iz @2 @iV
WriN2 @ )N2 @2 @iV @iz _@r iz,

[00119] Therefore, the frequency-domain values of the tones with the subscripts of —112, —104, —
96, —88, —80, —72, —64, —56, —48, —40, -32, —24, -16, -8, 0, 8, 16, 24, 32, 40, 48, 56, 64, 72, 80,
88, 96, 104, and 112 are asfollows:

_@eIN2 @ )IN2 @IV @ N2 @iV @ i)iNz
W+ DIN2 @ ))N2 @2 @ iN2 @+ )N2 @ piN2 @ iiV2.
_@WHN2 @iz g @eiN2 @ pIN2 @)V @iV
(W) V2 (@) IN2 @+ )2 @+ )2 @+ IN2 @+ piN2 @iz
_@+))IN2 @) IN2 @)V g (@ )12
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[00120] It should be noted that, in thisembodiment of this application, expressionssimilar to HES-
u2:g:112 in formulas have similar meanings. For brevity, details are not described again.

[00121] It should be further noted that, in this embodiment of this application, in the following
descriptions of formulas, unless otherwise specified, frequency-domain values of tones with other
subscripts are al 0. For brevity, details are not described again:..

[00122] A 1.6-us HE-STF with a channel bandwidth of 40 MHz has 512 tones in total, and a

subscript ranges from —255 to 256. HES »4s:8:248 may be expressed by using the following formula:

HES 2228 = {M, —1, -M, 0, M, —1, M}- A 1)/ V2 , where HES.248 = 0; and
HES »48:8:248 indicates a frequency-domain sequence of the 40-MHz HE-STF.
[00123] A 1.6-us HE-STF with a channel bandwidth of 80 MHz has 1024 tones in total, and a

subscript ranges from —511 to 512. HES s04:8:504 may be expressed by using the following formula:

HES sorssor = {M, 1, M, —1, M, 1, M, 0, -M, 1, M, 1, M, 1, M- @+ /2,
where

HES:s04 = 0; and

HES s04:8:504 i Nndicates a frequency-domain sequence of the 80-MHz HE-STF.
[00124] A 1.6-us HE-STF with a channel bandwidth of 160 MHz has 2048 tones in total, and a
subscript ranges from —1023 to 1024. HES 1016:8:1016 May be expressed by using the following
formula

HES—lOlSIB:].OlG: {Ma _11 Ma _M! _1! M! 01 _M1 1’ Ml 11 _M1 11 _M1 O’ _Ml 11 _M! 11

M, 1,-M, 0,—-M, 1, M, 1,-M, 1,-M}- @+ INE: , where
HES:s = 0, and HES:1016 = O0; and
HES 1016:8:1016 i Ndicates a frequency-domain sequence of the 160-MHz HE-STF.

of @+i)IV2

[00125] In the foregoing formul as, a geometric meaning on acomplex planeisto

rotate avalue by 45° counterclockwise and keep energy normalized. Similarly, _(@+ )/ V2 isto
rotate a value by 225° counterclockwise. Therefore, HE-STFs for different channel bandwidths
are obtained based on the M-sequence, and it is ensured that an optimized PAPR isachieved. Table

1 lists PAPRs of the foregoing eight HE-STFs.
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Tablel

PAPR 20 MHz 40 MHz 80 MHz 160 MHz
0.8 ps 1.89 4.40 4.53 5.05
1.6 ps 4.40 5.22 4.79 6.34

[00126] In this embodiment of this application, the rotation factor C and the parameter set A are
optimized, to design an EHT-STF for a higher channel bandwidth (for example, the bandwidth of
the target channel).

[00127] Optionally, the rotation factor C and the parameter set A may be optimized based on the
80-MHz HE-STF, to design the 240-MHz EHT-STF.

[00128] Specifically, a channd with a bandwidth of 240 MHz may be constructed by combining
three 80-MHz channels. Before a design of an EHT-STF for a channel supporting a bandwidth of
240 MHz is described, a 240-MHz tone plan (tere-planetone plan) is first described.

[00129] As described above, atone plan (tereplanetone plan) specified in 802.11ax for a channel
with a bandwidth of 80 MHz includes 1024 tones in total, a subscript ranges from —511 to 512,
and there are 12 guard tones (guard tone) on aleft edge of the bandwidth, 11 guard tones on aright
edge of the bandwidth, and five direct-current tonesin the middle of the bandwidth. The tone plan
designed in this application for the channel bandwidth of 240 MHz is obtained by directly
combining three existing 80-MHz tone-planetone plans, that is, tones on a left edge, tones on a
right edge, and direct-current tones in the middle of each of the three 80 MHz are reserved. In this
way, the 240-MHz bandwidth has 1024x3=3072 tones in total, and there are 12 guard tones on a
left edge, 11 guard tones on a right edge, and five direct-current tones in the middlie of the
bandwidth.

[00130] Therefore, afrequency-domain sequence Sis designed for the 240-MHz EHT-STF based
on afreguency-domain sequence HES defined in 802.11ax for an 80-MHz HE-STF. As described
above, the EHT-STF is obtained by performing IFFT transformation on a frequency-domain
sequence of the EHT-STF, the EHT-STF may include a plurality of periods, and duration of each
period may be 0.8 ps or 1.6 ps. Therefore, in this embodiment of this application, there may be
two periodicities: 0.8 ps or 1.6 ps.

[00131] When the periodicity is 0.8 s, the short training sequence S corresponding to the 240-
29



10

15

20

25

MHz EHT-STF may be expressed as follows:
Sisooie1s20 = {cl-L1, al, c2'R1, a2, ¢3-L1, 0, c4-R1, a3, c5-L1, a4, c6-R1}-

1+ j) /2 (1-2)
or

the formula may be expressed as follows:

S.1520:16:1520 = { C1-HES eft 1, @l, C2-HESright 1, 82, €3-HES et 1, 0, c4-HESrignt 1, 83,

5 HES, 11, a4, c6 HESgn 1) 0 1)/¥2 (1-2)
or
when the periodicity is 1.6 ps, the short training sequence S corresponding to the 240-
MHz EHT-STF may be expressed as follows:

S ssomsaszs = (CrL2, &, CoR2, @, L2, 0, CirR2, &, CL2, an R} A 1)/Y2
(1-3)

or

the formula may be expressed as follows:

Sis28:8:1528 = {CL-HES et 2, @l, C2-HESRignt 2, 82, €3-HESLeft 2, 0, ¢4-HESRight 2, 83,
5 HES, 12, a4, 06 HESgez}- (1 1)/ 2 (1-4)

where

avalueof ais{-1,0,1},andi =1, 2, 3, 4;

avaueof ¢is{-1,1},andj =1, 2,3,4,5,6;

S.is00:16:1520 iNdicates the frequency-domain sequence of the 240-MHz EHT-STF with
the periodicity of 0.8 pus,

S.is28:8:1528 indicates the frequency-domain sequence of the 240-MHz EHT-STF with
the periodicity of 1.6 us;;

HESL et 1 is a part of HES—96:16:406 ON the left of atone 0, and HESrignt 1 IS a part of

HES—496:16:496 ON the right of the tone O;

L1 = HES s Y2/ @ 1) and R1 = HESwgn Y2/ A+ D).
HES. et 2 is a part of HES so4:8:504 0N the |eft of the tone O, and HESrigh: 2 is a part of
HES s04:8:504 0N the right of the tone 0; and

L2 = HES ez V2! 0+ 1) | and R2 = HESwgz Y2/ @+ 1)
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[00132] It should be noted that any variation of the foregoing formulas (1-1), (1-2), (1-3), and (1-
4) falls within the protection scope of this embodiment of this application. In this embodiment of
this application, for brevity, descriptions are provided in aform similar to the formulas (1-1) and
(1-3)--

[00133] Therefore, in the scenario 1, that is, when the periodicity is 0.8 us, based on the
frequency-domain sequence HES 406:16:496 defined in 802.11ax for the 80-MHz HE-STF with the
periodicity of 0.8 ps, a detailed design formula for the short training sequence corresponding to
the 240-MHz EHT-STF with the periodicity of 0.8 s is as follows:

S.1520:16:1520 = C1-HES _406:16:-16, &1, C2'HES16:16:496, @, C3: HES_496:16:-16, O, C4-HES16:16:496,

a3, s HES _496:16:-16, &4, Co HES 16:16:496} (1+ J)/\/E (2-1)

where
avalueof ais{-1,0,1},andi =1, 2, 3, 4;
avaueof ¢is{-1,1},andj =1, 2,3,4,5,6;
S 1500:16:1520 1 ndicates the frequency-domain sequence of the 240-MHz EHT-STF; and
HES 496:16:-16 IS the part of HES 406:16:406 ON the left of the tone 0, and HES:6:16:496 iSthe
part of HES 496:16:496 ON the right of the tone 0.
[00134] For brevity, the foregoing formula may be aternatively designed as follows:

@+ )12

Saso016:1520 = C1-LL1, a1, ¢2’R1, az, c3-L1, 0, caR1, a3, ¢cs-L1, a4, CsR1
(2-2)

where
L1= HES—496:16:—16'\/§/(1+ ) = {M, 1, -M}; and

R1 = HES6:16:406° V21 A+1) = {-M, 1, -M}.

[00135] Therefore, when the short training sequence corresponding to the 240-MHz EHT-STF
with the periodicity of 0.8 s is obtained by using the method 1, the short training sequence may
be obtained based on the stored HES 4961616 and HESie6406 by using the formula (2-1).
Alternatively, when the short training sequence corresponding to the 240-MHz EHT-STF with the
periodicity of 0.8 ps is obtained by using the method 2, the short training sequence may be obtained
based on the M-sequence by using the formula (2-2).

[00136] The short training sequence corresponding to the 240-MHz EHT-STF with the periodicity

of 0.8 pus may be obtained based on the formula (2-1) or (2-2). In addition, simulation calculation
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isperformed, for example, a and ¢; are adjusted, so that a PAPR corresponding to the short training
sequence corresponding to the EHT-STF is less than or equal to a preset first threshold, to obtain
a sequence with comparatively good performance.

[00137] Specificaly, inverse Fourier transformation and fivefold over-sampling may be
performed on S (that is, S-1520:16:1520) t0 Obtain atime-domain discrete value X of each sequence,

and then the PAPR is cal culated based on the following formula (3):

2
PAPR=10log,, max(X,). 2)
mean(X.")

(©)
[00138] Specifically, after 26x3*=768-5184 exhaustive searches are performed, al possible S-
1520:16:1520 and corresponding PAPR values may be obtained, and S_1520:16:1520 With asmallest PAPR

isfinally obtained through comparison. Table 2 shows a and ¢ in 10 groups of optimal S when the
short training sequence S corresponding to the 240-MHz EHT-STF with the periodicity of 0.8 ps

is designed based on the short training sequence corresponding to the 80-MHz HE-STF with the
periodicity of 0.8 ps.

[00139] Setting a preset threshold (for example, the preset first threshold) may be performing

exhaustion on the parameter set A and the parameter set C, and performing setting based on a
minimum PAPR vaue (for example, 10 groups of results with minimum PAPRs in Table 2)

obtained in an exhaustion process, or may be performing setting comprehensively with reference
to aminimum PAPR va ue obtained in an exhaustion result, a property of a sequence, and thelike,

or may be performing setting comprehensively with reference to aminimum PAPR val ue obtained

in an exhaustion result, a preset parameter, and the like; or the preset threshold may be specified

in advance; or the preset threshold may be obtained based on a plurality of experiment results, or

the like.

Table 2 Values of parameter setsfor the short training sequence S corresponding to the
240-MHz EHT-STF with the periodicity of 0.8 ps

Sequence

number

a |& |a |a |[C1 [C |[C3 |[Cs |Cs |G |PAPR(dB)

1 1 i1 0 |0 |2 |-1 (-1 |1 |1 |1 |4.8999
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Sequence

umber a |& |a& |a |C |C2 [C |G |G |G |PAPR(dB)
2 -1 |-1 |0 |0 |-1 |1 |1 |[-1 |1 |1 |4.8999
3 1 |-1 |1 (1 |1 |-1 |-1 [-1 |1 |1 |4.9376
4 -1 |1 -1 |-1 (1 |1 1 1 -1 |-1 |4.9376
5 1 1 1 0 1 -1 |-1 |1 -1 |-1 |4.959
6 -1 |-1 |1 |0 -1 |1 1 -1 |1 1 4,959
7 0 0 -1 |0 1 -1 |-1 |1 -1 |-1 |4.966
8 0 0 1 0 -1 |1 1 -1 |1 1 4,966
9 1 0 -1 |0 1 -1 |-1 |1 -1 |-1 49725
10 -1 /0 |1 |0 |-1 |1 |1 |-1 |1 |1 |49725

[00140] The vaues of & and ¢ in the obtained 10 groups of results are separately substituted into
the foregoing formula, and it can be learned that the short training sequence corresponding to the
240-MHz EHT-STF with the periodicity of 0.8 us may be expressed as follows:

{L1,1,-R1,1,-L1,0,R1,0,-L1,0,-R1}- A+ DINE ; OFr
{-L1,~1,R1,~1,L1,0,-R1,0,L1,0,R1}- L+ DINE: or
(L1,1,-R1,—1,-L1,0,—R1, 1, L1, 1,R1}- &+ DIRE: - or
{-L1,—1,R1,1,L1,0,R1,-1,-L1,—1,-R1}- @+ DIN2. o
{L1,1,-R1,1,-L1,0,R1, 1,-L1,0,—R1}- L+ )2 or
{-L1,~1,R1,~1,L1,0,—R1,~1,L1, 0, R1}- 4+ N2 or
{L1,0,-R1,0,-L1,0,R1,-1,-L1, 0,-R1}- @+ DINE: or
{-L1,0,R1,0,L1,0,-R1,1,L1,0,R1}- L+ N2 L or

(L1,1,-R1,0,-L1,0,R1,-1,-L1,0,—R1}-F IR Lor
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{-L1,-1,R1,0,L1,0,-R1,1,L1,0, R1}-(1+ j)/\/é.
[00141] L1 expressed as{M, 1, -M}, R1 expressed as {—M, 1, -M}, —L1 expressed as {-M, —1,
M}, and —R1 expressed as {M, —1, M} may be substituted to obtain the short training sequence
corresponding to the 240-MHz EHT-STF with the periodicity of 0.8 ps.
[00142] It should be understood that the short training sequence S corresponding to the EHT-STF
with the periodicity of 0.8 ps and the channel bandwidth of 240 MHz may be expressed as any one
of the foregoing 10 expressions.
[00143] It can be learned from the foregoing that L1 and R1 are sequences related to the short
training sequence corresponding to the 80-MHz short training field with the periodicity of 0.8 ps.
Therefore, the 240-MHz short training sequence can be compatibl e with the 80-MHz short training
seguence. In addition, the 240-MHz short training sequence can support automatic gain control on
a high-bandwidth (the bandwidth is greater than 160 MHz) channel. In addition, it is verified
through simulation and comparison between the PAPRs in Table 2 and the PAPRs in 802.11ax
(Table 1) that these short training sequences have comparatively small peak-to-average power
ratios, and therefore can support automatic gain control on a high-bandwidth channel and can
improve an estimation effect for an automatic gain control circuit at areceive end, thereby reducing
a receive hit error rate. Therefore, the short training sequence proposed for a high channel
bandwidth in this solution of this application can control a PAPR to be very small.
[00144] Scenario 2: The periodicity is 1.6 ps.
[00145] Similarly, in this embodiment of this application, a short training sequence S
corresponding to a 240-MHz EHT-STF with a periodicity of 1.6 us may be determined by using
at least the following three methods.
[00146] The 240-MHz bandwidth has 1024x3=3072 tonesin total. There are 12 guard tones on a
left edge, 11 guard tones on a right edge, and five direct-current tones in the middle of the
bandwidth. In addition, when the periodicity included in the short training field is 1.6 ps, the short
trai ning sequence corresponding to the 240-MHz EHT-STF may be expressed as S_152s:8:1528, Where
-1528 indicates a subscript of a starting tone, 1528 indicates a subscript of an ending tone-1528

and-1528-indicate-subseripts-of-starting-tenes, 8 indicates a spacing, and —1528:8:1528 indicates

starting with atone whose subscript is—1528 and ending with atone whose subscript is 1528, with

aspacing of 8 tonesin between. On other tones, a frequency-domain sequence valueisO.

[00147] Method 1
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[00148] Determine, based on a frequency-domain sequence HES for a bandwidth of a reference
channel, the short training sequence S corresponding to the 240-MHz EHT-STF with the
periodicity of 1.6 ps.

[00149] For example, the bandwidth of the reference channel is 80 MHz. Optionally, the short
training sequence corresponding to the EHT-STF with the periodicity of 1.6 pus and the target
channel bandwidth of 240 MHz may be expressed as follows:

(L2, -1, R2,-1,12,0.R2. 1, 12,1, Rz} A+ D12, o
(12, 1.R2,1,12,0,—R2, -1, L2, -1, Rz} A+ D12 o
{L2,0,-R2,-1,12,0,R2, 1, 12,1, Rz} A+ D /N2, o
{-12,0,R2,1,-12,0,—R2, 1,12, -1, R} A+ D/2. o
(L2, -1, R2,-1,12,0.R2. 1, 12,0,z A+ D12, o
(12,1,R2.1,12,0,-R2, 1,12, 0,Rz}. W+ /N2 o
{L2,-1,R2,-1,12,0.R2,0,-.2,1,—Rz}- A+ D12, o
(42,1, R2,1,-12,0,-R2, 0,12, -1, Rg}- A+ D/N2.
{L2,-1,-R2,0,L2,0,R2, 1,12, 1, Rz} A+ D/N2. o
{12,1,R2,0,12,0,-R2, 1,12, -1, Rz} @+ DIV2 \ypere

L2= HES_504:8:—8‘\/E/(:lnL D = {M, -1, M, -1, -M, -1, M}, and HES 5048 is a part
of HES s04:8:504 On the left of atone 0;

R2 = HESsssor Y2/ 1) = {-M, 1, M, 1, -M, 1, -M}, and HESes:504 is a part of
HES s04:8:504 0N the right of the tone O;

HES sns:8:504 1S a frequency-domain sequence corresponding to 80 MHz and the
periodicity of 1.6 ps;; and

L2isexpressed as{M, -1, M, -1, -M, -1, M}, R2 isexpressed as{-M, 1, M, 1, -M,
1,-M},-L2={-M, 1,-M, 1, M, 1, -M}, and —-R2 is expressed as {M, -1, =M, =1, M, -1, M}.
[00150] As described above, the short training sequence corresponding to the 240-MHz EHT-STF
may be expressed as S.iszsg:1528. Therefore, the values given by the foregoing short training
sequence each correspond to a frequency-domain sequence value that starts with a tone whose
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subscript is —1528 and ends with a tone whose subscript is 1528, with a spacing of 8 tones in

between.

[00151] It should be understood that the short training sequence S corresponding to the EHT-STF

with the periodicity of 1.6 ps and the channel bandwidth of 240 MHz may be expressed as any one

of the foregoing 10 expressions..

[00152] It can be learned from the foregoing that, by using the method 1, the short training

sequence corresponding to the 240-MHz EHT-STF with the periodicity of 1.6 ps may be obtained

through transformation based on an HES specified in a standard.

[00153] Method 2

[00154] Obtain, through transformation based on an M-sequence, the short training sequence S

corresponding to the 240-MHz EHT-STF with the periodicity of 1.6 ps.

[00155] Specificaly, L2 expressed as{M, -1, M, -1, -M, -1, M}, R2 expressed as{-M, 1, M, 1,

M, 1, -M}, L2 ={-M, 1, =M, 1, M, 1, -M}, and —R2 expressed as{ M, -1, =M, -1, M, -1, M}

are substituted, and it can be learned that the short training sequence corresponding to the 240-

MHz EHT-STF with the periodicity of 1.6 pus may be expressed as follows:
{M,-1,M,-1,-M,-1,M,-1,M, -1, -M,-1,M, -1, M, -1, M, -1, M, -1, -M, -1, M,

0, _M’ 1, M, la_M, la_M’ 15_M, 15_M, 1’ M’ 15_M, 1, M, _1’_M, _1’ M, _1’ M}(1+ J)/\/Ev
or

{_M1 11_M11! Mili_M1l1_Ml 11 Mlli _M11!_M11!_M11!_M111 M11!_M10! M!

1M, —1, M, 1, M, =1, M, =1, M, =1, <M, 1, M, =1, =M, 1, M, 1, -M, 1, -Mm}- &+ 2 or
{Ml_l1 M!_lv _M1_11 Ml O! M1_1! _M!_lv Ml_ll M1_1! M!_lv M1_1! _M1_1! M!

03 —M, 15M7 la_Ma la_Ma 15_Ma 15_Ma 13Ma 15_Ma 15Ma _13_M3 _13Ma _laM}(l+ J)/\/Ey
or

{_M1 11_M111 M,l,_M,O,_M, 11 Mlll _Mlll_Mlll_Mlll_Mlll M,l,_M,O, Ml

-1,-M,-I,M,-1,M,-1,M,-1,M,-1,-M, -1, M, -1,-M, I, M, 1, -M, 1,—M}'(1+ J)/\/E ; or
{M,-1,M,-1,-M,-1,M,-L, M, -1, -M,-1,M,-1, M, -1, M, -1, M, -1, -M, -1, M,

07 _M: 13 Ma la_Ma la_M: la_Ma la_Ma 1: M: la_Ma Oa Ma _l:_Ma _l: M7 _1: M}(l+ J)/\/§1
or

{_M1 11_M11! Mili_M1l1_M! 11 Mili _M11!_M11!_M11!_M111 M11!_M1O! M!
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_1’_M’ _1’M’ _I’M’ _1’M5_17M5_17_M7 _15Ma Oa _Ma 15M7 17_M7 lg_M}(l—i_ J)/\/E , or
{M,-1,M,-1,-M,-1,M,-1,M, -1, -M,-1,M,-1,M, -1, M, -1, M, -1, -M, -1, M,

07 _M: 13 Ma la_Ma la_M: 03 _Ma la_Ma 1: M: la_Ma 13 Ma _l:_Ma _l: M7 _1: M}(l+ J)/\/§1
or

{_M1 11_M111 Mlll_Mlll_Ml 11 Mlll _Mlll_Mlll_Mlll_Mlll M,l,_M,O, Ml

-1,-M,-1,M,-1,M,0,M, -1, M, -1,-M, -1, M, -1,-M, 1, M, 1, -M, 1,—M}'(1+ J)/\/E ; or
{M,-1,,M,-1,-M,-1, M, 1, M, -1,-M,-1,M,-1,M,0,M, -1, M, -1,-M,-1, M,

0, M, LM, 1, M, 1, M, 1, M, 1, M, 1M, 1, M, 1, M, -1, M, 1, M, 1, M- @+ /2.
or

{_M1 11_M11! Mili_M1l1_M! 11 Mili _M11!_M10!_M11!_M111 M11!_M1O! M!

LMoL M. -1 M, L M, -1 M, 1, -M, L M. -1, M, 1. M. 1, M, 1, M- @+ D/V2.
[00156] As described above, the short training sequence corresponding to the 240-MHz EHT-STF
may be expressed as S.isesig1s28. Therefore, the values given by the foregoing short training
segquence each correspond to a frequency-domain sequence vaue that starts with a tone whose
subscript is —1528 and ends with a tone whose subscript is 1528, with a spacing of 8 tones in
between:.

[00157] It should be understood that the short training sequence S corresponding to the EHT-STF
with the periodicity of 1.6 ps and the channel bandwidth of 240 MHz may be expressed as any one
of the foregoing 10 expressions.

[00158] It can be learned from the foregoing that, by using the method 2, the short training
sequence corresponding to the 240-MHz EHT-STF with the periodicity of 1.6 pus may be obtained
through transformation based on the M -sequence.

[00159] Method 3

[00160] The short training sequence corresponding to the EHT-STF in the foregoing method 1 or
method 2 is directly cached or stored locally. When the short training sequence corresponding to
the EHT-STF is to be used, the short training sequence corresponding to the EHT-STF is directly
obtained locally.

[00161] It should be understood that the foregoing three methods are merely examples for
description, and this application is not limited thereto. Any method that can be used to obtain the
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short training sequence corresponding to the 240-MHz EHT-STF with the periodicity of 1.6 pus
falls within the protection scope of this embodiment of this application.

[00162] Similar to that in the scenario 1, the short training sequence corresponding to the 240-
MHz EHT-STF with the periodicity of 1.6 us may be obtained through simulation calculation. For
example, if the method 1 is used, the short training sequence corresponding to the 240-MHz EHT-
STF with the periodicity of 1.6 ps may be obtained through calculation based on a stored short
training sequence that corresponds to an HE-STF and by using a corresponding formula. For
another example, if the method 2 is used, the short training sequence corresponding to the 240-
MHz EHT-STF with the periodicity of 1.6 us may be obtained through calculation based on a
stored or protocol-specified M-sequence by using a corresponding formula.

[00163] Specificaly, the foregoing 10 sequences may be alternatively designed based on a
frequency-domain sequence HES sos:8:504 defined in 802.11ax for an 80-MHz HE-STF with a

periodicity of 1.6 ps. A detailed design formula is as follows:

S.is28:8:1528 = { C1'L2, a1, C2'R2, az, €312, 0, c4'R2, a3, C5'L.2, a4, CsR2}- 1+ J)/\/é 4

where
L2= HES—5048—8\/§/(1+ J) :{M1 _1’ M’ _11 _M1 _1! M}!

R2 = HESessor Y2/ 1) = (LM, 1, M, 1, -M, 1, -M);

Si1528 = 0; and

similarly,

avaueof ais{-1,0,1},andi =1, 2, 3, 4; and

avaueof ¢is{-1,1},andj=1,2,3,4,56.-
[00164] Similarly, when the short training sequence corresponding to the 240-MHz EHT-STF with
the periodicity of 1.6 ps is obtained by using the method 1, the short training sequence may be
obtained based on the stored HES so4:8.¢ and HESg:g:504 by using the formula (4). Alternatively,
when the short training sequence corresponding to the 240-MHz EHT-STF with the periodicity of
1.6 ps is obtained by using the method 2, the short training sequence may be obtained based on
the M-sequence by using the formula (4).
[00165] The short training sequence corresponding to the 240-MHz EHT-STF with the periodicity
of 1.6 us may be obtained based on the formula (4). In addition, simulation calculation is
performed, for example, a and ¢ are adjusted, so that a PAPR corresponding to the short training
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seguence corresponding to the EHT-STF islessthan or equal to apreset second threshold, to obtain
a sequence with comparatively good performance.

[00166] Specificaly, after 26x3%=5184768 exhaustive searches are performed, all possible S-
1528:8:1528 and corresponding PAPR values may be obtained, and S_is2s:8:1528 With a smallest PAPR
isfinally obtained through comparison. Table 3 shows a and ¢ in 10 groups of optimal S when the
short training sequence of the 240-MHz EHT-STF with the periodicity of 1.6 ps is designed based
on the short training sequence corresponding to the 80-MHz and 1.6-us HE-STF.

[00167] Setting a preset threshold (for example, the preset second threshold) may be performing
exhaustion on the parameter set A and the parameter set C, and performing setting based on a
minimum PAPR vaue (for example, 10 groups of results with minimum PAPRs in Table 3)
obtained in an exhaustion process, or may be performing setting comprehensively with reference
to aminimum PAPR va ue obtained in an exhaustion result, a property of a sequence, and thelike,
or may be performing setting comprehensively with reference to aminimum PAPR val ue obtained
in an exhaustion result, a preset parameter, and the like; or the preset threshold may be specified
in advance; or the preset threshold may be obtained based on a plurality of experiment results, or
thelike.

Table 3 Values of parameter setsfor the short training sequence S corresponding to the
240-MHz EHT-STF with the periodicity of 1.6 ps

Sequence

mber a |& |& |a | |C |[C |t |6 |ce |PAPR(dB)
1 -1 |1 |1 1 1 -1 |1 1 -1 |-1 |6.6498

2 1 1 -1 |1 |1 |1 -1 |1 |1 1 6.6498

3 0 -1 |1 1 1 -1 |1 1 -1 |-1 |6.6997

4 0 1 -1 |-1 |1 |1 -1 |-1 1 1 6.6997

5 -1 |-1 |1 0 1 -1 |1 1 -1 |-1 |6.7272

6 1 1 -1 |0 -1 |1 -1 |-1 1 1 6.7272

39



7 -1 |1 |0 1 1 -1 |1 1 -1 |-1 |6.7826

8 1 1 0 -1 |1 |1 -1 |1 |1 1 6.7826
9 -1 |0 1 1 1 -1 |1 1 -1 |1 |6.7929
10 1 0 -1 |1 |1 |1 -1 |1 |1 1 6.7929

[00168] The values of & and ¢ in the obtained 10 groups of results are separately substituted into
the formula (4), and it can be learned that the short training sequence corresponding to the 240-

MHz EHT-STF with the periodicity of 1.6 s may be expressed as follows:
5 {L2,-1,-R2,-1,12,0,R2, 1,-L2, 1, -R2} - L+ 1)/ V2 - or
{421, R2,1,-12,0,—R2, -1, L2, -1, R} - L+ 1)/ V2 o
{L2,0,-R2,-1,12,0,R2,1,-L2, 1,—Rr2}. AT )/ V2 o
{-L2,0,R2, 1,-L2,0,R2, -1, L2, -1, Rz} . A+ 1)/ V2 or
{L2,-1,-R2,-1,12,0,R2, 1,2, 0, Rz} - LT D)/ V2 o
10 {21, R2,1,-12,0,—R2, -1, L2, 0, Rz} . L+ 1)/ V2 o
{L2,-1,-R2,-1,12,0,R2, 0,2, 1, -R}- &+ 1)/ V2 or
{-L2,1,R2, 1,-L2,0,—R2, 0, L2, -1, R} . AT D)/ V2 o
{L2,-1,-R2,0,L2,0,R2, 1,-L2, 1,—Rr2}. AT D)/ V2 o

{-L2,1,R2,0,-L2, 0,—R2, -1, L2, -1, R2} - LT D)/ V2
15 [00169] L2 expressed as{M, -1, M, =1, =M, -1, M}, R2 expressed as{-M, 1, M, 1, -M, 1, -M},
-12={-M, 1 M, 1 M, 1 -M}, and R2 expressed as {M, -1, -M, -1, M, -1, M} may be
substituted to obtain the short training sequence corresponding to the 240-MHz EHT-STF with the
periodicity of 1.6 ps.-
[00170Q] It should be understood that the short training sequence S corresponding to the EHT-
20  STF with the periodicity of 1.6 ps and the channel bandwidth of 240 MHz may be expressed as
any one of the foregoing 10 expressions.

[00171] It can belearned from the foregoing that L2 and R2 are sequences related to the 80-MHz
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and 1.6-ps short training sequence. Therefore, the 240-MHz short training sequence can be
compatible with the 80-MHz short training sequence. In addition, the 240-MHz short training
seguence can support automatic gain control on a high-bandwidth (the bandwidth is greater than
160 MHz) channel. In addition, it is verified through simulation and comparison between the
PAPRs in Table 3 and the PAPRs in 802.11ax (Table 1) that these short training sequences have
comparatively small peak-to-average power ratios, and therefore can support automatic gain
control on a high-bandwidth channel and can improve an estimation effect for an automatic gain
control circuit a a receive end, thereby reducing a receive bit error rate. Therefore, the short
training sequence proposed for a high channel bandwidth in this solution of this application can
control a PAPR to be very small.

[00172] Example 2: The bandwidth of the target channel is 320 MHz.

[00173] The following describes a short training sequence S corresponding to a 320-MHz EHT-
STF still by using a scenario in which the periodicity is 0.8 ps and a scenario in which the
periodicity is 1.6 ps

[00174] Scenario 1: The periodicity is 0.8 ps.

[00175] When the periodicity is 0.8 us and the bandwidth of the target channel is 320 MHz,
different 320-MHz EHT-STFs are obtained based on HE-STFs for reference channels with
different bandwidths. The following describes different expressions of the 320-MHz EHT-STF
with reference to amanner A and a manner B.

[00176] Manner A

[00177] Obtain, based on a short training sequence corresponding to an 80-MHz HE-STF with a
periodicity of 0.8 us, a short training sequence S corresponding to a 320-MHz EHT-STF with a
periodicity of 0.8 ps.

[00178] The 320-MHz bandwidth has 1024x4=4096 tones in total. There are 12 guard tones on a
left edge, 11 guard tones on aright edge, and 11+12=23 direct-current tones in the middle of the
bandwidth. When the periodicity included in the short training field is 0.8 ps, the short training
sequence may be expressed as S-2032:16:2032, Where -2032 indicates a subscript of a starting tone,

2032 indicates a subscript of an ending tone—2032-and-2032-thdicate-subseripts-of-starting-tones,
16 indicates a spacing, and —2032:16:2032 indi cates starting with atone whose subscript is—2032

and ending with a tone whose subscript is 2032, with a spacing of 16 tones in between. On other
tones, a frequency-domain sequence valueisO.
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[00179] Similarly, in this embodiment of this application, the short training sequence S
corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 pus may be determined by
using at least the following three methods.

[00180] Method 1:

[00181] Determine, based on afrequency-domain sequence HES for areference channel, the short
training sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps.
[00182] Optionally, the short training sequence S corresponding to the EHT-STF with the
periodicity of 0.8 us and the target channel bandwidth of 320 MHz may be expressed as follows:

{L1,0,-R1,0,L1,0,R1,0,L1,0,-R1,-1,-L1, 0, -R1}- A+ )12 L or
(-L1,0,R1,0,-L1,0,-R1,0,-L1,0,R1, 1, LI, 0, Rl}'(1+ J)/*/é; or
{L1,0,-R1,-1,L1,0,R1,0,L1,0,-R1,-1,-L1, 0, —Rl}'(1+ DIRE: Lor
(L1,0,R1,1,-L1,0,-R1,0,-L1,0,R1, 1, LI, 0, Rl}-(l+ J)/*/é; or
{L1,0,-R1,0,-L1,0,R1,0,-L1,0,-R1,-1,-L1, 0,~R1}- @+ )12 L or
(-L1,0,R1,0,L1,0,-R1,0,L1,0,R1, 1,L1,0, Rl}-(1+ J)/*/E; or
(L1,0,-R1,0,L1,0,-R1,0,-L1,0,-R1,0,Ll1,0, Rl}'(1+ DR L or
{(-L1,0,R1,0,-L1,0,R1,0,L1,0,R1,0,-L1,0,-R1}- A+ 1)/42 L or
{L1,0,-R1,1,L1,0,-R1,0,-L1,0,-R1,-1,L1,0, R1}-(1+J)/*/E L or

(-L1,0,R1,-1,-L1,0,R1,0,L1,0,R1, 1,-L1, 0, —R1}-(1+J)/*/E , where

similarly,

11 = HESen = V2 0 D) = BESsoprs Y2/ @H D) | and RI = HESugu +
ez A+)) - HES:6:16:496° V21 (L+1) ;

HES 496:16:496 is an HES corresponding to 80 MHz and the periodicity of 0.8 ps; and

L1lisexpressed as{M, 1, -M}, Rl isexpressed as {-M, 1, -M}, —L 1 is expressed as
{-M, -1, M}, and Rl isexpressed as{M, -1, M}.
[00183] Therefore, the values given by the foregoing short training sequence each correspond to
afreguency-domain sequence val ue that starts with atone whose subscript is—2032 and ends with
atone whose subscript is 2032, with a spacing of 16 tonesin between.
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[00184] It should be understood that the short training sequence S corresponding to the EHT-STF
with the periodicity of 0.8 ps and the channel bandwidth of 320 MHz may be expressed as any one
of the foregoing 10 expressions.
[00185] It can be learned from the foregoing that, by using the method 1, the short training
sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 pus may be
obtained through transformation based on an HES specified in a standard.
[00186] Method 2
[00187] Obtain, through transformation based on an M-sequence, the short training sequence S
corresponding to the 240320-MHz EHT-STF with the periodicity of 0.8 ps.
[00188] Specificaly, L1 expressed as{M, 1, =M}, R1 expressed as {—M, 1, -M}, —L 1 expressed
as{-M, -1, M}, and —R1 expressed as {M, —1, M} are substituted, and it can be learned that the
short training sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps
may be expressed as follows:

{M,1,-M,0,M,-1,M,0,M, 1,-M,0,-M,1,-M,0,M, 1,-M, 0, M, -1, M, -1, -M,

-1, M, 0, M,_le}.(l"‘J)/\/E; or

{-M, -1, M, 0,-M, 1, =M, 0, M, =1, M, O, M, =1, M, 0, =M, =1, M, 0, =M, 1, -M, 1,
M, 1,-M, 0,-M, 1,—M}-(1+J)/\/§; or

{M,1,-M,0,M, -1, M, -1, M, 1,-M, 0,-M, 1,-M, 0, M, 1,-M, O, M, -1, M, -1, —
M’ _1’M’ 0’ M: _laM}(l_'_J)/\/é, or

{-M,-1,M,0,-M,1,-M, 1, -M, -1, M, 0, M, -1, M, 0,-M, -1, M, 0,-M, 1, -M, 1,
M, 1,-M, 0, -M, 1,_M},(1+j)/\/§; o

{M,1,-M,0,M, -1, M, 0,-M, -1, M, 0,-M, 1,-M, 0,-M, -1, M, 0, M, =1, M, -1, —
M, -1, M, 0, M,_l,M}.(1+J)/\/§;Or

{-M,-1,M,0,-M, 1,-M,0,M, 1,-M, 0, M, -1, M, 0, M, 1,-M, 0,-M, 1, -M, 1, M,
1,-M, 0,-M, 1,—M}.(1+J)/\/§; or

{M,1,-M, 0, M, -1,M,0,M, 1,-M, 0, M, -1, M, 0, -M, -1, M, O, M, -1, M, O, M, 1,
-M, 0, -M, 1,_M}.(1+J)/\/§; or

{-M,-1,M,0,-M, 1,-M, 0,-M, -1, M, 0,-M, 1,-M, 0, M, 1, -M, 0, -M, 1, -M, O,

43



10

15

20

25

30

-M,-1,M, 0, M, —1,M}-(1+J)/\/§; or
{M, 11 _Mloy M,_l, M1 11 M1 11 _M,O, M,—l, M,O1 —M,_l, M10, M,_l1 M,—l, M1

1,-M, 0, -M, 1,_M}.(1+J)/\/§; or
{_M1_11 M101 _M1 1’_M1_11 _Ml_ly M; 01 _M; 11 _M, 01 M, 1, _M, 0, —M, 11 —M’

1-M, -1, M, 0,M, -1, m}- &+ j)/\/é.

[00189] Therefore, the values given by the foregoing short training sequence each correspond to
afreguency-domain sequence val ue that starts with atone whose subscript is—2032 and ends with
atone whose subscript is 2032, with a spacing of 16 tonesin between.

[00190] It should be understood that the short training sequence S corresponding to the EHT-
STF with the periodicity of 0.8 ps and the channel bandwidth of 320 MHz may be expressed as
any one of the foregoing 10 expressions.

[00191] It can be learned from the foregoing that, by using the method 2, the short training
sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 pus may be
obtained through transformation based on the M-sequence.

[00192] Method 3:

[00193] The short training sequence corresponding to the EHT-STF in the foregoing method 1 or
method 2 is directly cached or stored locally. When the short training sequence corresponding to
the EHT-STF isto be used, the short training sequence corresponding to the EHT-STF is directly
obtained locally.

[00194] It should be understood that the foregoing three methods are merely examples for
description, and this application is not limited thereto. Any method that can be used to obtain the
short training sequence corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 pus
falls within the protection scope of this embodiment of this application.

[00195] The short training sequence corresponding to the 320-MHz EHT-STF with the periodicity
of 0.8 us may be obtained through simulation calculation. For example, if the method 1 is used,
the short training sequence corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps
may be obtained through calculation based on a stored frequency-domain sequence HES that
corresponds to an HE-STF and by using a corresponding formula. For another example, if the
method 2 is used, the short training sequence corresponding to the 320-MHz EHT-STF with the
periodicity of 0.8 us may be obtained through calculation based on a stored or protocol-specified
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M-sequence by using a corresponding formula..
[00196] Specifically, similar to the design of the EHT-STF for the channel bandwidth of 240 MHz,
in this solution of this application, for the channel bandwidth of 320 MHz, the EHT-STF for a
channel with a bandwidth of 320 MHz is designed based on the HE-STF for a channd with a
bandwidth of 80 MHz. First, atone plan for the bandwidth of 320 MHz is obtained by combining
four tone plans with a bandwidth of 80 MHz each. Similar to 240 MHz, guard tones on the left
and right and direct-current tones in the middle of each 80 MHz are reserved. In this way, the 320-
MHz bandwidth has 1024x4=4096 tones in total, and there are 12 guard tones on a left edge, 11
guard tones on aright edge, and 11+12=23 direct-current tones in the middle of the bandwidth.
[00197] Based on the frequency-domain sequence HES 496:16:496 defined in 802.11ax for the 80-
MHz HE-STF with the periodicity of 0.8 us, a detailed design formula for the short training
sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps is as follows:
Somzie2oz2 ={C1'L1, 0, c2R1, a1, czL1, 0, caR1, 0, ¢csL1, 0, ceR1, a2, L1, 0, cg'R1}-

L+ j) /2 ®)

where
L1= HES—496:16:—16‘\/§/(1+ ) ={M, 1, -M};

R1 = HESisaa ¥ 2/ A1) = {-M, 1, -M}; and

similarly,

avalueof ais{-1,0,1},andi =1, 2; and

avaueof ¢is{-1,1},andj=1,2,3,4,5,6,7,8.
[00198] Therefore, when the short training sequence corresponding to the 320-MHz EHT-STF
with the periodicity of 0.8 s is obtained by using the method 1, the short training sequence may
be obtained based on the stored HES4gs:16-16 and HESiei16406 by using the formula (5).
Alternatively, when the short training sequence corresponding to the 320-MHz EHT-STF with the
periodicity of 0.8 ps is obtained by using the method 2, the short training sequence may be obtained
based on the M-sequence by using the formula (5).
[00199] The short training sequence corresponding to the 320-MHz EHT-STF with the periodicity
of 0.8 us may be obtained based on the formula (5). In addition, simulation calculation is
performed, for example, & and ¢ are adjusted, so that a PAPR corresponding to the short training
sequence corresponding to the EHT-STF is less than or equal to a preset third threshold, to obtain
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[00200] Specifically, after 28x3?=2304 exhaustive searches are performed, all possible S
2032:16:2032 and corresponding PAPR values may be obtained, and S_20z2:16:2032 With asmallest PAPR
isfinally obtained through comparison. Table 4 shows a and ¢ in 10 groups of optimal S when the
short training sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps
is designed based on the frequency-domain sequence HES of the 80-MHz HE-STF with the
periodicity of 0.8 ps.

[00201] Setting a preset threshold (for example, the preset third threshold) may be performing
exhaustion on the parameter set A and the parameter set C, and performing setting based on a
minimum PAPR vaue (for example, 10 groups of results with minimum PAPRs in Table 4)
obtained in an exhaustion process, or may be performing setting comprehensively with reference
to aminimum PAPR va ue obtained in an exhaustion result, a property of a sequence, and thelike,
or may be performing setting comprehensively with reference to aminimum PAPR val ue obtained
in an exhaustion result, a preset parameter, and the like; or the preset threshold may be specified
in advance; or the preset threshold may be obtained based on a plurality of experiment results, or

thelike.

Table 4 Values of parameter setsfor the short training sequence S corresponding to the
320-MHz EHT-STF with the periodicity of 0.8 ps

Sequence

umber & |& (€ |C |C3 |C4 (G |Cs |C7 |C8 PAPR (dB)
1 0 -1 |1 -1 |1 1 1 -1 |-1 |-1 |4.7164

2 0 1 -1 |1 -1 |-1 |1 |1 1 1 47164

3 -1 |-1 |1 -1 |1 1 1 -1 |-1 |-1 |4.7482

4 1 1 -1 |1 -1 (-1 |-1 |1 1 1 4.7482

5 0 -1 |1 -1 (-1 |1 -1 |-1 |-1 |-1 |4.8001

6 0 1 -1 |1 1 -1 |1 1 1 1 4.8001

46



10

15

20

7 0 0 1 -1 |1 -1 1 |1 |1 1 4.8576

8 0 0 -1 |1 -1 |1 1 1 -1 |1 |4.8576
9 1 -1 |1 -1 |1 -1 |1 |1 |1 1 4.8615
10 -1 |1 -1 |1 -1 |1 1 1 -1 |1 |4.8615

[00202] The values of & and ¢ in the obtained 10 groups of results are separately substituted into
the formula (5), and it can be learned that the short training sequence corresponding to the 320-

MHz EHT-STF with the periodicity of 0.8 ps may be expressed as follows:
{L1,0,-R1,0,L1,0,R1,0,L1,0,-R1,-1,-L1,0,-R1}- (1+ J)/\/E Jor
{-L1,0,R1,0,-L1,0,-R1,0,-L1,0,R1,1,L1,0,R1}" (1+ J)/\/é por
{L1,0,-R1,-1,L1,0,R1,0,L1,0,-R1,-1,-L1,0, —Rl}'(1+ J)/\/é por
{-L1,0,R1,1,-L1,0,-R1,0,-L1,0,R1, 1,L1,0, Rl}'(1+ J)/\/é; or
{L1,0,-R1,0,-L1,0,R1,0,-L1,0,-R1,-1,-L1,0,-R1}- (1+ J)/\/E Tor
{-L1,0,R1,0,L1,0,-R1,0,L1,0,R1,1,L1,0,R1}" (1+ J)/\/é; or
{L1,0,-R1,0,L1,0,-R1,0,-L1,0,-R1,0,L1,0,R1}" (1+ J)/\/é por
{-L1,0,R1,0,-L1,0,R1,0,L1,0,R1,0,-L1,0,-R1}" (1+ J)/\/é; or
{L1,0,-R1,1,L1,0,-R1,0,-L1,0,-R1,-1,L1,0, R1}~(1+ J)/\/E ;or

{-L1,0,R1,-1,-L1,0,R1,0,L1,0,R1,1,-L1,0, —R1}-(1+j)/*/§.

[00203] L1 expressed as{M, 1, -M}, R1 expressed as {-M, 1, -M}, —L1 expressed as {-M, —1,
M}, and —R1 expressed as {M, -1, M} may be substituted to obtain the short training sequence
corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps-.

[00204] It should be understood that the short training sequence S corresponding to the EHT-
STF with the periodicity of 0.8 ps and the channel bandwidth of 320 MHz may be expressed as
any one of the foregoing 10 expressions.

[00205] It can be learned from the foregoing that L1 and R1 are sequences related to the short

training sequence corresponding to 80 MHz and the periodicity of 0.8 us. Therefore, the 320-MHz
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short training sequence can be compatible with the 80-MHz short training sequence. In addition,
the 320-MHz short training sequence can support automatic gain control on a high-bandwidth (the
bandwidth is greater than 160 MHZz) channel. In addition, it is verified through simulation and
comparison between the PAPRs in Table 4 and the PAPRs in 802.11ax (Table 1) that these short
training sequences have comparatively small peak-to-average power ratios, and therefore can
support automatic gain control on a high-bandwidth channel and can improve an estimation effect
for an automatic gain control circuit at a receive end, thereby reducing a receive bit error rate.
Therefore, the short training sequence proposed for a high channel bandwidth in this solution of
this application can control a PAPR to be very small.

[00206] Manner B

[00207] Obtain, based on a 160-MHz frequency-domain sequence HES with a periodicity of 0.8
us, a short training sequence S corresponding to a 320-MHz EHT-STF with a periodicity of 0.8 ps.
[00208] The 320-MHz bandwidth has 2048x2=4096 tones in tota. When the periodicity
included in the short training field is 0.8 s, the short training sequence may be expressed as S—
2032:16:2032, Where -2032 indicates a subscript of a starting tone, 2032 indicates a subscript of an
ending tone-2032-and-2032-ndicate-subseripts-of-starting-tenes, 16 indicates a spacing, and —
2032:16:2032 indicates starting with atone whose subscript is—2032 and ending with atone whose

subscript is 2032, with a spacing of 16 tones in between. On other tones, a frequency-domain
sequence valueis 0.

[00209] Similarly, in this embodiment of this application, the short training sequence
corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 pus may be determined by
using at least the following three methods.

[00210] Method 1

[00211] Determine, based on a frequency-domain sequence HES for a bandwidth of a reference
channel, the short training sequence S corresponding to the 320-MHz EHT-STF with the
periodicity of 0.8 ps.

[00212] Optionally, the short training sequence corresponding to the EHT-STF with the
periodicity of 0.8 us and the target channel bandwidth of 320 MHz may be expressed as follows:

{L3,0,R3,0,-L3, 1, R3}-(1+ j)/\/é; or
{-L3,0,-R3,0,L3, 1,-R3}- @+ j)/\/é; or
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(L3, 0.R3,0,-L3,0,R3}- L+ J')/*/E; or
(-13.0,-R3, 0,13, 0,-R3}- 4+ j)/*/E; or
(L3, 1,-R3,0,-L3, 1,—R3}'(1+j)/\/§; or
(-13,-1,R3,0,13,-1,R3}- @+ j)/\/5; or
(L3.1,-R3,0,-13, 0, -R3}- &+ J')/\/E; or
(-L3,-1,R3,0,13, 0, R3}- O+ DIRE: o

(L3.1,R3,0,-L3, -1, R3}- A+ j)/\/é; or
(L+)/V2

{-L3,-1,-R3,0,L3, 1, -R3}- , Where

similarly,

L3 = HES 1008:16:-16" \/E/ (1+]) ={M, 1,-M, 0, M, 1, =M}, and HES 1008:16-16 iS @

part of HES 1008:16:1008 ON the l€ft of atone O;

R3 = HESis 16:1008 V21@+j) - {-M,—1, M, 0,-M, 1, -M}, and HES1616 1008 i apart
of HES 1008:16:1008 ON the right of the tone 0; and

HES 1008:16:1008 is an HES corresponding to 160 MHz and the periodicity of 0.8 ps.
[00213] Therefore, the values given by the foregoing short training sequence each correspond to
afreguency-domain sequence val ue that starts with atone whose subscript is—2032 and ends with
atone whose subscript is 2032, with a spacing of 16 tonesin between.
[00214] 1t should be understood that the short training sequence S corresponding to the EHT-STF
with the periodicity of 0.8 ps and the channel bandwidth of 320 MHz may be expressed as any one
of the foregoing 10 expressions.
[00215] It can be learned from the foregoing that, by using the method 1, the short training
sequence corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps may be obtained
through transformation based on an HES specified in a standard-.
[00216] Method 2
[00217] Obtain, through transformation based on an M-sequence, the short training sequence S
corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps.
[00218] Specificaly, L3 expressed as {M, 1, -M, 0, -M, 1, -M}, R3 expressed as {-M, -1, M,

0,—M, 1, -M}, L3 expressed as {—M, -1, M, 0, M, -1, M}, and —-R3 expressed as {M, 1, —M, 0,
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M, -1, M} are substituted, and it can be learned that the short training sequence corresponding to

the 320-MHz EHT-STF with the periodicity of 0.8 us may be expressed as follows:
{M,1,-M,0,-M, 1,-M,0,-M,-1,M,0,-M, 1,-M,0,-M, -1, M, 0, M, -1, M, -1,

M, -1, M, 0, M, 1,_M},(1+J)/\/§; or

{-M,-1,M,0,M, -1, M, 0, M, 1,-M,0,M, -1, M, 0, M, 1,-M, 0,-M, 1, -M, 1, M,
1,-M, 0, M, —1,M}-(1+J)/\/§; or

{M,1,-M,0,-M, 1,-M,0,-M, =1, M, 0, M, 1,-M, 0,-M, 1, M, 0,M, -1, M, 0, -
M, -1, M, 0, -M, 1,_M},(l+1)/«/§; or

{-M, -1, M, 0,M, -1, M, O, M, 1,-M, O, M, -1, M, 0, M, 1, -M, 0, =M, 1, -M, O, M,
1,-M, 0, M, _1,M}.(1+J)/\/§; or

{M,1,-M,0,-M, 1,-M, 1, M, 1,-M, 0, M, =1, M, 0, -M, =1, M, O, M, 1, M, 1, M,
1,-M, 0, M,_l,M}.(1+J)/\/§;or

{-M,-1,M,0,M, -1, M, -1,-M, -1, M, 0,-M, 1,-M, O, M, 1, -M, 0, -M, 1, -M, —
1,-M, -1, M, 0, -M, 1’_1\4},(1+J)/x/§;0r

{M,1,-M,0,-M, 1,-M, 1, M, 1,-M, 0, M, -1, M, 0, -M, =1, M, 0, M, =L, M, O, M,
1,-M, 0, M,—l,M}-(lJFJ)/*/E;Or

{_M1_1’ M’ 07 M’ _1’ M7_1| _Ml_11 M; O; _M, 11 _M1 01 M1 11 _M, O; _M1 11 _M; O;
M, 1, M, 0, -M, 1,—M}-(1+J)/\/§;0r

{M, 1’ _M, 0, _M’ 11 _M7 17 _M7_1| M1 01 _M1 11 _M1 01 _Ml_ly M; 01 M,_l, Ml_lv
M, -1, M, 0, -M, 1,_M},(1+J)/\/§; or

{-M,-1,M,0,M, -1, M, -1, M, 1,-M, 0,M, =1, M, 0, M, 1, -M, 0,-M, 1,-M, 1, M,
1.-M., 0, M,_l,M},(1+j)/f2.
[00219] Therefore, the values given by the foregoing short training sequence each correspond to
afreguency-domain sequence val ue that starts with atone whose subscript is—2032 and ends with
atone whose subscript is 2032, with a spacing of 16 tonesin between.
[00220] It should be understood that the short training sequence S corresponding to the EHT-

STF with the periodicity of 0.8 ps and the channel bandwidth of 320 MHz may be expressed as

any one of the foregoing 10 expressions.
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[00221] It can be learned from the foregoing that, by using the method 2, the short training
sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 pus may be
obtained through transformation based on the M-sequence..

[00222] Method 3

[00223] The short training sequence corresponding to the EHT-STF in the foregoing method 1 or
method 2 is directly cached or stored locally. When the short training sequence corresponding to
the EHT-STF is to be used, the short training sequence corresponding to the EHT-STF is directly
obtained locally.

[00224] It should be understood that the foregoing three methods are merely examples for
description, and this application is not limited thereto. Any method that can be used to obtain the
short training sequence corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps
falls within the protection scope of this embodiment of this application.

[00225] Similar to that in the scenario 1, the short training sequence S corresponding to the 320-
MHz EHT-STF with the periodicity of 0.8 ps may be obtained through simulation calculation. For
example, if the method 1 is used, the short training sequence S corresponding to the 320-MHz
EHT-STF with the periodicity of 0.8 ps may be obtained through calculation based on a stored
frequency-domain sequence HES that corresponds to an HE-STF and by using a corresponding
formula. For another example, if the method 2 is used, the short training sequence S corresponding
to the 320-MHz EHT-STF with the periodicity of 0.8 ps may be obtained through calculation based
on astored or protocol-specified M-sequence by using a corresponding formula.

[00226] Specificaly, the EHT-STF with the bandwidth of 320 MHz may be aternatively
constructed by rotating and combining HE-STFs with a bandwidth of 160 MHz. Specifically, the
short training sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps
may be designed based on the frequency-domain sequence HES 100s:16:1008 defined in 802.11ax for
the 160-MHz HE-STF with the periodicity of 0.8 ps. A detailed design formula thereof is as

follows:

S o0s2:16:2032 = { €1'L3, a1, C2R3, 0, c3'L3, a2, caR3}- 1+ J)/\/é ©)

where
L3 = HES 1008:16--16" \/E/ (1+1) ={M, 1,-M, 0,-M, 1, -M};

R3= HESlG:lG:lOOS'\/E/(l—i_ i) ={-M,-1,M,0,-M, 1,-M}; and
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similarly,

avaueof ais{-1,0,1},andi =1, 2; and

avaueof ¢is{-1,1},andj =1, 2, 3, 4.
[00227] Similarly, when the short training sequence corresponding to the 320-MHz EHT-STF with
the periodicity of 0.8 ps is obtained by using the method 1, the short training sequence may be
obtai ned based on the stored HES 1008:16:-16 and HES16:16:1008 by using theformula(6). Alternatively,
when the short training sequence corresponding to the 320-MHz EHT-STF with the periodicity of
0.8 ps is obtained by using the method 2, the short training sequence may be obtained based on
the M-sequence by using the formula (6).
[00228] The short training sequence corresponding to the 320-MHz EHT-STF with the periodicity
of 0.8 pus may be obtained based on the formula (6). In addition, simulation calculation is
performed, for example, a and ¢; are adjusted, so that a PAPR corresponding to the short training
sequence corresponding to the EHT-STF isless than or equal to a preset fourth threshold, to obtain
a sequence with comparatively good performance.
[00229] Specificaly, after 2*x3?=144 exhaustive searches are performed, al possible S
2032:16:2032 and corresponding PAPR values may be obtained, and S_2032:16:2032 With asmallest PAPR
isfinally obtained through comparison. Table 5 shows a and ¢ in 10 groups of optimal S when the
short training sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 0.8 ps
is designed based on the 160-MHz HE-STF with the periodicity of 0.8 us.
[00230] Setting a preset threshold (for example, the preset fourth threshold) may be performing
exhaustion on the parameter set A and the parameter set C, and performing setting based on a
minimum PAPR vaue (for example, 10 groups of results with minimum PAPRs in Table 5)
obtained in an exhaustion process, or may be performing setting comprehensively with reference
to aminimum PAPR va ue obtained in an exhaustion result, a property of a sequence, and thelike,
or may be performing setting comprehensively with reference to aminimum PAPR val ue obtained
in an exhaustion result, a preset parameter, and the like; or the preset threshold may be specified
in advance; or the preset threshold may be obtained based on a plurality of experiment results, or
thelike.

52



Table 5 Values of parameter setsfor the short training sequence S corresponding to the
320-MHz EHT-STF with the periodicity of 0.8 ps

Sequence
a & C1 C2 Cs3 Ca PAPR (dB)

number

1 0 -1 1 1 -1 1 5.2021
2 0 1 -1 -1 1 -1 5.2021
3 0 0 1 1 -1 1 5.2404
4 0 0 -1 -1 1 -1 5.2404
5 1 1 1 -1 -1 -1 5.2691
6 -1 -1 -1 1 1 1 5.2691
7 1 0 1 -1 -1 -1 5.3267
8 -1 0 -1 1 1 1 5.3267
9 1 -1 1 1 -1 1 5.3441
10 -1 1 -1 -1 1 -1 5.3441

[00231] Thevaues of & and ¢ in the obtained 10 groups of results are separately substituted into
5 theformula(6), and it can be learned that the short training sequence S corresponding to the 320-

MHz EHT-STF with the periodicity of 0.8 ps may be expressed as follows::
{L3,0,R3,0,-L3, -1, Rg}.(1+ J)/\/E; or
{-L3,0,-R3,0,L3,1,-R3} @+ J)/\/E o
{L3,0,R3,0,-L3,0, R3} 1+ J)/\/E; or

10 {-L3, 0,-R3, 0,13, 0, -R3}- @+ J)/\/E; or

{L3,1,-R3,0,-L3, 1, —R3}'(l+ J)/\/E; or

{-L3,-1,R3,0,L3, -1, R3}~(1+ j)/\/é; or
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{L3,1,-R3,0,-L3,0, _R3}.(1+j)/\/§; or
(13 1.R3,0.13,0,R3) @HDIN2. o
(L3,1,R3,0,-L3, 1, RS}.(]-"'j)/\/é;or

(-13.-1,-R3,0,13, 1, -R3}- A+ j)/\/é.
[00232] L3 expressed as{M, 1, -M, 0, -M, 1, -M}, R3 expressed as {-M, -1, M, 0, M, 1, —
M}, L3 expressed as{-M, -1, M, 0, M, -1, M}, and -R3 expressed as{M, 1, -M, O, M, -1, M}
may be substituted to obtain the short training sequence S corresponding to the 320-MHz EHT-
STF with the periodicity of 0.8 ps-.
[00233] It should be understood that the short training sequence S corresponding to the EHT-
STF with the periodicity of 0.8 us and the channel bandwidth of 320 MHz may be expressed as
any one of the foregoing 10 expressions.
[00234] It should be noted that the foregoing manner A and manner B are merely examples for
description, and this embodiment of this application is not limited thereto.
[00235] It can be learned from the foregoing that L3 and R3 are sequences related to the short
training sequence corresponding to 160 MHz and the periodicity of 0.8 ps. Therefore, the 320-
MHz short training sequence can be compatible with the 160-MHz short training sequence. In
addition, the 320-MHz short training sequence can support automatic gain control on a high-
bandwidth (the bandwidth is greater than 160 MHz) channel. In addition, it is verified through
simulation and comparison between the PAPRs in Table 5 and the PAPRs in 802.11ax (Table 1)
that these short training sequences have comparatively small peak-to-average power ratios, and
therefore can support automatic gain control on a high-bandwidth channel and can improve an
estimation effect for an automatic gain control circuit at areceive end, thereby reducing areceive
bit error rate. Therefore, the short training sequence proposed for a high channel bandwidth in this
solution of this application can control a PAPR to be very small.
[00236] Scenario 2: The periodicity is 1.6 ps.
[00237] Similarly, when the periodicity is 1.6 ps and the bandwidth of the target channel is 320
MHz, different 320-MHz EHT-STFs are obtained based on HE-STFs for different bandwidths of
areference channel. The following describes different expressions of the 320-MHz EHT-STF with
reference to amanner A and a manner B.

[00238] Manner A
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[00239] Obtain, based on an 80-MHz frequency-domain sequence HES with a periodicity of 1.6
us, a short training sequence S corresponding to a 320-MHz EHT-STF with a periodicity of 1.6 ps.
[00240] The 320-MHz bandwidth has 1024x4=4096 tones in total. There are 12 guard tones on a
left edge, 11 guard tones on aright edge, and 11+12=23 direct-current tones in the middle of the
bandwidth. When the periodicity included in the short training field is 1.6 ps, the short training
segquence may be expressed as S ooa:8:2004, Where -2024 indicates a subscript of a starting tone,

2024 indicates a subscript of an ending tone—2024-and-2024-+hdicate-subseripts-of-starting-tenes,
8 indicates a spacing, and —2024:8:2024 indicates starting with a tone whose subscript is —2024

and ending with a tone whose subscript is 2024, with a spacing of 8 tones in between. On other
tones, a frequency-domain sequence valueisO.

[00241] Similarly, in this embodiment of this application, the short training sequence S
corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 us may be determined by
using at least the following three methods.

[00242] Method 1

[00243] Determine, based on a frequency-domain sequence HES for a bandwidth of a reference
channel, the short training sequence S corresponding to the 320-MHz EHT-STF with the
periodicity of 1.6 ps.

[00244] Optionally, the short training sequence S corresponding to the EHT-STF with the
periodicity of 1.6 us and the target channel bandwidth of 320 MHz may be expressed as follows:

{L2,0,-R2, -1,L2,0,-R2, 0,2, 0, R2, -1, L2, 0, -R2}- L+ )/ V2 o
{-L2,0,R2, 1,-L2, 0,R2,0,-L2, 0, R, 1, 12, 0, R2}- LT 1)/ V2 o
{L2,0,-R2, 0,12, 0,-R2, 0,12, 0,R2, -1,-L2, 0, -R2}- LT 1)/ V2 o
{-L2,0,R2, 0,-L2, 0, R2, 0,-L2, 0,—R2, 1, L2, 0, R2}- LT })/ V2 o
{L2,0,-R2,~1,12,0,-R2, 0, L2, 0, R2, 0, ~L2, 0, -R2}- L+ 1)/ V2 o
{-L2,0,R2, 1,-L2, 0, R2, 0,-L2, 0, R2, 0, L2, 0, R2}- LT 1)/ V2 o
(L2,0,-R2, 1,12, 0,-R2, 0, L2, 0, R2, -1, L2, 0, -R2}- LT 1)/ V2 o
{-L2,0,R2, -1,-L2, 0, R2,0,-L2, 0, R2, 1, 12, 0, R2}- LT 1)/ V2 o

{L2,0,-R2,0,L2,0,-R2,0,L2,0,R2,0,-L2, 0, -R2}- (A+))/2 Lor
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{-12,0,R2,0,-12,0,R2,0,-L2,0,-R2, 0, L2, 0, R2}- @+ V2 , where

similarly,

L2= HES—5O4:8:—8'\/§/(1+ ) = {M, -1, M, -1, -M, -1, M}, and HES 50488 is @ part
of HES s04:8:504 On the left of atone O;

R2 = HESB;8;504'\/§/(1+ ) ={-M, 1, M, 1, M, 1, -M}, and HESg:s:504 iS a part of
HES s04:8:504 0N the right of the tone O;

HES s04:8:504 is an HES corresponding to 80 MHz and the periodicity of 1.6 us; and

L2 isexpressed as{M, -1, M, -1, -M, -1, M}, R2 isexpressed as{-M, 1, M, 1, -M,
1,-M},—L2={-M, 1,-M, 1, M, 1, -M}, and —-R2 is expressed as { M, -1, -M, -1, M, -1, M}.
[00245] Therefore, the values given by the foregoing short training sequence each correspond to
afreguency-domain sequence val ue that starts with atone whose subscript is—2024 and ends with
atone whose subscript is 2024, with a spacing of 8 tonesin between.
[00246] 1t should be noted that the short training sequence S corresponding to the EHT-STF with
the periodicity of 1.6 us and the channel bandwidth of 320 MHz may be expressed as any one of
the foregoing 10 expressions.
[00247] 1t can be learned from the foregoing that, by using the method 1, the short training
sequence corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 ps may be obtained
through transformation based on an HES specified in a standard.
[00248] Method 2
[00249] Obtain, through transformation based on an M-sequence, the short training sequence S
corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 ps.
[00250] Specificaly, L2 expressed as {M, -1, M, -1, =M, -1, M}, R2 expressed as{-M, 1, M,
1,-M, 1, M}, -L2={-M, 1 -M, 1 M, 1, -M}, and —R2 expressed as {M, -1, M, -1, M, -1,

M} are substituted, and it can be learned that the short training sequence corresponding to the 320-

MHz EHT-STF with the periodicity of 1.6 us may be expressed as follows:
{M,-1,M,-1,-M,-1,M,0,M, -1, -M,-1, M, -1, M, -1, M, -1, M, -1, -M, -1, M,
oM,-1,-M,-1,M,-1,M,0,M,-1,M,-1,-M,-1,M,0,-M,1,M,1,-M,1,-M,-1,-M,1,-

M, 1, M, 1,-M, 0, M, -1, -M, -1, M, —1,M}-(1+J)/*/§; or
{_M1 1’ _M’ 1’ M’ 1’ _M’O’ _M’ 1’ M’ 1’ _M’ 1’ _M’ 1’ _M’ 1’ _M’ 1’ M’ 1’ _M’O’_

M,1,M,1,-M,1,-M,0,-M,1,-M, 1, M,1,-M,0,M, -1, -M, -1, M, -1, M, 1, M, -1, M, -1,
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_M’ _I’M’ 0’ _M’ 13M: 1:_M: 1,—M}(1+J)/\/§,OI’
{Ml_ly M’_ly _M1_11 M1 O; M’_ly _M1_11 M,_l, M, 0, M,—l, M,—l’ —M,_l’ M’
0,M,—1,-M, -1, M, -1, M, 0, M, -1, M, -1, -M, -1, M, 0, -M, 1, M, 1, -M, 1, -M, -1, -M, 1, -

M, 1, M, 1,-M, 0, M, —1, M, —1, M, 1, M},(l+1)/J§; o
{(M,1,-M,1,M,1,-M,0,-M,1,M, 1,-M, 1,-M, 0,-M, 1,-M, 1, M, 1, -M, O, —

M; 11 M1 11 _M, 11 _Mloy _M1 11 _M1 11 M1 1; _Myol M;_ly _M,_l, M,_l, M, 1, M,_l, M,—l’

_M’ _I’M’ 0’ _M’ 13M: 1:_M: 1,—M}(1+J)/\/§,OI’
{Ml_ly M’_ly_My_ly M;O’ My_ly _M’_]-, M,_l, M,—l’ M’—l1 M1_1’ _M1_1’ M’
0,M,-1,-M, -1, M, -1, M, 0, M, =1, M, =1, M, =1, M, 0, -M, 1, M, 1, -M, 1, -M, 0, M, 1, -

M’ I’M’ 1’_M’ 0’ M’_l’_M’ _I,M, _1, M}'(1+J)/\/§1 or
{M,1,-M,1,M,1,-M,0,-M,1, M, 1,-M,1,-M,1,-M,1,-M, 1, M, 1,-M, 0, -
M; 11 M1 11 _M, 11 _Mloy _M1 11 _M1 11 M1 1; _Myol M;_ly _M,_l, M,_l, M,O, M,_l, M,—l’

-M, -1,M, 0,-M, 1, M, 1, -M, 1,_M},(1+J)/\/§;0r
{M,-1, M, -1,-M, -1, M, O, M, -1, -M, -1, M, -1, M, 1, M, -1, M, -1, -M, -1, M,
0,M,-1,-M,-1,M,-1,M, 0, M, -1, M, -1, -M, -1, M, 0,-M, 1, M, 1,-M, 1, -M, -1, -M, 1, -

M, I’M’ 1’_M’ 0’ M’_l’_M’ _I,M, _1, M}'(1+J)/\/§1 or
{M,1,-M,1,M,1,-M,0,-M, 1, M, 1,-M,1,-M,-1,-M,1,-M, 1, M, 1,-M, 0, -
M; 11 M1 11 _M, 11 _Mloy _M1 11 _M1 1, M, 1, —M1O, M,—]_’ _M,_l, M,_l, M, 1, M,—l, M1_1’

M, -1, M, 0,-M, I, M, 1, -M, lj_M}‘(1+j)/\/§;0r
{Ml_ly M’_ly _M1_11 M1 O; M’_ly _M1_11 M,_l, M, 0’ M’—l, M’_l’ _M,_l’ M’
0,M,-1,-M, -1, M, -1, M, 0, M, -1, M, -1, -M, -1, M, 0, -M, 1, M, 1, -M, 1, -M, 0, -M, 1, -

M, 1, M, 1,-M, 0, M, -1,-M, -1, M, _1,M},(1+J)/\/§; o
{(M,1,-M,1,M,1,-M,0,-M,1,M, 1,-M, 1,-M, 0,-M, 1,-M, 1, M, 1, -M, O, —
M; 11 M1 11 _M, 11 _Mloy _M1 11 _M1 1; M1 1, _M,O, M,—]_, —M,—l, M,_l, M1O, M,_l, M,—l’

M, -1,M,0,-M, 1,M, 1,-M, 1,—M}-(1+j)/*/§.

[00251] Therefore, the values given by the foregoing short training sequence each correspond to
afreguency-domain sequence val ue that starts with atone whose subscript is—2024 and ends with
atone whose subscript is 2024, with a spacing of 8 tonesin between..
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[00252] It should be noted that the short training sequence S corresponding to the EHT-STF with
the periodicity of 1.6 ps and the channel bandwidth of 320 MHz may be expressed as any one of
the foregoing 10 expressions.
[00253] It can be learned from the foregoing that, by using the method 2, the short training
sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 us may be
obtained through transformation based on the M-sequence.
[00254] Method 3
[00255] The short training sequence corresponding to the EHT-STF in the foregoing method 1 or
method 2 is directly cached or stored locally. When the short training sequence corresponding to
the EHT-STF isto be used, the short training sequence corresponding to the EHT-STF is directly
obtained locally.
[00256] It should be understood that the foregoing three methods are merely examples for
description, and this application is not limited thereto. Any method that can be used to obtain the
short training sequence corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 ps
falls within the protection scope of this embodiment of this application.
[00257] The short training sequence S corresponding to the 320-MHz EHT-STF with the
periodicity of 1.6 us may be obtained through simulation calculation. For example, if the method
1 is used, the short training sequence S corresponding to the 320-MHz EHT-STF with the
periodicity of 1.6 us may be obtained through calculation based on a stored frequency-domain
sequence HES that corresponds to an HE-STF and by using a corresponding formula. For another
example, if the method 2 is used, the short training sequence S corresponding to the 320-MHz
EHT-STF with the periodicity of 1.6 pus may be obtained through calculation based on a stored or
protocol-specified M-sequence by using a corresponding formula.
[00258] Specifically, the foregoing sequences are designed based on the frequency-domain
sequence HES so4:8:504 defined in 802.11ax for the 80-MHz HE-STF with the periodicity of 1.6 ps.
A detailed design formula for the short training sequence S corresponding to the 320-MHz EHT-
STF with the periodicity of 1.6 ps is as follows:

So0242040:8:202440 = { C1'L2, 0, c2'R2, a1, c3’L2, 0, caR2, 0, cs'L.2, 0, ce'R2, a2, c7'L2, 0,

L+ ) /2

cgR2}-
(7)

where
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L2= HES—504:8:—8'\/§/(1+ J) ={M, -1, M, -1, -M, -1, M};

R2 = HESsasor V2 0+ 1) = {-M, 1, M, 1,-M, 1, -M};

St2004= 0; and

similarly,

avaueof ais{-1,0,1},andi =1, 2; and

avaueof ¢is{-1,1},andj=1,2,3,4,5,6,7, 8.
[00259] Therefore, when the short training sequence S corresponding to the 320-MHz EHT-STF
with the periodicity of 1.6 ps is obtained by using the method 1, the short training sequence S may
be obtained based on the stored HES su:8-8 and HESg:s:504 by using the formula (7). Alternatively,
when the short training sequence S corresponding to the 320-MHz EHT-STF with the periodicity
of 1.6 ps is obtained by using the method 2, the short training sequence S may be obtained based
on the M-sequence by using the formula (7).
[00260] The short training sequence corresponding to the 320-MHz EHT-STF with the periodicity
of 1.6 pus may be obtained based on the formula (7). In addition, simulation calculation is
performed, for example, a and ¢; are adjusted, so that a PAPR corresponding to the short training
sequence corresponding to the EHT-STF is less than or equal to a preset fifth threshold, to obtain
a sequence with comparatively good performance.
[00261] Specificaly, after 28x3?=2304 exhaustive searches are performed, al possible S
2004:8:2024 @nd corresponding PAPR values may be obtained, and S 2024:8:2024 With a smallest PAPR
isfinally obtained through comparison. Table 6 shows a and ¢ in 10 groups of optimal S when the
short training sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 ps
is designed based on the frequency-domain sequence HES corresponding to the 80-MHz HE-STF
with the periodicity of 1.6 ps.
[00262] Setting a preset threshold (for example, the preset fifth threshold) may be performing
exhaustion on the parameter set A and the parameter set C, and performing setting based on a
minimum PAPR value (for example, 10 groups of results with minimum PAPRs in Table 6)
obtained in an exhaustion process, or may be performing setting comprehensively with reference
to aminimum PAPR va ue obtained in an exhaustion result, a property of a sequence, and the like,
or may be performing setting comprehensively with reference to aminimum PAPR val ue obtained

in an exhaustion result, a preset parameter, and the like; or the preset threshold may be specified
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in advance; or the preset threshold may be obtained based on a plurality of experiment results, or
thelike.

Table 6 Values of parameter setsfor the short training sequence S corresponding to the
320-MHz EHT-STF with the periodicity of 1.6 ps

Sequence
a1 & C1 C2 C3 C4 Cs Cs C7 Cs PAPR (dB)
number
1 -1 |-1 |1 -1 |1 -1 |1 1 -1 |-1 |6.1586
2 1 1 -1 |1 -1 |1 -1 |1 |1 1 6.1586
3 0 -1 |1 -1 |1 -1 |1 1 -1 |-1 |6.2975
4 0 1 -1 |1 -1 |1 -1 |1 |1 1 6.2975
5 -1 |0 1 -1 |1 -1 |1 1 -1 |-1 |6.2986
6 1 0 -1 |1 -1 |1 -1 |1 |1 1 6.2986
7 1 -1 |1 -1 |1 -1 |1 1 -1 |-1 |6.4188
8 -1 |1 -1 |1 -1 |1 -1 |1 |1 1 6.4188
9 0 0 1 -1 |1 -1 |1 1 -1 |-1 |6.4367
10 0 0 -1 |1 -1 |1 -1 |1 |1 1 6.4367
5
[00263] The vaues of a and ¢ in the obtained 10 groups of results are separately substituted into
the formula (7), and it can be learned that the short training sequence S corresponding to the 320-
MHz EHT-STF with the periodicity of 1.6 us may be expressed as follows::
{L2,0,-R2,-1,L2,0,-R2,0,L2,0,R2,-1,-L2, 0, -R2}" (L+1) /\/E ; or
10 {-L2,0,R2, 1,-L2,0,R2,0,-L2,0,-R2, 1, L2, 0, R2}- @+i)/V2 ;or

{L2,0,-R2,0,L2,0,-R2,0,L2, 0, R2, -1,-L2, 0, -R2}- W+ )2 - or

{-12,0,R2,0,-12,0,R2,0,-L2,0,-R2, 1, L2, 0, R2}- @+ i)2 L or
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{L2,0,-R2,-1,12,0,-R2, 0,12, 0,R2, 0,-L2, 0, -R2}- (A+))/42 L or
(-12,0,R2, 1,-L2,0,R2,0,-L2, 0,-R2, 0, L2, 0, R2}- @+ )12 Lor
{L2,0,-R2,1,L2,0,-R2,0,L2, 0, R2, -1, -L2, 0, -R2}- @+i)/v2 L or
(-L2,0,R2,-1,-L2, 0,R2, 0,-L2, 0, -R2, 1, L2, 0, R2}- (W+ )12 L or
{L2,0,-R2,0,L2,0,-R2,0,L2,0,R2,0,-L2, 0, -R2}- (A+))/2 Lor

{-L2,0,R2,0,-L2, 0, R2, 0,-L2, 0, -R2, 0, L2, 0, R2}- A+))/2 .
[00264] L2 expressed as {M, -1, M, -1, -M, -1, M}, R2 expressed as{-M, 1, M, 1, -M, 1, —
M}, L2={-M, 1, -M, 1, M, 1 -M}, and —-R2 expressed as{M, -1, -M, -1, M, =1, M} may be
substituted to obtain the short training sequence S corresponding to the 320-MHz EHT-STF with
the periodicity of 1.6 ps.
[00265] It should be noted that the short training sequence S corresponding to the EHT-STF with
the periodicity of 1.6 us and the channel bandwidth of 320 MHz may be expressed as any one of
the foregoing 10 expressions.
[00266] It can be learned from the foregoing that L2 and R2 are sequences related to the short
training sequence corresponding to 80 MHz and the periodicity of 1.6 us. Therefore, the 320-MHz
short training sequence can be compatible with the 80-MHz short training sequence. In addition,
the 320-MHz short training sequence can support automatic gain control on a high-bandwidth (the
bandwidth is greater than 160 MHZz) channel. In addition, it is verified through ssimulation and
comparison between the PAPRs in Table 6 and the PAPRs in 802.11ax (Table 1) that these short
training sequences have comparatively small peak-to-average power ratios, and therefore can
support automatic gain control on a high-bandwidth channel and can improve an estimation effect
for an automatic gain control circuit at a receive end, thereby reducing a receive bit error rate.
Therefore, the short training sequence proposed for a high channel bandwidth in this solution of
this application can control a PAPR to be very small.
[00267] Manner B:
[00268] Obtain, based on a 160-MHz frequency-domain sequence HES with a periodicity of 1.6
us, a short training sequence S corresponding to a 320-MHz EHT-STF with a periodicity of 1.6 ps.
[00269] The 320-MHz bandwidth has 2048x4=4096 tones in tota. When the periodicity
included in the short training field is 1.6 s, the short training sequence may be expressed as S—
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2040:8:2040, Where -2040 indicates a subscript of a starting tone, 2040 indicates a subscript of an

ending tone-2040-and-2040-indicate-subseripts-of-starting-tenes, 8 indicates a spacing, and —
2040:8:2040 indicates starting with atone whose subscript is—2040 and ending with atone whose

subscript is 2040, with a spacing of 8 tones in between. On other tones, a frequency-domain
sequence valueis 0.

[00270] Similarly, in this embodiment of this application, the short training sequence
corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 us may be determined by
using at least the following three methods.

[00271] Method 1

[00272] Determine, based on a frequency-domain sequence HES for a bandwidth of a reference
channel, the short training sequence S corresponding to the 320-MHz EHT-STF with the
periodicity of 1.6 ps.

[00273] Optionally, the short training sequence corresponding to the EHT-STF with the

periodicity of 1.6 us and the target channel bandwidth of 320 MHz may be expressed as follows:
(L4, 1, R4, 0, L4,—1,_R4}.(1+j)/\/§;0r
(L4, -1, R4, 0, L4, 1, Ray G DV2
{L4,0,R4, 0,14, 0, R4} (L+ )42 or
(14,0, R4,0, L4, 0, R4}- LT 1)/ V2 : or
(L4, 0, R4, 0, L4, -1, Ra4}- A+ i)/2 o
(-L4,0,-R4, 0, L4, 1, Ray- A1)/ V2 or
{L4,0,-R4, 0,14, 1, R4} (L+ j)/*/é; or
(L4, 0, R4, 0, L4, 1, R4} A+ N2 or
(L4, 1,R4,0,L4, 0, -R4}- (L+ j)/\/é; or

(-L4,-1,-R4,0, L4, 0, R4}- L+ 1)/ V2 , Where

similarly,

L4 = HES—10168—8'\/§/(1+ J) = {M1 _11 M1 _11 _M1 _1’ M1 01 _M1 11 M1 11 _M1 11 -
M}, and HES 1016:8-8 is apart of HES-1016:8:1016 ON the l&ft of atone O;
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R4 = HESB:8:1008'\/§/(1+ ) ={M,1,-M,1,M, 1-M,0,-M, 1, M, 1, -M,1,-M},
and HESg:s:1008 IS a part of HES 1016:8:1016 ON the right of the tone O; and

HES 1008:16:1008 is an HES corresponding to 160 MHz and the periodicity of 0.8 ps.
[00274] Therefore, the values given by the foregoing short training sequence each correspond to
afreguency-domain sequence val ue that starts with atone whose subscript is—2040 and ends with
atone whose subscript is 2040, with a spacing of 8 tones in between.
[00275] It should be noted that the short training sequence S corresponding to the EHT-STF with
the periodicity of 1.6 us and the channel bandwidth of 320 MHz may be expressed as any one of
the foregoing 10 expressions.
[00276] It can be learned from the foregoing that, by using the method 1, the short training
sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 pus may be
obtained through transformation based on an HES specified in a standard.
[00277] Method 2
[00278] Obtain, through transformation based on an M-sequence, the short training sequence S
corresponding to the EHT-STF with the periodicity of 1.6 ps and the bandwidth of 320 MHz.
[00279] Specifically, L4 expressed as{M, -1, M, -1, -M, -1, M, 0,-M, 1, M, 1, -M, 1,-M}, R4
expressedas{-M, 1,-M,1,M,1-M,0,-M, 1, M, 1, -M,1 M}, L4expressed as{-M, 1, M,
1,M,1,-M,0,M, -1, -M, -1, M, -1, M}, and —R4 expressed as{M, -1, M, -1, -M, -1, M, O, M,
-1,-M, -1, M, -1, M} are substituted, and it can be learned that the 320-MHz EHT-STF with the
periodicity of 1.6 pus may be expressed as follows:

{M,-1,M,-1,-M,-1,M,0,-M,1,M,1,-M,1-M1-M,1-M1,M,1-M,0, -
M,1,M,1,-M,1,-M,0,M,-1, M, -1, -M, -1, M, 0,-M, 1, M, 1,-M, 1,-M, -1, M, -1, M, -1,

M, -1, M, 0, M,—lj_M’_ljM’_le},(l-i-J)/\/E; or
{M,1,-M,1, M, 1,-M, 0, M, -1, -M, -1, M, -1, M, -1, M, -1, M, -1, -M, -1, M,
OM,-1,-M,-1,M, -1, M, 0,-M, 1, -M, 1, M, 1, -M, 0, M, -1, -M, -1, M, -1, M, 1, -M, 1, -

M’ 1’ M’ 11_M’ 0’ _M, 15M’ 15_M, 1,—M}'(1+J)/\/§,OI’
{M,-1,M,-1,-M, -1, M, 0,-M, 1, M, 1,-M, 1,-M, 0,-M, 1, -M, 1, M, 1.-M, O, —
M’ 17 M’ 1’ _M’ 17 _M’01 Ml_ll Ml_ll _M,_l, Mloy _M, 11 M; 11 _M, 11 _Myol M,_l, My_lj

M, -1, M, 0, M,—lj_M’_ljM’_le},(l-i-J)/\/E; or

{_M1 17_M7 l’ M’ 17_M701 Ml_lv_My_ly M1_11 M,O, Ml_ly My_ll _My_ll M,O,
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Ml_ll _M’_ly Ml_ly Myoy _M’ 17 _M’ 17 M’ 17 _M,Oy My_l, _M,_l, M,_l, M,O, —M, 11 —M1

LM, 1M, 0. M. 1. M. 1, M, 1, - @+ DIV2. o
{M,-1,M,-1,-M, -1, M, 0,-M, 1, M, 1,-M, 1,-M, 0,-M, 1,-M, 1, M, 1-M, O, —
M,1,M,1,-M,1,-M,0,M, -1, M, -1,-M, -1, M, 0,-M, 1, M, 1,-M, 1, -M, -1, M, -1, M, -1,

M, -1, M, 0, M,—lj_M’_ljM’_le},(l-i-J)/\/E; or
{-M,1,-M,1,M, 1,-M,0,M,-1,-M, -1, M, -1, M, 0,M, -1, M, -1, -M, -1, M, 0,
M,=1,-M, -1, M, -1, M, 0,-M, 1,-M, 1, M, 1,-M, 0, M, -, -M, -1, M, -1, M, 1, -M, 1, -M,

LM, 1M.0.M. 1. M. 1, M, 1, - @+ DV2. o
{M,-1,M,-1,-M, -1, M, 0,-M, 1, M, 1,-M, 1, -M, 0, M, -1, M, -1, -M, -1, M, 0,
M,-1,-M,-1, M, -1, M, 0,M, -1, M, -1, -M, -1, M, 0,-M, 1, M, 1,-M, 1,-M, 1, -M, 1, -M,

1’ M’ 11_M’ 0’ _M3 I,M, 13_M3 ly_M}(1+J)/\/§,Or
{_M717_M711Ml11_M10,M,—11—M1—1’M1—11M,0,—M111—M,1,M111—M,O,_
M’17M711_M111_M,O,_M11’—M11,M’11_M10,M1_11_M’_1’M’_11M1_11M,_1,M’_l’

M, -1,M, 0, M, -1,-M, -1, M, _1,M}_(1+J)/«/§; or
{M, -1, M, =1, -M, -1, M, 0,-M, 1, M, 1, -M, 1, -M, 1, -M, 1, =M, 1, M, 1-M, 0, -
M,1,M,1,-M, 1,-M, 0, M, -1, M, =1, <M, =1, M, 0, -M, 1, M, 1, -M, 1, =M, 0, M, =1, M, —L,

-M, -1, M, 0, M,—lj_M’_ljM’_le},(lﬁLj)/\/E; or
{-M,1,-M, 1, M, 1,-M, O, M, -1, -M, -1, M, =1, M, -1, M, -1, M, =1, -M, -1, M,
0, M,_11 _M1_1’ M’_l’ M’O7 _M7 1’ _Ml 1’ Ml 1! _M’O’ My_ly _Ml_lj Mj_ly M!Ol _M, 1,—

M, 1, M, 1-M. 0, M. 1, M, 1, M, 1, -M}- L+ j)/\/é.

[00280] Therefore, the values given by the foregoing short training sequence each correspond to
afreguency-domain sequence val ue that starts with atone whose subscript is—2040 and ends with
atone whose subscript is 2040, with a spacing of 8 tonesin between.

[00281] It should be noted that the short training sequence S corresponding to the EHT-STF with
the periodicity of 1.6 ps and the bandwidth of 320 MHz may be expressed as any one of the
foregoing 10 expressions.

[00282] It can be learned from the foregoing that, by using the method 2, the short training
sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 us may be

obtained through transformation based on the M-sequence.
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[00283] Method 3

[00284] The short training sequence corresponding to the EHT-STF in the foregoing method 1 or
method 2 is directly cached or stored locally. When the short training sequence corresponding to
the EHT-STF is to be used, the short training sequence corresponding to the EHT-STF is directly
obtained locally.

[00285] It should be understood that the foregoing three methods are merely examples for
description, and this application is not limited thereto. Any method that can be used to obtain the
short training sequence corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 ps
falls within the protection scope of this embodiment of this application.

[00286] Similar to that in the scenario 1, the short training sequence S corresponding to the 320-
MHz EHT-STF with the periodicity of 1.6 ps may be obtained through simulation calculation. For
example, if the method 1 is used, the short training sequence S corresponding to the 320-MHz
EHT-STF with the periodicity of 1.6 pus may be obtained through calculation based on a stored
frequency-domain sequence HES that corresponds to an HE-STF and by using a corresponding
formula. For another example, if the method 2 is used, the short training sequence S corresponding
to the 320-MHz EHT-STF with the periodicity of 1.6 ps may be obtained through calculation based
on a stored or protocol-specified M-sequence by using a corresponding formula

[00287] Specificaly, the 320-MHz SHFEHT-STF may be alternatively constructed by rotating
and combining HE-STFs for channels with a bandwidth of 160 MHz. Specifically, the short
training sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 pus may
be generated based on the frequency-domain sequence HES 1016:8:1016 defined in 802.11ax for the
160-MHz HE-STF with the periodicity of 1.6 us. A detailed design formula thereof is as follows:

MEIAE

Sooa0:8:2040 ={C1-'L4, a1, CR4, 0, c3'L4, az, c4R4 (8)

where

L4 = HE&lolezs:ﬁs-‘/E/(lﬂ) ={M, -1, M, -1,-M, -1, M, 0,-M, 1, M, 1, -M, 1, —
M};

R4 = HEss;s;loos-*/E/(lﬂ):{—M, 1,-M, 1, M, 1-M, 0,-M, 1, M, 1, -M, 1, -M};
and

similarly,

avalueof ais{-1,0,1},andi =1, 2; and
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avaueof ¢is{-1,1},andj =1, 2, 3, 4.
[00288] Similarly, when the short training sequence S corresponding to the 320-MHz EHT-STF
with the periodicity of 1.6 ps is obtained by using the method 1, the short training sequence S may
be obtained based on the stored HES 1016:3-8 and HESg:8:1008 by using the formula (8). Alternatively,
when the short training sequence S corresponding to the 320-MHz EHT-STF with the periodicity
of 1.6 ps is obtained by using the method 2, the short training sequence S may be obtained based
on the M-sequence by using the formula (8).
[00289] The short training sequence S corresponding to the 320-MHz EHT-STF with the
periodicity of 1.6 us may be obtained based on the formula (8). In addition, simulation calculation
isperformed, for example, & and ¢; are adjusted, so that a PAPR corresponding to the short training
sequence S corresponding to the EHT-STF isless than or equal to apreset sixth threshold, to obtain
a sequence with comparatively good performance.
[00290] Specifically, after 2*x3?=144 exhaustive searches are performed, all possible S 204082040
and corresponding PAPR values may be obtained, and S 2o40:8:2040 With a smallest PAPR isfinally
obtained through comparison. Table 7 shows & and ¢i in 10 groups of optimal S when the short
training sequence S corresponding to the 320-MHz EHT-STF with the periodicity of 1.6 ps is
designed based on the short training sequence corresponding to the 160-MHz HE-STF with the
periodicity of 1.6 ps.
[00291] Setting a preset threshold (for example, the preset sixth threshold) may be performing
exhaustion on the parameter set A and the parameter set C, and performing setting based on a
minimum PAPR value (for example, 10 groups of results with minimum PAPRs in Table 7)
obtained in an exhaustion process, or may be performing setting comprehensively with reference
to aminimum PAPR va ue obtained in an exhaustion result, a property of a sequence, and thelike,
or may be performing setting comprehensively with reference to aminimum PAPR val ue obtained
in an exhaustion result, a preset parameter, and the like; or the preset threshold may be specified
in advance; or the preset threshold may be obtained based on a plurality of experiment results, or
the like.
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Table 7 Values of parameter setsfor the short training sequence S corresponding to the
320-MHz EHT-STF with the periodicity of 1.6 ps

Sequence PAPR (dB)
a & C1 C2 C3 Ca
number
1 1 -1 1 1 1 -1 6.5894
2 -1 1 -1 -1 -1 1 6.5894
3 0 0 1 1 1 -1 6.599
4 0 0 -1 -1 -1 1 6.599
5 0 -1 1 1 1 -1 6.6319
6 0 1 -1 -1 -1 1 6.6319
7 0 1 1 -1 1 1 6.6514
8 0 -1 -1 1 -1 -1 6.6514
9 1 0 1 1 1 -1 6.6685
10 -1 0 -1 -1 -1 1 6.6685

[00292] The vaues of & and ¢ in the obtained 10 groups of results are separately substituted into
5 theformula(8), and it can be learned that the short training sequence S corresponding to the 320-

MHz EHT-STF with the periodicity of 1.6 us may be expressed as follows:
{L4,1,R4,0,L4, -1, R4} @+j)/V2  or
{-L4,-1,-R4,0,-L4, 1, R4} 1+ J)/\/z . OFr
{L4,0,R4,0,L4,0, R4} L+ ) /N2  of

10 {-L4,0,-R4,0,-L4, 0, R4} (1+1]) /2 “or

{L4,0,R4,0,L4, -1, R4} @+j)/V2 or

{-L4,0,-R4,0,-L4, 1, R4}- @+ )2 - or
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{L4,0,-R4,0,L4,1,R4}- (1+1]) /2 - or
{-L4,0,R4,0,-L4, -1, R4} 0+ )/2 or
{L4,1,R4,0,1L4,0,-R4}- 1+]) IN2 or

{-L4, —1,—R4, 0, -L4, 0, R4}- A+ 1)/ J2.
[00293] L4 expressed as{M, -1, M, -1, -M, -1, M, 0, -M, 1, M, 1, -M, 1, -M}, R4 expressed
as{-M,1,-M, 1, M, 1-M,0,-M, 1, M, 1,-M, 1, -M}, L4 expressed as{-M, 1, =M, 1, M, 1, —
M, 0, M, -1, -M, -1, M, -1, M}, and —R4 expressed as{M, -1, M, -1, -M, -1, M, 0, M, -1, -M,
-1, M, -1, M} may be substituted to obtain the short training sequence corresponding to the 320-
MHz EHT-STF with the periodicity of 1.6 ps.
[00294] It should be noted that the short training sequence S corresponding to the EHT-STF with
the periodicity of 1.6 us and the channel bandwidth of 320 MHz may be expressed as any one of
the foregoing 10 expressions.
[00295] It should be noted that the foregoing manner A and manner B are merely examples for
description, and this application is not limited thereto.
[00296] It can be learned from the foregoing that L4 and R4 are sequences related to the short
training sequence corresponding to 160 MHz and the periodicity of 1.6 ps. Therefore, the 320-
MHz short training sequence can be compatible with the 160-MHz short training sequence. In
addition, the 320-MHz short training sequence can support automatic gain control on a high-
bandwidth (the bandwidth is greater than 160 MHz) channel. In addition, it is verified through
simulation and comparison between the PAPRs in Table 7 and the PAPRs in 802.11ax (Table 1)
that these short training sequences have comparatively small peak-to-average power ratios, and
therefore can support automatic gain control on a high-bandwidth channel and can improve an
estimation effect for an automatic gain control circuit at areceive end, thereby reducing areceive
bit error rate. Therefore, the short training sequence proposed for a high channel bandwidth in this
solution of this application can control a PAPR to be very small.
[00297] It can be learned from the foregoing that, in this embodiment of this application, the short
training sequence corresponding to the 240-MHz EHT-STF and the short training sequence
corresponding to the 320-MHz EHT-STF are proposed, and the short training sequence
corresponding to the EHT-STF may be directly stored at alocal end; or the M-sequence may be

stored at alocal end or specified in a protocol, and the short training sequence corresponding to
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the EHT-STF is obtained through calculation based on the M-sequence by using a corresponding
formula; or the short training sequence corresponding to the HE-STF may be stored, and the short
training sequence corresponding to the EHT-STF may be obtained through calculation based on
the short training sequence corresponding to the HE-STF by using a corresponding formula. This
isnot limited in this embodiment of this application.-

[00298] It should be noted that the foregoing describes in detail the method provided in this
application by using only 240 MHz and 320 MHz as examples, but this should not constitute a
limitation on a channel bandwidth to which the method provided in this application is applicable.
Short training sequences corresponding to other bandwidths greater than 160 MHz, for example,
200 MHz and 280 MHz, may aso be obtained according to the short training sequence design
method provided in this embodiment of this application, and can be all compatible with an existing
80-MHz short training sequence (or arotation factor). Based on the short training sequence design
method provided in thisapplication, aperson skilled in the art may easily figure out that the method
may be applied to a channel bandwidth of another size after undergoing a change or a substitution.
[00299] It can be learned from the foregoing that, for 240 MHz or 320 MHz and the periodicity
of 0.8 ps or 1.6 ps, 10 short training sequences S corresponding to an EHT-STF are proposed based
on the frequency-domain sequence HES corresponding to the HE-STF with the bandwidth of 80
MHz and the frequency-domain sequence HES corresponding to the HE-STF with the bandwidth
of 160 MHz. Therefore, compatibility with the existing HE-STF with the bandwidth of 80 MHz in
802.11ax is considered for both the EHT-STF for the channel with the bandwidth of 240 MHz and
the EHT-STF for the channel with the bandwidth of 320 MHz, and compatibility with the existing
160-MHz HE-STF in 802.11ax is further considered for the EHT-STF for the channel with the
bandwidth of 320 MHz. In addition, in this embodiment of this application, for the channel with
the bandwidth of 240 MHz and the channel with the bandwidth of 320 MHz, exhaustive simulation
is performed on parameters, and the PAPRs in Table 2 to Table 7 are compared with the PAPRs in
802.11ax (Table 1), to verify that the short training sequence provided in this embodiment of this
application corresponds to a comparatively small peak-to-average power ratio PAPR and has
comparatively good performance, thereby improving an estimation effect for an automatic gain
control circuit at a receive end, and reducing areceive bit error rate. Therefore, the short training
sequence proposed for a high channel bandwidth in this solution of this application can control a
PAPR to be very small.
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[00300] The foregoing describes in detail the short training field sending method provided in the
embodiments of this application with reference to FIG. 1 to FIG. 6. The following describes in
detail ashort training field sending apparatus provided in the embodiments of this application with
referenceto FIG. 7 and FIG. 8.

[00301] FIG. 7 isaschematic block diagram of ashort training field sending apparatus according
to an embodiment of this application. As shown in FIG. 7, the apparatus 700 may include a
determining module 710 and a sending module 720.

[00302] In a possible design, the apparatus 700 may correspond to the network device in the
foregoing method embodiment, for example, may be the network device, or a chip configured in
the network device.

[00303] The determining module 710 is configured to determine a short training sequence.
[00304] The sending module 720 is configured to send a short training field on a target channel.
The short training field is obtained by performing inverse fast Fourier transformation IFFT on the
short training sequence. A bandwidth of the target channel is greater than 160 MHz.

[00305] Specificaly, the apparatus 700 may include modules configured to perform the method
performed by the network device in the method 200. In addition, the modules in the apparatus 700
and the foregoing other operations and/or functions are separately used to implement
corresponding procedures of the method 200 in FIG. 5.

[00306] When the apparatus 700 is configured to perform the method 200 in FIG. 5, the
determining module 710 may be configured to perform step 210 in the method 200 and a step of
generating a short training sequence, and the sending module 720 may be configured to perform
step 220 in the method 200.

[00307] It should be understood that specific processes of performing the foregoing corresponding
steps by the modules are described in detail in the foregoing method embodiment. For brevity,
details are not described herein again.

[00308] It should be further understood that the determining module 710 in the apparatus 700 may
correspond to a processor 810 in a network device 800 shown in FIG. 8, and the sending module
720 may correspond to a transceiver 820 in the network device 800 shownin FIG. 8.

[00309] FIG. 8 is a schematic structural diagram of the network device 800 according to an
embodiment of thisapplication. Asshown in FIG. 8, the network device 800 includes the processor
810 and the transceiver 820. Optionally, the network device 800 further includes a memory 830.
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The processor 810, the transceiver 820, and the memory 830 communi cate with each other through
an internal connection path, and transfer a control signal and/or a data signal. The memory 830 is
configured to store a computer program, and the processor 810 is configured to invoke the
computer program from the memory 830 and run the computer program, to control the transceiver
820 to transmit or receive asignal-.

[00310] The processor 810 and the memory 830 may be combined into one processing apparatus,
and the processor 810 is configured to execute program code stored in the memory 830 to
implement the foregoing functions. During specific implementation, the memory 830 may be
aternatively integrated in the processor 810, or may be independent of the processor 810.

[00311] The network device 800 may further include an antenna 840, configured to send, by using
aradio signal, ashort training field output by the transceiver 820.

[00312] When a program instruction stored in the memory 830 is executed by the processor 810,
the processor 810 is configured to determine a short training sequence.

[00313] Specifically, the network device 800 may include modules configured to perform the
method 200 in FIG. 5. In addition, the modules in the network device 800 and the foregoing other
operations and/or functions are separately used to implement corresponding procedures of the
method 200 in FIG. 5. Specific processes of performing the foregoing corresponding steps by the
modules are described in detail in the foregoing method embodiment. For brevity, details are not
described herein again.

[00314] The processor 810 may be configured to perform an internal implementation action described in
the foregoing method embodiment. For details, refer to the descriptions in the foregoing method
embodiment. Details are not described herein again.

[00315] It should be understood that the processor in this embodiment of this application may be a central
processing unit (central processing unit, CPU), or the processor may be another general - purpose processor,
a digital signal processor (digital signal processor, DSP), an application-specific integrated circuit
(application specific integrated circuit, ASIC), a field programmable gate array (field programmable gate
array, FPGA) or another programmable logic device, a discrete gate or transistor logic device, a discrete
hardware component, or the like.

[00316] It should be further understood that the memory in this embodiment of this application may be a
volatile memory or a non-volatile memory, or may include both a volatile memory and a non-volatile
memory. The non-volatile memory may be a read-only memory (read-only memory, ROM), a
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programmable read-only memory (programmable ROM, PROM), an erasable programmable read-only
memory (erasable PROM, EPROM), an electrically erasable programmable read-only memory (electrically
EPROM, EEPROM), or a flash memory. The volatile memory may be a random access memory (random
access memory, RAM), which serves as an externa cache. Through example but not limitative description,
many forms of random access memories (random access memory, RAM) may be used, for example, astatic
random access memory (static RAM, SRAM), adynamic random access memory (DRAM), a synchronous
dynamic random access memory (synchronous DRAM, SDRAM), adouble data rate synchronous dynamic
random access memory (double data rate SDRAM, DDR SDRAM), an enhanced synchronous dynamic
random access memory (enhanced SDRAM, ESDRAM), a synchronous link dynamic random access
memory (synchlink DRAM, SLDRAM), and adirect rambus random access memory (direct rambus RAM,
DR RAM).

[00317] According to the method provided in the embodiments of this application, this application further
provides a computer program product. The computer program product includes computer program code.
When the computer program code runs on a computer, the computer is enabled to perform the method in
the embodiment shown in FIG. 5.

[00318] According to the method provided in the embodiments of this application, this application further
provides a computer-readable medium. The computer-readable medium stores program code. When the
program code runs on acomputer, the computer is enabled to perform the method in the embodiment shown
inFIG. 5.

[00319] According to the method provided in the embodiments of this application, this application further
provides a system, including the foregoing one or moreterminal devices and one or more network devices..
[00320] A person of ordinary skill intheart may be aware that, in combination with the examples described
in the embodiments disclosed in this specification, units, algorithms, and steps may be implemented by
electronic hardware or a combination of computer software and electronic hardware. Whether these
functions are performed by hardware or software depends on particular applications and design constraints
of the technical solutions. A person skilled in the art may use different methods to implement the described
functions for each particular application, but it should not be considered that the implementation goes
beyond the scope of this application.

[00321] It can be clearly understood by a person skilled in the art that, for convenience and brevity of
description, for a detailed working process of the foregoing system, apparatus, and unit, reference may be
made to a corresponding processin the foregoing method embodiment, and details are not described herein
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again.

[00322] Inthe several embodimentsprovided in thisapplication, it should be understood that the di scl osed
system, apparatus, and method may beimplemented in other manners. For exampl e, the described apparatus
embodiment is merely an example. For example, the unit division is merely logical function division and
may be other division in actual implementation. For example, a plurality of units or components may be
combined or integrated into another system, or some features may beignored or not performed. In addition,
the displayed or discussed mutual couplings or direct couplings or communication connections may be
implemented by using some interfaces. The indirect couplings or communication connections between the
apparatuses or units may be implemented in electrical, mechanical, or other forms.

[00323] The units described as separate parts may or may not be physically separate, and parts displayed
as units may or may not be physical units, may be located in one position, or may be distributed on a
plurality of network units. Some or al of the units may be sel ected based on actual requirementsto achieve
the objectives of the solutions of the embodiments.

[00324] In addition, functiona units in the embodiments of this application may be integrated into one
processing unit, or each of the units may exist alone physicaly, or two or more units may be integrated into
one unit.

[00325] When the function isimplemented in a form of a software functional unit and sold or used as an
independent product, the function may be stored in a computer-readabl e storage medium. Based on such an
understanding, the technical solutions of this application essentially, or the part contributing to the prior art,
or some of the technical solutions may be implemented in a form of a software product. The computer
software product is stored in a storage medium and includes several instructions for instructing a computer
device (which may be a personal compuiter, a server, a network device, or the like) to perform all or some
of the steps of the methods described in the embodiments of this application. The storage medium includes
any medium that can store program code, for example, a USB flash drive, a removable hard disk, aread-
only memory (read-only memory, ROM), a random access memory (random access memory, RAM), a
magnetic disk, or an optical disc.

[00326] The foregoing descriptions are merely specific implementations of this application, but are not
intended to limit the protection scope of this application. Any variation or replacement readily figured out
by a person skilled in the art within the technical scope disclosed in this application shall fall within the
protection scope of this application. Therefore, the protection scope of this application shall be subject to
the protection scope of the claims..
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What isclaimed is:
A method for sending short training field, comprising:

detexmining a short training sequence; and

sending\a short training field on atarget channel, wherein the short training field is obtained
by performing Waverse fast Fourier transformation IFFT on the short training sequence, and a
bandwidth of the taxget channdl is greater than 160 MHz.

2. The method acgording to claim 1, wherein

the short training ence is obtained through transformation based on an M-sequence; or

the short training sequspce is obtained through transformation based on a high efficiency
frequency-domain sequence HES corresponding to a reference channel, wherein a bandwidth of
the reference channel is less than okegual to 160 MHz.

3. The method according to claim\1 or 2, wherein the bandwidth of the target channel is 240
MHz; and

when a periodicity comprised in the shoxt training field is 0.8 ps, the short training sequence

is expressed as follows:
{L1,1,-R1,1,-L1,0,R1,0,-L1,0,-R1}- ( J)/\/E or
{-L1,-1,R1,-1,L1,0,—R1,0, L1, 0, R1}- (1+1]) ‘/E; or
{L1,1,-R1,-1,-L1,0,-R1, 1, L1, 1, R1}- A+ DIVA o
{-L1,-1,R1,1,L1,0RL, 1, L1, -1, —R1}- (3+])/ ‘/E;
{L1,1,-R1,1,-L1,0,R1, 1,-L1,0,-R1}- (1+ J.)/‘/E; or
{-L1,-1,R1,-1,L1,0,—R1,-1,L1,0,R1} @+ )/ ‘/5; or
{L1,0,-R1,0,-L1,0 R1 -1, -L1,0,-R1}- @+ ‘E; or

{-L1,0,R1,0,L1,0,R1, 1, 11,0, R1}- L+ DN2.

{L1,1,—R1,0,-L1, 0, R1, -1, L1, 0, -R1}. &+ 1)/ £ L or

{-L1,-1,R1,0,L1,0,-R1,1,L1,0, R1}- A+)/42 , wherein
L1lisexpressed as{M, 1,-M}, Rlisexpressed as{-M, 1, -M}, L1 isexpressed as {-
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1, M}, and Rl isexpressed as{M, -1, M}.
4. The method according to any one of claim 1 to 3, wherein the bandwidth of the target
chagnel is 240 MHz; and
en the periodicity comprised in the short training field is 1.6 ps, the short training sequence

5 isexpr asfollows:
{L2,—1\R2,-1,12,0,R2, 1,2, 1, R} . L+ )/ ‘/z;or
{-12,1, RO\ -2, 0,—R2, -1, L2, -1, R} . A+ )/ ‘/E;or
{L2,0,-R2,-1\.2,0,R2, 1, -L2, 1,—R2}-(1+j)/‘/§;or
{-L2,0,R2, 1,-L2\Q, -R2, -1, L2, -1, Rz} L+ 1)/ ‘/E;or

10 {L2,-1,—R2,-1,12,0,R2, 1,-.2, 0, -r%} . 1+ 1)/ ‘/E;or
{-L2,1,R2,1,-L2,0,-R2,\{, L2, 0, Rz}-(1+j)/‘/§;or
(L2, -1, -R2, 1, 12,0,R2, 0,.\2, 1, Rz} - A+ D/V2..
{-L2,1,R2,1,-L2,0,-R2, 0, L2, “\ Rz} A+ D/N2. o
(L2,-1.-R2,0,12,0,R2, 1, 1.2, 1, -Rxy- A+ D12

15 (1121, R2,0,-12, 0,—R2, -1, L2, -1, R} NI+ /Y2 yperein
L2 isexpressedas{M, -1, M, -1, -M, -1, M}, RR isexpressed as{-M, 1, M, 1, M, 1, -M},
-L2isexpressed as{-M, 1, -M, 1, M, 1, =M}, and -RAis expressed as {M, -1, -M, -1, M, -1,
M}.
5. The method according to claim 1 or 2, wherein the bangwidth of the target channel is 320
20 MHz; and
when a periodicity comprised in the short training field is 0.8 psy the short training sequence

is expressed as follows:
{L1,0,-R1,0,Ll,0, RI,O,L1,0,_R1,_1’_L1’0’_R1},(1+j)/\/é; i
L1O.RI,0, L1 0, RL O, L10.RI1LLo0,RI}-AFDIN2. o
{ > > [ s Vo s Vs s 1o s Uy }

25 (L1,0,-R1,1,L1,0.R1,0,L1,0,—RI,1,-L1,0, R11-@+ D/V2. o

(L1,0.RI,1.-L1,0,RI,0, L1, 0.RI, 1,L1,0,R1}- @+ D/V2. o
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(L1,0,-R1,0,-L1,0,R1,0,-L1,0,RI,1,-L1,0, R1}-@+ D/V2. o
L1,0,R1,0.L1,0,RI,0,L10.RI, 1,L1,0,R1}-A+D/V2. o

{ b b b b b b b b b b b b b b }

NJ.0, R1,0,L1,0,_R1,0,-L1,0,-R1,0,L1,0,R1}-@ D/V2. o
CLIN.RI,0,-L1,0,R1,0.L1,0,R1,0,L1,0,R1}- @+ D/V2. o
(L1,0, R 1, L1, 0,—R1,0.-L1,0,RI, -1, L1,0,R1}- @+ D/¥2. o

(L1,0,RI,\_L1,0,RI,0,L1,0.RI, 1, L1, 0, R1}- @ D/V2 \herein
L1 isexpressed M, 1,-M}, Rlisexpressed as{-M, 1, -M}, L1l isexpressed as{—M, —

1, M}, and -R1isexpr as{M, -1, M}.

6. The method according\to claim 1 or 2, wherein the bandwidth of the target channel is 320

MHz; and

when a periodicity comprised i the short training field is 0.8 ps, the short training sequence

is expressed as follows:

{L3,0,R3,0, —L3,—1,R3}'(1+j)/ or
{-L3,0,-R3,0, L3, 1,—R3}-(1+ J')/\/E;
{L3,0,R3,0,-L3, 0, R3}-(1+ J)/\/E or
(13,0, R3,0,13,0, R3}- A+ D/V2. o
{L3,1,-R3,0,-L3, 1,_R3}.(1+ /N2 or
{-L3,-1,R3,0, L3, -1, R3}-(1+ J)/\/E or
(L3, 1,-R3,0,-L3,0, R3}-F i)/2 o

(13.-1.R3,0,13,0,R3}- @+ D/V2. o

{L3,1,R3,0,-L3, 1, R3}.(1+ i)/2 . or

(13,1, R3.0.13, 1, R31- @+ DIV2 \nerein
L3isexpressed as{M, 1,-M, 0, -M, 1, -M}, R3isexpressed as{-M, -1, M, 0, N, 1, -M},

—L3isexpressed as{-M, -1, M, 0, M, -1, M}, and -R3is expressed as{M, 1, -M, 0, M, X1, M}.

7. The method according to claim 1, 2, 5, or 6, wherein the bandwidth of the target chagnel

is320 MHz, and
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when the periodicity comprised in the short training field is 1.6 ps, the short training sequence

hs expressed as follows:
12,0, R2,-1.12.0,-R2,0,12.0.R2, 1, 12,0, R2}- @+ D/V2. o

(1N 0,R2, 1,12, 0,R2,0, 12,0, R2, 1,12, 0,R2}- A+ DIV2. o

5 (12,0.\R2. 0,12, 0, R2. 0,12, 0,R2, 1, 12,0, R2}- A+ D/V2. o
(12,0,R2N, L2, 0.R2,0, 12,0, R2, 1,12, 0,R2}- A+ DIN2. o

(12,0, R2, _1.X2,0, R2,0,12,0,R2,0, 12,0, R2}- L+ D/¥2. o
(12,0.R2. 1,12, 0R2. 0,12, 0,-R2, 0, 12, 0, R2}- W+ D/V2. o

(12,0, R2. 1,12, 0, -RN0. 12, 0,R2, 1, 12,0, R2}- A+ D/V2. o

10 (12,0, R2, 1,12, 0, R2, 0\12, 0, R2, 1, 1.2, 0, R2}- A+ D/V2 .
(12,0, R2,0,12,0, R2, 0, 12, \R2, 0, 12,0, R2}- @+ D/¥2. o

(12,0.R2.0,-12,0.R2. 0,12, 0. X2, 0. 12, 0. R2}- & D/¥2 \ynerein
L2 isexpressedas{M, -1, M, -1, -M, -1, M}, R2isexpressed as{-M, 1, M, 1, M, 1, -M},
-L2isexpressed as{-M, 1, -M, 1, M, 1, -M}, —R2isexpressed as{M, -1, -M, -1, M, -1,
15 M},
8. The method according to claim 1, 2, 5, or 6, whekein the bandwidth of the target channel
is320 MHz, and

when the periodicity comprised in the short training field is \6 ps, the short training sequence

is expressed as follows:

20 L4, 1,R4,0, 14, 1, Ra}- A+ /2 o
(L4, —1,-R4, 0, L4, 1, R4} 1+ NIN2.
{L4,0,R4,0,L4,0, R4} @+j)/V2 or
(L4, 0, R4, 0, L4, 0, Ra}- 1+ /2 . o
{L4,0,R4,0, 14, 1, Ra}- A+ /2 o

25 (14,0, R4,0, L4, 1, Ra}- A+ D/V2 o
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(L4, 0,-R4, 0, L4, 1, Ra}- @+ DIV2 o
{-L4,0,R4,0,-L4, -1, —R4}-(1+ )12 : or
{L4,1,R4,0,L4,0, —R4}-(1+ )12 : of

O\, 1, R4,0, 14,0, R4 A+ DIVZ herein
L4 isexpressed as{M, -1, M, -1, -M, -1, M, 0, -M, 1, M, 1, -M, 1, -M}, R4 is expressed

as{-M, 1,-M\1, M, 1-M, 0,-M, 1, M, 1, -M, 1, -M}, L4 isexpressed as{-M, 1, -M, 1, M, 1,
-M, 0, M, -1, -M\—-1, M, -1, M}, and R4 isexpressed as{M, -1, M, -1, -M, -1, M, 0, M, -1, —
M, -1, M, -1, M}.

9. An apparatus fo ding short training field, comprising:

a determining modul enconfigured to determine a short training sequence; and

a sending module, configyred to send a short training field on a target channel, wherein the
short training field is obtained by performing inverse fast Fourier transformation IFFT on the short
training sequence, and a bandwidth okthe target channel is greater than 160 MHz.

10. The apparatus according to claily 9, wherein

the short training sequence is obtainedthrough transformation based on an M-sequence; or

the short training sequence is obtained tihyough transformation based on a high efficiency
frequency-domain sequence HES corresponding t§ a reference channel, wherein a bandwidth of
the reference channel islessthan or equal to 160 MH

11. The apparatus according to claim 9 or 10, whereipn the bandwidth of the target channel is
240 MHz; and

when a periodicity comprised in the short training field is

8 s, the short training sequence

is expressed as follows:
{L1,1,-R1,1,-L1,0,R1,0,-L1,0,—R1}- (1+ J')/*/E; or
{-L1,-1,R1,-1,L1,0,-R1,0,L1,0, R1}- 1+ J')/‘/E; or
{L1,1,-R1,-1,-1L1,0,-R1,1,L1, 1, R1}- 1+ J')/‘/E; or
{-L1,-1,R1,1,L1,0,RL, -1, L1, -1, —R1}- @+ )12 Lor

{L1,1,-R1,1,-L1, 0, R1, 1, L1, 0,—R1} - L+ DN2.
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{-L1,-1,R1,—1, L1, 0, —R1, -1, L1, 0, R} . &+ 1)/ E or
{L1,0,-R1,0,-L1, 0, R1, -1, -1, 0, R1} - L+ 1)/ E L or

L1,0,R1,0,L1,0,—R1,1,L1, 0, R1}- L+ J)/\/E or

1, M}, and R1lisexpressed as{M, -1, M}.
12. The apparatus adcording to any one of claims 9 to 11, wherein the bandwidth of the target
channel is 240 MHz; and

10 when the periodicity compNsed in the short training field is 1.6 ps, the short training sequence

is expressed as follows:

15 {-L2,0,R2,1,-12,0,-R2,-1,L2,-1, R2}-

(L2, 4, R2,1,12,0,R2,0, 12,1, R} W+ DIV
{-L2,1,R2,1,-L2,0,—R2, 0, L2, -1, Rg}- &+ )/ V2.,
20 {L2,-1,-R2,0,12,0,R2, 1, L2, 1, Rz} L+ 1)/ V2 o

{-L2,1,R2,0,-L2,0,-R2, -1, L2, -1, R2}- @+ )2 , wherein

L2 isexpressed as{M, -1, M, -1, -M, -1, M}, R2 isexpressed as{-M, 1, M, N\ —M, 1, -M},
—L2isexpressed as{-M, 1, -M, 1, M, 1, =M}, and —-R2 is expressed as {M, -1, -M,\1, M, —1,
M}.

25 13. The apparatus according to claim 9 or 10, wherein the bandwidth of the target chann
320 MHz; and
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when a periodicity comprised in the short training field is 0.8 ps, the short training sequence

iSexpressed as follows:
1,0._R1,0,L1,0,R1,0,L1,0, R1, 1, L1,0, R11-@+ /2. o
CLNO.RI,0, L1, 0,_RI,0,-L1,0,RI, 1,L1,0,R1}- A+ D/V2. o
5 (L1,0,-R1. 1, L1,0,R1, 0,110, RI,1,-L1,0, R1}-@+ /N2 o
(L1,0,RIN_LL, 0, RI,0,-L1,0,RI, 1,L1,0,R1}- A+ D/V2. o
(L1,0,_R1,0,- TN 0,R1,0,_L1,0, RI, 1, L1,0, R1}-@+ D/V2. o
(L1,0.R10,L1,0.\R1,0.L1,0,R1, 1,L1,0,R1}- @+ /N2 o
(L1,0,-R1,0,L1,0,-R1NQ, _L1,0, RI,0,L1,0,R1}- @+ D/¥2 . o
10 (L1,0,R1,0, L1, 0,R1,0,\ 0,R1,0,-L1,0, R11- A+ D/V2. o
(L1,0,_RI,1,L1,0,_R1,0, L1, 0RI, 1,L1,0,R1}- @+ /2. o

L1,0.RI,1,L1,0,R1,0,L1,0.R\I, L1, 0, R1}- &+ D2 \ynerein
L1lisexpressed as{M, 1,-M}, Rlisexpr as{-M, 1, M}, Llisexpressed as{-M, —
1, M}, and Rl isexpressed as{M, -1, M}.
15 14. The apparatus according to claim 9 or 10, whelgin the bandwidth of the target channel is
320 MHz; and
when a periodicity comprised in the short training field is\).8 ps, the short training sequence

is expressed as follows:

(13,0, R3,0, 13, 1,R3}- @+ D/V2. o
20 (13.0,-R3,0,13, 1, _R3}- @+ D/NV2. o

(13,0, R3,0, 13,0, R3}- A+ D/V2. o

(13,0, R3,0,13, 0, R3}- @+ DIN2. o

(3.1, -R3.0, 13, 1, R3)- @+ DIN2. o

(13,-1.R3,0,L3,1,R3}- @+ D/IV2. o
25 (L3.1,-R3.0, 13,0, R3)- A+ D/IN2. o
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(13.-1,R3,0,13,0,R3}- W+ D/V2. o
(3. 1,R3,0, 13, -1, R3}- @+ D/V2. o

13,1, R3,0,13, 1, R3}- @+ D/V2 \yherein

L3rsexpressed as{M, 1,-M, 0, -M, 1, -M}, R3isexpressed as{-M, -1, M, 0, -M, 1, -M},
as{-M,-1,M,0,M, -1, M}, and—R3isexpressed as{M, 1,-M, 0, M, -1, M}.
aratus according to claim 9, 10, 13, or 14, wherein the bandwidth of the target
channel is 320 MHX; and

when the periodiciy comprised in the short training field is 1.6 ps, the short training sequence

is expressed as follows:
10 (12,0, -R2.1,12,0.-R2, 0, 12,0, R2, 1, 12,0, R2}- @+ /N2 o
(12,0,R2, 1,12, 0,R2, 0NL2, 0, R2, 1,12, 0,R2}- 1+ D/V2 . o
(12,0, _R2,0,12.0,_R2, 0,12\ R2, 1, 12,0, R2}- @+ /N2 o
(12,0.R2.0,-12,0,R2. 0,-12,0.R2, 1, 12, 0, R2}- A+ D/ V2. o

L2,0,-R2,-1,L2,0, - L 12 0. -Rr2Y- A+ ] o
{ 2’0’ 2’ 1, 2303 RZ,O, 2503R2;0 2305 2} (1+ J)/\/E

15 (12,0,R2, 1,12, 0,R2,0, 12,0, R2,0,LA0,R2}- 1+ D/V2 . o
(L2,0,-R2, 1,12,0,-R2, 0,12, 0, R2, -1, L2, 0, 2. or
(-12,0,R2, -1, -2, 0, R2, 0,-L2, 0, -R2, 1, L2, 0, R2
(L2,0,-R2, 0,12, 0,-R2, 0, L2, 0, R2, 0, ~L.2, 0, -R2}- @+ o

(-1.2,0,R2, 0,12, 0, R2, 0,12, 0,—R2, 0, 1.2, 0, R2}- A+ 1) IN2  \wherein

20 L2 isexpressedas{M, -1, M, -1, -M, -1, M}, R2isexpressed as{—\, 1, M, 1, M, 1, -M},
—L2isexpressed as{-M, 1, -M, 1, M, 1, =M}, and —-R2 is expressed as {M,\-1, M, -1, M, -1,

M}.

16. The apparatus according to claim 9, 10, 13, or 14, wherein the bandwidth\of the target

channel is 320 MHz; and

25 when the periodicity comprised in the short training field is 1.6 ps, the short training se

is expressed as follows:
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10

15

20

25

(L4, 1, R4, 0, L4, -1, R4} 0+ )12 or
(-L4,-1, R4,0, L4, 1,R4}- A+ DIRE : or
{I¥4, 0, R4, 0, L4, O,—R4}-(1+j)/\/§;or

(L4, N\ R4, 0, L4, 0, Ra}- @ DIV2 o

(L4, 0, R4N), L4, -1, -R4}- 0+ j)/2 . of

(L4, 0, R4, O\_L4, 1, R4} 1+ D/V2 . o

(14,0, R4, 0, L4\ R4}- A+ D/V2 . o

{~14, 0, R4, 0, ~L4, ~I\R4}- 1+ IR or

L4 isexpressed as{M, -1, M, -1, WM, -1, M, 0, -M, 1, M, 1, -M, 1, -M}, R4 is expressed
,1,-M}, —L4isexpressed as{-M, 1,-M, 1, M, 1,

ressed as{M,-1,M,-1,-M, -1, M, 0, M, -1, —

as{-M,1,-M,1,M,1-M,0,-M, 1, M, 1,
-M, 0, M, -1,-M, -1, M, -1, M}, and R4 ise
M, -1, M, -1, M}.

17. An apparatus for sending short training field, \Wwherein the apparatus comprises.

aprocessor, configured to determine a short training\sequence; and
atransceiver, configured to send a short training field 0Q a target channel, wherein the short
training field is obtained by performing inverse fast Fourier sformation IFFT on the short
training sequence, and a bandwidth of the target channel is greater than 160 MHz.

18. An apparatusfor sending short training field, wherein the apparatus comprises a processor
and a memory, the memory is configured to store an instruction, and the\processor is configured
to execute the instruction to implement the method according to any one of chaims 1 to 8.

19. A computer-readable storage medium, comprising at least one segmentN\of code, wherein
when the code is run on a computer, the computer is controlled to execute an\\nstruction to
implement the method according to any one of claims 1 to 8.

20. A chip, comprising a processing circuit, an input circuit, and an output circuit, Wherein
the chip is configured to enable an apparatus with the chip installed to implement the method

according to any one of claims 1 to 8.
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21. An apparatus, configured to implement the method according to any one of claims 1 to 8.




CLAIMS:

1. A method, comprising:

determining a short training sequence; and
sending a short training sequence on a target channel, wherein a bandwidth of the
target channel is 320 MHz; and
wherein the short training sequence satisfies the following:
the short training sequence has a periodicity of 0.8 us and is expressed by using

the following relation:

S.-2032:16:2032 ={€:x(M, 1, -M), 0, c.x(-M, 1, -M), a;,c3x(M, 1, -M), 0,c,x(-M,

1, -M), 0, c:x(M, 1, -M), 0, cex(-M, 1, -M), a,, c,x(M, 1, -M), 0, cgx(-M, 1, -M)}

x(1+j)/V2;0r

the short training sequence has a periodicity of 1.6 us and is expressed by using

the following relation:

S-2040282204O ={CIX(M1 -1, M9 -1, _M’ -1, M)9 0, ch('M, 1, M’ 1, _M’ 1, _M)9

a,c.x(M, -1, M, -1, -M, -1, M), 0,¢,x(-M, 1, M, 1, -M, 1, -M), 0, e:x(M, -1, M, -1, -M, -1,

M), 0, cex(-M, 1, M, 1, -M, 1, -M), a,, ¢-x(M, -1, M, -1, -M, -1, M), 0, cgx(-M, 1, M, 1, -M,

1, -M)} x(1 + j)/v/2; and

wherein a value of a;is {—1, 0,1}, i=1,2,avalueof ¢jis{—1,1},1=1,2.3,4,5,6, 7,

8, and M={-1,-1,-1,1,1,1,-1,1,1,1,-1,1,1,-1,1}.

2. The method according to claim 25, wherein a 320 MHz tone plan uses four duplicated
tone plans of 80 MHz, the 320 MHz bandwidth has 4096 total tones, 12 guard tones are at a left

edge of the 320 MHz bandwidth, and 11 guard tones are at a right edge of the 320 MHz

bandwidth.
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3. The method according to claim 25, wherein the 320 MHz bandwidth has 23 direct-

current tones in a middle of the 320 MHz bandwidth.

4. An apparatus, comprising:

a processor coupled to a non-transitory memory configured to store program

instructions for execution by the processor, wherein when the program instructions are

executed, the communication apparatus is configured to:
determine a short training sequence; and
send a short training sequence on a target channel, wherein a bandwidth of the
target channel is 320 MHz; and
wherein the short training sequence satisfies the following:

the short training sequence has periodicity of 0.8 ps and is expressed using the

following relation:

S.2032:16:2032 ={€:x(M, 1, -M), 0, c.x(-M, 1, -M), a;,c3x(M, 1, -M), 0,c,x(-M,

1, -M), 0, ¢c:x(M, 1, -M), 0, cex(-M, 1, -M), a,, ¢, x(M, 1, -M), 0, cgx(-M, 1, -M)}

x(1+j)/V2; or

the short training sequence has a periodicity of 1.6 us and is expressed using the

following relation:

S-2040:8:2040 ={C:x(M, -1, M, -1, -M, -1, M), 0, cox(-M, 1, M, 1, -M, 1, -M),

a,c;x(M, -1, M, -1, -M, -1, M), 0,¢,x(-M, 1, M, 1, -M, 1, -M), 0, c=x(M, -1, M, -1, -M, -1,

M), 0, cex(-M, 1, M, 1, -M, 1, -M), a,, ¢-x(M, -1, M, -1, -M, -1, M), 0, cgx(-M, 1, M, 1, -M,

1, -M)} x(1 +j)/v/2; _and

wherein a value of a;is {-1,0,1},i=1,2,avalueof ¢jis{-1,1},1=1,2,3.4.5. 6,7,

8, and M={-1,-1,-1,1,1,1,-1,1,1,1,-1,1,1,-1,1}.
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5. The apparatus according to claim 28, wherein a 320 MHz tone plan uses four duplicated

tone plans of 80 MHz, the 320 MHz bandwidth has 4096 total tones, 12 guard tones are at a left

edge of the 320 MHz bandwidth, and 11 guard tones are at a right edge of the 320 MHz

bandwidth.

6. The apparatus according to claim 28, wherein the 320 MHz bandwidth has 23 direct-

current tones in a middle of the 320 MHz bandwidth.

7. A chip, comprising:

one or more processing circuits, wherein the one or more processing circuits are

configured to:
determine a short training sequence; and
send a short training sequence on a target channel, wherein a bandwidth of the
target channel is 320 MHz;
wherein the short training sequence satisfies the following:

the short training sequence has a periodicity of 0.8 pys, and is expressed by using

the following relation:

S.0032:16:0032 ={C:x(M, 1, -M), 0, c.x(-M, 1, -M), a;,¢3x(M, 1, -M), 0,c,x(-M,

1, -M), 0, ¢c:x(M, 1, -M), 0, c6x(-M, 1, -M), a,, c,x(M, 1, -M), 0, cgx(-M, 1, -M)}

x(1+j)/V2;0r
the short training sequence has a periodicity of 1.6 ps, and is expressed by using

the following relation:

S-2040282204O ={CIX(M1 -1, Ms -1, _Ms -1, M)s 0, ch('M, 1, Ms 1, _Ms 1, _M)s

a,c.x(M, -1, M, -1, -M, -1, M), 0,¢,x(-M, 1, M, 1, -M, 1, -M), 0, e:x(M, -1, M, -1, -M, -1,

M), 0, cex(-M, 1, M, 1, -M, 1, -M), a,, ¢-x(M, -1, M, -1, -M, -1, M), 0, cgx(-M, 1, M, 1, -M,

1, -M)} x(1 + j)/v2; and
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wherein a value of a;is {—1, 0,1}, i=1,2,avalueof ¢jis{—1,1},1=1,2.3,4,5,6, 7,

8, and M={-1,-1,-1,1,1,1,-1,1,1,1,-1,1,1,-1,1}.

8. The chip according to claim 31, wherein a 320 MHz tone plan uses four duplicated tone

plans of 80 MHz, the 320 MHz bandwidth has 4096 total tones, 12 guard tones are at a left edge

of the 320 MHz bandwidth, and 11 guard tones are at a right edge of the 320 MHz bandwidth.

Q. The chip according to claim 31, wherein the 320 MHz bandwidth has 23 direct-current

tones in a middle of the 320 MHz bandwidth.

10. A non-transitory computer-readable storage medium, comprising at least one segment of

code, wherein when the at least one segment of code is run on a computer, the computer is

controlled to execute the following:

determine a short training sequence; and
send a short training sequence on a target channel, wherein a bandwidth of the
target channel is 320 MHz; and
wherein the short training sequence satisfies the following:
the short training sequence has a periodicity of 0.8 us, and is expressed by using

the following relation:

S.2032:16:0032 ={C:x(M, 1, -M), 0, c.x(-M, 1, -M), a;,¢3x(M, 1, -M), 0,c,x(-M,

1, -M), 0, c:x(M, 1, -M), 0, cex(-M, 1, -M), a,, ¢c-x(M, 1, -M), 0, cgx(-M, 1, -M)}

x(1+j)/v2;0r

the short training sequence has a periodicity of 1.6 ps, and is expressed by using

the following relation:

S-2040!8!2040 ={CIX(M1 -1, Ms -1, _Ms -1, M)s 0, C2X('M, 1, Ms 1, _Ms 1, _M)s

a,c.x(M, -1, M, -1, -M, -1, M), 0,¢,x(-M, 1, M, 1, -M, 1, -M), 0, e:x(M, -1, M, -1, -M, -1,

M), 0,cex(-M, 1, M, 1, -M, 1, -M), a,, ¢;x(M, -1, M, -1, -M, -1, M), 0, cgx(-M, 1, M, 1, -M,
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1, -M)} x(1 + j)/v/2; and

wherein a value of a;is {—1, 0, 1},i=1,2,avalueof ¢jis{—1,1},1=1,2.3,4,5,6, 7,

8, and M={-1,-1,-1,1,1,1,-1,1,1,1,-1,1,1,-1,1}.

11. The non-transitory computer-readable storage medium according to claim 34, wherein a

320 MHz tone plans uses four duplicated tone plan of 80 MHz, the 320 MHz bandwidth has

4096 total tones, 12 guard tones are at a left edge of the 320 MHz bandwidth, and 11 guard tones

are at a right edge of the 320 MHz bandwidths.

12. The non-transitory computer-readable storage medium according to claim 34, wherein

the 320 MHz bandwidth has 23 direct-current tones in a middle of the 320 MHz bandwidth.
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