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ABSTRACT

A phase tracking reference signal transmission method and apparatus are provided, to
improve demodulation performance. The method includes: determining a first PTRS pattern; and
transmitting a PTRS based on the first PTRS pattern, where the first PTRS pattern belongs to a
first PTRS pattern set, the first PTRS pattemn set includes a plurality of PTRS patterns, and none
of all PTRS groups in each PTRS pattern in an OFDM symbol is located at a tail of the OFDM
symbol; and the PTRS pattern includes a plurality of PTRS groups, and each PTRS group includes
a plurality of consecutive PTRS sampling points. None of all PTRS groups in a PTRS pattern
determined by a terminal device and a network device is located at the tail of the OFDM symbol,
to reduce impact of a parameter, for example, a receive window advance, on precision of phase
noise estimated based on the PTRS, so that when the PTRS is transmitted based on the PTRS

pattern, the demodulation performance can be improved, and spectral efficiency can be improved.
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PHASE TRACKING REFERENCE SIGNAL TRANSMISSION
METHOD AND APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No. 202110897620.X,
filed with the China National Intellectual Property Administration on August 5, 2021 and entitled
"PHASE TRACKING REFERENCE SIGNAL TRANSMISSION METHOD AND
APPARATUS", which is incorporated hercin by reference in its entirety.

TECHNICAL FIELD

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

to a phase tracking reference signal transmission method and apparatus.

BACKGROUND

[0003] In an operating frequency band of a communication system, a high throughput can be
implemented at a high frequency that is at least 6 GHz, for example, 28 GHz, 39 GHz, 60 GHz, or
73 GHz. However, the foregoing frequency band may cause intermediate radio frequency
distortion problems such as phase noise (phase noise, PHN) and a carrier frequency offset (carrier
frequency offset, CFO), and may also cause a larger Doppler frequency shift of the high frequency.
All the three problems may introduce a phase error, and consequently performance of the
communication system deteriorates.

[0004] Currently, a phase tracking reference signal (phase tracking reference signal, PTRS) is
mtroduced in new radio (new radio, NR) for a cyclic prefix-orthogonal frequency division
multiplexing (cyclic prefix-orthogonal frequency division multiplexing, CP-OFDM) waveform
and a discrete Fourier transform-spread-orthogonal frequency division multiplexing (discrete
Fourier transform-spread-OFDM, DFT-s-OFDM) waveform, to compensate for impact of the
phase noise and improve demodulation performance under a phase noise condition.

[0005] Specifically, when the PTRS is mapped to the DFT-s-OFDM waveform for
transmission, the transmission is performed based on a determined PTRS pattern. The PTRS
pattern includes a quantity of PTRS groups and a quantity of sampling points in the PTRS group.

However, when the quantity of sampling points in the PTRS group in the PTRS pattern is 4, phase
1
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noise estimation performance of the PTRS is affected by a receive window advance, and

consequently the demodulation performance is poor.

SUMMARY

[0006] This application provides a phase tracking reference signal transmission method and
apparatus, to improve demodulation performance.

[0007] According to a first aspect, this application provides a phase tracking reference signal
transmission method. The method may be applied to anetwork device, a chip in the network device,
a functional module, or the like. Alternatively, the method may be applied to a terminal device, a
chip in the terminal device, a functional module, or the like. The following uses an example in
which the method is applied to the network device or the terminal device for description.
Specifically, the method may include: determining a first PTRS pattern; and transmitting a PTRS
based on the first PTRS pattern, where the first PTRS pattern belongs to a first PTRS pattern set,
the first PTRS pattern set includes a plurality of PTRS patterns, and none of all PTRS groups in
each PTRS pattern in an orthogonal frequency division multiplexing (orthogonal frequency
division multiplexing, OFDM) symbol is located at a tail of the OFDM symbol; the PTRS pattern
indicates a distribution rule of the PTRS in the OFDM symbol; and the PTRS pattem includes a
plurality of PTRS groups, and each PTRS group includes a plurality of consecutive PTRS
sampling points.

[0008] According to the foregoing method, the terminal device and the network device can
determine a required PTRS pattern from the PTRS pattern set in which none of all PTRS groups
in each PTRS pattem is located at the tail of the OFDM symbol, so that none of all PTRS groups
in the determined PTRS pattern is located at the tail of the OFDM symbol, to reduce impact of a
parameter, for example, a receive window advance, on precision of phase noise estimated based
on the PTRS. In this way, when the PTRS is transmitted based on the PTRS pattern, demodulation
performance can be improved, and spectral efficiency can be improved.

[0009] In a possible design, when the method is applied to the network device, the transmitting
a PTRS based on the first PTRS pattern may be specifically: The network device receives the
PTRS based on the first PTRS pattern. When the method is applied to the terminal device, the
transmitting a PTRS based on the first PTRS pattern may be specifically: The terminal device
sends the PTRS based on the first PTRS pattern.

[0010] In a possible design, that none of all PTRS groups in each PTRS pattern in an OFDM
symbol is located at a tail of the OFDM symbol may be specifically: no sampling point in a last
PTRS group in each PTRS pattern in the OFDM symbol is located at a last sampling point or a
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last modulation symbol (namely, a last QAM symbol) of the OFDM symbol; or a distance between
any sampling point in a last PTRS group in each PTRS pattern in the OFDM symbol and a last
sampling point or a last modulation symbol (namely, a last QAM symbol) of the OFDM symbol
is greater than a preset distance threshold. In this way, it can be accurately determined that none
of all PTRS groups in each PTRS pattern in the orthogonal frequency division multiplexing OFDM
symbol is located at the tail of the OFDM symbol.

[0011] In a possible design, a quantity of PTRS sampling points in a PTRS group in any one
of the plurality of PTRS pattemns is not equal to 4. In this way, none of all PTRS groups in each
PTRS pattern in the OFDM symbol is located at the tail of the OFDM symbol.

[0012] In a possible design, a specific method for the network device to determine the first
PTRS pattern may be: The network device determines that a value of a first parameter is greater
than or equal to a first threshold, where the first parameter includes a receive window advance;
and determines the first PTRS pattern based on a value of a second parameter and a first
correspondence, where the first correspondence is a correspondence between a plurality of value
sets of the second parameter and a plurality of PTRS pattemns, cach value set corresponds to one
type of PTRS pattern, and the plurality of PTRS patterns in the first correspondence are the same
as the plurality of PTRS pattemns included in the first PTRS pattern set. In this way, when the first
parameter, for example, the receive window advance, is greater than or equal to the first threshold,
the network device may determine the PTRS pattern in which none of all PTRS groups is located
at the tail of the OFDM symbol, to improve the demodulation performance.

[0013] In a possible design, before the determining a first PTRS pattern, the network device
recetves first information from the terminal device, where the first information indicates a value
set of the second parameter in a recommended second correspondence, a quantity of value sets of
the second parameter is greater than 5, the second correspondence is a correspondence between a
plurality of value sets of the second parameter and a plurality of PTRS patterns, and the plurality
of PTRS patterns in the second correspondence include the first PTRS pattern set. In this way, the
network device can know the value set of the second parameter that meets a requirement of the
terminal device.

[0014] In a possible design, before the determining a first PTRS pattern, the network device
sends second information to the terminal device, where the second information indicates the value
set of the second parameter in the second correspondence, the quantity of value sets of the second
parameter is greater than 5, the second correspondence is the correspondence between a plurality
of value sets of the second parameter and a plurality of PTRS patterns, and the plurality of PTRS
patterns in the second correspondence include the first PTRS pattern set. In this way, the network

device can configure the value set of the second parameter for the terminal device, so that the
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terminal device further determines a corresponding PTRS pattern set.

[0015] In a possible design, before the determining a first PTRS pattern, the network device
sends third information to the terminal device, where the third information indicates a plurality of
groups of value sets of the second parameter, and a quantity of value sets of the second parameter
in each group is greater than 5.

[0016] In a possible design, the network device sends fourth information to the terminal device,
where the fourth information indicates a group of value scts of the second parameter, the group of
value sets of the second parameter is one of the plurality of groups of value sets of the second
parameter, and the group of value sets of the second parameter includes the value sets of the second
parameter in the first correspondence. In this way, the network device can configure the value set
of the second parameter for the terminal device, so that the terminal device further determines a
corresponding PTRS pattern set.

[0017] In a possible design, the network device sends the value of the first parameter to the
terminal device; the network device sends fifth information to the terminal device, where when
the fifth information is a first value, the fifth information indicates whether the value of the first
parameter is greater than or equal to the first threshold; or the network device sends sixth
information to the terminal device, where the sixth information indicates the first correspondence.
According to the foregoing method, the terminal device can determine a correspondence between
a used value set of the second parameter and a PTRS pattern, and further determine the PTRS
pattern.

[0018] In a possible design, a specific method for the terminal device to determine the first
PTRS pattern may be: The terminal device determines a correspondence between a value set of a
second parameter and a PTRS pattern as a first correspondence, where the first correspondence is
a correspondence between a plurality of value sets of the second parameter and a plurality of PTRS
patterns, each value set corresponds to one type of PTRS pattern, and the plurality of PTRS
patterns in the first correspondence are the same as the plurality of PTRS pattemns included in the
first PTRS pattern set; and determines the first PTRS pattern based on a value of the second
parameter and the first correspondence. In this way, the terminal device can determine the PTRS
pattern in which none of all PTRS groups is located at the tail of the OFDM symbol, to improve
the demodulation performance.

[0019] In a possible design, a specific method for the terminal device to determine the
correspondence between a value set of a second parameter and a PTRS pattern as the first
correspondence may be: The terminal device receives a value of a first parameter from the network
device, and if it is determined that the value of the first parameter is greater than or equal to a first

threshold, determines the correspondence between a value set of a second parameter and a PTRS
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pattern as the first correspondence, where the first parameter includes a receive window advance;
the terminal device receives fifth information from the network device, where when the fifth
information is a first value, the fifth information indicates whether a value of a first parameter is
greater than or equal to a first threshold; and if the fifth information is the first value, and it is
determined that the value of the first parameter is greater than or equal to the first threshold,
determines the correspondence between a value set of a second parameter and a PTRS pattern as
the first correspondence; or the terminal device receives sixth information from the network device,
where the sixth information indicates that the correspondence between a value set of a second
parameter and a PTRS pattern is the first correspondence. In this way, the terminal device can
accurately determine that the correspondence between a value set of a second parameter and a
PTRS pattern is the first correspondence.

[0020] In a possible design, before determining the correspondence between a value set of a
second parameter and a PTRS pattern as the first correspondence, the terminal device sends first
information to the network device, where the first information indicates a value set of the second
parameter in a recommended second correspondence, a quantity of value sets of the second
parameter is greater than 5, the second correspondence is a correspondence between a plurality of
value sets of the second parameter and a plurality of PTRS patterns, and the plurality of PTRS
patterns in the second correspondence include the first PTRS pattern set. In this way, the terminal
device can notify, based on a capability of the terminal device, the value set of the second
parameter supported by the network device.

[0021] In a possible design, before determining the correspondence between a value set of a
second parameter and a PTRS pattern as the first correspondence, the terminal device receives
second information from the network device, where the second information indicates the value set
of the second parameter in the second correspondence, the quantity of value sets of the second
parameter is greater than 5, the second correspondence is the correspondence between a plurality
of value sets of the second parameter and a plurality of PTRS patterns, and the plurality of PTRS
patterns in the second correspondence include the first PTRS pattern set. Further, a specific method
for the terminal device to determine the correspondence between a value set of a second parameter
and a PTRS pattern as the first correspondence may be: determining, based on the value set that is
of the second parameter and that is indicated by the second information, the correspondence
between a value set of a second parameter and a PTRS pattern as the first correspondence. In this
way, the terminal device can further determine a corresponding PTRS pattern set based on the
value set of the second parameter configured by the network device.

[0022] In a possible design, before determining the correspondence between a value set of a

second parameter and a PTRS pattern as the first correspondence, the terminal device receives
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third information from the network device, where the third information indicates a plurality of
groups of value scts of the second parameter, and a quantity of value sets of the second parameter
in each group is greater than 5.

[0023] In a possible design, before determining the correspondence between a value set of a
second parameter and a PTRS pattern as the first correspondence, the terminal device receives
fourth information from the network device, where the fourth information indicates a group of
value sets of the second parameter, the group of value sets of the second parameter is one of the
plurality of groups of value sets of the second parameter, and the group of value sets of the second
parameter includes the value sets of the second parameter in the first correspondence. A specific
method for the terminal device to determine the correspondence between a value set of a second
parameter and a PTRS pattern as the first correspondence may be: determining, based on the group
of value sets that is of the second parameter and that is indicated by the fourth information, the
correspondence between a value set of the second parameter and a PTRS pattern as the first
correspondence. In this way, the terminal device can further determine a corresponding PTRS
pattern set based on the value set of the second parameter configured by the network device.
[0024] In a possible design, the second parameter is a scheduled bandwidth configured by the
network device for the terminal device; or the second parameter is a scheduled bandwidth
configured by the network device for the terminal device and a modulation and coding scheme
MCS configured by the network device for the terminal device.

[0025] In a possible design, the first parameter further includes a modulation and coding
scheme MCS configured by the network device for the terminal device.

[0026] In a possible design, a specific method for determining that the value of the first
parameter is greater than or equal to the first threshold may be: determining that a value of a receive
window advance corresponding to a first modulation and coding scheme MCS is greater than or
equal to the first threshold, where the first MCS is one of a plurality of MCSs configured by the
network device for the terminal device, and thresholds of values of receive window advances
corresponding to the plurality of MCSs are different.

[0027] In a possible design, the plurality of PTRS patterns in the second correspondence
include a plurality of PTRS patterns in a third correspondence, and the value set of the second
parameter in the first correspondence is different from a value set of the second parameter in the
third correspondence.

[0028] In a possible design, the value set of the second parameter in the first correspondence
is the same as a value set of the second parameter in a fourth correspondence, and at least one of
the plurality of PTRS patterns in the first correspondence is different from at least one of a plurality

of PTRS patterns in the fourth correspondence; and the fourth correspondence is a correspondence
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between a plurality of value sets of the second parameter and a plurality of PTRS pattemns, and the
fourth correspondence is a correspondence used when the value of the first parameter is less than
the first threshold.

[0029] In a possible design, when the network device receives the PTRS from the terminal
device based on the first PTRS pattern, and when a signal-to-noise ratio SNR and/or the MCS
configured for the terminal device are/is greater than a preset threshold, the network device
performs phase noise estimation on each PTRS group in the first PTRS pattern, and performs
mterpolation between obtained results of all PTRS groups, to obtain a full-symbol phase noise
estimation result; or when a signal-to-noise ratio SNR and/or the modulation and coding scheme
MCS configured for the terminal device are/is less than or equal to a preset threshold, the network
device sequentially performs phase noise joint estimation on every two consecutive PTRS groups
in the first PTRS pattern, and performs interpolation between obtained results of every two
consecutive PTRS groups, to obtain a full-symbol phase noise estimation result. In this way, the
network device can flexibly perform phase noise estimation, and obtain a better phase noise
estimation result.

[0030] According to a second aspect, this application provides a phase tracking reference
signal PTRS transmission method. The method may be applied to a network device, a chip in the
network device, a functional module, or the like. Alternatively, the method may be applied to a
terminal device, a chip in the terminal device, a functional module, or the like. The following uses
an example in which the method is applied to the network device or the terminal device for
description. Specifically, the method may include: determining a third PTRS pattern based on a
value of a second parameter and a fifth correspondence, where the fifth correspondence is a
correspondence between a plurality of value sets of the second parameter and a plurality of PTRS
patterns, each value set corresponds to one type of PTRS pattern, the PTRS pattern indicates a
distribution rule of a PTRS in an orthogonal frequency division multiplexing OFDM symbol, the
PTRS pattern includes a plurality of PTRS groups, and each PTRS group includes a plurality of
consecutive PTRS sampling points; and when at least one PTRS group in the third PTRS pattern
in the OFDM symbol is located at a tail of the OFDM symbol, and it is determined that a value of
a first parameter is greater than or equal to a first threshold, determining a fourth PTRS pattern
based on the third PTRS pattern, and transmitting the PTRS based on the fourth PTRS pattern,
where the first parameter includes a receive window advance.

[0031] According to the foregoing method, when a PTRS group in the determined PTRS
pattern in the OFDM symbol is located at the tail of the OFDM symbol, the terminal device and
the network device can further determine a new PTRS pattern, to reduce impact of the receive

window advance on PTRS phase noise estimation, ensure phase noise estimation performance of
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the PTRS, so that demodulation performance and spectral efficiency are improved.

[0032] In a possible design, when it is determined that the value of the first parameter is less
than the first threshold, the PTRS is transmitted based on the third PTRS pattern. In this way, when
the receive window advance has no impact or small impact on the PTRS phase noise estimation,
the network device and the terminal device can transmit the PTRS based on a current PTRS pattern.
[0033] In a possible design, a specific method for determining the fourth PTRS pattern based
on the third PTRS pattern may be: adjusting a quantity of PTRS groups in the third PTRS pattern
and/or a quantity of PTRS sampling points in a PTRS group, to obtain the fourth PTRS pattern. In
this way, the obtained fourth PTRS pattemn is not affected by impact of the receive window advance
or the like on the PTRS phase noise estimation, to ensure the phase noise estimation performance
of the PTRS, so that the demodulation performance and the spectral efficiency are improved.
[0034] In a possible design, a specific method for determining the fourth PTRS pattern based
on the third PTRS pattern may be: multiplying the quantity of PTRS groups in the third PTRS
pattern by A, and dividing a quantity of PTRS sampling points in each PTRS group in the third
PTRS pattern by A, to obtain a quantity of PTRS groups in the fourth PTRS pattern and a quantity
of PTRS sampling points included in each PTRS group in the fourth PTRS pattern, where A is an
iteger greater than or equal to 2; increasing the quantity of PTRS groups in the third PTRS pattern
by B, to obtain a quantity of PTRS groups in the fourth PTRS pattern, and using a quantity of
PTRS sampling points in each PTRS group in the third PTRS pattern as a quantity of PTRS
sampling points in each PTRS group in the fourth PTRS pattern, where a distribution distance
between last two PTRS groups in the fourth PTRS pattern is greater than a second threshold, and
B is an integer greater than or equal to 1; or increasing the quantity of PTRS groups in the third
PTRS pattern by K, to obtain a quantity of PTRS groups in the fourth PTRS pattern, keeping a
quantity of PTRS sampling points in first H-2 PTRS groups to be the quantity of sampling points
in the PTRS group in the third PTRS pattern and unchanged, and dividing a quantity of sampling
points in a last PTRS group in the third PTRS pattern by L to obtain a quantity of PTRS sampling
points in last two PTRS groups, to obtain a quantity of PTRS sampling points in ecach PTRS group
in the fourth PTRS pattern, where a distribution distance between the last two PTRS groups in the
fourth PTRS pattern is greater than a third threshold, K is an integer greater than or equal to 1, L
is an integer greater than or equal to 2, H is the quantity of PTRS groups in the fourth PTRS pattemn,
and H is a positive integer greater than 2. In this way, the obtained fourth PTRS pattern is not
affected by impact of the receive window advance or the like on the PTRS phase noise estimation,
to ensurc the phase noise estimation performance of the PTRS, so that the demodulation
performance and the spectral efficiency are improved.

[0035] In a possible design, the second threshold and the third threshold each are positively

8
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correlated to a scheduled bandwidth configured by the network device for the terminal device.
[0036] In a possible design, the second parameter is the scheduled bandwidth configured by
the network device for the terminal device; or the second parameter is the scheduled bandwidth
configured by the network device for the terminal device and a modulation and coding scheme
MCS configured by the network device for the terminal device.

[0037] In a possible design, the first parameter further includes a modulation and coding
scheme MCS configured by the network device for the terminal device.

[0038] In a possible design, a specific method for determining that the value of the first
parameter is greater than or equal to the first threshold may be: determining that a value of a receive
window advance corresponding to a first modulation and coding scheme MCS is greater than or
equal to the first threshold, where the first MCS is one of a plurality of MCSs configured by the
network device for the terminal device, and thresholds of values of receive window advances
corresponding to the plurality of MCSs are different.

[0039] In a possible design, that at least one PTRS group in the first PTRS pattern in the OFDM
symbol is located at a tail of the OFDM symbol may include: at least one sampling point in at least
onc PTRS group in the first PTRS pattern in the OFDM symbol is located at a last sampling point
or a last modulation symbol (namely, a last QAM symbol) of the OFDM symbol; or a distance
between at least one sampling point in at least one PTRS group in the first PTRS pattern in the
OFDM symbol and a last sampling point or a last modulation symbol (namely, a last QAM symbol)
of the OFDM symbol is less than or equal to a preset distance threshold. In this way, it can be
accurately determined that at least one PTRS group in a PTRS pattern in the OFDM symbol is
located at the tail of the OFDM symbol.

[0040] In a possible design, when the method is applied to the network device, the network
device sends the value of the first parameter to the terminal device; or the network device sends
seventh information to the terminal device, where the seventh information indicates whether the
value of the first parameter is greater than or equal to the first threshold. In this way, the terminal
device can determine whether the first parameter is greater than or equal to the first threshold.
[0041] In a possible design, when the method is applied to the terminal device, the terminal
device receives the value of the first parameter from the network device; or the terminal device
receives and sends the seventh information from the network device, where the seventh
information indicates whether the value of the first parameter is greater than or equal to the first
threshold. In this way, the terminal device can determine whether the first parameter is greater than
or equal to the first threshold.

[0042] In a possible design, when the method is applied to the network device, transmitting
the PTRS based on the PTRS pattern may be specifically: The network device receives the PTRS

9
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based on the PTRS pattern. When the method is applied to the terminal device, transmitting the
PTRS based on the PTRS pattern may be specifically: The terminal device sends the PTRS based
on the PTRS pattern.

[0043] In a possible design, when the network device receives the PTRS from the terminal
device based on the fourth PTRS pattern, and when a signal-to-noise ratio SNR and/or the
modulation and coding scheme MCS configured for the terminal device are/is greater than a preset
threshold, the network device performs phase noise estimation on each PTRS group in the fourth
PTRS pattern, and performs interpolation between obtained results of all PTRS groups, to obtain
a full-symbol phase noise estimation result; or when a signal-to-noise ratio SNR and/or the
modulation and coding scheme MCS configured for the terminal device are/is less than or equal
to a preset threshold, the network device sequentially performs phase noise joint estimation on
every two consecutive PTRS groups in the fourth PTRS pattern, and performs interpolation
between obtained results of every two consecutive PTRS groups, to obtain a full-symbol phase
noise estimation result. In this way, the network device can flexibly perform phase noise estimation,
and obtain a better phase noise estimation result.

[0044] According to a third aspect, this application further provides a phase tracking reference
signal transmission apparatus, where the phase tracking reference signal transmission apparatus
may be a terminal device, and the phase tracking reference signal transmission apparatus has
functions of the terminal device for implementing the first aspect, the possible designs of the first
aspect, the second aspect, or the possible design examples of the second aspect. The functions may
be implemented by hardware, or may be implemented by executing corresponding software by
hardware. The hardware or software includes one or more modules corresponding to the foregoing
functions.

[0045] In a possible design, a structure of the phase tracking reference signal transmission
apparatus includes a transceiver unit and a processing umit. These units may perform the
corresponding functions of the terminal device in the first aspect, the possible designs of the first
aspect, the second aspect, or the possible design examples of the second aspect. For details, refer
to the detailed descriptions in the method example. Details are not described hercin again.

[0046] In a possible design, a structure of the phase tracking reference signal transmission
apparatus includes a transceiver and a processor, and optionally, further includes a memory. The
transceiver is configured to send and receive data, and is configured to communicate and interact
with another device in a communication system. The processor is configured to: support the phase
tracking reference signal transmission apparatus in performing the corresponding functions of the
terminal device in the first aspect, the possible designs of the first aspect, the second aspect, or the

possible design examples of the second aspect. The memory is coupled to the processor, and stores
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program instructions and data that are necessary for the phase tracking reference signal
transmission apparatus.

[0047] According to a fourth aspect, this application further provides a phase tracking
reference signal transmission apparatus, where the phase tracking reference signal transmission
apparatus may be a network device, and the phase tracking reference signal transmission apparatus
has functions of the network device for implementing the first aspect, the possible designs of the
first aspect, the second aspect, or the possible design examples of the second aspect. The functions
may be implemented by hardware, or may be implemented by executing corresponding software
by hardware. The hardware or software includes one or more modules corresponding to the
foregoing functions.

[0048] In a possible design, a structure of the phase tracking reference signal transmission
apparatus includes a transceiver unit and a processing unit. These umits may perform the
corresponding functions of the network device in the first aspect, the possible designs of the first
aspect, the second aspect, or the possible design examples of the second aspect. For details, refer
to the detailed descriptions in the method example. Details are not described hercin again.

[0049] In a possible design, a structure of the phase tracking reference signal transmission
apparatus includes a transceiver and a processor, and optionally, further includes a memory. The
transceiver is configured to send and receive data, and is configured to communicate and interact
with another device in a communication system. The processor is configured to: support the phase
tracking reference signal transmission apparatus in performing the corresponding functions of the
network device in the first aspect, the possible designs of the first aspect, the second aspect, or the
possible design examples of the second aspect. The memory is coupled to the processor, and stores
program instructions and data that are necessary for the phase tracking reference signal
transmission apparatus.

[0050] According to a fifth aspect, an embodiment of this application provides a
commumication system, and the communication system may include the terminal device and the
network device mentioned above.

[0051] According to a sixth aspect, an embodiment of this application provides a computer-
readable storage medium, where the computer-readable storage medium stores program
mstructions, and when the program instructions are run on a computer, the computer is enabled to
perform the method according to any one of the first aspect and the possible designs of the first
aspect, or any onc of the second aspect and the possible designs of the second aspect in
embodiments of this application. For example, the computer-readable storage medium may be any
usable medium that can be accessed by the computer. By way of example rather than limitation,

the computer-readable medium may include a non-transitory computer-readable medium, a
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random access memory (random access memory, RAM), a read-only memory (read-only memory,
ROM), an clectrically erasable programmable read-only memory (electrically EPROM,
EEPROM), a CD-ROM or another optical disk storage, a magnetic disk storage medium or another
magnetic storage device, or any other medium that can carry or store desired program code in a
form of instructions or a data structure and that can be accessed by the computer.

[0052] According to a seventh aspect, an embodiment of this application provides a computer
program product including computer program code or instructions. When the computer program
product runs on a computer, the computer is enabled to implement the method according to any
one of the first aspect or the possible designs of the first aspect, or any one of the second aspect
and the possible designs of the second aspect.

[0053] According to an eighth aspect, this application further provides a chip, including a
processor, where the processor is coupled to a memory, and is configured to: read and execute
program instructions stored in the memory, to enable the chip to implement the method according
to any one of the first aspect or the possible designs of the first aspect, or any one of the second
aspect and the possible designs of the second aspect.

[0054] For each of the third aspect to the eighth aspect and technical effects that can be
achieved by the aspect, refer to descriptions of technical effects that can be achieved in the first

aspect or the possible solutions in the first aspect. Details are not described herein again.

BRIEF DESCRIPTION OF DRAWINGS

[0055] FIG. 1 is a schematic diagram of phasc noise power spectral density in a phase noise
model;

[0056] FIG. 2 is another schematic diagram of phase noise power spectral density in a phase
noise model;

[0057] FIG. 3 is a schematic diagram of a frequency domain signal without impact of phase
noise when a signal is modulated in 64QAM;

[0058] FIG. 4 is a schematic diagram of impact of weak phase noise on a frequency domain
signal when a signal is modulated in 64QAM;

[0059] FIG. 5 is a schematic diagram of impact of strong phase noise on a frequency domain
signal when a signal is modulated in 64QAM;

[0060] FIG. 6 is a schematic diagram of distribution of a PTRS pattern in which a quantity of
PTRS sampling points is 4 in FFT windows of a transmitting end and a receiving end,

[0061] FIG. 7 is a schematic diagram of an architecture of a commumication system according

to this application;
12
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[0062] FIG. 8 is a schematic diagram of functional modules of a transmitting end and a
receiving end according to this application;

[0063] FIG. 9 is a flowchart of a phase tracking reference signal transmission method
according to this application;

[0064] FIG. 10a is a schematic flowchart of PTRS transmission according to this application;
[0065] FIG. 10b is a schematic flowchart of PTRS transmission according to this application;
[0066] FIG. 11 is a flowchart of another phase tracking reference signal transmission method
according to this application;

[0067] FIG. 12 is another schematic flowchart of PTRS transmission according to this
application;

[0068] FIG. 13 is a schematic diagram of PTRS pattern mapping according to this application;
[0069] FIG. 14 is a schematic diagram of a structure of a phase tracking reference signal
transmission apparatus according to this application; and

[0070] FIG. 15 is a diagram of a structure of a phase tracking reference signal transmission

apparatus according to this application.

DESCRIPTION OF EMBODIMENTS

[0071] The following further describes in detail this application with reference to the
accompanying drawings.

[0072] Embodiments of this application provide a phase tracking reference signal transmission
method and apparatus, to improve demodulation performance. The method and the apparatus in
this application are based on a same technical concept. Because the method and the apparatus have
a similar principle for resolving a problem, mutual reference may be made between apparatus
implementations and method implementations. Repeated descriptions are not provided again.
[0073] In descriptions of this application, terms such as "first" and "second" are merely used
for a purpose of differentiation and description, but cannot be understood as indicating or implying
relative importance, or cannot be understood as indicating or implying a sequence.

[0074] In the descriptions in this application, "at least one (type)" means one (type) or more
(types), and "a plurality of (types)" means two (types) or more (types).

[0075] The following briefly describes some technologies in embodiments of this application,
to help a person skilled in the art have a better understanding.

[0076] In a new radio (new radio, NR) protocol, in addition to supporting a cyclic prefix-
orthogonal frequency division multiplexing (cyclic prefix-orthogonal frequency division

multiplexing, CP-OFDM) waveform, uplink also supports a discrete Fourier transform-spread-
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orthogonal frequency division multiplexing (discrete Fourier transform-spread-OFDM, DFT-s-
OFDM) waveform. In comparison with the CP-OFDM waveform, the DFT-s-OFDM waveform
has a feature of a low peak-to-average power ratio (peak-to-average power ratio, PAPR). After
modulated data of the DFT-s-OFDM waveform is arranged and before the modulated data of the
DFT-s-OFDM waveform is mapped to a resource element, a discrete Fourier transform (Discrete
Fourier Transform, DFT) change needs to be performed first, and may be specifically reflected by

using the following formula:

y(k)= \/—Z X(l)e w

[0077] N is a quantity of subcarriers in a scheduled bandwidth; x(i) is a modulation symbol,
and a modulation method includes quadrature amplitude modulation (quadrature amplitude
modulation, QAM), quadrature phase shift keying (quadrature phase shift keying, QPSK)
modulation, /2 shifted binary phase shift keying (/2 shifted binary phase shift keying, n/2-BPSK)
modulation, amplitude phase shift keying (amplitude phase shift keying, APSK) modulation, non-
uniform QAM modulation, and the like; and y(k) is a signal to be mapped to the subcarrier.
[0078] At a receiving end, after signal equalization is completed in frequency domain, an
mverse discrete Fourier transform (Inverse Discrete Fourier Transform, IDFT) operation is
performed on a signal on a subcarrier in a scheduled bandwidth on a same OFDM symbol, to
restore a transmit signal.

[0079] Currently, in an operating frequency band of a communication system, a high frequency
(a frequency band that is at least 6 GHz, for example, 28 GHz, 39 GHz, 60 GHz, or 73 GHz) has
become a hot research and development topic in the industry for meeting increasing
commumication requirements because the high frequency has rich frequency band resources.
Notable features of the high frequency include a large bandwidth and a highly integrated antenna
array, to achieve a high throughput, and further include severe intermediate radio frequency
distortion problems such as phase noise (phase noise, PHN) and a carrier frequency offset (carrier
frequency offset, CFO). In addition, a Doppler shift of the high frequency is also large. All the
three problems may introduce a phase error, and consequently performance of a high-frequency
commumication system deteriorates or even the high-frequency communication system cannot
work.

[0080] The phase noise is used as an example. An increase in a frequency band indicates higher
phase noise power spectral density and greater impact on a received signal. For example, FIG. 1
and FIG. 2 show schematic diagrams of phase noise power spectral density in two different phase
noise models. It can be learned from FIG. 1 and FIG. 2 that, an increase in an operating frequency

band indicates higher phase noise power spectral density. For another example, FIG. 3 to FIG. 5
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are schematic diagrams of impact of different phase noise on a frequency domain received signal
(where a horizontal coordinate is in-phase (in-phase), and a vertical coordinate is quadrature
(quadrature)). FIG. 3 is a schematic diagram of a frequency domain signal without impact of phase
noise when a signal is modulated in 64QAM. FIG. 4 is a schematic diagram of impact of weak
phase noise on a frequency domain signal when a signal is modulated in 64QAM. FIG. 5 is a
schematic diagram of impact of strong phase noise on a frequency domain signal when a signal is
modulated in 64QAM. It can be leamed from FIG. 3 to FIG. 5 that, when there is the impact of
the phase noise, a 64QAM constellation point rotates and spreads. In comparison with a
constellation point with weak phase noise, a constellation point with strong phase noise has a
higher ratio of a spread radius to a minimum Euclidean distance of a standard constellation point.
It can be leamed from FIG. 1 to FIG. 5 that, when a frequency band is high, deterioration of the
phase noise causes demodulation performance to become poor. Therefore, in an existing NR
protocol, a phase tracking reference signal (phase tracking reference signal, PTRS) is introduced
for both two waveforms (CP-OFDM and DFT-s-OFDM), to compensate for impact of the phase
noise and improve the demodulation performance under a phase noise condition.

[0081] Specifically, a process of transmitting the PTRS may be as follows: A transmitting end
maps the PTRS to an orthogonal frequency division multiplexing (Orthogonal Frequency Division
Multiplexing, OFDM) symbol based on a PTRS pattern, and sends the PTRS to a receiving end;
and the receiving end receives the PTRS based on the PTRS pattern. The PTRS pattern indicates
a distribution rule of the PTRS in the OFDM symbol. A PTRS pattern applicable to DFT-s-OFDM
includes a plurality of PTRS groups, and each PTRS group includes a plurality of consecutive
PTRS sampling points (in other words, includes a plurality of consecutive modulation symbols).
[0082] For DFT-s-OFDM, the PTRS pattern may be determined based on a scheduled
bandwidth, as shown in Table 1 below. Nrg; (i=0, 1, 2, 3, 4) is a threshold configured by a network
device for a terminal device by using higher layer signaling. Then, in a data transmission process,
both the network device and the terminal device determine a specific PTRS pattern in current data
transmission based on Table 1 and a current scheduled bandwidth scheduled by the network device
for the terminal device. For example, when a configured scheduled bandwidth Nrg meets a
condition: Nre2<Nrs<Nrg3, both the network device and the terminal device determine, based on
Table 1 below, that a quantity of PTRS groups in the PTRS pattern is 4, and a quantity of PTRS
sampling points in a PTRS group is 2.

15
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Table 1 Correspondence between a scheduled bandwidth and a PTRS pattern

Scheduled bandwidth Quantity of PTRS groups | Quantity of sampling points in a group
(Scheduled bandwidth) | (Number of PTRS groups) | (Number of samples per PTRS group)

NrpoS NrB<NgrB1 2 2
NrB1<{Nre<NRrB2 2 4
Nrp2SNrB<Ngp3 4 2
NrB3<Nr<NrB4 4 4
NrB4<Nrp 8 4

[0083] After the PTRS pattern (the quantity of PTRS groups and the quantity of PTRS
sampling points in the group) is determined, the terminal device and the network device may
further determine a specific position of the PTRS in one DFT-s-OFDM symbol. Specifically, all
QAM symbols included in one DFT-s-OFDM symbol (in other words, resource elements (resource
elements, REs) or subcarriers included in the scheduled bandwidth are equally divided into N (the
quantity of PTRS groups) gaps. If M (the quantity of PTRS sampling points in the PTRS group)=2,
onc PTRS group is mapped to a middle of each gap. If M=4, a first PTRS group is mapped to a
header of a first gap, a last PTRS group is mapped to a tail of a last gap, and other PTRS groups
are mapped to middles of gaps.

[0084] In other words, when the quantity of PTRS sampling points in the PTRS group is 4,
one of the PTRS groups is distributed at a tail of the DFT-s-OFDM symbol. However, in practice,
the network device usually considers one or more of impact of a multipath, impact of a timing
error, or impact of different timing errors of different terminal devices, and timing of a receiving
component of the network device has an advance, as shown by a fast Fourier transform (fast
Fourier transform, FFT) receive window (namely, an input window in FIG. 6) in FIG. 6. In other
words, there is a receive window advance. FFT is performed on signals in the receive window
together, to transform the signals to a frequency domain. In other words, FFT is performed on the
signals as a whole in the input window. FIG. 6 shows patterns in which quantities N of PTRS
groups are respectively 2, 4, and 8 and the quantity of PTRS sampling points in the PTRS group
is 4, and distribution of the PTRS pattern in an FFT window (namely, an output window) of the
transmitting end (TX) and an FFT window (namely, the output window) of the receiving end (RX).
It can be leamned from FIG. 6 that a group of PTRSs is distributed at the tail of the DFT-s-OFDM
symbol. IFFT is performed on signals as a whole in the output window.

[0085] Because a cyclic prefix (cyclic prefix, CP) is added (to be specific, after inverse fast
Fourier transform (inverse fast Fourier transform, IFFT) is performed, the tail of the DFT-s-OFDM

symbol is copied and added to a header of a DFT-s-OFDM signal), a signal corresponding to the
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PTRS group located at the tail of the DFT-s-OFDM symbol is further distributed in a CP part at
the header of the DFT-s-OFDM symbol. Advancing of the receive window causes a case in which
after channel equalization, a PTRS group located in the CP, namely, a front part of the receive
window, is remapped to the tail of the DFT-s-OFDM symbol. However, the PTRS group actually
located at the tail of the DFT-s-OFDM symbol is discarded due to the advancing of the receive
window, that is, a PTRS group in a dashed box in FIG. 6 is discarded.

[0086] Phase noise estimation of the DFT-s-OFDM symbol needs to estimate a phase noise
value based on each PTRS group, and interpolation is performed between the PTRS groups, to
obtain a phase noise estimation value on the entire DFT-s-OFDM symbol. The PTRS group that
returns to the tail of the DFT-s-OFDM signal after the equalization actually comes from the CP in
the front of the DFT-s-OFDM signal. Therefore, phase noise experienced by the PTRS group at
the tail of the DFT-s-OFDM signal is actually phase noise in the front of the DFT-s-OFDM symbol,
but not phase noise on the PTRS group at the tail of the DFT-s-OFDM symbol. Consequently,
when the phase noise estimated based on the PTRS group is used for interpolation, to estimate
phase noise on the entire DFT-s-OFDM symbol, precision of phase noise estimation is significantly
reduced. This further deteriorates the demodulation performance and reduces spectral efficiency.
[0087] Based on this, this application provides a phase tracking reference signal transmission
method, to enable phase noise estimation of a PTRS to be not affected by a receive window
advance, so that demodulation performance and spectral efficiency can be improved.

[0088] The phase tracking reference signal transmission method provided in embodiments of
this application may be applied to various communication systems, such as an LTE system, an NR
system, a wireless local area network (wireless local area network, WLAN), a 5th generation (5th
generation, 5G) communication system, a 6th generation (6th generation, 6(G) communication
system or another future evolved system, any other wireless communication system that uses a
radio access technology, or the like. Embodiments of this application are applicable provided that
there is phase noise in the communication system. Particularly, embodiments of this application
are applicable to a scenario in which high-frequency phase noise is severe. For example, this
application is further applicable to the following scenarios: scenarios that have a high requirement
on timing or a high requirement on a transmission rate, for example, an enhanced mobile
broadband (enhanced Mobile BroadBand, eMBB) scenario, a multi-site transmission scenario
(where signal transmission is performed between a same terminal device and a plurality of sites),
a backhaul scenario, a wircless to the x (wircless to the x, WITx) scenario, and a device-to-device
(device-to-device, D2D) scenario. This application does not limit a waveform, and may be applied
to a CP-OFDM-based or DFT-s-OFDM-based system.

[0089] For example, FIG. 7 is a diagram of an architecture of a possible communication system
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to which a phase tracking reference signal transmission method is applicable according to an
embodiment of this application. The communication system may include a plurality of network
devices and a plurality of terminal devices.

[0090] The network device is a device with a wireless transceiver function or a chip that may
be disposed in the network device. The network device may be a base station, a relay station, or
an access point. For example, the network device may be a NodeB (NodeB, NB) in wideband code
division multiple access (wideband code division multiple access, WCDMA), or may be an
evolved NodeB (evolved NodeB, ¢NB or eNodeB) in LTE, or a next generation NodeB (next
generation NodeB, gNodeB, or gNB) in NR. Alternatively, the network device may be a radio
controller in a cloud radio access network (cloud radio access network, CRAN) scenario.
Altematively, the network device may be a base station controller (base station controller, BSC),
a basc transceiver station (base transceiver station, BTS), a home NodeB (for example, home
evolved NodeB, or home NodeB, HNB), a baseband unit (baseband unit, BBU), or an access point
(access point, AP), a wireless relay node, a wireless backhaul node, and a transmission point
(transmission and reception point, TRP, or transmission point, TP) in a wireless fidelity (wircless
fidelity, Wi-Fi) system, or the like, or may be a network node constituting the gNB or the
transmission point, for example, a baseband unit (BBU) or a distributed unit (distributed unit, DU).
Alternatively, the network device may be a base station in a future 5G network or a network device
in a future evolved public land mobile network (public land mobile network, PLMN). Altemnatively,
the network device may be a wearable device, a vehicle-mounted device, or the like.

[0091] In some deployments, the gNB may include a central unit (central unit, CU) and a
distributed unit (distributed unit, DU). The CU implements some functions of the gNB, and the
DU implements some functions of the gNB. For example, the DU may be configured to implement
sending and receiving of a radio frequency signal, conversion between a radio frequency signal
and a bascband signal, and some baseband processing. The CU may be configured to: perform
baseband processing, control a base station, and the like. In some embodiments, the CU is
responsible for processing a non-real-time protocol and service, and implementing functions of a
radio resource control (radio resource control, RRC) layer and a packet data convergence protocol
(packet data convergence protocol, PDCP) layer. The DU is responsible for processing a physical
layer protocol and a real-time service, and implementing functions of a radio link control (radio
link control, RLC) layer, a medium access control (medium access control, MAC) layer, and a
physical (physical, PHY) layer. Because information at the RRC layer is finally changed into
information at the PHY layer, or is changed from information at the PHY layer, in this architecture,
higher layer signaling such as RRC layer signaling may also be considered to be sent by the DU,
or be sent by the DU and an AAU. It may be understood that the network device may be a device
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that includes one or more of a CU node, a DU node, and an AAU node. In addition, the CU may
be classified as a network device in an access network (radio access network, RAN), or the CU
may be classified as a network device in a core network (core network, CN). This is not limited in
this application.

[0092] The terminal device may also be referred to as user equipment (User Equipment, UE),
an access terminal, a terminal unit, a terminal station, a mobile station, a remote station, a remote
terminal, a mobile device, a wireless communication device, a terminal agent, a terminal apparatus,
or the like. For example, the terminal device may be a mobile phone (mobile phone), a tablet
computer (Pad), a computer having a wireless transceiver function, a virtual reality (virtual reality,
VR) terminal device, an augmented reality (augmented reality, AR) terminal device, a wireless
terminal in industrial control (industrial control), a wircless terminal in self driving (self driving),
a wireless terminal in remote medical (remote medical), a wireless terminal in a smart grid (smart
grid), a wireless terminal in transportation safety (transportation safety), a wireless terminal in a
smart city (smart city), a smart wearable device (smart glasses, a smart watch, a smart headset, or
the like), a wireless terminal in a smart home, or the like. Alternatively, the terminal device may
be a cellular phone, a cordless phone, a session initiation protocol (session initiation protocol, SIP)
phone, a wircless local loop (wireless local loop, WLL) station, a personal digital assistant
(personal digital assistant, PDA), a handheld device having a wireless communication function, a
computing device, another processing device connected to a wireless modem, a vehicle-mounted
device, a wearable device, a terminal device in a future 5G network, a terminal device in a future
evolved PLMN, or the like. Altemnatively, the terminal device may be a chip, a chip module (or a
chip system), or the like that can be disposed in the foregoing device. In this application, a terminal
device having a wireless transceiver function and a chip that can be disposed in the foregoing
terminal device are collectively referred to as a terminal device.

[0093] FIG. 7 shows an example of a scenario to which this application is applicable: an eMBB
scenario (shown by a solid line in FIG. 7), a multi-site transmission scenario (shown by a dashed
line O in FIG. 7), a backhaul scenario (shown by a dashed line @ in FIG. 7), a D2D scenario
(shown by a dashed line 3 in FIG. 7). It should be understood that the four scenarios shown in
FIG. 7 are merely examples, and this is not limited in this application.

[0094] In embodiments of this application, the network device and the terminal may be
deployed on the land, including indoor or outdoor, handheld, or vehicle-mounted; may be deployed
on the water; or may be deployed on aircraft, a balloon, or a satellite in the air. Application
scenarios of the network device and the terminal device are not limited in embodiments of this
application.

[0095] It should be noted that in the phase tracking reference signal transmission method
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provided in embodiments of this application, a PTRS may be sent by the terminal device, a
processor in the terminal device, a chip or a chip system, a functional module, or the like; and the
PTRS may be received by the network device, a processor in the network device, a chip or a chip
system, a functional module, or the like. An apparatus for sending the PTRS may be referred to as
atransmitting end, and an apparatus for receiving the PTRS may be referred to as a receiving end.
[0096] For example, FIG. 8 is a schematic diagram of functional modules of a transmitting
end and a receiving end to which an embodiment of this application is applicable. The transmitting
end may generate a PTRS sequence. Specifically, the transmitting end generates a source bit (a
data bit stream), encodes the source bit, and performs QAM modulation on an encoded bit, to
obtain a modulated data sequence. The transmitting end maps/arranges the generated PTRS
sequence and the modulated data sequence (where it indicates mapping of a data QAM symbol
and a QAM symbol of a PTRS before DFT), and performs a DFT operation on a mapped/arranged
sequence. A sequence obtained after the DFT and a generated DMRS sequence are mapped to an
RE (in other words, a DFT-s-OFDM symbol is mapped to a specified frequency domain resource),
mverse fast Fourier transform (inverse fast Fourier transform, IFFT) is performed, and a CP is
added to the sequence to obtain a final symbol sequence. Then, the final symbol sequence is sent
to the receiving end through a channel.

[0097] The receiving end performs an inverse process that is contrary to the process performed
by the transmitting end. To be specific, after receiving the symbol sequence from the transmitting
end, the receiving end removes the added CP in the symbol sequence (in other words, discards a
signal outside an FFT receive window), and performs fast Fourier transform (fast Fourier
transform, FFT). Then, the receiving end performs channel equalization (including operations such
as channel estimation). Then, the receiving end performs RE demapping and inverse discrete
Fourier transform (inverse discrete Fourier transform, IDFT) on a sequence on which channel
equalization is completed. Then, the receiving end obtains the PTRS, performs phase noise
estimation based on the obtained PTRS, performs phase noise compensation based on the phase
noise estimation, and performs QAM demodulation and decoding on a sequence obtained after the
phase noise compensation, to restore the data bit stream sent by the transmitting end.

[0098] It should be noted that the CP-related operations in FIG. 8 arec merely used as an
example. Optionally, at least one of the following operations and modules may be further included:
frequency domain spectrum shaping, serial-to-parallel conversion, parallel-to-serial conversion, a
digital-to-analog converter (digital-to-analog-converter, DAC), a power amplifier (power
amplifier, PA), a low noise amplifier (low noise amplifier, LNA), an analog-to-digital converter
(analog-to-digital converter, ADC), and the like.

[0099] In the following embodiments, the phase tracking reference signal transmission method
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provided in this application is described in detail only by using an example in which the
transmitting end is the terminal device and the receiving end is the network device. However, this
does not constitute a limitation on this application.

[00100] In the following descriptions, all "OFDM symbols" are general terms, and the OFDM
symbol may be a DFT-s-OFDM symbol or a CP-OFDM symbol. This is not limited in this
application.

[00101] Based on the foregoing descriptions, a phase tracking reference signal transmission
method provided in an embodiment of this application is applicable to the communication system
shown in FIG. 7. Refer to FIG. 9. A specific procedure of the method may include the following
steps.

[00102] Step 901: A terminal device determines a first PTRS pattern, where the first PTRS
pattern belongs to a first PTRS pattern set, the first PTRS pattern sct includes a plurality of PTRS
patterns, and none of all PTRS groups in each PTRS pattern is located at a tail of an OFDM symbol;
the PTRS pattern indicates a distribution rule of a PTRS in the OFDM symbol; and the PTRS
pattern includes a plurality of PTRS groups, and each PTRS group includes a plurality of
consecutive PTRS sampling points.

[00103] It should be noted that, in the distribution rule that is of the PTRS in the OFDM symbol
and that is indicated by the PTRS pattern, the PTRS may be distributed in one or more OFDM
symbols. This is not limited in this application.

[00104] The plurality of consecutive PTRS sampling points may be QAM symbols, for example,
may be QAM symbols before DFT, or may be QAM symbols after IDFT.

[00105] In an optional implementation, that none of all PTRS groups in each PTRS pattemn in
the OFDM symbol is located at the tail of the OFDM symbol may be specifically either of the
following two cases.

[00106] Case al: No sampling point in a last PTRS group in each PTRS pattern in the OFDM
symbol is located at a last sampling point or a last QAM symbol of the OFDM symbol.

[00107] Case a2: A distance between any sampling point in a last PTRS group in each PTRS
pattern in the OFDM symbol and a last sampling point or a last QAM symbol of the OFDM symbol
is greater than a preset distance threshold.

[00108] For example, a quantity of PTRS sampling points in a PTRS group in any one of the
plurality of PTRS pattemns is not equal to 4. In this way, it can also be ensured that none of all
PTRS groups in the first PTRS pattern determined by the terminal device in the OFDM symbol is
located at the tail of the OFDM symbol.

[00109] Optionally, a specific method for the terminal device to determine the first PTRS

pattern may be: The terminal device determines a correspondence between a value set of a second
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parameter and a PTRS pattern as a first correspondence, and determines the first PTRS pattern
based on a value of the second parameter and the first correspondence, where the first
correspondence is a correspondence between a plurality of value sets of the second parameter and
a plurality of PTRS patterns, ecach value set corresponds to one type of PTRS pattern, and the
plurality of PTRS patterns in the first correspondence are the same as the plurality of PTRS
patterns included in the first PTRS pattern set. In other words, the plurality of PTRS patterns in
the first correspondence form the first PTRS pattern set. It may also be understood as that the
correspondence is a correspondence between the value set of the second parameter and the first
PTRS pattern set.

[00110] The value set of the second parameter in any correspondence may correspond to a
threshold of the second parameter, and may represent a plurality of value intervals (or referred to
as threshold intervals, intervals, value ranges, threshold ranges, or the like).

[00111] For example, the second parameter may be a scheduled bandwidth configured by a
network device for the terminal device; or the second parameter may be a scheduled bandwidth
configured by a network device for the terminal device and a modulation and coding scheme
(modulation and coding scheme, MCS) configured by the network device for the terminal device.
[00112] For example, the correspondence between a value set of a second parameter and a
PTRS pattern may be predefined. An example in which the second parameter is the scheduled
bandwidth configured by the network device for the terminal device is used below for detailed
description.

[00113] In a first possible example, a value set of the PTRS pattern is extended (where a value
of the PTRS pattern is a quantity of PTRS groups in the PTRS pattern and a quantity of PTRS
sampling points in each PTRS group), so that in a conventional technology, a PTRS pattern in
which a quantity of PTRS sampling points in each PTRS group is 4 may correspond to a PTRS
pattern in which a quantity of PTRS sampling points is not 4, where the "correspondence” may be
understood as same or close PTRS overheads, or a same or close quantity of PTRS sampling points.
That is, values of Ng*Ns are equal or close, where Ng represents the quantity of PTRS groups,
and Ns represents the quantity of sampling points in the PTRS group. In addition, a correspondence
between a plurality of value sets of the second parameter and a PTRS pattern is defined, and when
impact of a receive window advance exists, the PTRS pattern in which a quantity of sampling
points is not 4 may be configured, to avoid a problem in the conventional technology that poor
demodulation performance is caused by the PTRS pattern in which a quantity of sampling points
is 4 when the impact of the receive window advance exists. In this example, it may be understood
as that the PTRS pattern is added or extended in the foregoing Table 1.

[00114] Forexample, it is assumed that the PTRS pattern in which a quantity of PTRS sampling
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points in a PTRS group is 4 is [Ng, Ns]=[Ng, 4], where Ng represents the quantity of PTRS groups
in the PTRS pattern, in other words, a quantity of PTRS groups in the OFDM symbol (for example,

PT-RS
group

a DFT-s-OFDM symbol), that is, N . Ns represents the quantity of PTRS sampling points

included in each PTRS group, that is, N2> Currently, when Ns=4, there is one PTRS group

samp
distributed at a tail of the DFT-s-OFDM symbol, and the impact of the receive window advance is
great. When Ns=2, all PTRS groups arc distributed at middles of gaps, there is no PTRS group
distributed at a tail of the DFT-s-OFDM symbol, and the impact of the rececive window advance is
small. Therefore, a current PTRS pattern set (namely, the PTRS pattern included in Table 1) can
be added or extended, so that each PTRS pattern of [Ng, Nsj=|Ng, 4] can correspond to one pattern
in which Ns#4 and that has similar overheads or same overheads. For example, the PTRS pattern
of [Ng, 4] may correspond to a PTRS pattern of [2Ng, 2].

[00115] For example, a correspondence between a scheduled bandwidth and a PTRS pattern is
shown in Table 2 below, and PTRS patterns, in the correspondence, of bold and italic fonts in Table
2 are newly added PTRS patterns in comparison with those in Table 1. [Ng, Ns|=[8, 2] corresponds
to [Ng, Ns}=[4, 4], and [Ng, Ns]=[ 16, 2] corresponds to [Ng, Ns|=[8, 4].

Table 2 Correspondence between a scheduled bandwidth and a PTRS pattern

Scheduled bandwidth | Quantity of PTRS groups | Quantity of sampling points in a group
(Scheduled bandwidth) | (Number of PTRS groups) | (Number of samples per PTRS group)
NrBo<NrB<NRrBI1
NrB1<{NrB<NgrnB2
NrB2SNrB<NRrB3
Nrp3<Nr<Ngrp4

Nrps< Nr<Ngrps

X S A NN

Nres<Nre<Nrgs

Nrps<NrgB 16

N RN R N AN

[00116] It can be learned that in comparison with content in current Table 1, two new PTRS
patterns are added. It should be noted that a quantity of newly added PTRS pattemns, a specific
quantity of PTRS groups in each PTRS pattern and a quantity of sampling points in a group (in
other words, a quantity of PTRS sampling points in the group), and a row in which the newly
added PTRS pattern is located in the table are merely examples. This is not limited to a case of
Table 2. For example, the quantity of newly added PTRS patterns may alternatively be 3,4, 1, or
another value, and the newly added PTRS pattern may alternatively be at least one of [Ng, Ns}=[4,
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31, [6, 31, [8, 3, [10, 3], or the like.
[00117]
example, Ns=3, a new mapping rule may be further defined for a PTRS pattem of this type. For

Optionally, when a new quantity of PTRS sampling points in a group is defined, for

example, all PTRS patterns are mapped to headers of gaps. Certainly, there may be another
mapping rule. This is not limited in this application.
[00118]

second parameter and a plurality of PTRS pattern sets may be defined for different scenarios,

In a second possible example, a correspondence between a group of value sets of the

where any two of the plurality of PTRS pattern scts may have at least one different PTRS pattemn.
In other words, a same value set of the second parameter in different scenarios corresponds to
different PTRS pattern scts. For example, as shown by a correspondence between a scheduled
bandwidth and a PTRS pattern in Table 3 below, in one correspondence, a quantity of PTRS
sampling points in a group in any PTRS pattern in a PTRS pattern set is not 4. In other words,
none of PTRS groups in all PTRS patterns in the PTRS pattern set is located at the tail of the
OFDM symbol.

Table 3 Correspondence between a scheduled bandwidth and a PTRS pattern

Scheduled Current PTRS pattern Newly added PTRS pattern
bandwidth Quantity of Quantity of Quantity of Quantity of
PTRS groups | sampling points in | PTRS groups | sampling points in
(Number of a group (Number of a group
PTRS groups) | (Number of PTRS groups) | (Number of
samples per PTRS samples per PTRS
group) group)
Nrpo< 2 2 2 2
Nre<Nrb1
Nrg1< 2 4 4 2
Nre<Nrs2
Nrg2< 4 2 4 2
Nre<NRrB3
Nrg3< 4 4 8 2
Nrp<NrB4
NrB4<NRrp 8 4 16 2
[00119] It can be leamed from Table 3 that, in comparison with the correspondence in current

Table 1, a correspondence between the scheduled bandwidth and a newly added PTRS pattern set
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(to be specific, a plurality of newly added PTRS patterns, or a plurality of newly added PTRS
patterns) is newly added. In other words, there is a correspondence between the scheduled
bandwidth and the current PTRS pattern set (to be specific, a plurality of current PTRS patterns,
or a plurality of current PTRS patterns) in Table 3, and there is another correspondence between
the scheduled bandwidth and the newly added PTRS pattern set in Table 3. A proper
correspondence is selected based on different scenarios and the like to determine a required PTRS
pattern.

[00120] It should be noted that a value of the quantity of PTRS groups and a value of the
quantity of sampling points in the group that correspond to the newly added PTRS pattern in Table
3 are merely examples, and may alternatively be other values. This is not limited in this application.
[00121] For example, in a first possible example, the first correspondence may be a
correspondence between the scheduled bandwidth and a PTRS pattern other than the PTRS pattern
in which a quantity of sampling points in a group is 4 in Table 2. To be specific, in this case, the
plurality of PTRS patterns included in the first PTRS pattern set may be the PTRS patterns in
which quantities of PTRS groups and quantities of sampling points in groups are respectively [2,
21, [4, 2], 18, 2], and [ 16, 2] in Table 2. In a second possible example, the first correspondence may
be the correspondence between the scheduled bandwidth and a newly added PTRS pattern set in
Table 3. To be specific, in this case, the plurality of PTRS pattemns included in the first PTRS
pattern set may be the PTRS pattemns in which quantitiecs of PTRS groups and quantities of
sampling points in groups are respectively [2, 21, [4, 2], |8, 2], and [ 16, 2] in Table 3. It should be
noted that, in Table 3, thresholds of the scheduled bandwidth corresponding to the PTRS pattern
of [4, 2] arc Ngp; and Ngps. In other words, the scheduled bandwidth within an interval range of
Nre1<Nre<Ngrp3 corresponds to the PTRS pattern of [4, 2]. In other words, in comparison with the
correspondence in Table 1, in this correspondence, the scheduled bandwidth does not change, but
only a corresponding PTRS pattern changes.

[00122] In an optional implementation, that the terminal device determines a correspondence
between a value set of a second parameter and a PTRS pattern as a first correspondence may
specifically include the following three methods.

[00123] Mecthod bl: The terminal device receives a value of a first parameter from the network
device, and if it is determined that the value of the first parameter is greater than or equal to a first
threshold, determines the correspondence between a value set of a second parameter and a PTRS
pattern as the first correspondence.

[00124] Mecthod b2: The terminal device receives fifth information from the network device,
where when the fifth information is a first value, the fifth information may indicate whether a value

of a first parameter is greater than or equal to a first threshold; and if the fifth information is the
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first value, and the terminal device determines that the value of the first parameter is greater than
or equal to the first threshold, the terminal device determines the correspondence between a value
set of a second parameter and a PTRS pattern as the first correspondence.

[00125] Mecthod b3: The terminal device receives sixth information from the network device,
where the sixth information indicates that the correspondence between a value set of a second
parameter and a PTRS pattern is the first correspondence.

[00126] Correspondingly, similar to the method b1, when the terminal device determines that
the value of the first parameter received from the network device is less than the first threshold,
the terminal device determines the correspondence between a value set of a second parameter and
a PTRS pattern as a third correspondence or a fourth correspondence.

[00127] The third correspondence and the fourth correspondence are correspondences between
the value set of the second parameter and a plurality of PTRS patterns.

[00128] The third correspondence is the correspondence determined by the terminal device in
the foregoing first possible example. For example, the plurality of PTRS patterns in the third
correspondence may be the PTRS patterns in which quantities of PTRS groups and quantities of
sampling points in groups are respectively [2, 21, [2, 4], [4, 2], [4, 4], and [8, 4] in Table 2. That is,
a PTRS pattern set in the third correspondence includes and includes only {[2, 2], [2, 4], [4, 2], [4,
41, [8, 41}

[00129] It should be noted that, that the value of the first parameter is greater than or equal to
the first threshold is classified as a solution, and that the value of the first parameter is less than
the first threshold is classified as another solution. It should be understood that this is merely an
example. Alternatively, that the value of the first parameter is greater than the first threshold is
classified as a solution, and that the value of the first parameter is less than or equal to the first
threshold is classified as another solution. That is, "equal to" may be combined with "greater than"
or may be combined with "less than". This is not limited in this application. It should be understood
that in the descriptions of this application, another case involving "equal to" is the same.

[00130] For example, when the first correspondence is the correspondence in the first possible
example, a threshold corresponding to the value sect of the second parameter in the first
correspondence is different from a threshold corresponding to the value set of the second parameter
in the third comrespondence. That the threshold corresponding to the value set of the second
parameter in the first correspondence is different from the threshold corresponding to the value set
of the second parameter in the third correspondence may mean that there is at least one different
threshold.

[00131] The fourth correspondence is the correspondence determined by the terminal device in

the second possible example. For example, the fourth correspondence may be a correspondence
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between the scheduled bandwidth and the current PTRS pattern set in Table 3.

[00132] For example, when the first correspondence is the correspondence in the second
possible example, the value set of the second parameter in the first correspondence is the same as
the value set of the second parameter in the fourth correspondence, and at least one of the plurality
of PTRS patterns in the first correspondence is different from at least one of the plurality of PTRS
patterns in the fourth correspondence.

[00133] Similar to the method b2, if the fifth information is the first value, the fifth information
indicates that the value of the first parameter is less than the first threshold, and the terminal device
determines the correspondence between a value set of a second parameter and a PTRS pattern as
the third correspondence or the fourth correspondence.

[00134] Similar to the method b3, the sixth information may indicate that the correspondence
between a value set of a second parameter and a PTRS pattern is the first correspondence; or the
sixth information may indicate that the correspondence between a value set of a second parameter
and a PTRS pattern is the third correspondence or the fourth correspondence. When the sixth
information indicates that the correspondence between a value set of a second parameter and a
PTRS pattern is the first correspondence, this is a case in the method b3, and the terminal device
may determine the correspondence between a value set of a second parameter and a PTRS pattern
as the first correspondence. When the sixth information indicates that the correspondence between
a value set of a second parameter and a PTRS pattern is the third correspondence or the fourth
correspondence, the terminal device determines the correspondence between a value set of a
second parameter and a PTRS pattern as the third correspondence or the fourth correspondence.
[00135] Further, after determining the third correspondence or the fourth correspondence, the
terminal device determines a second PTRS pattern based on the value of the second parameter and
the third correspondence or the fourth correspondence, and sends the PTRS to the network device
based on the second PTRS pattern.

[00136] Optionally, that the value of the first parameter is greater than the first threshold may
specifically include the following three cases.

[00137] Case cl: The first parameter is the receive window advance, and a value of the receive
window advance is greater than or equal to the first threshold.

[00138] Case c2: The first parameter inchudes the receive window advance and the MCS, and a
value of the receive window advance and a value of the MCS are both greater than or equal to
respective corresponding first thresholds. It should be understood that the first threshold of the
value of the receive window advance is different from the first threshold of the value of the MCS,
and values of the respective thresholds are not limited in this application.

[00139] Case c3: The first parameter includes the receive window advance, but different MCSs

27

Date Regue/Date Recieved 2024-02-05



10

15

20

25

30

35

CA 03228274 2024-02-05

may define different receive advance thresholds. That a value of the receive window advance is
greater than or equal to the first threshold is specifically that a value of a receive window advance
corresponding to a first MCS is greater than or equal to the first threshold, where the first MCS is
onc of a plurality of MCSs configured by the network device for the terminal device, and
thresholds of values of receive window advances corresponding to the plurality of MCSs are
different.

[00140] Correspondingly, a condition for determining that the value of the first parameter is less
than the first threshold is similar to a condition for determining that the value of the first parameter
is greater than or equal to the first threshold. Details are not described in this application again.
[00141] Optionally, determining that the value of the first parameter is greater than or equal to
the first threshold is determining that the value of the first parameter meets a preset condition. The
preset condition may include: The receive window advance is greater than or equal to the first
threshold, or the receive window advance and the MCS meet a first condition. That the receive
window advance and the MCS meet a first condition may include: Both the receive window
advance and the MCS are greater than or equal to respective thresholds, or the value of the receive
window advance corresponding to the first MCS is greater than or equal to the first threshold. It
should be understood that when the value of the first parameter does not meet the preset condition,
the value of the first parameter is less than the first threshold. Details are not described herein
again.

[00142] In an optional implementation, before the terminal device determines the first PTRS
pattern, the terminal device may recommend a group of value sets of the second parameter to the
network device based on a hardware capability of the terminal device (where this is implemented
by reporting a recommended threshold). For example, in the first possible example, the terminal
device may send first information to the network device, where the first information indicates a
value set of the second parameter in a recommended second correspondence, a quantity of value
sets of the second parameter is greater than 5, the second correspondence is a correspondence
between a plurality of value sets of the second parameter and a plurality of PTRS patterns (which
may be referred to as a second PTRS image sct), and the plurality of PTRS pattemns in the second
correspondence include the first PTRS pattemn set. The second PTRS pattern sct in the second
correspondence may include the plurality of PTRS patterns in the third correspondence and the
plurality of PTRS patterns in the first correspondence. In other words, a union set of the plurality
of PTRS patterns in the third correspondence and the plurality of PTRS patterns in the first
correspondence is the second PTRS pattern set. For example, the plurality of value sets of the
second parameter in the second correspondence may include a value set of the scheduled

bandwidth shown in Table 2. It can be leammed that a quantity of value sets of the scheduled
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bandwidth in Table 2 is seven, and is greater than five.

[00143] In the second possible example, the terminal device may report five value sets of the
second parameter to the network device according to an existing procedure. That is, different
pattern sets correspond to a same value set of the second parameter. For example, the value sets
that are of the second parameter and that are reported by the terminal device to the network device
may be five value sets of the scheduled bandwidth shown in Table 3.

[00144] Similarly, before the terminal device determines the first PTRS pattern, the network
device configures the value set of the second parameter for the terminal device, to notify the
terminal device of an effective value set of the second parameter in a data transmission process.
[00145] For example, in the second possible example, the network device may configure five
value sets of the second parameter for the terminal device according to the existing procedure. For
example, the value sets that are of the second parameter and that are configured by the network
device for the terminal device may be five value sets of the scheduled bandwidth shown in Table
3.

[00146] For example, in the first possible example, a method for the network device to
configure the value set of the second parameter for the terminal device may include the following
two methods.

[00147] Method d1: The terminal device receives second information from the network device,
where the second information indicates the value set of the second parameter in the second
correspondence, and the quantity of value sets of the second parameter is greater than 5.

[00148] Further, when determining the correspondence between a value set of a second
parameter and a PTRS pattern as the first correspondence, the terminal device may determine,
based on the value set that is of the second parameter and that is indicated by the second
information, the correspondence between a value set of a second parameter and a PTRS pattern as
the first correspondence.

[00149] Mecthod d2: The terminal device receives third information from the network device,
where the third information indicates a plurality of groups of value sets of the second parameter,
and a quantity of value sets of the second parameter in each group is greater than 5. Then, the
terminal device receives fourth information from the network device, where the fourth information
indicates a group of value sets of the second parameter, the group of value sets of the second
parameter is one of the plurality of groups of value sets of the second parameter, and the group of
value sets of the second parameter includes the value sets of the second parameter in the first
correspondence.

[00150] Further, when determining the correspondence between a value set of a second

parameter and a PTRS pattern as the first correspondence, the terminal device may determine,
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based on the group of value sets that is of the second parameter and that is indicated by the fourth
information, the correspondence between a value set of a second parameter and a PTRS pattern as
the first correspondence.

[00151] Optionally, the fourth information may indicate a group of value sets of the second
parameter by indicating whether the value of the first parameter is greater than or equal to the first
threshold, by indicating the value of the first parameter, or by directly indicating a group of
thresholds of the second parameter.

[00152] Optionally, the network device may send the second information or the third
information by using higher layer signaling, and the network device may send the fourth
information by using downlink control information (downlink control information, DCI).

[00153] Optionally, the fourth information may also be the higher layer signaling. When the
fourth information is the higher layer signaling, effective time of the fourth information is different
from effective time of the third information. The effective time of the third information is longer
than the effective time of the fourth information, or an (average) update frequency of the fourth
information is higher, and an (average) update periodicity of the fourth information is shorter.
[00154] It should be understood that the value set that is of the second parameter and that is
configured by the network device may alternatively include the value set of the second parameter
in the third correspondence.

[00155] Both a quantity of value sets that is of the second parameter and that is reported by the
terminal device and a quantity of value sets that is of the second parameter and that is configured
by the network device are the same as a quantity of the plurality of PTRS patterns included in the
second PTRS pattern set in the second correspondence.

[00156] For example, in the first possible example, the network device may configure the value
set of the second parameter for the terminal device according to the following rules.

[00157] Rule 1: When the value of the first parameter is less than the first threshold (in other
words, when the value of the first parameter does not meet the preset condition), the network
device may configure a value of the value set of the second parameter, so that an interval is an
empty set to invalidate a newly added PTRS pattern in comparison with a currently existing PTRS
pattern. For example, the newly added PTRS pattem is [8, 2] or [ 16, 2]. For example, Table 2 is
used as an example. If Nrps=Nrps, the PTRS pattern of [Ng, Ns|=[8, 2] may be invalidated. If
Nre6=NrrBmaxt1, the PTRS pattemn of [Ng, Ns]=[16, 2] may be invalidated, where Nprpmax 1S a
maximum quantity of physical resource blocks (physical resource blocks, PRBs) in the scheduled
bandwidth.

[00158] According to the rule 1, the terminal device and the network device may subsequently

determine the required PTRS pattern based on the third correspondence.
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[00159] Optionally, if the terminal device determines, based on the hardware capability of the
terminal device, for example, a phase noise level, that the first parameter has no impact on the
terminal device, the terminal device may alternatively report Nrps=Nrps and/or Nrps=NprBmax+t1
to indicate that the newly added PTRS pattern, for example, [8, 2] or [ 16, 2] is not required.
[00160] Rule 2: When the value of the first parameter is greater than or equal to the first
threshold (in other words, when the value of the first parameter meets the preset condition), the
network device may configure a value of the value set of the second parameter, so that an interval
is an empty sct to invalidate some of PTRS patterns that cause the tail of the OFDM symbol (for
example, the DFT-s-OFDM symbol) to have a PTRS group. For example, Table 2 is used as an
example. If Nrg2=Nrg1, the PTRS pattern of [Ng, Ns|=|2, 4] may be invalidated. If Nrps=Nggs3,
the PTRS pattern of [Ng, Ns|=[4, 4] may be invalidated. If Nrps=Nrpgs, the PTRS pattern of [Ng,
Ns]=[8, 4] may be invalidated.

[00161] According to the rule 2, the terminal device and the network device may subsequently
determine the required PTRS pattern based on the first correspondence.

[00162] Specifically, when the value of the first parameter, for example, the receive window
advance, dynamically changes based on a scenario, for example, a quantity of scheduled users or
a quantity of multipaths in a channel environment, the network device needs to dynamically adjust
a PTRS pattern determining rule, to be specific, dynamically configure the value set of the second
parameter. For example, when the quantity of scheduled users is small or the quantity of multipaths
in the channel environment is small, and the receive window advance is small, the impact of the
receive window advance can be ignored, and the network device may perform configuration
according to the rule 1; or when the quantity of scheduled users is large or the quantity of
multipaths in the channel environment is large, the impact of the receive window advance cannot
be ignored, and the network device may perform configuration according to the rule 2. Different
from configuration in the conventional technology in which configuration is performed only once,
in this application, dynamic configuration may be performed based on the scenario, in other words,
configuration may be performed for a plurality of times.

[00163] For example, a method in which the network device configures the value set of the
second parameter according to the method d1 is used as an example for description. In a PTRS
transmission procedure shown in FIG. 10a, the terminal device first reports a plurality of
recommended value scts of the second parameter by using the first information (where this is
implemented by reporting the recommended threshold). Then, the network device configures the
value set of the second parameter (in other words, configures the threshold of the second parameter)
for the terminal device based on a current scenario by using the second information. Then, the

terminal device determines a PTRS pattern based on the configured value set of the second
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parameter, a corresponding PTRS pattern set, and the value of the second parameter, and sends a
PTRS based on the determined PTRS pattern. The network device determines the PTRS pattern
based on the configured value set of the second parameter, the corresponding PTRS pattern set,
and the value of the second parameter, receives the PTRS based on the determined PTRS pattern,
and performs phase noise estimation and compensation. Then, because the scenario changes, the
previous configuration of the network device no longer matches a channel, and the network device
reconfigures the value set of the second parameter (in other words, configures the threshold of the
second parameter) for the terminal device based on a changed scenario by using the second
information. Then, the terminal device determines a PTRS pattern based on the configured value
set of the second parameter, a corresponding PTRS pattern set, and the value of the second
parameter, and sends a PTRS based on the determined PTRS pattern. The network device
determines the PTRS pattern based on the configured value set of the second parameter, the
corresponding PTRS pattern set, and the value of the second parameter, receives the PTRS based
on the determined PTRS pattern, and performs phase noise estimation and compensation. It can
be leamed from FIG. 10a that the network device may perform a configuration process for a
plurality of times, and FIG. 10a only shows an example in which the configuration process is
performed twice.

[00164] For example, a method in which the network device configures the value set of the
second parameter according to the method d2 is used as an example for description. In a PTRS
transmission procedure shown in FIG. 10b, the terminal device first reports a plurality of
recommended value scts of the second parameter by using the first information (where this is
implemented by reporting the recommended threshold). Then, the network device configures the
value set of the second parameter (in other words, configures the threshold of the second parameter)
for the terminal device based on a current scenario by using the third information and the fourth
information. Then, the terminal device determines a PTRS pattern based on the configured value
set of the second parameter, a corresponding PTRS pattern set, and the value of the second
parameter, and sends a PTRS based on the determined PTRS pattern. The network device
determines the PTRS pattern based on the configured value set of the second parameter, the
corresponding PTRS pattern set, and the value of the second parameter, receives the PTRS based
on the determined PTRS pattern, and performs phase noise estimation and compensation. Then,
because the scenario changes, the previous configuration of the network device no longer matches
a channel, and the network device reconfigures the value set of the second parameter (in other
words, configures the threshold of the second parameter) for the terminal device based on a
changed scenario by using the fourth information, or reconfigures the value set of the second

parameter (in other words, configures the threshold of the second parameter) for the terminal
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device by using the third information and the fourth information. Then, the terminal device
determines a PTRS pattern based on the configured value set of the second parameter, a
corresponding PTRS pattern set, and the value of the second parameter, and sends a PTRS based
on the determined PTRS pattern. The network device determines the PTRS pattern based on the
configured value set of the second parameter, the corresponding PTRS pattern set, and the value
of the second parameter, receives the PTRS based on the determined PTRS pattern, and performs
phase noise estimation and compensation. It can be learned from FIG. 10b that the network device
may perform a configuration process for a plurality of times. FIG. 10b only shows an example in
which configuration is performed based on the fourth information twice.

[00165]

in which the second parameter is the scheduled bandwidth configured by the network device for

It should be noted that the foregoing examples are all described by using an example

the terminal device. Optionally, when the second parameter is the scheduled bandwidth configured
by the network device for the terminal device and the MCS configured by the network device for
the terminal device, the correspondence between a value set of a second parameter and a PTRS
pattern is that the PTRS pattern is related to both the scheduled bandwidth and the MCS, or the
PTRS pattern is determined by both the scheduled bandwidth and the MCS. For example, Table 4
below shows an example of a correspondence between a scheduled bandwidth and an MCS and a
PTRS pattern. "None" indicates that the PTRS is not mapped, the PTRS does not exist, or there is
no PTRS.

Table 4 Correspondence between a scheduled bandwidth and an MCS and a PTRS pattern

Correlation factor | [Nrgo, Nrp1) | [NrB1, NrB2) | [NRB2, NRB3) | [NRB3, NRB4) | [NRB4) +0)
[MCSy, MCS;) | None [2, 4] (4, 2] (4, 4] (8, 4]
[MCS{,MCS,) | [2,2] (4, 2] (4, 2] [8, 2] (8, 4]
[MCS,, MCS;) | [, 2] [, 2] 4, 2] 8, 2] [16, 2]

[00166]
correspond to different PTRS patterns. For example, im [MCS;,MCS,), a PTRS pattern

As shown in Table 4, in a same MCS interval, different scheduled bandwidths may

corresponding to [Ngpy, Nrg2) 1S [4, 2], and a pattern corresponding to [Nggs, Nrgs) 18 [8, 2.
For another example, in a same scheduled bandwidth interval, different MCSs may correspond to
different PTRS patterns. For example, in [Nggsz, Ngrgs), @ PTRS pattern corresponding to
[MCS;, MCS,) is [8, 2], and a PTRS pattern corresponding to [MCS,, MCS,) is [4, 4].

[00167] It should be noted that Table 4 is merely an example, and there are other possible cases,
and the cases are not listed one by one herein.
[00168] Step 902: The network device determines the first PTRS pattern.
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[00169] Specifically, the PTRS pattern determined by the network device is the same as that
determined by the terminal device. This application is described by using the first PTRS pattern
as an example.

[00170] In an optional implementation, a specific method for the network device to determine
the first PTRS pattern may be: The network device determines that the value of the first parameter
is greater than or equal to the first threshold; and the network device determines the first PTRS
pattern based on the value of the second parameter and the first correspondence. For specific
descriptions of the first correspondence, refer to related content in step 901, and details are not
described herein again.

[00171] Optionally, when determining that the value of the first parameter is less than or equal
to the first threshold, the network device determines the second PTRS pattern based on the value
of the second parameter and the third correspondence or the fourth correspondence, and
subsequently receives the PTRS based on the second PTRS pattern. For specific descriptions of
the third correspondence or the fourth correspondence, refer to related content in step 901, and
details are not described herein again.

[00172] Specifically, for related descriptions that the value of the first parameter is greater than
or equal to the first threshold, or that the value of the first parameter is less than the first threshold,
refer to related descriptions in step 901, and details are not described herein again.

[00173] Similarly, a method for the network device to determine the first PTRS pattern based
on the value of the second parameter and the first correspondence is similar to a method for the
terminal device to determine the first PTRS pattern based on the value of the second parameter
and the first correspondence, and mutual reference may be made. Details are not described herein
again.

[00174]  Step 903: The terminal device and the network device transmit the PTRS based on the
first PTRS pattemn.

[00175] That the terminal device transmits the PTRS based on the first PTRS pattern is that the
terminal device sends the PTRS to the network device based on the first PTRS pattern.

[00176] That the network device transmits the PTRS based on the first PTRS pattern is that the
network device receives the PTRS from the terminal device based on the first PTRS pattern.
[00177] In an optional implementation, when the network device receives the PTRS from the
terminal device based on the first PTRS pattern, the network device may select different phase
noise estimation algorithms based on actual situations to perform phase noise estimation. For
example, when a signal-to-noise ratio (signal-to-noise ratio, SNR) and/or the MCS are/is greater
than a preset threshold (that is, the SNR and/or the MCS are/is high, and impact of noise on

estimation precision is less than that of the receive window advance), the network device may
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perform phase noise estimation on each PTRS group in the first PTRS pattern, and perform
mterpolation (in other words, perform inter-group interpolation) between obtained results of PTRS
groups, to obtain a full-symbol phase noise estimation result. For another example, when an SNR
and/or the MCS are/is less than or equal to a preset threshold (that is, the SNR and/or the MCS
are/is low, and impact of noise on estimation precision is greater than that of the receive window
advance), the network device may sequentially perform phase noise joint estimation or combined
estimation on every two consecutive PTRS groups in the first PTRS pattern, and perform
mterpolation between obtained results of every two consecutive PTRS groups, to obtain a full-
symbol phase noise estimation result. For example, joint estimation is performed on a group 1 and
a group 2 to obtain a phase noise estimation value 01, and joint estimation is performed on a group
3 and a group 4 to obtain another phase noise estimation value 62. Then, based on 01 and 62,
mterpolation is performed to obtain a phase noise estimation value experienced by data between a
center point of the group 1 and the group 2 and a center point of the group 3 and the group 4.
Certainly, two full-symbol phase noise estimation results may also be obtained according to the
foregoing two methods, and a result with better performance is selected as a final result.

[00178] According to the PTRS transmission method provided in this embodiment of this
application, the terminal device and the network device may determine a required PTRS pattern
from a PTRS pattern set in which none of all PTRS groups in cach PTRS pattern is located at the
tail of the OFDM symbol, so that none of all PTRS groups in the determined PTRS pattern is
located at the tail of the OFDM symbol, to reduce impact of a parameter, for example, the receive
window advance, on precision of phase noise estimated based on a PTRS. In this way, when the
PTRS is transmitted based on the PTRS pattern, demodulation performance can be improved, and
spectral efficiency can be improved.

[00179] It should be noted that PTRS transmission described above is an uplink transmission
process. In a downlink transmission process, to be specific, when the network device sends the
PTRS to the terminal device, and the terminal device receives the PTRS from the network device,
the terminal device has the receive window advance. Different from the uplink transmission
process, the terminal device needs to report the receive window advance to the network device.
Another solution for determining the PTRS pattern is similar to the method in the uplink
transmission process, and mutual reference may be made. Details are not described herein again.
[00180] FIG. 11 shows another phase tracking reference signal transmission method according
to an embodiment of this application. The method is applicable to the communication system
shown in FIG. 7. Refer to FIG. 11. A specific procedure of the method may include the following
steps.

[00181] Step 1101: A first device determines a third PTRS pattern based on a value of a second
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parameter and a fifth correspondence, where the fifth correspondence is a correspondence between
a plurality of value sets of the second parameter and a plurality of PTRS patterns, and ecach value
set corresponds to one type of PTRS pattern; the PTRS pattern indicates a distribution rule of a
PTRS in an OFDM symbol; and the PTRS pattern includes a plurality of PTRS groups, and each
PTRS group includes a plurality of consecutive PTRS sampling points.

[00182] The first device is a network device or a terminal device.

[00183] The second parameter is a scheduled bandwidth configured by the network device for
the terminal device; or the second parameter is a scheduled bandwidth configured by the network
device for the terminal device and an MCS configured by the network device for the terminal
device.

[00184] Step 1102: When at least one PTRS group in the third PTRS pattern in the OFDM
symbol is located at a tail of the OFDM symbol, and the first device determines that a value of a
first parameter is greater than a first threshold, the first device determines a fourth PTRS pattern
based on the third PTRS pattern, and transmits the PTRS based on the fourth PTRS pattern.
[00185] That at least one PTRS group in the third PTRS pattern in the OFDM symbol is located
at a tail of the OFDM symbol may be specifically: at least one sampling point in at least one PTRS
group in the third PTRS pattern in the OFDM symbol is located at a last sampling point or a last
QAM symbol of the OFDM symbol; or a distance between at least one sampling point in at least
onc PTRS group in the third PTRS pattern in the OFDM symbol and a last sampling point or a last
QAM symbol of the OFDM symbol is less than or equal to a preset distance threshold.

[00186] Step 1103: When determining that the value of the first parameter is less than or equal
to the first threshold, the first device transmits the PTRS based on the third PTRS pattern.
[00187] Specifically, for related descriptions of the first parameter and that the value of the first
parameter is greater than or equal to the first threshold, or that the value of the first parameter is
Iess than the first threshold, refer to related descriptions in the embodiment shown in FIG. 9, and
details are not described herein again.

[00188] In an optional implementation, the network device sends the value of the first parameter
to the terminal device; or the network device sends seventh information to the terminal device,
where the seventh information indicates whether the value of the first parameter is greater than or
equal to the first threshold. In this way, the terminal device may determine, based on the
information sent by the network device, whether the value of the first parameter is greater than or
equal to the first threshold.

[00189] When the first device is the terminal device, that the first device transmits the PTRS
based on the fourth PTRS pattern is specifically: The terminal device sends the PTRS to the
network device based on the fourth PTRS pattern; or when the first device is the network device,
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that the first device transmits the PTRS based on the fourth PTRS pattern is specifically: The
network device receives the PTRS from the terminal device based on the fourth PTRS pattern.
[00190] Similarly, when the first device is the terminal device, that the first device transmits the
PTRS based on the third PTRS pattern is specifically: The terminal device sends the PTRS to the
network device based on the third PTRS pattern; or when the first device is the network device,
that the first device transmits the PTRS based on the third PTRS pattern is specifically: The
network device receives the PTRS from the terminal device based on the third PTRS pattern.
[00191] In an optional implementation, a specific method for the first device to determine the
fourth PTRS pattern based on the third PTRS pattern may be: The first device adjusts a quantity
of PTRS groups in the third PTRS pattern and/or a quantity of PTRS sampling points in a PTRS
group, to obtain the fourth PTRS pattern.

[00192] For example, the first device may determine the fourth PTRS pattern based on the third
PTRS pattern in any one of the following three methods.

[00193] Mecthod el: The first device multiplies the quantity of PTRS groups in the third PTRS
pattern by A, and divides a quantity of PTRS sampling points in each PTRS group in the third
PTRS pattern by A, to obtain a quantity of PTRS groups in the fourth PTRS pattern and a quantity
of PTRS sampling points included in each PTRS group, where A is an integer greater than or equal
to 2.

[00194] Mecthod e2: The first device increases the quantity of PTRS groups in the third PTRS
pattern by B, to obtain a quantity of PTRS groups in the fourth PTRS pattern, and uses a quantity
of PTRS sampling points in each PTRS group in the third PTRS pattern as a quantity of PTRS
sampling points in each PTRS group in the fourth PTRS pattern, where a distribution distance
between last two PTRS groups in the second PTRS pattern is greater than a second threshold, and
B is an integer greater than or equal to 1.

[00195] Mecthod e3: The first device increases the quantity of PTRS groups in the third PTRS
pattern by K, to obtain a quantity of PTRS groups in the fourth PTRS pattern, keeps a quantity of
PTRS sampling points in first H-2 PTRS groups to be the quantity of sampling points in the PTRS
group in the third PTRS pattern and unchanged, and divides a quantity of sampling points in a last
PTRS group in the third PTRS pattern by L to obtain a quantity of PTRS sampling points in last
two PTRS groups, to obtain a quantity of PTRS sampling points in each PTRS group in the fourth
PTRS pattern, where a distribution distance between the last two PTRS groups in the fourth PTRS
pattern is greater than a third threshold, K is an integer greater than or equal to 1, L is an integer
greater than or equal to 2, H is the quantity of PTRS groups in the fourth PTRS pattern, and H is
a positive integer greater than 2.

[00196] Optionally, the second threshold and the third threshold cach are positively correlated
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to the scheduled bandwidth configured by the network device for the terminal device. That is, a
larger scheduled bandwidth indicates a larger second threshold and a larger third threshold.
[00197] It should be noted that, for the fourth PTRS pattern determined according to the
foregoing method, when the quantity of PTRS sampling points in the PTRS group in the
determined fourth PTRS pattern is 2, one PTRS group is still mapped to a middle of each of gaps
whose quantity is the same as a quantity of PTRS groups obtained through division, so that there
is no PTRS group at the tail of the OFDM symbol, to reduce impact of a receive window advance.
When the quantity of PTRS sampling points in the PTRS group in the determined fourth PTRS
pattern is still 4, there is still one PTRS group distributed at the tail of the OFDM symbol. However,
because the quantity of PTRS groups in the fourth PTRS pattern is greater than that in the third
PTRS pattern, and it is ensured that the distribution distance between the last two PTRS groups is
greater than a threshold, even if there is one PTRS group at the tail of the OFDM symbol, the
receive window advance does not affect phase noise estimation of an entire PTRS signal.

[00198] For example, FIG. 12 is a flowchart of PTRS transmission. Specifically, the first device
first determines, according to a current method (for example, a method for determining a PTRS
pattern based on a current scheduled bandwidth and the correspondence between a scheduled
bandwidth and a PTRS pattern shown in Table 1), an initial PTRS pattern of [Ng0, NsO} (namely,
the third PTRS pattern), and when Ns is equal to 4, determines whether the receive window
advance is greater than or equal to the first threshold. If the receive window advance is greater
than or equal to the first threshold, the first device determines [Ngl, Ns1] (namely, the fourth PTRS
pattern) according to any one of the foregoing methods el to e3, and transmits the PTRS based on
the determined [Ngl, Ns1]; otherwise, the first device directly transmits the PTRS based on [NgO0,
NsO]. In FIG. 12, an example in which the first parameter is the receive window advance is used
as an example.

[00199] For example, that the initial PTRS pattern is [Ng0, NsO]=[4, 4] is used as an example,
and a schematic diagram of mapping is shown in (a) in FIG. 13. Processes of determining [ Ngl,
Ns1] according to the foregoing methods el to e3 are separately as follows:

[00200] In the method el, that A is 2 is used as an example for description: [Ngl, Ns1]=[Ng0*2,
Ns0/2]=[8, 2], and then the PTRS pattern is mapped according to a rule of Ns=2. A schematic
diagram of mapping of a PTRS pattern of [8, 2] is shown in (b) in FIG. 13.

[00201] Inthe method €2, that B is 1is used as an example for description: [Ngl, Ns1]=[Ng0+1,
NsO]=|5, 4], and one PTRS group may be added in front of a last group of an original PTRS, where
a distribution distance between the newly added PTRS group and the last PTRS group is greater
than the second threshold. For example, a schematic diagram of mapping of a PTRS pattern of [5,
4} is shown in (c) in FIG. 13.
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[00202] In the method e3, that K is 1 and L is 2 is used as an example for description:
Ng1=Ng0+1=5, in first Ng0—1=3 groups, Ns1=Ns0=4, and in last two groups, Ns1=Ns0/2=2. The
last PTRS group may be split into two PTRS groups, where in first three groups, Ns1=4, and in
latter two groups, Ns1=2. The last group is located at a tail of a DFT-s-OFDM symbol, and a
distribution distance between a second last group and the last group is greater than the third
threshold. For example, a schematic diagram of mapping of a PTRS patten of |5, {4, 2}] is shown
in (d) in FIG. 13.

[00203] It should be noted that the obtained value of [Ngl, Ns1] is merely an example, and Ns1
may alternatively be 3, or the like. This is not limited in this application.

[00204] It should be noted that the foregoing methods el to e3 are merely examples of methods,
and there may be another method. This is not limited in this application.

[00205] Specifically, before the terminal device and the network device determine the third
PTRS pattern, the terminal device may report the value set of the second parameter to the network
device based on an existing procedure in the standard TR38822, for example, the five value sets
of the scheduled bandwidth in Table 1. Alternatively, the network device may configure the value
set of the second parameter for the terminal device based on an existing procedure in the standard
TR38822, for example, the five value sets of the scheduled bandwidth in Table 1.

[00206] In an optional implementation, when the network device receives the PTRS from the
terminal device based on the fourth PTRS pattemn, the network device may select different phase
noise estimation algorithms based on actual situations to perform phase noise estimation. For
example, when a signal-to-noise ratio (signal-to-noise ratio, SNR) and/or the MCS arefis greater
than a preset threshold (that is, the SNR and/or the MCS are/is high, and impact of noise on
estimation precision is less than that of the receive window advance), the network device may
perform phase noise estimation on each PTRS group in the fourth PTRS pattern, and perform
mterpolation (in other words, perform inter-group interpolation) between obtained results of PTRS
groups, to obtain a full-symbol phase noise estimation result. For another example, when an SNR
and/or the MCS are/is less than or equal to a preset threshold (that is, the SNR and/or the MCS
are/is low, and impact of noisc on estimation precision is greater than that of the receive window
advance), the network device may sequentially perform phase noise joint estimation or combined
estimation on every two consecutive PTRS groups in the fourth PTRS pattern, and perform
mterpolation between obtained results of every two consecutive PTRS groups, to obtain a full-
symbol phase noise estimation result. For example, joint estimation is performed on a group 1 and
a group 2 to obtain a phase noise estimation value 01, and joint estimation is performed on a group
3 and a group 4 to obtain another phase noise estimation value 02. Then, based on 01 and 02,

mterpolation is performed to obtain a phase noise estimation value experienced by data between a
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center point of the group 1 and the group 2 and a center point of the group 3 and the group 4. For
another example, if the method 3 is used, phase noise joint estimation may be performed on the
last two PTRS groups. If the method e2 or the method €3 is used, an estimation result of the last
PTRS group may be discarded. Certainly, two full-symbol phase noise estimation results may also
be obtained according to the foregoing two methods, and a result with better performance is
selected as a final result.

[00207] According to the PTRS transmission method provided in this embodiment of this
application, when a PTRS group in the determined PTRS pattern is located at the tail of the OFDM
symbol, the terminal device and the network device can further determine a new PTRS pattern, to
reduce impact of the receive window advance on PTRS phase noise estimation, ensure phase noise
estimation performance of the PTRS, so that demodulation performance and spectral efficiency
are improved.

[00208] It should be noted that, in the foregoing embodiment, a new PTRS pattemn or a new
PTRS pattern determining method is defined, so that when there is the impact of the receive
window advance, none of all PTRS groups in the determined PTRS pattemn is located at the tail of
the OFDM symbol, to reduce the impact of the receive window advance on the PTRS phase noise
estimation. It should be understood that, to achieve the foregoing objective, another method may
also be used. For example, a new PTRS mapping rule may be defined for a PTRS pattern in which
a quantity of sampling points in a PTRS group is 4.

[00209] For example, when a quantity of sampling points in a PTRS group in the determined
PTRS pattern is 4, all PTRS groups in the PTRS pattern may be mapped to headers of gaps.
Altematively, mapping may be performed according to a mapping rule of a PTRS pattern in which
a quantity of sampling points in a group is 2, that is, all PTRS groups are mapped to middles of
gaps. Altematively, a position of a last PTRS group may be moved, so that a distance between the
last PTRS group in the PTRS pattern and the tail of the OFDM symbol (for example, the last
sampling point or the last QAM symbol of the OFDM symbol) is greater than a preset threshold.
[00210] Based on the foregoing embodiments, an embodiment of this application further
provides a phase tracking reference signal transmission apparatus. Refer to FIG. 14. The phase
tracking reference signal transmission apparatus 1400 may include a transceiver unit 1401 and a
processing unit 1402. The transceiver unit 1401 is used by the phase tracking reference signal
transmission apparatus 1400 to transmit a PTRS, and the processing unit 1402 is configured to
control and manage an action of the phase tracking reference signal transmission apparatus 1400.
The processing unit 1402 may further control steps performed by the transceiver unit 1401.
[00211] For example, the phase tracking reference signal transmission apparatus 1400 may be

specifically the terminal device in the foregoing embodiments, a processor in the terminal device,

40

Date Regue/Date Recieved 2024-02-05



10

15

20

25

30

35

CA 03228274 2024-02-05

a chip or a chip system, a functional module, or the like. Altematively, the phase tracking reference
signal transmission apparatus 1400 may be specifically the network device in the foregoing
embodiments, a processor in the network device, a chip or a chip system, a functional module, or
the like.

[00212] In an embodiment, that the phase tracking reference signal transmission apparatus 1400
is configured to implement functions of the network device in the embodiment shown in FIG. 9
may specifically include the following.

[00213] The processing unit 1402 is configured to determine a first phase tracking reference
signal PTRS pattern, where the first PTRS pattern belongs to a first PTRS pattern set, the first
PTRS pattern set includes a plurality of PTRS patterns, and none of all PTRS groups in each PTRS
pattern in an orthogonal frequency division multiplexing OFDM symbol is located at a tail of the
OFDM symbol; the PTRS pattern indicates a distribution rule of a PTRS in the OFDM symbol;
and the PTRS pattern includes a plurality of PTRS groups, and each PTRS group includes a
plurality of consecutive PTRS sampling points. The transceiver unit 1401 is configured to: transmit
the PTRS based on the first PTRS pattern, in other words, receive the PTRS based on the first
PTRS pattern.

[00214] In an optional implementation, when determining the first PTRS pattemn, the processing
unit 1402 is specifically configured to: determine that a value of a first parameter is greater than
or equal to a first threshold, where the first parameter includes a receive window advance; and
determine the first PTRS pattern based on a value of a second parameter and a first correspondence,
where the first correspondence is a correspondence between a plurality of value sets of the second
parameter and a plurality of PTRS patterns, cach value set corresponds to one type of PTRS pattern,
and the plurality of PTRS pattemns in the first correspondence are the same as the plurality of PTRS
patterns included in the first PTRS pattern set.

[00215] In an optional implementation, the transceiver unit 1401 is further configured to: before
the processing umit 1402 determines the first PTRS pattern, receive first information from the
terminal device, where the first information indicates a value set of the second parameter in a
recommended second correspondence, a quantity of value sets of the second parameter is greater
than 5, the second correspondence is a correspondence between a plurality of value sets of the
second parameter and a plurality of PTRS patterns, and the plurality of PTRS pattems in the second
correspondence include the first PTRS pattern set.

[00216] In an example, the transceiver unit 1401 is further configured to: before the processing
unit 1402 determines the first PTRS pattern, send second information to the terminal device, where
the second information indicates the value set of the second parameter in the second

correspondence, the quantity of value sets of the second parameter is greater than 5, the second
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correspondence is the correspondence between a plurality of value sets of the second parameter
and a plurality of PTRS patterns, and the plurality of PTRS patterns in the second correspondence
include the first PTRS pattern set.

[00217] In another example, the transceiver unit 1401 is further configured to: before the
processing unit 1402 determines the first PTRS pattern, send third information to the terminal
device, where the third information indicates a plurality of groups of value sets of the second
parameter, and a quantity of value sets of the second parameter in each group is greater than 5.
[00218] Further, the transceiver unit 1401 is further configured to: send fourth information to
the terminal device, where the fourth information indicates a group of value sets of the second
parameter, the group of value scts of the second parameter is one of the plurality of groups of value
sets of the second parameter, and the group of value sets of the second parameter includes the
value sets of the second parameter in the first correspondence.

[00219] Optionally, the processing unit 1402 is further configured to: send the value of the first
parameter to the terminal device; send fifth information to the terminal device, where when the
fifth information is a first value, the fifth information indicates whether the value of the first
parameter is greater than or equal to the first threshold; or send sixth information to the terminal
device, where the sixth information indicates the first correspondence.

[00220] In another embodiment, that the phase tracking reference signal transmission apparatus
1400 is configured to implement functions of the terminal device in the embodiment shown in FIG.
9 may specifically include the following.

[00221] The processing unit 1402 is configured to determine a first phase tracking reference
signal PTRS pattern, where the first PTRS pattern belongs to a first PTRS pattern set, the first
PTRS pattern set includes a plurality of PTRS patterns, and none of all PTRS groups in each PTRS
pattern in an orthogonal frequency division multiplexing OFDM symbol is located at a tail of the
OFDM symbol; the PTRS pattern indicates a distribution rule of a PTRS in the OFDM symbol;
and the PTRS pattern includes a plurality of PTRS groups, and each PTRS group includes a
plurality of consecutive PTRS sampling points. The transceiver unit 1401 is configured to: transmit
the PTRS based on the first PTRS pattern, in other words, send the PTRS based on the first PTRS
pattern.

[00222] In an optional implementation, when determining the first PTRS pattern, the processing
unit 1402 is specifically configured to: determine a correspondence between a value set of a second
parameter and a PTRS pattemn as a first correspondence, where the first correspondence is a
correspondence between a plurality of value sets of the second parameter and a plurality of PTRS
patterns, each value set corresponds to one type of PTRS pattern, and the plurality of PTRS

patterns in the first correspondence are the same as the plurality of PTRS pattemns included in the
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first PTRS pattern set; and determine the first PTRS pattern based on a value of the second
parameter and the first correspondence.

[00223] In an optional implementation, the transceiver unit 1401 is further configured to:
receive a value of a first parameter from the network device; receive fifth information from the
network device, where when the fifth information is a first value, the fifth information indicates
whether the value of the first parameter is greater than or equal to a first threshold; or receive sixth
information from the network device, where the sixth information indicates that the
correspondence between a value set of a second parameter and a PTRS pattern is the first
correspondence.

[00224] For example, when determining the correspondence between a value set of a second
parameter and a PTRS pattern as the first correspondence, the processing unit 1402 is specifically
configured to: after the transceiver unit 1401 receives the value of the first parameter from the
network device, and it is determined that the value of the first parameter is greater than or equal to
the first threshold, determine the correspondence between a value set of a second parameter and a
PTRS pattern as the first correspondence, where the first parameter includes a receive window
advance; if the fifth information is the first value, and the fifth information indicates that the value
of the first parameter is greater than or equal to the first threshold, determine the correspondence
between a value set of a second parameter and a PTRS pattern as the first correspondence; or
determine, based on the sixth information, the correspondence between a value set of a second
parameter and a PTRS pattemn as the first correspondence.

[00225] Optionally, the transceiver unit 1401 is further configured to: before the processing unit
1402 determines the correspondence between a value set of a second parameter and a PTRS pattern
as the first correspondence, send first information to the network device, where the first
imformation indicates a value set of the second parameter in a recommended second
correspondence, a quantity of value sets of the second parameter is greater than 5, the second
correspondence is a correspondence between a plurality of value sets of the second parameter and
a plurality of PTRS patterns, and the plurality of PTRS patterns in the second correspondence
include the first PTRS pattern set.

[00226] In an example, the transceiver unit 1401 is further configured to: before the processing
unit 1402 determines the correspondence between a value set of a second parameter and a PTRS
pattern as the first correspondence, receive second information from the network device, where
the second information indicates the value set of the second parameter in the second
correspondence, the quantity of value sets of the second parameter is greater than 5, the second
correspondence is the correspondence between a plurality of value sets of the second parameter

and a plurality of PTRS patterns, and the plurality of PTRS patterns in the second correspondence

43

Date Regue/Date Recieved 2024-02-05



10

15

20

25

30

35

CA 03228274 2024-02-05

include the first PTRS pattern set. When determining the correspondence between a value set of a
second parameter and a PTRS pattern as the first correspondence, the processing unit 1402 is
specifically configured to: determine, based on the value set that is of the second parameter and
that is indicated by the second information, the correspondence between a value set of a second
parameter and a PTRS pattern as the first correspondence.

[00227] In another example, the transceiver unit 1401 is further configured to: before the
processing unit 1402 determines the correspondence between a value set of a second parameter
and a PTRS pattem as the first correspondence, receive third information from the network device,
where the third information indicates a plurality of groups of value sets of the second parameter,
and a quantity of value sets of the second parameter in each group is greater than 5.

[00228] Further, the transceiver unit 1401 is further configured to: before the processing unit
1402 determines the correspondence between a value set of a second parameter and a PTRS pattern
as the first correspondence, receive fourth information from the network device, where the fourth
information indicates a group of value sets of the second parameter, the group of value sets of the
second parameter is one of the plurality of groups of value sets of the second parameter, and the
group of value sets of the second parameter includes the value sets of the second parameter in the
first correspondence. When determining the correspondence between a value set of a second
parameter and a PTRS pattern as the first correspondence, the processing unit 1402 is specifically
configured to: determine, based on the group of value sets that is of the second parameter and that
is indicated by the fourth information, the correspondence between a value set of a second
parameter and a PTRS pattern as the first correspondence.

[00229] Specifically, the following descriptions are applicable to both the foregoing two
embodiments.

[00230] Specifically, that none of all PTRS groups in each PTRS patten in an orthogonal
frequency division multiplexing OFDM symbol is located at a tail of the OFDM symbol includes:
no sampling point in a last PTRS group in each PTRS pattern in the OFDM symbol is located at a
last sampling point or a last modulation symbol of the OFDM symbol; or a distance between any
sampling point in a last PTRS group in each PTRS pattern in the OFDM symbol and a last
sampling point or a last modulation symbol of the OFDM symbol is greater than a preset distance
threshold.

[00231] For example, a quantity of PTRS sampling points in a PTRS group in any one of the
plurality of PTRS patterns is not equal to 4.

[00232] Optionally, the second parameter is a scheduled bandwidth configured by the network
device for the terminal device; or the second parameter is a scheduled bandwidth configured by

the network device for the terminal device and a modulation and coding scheme MCS configured
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by the network device for the terminal device.

[00233] In an example, the first parameter further includes a modulation and coding scheme
MCS configured by the network device for the terminal device.

[00234] In another example, when determining that the value of the first parameter is greater
than or equal to the first threshold, the processing unit 1402 is specifically configured to: determine
that a value of a receive window advance corresponding to a first modulation and coding scheme
MCS is greater than or equal to the first threshold, where the first MCS is one of a plurality of
MCSs configured by the network device for the terminal device, and thresholds of values of
receive window advances corresponding to the plurality of MCSs are different.

[00235] Optionally, the plurality of PTRS patterns in the second correspondence include a
plurality of PTRS patterns in a third correspondence, and the value set of the second parameter in
the first correspondence is different from a value set of the second parameter in the third
correspondence.

[00236] For example, the value set of the second parameter in the first correspondence is the
same as a value set of the second parameter in a fourth correspondence, and at least one of the
plurality of PTRS patterns in the first correspondence is different from at least one of a plurality
of PTRS patterns in the fourth correspondence; and the fourth correspondence is a correspondence
between a plurality of value sets of the second parameter and a plurality of PTRS patterns, and the
fourth correspondence is a correspondence used when the value of the first parameter is less than
the first threshold.

[00237] In still another embodiment, that the phase tracking reference signal transmission
apparatus 1400 is configured to implement functions of the network device in the embodiment
shown in FIG. 11 may specifically include the following.

[00238] The processing unit 1402 is configured to: determine a third PTRS pattern based on a
value of a second parameter and a fifth correspondence, where the fifth correspondence is a
correspondence between a plurality of value sets of the second parameter and a plurality of PTRS
patterns, each value set corresponds to one type of PTRS pattern, the PTRS pattern indicates a
distribution rule of a PTRS in an orthogonal frequency division multiplexing OFDM symbol, the
PTRS pattern includes a plurality of PTRS groups, and each PTRS group includes a plurality of
consecutive PTRS sampling points; and when at least one PTRS group in the third PTRS pattern
in the OFDM symbol is located at a tail of the OFDM symbol, and it is determined that a value of
afirst parameter is greater than or equal to a first threshold, determine a fourth PTRS pattern based
on the third PTRS pattern. The transceiver unit 1401 is configured to: transmit the PTRS based on
the fourth PTRS pattern, in other words, transmit the PTRS and receive the PTRS based on the

fourth PTRS pattern, where the first parameter includes a receive window advance.

45

Date Regue/Date Recieved 2024-02-05



10

15

20

25

30

35

CA 03228274 2024-02-05

[00239] In an optional implementation, the transceiver unit 1401 is further configured to: send
the value of the first parameter to the terminal device; or send seventh information to the terminal
device, where the seventh information indicates whether the value of the first parameter is greater
than or equal to the first threshold.

[00240] In an optional implementation, the processing umit 1402 is further configured to
determine that the value of the first parameter is less than the first threshold. The transceiver unit
1401 is further configured to: when the processing unit 1402 determines that the value of the first
parameter is less than the first threshold, transmit (in other words, receive) the PTRS based on the
third PTRS pattern.

[00241] In still another embodiment, that the phase tracking reference signal transmission
apparatus 1400 is configured to implement functions of the terminal device in the embodiment
shown in FIG. 11 may specifically include the following.

[00242] The processing unit 1402 is configured to: determine a third PTRS pattern based on a
value of a second parameter and a fifth correspondence, where the fifth correspondence is a
correspondence between a plurality of value sets of the second parameter and a plurality of PTRS
patterns, each value set corresponds to one type of PTRS pattern, the PTRS pattern indicates a
distribution rule of a PTRS in an orthogonal frequency division multiplexing OFDM symbol, the
PTRS pattern includes a plurality of PTRS groups, and each PTRS group includes a plurality of
consecutive PTRS sampling points; and when at least one PTRS group in the third PTRS pattern
in the OFDM symbol is located at a tail of the OFDM symbol, and it is determined that a value of
afirst parameter is greater than or equal to a first threshold, determine a fourth PTRS pattern based
on the third PTRS pattern. The transceiver unit 1401 is configured to: transmit the PTRS based on
the fourth PTRS pattern, in other words, transmit the PTRS and send the PTRS based on the fourth
PTRS pattern, where the first parameter includes a receive window advance.

[00243] In an optional implementation, the transceiver unit 1401 is further configured to:
receive the value of the first parameter from the network device; or receive and send seventh
information from the network device, where the seventh information indicates whether the value
of the first parameter is greater than or equal to the first threshold.

[00244] In an optional implementation, the processing umit 1402 is further configured to
determine that the value of the first parameter is less than the first threshold. The transceiver unit
1401 is further configured to: when the processing unit 1402 determines that the value of the first
parameter is less than the first threshold, transmit (in other words, send) the PTRS based on the
third PTRS pattern.

[00245]  Specifically, the following descriptions are applicable to both the foregoing two

embodiments.
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[00246] In an optional implementation, when determining the fourth PTRS pattern based on the
third PTRS pattern, the processing unit 1402 is specifically configured to: adjust a quantity of
PTRS groups in the third PTRS pattern and/or a quantity of PTRS sampling points in a PTRS
group, to obtain the fourth PTRS pattern.

[00247] For example, when determining the fourth PTRS pattern based on the third PTRS
pattern, the processing unit 1402 is specifically configured to: multiply the quantity of PTRS
groups in the third PTRS pattern by A, and divide a quantity of PTRS sampling points in each
PTRS group in the third PTRS pattern by A, to obtain a quantity of PTRS groups in the fourth
PTRS pattern and a quantity of PTRS sampling points included in each PTRS group, where A is
an integer greater than or equal to 2; increase the quantity of PTRS groups in the third PTRS
pattern by B, to obtain a quantity of PTRS groups in the fourth PTRS pattern, and use a quantity
of PTRS sampling points in each PTRS group in the third PTRS pattern as a quantity of PTRS
sampling points in each PTRS group in the fourth PTRS pattern, where a distribution distance
between last two PTRS groups in the fourth PTRS pattern is greater than a second threshold, and
B is an integer greater than or equal to 1; or increase the quantity of PTRS groups in the third
PTRS pattern by K, to obtain a quantity of PTRS groups in the fourth PTRS pattern, keep a quantity
of PTRS sampling points in first H-2 PTRS groups to be the quantity of PTRS sampling points in
the PTRS group in the third PTRS pattern and unchanged, and divide a quantity of sampling points
in a last PTRS group in the third PTRS pattern by L to obtain a quantity of PTRS sampling points
in last two PTRS groups, to obtain a quantity of PTRS sampling points in each PTRS group in the
fourth PTRS pattern, where a distribution distance between the last two PTRS groups in the fourth
PTRS pattern is greater than a third threshold, K is an integer greater than or equal to 1, L is an
integer greater than or equal to 2, H is the quantity of PTRS groups in the fourth PTRS pattern,
and H is a positive integer greater than 2.

[00248] Optionally, the second threshold and the third threshold each are positively correlated
to a scheduled bandwidth configured by the network device for the terminal device.

[00249] Specifically, the second parameter is the scheduled bandwidth configured by the
network device for the terminal device; or the second parameter is the scheduled bandwidth
configured by the network device for the terminal device and a modulation and coding scheme
MCS configured by the network device for the terminal device.

[00250] In an example, the first parameter further includes a modulation and coding scheme
MCS configured by the network device for the terminal device.

[00251] In another example, when determining that the value of the first parameter is greater
than or equal to the first threshold, the processing unit 1402 is specifically configured to: determine

that a value of a receive window advance corresponding to a first modulation and coding scheme
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MCS is greater than or equal to the first threshold, where the first MCS is one of a plurality of
MCSs configured by the network device for the terminal device, and thresholds of values of
receive window advances corresponding to the plurality of MCSs are different.

[00252] For example, that at least one PTRS group in the first PTRS pattern in the OFDM
symbol is located at a tail of the OFDM symbol includes: at least one sampling point in at least
onc PTRS group in the first PTRS pattern in the OFDM symbol is located at a last sampling point
or a last modulation symbol of the OFDM symbol; or a distance between at least one sampling
point in at least one PTRS group in the first PTRS pattern in the OFDM symbol and a last sampling
point or a last modulation symbol of the OFDM symbol is less than or equal to a preset distance
threshold.

[00253] It should be noted that, in embodiments of this application, division into the units is an
example, and is merely logical function division. During actual implementation, another division
manner may be used. Functional units in embodiments of this application may be integrated into
ong processing unit, or each of the units may exist alone physically, or two or more units may be
integrated into one unit. The integrated unit may be implemented in a form of hardware, or may
be implemented in a form of a software functional unit.

[00254] When the integrated umit is implemented in the form of the software function unit and
sold or used as an independent product, the integrated unit may be stored in a computer-readable
storage medium. Based on such an understanding, the technical solutions in this application
essentially, or the part contributing to a conventional technology, or all or some of the technical
solutions may be implemented in a form of a software product. The computer software product is
stored in a storage medium, and includes several instructions for instructing a computer device
(which may be a personal computer, a server, a network device, or the like) or a processor
(processor) to perform all or some of the steps of the methods described in embodiments of this
application. The foregoing storage medium includes any medium that can store program code,
such as a USB flash drive, a removable hard disk, a read-only memory (read-only memory, ROM),
arandom access memory (random access memory, RAM), a magnetic disk, or an optical disc.
[00255] Based on the foregoing embodiments, an embodiment of this application further
provides a phase tracking reference signal transmission apparatus. Refer to FIG. 15. The phase
tracking reference signal transmission apparatus 1500 may include a transceiver 1501 and a
processor 1502. Optionally, the phase tracking reference signal transmission apparatus 1500 may
further include a memory 1503. The memory 1503 may be disposed inside the phase tracking
reference signal transmission apparatus 1500, or may be disposed outside the phase tracking
reference signal transmission apparatus 1500. The processor 1502 may control the transceiver

1501 to receive and send information, a signal, data, or the like.
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[00256] Specifically, the processor 1502 may be a central processing unit (central processing
wunit, CPU), a network processor (network processor, NP), or a combination of the CPU and the
NP. The processor 1502 may further include a hardware chip. The foregoing hardware chip may
be an application-specific integrated circuit (application-specific integrated circuit, ASIC), a
programmable logic device (programmable logic device, PLD), or a combination thereof. The PLD
may be a complex programmable logic device (complex programmable logic device, CPLD), a
ficld programmable gate array (field programmable gate array, FPGA), a generic array logic
(generic array logic, GAL), or any combination thereof.

[00257] The transceiver 1501, the processor 1502, and the memory 1503 are connected to each
other. Optionally, the transceiver 1501, the processor 1502, and the memory 1503 are connected
to each other through a bus 1504. The bus 1504 may be a peripheral component interconnect
(Peripheral Component Interconnect, PCI) bus, an extended industry standard architecture
(Extended Industry Standard Architecture, EISA) bus, or the like. The bus may be classified into
an address bus, a data bus, a control bus, and the like. For ease of representation, only one thick
line is used in FIG. 15 for representation, but it does not indicate that there is only one bus or only
one type of bus.

[00258] In an optional implementation, the memory 1503 is configured to store a program and
the like. Specifically, the program may include program code, and the program code includes
computer operation instructions. The memory 1503 may include a RAM, or may further include a
non-volatile memory (non-volatile memory), for example, one or more magnetic disk memories.
The processor 1502 executes the application program stored in the memory 1503 to implement the
foregoing functions, to implement the functions of the phase tracking reference signal transmission
apparatus 1500.

[00259] For example, the phase tracking reference signal transmission apparatus 1500 may be
the terminal device in the foregoing embodiments, or may be the network device in the foregoing
embodiments.

[00260] In an embodiment, when the phase tracking reference signal transmission apparatus
1500 implements a function of the terminal device in the embodiment shown in FIG. 9, the
transceiver 1501 may implement sending and receiving operations performed by the terminal
device in the embodiment shown in FIG. 9; and the processor 1502 may implement an operation
performed by the terminal device in the embodiment shown in FIG. 9 other than the sending and
receiving operations. For specific related descriptions, refer to the related descriptions in the
embodiment shown in FIG. 9. Details are not described herein again.

[00261] In another embodiment, when the phase tracking reference signal transmission

apparatus 1500 implements a function of the network device in the embodiment shown in FIG. 9,
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the transceiver 1501 may implement sending and receiving operations performed by the network
device in the embodiment shown in FIG. 9; and the processor 1502 may implement an operation
performed by the network device in the embodiment shown in FIG. 9 other than the sending and
receiving operations. For specific related descriptions, refer to the related descriptions in the
embodiment shown in FIG. 9. Details are not described herein again.

[00262] In still another embodiment, when the phase tracking reference signal transmission
apparatus 1500 implements a function of the terminal device in the embodiment shown in FIG. 11,
the transceiver 1501 may implement sending and receiving operations performed by the terminal
device in the embodiment shown in FIG. 11; and the processor 1502 may implement an operation
performed by the terminal device in the embodiment shown in FIG. 11 other than the sending and
receiving operations. For specific related descriptions, refer to the related descriptions in the
embodiment shown in FIG. 11. Details are not described herein again.

[00263] In still another embodiment, when the phase tracking reference signal transmission
apparatus 1500 implements a function of the network device in the embodiment shown in FIG. 11,
the transceiver 1501 may implement sending and receiving operations performed by the network
device in the embodiment shown in FIG. 11; and the processor 1502 may implement an operation
performed by the network device in the embodiment shown in FIG. 11 other than the sending and
receiving operations. For specific related descriptions, refer to the related descriptions in the
embodiment shown in FIG. 11. Details are not described herein again.

[00264] Based on the foregoing embodiments, an embodiment of this application provides a
commumication system. The communication system may include the terminal device, the network
device, and the like in the foregoing embodiments.

[00265] An embodiment of this application further provides a computer-readable storage
medium. The computer-readable storage medium is configured to store a computer program. When
the computer program is executed by a computer, the computer can implement the phase tracking
reference signal transmission method provided in the foregoing method embodiments.

[00266] An embodiment of this application further provides a computer program product. The
computer program product is configured to store a computer program. When the computer
program is executed by a computer, the computer can implement the phase tracking reference
signal transmission method provided in the foregoing method embodiments.

[00267] An embodiment of this application further provides a chip, including a processor. The
processor is coupled to a memory, and is configured to invoke a program in the memory, so that
the chip implements the phase tracking reference signal transmission method provided in the
foregoing method embodiments.

[00268] An embodiment of this application further provides a chip, where the chip is coupled
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to a memory, and the chip is configured to implement the phase tracking reference signal
transmission method provided in the foregoing method embodiments.

[00269] A person skilled in the art should understand that embodiments of this application may
be provided as a method, a system, or a computer program product. Therefore, this application
may use a form of hardware-only embodiments, software-only embodiments, or embodiments
with a combination of software and hardware. In addition, this application may use a form of a
computer program product that is implemented on one or more computer-usable storage media
(including but not limited to a disk memory, a CD-ROM, an optical memory, and the like) that
include computer-usable program code.

[00270] This application is described with reference to the flowcharts and/or block diagrams of
the method, the device (system), and the computer program product according to this application.
It should be understood that computer program instructions may be used to implement each
process and/or each block in the flowcharts and/or the block diagrams and a combination of a
process and/or a block in the flowcharts and/or the block diagrams. These computer program
mstructions may be provided for a general -purpose computer, a dedicated computer, an embedded
processor, or a processor of another programmable data processing device to generate a machine,
so that the instructions executed by a computer or a processor of another programmable data
processing device generate an apparatus for implementing a specific function in one or more
processes in the flowcharts and/or in one or more blocks in the block diagrams.

[00271] These computer program instructions may alternatively be stored in a computer-
readable memory that can instruct the computer or another programmable data processing device
to work in a specific manner, so that the instructions stored in the computer-readable memory
generate an artifact that includes an instruction apparatus. The instruction apparatus implements a
specific function in one or more processes in the flowcharts and/or in one or more blocks in the
block diagrams.

[00272] These computer program instructions may alternatively be loaded onto the computer
or another programmable data processing device, so that a series of operations and steps are
performed on the computer or another programmable device, to generate computer-implemented
processing. Therefore, the instructions executed on the computer or another programmable device
provide steps for implementing a specified function in one or more processes in the flowcharts
and/or in one or more blocks in the block diagrams.

[00273] Itis clear that a person skilled in the art can make various modifications and variations
to this application without departing from the scope of this application. Therefore, this application
is intended to cover these modifications and variations of this application provided that they fall

within the scope of the claims of this application and their equivalent technologies.
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CLAIMS

What is claimed is:

1. A phase tracking reference signal transmission method, comprising:

determining a first phase tracking reference signal PTRS pattern, wherein the first PTRS
pattern belongs to a first PTRS pattern set, the first PTRS pattern set comprises a plurality of PTRS
patterns, and none of all PTRS groups in each PTRS pattern in an orthogonal frequency division
multiplexing OFDM symbol is located at a tail of the OFDM symbol; the PTRS pattern indicates
a distribution rule of a PTRS in the OFDM symbol; and the PTRS pattern comprises a plurality of
PTRS groups, and cach PTRS group comprises a plurality of consecutive PTRS sampling points;
and

transmitting the PTRS based on the first PTRS pattern.

2. The method according to claim 1, wherein that none of all PTRS groups in each PTRS
pattern in an OFDM symbol is located at a tail of the OFDM symbol comprises:

no sampling point in a last PTRS group in each PTRS pattern in the OFDM symbol is located
at a last sampling point or a last modulation symbol of the OFDM symbol; or

a distance between any sampling point in a last PTRS group in each PTRS pattern in the
OFDM symbol and a last sampling point or a last modulation symbol of the OFDM symbol is
greater than a preset distance threshold.

3. The method according to claim 1 or 2, wherein a quantity of PTRS sampling points in a
PTRS group in any one of the plurality of PTRS patterns is not equal to 4.

4. The method according to any one of claims 1 to 3, wherein the determining a first PTRS
pattern comprises:

determining that a value of a first parameter is greater than or equal to a first threshold,
wherein the first parameter comprises a receive window advance; and

determining the first PTRS pattern based on a value of a second parameter and a first
correspondence, wherein the first correspondence is a correspondence between a plurality of value
sets of the second parameter and a plurality of PTRS pattemns, cach value set corresponds to one
type of PTRS pattern, and the plurality of PTRS patterns in the first correspondence are the same
as the plurality of PTRS patterns comprised in the first PTRS pattern set.

5. The method according to claim 4, wherein before the determining a first PTRS pattern, the
method further comprises:

receiving first information from a terminal device, wherein the first information indicates a
value set of the second parameter in a recommended second correspondence, a quantity of value

sets of the second parameter is greater than 5, the second correspondence is a correspondence
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between a plurality of value sets of the second parameter and a plurality of PTRS patterns, and the
plurality of PTRS patterns in the second correspondence comprise the first PTRS pattern set.

6. The method according to claim 4 or 5, wherein before the determining a first PTRS pattern,
the method further comprises:

sending second information to the terminal device, wherein the second information indicates
the value set of the second parameter in the second correspondence, the quantity of value sets of
the second parameter is greater than 5, the second correspondence is the correspondence between
a plurality of value sets of the second parameter and a plurality of PTRS pattems, and the plurality
of PTRS patterns in the second correspondence comprise the first PTRS pattern set.

7. The method according to any one of claims 4 to 6, wherein before the determining a first
PTRS pattern, the method further comprises:

sending third information to the terminal device, wherein the third information indicates a
plurality of groups of value sets of the second parameter, and a quantity of value sets of the second
parameter in each group is greater than 5.

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

sending fourth information to the terminal device, wherein the fourth information indicates a
group of value sets of the second parameter, the group of value sets of the second parameter is one
of the plurality of groups of value sets of the second parameter, and the group of value sets of the
second parameter comprises the value sets of the second parameter in the first correspondence.

9. The method according to any one of claims 4 to 8, wherein the method further comprises:

sending the value of the first parameter to the terminal device;

sending fifth information to the terminal device, wherein when the fifth information is a first
value, the fifth information indicates whether the value of the first parameter is greater than or
equal to the first threshold; or

sending sixth information to the terminal device, wherein the sixth information indicates the
first correspondence.

10. The method according to any one of claims 1 to 3, wherein the determining a first PTRS
pattern comprises:

determining a correspondence between a value set of a second parameter and a PTRS pattern
as a first correspondence, wherein the first correspondence is a correspondence between a plurality
of value sets of the second parameter and a plurality of PTRS patterns, cach value set corresponds
to one type of PTRS pattern, and the plurality of PTRS pattemns in the first correspondence are the
same as the plurality of PTRS patterns comprised in the first PTRS pattern set; and

determining the first PTRS pattern based on a value of the second parameter and the first

correspondence.
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11. The method according to claim 10, wherein the determining a correspondence between a
value set of a second parameter and a PTRS pattern as a first correspondence comprises:

receiving a value of a first parameter from a network device, and if it is determined that the
value of the first parameter is greater than or equal to a first threshold, determining the
correspondence between a value set of a second parameter and a PTRS pattern as the first
correspondence, wherein the first parameter comprises a receive window advance;

receiving fifth information from a network device, wherein when the fifth information is a
first value, the fifth information indicates whether a value of a first parameter is greater than or
equal to a first threshold; and if the fifth information is the first value, and it is determined that the
value of the first parameter is greater than or equal to the first threshold, determining the
correspondence between a value set of a second parameter and a PTRS pattern as the first
correspondence; or

receiving sixth information from a network device, wherein the sixth information indicates
that the correspondence between a value set of a second parameter and a PTRS pattern is the first
correspondence.

12. The method according to claim 10, wherein before the determining a correspondence
between a value set of a second parameter and a PTRS pattern as a first correspondence, the method
further comprises:

sending first information to a network device, wherein the first information indicates a value
set of the second parameter in a recommended second correspondence, a quantity of value sets of
the second parameter is greater than 5, the second correspondence is a correspondence between a
plurality of value sets of the second parameter and a plurality of PTRS patterns, and the plurality
of PTRS patterns in the second correspondence comprise the first PTRS pattern set.

13. The method according to claim 10 or 12, wherein before the determining a
correspondence between a value set of a second parameter and a PTRS pattern as a first
correspondence, the method further comprises:

receiving second information from the network device, wherein the second information
indicates the value set of the second parameter in the second correspondence, the quantity of value
sets of the second parameter is greater than 5, the second correspondence is the correspondence
between a plurality of value sets of the second parameter and a plurality of PTRS pattemns, and the
plurality of PTRS patterns in the second correspondence comprise the first PTRS pattern set; and

the determining a correspondence between a value set of a second parameter and a PTRS
pattern as a first correspondence comprises:

determining, based on the value set that is of the second parameter and that is indicated by

the second information, the correspondence between a value set of a second parameter and a PTRS
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pattern as the first correspondence.

14. The method according to claim 10 or 12, wherein before the determining a
correspondence between a value set of a second parameter and a PTRS pattern as a first
correspondence, the method further comprises:

receiving third information from the network device, wherein the third information indicates
a plurality of groups of value sets of the second parameter, and a quantity of value sets of the
second parameter in each group is greater than 5.

15. The method according to claim 14, wherein before the determining a correspondence
between a value set of a second parameter and a PTRS pattern as a first correspondence, the method
further comprises:

receiving fourth information from the network device, wherein the fourth information
indicates a group of value sets of the second parameter, the group of value sets of the second
parameter is one of the plurality of groups of value sets of the second parameter, and the group of
value sets of the second parameter comprises the value sets of the second parameter in the first
correspondence; and

the determining a correspondence between a value set of a second parameter and a PTRS
pattern as a first correspondence comprises:

determining, based on the group of value sets that is of the second parameter and that is
indicated by the fourth information, the correspondence between a value set of a second parameter
and a PTRS pattern as the first correspondence.

16. The method according to any one of claims 4 to 15, wherein the second parameter is a
scheduled bandwidth configured by the network device for the terminal device; or the second
parameter is a scheduled bandwidth configured by the network device for the terminal device and
a modulation and coding scheme MCS configured by the network device for the terminal device.

17. The method according to any one of claims 4 to 9 and 11, wherein the first parameter
further comprises a modulation and coding scheme MCS configured by the network device for the
terminal device.

18. The method according to any one of claims 4 to 9 and 11, wherein the determining that a
value of a first parameter is greater than or equal to a first threshold comprises:

determining that a value of a receive window advance corresponding to a first modulation
and coding scheme MCS is greater than or equal to the first threshold, wherein the first MCS is
one of a plurality of MCSs configured by the network device for the terminal device, and
thresholds of values of receive window advances corresponding to the plurality of MCSs are
different.

19. The method according to any one of claims 5, 6, 12 and 13, wherein the plurality of PTRS
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patterns in the second correspondence comprise a plurality of PTRS patterns in a third
correspondence, and the value set of the second parameter in the first correspondence is different
from a value set of the second parameter in the third correspondence.

20. The method according to any one of claims 4, 10 and 11, wherein the value set of the
second parameter in the first correspondence is the same as a value set of the second parameter in
a fourth correspondence, and at least one of the plurality of PTRS patterns in the first
correspondence is different from at least one of a plurality of PTRS patterns in the fourth
correspondence; and

the fourth correspondence is a correspondence between a plurality of value sets of the second
parameter and a plurality of PTRS patterns, and the fourth correspondence is a correspondence
used when the value of the first parameter is less than the first threshold.

21. A phase tracking reference signal transmission apparatus, comprising a transceiver and a
processor, wherein

the transceiver is configured to: transmit a phase tracking reference signal PTRS, or receive
or send information; and

the processor is coupled to a memory, and is configured to: invoke computer instructions in
the memory, to enable the phase tracking reference signal transmission apparatus to perform the
method according to any one of claims 1 to 20.

22. A computer-readable storage medium, wherein the computer-readable storage medium
stores computer-executable instructions, and when being invoked by a computer, the computer-
executable instructions are used to enable the computer to perform the method according to any
one of claims 1 to 20.

23. A computer program product comprising instructions, wherein when the computer
program product runs on a computer, the computer is enabled to perform the method according to
any one of claims 1 to 20.

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

claims 1 to 20.
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