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PHASE COMPENSATION METHOD AND COMMUNICATION APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202311294996.7,
filed with the China National Intellectual Property Administration on September 28, 2023 and
entitled "PHASE COMPENSATION METHOD AND COMMUNICATION APPARATUS",

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

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

to a phase compensation method and a communication apparatus.

BACKGROUND

[0003] In a coherent joint transmission (coherent joint transmission, CJT) scenario, a plurality
of network devices may provide services for a same terminal in a coordinated manner. Signals sent
by the plurality of network devices are coherently superposed at the terminal, and interference is
coherently canceled at the terminal, so that a signal-to-noise ratio can be improved. In an actual
communication system, if clock sources of all the plurality of network devices are different, a
phase offset (also referred to as a phase shift) occurs between the signals sent by the plurality of
network devices. As a result, the signals sent by the plurality of network devices cannot be
completely coherently superposed at the terminal, and interference cannot be completely
coherently canceled, affecting a transmission effect.

[0004] Therefore, when the plurality of network devices that do not share a clock source
provide services for the terminal in a coordinated manner, how to improve a CJT transmission

effect is an urgent problem to be resolved.

SUMMARY

[0005] Embodiments of this application provide a phase compensation method and a
communication apparatus, to improve phase compensation accuracy.

[0006] To achieve the foregoing objective, this application uses the following technical
solutions.

[0007] According to a first aspect, a phase compensation method is provided. The phase

compensation method includes: A terminal receives at least two reference signal sets, where each
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of the at least two reference signal sets includes at least one reference signal; and the terminal
sends first information based on the at least two reference signal sets, where the first information
indicates a corresponding phase variation between reference signal sets in the at least two reference
signal sets at a first moment.

[0008] Based on the phase compensation method provided in the first aspect, the terminal may
perform phase measurement based on the at least two reference signal sets, and send the
corresponding phase variation between the reference signal sets in the at least two reference signal
sets at the first moment, that is, a phase variation between a plurality of network devices that
provide services for the terminal in a coordination scenario. At different moments, phase variations
between the plurality of network devices that provide the services for the terminal may be different.
The network device may perform phase compensation on a downlink signal based on the
corresponding phase variation that is between the reference signal sets in the at least two reference
signal sets at the first moment and that is reported by the terminal, to improve phase compensation
accuracy, and improve a CJT transmission effect.

[0009] In a possible design solution, the corresponding phase variation between the reference
signal sets in the at least two reference signal sets includes a corresponding phase variation
between a first reference signal set and a second reference signal set. The second reference signal
set is a preset reference signal set in the at least two reference signal sets, and the first reference
signal set is any reference signal set in the at least two reference signal sets other than the second
reference signal set. In other words, a corresponding phase variation between two reference signal
sets may be calculated by using one preset reference signal set in the at least two reference signal
sets as a reference. In this way, when a quantity of reference signal sets is greater than or equal to
3, complexity of the first information may be simplified, to reduce resource overheads.

[0010] In a possible design solution, the corresponding phase variation between the reference
signal sets in the at least two reference signal sets includes a corresponding phase variation
between an i reference signal set and an (i + 1)™ reference signal set that are in the at least two
reference signal sets. i is an integer,and 1 < i <. [ is a total quantity of reference signal sets
in the at least two reference signal sets.

[0011] In a possible design solution, the corresponding phase variation between the reference
signal sets in the at least two reference signal sets is related to an index of a frequency domain unit.
In this way, the corresponding phase variation between the reference signal sets in the at least two
reference signal sets may be separately obtained for different frequency domain units, to further
improve phase compensation accuracy.

[0012] Optionally, the phase variation at the first moment and the index of the frequency

domain unit satisfy a linear relationship. Therefore, reporting complexity of the phase variation at
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the first moment can be simplified, and feedback overheads can be reduced.

[0013] Further, the phase variation at the first moment and the index of the frequency domain
unit satisfy the following relationship: P1=2mp + 2mko. P1 is the phase variation at the first
moment. k is the index of the frequency domain unit. k is a positive integer greater than or equal
to 0. p is aconstant. o is a constant.

[0014] In a possible design solution, the reference signal is a channel state information-
reference signal CSI-RS.

[0015] Optionally, the first moment is an end position of a last reference signal set that is in
the at least two reference signal sets and that is before a channel state information CSI reference
resource. Alternatively, the first moment is a time domain position corresponding to a CSI
reference resource. Alternatively, the first moment is a start moment at which the first information
is reported. Alternatively, the first moment is a moment after a start moment at which the first
information is reported, and a time length between the first moment and a moment at which the
first information is reported is a first time length.

[0016] In a possible design solution, a reference signal in each of the at least two reference
signal sets is carried on a reference signal resource in a same reference signal resource set. The
reference signal resource set includes a plurality of reference signal resources.

[0017] Optionally, in the plurality of reference signal resources in the reference signal resource
set, a same port index corresponds to a same port; and/or the plurality of reference signal resources
in the reference signal resource set are quasi colocated. In this way, accuracy of a phase shift
measured by the terminal can be improved, to further improve phase compensation accuracy.
[0018] In a possible design solution, reference signals in different reference signal sets in the
at least two reference signal sets are respectively carried on reference signal resources in different
reference signal resource sets. The reference signal resource set includes one reference signal
resource.

[0019] In a possible design solution, a reference signal in each of the at least two reference
signal sets is carried on reference signal resources in a plurality of reference signal resource sets.
[0020] Optionally, each of the plurality of reference signal resource sets includes at least one
reference signal resource having a same resource identifier.

[0021] Alternatively, optionally, reference signal resources in the plurality of reference signal
resource sets are arranged in an order of resource identifiers, and same port indexes of reference
signal resources that are in different reference signal resource sets and that have a same
arrangement ranking correspond to a same port; and/or reference signal resources that are in
different reference signal resource sets and that have a same arrangement ranking are quasi

colocated. In this way, accuracy of a phase shift measured by the terminal can be improved, to
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further improve phase compensation accuracy.

[0022] In a possible design solution, reference signals in all of the at least two reference signal
sets are carried on reference signal resources in a same reference signal resource set. The reference
signal resource set includes a plurality of reference signal resources, and reference signals in
different reference signal sets are carried on different reference signal resources.

[0023] According to a second aspect, a phase compensation method is provided. The phase
compensation method includes: A network device sends a reference signal set to a terminal, where
the reference signal set includes at least one reference signal; and the network device receives first
information that is sent by the terminal based on at least two reference signal sets, where the first
information indicates a corresponding phase variation between reference signal sets in the at least
two reference signal sets at a first moment.

[0024] Based on the phase compensation method provided in the second aspect, the network
device may send the reference signal set, and receive the first information that is fed back by the
terminal based on reference signal sets of a plurality of network devices, that is, indicating a
corresponding phase variation between reference signal sets of the plurality of network devices at
the first moment, that is, a phase variation between the plurality of network devices. In this way,
the network device may perform phase compensation on a downlink signal based on the
corresponding phase variation between the reference signal sets in the at least two reference signal
sets at the first moment. Therefore, phase compensation accuracy is improved.

[0025] In a possible design solution, the phase variation between the reference signal sets in
the at least two reference signal sets includes a corresponding phase variation between a first
reference signal set and a second reference signal set. The second reference signal set is a preset
reference signal set in the at least two reference signal sets, and the first reference signal set is any
reference signal set in the at least two reference signal sets other than the second reference signal
set.

[0026] In a possible design solution, the corresponding phase variation between the reference
signal sets in the at least two reference signal sets includes a corresponding phase variation
between an ™ reference signal set and an (i + 1)™ reference signal set that are in the at least two
reference signal sets. i is an integer, and 1 < i <. I is a total quantity of reference resource
sets in the at least two reference signal sets.

[0027] In a possible design solution, the corresponding phase variation between the reference
signal sets in the at least two reference signal sets is related to an index of a frequency domain unit.
[0028] Optionally, the phase variation at the first moment and the index of the frequency
domain unit satisfy a linear relationship.

[0029] Further, the phase variation at the first moment and the index of the frequency domain
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unit satisfy the following relationship: P1=2mp + 2mko. P1 is the phase variation at the first
moment. k is the index of the frequency domain unit. k is a positive integer greater than or equal
to 0. p is aconstant. ¢ is a constant.

[0030] In a possible design solution, the reference signal is a channel state information-
reference signal CSI-RS.

[0031] In a possible design solution, the first moment is an end position of a last reference
signal set that is in the at least two reference signal sets and that is before a channel state
information CSI reference resource. Alternatively, the first moment is a time domain position
corresponding to a CSI reference resource. Alternatively, the first moment is a start moment at
which the first information is reported. Alternatively, the first moment is a moment after a start
moment at which the first information is reported, and a time length between the first moment and
a moment at which the first information is reported is a first time length.

[0032] In a possible design solution, a reference signal in each of the at least two reference
signal sets is carried on a reference signal resource in a same reference signal resource set. The
reference signal resource set includes a plurality of reference signal resources.

[0033] Optionally, in the plurality of reference signal resources in the reference signal resource
set, a same port index corresponds to a same port; or the plurality of reference signal resources in
the reference signal resource set are quasi colocated.

[0034] In a possible design solution, reference signals in different reference signal sets in the
at least two reference signal sets are respectively carried on reference signal resources in different
reference signal resource sets. The reference signal resource set includes one reference signal
resource.

[0035] In a possible design solution, a reference signal in each of the at least two reference
signal sets is carried on reference signal resources in a plurality of reference signal resource sets.
[0036] Optionally, each reference signal resource in the plurality of reference signal resource
sets includes at least one reference signal resource having a same resource identifier.

[0037] Alternatively, optionally, reference signal resources in the plurality of reference signal
resource sets are arranged in an order of resource identifiers, and same port indexes of reference
signal resources that are in different reference signal resource sets and that have a same
arrangement ranking correspond to a same port; and/or reference signal resources that are in
different reference signal resource sets and that have a same arrangement ranking are quasi
colocated.

[0038] In a possible design solution, reference signals in all of the at least two reference signal
sets are carried on reference signal resources in a same reference signal resource set. The reference

signal resource set includes a plurality of reference signal resources, and reference signals in

5



10

15

20

25

30

35

different reference signal sets are carried on different reference signal resources.

[0039] In a possible design solution, the method provided in the second aspect further includes:
The network device performs phase compensation based on the first information.

[0040] In addition, for technical effects of the phase compensation method in the second aspect,
refer to the technical effects of the phase compensation method in the first aspect. Details are not
described herein again.

[0041] According to a third aspect, a communication apparatus is provided. The
communication apparatus is configured to perform the phase compensation method according to
any one of the implementations of the first aspect and the second aspect.

[0042] In this application, the communication apparatus according to the third aspect may be
the terminal according to the first aspect, the network device according to the second aspect, a chip
(system) or another part or component that may be disposed in the terminal or the network device,
or an apparatus including the terminal or the network device.

[0043] It should be understood that the communication apparatus in the third aspect includes
a corresponding module, unit, or means (means) for implementing the phase compensation method
according to either of the first aspect and the second aspect. The module, the unit, or the means
may be implemented by hardware, may be implemented by software, or may be implemented by
hardware executing corresponding software. The hardware or software includes one or more
modules or units configured to perform functions related to the foregoing phase compensation
method.

[0044] According to a fourth aspect, a communication apparatus is provided. The
communication apparatus includes a processor. The processor is configured to perform the phase
compensation method according to any one of the possible implementations of the first aspect and
the second aspect.

[0045] In a possible design solution, the communication apparatus according to the fourth
aspect may further include a transceiver. The transceiver may be a transceiver circuit or an interface
circuit. The transceiver may be used by the communication apparatus according to the fourth
aspect to communicate with another communication apparatus.

[0046] In a possible design solution, the communication apparatus according to the fourth
aspect may further include a memory. The memory and the processor may be integrated together,
or may be disposed separately. The memory may be configured to store a computer program and/or
data in the phase compensation method according to either of the first aspect and the second aspect.
[0047] In this application, the communication apparatus according to the fourth aspect may be
the terminal according to the first aspect, the network device according to the second aspect, a chip

(system) or another part or component that may be disposed in the terminal or the network device,
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or an apparatus including the terminal or the network device.

[0048] According to a fifth aspect, a communication apparatus is provided. The
communication apparatus includes a processor. The processor is coupled to a memory, and the
processor is configured to execute a computer program stored in the memory, so that the
communication apparatus performs the phase compensation method according to any one of the
possible implementations of the first aspect and the second aspect.

[0049] In a possible design solution, the communication apparatus according to the fifth aspect
may further include a transceiver. The transceiver may be a transceiver circuit or an interface
circuit. The transceiver may be used by the communication apparatus according to the fifth aspect
to communicate with another communication apparatus.

[0050] In this application, the communication apparatus according to the fifth aspect may be
the terminal according to the first aspect, the network device according to the second aspect, a chip
(system) or another part or component that may be disposed in the terminal or the network device,
or an apparatus including the terminal or the network device.

[0051] According to a sixth aspect, a communication apparatus is provided, and includes a
processor and a memory. The memory is configured to store a computer program. When the
processor executes the computer program, the communication apparatus is caused to perform the
phase compensation method according to any one of the implementations of the first aspect and
the second aspect.

[0052] In a possible design solution, the communication apparatus according to the sixth
aspect may further include a transceiver. The transceiver may be a transceiver circuit or an interface
circuit. The transceiver may be used by the communication apparatus according to the sixth aspect
to communicate with another communication apparatus.

[0053] In this application, the communication apparatus according to the sixth aspect may be
the terminal according to the first aspect, the network device according to the second aspect, a chip
(system) or another part or component that may be disposed in the terminal or the network device,
or an apparatus including the terminal or the network device.

[0054] According to a seventh aspect, a communication apparatus is provided, and includes a
processor. The processor is configured to: be coupled to a memory; and after reading a computer
program in the memory, perform, based on the computer program, the phase compensation method
according to any one of the implementations of the first aspect and the second aspect.

[0055] In a possible design solution, the communication apparatus according to the seventh
aspect may further include a transceiver. The transceiver may be a transceiver circuit or an interface
circuit. The transceiver may be used by the communication apparatus according to the seventh

aspect to communicate with another communication apparatus.
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[0056] In this application, the communication apparatus according to the seventh aspect may
be the terminal according to the first aspect, the network device according to the second aspect, a
chip (system) or another part or component that may be disposed in the terminal or the network
device, or an apparatus including the terminal or the network device.

[0057] According to an eighth aspect, a processor is provided. The processor is configured to
perform the phase compensation method according to any one of the possible implementations of
the first aspect and the second aspect.

[0058] According to a ninth aspect, a communication system is provided. The communication
system includes one or more terminals and one or more network devices.

[0059] According to a tenth aspect, a computer-readable storage medium is provided, and
includes a computer program or instructions. When the computer program or the instructions are
run on a computer, the computer is caused to perform the phase compensation method according
to any one of the possible implementations of the first aspect and the second aspect.

[0060] According to an eleventh aspect, a computer program product is provided, and includes
a computer program or instructions. When the computer program or the instructions are run on a
computer, the computer is caused to perform the phase compensation method according to any one
of the possible implementations of the first aspect and the second aspect.

[0061] In addition, for technical effects of the communication apparatus according to the third
aspect to the eleventh aspect, refer to technical effects of the phase compensation method

according to the first aspect and the second aspect. Details are not described herein again.

BRIEF DESCRIPTION OF DRAWINGS

[0062] FIG. 1 is a diagram of an architecture of a communication system in [IPRAN networking
according to an embodiment of this application;

[0063] FIG. 2 is a diagram of a sampling frequency offset and a carrier frequency offset caused
by different clocks;

[0064] FIG. 3 is a diagram of phase feedback according to an embodiment of this application;
[0065] FIG. 4A and FIG. 4B are a diagram of channels of different network devices according
to an embodiment of this application;

[0066] FIG. 5 is a diagram of an architecture of a communication system according to an
embodiment of this application;

[0067] FIG. 6 is a diagram of information exchange between a network device and a terminal
according to an embodiment of this application;

[0068] FIG. 7 is a schematic flowchart of a phase compensation method according to an
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embodiment of this application;

[0069] FIG. 8 is a diagram 1 of a relationship between an RS resource set, an RS resource, and
an RS set according to an embodiment of this application;

[0070] FIG. 9 is a diagram 1 of a relationship between a periodicity, an RS resource set, an RS
resource, and an RS set according to an embodiment of this application;

[0071] FIG. 10 is a diagram 2 of a relationship between an RS resource set, an RS resource,
and an RS set according to an embodiment of this application;

[0072] FIG. 11 is a diagram 3 of a relationship between an RS resource set, an RS resource,
and an RS set according to an embodiment of this application;

[0073] FIG. 12 is a diagram 2 of a relationship between a periodicity, an RS resource set, an
RS resource, and an RS set according to an embodiment of this application;

[0074] FIG. 13 is a diagram of a first moment according to an embodiment of this application;
[0075] FIG. 14A to FIG. 14C are a diagram of a correspondence between a phase shift
difference indicated by first information and a reference signal set according to an embodiment of
this application;

[0076] FIG. 15 is a diagram of a phase that is compensated for according to an embodiment of
this application;

[0077] FIG. 16 is a diagram 1 of a structure of a communication apparatus according to an
embodiment of this application; and

[0078] FIG. 17 is a diagram 2 of a structure of a communication apparatus according to an

embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0079] The following describes technical terms and technical solutions in this application with
reference to the accompanying drawings.

[0080] 1. A symbol (symbol) may also be referred to as a time domain symbol. In embodiments
of this application, the symbol may be an orthogonal frequency division multiplexing (orthogonal
frequency division multiplexing, OFDM) symbol, or may be a discrete Fourier transform-spread-
OFDM (discrete Fourier transform-spread-OFDM, DFT-s-OFDM) symbol. Unless otherwise
specified, all symbols in embodiments of this application are time domain symbols.

[0081] It should be understood that, in the following embodiments, a symbol is used as an
example. In an actual implementation, the symbol may alternatively be another time domain unit,
including a plurality of symbols, at least one slot (slot), at least one mini-slot (mini-slot), or the

like.
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[0082] 2. One frequency domain unit may include at least one sub-carrier (sub-carrier). It may
be understood that the frequency domain unit may be further divided based on another possible
frequency domain granularity, for example, a resource block (resource block, RB), a physical
resource block (physical resource block, PRB), a resource block group (resource block group,
RBG), or a virtual resource block (virtual resource block, VRB). In other words, one frequency
domain unit may include at least one RB, PRB, RBG, or VRB. Details are not described herein.
[0083] A coherent joint transmission (coherent joint transmission, CJT) technology can
improve a downlink signal to interference and noise ratio (signal to interference and noise ratio,
SINR), that is, a signal-to-noise ratio. In a communication solution based on the CJT technology,
a plurality of network devices may provide services for a same terminal in a coordinated manner.
Signals sent by the plurality of network devices that provide services for the terminal in a
coordinated manner are coherently superposed at the terminal, and interference signals are
coherently canceled at the terminal. In this way, a network throughput can be improved, and user
experience can be improved. Signal processing, sampling, and carrier generation are all performed
based on clock signals. Assuming that clocks of the plurality of network devices are different, the
plurality of network devices do not share a clock source. As a result, clock signals generated by
clock sources of these network devices are asynchronous (which may also be referred to as clock
asynchrony or clock asynchronization). For example, frequencies and/or phases of clock signals
of different network devices are different. Consequently, phases of signals received by the terminal
from different network devices cannot satisfy a coherence condition, and a CJT transmission effect
is affected. In other words, when coherent processing is performed on the signals, clock signal
synchronization (which may also be referred to as clock synchronization) between different
network devices that need to provide services in a coordinated manner is needed, that is, clock
signals of different network devices have a consistent phase.

[0084] Internet protocol radio access network (internet protocol radio access network, IPRAN)
networking is used as an example, as shown in FIG. 1, a communication system using the [IPRAN
networking includes a network device 101a, a network device 101b, and a terminal 102. Both the
network device 101a and a network device 102b include a universal main control (universal main
processing and transmission, UMPT) unit and a universal baseband processing (universal
baseband processing, UBBP) unit. The universal main processing and transmission unit is
configured to provide signaling processing and resource management functions, and a
communication baseband processing unit may be configured to implement a baseband signal
processing function. The network device 101a and the network device 101b may communicate
with each other through a backhaul (backhaul, BH) link. Clock sources of the network device 101a

and the network device 101b are different. When the network device 101a and the network device
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101b provide services for the terminal in a coordinated manner, a phase shift of a signal from a
network device 1 after arriving at the terminal is inconsistent with a phase shift of a signal from a
network device 2 after arriving at the terminal. In other words, the signal of the network device 1
and the signal of the network device 2 that are received by the terminal do not satisfy a complete
coherence condition, affecting a CJT transmission effect.

[0085] It may be understood that the phase shift is an offset amount of a phase of a signal, that
is, a phase offset.

[0086] That clock signals of different network devices have different frequencies may also
mean that a deviation exists between clock signals of different network devices. That clock signals
of different network devices have different phases may also mean that a phase deviation exists
between the clock signals of the different network devices.

[0087] For ease of understanding, the following describes, with reference to two network
devices, for example, the network device 1 and the network device 2, impact of different clock
sources of the plurality of network devices that provide services in a coordinated manner on a
received signal of the terminal. As shown in FIG. 2, it is assumed that the network device 1 and
the network device 2 provide services for the terminal in a coordinated manner, the network device
1 and the network device 2 do not share a clock source, reference clock frequencies of the network
device 1 and the network device 2 are both f;, a deviation of a clock frequency of the network
device 1 relative to the reference clock frequency is 61, and a deviation of a clock frequency of
the network device 2 relative to the reference clock frequency is §2. In this case, a frequency of a
clock signal generated by a clock source of the network device 1 is f, * (1 + §1), and a frequency
of a clock signal generated by a clock source of the network device 2 is f * (1 + 62).

[0088] Baseband sampling clocks of the network device 1 and the network device 2 and carrier
signals used for up-conversion are generated by using clock signals of the network device 1 and
the network device 2 as a reference. Therefore, when a deviation exists between the frequency of
the clock signal and the reference clock frequency, a deviation is introduced into a corresponding
baseband sampling clock frequency and a corresponding carrier frequency. In other words, the
deviation between the frequency of the clock signal and the reference clock frequency causes the
deviation between the baseband sampling clock frequency and the carrier frequency. For example,
for the network device 1, a baseband sampling clock frequency is generated based on the frequency

of the clock signal generated by the clock source of the network device 1, and a baseband sampling

clock frequency fJR®P1 of the network device 1 satisfies a relationship shown in the following
formula (1):
fR = fox (1+61) (1)

[0089] After digital-to-analog conversion is performed on the baseband sampling clock
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frequency of the network device 1 by using a digital/analog converter (digital-to-analog converter,
DAC), up-conversion is performed based on a carrier corresponding to the network device 1. A
carrier frequency of the carrier of the network device 1 satisfies a relationship shown in the
following formula (2):
= fox (14 61) 2

[0090] For the network device 2, a baseband sampling clock frequency is generated based on
the frequency of the clock signal generated by the clock source of the network device 2, and a
baseband sampling clock frequency fJRF? of the network device 2 satisfies a relationship shown
in the following formula (3):

fRP2 = fo + (1 4 62) 3)
[0091] After digital-to-analog conversion is performed on the baseband sampling clock
frequency of the network device 2 by using a digital/analog converter (digital-to-analog converter,
DAC), up-conversion is performed based on a carrier corresponding to the network device 2. A
carrier frequency of the carrier of the network device 2 satisfies a relationship shown in the
following formula (4):

fEFP? = fox (14 62) 4
[0092] fs is a baseband sampling reference frequency, f7RF! is a carrier frequency of the
network device 1, f; is a carrier reference frequency, and fJ*F? is a carrier frequency of the

network device 2.

[0093] A baseband sampling periodicity of the network device 1 is TJRP1 = fg%, and a

baseband sampling periodicity of the network device 2 is T P2 = fﬂlm.
S

[0094] It is assumed that a carrier frequency used by the terminal for down-conversion is fYE,
and a baseband sampling periodicity used by the terminal for down-conversion is TYE. After
receiving the signal from the network device 1 and the signal from the network device 2, the
terminal performs down-conversion on the received signals based on a carrier used for down-
conversion, and performs analog-to-digital conversion on the down-converted signals by using an
analog-to-digital converter (analog-to-digital converter, ADC), to obtain a baseband signal.
[0095] In this case, a carrier frequency offset (carrier frequency offset, CFO), that is, &;, of
the network device 1 relative to the terminal satisfies a relationship shown in the following formula
(5):

g o fORPL — fUF (5)
[0096] o« means being proportional to.
[0097] A carrier frequency offset, that is, &,, of the network device 2 relative to the terminal
satisfies a relationship shown in the following formula (6):
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TRP2 UE
& X f¢ —Jc (6)

[0098] A sampling frequency offset (sampling frequency offset, SFO), that is, p,, of the
network device 1 relative to the terminal satisfies a relationship shown in the following formula
(7):

w, o TTRP1 _ TUE 7)
[0099] A sampling frequency offset, thatis, u,, of the network device 2 relative to the terminal
satisfies a relationship shown in the following formula (8):

1, o TTRP2 _ TUE (8)
[00100] The following analyzes, based on the foregoing parameters, impact of the SFO and the
CFO on a signal received by the terminal, that is, the signal received by the terminal from the
network device 1 or the signal received by the terminal from the network device 2.

[00101] Case 1: The SFO affects a received signal of the terminal.
[00102] A received signal that is from one network device and that is received by the terminal
satisfies a relationship shown in the following formula (9):

r(t) = $15 SKZL Hy sy e 2mRAT (- Tsyms) 9)
[00103] t represents a moment at which the terminal receives a signal. r(t) represents a signal
received from the network device at the moment ¢. [ is an identifier of a symbol (for example,
an OFDM symbol), that is, an [ symbol, or a symbol [. k is an identifier of a frequency domain
unit (for example, a sub-carrier), that is, a k™ frequency domain unit, or a frequency domain unit
k, k is greater than or equal to 0, and k is an integer. H;, represents a channel on the symbol
[ and the frequency domain unit k. s;,represents a signal on the symbol [ and the frequency
domainunit k. Af represents a frequency spacing between two adjacent frequency domain units.
Tsymp represents a periodicity of one symbol, that is, a time length. If a baseband sampling
periodicity of the network device is T, and a deviation between a baseband sampling periodicity
of the terminal and the baseband sampling periodicity of the network device is ATy, that is, the
baseband sampling periodicity of the terminal is T + AT, a received signal of the terminal at an
n't sampling point on the symbol [ satisfies the relationship shown in the following formula (10):

Ry, = (UK + n)(Ts + ATs)) (10)
[00104] A signal on the symbol [ is sampled, to obtain received signals {Rl,n}:;; (a discrete
point sequence in time domain) at a 0" sampling point to a (K—1)" sampling point on the symbol

. . . . . K-1
l. Discrete Fourier transform (discrete Fourier transform, DFT) is performed on {er”}n=o’ to

K-1

=0’ that is, signals received by the terminal

obtain a frequency domain receive sequence {Al,k}

on the symbol [ and each of a frequency domain unit 0 to a frequency domain unit K-1. A4,
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represents a signal received by the terminal on the symbol [ and the frequency domain unit k.
Ak satisfies a relationship shown in the following formula (11):
T5+ATS

el ZSEATS
Ay = Hyesy e Ts

)
[00105] With reference to the formula (11), it can be learned that a phase shift generated by the

received signal on the terminal due to the SFO is @gro = 21kl AT&, and the phase shift caused by
S

the SFO is related to the frequency domain unit k and the symbol [. In other words, the phase
shift caused by the SFO is related to a frequency domain unit k and time.

[00106] Case 2: The CFO affects a received signal of the terminal.

[00107] It is assumed that the deviation between the carrier frequency of the terminal and the
carrier frequency of the network device is Af., and the carrier frequency used by the terminal to
perform down-conversion is f E. In this case, the carrier frequency used by the network device
to perform up-conversion is fF + Af,. If a time domain signal sent by the network device is
x(t), due to existence of the CFO, a received signal received by the terminal after down-
conversion is performed on the time domain signal sent by the network device is
x(t)e/2m(ctaf At Correspondingly, a baseband signal on the terminal is x(t)e/2™4fct It can be
learned that, compared with the time domain signal x(t) sent by the network device, a generated
phase shift on the received signal on the terminal due to the CFO is 2mAf.t, and the phase shift
changes with time.

[00108] It can be learned from analysis of the foregoing Case 1 and Case 2 that both the SFO
and the CFO cause a phase shift of a signal sent by the network device at the terminal.

[00109] For ease of understanding, an SFO between the network device and the terminal is
referred to as an SFO corresponding to the network device below, and a CFO between the network
device and the terminal is referred to as a CFO corresponding to the network device below. For
example, an SFO between the network device 1 and the terminal is referred to as an SFO
corresponding to the network device 1 below, and a CFO between the network device 1 and the
terminal is referred to as a CFO corresponding to the network device 1 below. An SFO between
the network device 2 and the terminal is referred to as an SFO corresponding to the network device
2 below, and a CFO between the network device 2 and the terminal is referred to as a CFO
corresponding to the network device 2 below.

[00110] With reference to Case 1 and Case 2, the following describes impact of the SFO and
the CFO on a received signal of the terminal when the plurality of network devices provide services
for the terminal in a coordinated manner.

[00111]  Still with reference to an example in which the network devices that provide services
for the terminal in a coordinated manner include the network device 1 and the network device 2,
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the SFO corresponding to the network device 1 is pq, and the CFO corresponding to the network
device 1 is &. Inthis case, a channel H}, between the network device 1 and the terminal satisfies
a relationship shown in the following formula (12):

HY, = H&kejZn(eﬁkul)l (12)
[00112] H ﬂk is a channel of the network device 1 on a symbol [ and a frequency domain unit
k,and H 3’ x 1s a channel of the network device 1 on a symbol 0 and the frequency domain unit k.
[00113] Similarly, if the SFO corresponding to the network device is u,, and the CFO
corresponding to the network device 2 is &,, a channel H7j, between the network device 2 and
the terminal satisfies a relationship shown in the following formula (13):

HZ, = Hg'kej2n(82+ku2)l (13)
[00114] H 12,k is a channel of the network device 2 on a symbol [ and a frequency domain unit
k,and H g' x 1s a channel of the network device 2 on a symbol 0 and the frequency domain unit k.
[00115] A deviation between the CFO corresponding to the network device 2 and the CFO
corresponding to the network device 1 is A0, where Ae0 satisfies a relationship shown in the
following formula (14):

A0 =g, — & (14)
[00116] Similarly, a deviation between the SFO corresponding to the network device 2 and the
SFO corresponding to the network device 1 is Au0, where AuQ satisfies a relationship shown in
the following formula (15):

Apl = py — iy (15)
[00117] If Ae0 = AuO = 0, the channel Hll_k and the channel ka have a same phase shift
relative to the symbol 0, that is 2m(e; + kuy)l = 2m(e, + kuy)l. In this case, coherent
transmission can still be implemented by using a proper weight design.

[00118] If Ae0 # 0, and AuO # 0, in the symbol [ and the frequency domain unit k, the
channel between the network device 2 and the terminal satisfies a relationship shown in the
following formula (16):

ka — Hg,keﬂ"(gﬁ"“z)l — Hg'kejZn[(sl+Aso)+k(u1+Auo)]l (16)
[00119] It can be learned from the formula (16) that a difference between a phase shift (that is,
the phase shift corresponding to the network device 2) of the channel between the network device
2 and the terminal and a phase shift (that is, the phase shift corresponding to the network device 1)
of the channel between the network device 1 and the terminal, that is, a phase shift difference A¢
satisfies a relationship shown in the following formula (17):

Ap = 2m[A0 + kAuO]l (17)
[00120] It can be learned with reference to the formula (17) that A changes with time and
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accumulates with time.

[00121] Assuming that signals sent by the network device 1 and the network device 2 both
include a signal flow 1 and a signal flow 2, a signal (a precoded signal) received by the terminal
at a moment t0 satisfies a relationship shown in the following formula (18):

y1(t0) = (H'W; + H*W,,)S; + (H'W 1, + H*W,)S, (18)

[00122] H' is a channel between the network device 1 and the terminal, H? is a channel
between the network device 2 and the terminal, W;; represents a precoding matrix used by the
network device 1 to precode the signal flow 1, W,; represents a precoding matrix used by the
network device 2 to precode the signal flow 1, W, represents a precoding matrix used by the
network device 1 to precode the signal flow 2, and W,, represents a precoding matrix used by
the network device 2 to precode the signal flow 2. .S represents the signal flow 1, and S represents
the signal flow 2.
[00123] At a moment elapsing a time length At after the moment t0, that is, t0 + At,
assuming that neither the channel between the network device 1 and the terminal nor the channel
between the network device 2 and the terminal is updated, the channel between the network device
1 and the terminal, a precoding matrix between the network device 1 and the terminal, the channel
between the network device 2 and the terminal, and a precoding matrix between the network device
2 and the terminal are the same as those at the moment ¢,. In this case, a signal (a precoded signal)
received by the terminal at the moment t, + At satisfies a relationship shown in the following
formula (19):

Y1 (0 + At) = (H*Wy; + e/2?H?W,,)S+(H'W, + e/*Y H?W ,,)S, (19)
[00124] It is assumed that, at a moment t,, coherent superposition and interference coherent
cancellation can be implemented on a signal received by the terminal. In this case, at the moment
t0 + At, because a phase corresponding to the network device 2 generates an extra phase shift
difference Ag relative to a phase corresponding to the network device 1, only partial coherent
superposition can be implemented on the signal received by the terminal, and interference cannot
be completely canceled. Consequently, CJT transmission performance is affected.

[00125] Insome possible design solutions, the plurality of network devices that provide services
for the terminal in a coordinated manner may send reference signals (reference signals, RSs) to
each other, determine a calibration coefficient based on an RS exchanged between the network
devices, and compensate, based on the calibration coefficient, for a phase shift difference caused
by a clock synchronization error between the two network devices, to implement coherent
superposition of signals and cancel interference.

[00126] In some possible design solutions, a clock synchronization problem may be resolved

by using a hardware design, so as to reduce a phase shift difference caused by a clock
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synchronization error between different network devices. For example, a coordination board may
be disposed in the network device, so that network devices that do not share a clock source share
a clock source, or clock synchronization is implemented by upgrading clock hardware, thereby
implementing coherent superposition of received signals and canceling interference.

[00127] In some possible design solutions, for each of the plurality of network devices that
provide services for the terminal in a coordinated manner, the terminal may measure reference
signals in a plurality of frequency domain units and a plurality of time domain units. Each
frequency domain unit and each time domain unit correspond to one time of measurement, and
correspondingly, a phase of a channel in the frequency domain unit and a phase of a channel in the
time domain unit may be obtained. The terminal may determine an SFO and an CFO of the network
device based on phases that are of a plurality of channels corresponding to network devices and
that are obtained through measurement. The following uses an example for description with
reference to FIG. 3. As shown in FIG. 3, it is assumed that network devices that provide services
for the terminal in a coordinated manner include a network device 1 and a network device 2. The
network device 1 sends a plurality of RSs to the terminal (or may send an RS for a plurality of
times), and the network device 2 sends a plurality of RSs to the terminal. Correspondingly, the
terminal receives the plurality of RSs from the network device 1 and the plurality of RSs from the
network device 2. The plurality of RSs sent by the network device 1 are located on a plurality of
frequency domain units and a plurality of symbols, and the RSs sent by the network device 2 are
located on a plurality of frequency domain units and a plurality of symbols. The terminal
determines, based on the plurality of RSs sent by the network device 1, an SFO, thatis, y; anda
CFO, that is, &;, of the signals sent by the network device 1 at the terminal. The terminal
determines, based on the plurality of RSs sent by the network device 2, an SFO, that is, yu, and a
CFO, that is, &,, of the signals sent by the network device 2 at the terminal.

[00128] Based on p4, &, Uy, and &,, the terminal may obtain a frequency deviation between
an SFO corresponding to the network device 1 and an SFO corresponding to the network device
2, and a frequency deviation between a CFO corresponding to the network device 1 and a CFO
corresponding to the network device 2.

[00129] A deviation Ae between the CFO corresponding to the network device 1 and the CFO
corresponding to the network device 2 satisfies a relationship shown in the following formula (20):
Ae =g — & (20)
[00130] A deviation Au between the SFO corresponding to the network device 1 and the SFO
corresponding to the network device 2 satisfies a relationship shown in the following formula (21):
Ap = —pp (21
[00131] After obtaining Ae and Ay, the terminal may send, to at least one of the network
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device 1 and the network device 2, information indicating phase shift differences corresponding
to Ae and Ap.
[00132] The information indicates the phase shift difference corresponding to Ae and Au
may include Ae and Ap, or the phase shift difference corresponding to Ae and Ap, for example,
2m[Ae + kAu]l . The network device 1 and/or the network device 2 may perform phase
compensation based on the indicated phase shift difference corresponding to Ae and Au. For
example, if the terminal sends, to the network device 1, information indicating the phase shift
difference corresponding to Ae and Ap, the network device 1 may perform phase compensation
based on A@p1l = 2m[Ae + kAu]l. For another example, if the terminal sends, to the network
device 2, information indicating Ae and Ap, the network device 2 may perform phase
compensation based on Ap1 = 2m[Ae + kAu]l. For another example, if the terminal sends, to the
network device 1 and the network device 2, information indicating Ae and Ap, the network
device 1 may perform phase compensation, the network device 2 may perform phase compensation,
or the network device 1 and the network device 2 separately perform phase compensation.
[00133] For example, for the foregoing A¢1, the network device 2 may multiply the phase shift
by a precoding vector for compensation. A compensated signal is shown in the following formula
(22):

Y, (0 + At) = (H'Wq, + /2P e/2 H2W, )S, +(H'W 1, + e/291e/2Y H?W ,,)S,  (22)
[00134] A principle of phase compensation is not described herein.
[00135] In addition, in an actual communication process, in addition to a phase offset between
the network device and the terminal caused by the SFO and the CFO, a frequency offset caused
by a multipath delay and a frequency offset caused by a Doppler effect also cause a phase offset
between the network device and the terminal. In this case, a principle of phase compensation is
similar to a principle of phase compensation when only the SFO and the CFO are considered. The
difference lies in that, when the frequency offset caused by the multipath delay and the frequency
offset caused by the Doppler effect are considered, p; further includes the frequency offset
caused by the multipath delay, &; further includes the frequency offset caused by the Doppler
effect, u, further includes the frequency offset caused by the multipath delay, and ¢, further
includes the frequency offset caused by the Doppler effect.
[00136] For ease of understanding, the following uses an example in which the network device
1 and the network device 2 send signals on a symbol 0, a symbol 1, and a frequency domain unit
0 to a frequency domain unit K to describe how to determine p;, &, Uy, and &,.
[00137] It is assumed that a phase difference A8 between two channels between a same
network device and a terminal satisfies a relationship shown in the following formula (23):

A8 = 2m(e + ku)AlA, (23)
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[00138] u is an SFO corresponding to the network device, € is a CFO corresponding to the
network device, Al is a quantity of symbols between two channels, and 4; is a time length
between two adjacent symbols in time domain.

[00139] As shown in FIG. 4A, a channel between the network device 1 and the terminal on a
symbol [ and a frequency domain unit k is H ll‘k , a phase of H ll’k may be obtained by
measuring an RS on the symbol [ and the frequency domain unit k, a phase of Hg, may be
obtained by measuring an RS on a symbol 0 and the frequency domain unit k, a phase of Hj
may be obtained by measuring an RS on a symbol 1 and the frequency domain unit k, and a phase
shift A} between channels corresponding to two adjacent symbols on the frequency domain unit
k of the network device 1 satisfies a relationship shown in the following formula (24):

AGj = 01, — Bo (24)
[00140] 6], isaphase of Hy,,and 61, isaphaseof Hj,.

[00141]  According to the formula (24), A8, A1, A3, ..., AB%_5, ABE_,, and AB%_; may
be obtained.

[00142]  Therefore, according to the formula (23), a phase shift between Hg, and H, ona
same frequency domain unit k may be A8}, and A8} satisfies a relationship shown in the
following formula (25):

A8t = 2me Al + 2mkp, Al (25)

[00143] &, and u; may be correspondingly obtained by separately substituting Af3, A67,
ABY, ..., ABE_5, AGL_,, and ABL_, into the formula (25).
[00144] As shown FIG. 4B, a channel between the network device 2 and the terminal on a
symbol [ and a frequency domain unit k is le,k’ a phase of Hﬁk may be obtained by
measuring an RS on the symbol [ and the frequency domain unit k, a phase of H%'k may be
obtained by measuring an RS on a symbol 0 and the frequency domain unit k, a phase of H ik
may be obtained by measuring an RS on a symbol 1 and the frequency domain unit k, and a phase
shift AG2 between channels corresponding to two adjacent symbols on the frequency domain unit
k of the network device 2 satisfies a relationship shown in the following formula (26):

AG; = 912,k - 93,1( (26)
[00145] 6§, isaphase of Hj,,and 67, isaphase of Hi,.

[00146]  According to the formula (26), ABZ, ABZ, AGZ, ..., AB%_;, AGZ_,,and ABZ_; may
be obtained.
[00147]  Therefore, according to the formula (23), a phase shift between Hf, and Hi, ona

same frequency domain unit k may be A87, and Af} satisfies a relationship shown in the
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following formula (27):

ABZ = 2me, Al + 2wk, Al (27)
[00148] &, and u, may be correspondingly obtained by separately substituting ABZ, Af?Z,
ABZ, ..., ABZ_5, ABZ_,, and ABZ_; into the formula (27).

[00149] It should be understood that the foregoing calculation methods (such as a linear
regression method) of &, u;, &, and pu, are merely used as examples. In an actual
implementation, another method may be used to obtain &, py;, &, and u,. Details are not
described herein.

[00150] In the foregoing solution for performing phase compensation, only a phase shift
between the plurality of network devices caused by a time change, that is, a phase shift between a
moment at which a downlink signal is transmitted (which may also be referred to as a precoding
moment) and a moment used as a reference, for example, phase a shift between the moments t0 +
At and t0, is considered. However, the network device does not compensate for a difference at a
moment used as a reference such as the moment t0, for example, a moment. As a result, a phase
compensated for by the device is not accurate enough.

[00151] It should be understood that, in embodiments of this application, meanings indicated
by same symbols are the same, and details are not described subsequently.

[00152] The following describes technical solutions in this application with reference to
accompanying drawings.

[00153] The technical solutions in embodiments of this application may be applied to various
communication systems, for example, a wireless fidelity (wireless fidelity, Wi-Fi) system, a
vehicle to everything (vehicle to everything, V2X) communication system, a device-to-device
(device-to-device, D2D) communication system, an internet of vehicles communication system, a
4th generation (4th generation, 4G) mobile communication system such as a long term evolution
(long term evolution, LTE) system and a worldwide interoperability for microwave access
(worldwide interoperability for microwave access, WiMAX) communication system, a Sth
generation (5th generation, 5G) mobile communication system such as a new radio (new radio,
NR) system, and a future communication system such as a 6th generation (6th generation, 6G)
mobile communication system.

[00154] All aspects, embodiments, or features are presented in this application by describing a
system that may include a plurality of devices, components, modules, and the like. It should be
appreciated and understood that, each system may include another device, component, module,
and the like, and/or may not include all devices, components, modules, and the like discussed with
reference to the accompanying drawings. In addition, a combination of these solutions may be
used.
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[00155] In addition, in embodiments of this application, terms such as "example" and "for
example" are used to represent giving an example, an illustration, or a description. Any
embodiment or design solution described as an "example" in this application should not be
explained as being more preferred or having more advantages than another embodiment or design
solution. Exactly, the use of the word example is intended to present the concept in a specific
manner.

[00156] First, in this application, "indicate" may include "directly indicate" and "indirectly
indicate". When a specific piece of "information" is described to indicate A, the information may
directly indicate A or indirectly indicate A, but it does not indicate that the information definitely
carries A.

[00157] Information indicated by information is referred to as to-be-indicated information. In a
specific implementation process, there are a plurality of manners of indicating the to-be-indicated
information, for example, but not limited to, the following manners: The to-be-indicated
information may be directly indicated. For example, the to-be-indicated information or an index
of the to-be-indicated information is indicated. Alternatively, the to-be-indicated information may
be indirectly indicated by indicating other information, and there is an association relationship
between the other information and the to-be-indicated information. Alternatively, only a part of
the to-be-indicated information may be indicated, and the other part of the to-be-indicated
information is known or pre-agreed on. For example, specific information may alternatively be
indicated by using an arrangement order of a plurality of pieces of information that is pre-agreed
on (for example, stipulated in a protocol), to reduce indication overheads to some extent. In
addition, a common part of all pieces of information may be identified and indicated together, to
reduce indication overheads caused by separately indicating same information.

[00158] Furthermore, specific indication manners may alternatively be various existing
indication manners, for example, but not limited to, the foregoing indication manners and various
combinations thereof. For details of the various indication manners, refer to the conventional
technology. Details are not described in this specification. It can be learned from the foregoing
descriptions that, for example, when a plurality of pieces of information of a same type need to be
indicated, different information may be indicated in different manners. In a specific
implementation process, a required indication manner may be selected based on a specific
requirement. The selected indication manner is not limited in embodiments of this application. In
this way, the indication manner in embodiments of this application should be understood as
covering various methods that can cause a to-be-indicated party to learn of to-be-indicated
information.

[00159] The to-be-indicated information may be sent as a whole, or may be divided into a
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plurality of pieces of sub-information for separate sending. In addition, sending periodicities
and/or sending occasions of these pieces of sub-information may be the same or may be different.
A specific sending method is not limited in this application. The sending periodicities and/or the
sending occasions of these pieces of sub-information may be predefined, for example, predefined
according to a protocol, or may be configured by a transmitting end device by sending
configuration information to a receiving end device. The configuration information may include,
for example, but not limited to, one or a combination of at least two of radio resource control (radio
resource control, RRC) signaling, medium access control (medium access control, MAC) layer
signaling, and physical layer signaling. The MAC layer signaling includes, for example, a MAC
control element (control element, CE). The physical (physical, PHY) layer signaling includes, for
example, downlink control information (downlink control information, DCI).

[00160] Second, in the following embodiments, first, second, and various numbering are merely
used for distinguishing for ease of description, and are not intended to limit the scope of
embodiments of this application, for example, for distinguishing between different indication
information.

[00161] Third, "preset", "predefined", or "preconfigured" may be implemented by pre-storing
corresponding code, a corresponding table, or another manner that may be used to indicate related
information in a device (for example, including a terminal device and a network device), or may
be pre-specified in a protocol. A specific implementation of the device is not limited in this
application. "Storage" may mean storage in one or more memories. The one or more memories
may be separately disposed, or may be integrated into an encoder or a decoder, a processor, or a
communication apparatus. Alternatively, some of the one or more memories may be separately
disposed, and some of the one or more memories are integrated into a decoder, a processor, or a
communication apparatus. A type of the memory may be a storage medium in any form. This is
not limited in this application.

[00162] Fourth, the "protocol" in embodiments of this application may be a standard protocol
in the communication field, for example, may include a 3GPP LTE protocol (for example, a
technical specification in the TS 36 series), an NR protocol (for example, a technical specification
in the TS 38 series), and a related protocol applied to a future communication system. This is not
limited in this application.

[00163] A network architecture and a service scenario described in embodiments of this
application are intended to describe the technical solutions in embodiments of this application
more clearly, and do not constitute a limitation on the technical solutions provided in embodiments
of this application. A person of ordinary skill in the art may learn that, with evolution of the

network architecture and the emergence of new service scenarios, the technical solutions provided

22



10

15

20

25

30

35

in embodiments of this application are also applicable to similar technical problems.

[00164] A network architecture and a service scenario described in embodiments of this
application are intended to describe the technical solutions in embodiments of this application
more clearly, and do not constitute a limitation on the technical solutions provided in embodiments
of this application. A person of ordinary skill in the art may learn that, with evolution of the
network architecture and the emergence of new service scenarios, the technical solutions provided
in embodiments of this application are also applicable to similar technical problems.

[00165] For ease of understanding embodiments of this application, a communication system
shown in FIG. 5 is first used as an example to describe in detail a communication system applicable
to embodiments of this application. For example, FIG. 5 is a diagram of an architecture of a
communication system to which a method according to an embodiment of this application is
applicable.

[00166] As shown in FIG. 5, the communication system includes a network device and a
terminal.

[00167] For example, the network device may include a network device 501a and a network
device 501b, and the terminal may include a terminal 502a to a terminal 502e. The terminal may
be connected to the network device in a wireless manner, and a network may be connected to a
core network (not shown in FIG. 5) in a wired or wireless manner.

[00168] A coverage area of the network device 501ais an area 1, a coverage area of the network
device 501b is an area 2, the terminals 502a to 302d are located in the area 1, and the terminal
502a, the terminal 502b, and the terminal 502¢ are located in the area 2. The terminal 502a and the
terminal 502b are located in an overlapping area between the area 1 and the area 2. For a terminal
(the terminal 502a or the terminal 502b) in the overlapping area of the area 1 and the area 2, the
network device 501a and the network device 501b may perform coordinated transmission. For a
terminal (for example, the terminal 502c or the terminal 502d) in the area 1, the network device
501a may perform non-coordinated transmission. For a terminal (for example, the terminal 502¢)
in the area 2, the network device 501a may perform non-coordinated transmission.

[00169] The terminal may be a terminal having receiving and sending functions, or may be a
chip or a chip system disposed in the terminal. The terminal may also be referred to as user
equipment (user equipment, UE), an access terminal, a subscriber unit (subscriber unit), a
subscriber station, a mobile station (mobile station, MS), a remote station, a remote terminal, a
mobile device, a user terminal, a terminal, a wireless communication device, a user agent, or a user
apparatus. The terminal in embodiments of this application may be a mobile phone (mobile phone),
a cellular phone (cellular phone), a smartphone (smartphone), a tablet computer (Pad), a wireless

data card, a personal digital assistant (personal digital assistant, PDA) computer, a wireless modem
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(modem), a handheld device (handset), a laptop computer (laptop computer), a machine-type
communication (machine-type communication, MTC) terminal, a computer having a wireless
sending and receiving function, a virtual reality (virtual reality, VR) terminal, an augmented reality
(augmented reality, AR) terminal, a smart home device (for example, a refrigerator, a television,
an air conditioner, or a meter), a smart robot, a robot arm, a workshop device, a wireless terminal
in self driving, a wireless terminal in industrial control (industrial control), a wireless terminal in
self-driving (self-driving), a wireless terminal in telemedicine (telemedicine), 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 wireless terminal in a smart home (smart home), a
vehicle-mounted terminal, a road side unit (road side unit, RSU) or the like having a terminal
function, a flight device (for example, a smart robot, a hot air balloon, an uncrewed aerial vehicle,
or an airplane), or the like. The terminal in this application may alternatively be a vehicle-mounted
module, a vehicle-mounted assembly, a vehicle-mounted component, a vehicle-mounted chip, or
a vehicle-mounted unit that is disposed in a vehicle as one or more components or units. The
terminal may alternatively be another device having a terminal function. For example, the terminal
may be a device that undertakes a terminal function in D2D communication. A device form of the
terminal is not limited in embodiments of this application. An apparatus configured to implement
a function of the terminal may be a terminal device, or may be an apparatus that can support the
terminal device in implementing the function, for example, a chip system. The apparatus may be
mounted in the terminal device or used in a manner of matching the terminal device. In this
embodiment of this application, the chip system may include a chip, or may include a chip and
another discrete component.

[00170] The network device may be a device having a wireless transceiver function, or may be
a chip or a chip system disposed in the device, and is located in an access network (access network,
AN) of the communication system, to provide an access service for the terminal. For example, the
network device may be referred to as a radio access network (radio access network, RAN) device,
and may be specifically an access network device in a next-generation mobile communication
system, for example, a 6G mobile communication system. For example, the network device may
be a 6G base station. Alternatively, in the next-generation mobile communication system, the
network device may be named in another manner, which falls within the protection scope of
embodiments of this application. This is not limited in this application. Alternatively, the network
device may include a gNB in 5G, for example, a new radio (new radio, NR) system, may include
one or a group of antenna panels (including a plurality of antenna panels) of a base station in 5G,
or may be a network node that forms a gNB, a transmission point (transmission and reception point,

TRP, or transmission point, TP), or a transmission measurement function (transmission
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measurement function, TMF). For example, the network device may be a central unit (central unit,
CU), a distributed unit (distributed unit, DU), a CU-control plane (control plane, CP), a CU-user
plane (user plane, UP), a radio unit (radio unit, RU), an RSU having a base station function, a
wired access gateway, or a 5G core network element. Alternatively, the network device may
include an access point (access point, AP), a wireless relay node, a wireless backhaul node, macro
base stations in various forms, a micro base station (also referred to as a small cell), a relay station,
an access point, a wearable device, a vehicle-mounted device, and the like in a wireless fidelity
(wireless fidelity, Wi-Fi) system.

[00171] The CU and the DU may be separately disposed, or may be included in a same network
element, for example, a baseband unit (baseband unit, BBU). The RU may be included in a radio
frequency device or a radio frequency unit, for example, a remote radio unit (remote radio unit,
RRU), an active antenna unit (active antenna unit, AAU), or a remote radio head (remote radio
head, RRH). It may be understood that the network device may be a CU node, a DU node, or a
device including a CU node and a DU node. In addition, the CU may be classified as a network
device in an access network RAN, or the CU may be classified as a network device in a core
network CN. This is not limited herein. In different systems, the CU (or the CU-CP and the CU-
UP), the DU, or the RU may alternatively have different names, but a person skilled in the art may
understand meanings thereof. For example, in an ORAN system, the CU may also be referred to
as an O-CU (open CU), the DU may also be referred to as an O-DU, the CU-CP may also be
referred to as an O-CU-CP, the CU-UP may also be referred to as an O-CU-UP, and the RU may
also be referred to as an O-RU. For ease of description, the CU, the CU-CP, the CU-UP, the DU,
and the RU are used as examples for description in this application. Any one of the CU (or the
CU-CP or the CU-UP), the DU, and the RU in this application may be implemented by using a
software module, a hardware module, or a combination of a software module and a hardware
module. A form of the network device is not limited in embodiments of this application. An
apparatus for implementing a function of the network device may be a network device, or may be
an apparatus, for example, a chip system, that can support the network device in implementing the
function. The apparatus may be mounted in the network device or used in a manner of matching
the network device.

[00172] As shown in FIG. 6, the network device includes an RRC signaling exchange module
(RRC in FIG. 6), a MAC signaling exchange module (MAC in FIG. 6), and a PHY signaling and
data exchange module (PHY in FIG. 6). The terminal includes an RRC signaling exchange module,
a MAC signaling exchange module, and a PHY signaling and data exchange module.

[00173] The network device and the terminal may exchange RRC signaling by using an RRC

signaling exchange module. The network device and the terminal may exchange MAC CE
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signaling by using a MAC signaling exchange module. The network device and the terminal may
exchange one or more of the following by using a PHY exchange module: uplink control signaling,
downlink control signaling (such as DCI), uplink data, and downlink data.

[00174] It should be noted that the phase compensation method provided in embodiments of
this application is applicable to nodes shown in FIG. 5. For specific implementation, refer to the
following method embodiments. Details are not described herein.

[00175] It should be noted that the solutions in embodiments of this application may also be
applied to another communication system, and a corresponding name may also be replaced with a
name of a corresponding function in the another communication system.

[00176] It should be understood that FIG. 5 is merely a simplified diagram used as an example
for ease of understanding. The communication system may further include another network device
and/or another terminal that are/is not drawn in FIG. 5.

[00177] Based on the communication system provided in FIG. 5, embodiments of this
application provide a phase compensation method. The phase compensation method includes:
Each of at least two network devices sends an RS set to a terminal. The terminal receives the at
least two reference signal sets, where each of the at least two reference signal sets includes at least
one reference signal. The terminal sends first information based on the at least two reference signal
sets, where the first information indicates a corresponding phase variation between reference
signal sets in the at least two reference signal sets at a first moment. Each of the at least two
network devices receives the first information, and performs phase compensation based on the first
information, to improve phase compensation accuracy.

[00178] The following specifically describes the phase compensation method provided in
embodiments of this application with reference to FIG. 7 to FIG. 14A to FIG. 14C.

[00179] For example, FIG. 7 is a schematic flowchart of a phase compensation method
according to an embodiment of this application. The phase compensation method is applicable to
communication between two nodes shown in FIG. 5.

[00180] As shown in FIG. 7, the phase compensation method includes the following steps.
[00181] S701: Each of at least two network devices sends an RS set to a terminal.
Correspondingly, the terminal receives the at least two RS sets.

[00182] Each of the at least two RS sets includes at least one RS.

[00183] Each of the at least two RS sets corresponds to one network device. In other words, one
RS set includes an RS sent by a network device corresponding to the RS set. In other words, each
of the at least two network devices sends one RS set. The RS set may be understood as an RS set
corresponding to the network device. For example, FIG. 7 shows that a network device 1 and a

network device 2 separately send respective RS sets to a terminal device.
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[00184] The at least two RS sets are RS sets corresponding to each of the at least two network
devices.
[00185] An example in which the at least two network devices include four network devices is
used. Correspondences between the network devices and RS sets are shown in the following Table
1.

Table 1

Network device | Network device 1 | Network device 2 | Network device 3 | Network device 4

RS set RS set 1 RS set 2 RS set 3 RS set 4

[00186] In a possible design solution, an RS in each of the at least two RS sets is carried on an
RS resource in a same RS resource set. The RS resource set includes a plurality of RS resources.
[00187] The following uses an example for description with reference to Table 1. It is assumed
that the at least two network devices include the network device 1 to the network device 4, and an
RS set corresponding to each of the at least two network devices is shown in Table 1. The RS set
1 to the RS set 4 sequentially correspond to an RS resource set 1 to an RS resource set 4. As shown
in FIG. 8, the RS resource set 1 includes an RS resource 1 to an RS resource 3, the RS resource
set 2 includes an RS resource 4 to an RS resource 6, the RS resource set 3 includes an RS resource
7 to an RS resource 9, and the RS resource set 4 includes an RS resource 10 to an RS resource 12.
In this case, an RS in the RS set 1 is carried on the RS resource 1 to the RS resource 3; an RS in
the RS set 2 is carried on the RS resource 4 to the RS resource 6; an RS in the RS set 3 is carried
on the RS resource 7 to the RS resource 9; and the RS in the RS set 4 is carried on the RS resource
10 to the RS resource 12. In this case, a diagram of a relationship between an RS resource set, an
RS resource, and an RS set is shown in Table 2.

Table 2

RS resource set RS resource RS set

RS resource 1

RS resource set 1 RS resource 2 RS set 1

RS resource 3

RS resource 4

RS resource set 2 RS resource 5 RS set 2

RS resource 6

RS resource 7

RS resource set 3 RS resource 8 RS set 3

RS resource 9

RS resource set 4 RS resource 10 RS set 4
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RS resource set RS resource RS set

RS resource 11

RS resource 12

[00188] It may be understood that, in this case, one RS resource in each RS resource set
corresponds to one time of signal measurement, in other words, signal measurement of one
network device may be performed once on each RS resource occupied by an RS of the network
device. In this embodiment of this application, when the RS is a channel state information-
reference signal (channel state information-reference signal, CSI-RS), signal measurement is
measurement on the CSI-RS.

[00189] With reference to the example in FIG. 8, the RS resource 1 to the RS resource 3 in the
RS resource set 1 each correspond to one time of signal measurement.

[00190] Optionally, in a plurality of RS resources in a same RS resource set, a same port index
corresponds to a same port; and/or, a plurality of RS resources in a same RS resource set are quasi
colocated.

[00191] A port corresponding to a port index is a port indicated by the port index. That the same
port index corresponds to the same port means that ports corresponding to the same port index are
the same.

[00192] The plurality of RS resources in the RS resource set are quasi colocated (quasi
colocation, QCL). In other words, the plurality of RS resources in the RS resource set have same
quasi colocation information. For example, that the plurality of RS resources in the RS resource
set are quasi colocated may be that large-scale features and/or small-scale features of the plurality
of RS resources in the RS resource set are the same.

[00193]  Still with reference to the RS resource set 1 in the reference resource shown in FIG. 8,
in the RS resource 1 to the RS resource 3, a same port index corresponds to a same port. For
example, a port index x in the RS resource 1 and a port index x in the RS resource 2 correspond to
a same port, the port index x in the RS resource 1 and a port index x in the RS resource 3 correspond
to a same port, and the port index x in the RS resource 2 and the port index x in the RS resource 3
correspond to a same port.

[00194] Similarly, with reference to the example of the RS resource set 1 in the reference
resource shown in FIG. 8, in the RS resource set 1, the RS resource 1 and the RS resource 2 are
quasi colocated, the RS resource 1 and the RS resource 3 are quasi colocated, and the RS resource
2 and the RS resource 3 are quasi colocated.

[00195] In this way, accuracy of a phase shift measured by the terminal can be improved, to

further improve phase compensation accuracy.
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[00196] In a possible design solution, RSs in different RS sets in the at least two RS sets are
respectively carried on RS resources in different RS resource sets. In other words, an RS in each
of the at least two RS sets is carried on an RS resource in one RS resource set. The RS resource
set includes one RS resource.

[00197] In this case, the RS resource set is periodically configured or semi-periodically
configured, and an RS in one RS set is carried on an RS resource in a plurality of periodicities in
one RS resource set. For example, RS resource sets include an RS resource set 1 to an RS resource
set 4, the RS resource set 1 includes an RS resource 1, the RS resource set 2 includes an RS
resource 2, the RS resource set 3 includes an RS resource 3, and the RS resource set 4 includes an
RS resource 4. A correspondence between a periodicity, an RS resource set, an RS resource, and
an RS set is shown in Table 3. FIG. 9 is a diagram of a relationship between a periodicity, an RS

resource set, an RS resource, and an RS set.

Table 3

Periodicity RS resource set RS resource RS set

RS resource set 1 RS resource 1 RS set 1

o RS resource set 2 RS resource 2 RS set 2
Periodicity 1

RS resource set 3 RS resource 3 RS set 3

RS resource set 4 RS resource 4 RS set 4

RS resource set 1 RS resource 1 RS set 1

o RS resource set 2 RS resource 2 RS set 2
Periodicity 2

RS resource set 3 RS resource 3 RS set 3

RS resource set 4 RS resource 4 RS set 4

RS resource set 1 RS resource 1 RS set 1

o RS resource set 2 RS resource 2 RS set 2
Periodicity 3

RS resource set 3 RS resource 3 RS set 3

RS resource set 4 RS resource 4 RS set 4

[00198] Inapossible design, an RS in each of the at least two RS sets is carried on RS resources
in a plurality of RS resource sets.

[00199] In other words, an RS resource in each of the plurality of RS resource sets is used to
carry an RS in a same RS set.

[00200] With reference to the RS resource set and the RS set in Table 1, it is assumed that an
RS resource set 1 includes an RS resource 1 to an RS resource 4, an RS resource set 2 includes an
RS resource 5 to an RS resource 8, and an RS resource set 3 includes an RS resource 9 to an RS
resource 12. In this case, an RS set 1 is carried on the RS resource 1, the RS resource 5, and the

RS resource 9; an RS set 2 is carried on the RS resource 2, the RS resource 6, and the RS resource
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10; an RS set 3 is carried on the RS resource 3, the RS resource 7, and the RS resource 11; and an
RS set 4 is carried on the RS resource 4, the RS resource 8, and the RS resource 12. A

correspondence between an RS resource set, an RS resource, and an RS set is shown in Table 4.

Table 4

RS resource set RS resource RS set
RS resource 1 RS set 1
RS resource 2 RS set 2

RS resource set 1
RS resource 3 RS set 3
RS resource 4 RS set 4
RS resource 5 RS set 1
RS resource 6 RS set 2

RS resource set 2
RS resource 7 RS set 3
RS resource 8 RS set 4
RS resource 9 RS set 1
RS resource 10 RS set 2

RS resource set 3
RS resource 11 RS set 3
RS resource 12 RS set 4

[00201] Optionally, in each of the plurality of RS resource sets, there is at least one RS resource
having a same resource identifier.

[00202] The resource identifier is an identifier used to represent an RS resource, and the
resource identifier may also be referred to as a resource index or another name. Details are not
described herein. It should be understood that RS resources having a same resource identifier in
different RS resource sets are used to carry an RS in a same RS set.

[00203] As shown in FIG. 10, assuming that the plurality of RS resource sets include an RS
resource set 1 to an RS resource set 3, the RS resource set 1 to the RS resource set 3 each include
an RS resource 1, that is, an RS resource whose resource identifier is "1". With reference to the
example of the RS set in Table 1, the RS resource set 1 to the RS resource set 3 each further
includes an RS resource 2, that is, an RS resource whose resource identifier is "2". The RS resource
set 1 to the RS resource set 3 each further includes an RS resource 3, that is, an RS resource whose
resource identifier is "3". The RS resource set 1 to the RS resource set 3 each further includes an
RS resource 4, that is, an RS resource whose resource identifier is "4". In this case, an RS set 1 is
carried on RS resources 1 in the RS resource set 1 to the RS resource set 3, an RS set 2 is carried
on RS resources 2 in the RS resource set 1 to the RS resource set 3, an RS set 3 is carried on RS
resources 3 in the RS resource set 1 to the RS resource set 3, and an RS set 4 is carried on RS

resources 4 in the RS resource set 1 to the RS resource set 3. It may be understood that the
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relationship between the RS set and the RS resource carrying the RS set herein is merely used as
an example. In an actual implementation, there may be another implementation. For example, the
RS set 1 is carried on the RS resources 2 in the RS resource set 1 to the RS resource set 3. Details
are not described herein again. A correspondence between an RS resource set, an RS resource, and

an RS set is shown in Table 5.

Table 5
RS resource set RS resource RS set
RS resource 1 RS set 1
RS resource 2 RS set 2
RS resource set 1
RS resource 3 RS set 3
RS resource 4 RS set 4
RS resource 1 RS set 1
RS resource 2 RS set 2
RS resource set 2
RS resource 3 RS set 3
RS resource 4 RS set 4
RS resource 1 RS set 1
RS resource 2 RS set 2
RS resource set 3
RS resource 3 RS set 3
RS resource 4 RS set 4

[00204] Alternatively, optionally, RS resources in the plurality of RS resource sets are arranged
in an order of resource identifiers, and same port indexes of RS resources that are in different RS
resource sets and that have a same arrangement ranking correspond to a same port; and/or RS
resources that are in different RS resource sets and that have a same arrangement ranking are quasi
colocated.

[00205] That the RS resources in the plurality of RS resource sets are arranged in the order of
the resource identifiers may include: The RS resources in the plurality of RS resource sets are
arranged in ascending order of the resource identifiers, or arranged in descending order of the
resource identifiers. It should be understood that the RS resources in the plurality of RS resource
sets are arranged according to another arrangement rule and based on the resource identifiers, and
details are not described herein.

[00206] Same port indexes of RS resources that are in different RS resource sets and that have
a same arrangement ranking corresponds to a same port, that is, same port indexes of m" RS
resources in different RS resource sets correspond to a same port. RS resources that are in different
RS resource sets and that have a same arrangement ranking are quasi colocated, that is, m™ RS

resources in the different RS resource sets are quasi colocated. m is a positive integer. m is a
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positive integer.

[00207] For ease of understanding, the following uses an example, with reference to the RS
resource set shown in Table 1, in which the RS resource sets in the plurality of RS resource sets
are arranged in ascending order of the resource identifiers to describe a correspondence between
an RS resource set, an RS set, and an RS resource in this case. As shown in FIG. 11, it is assumed
that an RS resource set 1 includes an RS resource 1 to an RS resource 4, an RS resource set 2
includes an RS resource 5 to an RS resource 8, and an RS resource set 3 includes an RS resource
9 to an RS resource 12. In this case, an RS set 1 is carried on the RS resource 1, the RS resource
5, and the RS resource 9; an RS set 2 is carried on the RS resource 2, the RS resource 6, and the
RS resource 10; an RS set 3 is carried on the RS resource 3, the RS resource 7, and the RS resource
11; and an RS set 4 is carried on the RS resource 4, the RS resource 8, and the RS resource 12. A
correspondence between an RS resource set, an RS resource, and an RS set is shown in Table 4.
In the RS resource 1, the RS resource 5, and the RS resource 9, a same port index corresponds to
a same port. In the RS resource 2, the RS resource 6, and the RS resource 10, a same port index
corresponds to a same port. In the RS resource 3, the RS resource 7, and the RS resource 11, a
same port index corresponds to a same port. In the RS resource 4, the RS resource 8, and the RS
resource 12, a same port index corresponds to a same port. The RS resource 1, the RS resource 5,
and the RS resource 9 are quasi colocated. The RS resource 2, the RS resource 6, and the RS
resource 10 are quasi colocated. The RS resource 3, the RS resource 7, and the RS resource 11 are
quasi colocated. The RS resource 4, the RS resource 8, and the RS resource 12 are quasi colocated.
[00208] It should be understood that resource identifiers of RS resources in different RS sets
may be inconsecutive. The following uses an example for description with reference to the RS
resource set shown in Table 1. A correspondence between an RS resource set, an RS resource, and
an RS set is shown in Table 6. In the RS resource 2, the RS resource 9, and the RS resource 14, a
same port index corresponds to a same port. In the RS resource 4, the RS resource 10, and the RS
resource 15, a same port index corresponds to a same port. In the RS resource 6, the RS resource
11, and the RS resource 16, a same port index corresponds to a same port. In the RS resource 8§,

the RS resource 12, and the RS resource 17, a same port index corresponds to a same port.

Table 6
RS resource set RS resource RS set
RS resource 2 RS set 1
RS resource 4 RS set 2
RS resource set 1
RS resource 6 RS set 3
RS resource 8 RS set 4
RS resource set 2 RS resource 9 RS set 1
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RS resource set RS resource RS set
RS resource 10 RS set 2

RS resource 11 RS set 3

RS resource 12 RS set 4

RS resource 14 RS set 1

RS resource sot 3 RS resource 15 RS set 2
RS resource 16 RS set 3

RS resource 17 RS set 4

[00209] The RS resource 2, the RS resource 9, and the RS resource 14 are quasi colocated. The
RS resource 4, the RS resource 10, and the RS resource 15 are quasi colocated. The RS resource
6, the RS resource 11, and the RS resource 16 are quasi colocated. The RS resource 8, the RS
resource 12, and the RS resource 17 are quasi colocated.

[00210] In this way, accuracy of a phase shift measured by the terminal can be improved, to
further improve phase compensation accuracy.

[00211] In a possible design solution, an RS in each of the at least two RS sets is carried on an
RS resource in a same RS resource set.

[00212] The RS resource set includes a plurality of RS resources, and RSs in different RS sets
are carried on different RS resources.

[00213] In this case, the RS resource set is periodically configured or semi-periodically
configured, and an RS in one RS set is carried on an RS resource in a plurality of periodicities in
one RS resource set.

[00214] The following uses an example for description with reference to Table 1. As shown in
FIG. 12, it is assumed that an RS resource set is configured in a periodicity 1 to a periodicity 3,
and the RS resource set includes RS resources 1 to RS resources 4. In this case, an RS in an RS
set 1 is carried on the RS resources 1 that are in the RS resource set and that are in the periodicity
1 to the periodicity 3; an RS in an RS set 2 is carried on the RS resources 2 that are in the RS
resource set and that are in the periodicity 1 to the periodicity 3; an RS in an RS set 3 is carried on
the RS resources 3 that are in the RS resource set and that are in the periodicity 1 to the periodicity
3; and an RS in an RS set 4 is carried on the RS resources 4 that are in the RS resource set and that
are in the periodicity 1 to the periodicity 3. It should be understood that the RS resources carrying
the RS in the RS set herein is merely used as an example. In an actual implementation, there may
be another possible implementation. For example, the RS in the RS set 1 is carried on the RS
resources 2 that are in the RS resource set and that are in the periodicity 1 to the periodicity 3.
Details are not described herein. A correspondence between a periodicity, an RS resource set, an

RS resource, and an RS set is shown in Table 7.
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Table 7

Periodicity RS resource set RS resource RS set

RS resource 1 RS set 1

o RS resource 2 RS set 2
Periodicity 1 RS resource set 1

RS resource 3 RS set 3

RS resource 4 RS set 4

RS resource 1 RS set 1

o RS resource 2 RS set 2
Periodicity 2 RS resource set 1

RS resource 3 RS set 3

RS resource 4 RS set 4

RS resource 1 RS set 1

o RS resource 2 RS set 2
Periodicity 3 RS resource set 1

RS resource 3 RS set 3

RS resource 4 RS set 4

[00215] S702: The terminal sends first information based on the at least two RS sets.
Correspondingly, each of the at least two network devices receives the first information that is sent
by the terminal based on the at least two RS sets.

[00216] It may be understood that, after receiving the at least two RS sets, the terminal may
measure, based on each of the at least two RS sets, a phase corresponding to an RS in the RS set,
to obtain, based on a difference between phases corresponding to RSs in two RS sets, a phase
difference corresponding to the two RS sets at a first moment, that is, phases corresponding to
network devices that send the RS sets. In this embodiment of this application, sending an RS set
means sending an RS in the RS set. The phase corresponding to the RS set is a phase corresponding
to a network device that sends the RS set.

[00217] The first information indicates a corresponding phase variation between RS sets in the
at least two RS sets at the first moment. The first moment is a moment used as a reference.
[00218] A corresponding phase variation between RS sets in the at least two RS sets is a
corresponding phase variation between network devices in the at least two network devices, in
other words, may be a difference between phase shifts of the network devices in the at least two
network devices.

[00219] A corresponding phase variation between RS sets in the at least two RS sets at the first
moment is a difference between phase shifts of network devices in the at least two network devices
at the first moment. It should be understood that a phase shift of a network device at the first
moment is a difference between a phase of the network device at the first moment and a phase of

the network device at a second moment.
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[00220] The second moment is a moment at which each of the at least two network devices has
a same phase.

[00221] The following uses an example for description with reference to a network device 1
and a network device 2. A phase shift between a phase of the network device 1 at the first moment
and a phase of the network device 1 at the second moment is @11, that is, a network device, and
a phase shift between a phase of the network device 2 at the first moment and a phase of the
network device 2 at the second moment is ¢12. In this case, the corresponding phase variation
between the RS sets in the at least two RS sets at the first moment is @12 — ¢11.

[00222] In this case, that the corresponding phase variation between the RS sets in the at least
two RS sets at the first moment is @12 — @11 is merely used as an example. In an actual
implementation, the phase variation corresponding to the RS sets in the at least two RS sets at the
first moment may alternatively be @12 — ¢12.

[00223] It should be understood that a difference between phase shifts of two network devices
at the first moment may be determined based on a difference between phases of the two network
devices at the first moment. For example, a phase shift difference between two network devices
may be equal to a difference between phases of the two network devices at the first moment.
[00224] In a possible design solution, the RS is a CSI-RS.

[00225] Optionally, the first moment is an end position of a last RS set that is in the at least two
RS sets and that is before the CSI-RS. Alternatively, the first moment is a time domain position
corresponding to a channel state information (channel state information, CSI) reference resource.
Alternatively, the first moment is a start moment at which the first information is reported.
Alternatively, the first moment is a moment after a start moment at which the first information is
reported, and a time length between the first moment and a moment at which the first information
is reported is a first time length. It should be understood that the end position, the time domain
position, the start moment, and the moment may correspondingly be a symbol, a mini-slot, a slot,
a subframe, a frame, or the like in time domain. This is not limited in this application.

[00226] It should be understood that for each time of CSI reporting, a corresponding CSI-RS is
determined by setting fixed time, and a CSI measurement result is reported based on a
corresponding CSI-RS. For example, CSI reference resources are defined in new radio (new radio,
NR) and indicate time-frequency resources in several slots before a slot for CSI reporting. A
terminal device receives a reference signal before the CSI reference resource, and reports a CSI
measurement result at a time domain position that is for CSI reporting and that is indicated by the
network device. In this case, the terminal device needs to complete calculation of the CSI
measurement result within an interval (namely, time for calculating the CSI measurement result)

between a time domain position corresponding to the CSI reference resource and the time domain
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position for CSI reporting. The time domain position for CSI reporting includes a slot for reporting
(sending) CSI by the terminal device to the network device. Alternatively, the time domain position
for CSI reporting may further include a subframe for CSI reporting, a specific symbol in a slot in
which the CSI is reported, and the like.

[00227] The following describes the first moment with reference to an example in which the at
least two network devices include a network device 1 and a network device 2. As shown in FIG.
13, both the network device 1 and the network device 2 send a plurality of RSs to a terminal. An
end moment at which the network device 1 sends the RS is a moment t1. An end moment at which
the network device 2 sends the RS is a moment t2. A time domain position corresponding to a CSI
reference resource is a moment t3. A start moment at which the terminal reports the first
information is a moment t4. A moment at which the terminal receives downlink signals of the
network device 1 and the network device 2 is a moment t5. If the first moment is an end position
of a last RS set that is in the at least two RS sets and that is before a CSI-RS, the first moment is
the moment t2 in FIG. 13. If the first moment is the time domain position corresponding to the
CSI reference resource, the first moment is the moment t3. If the first moment is a start moment
at which the first information is reported, the first moment is the moment t4. If the first moment is
a moment after the start moment at which the first information is reported, and a time length
between the first moment and the moment at which the first information is reported is a first time
length, the first moment may be a moment the first time length after the moment t4.

[00228] The first time length may be less than or equal to a time length between t4 and t5, that
is, t5—t4.

[00229] The following separately describes, with reference to Case 1 to Case 3, a corresponding
phase variation between RS sets in the at least two RS sets.

[00230] Case 1: The corresponding phase variation between the RS sets in the at least two RS
sets includes a corresponding phase variation between a first RS set and a second RS set. The
second RS set is a preset RS set (which may also be referred to as a reference RS set) in the at least
two RS sets, and the first RS set is any RS set in the at least two RS sets other than the second RS
set. For example, the second RS set is used as a preset or reference RS set, and is predefined in a
protocol, or is configured by the network device, or is obtained through negotiation between the
network device and the terminal device. This is not limited in this application.

[00231] In other words, the corresponding phase variation between the RS sets in the at least
two RS sets is a phase variation between a phase corresponding to another RS set in the at least
two RS sets other than a reference RS set and a phase corresponding to a reference RS set, where
one RS set in the at least two RS sets is used as the reference RS set.

[00232] The following uses an example with reference to the RS set shown in Table 1. As shown
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in FIG. 14A, the second RS set may be any one of an RS set 1 to an RS set 4, that is, the RS set 1
to RS set 4 may be preset as the second RS set, and the first RS set is any one of the RS set 1 to
the RS set 4 other than the second RS set. Assuming that the second RS set is the RS set 1, the first
RS set is any one of the RS set 2, the RS set 3, and the RS set 4. The corresponding phase variation
between the RS sets in the at least two RS sets includes a phase variation between the RS set 2 and
the RS set 1, a phase variation between the RS set 3 and the RS set 1, and a phase variation between
the RS set 4 and the RS set 1.

[00233] Case 2: The corresponding phase variation between the RS sets in the at least two RS
sets includes a corresponding phase variation between an i RS set and a (i + 1) RS set that are
in the at least two RS sets. i is an integer, and 1 <i <, thatis, { traverses 1to [ —1. ] isa
total quantity of reference signal sets in the at least two reference signal sets.

[00234] The following uses an example with reference to the RS set shown in Table 1. As shown
in FIG. 14B, the corresponding phase variation between the RS sets in the at least two RS sets
includes a corresponding phase variation between an RS set 2 and an RS set 1, a corresponding
phase variation between an RS set 3 and the RS set 2, and a corresponding phase variation between
an RS set 4 and the RS set 3.

[00235] Case 3: The corresponding phase variation between the RS sets in the at least two RS
sets 1s merely used as an example. In an actual implementation, the corresponding phase variation
between the RS sets in the at least two RS sets may include a phase variation between any two of
the at least two RS sets that may be obtained. For example, as shown in FIG. 14C, the
corresponding phase variation between the RS sets in the at least two RS sets may include a phase
variation between an RS set 1 and an RS set 2, a phase variation between the RS set 1 and an RS
set 3, and a phase variation between the RS set 3 and an RS set 4.

[00236] In other words, a corresponding phase variation between two reference signal sets may
be calculated by using one preset reference signal set in the at least two reference signal sets as a
reference. In this way, when a quantity of reference signal sets is greater than or equal to 3,
complexity of the first information may be simplified, to reduce resource overheads.

[00237] Ina possible design solution, the corresponding phase variation between the RS sets in
the at least two RS sets is related to an index of a frequency domain unit.

[00238] In this way, the corresponding phase variation between the reference signal sets in the
at least two reference signal sets may be separately obtained for different frequency domain units,
to further improve phase compensation accuracy.

[00239] Optionally, the phase variation at the first moment and the index of the frequency
domain unit satisfy a linear relationship. Therefore, reporting complexity of the phase variation at

the first moment can be simplified, and feedback overheads can be reduced.
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[00240] Further, the phase variation at the first moment and the index of the frequency domain
unit satisfies the following relationship shown in a formula (28):

P1=2mp + 2nko (28)
[00241] PI is the phase variation at the first moment. k is the index of the frequency domain
unit. k is a positive integer greater than or equal to 0. p is a constant. ¢ is a constant. It may be
understood that p may be a parameter (for example, a phase shift) related to a frequency offset
caused by a carrier frequency offset and/or Doppler. ¢ is a parameter (for example, a phase shift)
related to a frequency offset caused by a sampling frequency offset and/or a multipath delay.
[00242] The first information may directly indicate a phase variation between two reference
signal sets, for example, indicate P1 between the two reference signal sets. Alternatively, the first
information may indirectly indicate a phase variation between two reference signal sets, for
example, indicate p and o between the two reference signal sets, or indicate 2mp and 2mko
between the two reference signal sets.

[00243] The following uses an example to describe the corresponding phase variation between
the RS sets in the at least two RS sets at the first moment with reference to Case 1.

[00244] It is assumed that the first moment is the moment t2, a frequency offset caused by a
carrier frequency offset and/or a Doppler effect of the network device 1 at the moment t2 is &7, a
frequency offset caused by a sampling frequency offset and/or a multipath delay is y;, a phase
corresponding to the network device 1 at the moment t2 is f; ,(k), a frequency offset caused by a
carrier frequency offset and/or a Doppler effect of the network device 2 at the moment t1 is &3, a
frequency offset caused by a sampling frequency offset and/or a multipath delay is p5, and a phase
corresponding to the network device 2 at the moment tl is f; ; (k).

[00245] The phase corresponding to the network device 2 at the moment t2 satisfies a
relationship shown in the following formula (29):

fo2(k) = fo,1(k) + 2m(ey + kApuy) (t, — t1) (29)
[00246] In this case, a phase variation between the phase corresponding to the network device
1 at the moment t2 and the phase corresponding to the network device 2 at the moment t2 satisfies

a relationship shown in the following formula (30):
fr2(k) = (fo1 (k) + 21 (&5 + kdpus) (t;, — t1))==2me5(t; — t1)+f12(k) — (f1(k) +
2n(kAfu§)(t2 —t1))=2np + 2nks  (30)
[00247]  In this case, p = —&5(t, — t;), and 0 = (fi,(k) — f1 (k) + 2m(kApuy)(t, — 1))/
2T.

[00248] Similarly, a phase variation between the network device 3 and the network device 1

and a phase variation between the network device 4 and the network device 1 at the first moment
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may be obtained.

[00249] It may be understood that, in Case 2, similarly, the phase variation between the network
device 2 and the network device 1 at the first moment, the phase variation between the network
device 3 and the network device 2, and the phase variation between the network device 4 and the
network device 3 at the first moment may be obtained.

[00250] In Case 3, similarly, the phase variation between the network device 2 and the network
device 1, the phase variation between the network device 3 and the network device 1, and the phase
variation between the network device 4 and the network device 3 at the first moment may be
obtained.

[00251] It should be understood that, in the foregoing formula (30) in this embodiment of this
application, a manner of calculating the phase variation between the at least two network devices
is merely used as an example. In an actual implementation, another manner is alternatively used
for calculation. The network device 1 and the network device 2 are still used as examples. The
phase variation between the phase corresponding to the network device 2 at the moment t2 and the
phase corresponding to the network device 1 at the moment t2 may be calculated. A calculation
principle is similar to that in the formula (30), and a difference lies in that the phase variation
between the phase corresponding to the network device 2 at the moment t2 and the phase
corresponding to the network device 1 at the moment t2 and the phase variation between the phase
corresponding to the network device 1 at the moment t2 and the phase corresponding to the
network device 2 at the moment t2 are is opposites.

[00252] In addition, the first moment may alternatively be the moment tl. A principle of
calculating the phase variation between the network device 2 and the network device 1 when the
first moment is the moment t1 is similar to that when the first moment is the moment t2, and details
are not described herein again.

[00253] In this embodiment of this application, a phase corresponding to the network device is
a phase of a signal sent by the network device. Details are not described herein.

[00254] A phase variation corresponding to two reference signals is a corresponding phase
variation between network devices respectively corresponding to the two reference signals.
[00255] That the terminal sends the first information based on the at least two RS sets may also
mean that the terminal sends the first information based on an RS set corresponding to each of the
at least two network devices.

[00256] S703: The network device in the at least two network devices performs phase
compensation based on the first information.

[00257] Ina possible design solution, S703 may include: The network device in the at least two

network devices performs phase compensation based on the phase variation between the reference
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signal sets in the at least two reference signal sets indicated by the first information.
[00258] In some optional design solutions, some of the at least two network devices may
perform phase compensation based on the phase variation between the reference signal sets in the
at least two reference signal sets indicated by the first information. Alternatively, in some optional
design solutions, all of the at least two network devices may perform phase compensation based
on the phase variation between the reference signal sets in the at least two reference signal sets
indicated by the first information.
[00259] It should be understood that the terminal may further feed back, to the at least two
network devices, third information indicating a phase shift difference between two of the at least
two network devices.
[00260] The third information may include Ae and Au between two of the at least two
network devices. For an implementation principle of the third information, refer to related
descriptions of information indicating Ae and Ap in FIG. 3. Details are not described herein.
[00261] With reference to the foregoing Case 1 to Case 3, the following separately describes,
by using examples, how to perform phase compensation.
[00262] In Case 1, a network device corresponding to a reference RS set, for example, the RS
set 1 may not perform phase compensation, and in the at least two network devices, a network
device other than the reference RS set performs phase compensation based on the first information.
[00263] With reference to Table 1 and FIG. 14A as an example, assuming that an RS set 1
corresponds to the network device 1, and the reference RS set is the RS set 1, phase compensation
may be performed by the network device 2 and the network device 3, and the network device 1
does not perform phase compensation. The following further describes phase compensation with
reference to the network device 2.
[00264] A phase difference between the network device 1 and the network device 2 at the first
moment is used as an example. Assuming that a moment at which the network device 1 and the
network device 2 send downlink signals is the moment t4, a phase compensated for by the network
device 2 may satisfy a relationship shown in the following formula (31):

A@2 = 2mp + 2mko + 2 w(Ae + kA Aw) (ty — t) (31)
[00265] A2 is the phase compensated for by the network device 2.
[00266] It is assumed that at a moment t0, a signal received by the terminal satisfies the
relationship shown in the formula (18). In this case, at the moment t4, the network device 1 or the
network device 2 may perform compensation on a precoding vector at a corresponding moment.
An example in which the network device 2 may perform compensation on the precoding vector at
a corresponding moment is used. In this case, a signal received by the terminal at the moment t4
satisfies a relationship shown in the following formula (32):
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y.(t +At) = (H'W,, + e/292e/2 H2W, S +(H'W 1, + e/292e/2 H?W ,,)S, (32)
[00267] It may be understood that, for phase compensation according to the formula (32), the
phase compensation may alternatively be performed by the network device 1. In this case, the
phase compensated for by the network device 1 is —A@2. If the network device 1 performs
compensation on the precoding vector, a signal received by the terminal at the moment t4 satisfies
a relationship shown in the following formula (33):

y.(t +At) = (e /AP2HIW,, + /%Y H?*W,)S +(e /2P2H'W |, + e/*YH?>W,,)S, (33)
[00268] In addition, the phase variation between the at least two network devices calculated in
S702 is the phase variation between the phase corresponding to the network device 2 at the moment
t2 and the phase corresponding to the network device 1 at the moment t2. In this case, a phase
difference A@2 between the phase corresponding to the network device 2 and the phase
corresponding to the network device 1 may still be obtained. In this case, phase compensation may
still be performed according to the formula (32) or the formula (33).

[00269] It should be understood that a smaller value of A@2 + Ag indicates higher phase
compensation accuracy. For example, when A@2 + Ap = 0, complete coherence of received
signals may be implemented, that is, most accurate phase compensation is implemented. A
principle of performing phase compensation by the network device 3 and the network device 4 is
similar to that of performing phase compensation by the network device 2, and details are not
described herein again.

[00270] The foregoing phase compensation manner for Case 1 is merely used as an example.
In an actual implementation, the network device 2 may not perform phase compensation, and the
network device 1, the network device 3, and the network device 4 may perform phase
compensation.

[00271] In Case 2, an RS set corresponding to one of the at least two network devices may be
used as a reference RS set, and each network device other than the network device corresponding
to the reference RS set may calculate, based on the first information, a corresponding phase shift
between an RS set corresponding to the network device and the reference RS set. For example,
with reference to Table 1 and FIG. 14B, the RS set 2 is the reference RS set, and the network
device 1 may obtain the phase variation between the RS set 1 and the RS set 2, to perform phase
compensation. For a phase compensation principle, refer to the formula (32). Details are not
described herein again. Similarly, the network device 3 and the network device 4 may perform
phase compensation.

[00272] It should be understood that, when the first information indirectly indicates the phase
variation between the two reference signal sets, before performing S703, the network device may
first determine the phase variation between the reference signal sets in the at least two reference
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signal sets based on the first information. For example, if the first information indirectly indicates
p and o between two reference signal sets, the network device may determine the phase variation
between the reference signal sets in the at least two reference signal sets according to the formula
(28).

[00273] It may be understood that, in this embodiment of this application, the method provided
in FIG. 7 may further include: At least one of the at least two network devices sends second
information to the terminal. Correspondingly, the terminal receives the second information sent by
the at least one of the at least two network devices.

[00274] The second information is indication information indicating a reference resource set
carrying the at least two reference signal sets.

[00275] In some possible design solutions, the network device that sends the second
information may be a primary network device, for example, a primary base station.

[00276] In some possible design solutions, the network device that sends the second
information may be a secondary network device, for example, a secondary base station.

[00277] In some possible design solutions, the second information may be jointly sent by the at
least two network devices. For example, different network devices in the at least two network
devices may send a part of the second information. Complete second information may be obtained
from information sent by all of the at least two network devices.

[00278] Based on the method provided in FIG. 7, the terminal may perform phase measurement
based on the at least two reference signal sets, and send the corresponding phase variation between
the reference signal sets in the at least two reference signal sets at the first moment, that is, a phase
variation between a plurality of network devices that provide services for the terminal in a
coordination scenario. At different moments, phase variations between the plurality of network
devices that provide the services for the terminal may be different. The network device may
perform phase compensation on a downlink signal based on the corresponding phase variation that
is between the reference signal sets in the at least two reference signal sets at the first moment and
that is reported by the terminal, to improve phase compensation accuracy, and improve a CJT
transmission effect.

[00279] For ease of understanding beneficial effects of embodiments of this application, the
following describes beneficial effects of embodiments of this application by using examples with
reference to the network device 1 and the network device 2.

[00280] FIG. 15 is a diagram of a phase that is compensated for by the network device 2. As
shown in FIG. 15, when phase compensation is performed by using the phase shift calculated in
the formula (17), a phase that is compensated for is a phase shift of the network device 1 relative

to the network device 2 between the moment t0 + At and the moment t0, thatis, Ap1l. However,
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in the solution in this embodiment of this application, assuming that the first moment is the moment
t0, the phase that is compensated for includes a phase shift of the network device 1 relative to the
network device 2 between the first moment and the moment at which the downlink signal is sent,
and a phase shift of the network device 1 relative to the network device 2 between the first moment
and a moment at which no phase shift exists between the network device 1 and the network device
2, that is, A@2. It can be learned that, according to the method provided in this embodiment of
this application, more phase compensation can be performed, to improve phase compensation
accuracy.

[00281] The foregoing describes, in detail with reference to FIG. 7 to FIG. 15, the phase
compensation method provided in embodiments of this application. A communication apparatus
configured to perform the phase compensation method provided in embodiments of this
application is described below in detail with reference to FIG. 16 and FIG. 17.

[00282] For example, FIG. 16 is a diagram 1 of a structure of a communication apparatus
according to an embodiment of this application. As shown in FIG. 16, the communication
apparatus 1600 includes a processing module 1601 and a transceiver module 1602. For ease of
description, FIG. 16 shows only main components of the communication apparatus 1600.

[00283] In some embodiments, the communication apparatus 1600 may be used in the
communication system shown in FIG. 5, and perform a function of the terminal in the phase
compensation method shown in FIG. 7.

[00284] The transceiver module 1602 is configured to receive at least two RS sets. Each of the
at least two RS sets includes at least one RS.

[00285] The processing module 1601 is configured to generate first information. The first
information indicates a corresponding phase variation between RS sets in the at least two RS sets
at a first moment.

[00286] The transceiver module 1602 is further configured to send the first information based
on the at least two RS sets.

[00287] In a possible design solution, the corresponding phase variation between the RS sets in
the at least two RS sets includes a corresponding phase variation between a first RS set and a
second RS set. The second RS set is a preset RS set in the at least two RS sets, and the first RS set
is any RS set in the at least two RS sets other than the second RS set.

[00288] In a possible design solution, the corresponding phase variation between the RS sets in
the at least two RS sets includes a corresponding phase variation between an i RS set and an
(i + 1)" RS set that are in the at least two RS sets. i is an integer, and 1 <i <. I is a total
quantity of reference signal sets in the at least two reference signal sets.

[00289] In a possible design solution, the corresponding phase variation between the RS sets in
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the at least two RS sets is related to an index of a frequency domain unit.

[00290] Optionally, the phase variation at the first moment and the index of the frequency
domain unit satisfy a linear relationship.

[00291] Further, the phase variation at the first moment and the index of the frequency domain
unit satisty the following relationship: P1=2mp + 2mko. P1 is the phase variation at the first
moment. k isthe index of the frequency domain unit. k is a positive integer greater than or equal
to 0. p is aconstant. ¢ is a constant.

[00292] In a possible design solution, the RS is a channel state information CSI-RS.

[00293] Optionally, the first moment is an end position of a last RS set that is in the at least two
RS sets and that is before a CSI reference resource. Alternatively, the first moment is a time domain
position corresponding to a CSI reference resource. Alternatively, the first moment is a start
moment at which the first information is reported. Alternatively, the first moment is a moment
after a start moment at which the first information is reported, and a time length between the first
moment and a moment at which the first information is reported is a first time length.

[00294] In a possible design solution, an RS in each of the at least two RS sets is carried on an
RS resource in a same RS resource set. The RS resource set includes a plurality of RS resources.
[00295] Optionally, in the plurality of RS resources in the RS resource set, a same port index
corresponds to a same port; and/or, the plurality of RS resources in the RS resource set are quasi
colocated.

[00296] In a possible design solution, RSs in different RS sets in the at least two RS sets are
respectively carried on RS resources in different RS resource sets. The RS resource set includes
one RS resource.

[00297] In a possible design solution, an RS in each of the at least two RS sets is carried on RS
resources in a plurality of RS resource sets.

[00298] Optionally, in each of the plurality of RS resource sets, there is at least one RS resource
having a same resource identifier.

[00299] Alternatively, optionally, RS resources in the plurality of RS resource sets are arranged
in an order of resource identifiers, and same port indexes of RS resources that are in different RS
resource sets and that have a same arrangement ranking correspond to a same port; and/or RS
resources that are in different RS resource sets and that have a same arrangement ranking are quasi
colocated.

[00300] In a possible design solution, an RS in each of the at least two RS sets is carried on an
RS resource in a same RS resource set. The RS resource set includes a plurality of RS resources,
and RSs in different RS sets are carried on different RS resources.

[00301] Optionally, the transceiver module 1602 may include a receiving module and a sending
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module (not shown in FIG. 16). The transceiver module 1602 is configured to implement a sending
function and a receiving function of the communication apparatus 1600.

[00302] Optionally, the communication apparatus 1600 may further include a storage module
(not shown in FIG. 16), and the storage module stores a program or instructions. When the
processing module 1601 executes the program or the instructions, the communication apparatus
1600 is caused to perform the function of the terminal in the phase compensation method shown
in any one of FIG. 7.

[00303] It should be understood that the processing module 1601 in the communication
apparatus 1600 may be implemented by a processor or a processor-related circuit component, and
may be a processor or a processing unit; and the transceiver module 1602 may be implemented by
a transceiver or a transceiver-related circuit component, and may be a transceiver or a transceiver
unit.

[00304] It should be noted that the communication apparatus 1600 may be a terminal, may be
a chip (system) or another part or component that may be disposed in the terminal, or may be an
apparatus including the terminal. This is not limited in this application.

[00305] In addition, for technical effects of the communication apparatus 1600, refer to
technical effects of the phase compensation method shown in any one of FIG. 7. Details are not
described herein again.

[00306] In some other embodiments, the communication apparatus 1600 may be used in the
communication system shown in FIG. 5, and perform a function of the network device in the phase
compensation method shown in FIG. 7.

[00307] The processing module 1601 is configured to generate RS sets. The RS set includes at
least one RS.

[00308] The transceiver module 1602 is configured to send the RS set to the terminal.

[00309] The transceiver module 1602 is further configured to receive first information that is
sent by the terminal based on at least two RS sets. The first information indicates a corresponding
phase variation between RS sets in the at least two RS sets at a first moment.

[00310] In apossible design solution, the phase variation between the RS sets in the at least two
RS sets includes a corresponding phase variation between a first RS set and a second RS set. The
second RS set is a preset RS set in the at least two RS sets, and the first RS set is any RS set in the
at least two RS sets other than the second RS set.

[00311] Ina possible design solution, the corresponding phase variation between the RS sets in
the at least two RS sets includes a corresponding phase variation between an i™ RS set and an
(i + 1)™ RS set that are in the at least two RS sets. i is an integer, and 1 <i < 1. I is a total

quantity of RS sets in the at least two RS sets.
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[00312] In a possible design solution, the corresponding phase variation between the RS sets in
the at least two RS sets is related to an index of a frequency domain unit.

[00313] Optionally, the phase variation at the first moment and the index of the frequency
domain unit satisfy a linear relationship.

[00314] Further, the phase variation at the first moment and the index of the frequency domain
unit satisfy the following relationship: P1=2mp + 2mko. P1 is the phase variation at the first
moment. k is the index of the frequency domain unit. k is a positive integer greater than or equal
to 0. p is aconstant. ¢ is a constant.

[00315] In a possible design solution, the RS is a CSI-RS.

[00316] In a possible design solution, the first moment is an end position of a last RS set that is
in the at least two RS sets and that is before a CSI reference resource. Alternatively, the first
moment is a time domain position corresponding to a CSI reference resource. Alternatively, the
first moment is a start moment at which the first information is reported. Alternatively, the first
moment is a moment after a start moment at which the first information is reported, and a time
length between the first moment and a moment at which the first information is reported is a first
time length.

[00317] In a possible design solution, an RS in each of the at least two RS sets is carried on an
RS resource of a same RS resource set. The RS resource set includes a plurality of RS resources.
[00318] Optionally, in the plurality of RS resources in the RS resource set, a same port index
corresponds to a same port; or the plurality of RS resources in the RS resource set are quasi
colocated.

[00319] In a possible design solution, RSs in different RS sets in the at least two RS sets are
respectively carried on RS resources in different RS resource sets. The RS resource set includes
one RS resource.

[00320] In a possible design solution, an RS in each of the at least two RS sets is carried on RS
resources in a plurality of RS resource sets.

[00321] Optionally, in each RS resource in the plurality of RS resource sets, there is at least one
RS resource having a same resource identifier.

[00322] Alternatively, optionally, RS resources in the plurality of RS resource sets are arranged
in an order of resource identifiers, and same port indexes of RS resources that are in different RS
resource sets and that have a same arrangement ranking correspond to a same port; and/or RS
resources that are in different RS resource sets and that have a same arrangement ranking are quasi
colocated.

[00323] In a possible design solution, an RS in each of the at least two RS sets is carried on an

RS resource in a same RS resource set. The RS resource set includes a plurality of RS resources,
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and RSs in different RS sets are carried on different RS resources.

[00324] In a possible design solution, the processing module 1601 is further configured to
perform phase compensation based on the first information.

[00325] Optionally, the transceiver module 1602 may include a receiving module and a sending
module (not shown in FIG. 16). The transceiver module 1602 is configured to implement a sending
function and a receiving function of the communication apparatus 1600.

[00326] Optionally, the communication apparatus 1600 may further include a storage module
(not shown in FIG. 16), and the storage module stores a program or instructions. When the
processing module 1601 executes the program or the instructions, the communication apparatus
1600 is caused to perform the function of the network device in the phase compensation method
shown in any one of FIG. 7.

[00327] It should be understood that the processing module 1601 in the communication
apparatus 1600 may be implemented by a processor or a processor-related circuit component, and
may be a processor or a processing unit; and the transceiver module 1602 may be implemented by
a transceiver or a transceiver-related circuit component, and may be a transceiver or a transceiver
unit.

[00328] It should be noted that the communication apparatus 1600 may be a network device,
may be a chip (system) or another part or component that may be disposed in the network device,
or may be an apparatus including the network device. This is not limited in this application.
[00329] In addition, for technical effects of the communication apparatus 1600, refer to
technical effects of the phase compensation method shown in any one of FIG. 7. Details are not
described herein again.

[00330] For example, FIG. 17 is a diagram 2 of a structure of a communication apparatus
according to an embodiment of this application. The communication apparatus may be a terminal
or a network device, or may be a chip (system) or another part or component that may be disposed
in a terminal or a network device. As shown in FIG. 17, the communication apparatus 1700 may
include a processor 1701. Optionally, the communication apparatus 1700 may further include a
memory 1702 and/or a transceiver 1703. The processor 1701 is coupled to the memory 1702 and
the transceiver 1703, for example, may be connected through a communication bus.

[00331] The following specifically describes each component of the communication apparatus
1700 with reference to FIG. 17.

[00332] The processor 1701 is a control center of the communication apparatus 1700, and may
be one processor, or may be a collective name of a plurality of processing elements. For example,
the processor 1701 is one or more central processing units (central processing units, CPUs), and

may be an application-specific integrated circuit (application-specific integrated circuit, ASIC) or
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one or more integrated circuits configured to implement embodiments of this application, for
example, one or more digital signal processors (digital signal processors, DSPs) or one or more
field programmable gate arrays (field programmable gate arrays, FPGAs).

[00333] Optionally, the processor 1701 may perform various functions of the communication
apparatus 1700 by running or executing a software program stored in the memory 1702 and
invoking data stored in the memory 1702.

[00334] During specific implementation, in an embodiment, the processor 1701 may include
one or more CPUs, such as a CPU 0 and a CPU 1 shown in FIG. 17.

[00335] During specific implementation, in an embodiment, the communication apparatus 1700
may alternatively include a plurality of processors such as the processor 1701 and a processor 1704
shown in FIG. 17. Each of the processors may be a single-core processor (single-CPU), or may be
a multi-core processor (multi-CPU). The processor herein may be one or more devices, circuits,
and/or processing cores configured to process data (for example, computer program instructions).
[00336] The memory 1702 is configured to store a software program for executing the solutions
of this application, and the processor 1701 controls the execution. For a specific implementation,
refer to the foregoing method embodiments. Details are not described herein again.

[00337] Optionally, the memory 1702 may be a read-only memory (read-only memory, ROM)
or another type of static storage device that can store static information and instructions, or a
random access memory (random access memory, RAM) or another type of dynamic storage device
that can store information and instructions, or may be an electrically erasable programmable read-
only memory (electrically erasable programmable read-only memory, EEPROM), a compact disc
read-only memory (compact disc read-only memory, CD-ROM) or another compact disc storage,
an optical disc storage (including a compact disc, a laser disc, an optical disc, a digital versatile
disc, a Blu-ray disc, or the like), a magnetic disk storage medium or another magnetic storage
device, or any other medium that can be used to carry or store expected program code in a form of
instruction or data structure and that can be accessed by a computer. However, this is not limited
thereto. The memory 1702 may be integrated with the processor 1701; or may exist independently,
and is coupled to the processor 1701 through an interface circuit (not shown in FIG. 17) of the
communication apparatus 1700. This is not specifically limited in embodiments of this application.
[00338] The transceiver 1703 is configured to communicate with another communication
apparatus. For example, the communication apparatus 1700 is the terminal, and the transceiver
1703 may be configured to communicate with the network device or another terminal. For another
example, the communication apparatus 1700 is a network device, and the transceiver 1703 may be
configured to communicate with the terminal or another network device.

[00339] Optionally, the transceiver 1703 may include a receiver and a transmitter (not

48



10

15

20

25

30

35

separately shown in FIG. 17). The receiver is configured to implement a receiving function, and
the transmitter is configured to implement a sending function.

[00340] Optionally, the transceiver 1703 may be integrated with the processor 1701; or may
exist independently, and is coupled to the processor 1701 through an interface circuit (not shown
in FIG. 17) of the communication apparatus 1700. This is not specifically limited in embodiments
of this application.

[00341] It should be noted that the structure of the communication apparatus 1700 shown in
FIG. 17 does not constitute a limitation on the communication apparatus. An actual communication
apparatus may include more or fewer components than those shown in the figure, or combine some
components, or use a different component deployment.

[00342] In addition, for technical effects of the communication apparatus 1700, refer to the
technical effects of the phase compensation method in the foregoing method embodiments. Details
are not described herein again.

[00343] It should be understood that, in embodiments of this application, the processor may be
a CPU, or may be another general-purpose processor, a DSP, an ASIC, an FPGA or another
programmable logic device, a discrete gate or transistor logic device, a discrete hardware
component, or the like. The general-purpose processor may be a microprocessor, or the processor
may be any conventional processor or the like.

[00344] It may be understood that the memory in embodiments of this application may be a
volatile memory or a nonvolatile memory, or may include a volatile memory and a nonvolatile
memory. The nonvolatile memory may be a ROM, a programmable read-only memory
(programmable ROM, PROM), an erasable programmable read-only memory (erasable PROM,
EPROM), an EEPROM, or a flash memory. The volatile memory may be a RAM and is used as
an external cache. By way of example but not limitative description, a plurality of forms of RAMs
may be used, for example, a static random access memory (static RAM, SRAM), a dynamic
random access memory (DRAM), a synchronous dynamic random access memory (synchronous
DRAM, SDRAM), a double data rate synchronous dynamic random access memory (double data
rate SDRAM, DDR SDRAM), an enhanced synchronous dynamic random access memory
(enhanced SDRAM, ESDRAM), a synchlink dynamic random access memory (synchlink DRAM,
SLDRAM), and a direct rambus dynamic random access memory (direct rambus RAM, DR RAM).
[00345] All or some of the foregoing embodiments may be implemented using software,
hardware (for example, circuit), firmware, or any combination thereof. When software is used to
implement embodiments, the foregoing embodiments may be implemented completely or partially
in a form of a computer program product. The computer program product includes one or more

computer instructions or computer programs. When the computer instructions or the computer
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programs are loaded or executed on a computer, the procedures or functions according to
embodiments of this application are entirely or partially generated. The computer may be a
general-purpose computer, a dedicated computer, a computer network, or another programmable
apparatus. The computer instructions may be stored in a computer-readable storage medium or
may be transmitted from a computer-readable storage medium to another computer-readable
storage medium. For example, the computer instructions may be transmitted from a website,
computer, server, or data center to another website, computer, server, or data center in a wired (for
example, infrared, radio, and microwave, or the like) manner. The computer-readable storage
medium may be any usable medium accessible by a computer, or a data storage device, such as a
server or a data center, integrating one or more usable media. The usable medium may be a
magnetic medium (for example, a floppy disk, a hard disk drive, or a magnetic tape), an optical
medium (for example, a DVD), or a semiconductor medium. The semiconductor medium may be
a solid-state drive.

[00346] It should be understood that the term "and/or" in this specification describes only an
association relationship between associated objects, and indicates that three relationships may exist.
For example, A and/or B may represent the following three cases: Only A exists, both A and B
exist, and only B exists, where A and B may be singular or plural. In addition, the character "/" in
this specification usually indicates an "or" relationship between the associated objects, but may
also indicate an "and/or" relationship. For details, refer to the context for understanding.

[00347] In this application, "at least one" means one or more, and "a plurality of" means two or
more. "At least one of the following items (pieces)" or a similar expression thereof means any
combination of these items, including a singular item (piece) or any combination of plural items
(pieces). For example, at least one of a, b, or ¢ may indicate: a, b, c, a-b, a-c, b-c, or a-b-c, where
a, b, and ¢ may be singular or plural.

[00348] It should be understood that sequence numbers of the foregoing processes do not mean
execution sequences in various embodiments of this application. The execution sequences of the
processes should be determined according to functions and internal logic of the processes, and
should not be construed as any limitation on the implementation processes of embodiments of this
application.

[00349] A person of ordinary skill in the art may be aware that, in combination with the
examples described in embodiments disclosed in this specification, units and algorithm steps may
be implemented by electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by hardware or software depends on particular
applications and design constraint conditions of the technical solutions. A person skilled in the art

may use different methods to implement the described functions for each particular application,

50



10

15

20

25

30

35

but it should not be considered that the implementation goes outside the scope of this application.
[00350] It may be clearly understood by a person skilled in the art that, for the purpose of
convenient and brief description, for a detailed working process of the foregoing system, apparatus,
and unit, refer to a corresponding process in the foregoing method embodiments. Details are not
described herein again.

[00351] In the several embodiments provided in this application, it should be understood that
the disclosed system, apparatus, and method may be implemented in other manners. For example,
the described apparatus embodiment is merely an example. For example, division into the units is
merely logical function division and may be other division in an actual implementation. For
example, a plurality of units or components may be combined or integrated into another system,
or some features may be ignored or not performed. In addition, the displayed or discussed mutual
couplings or direct couplings or communication connections may be implemented by using some
interfaces. The indirect couplings or communication connections between the apparatuses or units
may be implemented in electronic, mechanical, or other forms.

[00352] The units described as separate parts may or may not be physically separate, and parts
displayed as units may or may not be physical units, may be located in one position, or may be
distributed on a plurality of network units. Some or all of the units may be selected based on actual
requirements to achieve the objectives of the solutions of embodiments.

[00353] In addition, functional units in embodiments of this application may be integrated into
one processing unit, each of the units may exist alone physically, or two or more units are
integrated into one unit.

[00354] When the functions are implemented in the form of a software functional unit and sold
or used as an independent product, the functions may be stored in a computer-readable storage
medium. Based on such an understanding, the technical solutions of this application essentially,
the part contributing to the conventional technology, 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 enabling a computer device (which may be a
personal computer, a server, a network device, or the like) to perform all or some of the steps of
the methods described in embodiments of this application. The foregoing storage medium includes
any medium that can store program code, such as a USB flash drive, a removable hard disk, a
ROM, a RAM, a magnetic disk, or an optical disc.

[00355] The foregoing descriptions are merely specific implementations of this application, but
are not intended to limit the protection scope of this application. Any variation or replacement
readily figured out by a person skilled in the art within the technical scope disclosed in this

application shall fall within the protection scope of this application. Therefore, the protection scope
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1. A phase compensation method, applied to a first communication apparatus, wherein the
method comprises:

receiving at least two reference signal sets, wherein each of the at least two reference signal
sets comprises at least one reference signal; and

sending first information based on the at least two reference signal sets, wherein the first
information indicates a corresponding phase variation between reference signal sets in the at least
two reference signal sets at a first moment.

2. The method according to claim 1, wherein the corresponding phase variation between the
reference signal sets in the at least two reference signal sets comprises a corresponding phase
variation between a first reference signal set and a second reference signal set, the second reference
signal set is a preset reference signal set in the at least two reference signal sets, and the first
reference signal set is any reference signal set in the at least two reference signal sets other than
the second reference signal set.

3. The method according to claim 1, wherein the corresponding phase variation between the
reference signal sets in the at least two reference signal sets comprises a corresponding phase
variation between an i reference signal set and an (i + 1) reference signal set that are in the at
least two reference signal sets; i is an integer, and 1 <i </; and [ is a total quantity of
reference signal sets in the at least two reference signal sets.

4. The method according to any one of claims 1 to 3, wherein the corresponding phase
variation between the reference signal sets in the at least two reference signal sets is related to an
index of a frequency domain unit.

5. The method according to claim 4, wherein the phase variation at the first moment and the
index of the frequency domain unit satisfy a linear relationship.

6. The method according to claim 5, wherein the phase variation at the first moment and the
index of the frequency domain unit satisfy the following relationship:

P1=2mp + 2mko, wherein

P1 is the phase variation at the first moment, k is the index of the frequency domain unit, k
is a positive integer greater than or equal to 0, p is a constant, and o is a constant.

7. The method according to any one of claims 1 to 6, wherein the reference signal is a channel
state information-reference signal CSI-RS.

8. The method according to claim 7, wherein the first moment is an end position of a last
reference signal set that is in the at least two reference signal sets and that is before a channel state

information CSI reference resource; or
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the first moment is a time domain position corresponding to the CSI reference resource; or

the first moment is a start moment at which the first information is reported; or

the first moment is a moment after a start moment at which the first information is reported,
and a time length between the first moment and a moment at which the first information is reported
is a first time length.

9. The method according to any one of claims 1 to 8, wherein a reference signal in each of
the at least two reference signal sets is carried on a reference signal resource in a same reference
signal resource set, and the reference signal resource set comprises a plurality of reference signal
resources.

10. The method according to claim 9, wherein in the plurality of reference signal resources in
the reference signal resource set, a same port index corresponds to a same port; and/or the plurality
of reference signal resources in the reference signal resource set are quasi colocated.

11. The method according to any one of claims 1 to 8, wherein reference signals in different
reference signal sets in the at least two reference signal sets are respectively carried on reference
signal resources in different reference signal resource sets, and the reference signal resource set
comprises one reference signal resource.

12. The method according to any one of claims 1 to 8, wherein a reference signal in each of
the at least two reference signal sets is carried on reference signal resources in a plurality of
reference signal resource sets.

13. The method according to claim 12, wherein each of the plurality of reference signal
resource sets comprises at least one reference signal resource having a same resource identifier.

14. The method according to claim 12, wherein reference signal resources in the plurality of
reference signal resource sets are arranged in an order of resource identifiers, and same port
indexes of reference signal resources that are in different reference signal resource sets and that
have a same arrangement ranking correspond to a same port; and/or reference signal resources that
are in different reference signal resource sets and that have a same arrangement ranking are quasi
colocated.

15. The method according to any one of claims 1 to 8, wherein reference signals in all of the
at least two reference signal sets are carried on reference signal resources in a same reference
signal resource set, the reference signal resource set comprises a plurality of reference signal
resources, and reference signals in different reference signal sets are carried on different reference
signal resources.

16. A phase compensation method, applied to a second communication apparatus, wherein
the method comprises:

sending a first reference signal set to a terminal, wherein the first reference signal set
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comprises at least one reference signal; and

receiving first information that is sent by the terminal based on at least two reference signal
sets, wherein the at least two reference signal sets comprise the first reference signal set, and the
first information indicates a corresponding phase variation between reference signal sets in the at
least two reference signal sets at a first moment.

17. The method according to claim 16, wherein the phase variation between the reference
signal sets in the at least two reference signal sets comprises a corresponding phase variation
between the first reference signal set and a second reference signal set, the second reference signal
set is a preset reference signal set in the at least two reference signal sets, and the first reference
signal set is any reference signal set in the at least two reference signal sets other than the second
reference signal set.

18. The method according to claim 16, wherein the corresponding phase variation between
the reference signal sets in the at least two reference signal sets comprises a corresponding phase
variation between an i reference signal set and an (i + 1)™ reference signal set that are in the at
least two reference signal sets; i is an integer, and 1 <i </; and I is a total quantity of
reference signal sets in the at least two reference signal sets.

19. The method according to any one of claims 16 to 18, wherein the corresponding phase
variation between the reference signal sets in the at least two reference signal sets is related to an
index of a frequency domain unit.

20. The method according to claim 19, wherein the phase variation at the first moment and
the index of the frequency domain unit satisfy a linear relationship.

21. The method according to claim 20, wherein the phase variation at the first moment and
the index of the frequency domain unit satisfy the following relationship:

P1=2mp + 2rmko, wherein

P1 is the phase variation at the first moment, k is the index of the frequency domain unit, k
is a positive integer greater than or equal to 0, p is a constant, and o is a constant.

22. The method according to any one of claims 16 to 21, wherein the reference signal is a
channel state information-reference signal CSI-RS.

23. The method according to any one of claims 16 to 22, wherein the first moment is an end
position of a last reference signal set that is in the at least two reference signal sets and that is
before a channel state information CSI reference resource; or

the first moment is a time domain position corresponding to the CSI reference resource; or

the first moment is a start moment at which the first information is reported; or

the first moment is a moment after a start moment at which the first information is reported,

and a time length between the first moment and a moment at which the first information is reported
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is a first time length.

24. The method according to any one of claims 16 to 23, wherein a reference signal in each
of the at least two reference signal sets is carried on a reference signal resource in a same reference
signal resource set, and the reference signal resource set comprises a plurality of reference signal
resources.

25. The method according to claim 24, wherein in the plurality of reference signal resources
in the reference signal resource set, a same port index corresponds to a same port; or the plurality
of reference signal resources in the reference signal resource set are quasi colocated.

26. The method according to any one of claims 16 to 23, wherein reference signals in different
reference signal sets in the at least two reference signal sets are respectively carried on reference
signal resources in different reference signal resource sets, and the reference signal resource set
comprises one reference signal resource.

27. The method according to any one of claims 16 to 23, wherein a reference signal in each
of the at least two reference signal sets is carried on reference signal resources in a plurality of
reference signal resource sets.

28. The method according to claim 27, wherein each reference signal resource in the plurality
of reference signal resource sets comprises at least one reference signal resource having a same
resource identifier.

29. The method according to claim 27, wherein reference signal resources in the plurality of
reference signal resource sets are arranged in an order of resource identifiers, and same port
indexes of reference signal resources that are in different reference signal resource sets and that
have a same arrangement ranking correspond to a same port; and/or reference signal resources that
are in different reference signal resource sets and that have a same arrangement ranking are quasi
colocated.

30. The method according to any one of claims 16 to 23, wherein reference signals in all of
the at least two reference signal sets are carried on reference signal resources in a same reference
signal resource set, the reference signal resource set comprises a plurality of reference signal
resources, and reference signals in different reference signal sets are carried on different reference
signal resources.

31. The method according to any one of claims 16 to 30, wherein the method further
comprises:

performing phase compensation based on the first information.

32. A communication apparatus, wherein the communication apparatus is configured to
perform the phase compensation method according to any one of claims 1 to 15, or the

communication apparatus is configured to perform the phase compensation method according to
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33. A communication apparatus, comprising a processor and a memory, wherein the memory
is configured to store computer instructions, and when the processor executes the instructions, the
communication apparatus is caused to perform the phase compensation method according to any
one of claims 1 to 15, or perform the phase compensation method according to any one of claims
16 to 31.

34. A communication apparatus, comprising a processor and an interface circuit, wherein

the interface circuit is configured to receive code instructions, and transmit the code
instructions to the processor; and

the processor is configured to run the code instructions to perform the phase compensation
method according to any one of claims 1 to 15, or perform the phase compensation method
according to any one of claims 16 to 31.

35. A communication apparatus, wherein the communication apparatus comprises a processor
and a transceiver, the transceiver is used by the communication apparatus to exchange information
with another communication apparatus, and the processor executes program instructions, to
perform the phase compensation method according to any one of claims 1 to 15, or perform the
phase compensation method according to any one of claims 16 to 31.

36. The communication apparatus according to any one of claims 32 to 35, wherein the
communication apparatus is a chip.

37. A computer-readable storage medium, wherein the computer-readable storage medium
comprises a computer program or instructions, and when the computer program or the instructions
are run on a computer, the computer is caused to perform the phase compensation method
according to any one of claims 1 to 15, or perform the phase compensation method according to
any one of claims 16 to 31.

38. A computer program product, wherein the computer program product comprises a
computer program or instructions, and when the computer program or the instructions are run on
a computer, the computer is caused to perform the phase compensation method according to any
one of claims 1 to 15, or perform the phase compensation method according to any one of claims

16 to 31.
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