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REFERENCE SIGNAL TRANSMISSION METHOD AND COMMUNICATION 

APPARATUS 

TECHNICAL FIELD 

[0001] This application relates to the communication field, and more specifically, to a 

reference signal transmission method and a communication apparatus. 5 

BACKGROUND 

[0002] In a wireless communication network, by transmitting a reference signal, two 

communication devices may obtain, through measurement and estimation, a state of a channel 

between the two communication devices, to determine precoding used for data transmission, and 

reduce impact of channel fading during data transmission. Accuracy of the channel state obtained 10 

by the communication apparatus directly affects data transmission reliability. Distribution of 

reference signals determines accuracy of the channel state obtained by the communication device. 

[0003] Currently, reference signals are mainly transmitted in a manner in which reference 

signals are evenly distributed in time domain and/or frequency domain. However, with wide 

application of wireless communication, a requirement for channel estimation precision is 15 

increasingly high. However, a current reference signal transmission manner is not flexible enough, 

and cannot meet a development requirement of wireless communication. 

SUMMARY 

[0004] Embodiments of this application provide a reference signal transmission method and a 

communication apparatus to improve channel estimation precision and resource utilization. 20 

[0005] According to a first aspect, a reference signal transmission method is provided. The 

method may be performed by a communication apparatus. The communication apparatus may be 

a communication device or a component (for example, a chip or a chip system) configured in a 

communication device that performs the method. An example in which a first communication 

apparatus performs the method is used below for description. 25 
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[0006] The method includes: The first communication apparatus determines a reference signal 

resource based on at least one piece of channel characteristic information and at least one piece of 

energy scale information, where the at least one piece of channel characteristic information 

represents a channel between the first communication apparatus and a second communication 

apparatus, any piece of channel characteristic information indicates a correspondence between an 5 

energy component of the channel and a transmission resource, the reference signal resource 

includes a plurality of resource units in the transmission resource, and energy indicated by one or 

more pieces of energy scale information in correspondences indicated by one or more pieces of 

channel characteristic information corresponds to one resource unit; the first communication 

apparatus sends first information to the second communication apparatus, where the first 10 

information indicates the at least one piece of energy scale information; and the first 

communication apparatus sends a reference signal to the second communication apparatus, or the 

first communication apparatus receives a reference signal from the second communication 

apparatus, where the reference signal is carried on the reference signal resource. 

[0007] It should be understood that, in this application, "sending information/a signal" only 15 

indicates a direction of information/signal transmission, including direct sending through an air 

interface, and also including indirect sending by a processing unit through the air interface. 

Therefore, "sending" may also be understood as "output" of a chip interface. Similarly, "receiving 

information/a signal" only indicates a direction of information/signal transmission, including 

direct reception through the air interface and indirect reception by the processing unit through the 20 

air interface. Therefore, "receiving" may also be understood as "input" of the chip interface. 

[0008] According to the foregoing solution, compared with a conventional fixed configuration 

of evenly distributed reference signal resources, the first communication apparatus may flexibly 

adjust, based on a channel characteristic, a distribution of reference signals used for channel 

estimation between the first communication apparatus and the second communication apparatus, 25 

so that channel estimation precision and resource utilization can be improved, and channel 

estimation in a relatively high-precision mobility scenario can be implemented by using relatively 

proper reference signal resource overheads matching an environment. In addition, reference signal 

resources determined by using the foregoing solution in this application may be unevenly 

distributed. The first communication apparatus and the second communication apparatus 30 

determine a reference signal resource in a same manner by exchanging energy scale information 
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to reach a consensus on the reference signal resource, implementing high-precision and efficient 

channel estimation. 

[0009] With reference to the first aspect, in some implementations of the first aspect, the 

transmission resource is a time domain resource and/or a frequency domain resource. 

[0010] With reference to the first aspect, in some implementations of the first aspect, that the 5 

first communication apparatus determines the reference signal resource based on the at least one 

piece of channel characteristic information and the at least one piece of energy scale information 

includes: The first communication apparatus determines the reference signal resource based on the 

at least one piece of channel characteristic information, the at least one piece of energy scale 

information, and minimum resource interval information. An interval between any two resource 10 

units in the reference signal resource is greater than or equal to an interval indicated by the 

minimum resource interval information. 

[0011] According to the foregoing solution, channel characteristics corresponding to similar 

resource units are similar. Therefore, a minimum resource interval is set to select a resource unit 

meeting a requirement, so that an interval between any two resource units in the reference signal 15 

resource determined by the first communication apparatus is greater than or equal to the minimum 

resource interval. In this way, unnecessary reference signal resource overheads can be reduced. 

[0012] With reference to the first aspect, in some implementations of the first aspect, the 

minimum resource interval information is predefined or is determined by the first communication 

apparatus. 20 

[0013] With reference to the first aspect, in some implementations of the first aspect, the 

method further includes: The first communication apparatus sends second information to the 

second communication apparatus, where the second information indicates the at least one piece of 

channel characteristic information. 

[0014] According to the foregoing solution, the first communication apparatus further notifies 25 

the second communication apparatus of the at least one piece of channel characteristic information 

used to determine the reference signal resource, so that reference signal resources determined by 

the first communication apparatus and the second communication apparatus based on the same 

channel characteristic information and energy scale information are the same. Therefore, the two 

communication apparatuses reach a consensus on the reference signal resource for transmitting the 30 

reference signal, so that the reference signal is reliably transmitted. It should be understood that 
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this application is not limited thereto. The at least one piece of channel characteristic information 

used to determine the reference signal resource may be predefined, determined in a predefined 

manner, or transferred by another communication apparatus (for example, a third communication 

apparatus) to the first communication apparatus and/or the second communication apparatus. 

[0015] With reference to the first aspect, in some implementations of the first aspect, the 5 

channel characteristic information indicates information about a basis function representing the 

correspondence, and the information about the basis function includes one or more of the following 

information: 

an identifier of the basis function, function type information of the basis function, 

resource information corresponding to maximum energy in the correspondence represented by the 10 

basis function, frequency information of the basis function, or fading characteristic information of 

the basis function. 

[0016] According to the foregoing solution, the channel characteristic information may 

specifically indicate the information about the basis function, so that the second communication 

apparatus can determine, based on the channel characteristic information, at least one basis 15 

function representing the channel, to determine the reference signal resource based on the at least 

one basis function and the at least one piece of energy scale information. 

[0017] With reference to the first aspect, in some implementations of the first aspect, the 

method further includes: The first communication apparatus receives third information from the 

second communication apparatus, where the third information indicates one or more of a location, 20 

a speed, or a moving direction of the second communication apparatus; and the first 

communication apparatus determines the at least one piece of channel characteristic information 

based on the third information. 

[0018] According to the foregoing solution, the first communication apparatus may determine, 

based on sensing information (for example, one or more of the location, the speed, or the moving 25 

direction) obtained from the second communication apparatus, the at least one piece of channel 

characteristic information representing the channel, so that the at least one piece of channel 

characteristic information can more precisely represent the channel between the first 

communication apparatus and the second communication apparatus. 

[0019] With reference to the first aspect, in some implementations of the first aspect, the 30 

method further includes: The first communication apparatus determines a candidate channel 
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characteristic information set based on one or more of channel state information between a 

plurality of communication apparatuses and the first communication apparatus, and location 

information, speed information, or moving direction information of the plurality of communication 

apparatuses, where the candidate channel characteristic information set includes the at least one 

piece of channel characteristic information. 5 

[0020] According to the foregoing solution, the first communication apparatus may fit, based 

on the historical prior information, a channel characteristic in an environment in which the first 

communication apparatus is located, to obtain the candidate channel characteristic information set, 

so that the first communication apparatus implements channel modeling on the environment in 

which the first communication apparatus is located and adjusts a model in real time based on an 10 

environment change. Therefore, channel characteristic information representing different 

communication apparatuses communicating with the first communication apparatus can be 

determined based on the channel model, to implement a reference signal resource design matching 

a speed and a location of the communication apparatus and an environment in which the 

communication apparatus is located, and implement channel estimation in a relatively high-15 

precision mobility scenario. A manner for determining the candidate channel characteristic 

information set may be a manner of training a model in an artificial intelligence manner to obtain 

a channel model. 

[0021] With reference to the first aspect, in some implementations of the first aspect, the 

transmission resource includes a time domain resource, the channel includes at least one 20 

transmission path, and one piece of channel characteristic information indicates a correspondence 

between an energy component of the channel in the transmission path and a time resource. 

[0022] According to the foregoing solution, when the transmission resource includes the time 

domain resource, different channel characteristic information may represent a change of the energy 

component of the channel in the transmission path, and a plurality of pieces of channel 25 

characteristic information can represent characteristics of a multi-path channel. 

[0023] According to a second aspect, a reference signal transmission method is provided. The 

method may be performed by a communication apparatus. The communication apparatus may be 

a communication device or a component (for example, a chip or a chip system) configured in a 

communication device that performs the method. An example in which a second communication 30 

apparatus performs the method is used below for description. 
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[0024] The method includes: The second communication apparatus receives first information 

from a first communication apparatus, where the first information indicates at least one piece of 

energy scale information; the second communication apparatus determines a reference signal 

resource based on at least one piece of channel characteristic information and the at least one piece 

of energy scale information, where the at least one piece of channel characteristic information 5 

represents a channel between the first communication apparatus and the second communication 

apparatus, any piece of channel characteristic information represents a correspondence between 

an energy component of the channel and a transmission resource, the reference signal resource 

includes a plurality of resource units in the transmission resource, and energy indicated by one or 

more pieces of energy scale information in correspondences indicated by one or more pieces of 10 

channel characteristic information corresponds to one resource unit; and the second 

communication apparatus receives a reference signal from the first communication apparatus, or 

the second communication apparatus sends a reference signal to the first communication apparatus, 

where the reference signal is carried on the reference signal resource. 

[0025] With reference to the second aspect, in some implementations of the second aspect, the 15 

transmission resource is a time domain resource and/or a frequency domain resource. 

[0026] With reference to the second aspect, in some implementations of the second aspect, that 

the second communication apparatus determines the reference signal resource based on the at least 

one piece of channel characteristic information and the at least one piece of energy scale 

information includes: The second communication apparatus determines the reference signal 20 

resource based on the at least one piece of channel characteristic information, the at least one piece 

of energy scale information, and minimum resource interval information. An interval between any 

two resources in the reference signal resource is greater than or equal to an interval indicated by 

the minimum resource interval information. 

[0027] With reference to the second aspect, in some implementations of the second aspect, the 25 

minimum resource interval information is predefined or is obtained from the first communication 

apparatus. 

[0028] With reference to the second aspect, in some implementations of the second aspect, the 

method further includes: The second communication apparatus receives second information from 

the first communication apparatus, where the second information indicates the at least one piece 30 

of channel characteristic information. 
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[0029] With reference to the second aspect, in some implementations of the second aspect, the 

channel characteristic information indicates information about a basis function representing the 

correspondence, and the information about the basis function includes one or more of the following 

information: 

an identifier of the basis function, function type information of the basis function, 5 

resource information corresponding to maximum energy in the correspondence represented by the 

basis function, frequency information of the basis function, or fading characteristic information of 

the basis function. 

[0030] With reference to the second aspect, in some implementations of the second aspect, the 

method further includes: The second communication apparatus determines channel state feature 10 

information based on the reference signal, where the channel state feature information indicates a 

state of the channel corresponding to the reference signal; and the second communication 

apparatus determines channel information based on the channel state feature information and the 

at least one piece of channel characteristic information. 

[0031] With reference to the second aspect, in some implementations of the second aspect, the 15 

method further includes: The second communication apparatus sends third information to the first 

communication apparatus, where the third information indicates one or more of a location, a speed, 

or a moving direction of the second communication apparatus, and the third information is used to 

determine the at least one piece of channel characteristic information. 

[0032] With reference to the second aspect, in some implementations of the second aspect, the 20 

transmission resource includes a time domain resource, the channel includes at least one 

transmission path, and one piece of channel characteristic information indicates a correspondence 

between an energy component of the channel in the transmission path and a time resource. 

[0033] According to a third aspect, a communication apparatus is provided. In a design, the 

apparatus may include modules in one-to-one correspondence with the 25 

method/operations/steps/actions described in any one of the first aspect or the implementations of 

the first aspect. The modules may be hardware circuits or software, or may be implemented by 

hardware circuits in combination with software. In a design, the apparatus includes: a processing 

unit, configured to determine a reference signal resource based on at least one piece of channel 

characteristic information and at least one piece of energy scale information, where the at least one 30 

piece of channel characteristic information represents a channel between a first communication 
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apparatus and a second communication apparatus, any piece of channel characteristic information 

indicates a correspondence between an energy component of the channel and a transmission 

resource, the reference signal resource includes a plurality of resource units in the transmission 

resource, and energy indicated by one or more pieces of energy scale information in 

correspondences indicated by one or more pieces of channel characteristic information 5 

corresponds to one resource unit; and a transceiver unit, configured to send first information to the 

second communication apparatus, where the first information indicates the at least one piece of 

energy scale information. The transceiver unit is further configured to: send a reference signal to 

the second communication apparatus, or receive, by the first communication apparatus, a reference 

signal from the second communication apparatus, where the reference signal is carried on the 10 

reference signal resource. 

[0034] It should be understood that for specific implementations of the transmission resource, 

a minimum time interval, and the channel characteristic information in the third aspect, refer to 

the descriptions in the first aspect. Details are not described herein again. 

[0035] With reference to the third aspect, in some implementations of the third aspect, the 15 

processing unit is specifically configured to determine the reference signal resource based on the 

at least one piece of channel characteristic information, the at least one piece of energy scale 

information, and the minimum resource interval information. An interval between any two 

resource units in the reference signal resource is greater than or equal to an interval indicated by 

the minimum resource interval information. 20 

[0036] With reference to the third aspect, in some implementations of the third aspect, the 

transceiver unit is further configured to receive third information from the second communication 

apparatus, where the third information indicates one or more of a location, a speed, or a moving 

direction of the second communication apparatus. The processing unit is further configured to 

determine the at least one piece of channel characteristic information based on the third 25 

information. 

[0037] With reference to the third aspect, in some implementations of the third aspect, the 

processing unit is further configured to determine a candidate channel characteristic information 

set based on one or more of channel state information between a plurality of communication 

apparatuses and the first communication apparatus, and location information, speed information, 30 

or moving direction information of the plurality of communication apparatuses, where the 
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candidate channel characteristic information set includes the at least one piece of channel 

characteristic information. 

[0038] According to a fourth aspect, a communication apparatus is provided. In a design, the 

apparatus may include modules in one-to-one correspondence with the 

method/operations/steps/actions described in any one of the second aspect or the implementations 5 

of the second aspect. The modules may be hardware circuits or software, or may be implemented 

by hardware circuits in combination with software. In a design, the apparatus includes: a 

transceiver unit, configured to receive first information from a first communication apparatus, 

where the first information indicates at least one piece of energy scale information; and a 

processing unit, configured to determine a reference signal resource based on at least one piece of 10 

channel characteristic information and the at least one piece of energy scale information, where 

the at least one piece of channel characteristic information represents a channel between the first 

communication apparatus and a second communication apparatus, any piece of channel 

characteristic information represents a correspondence between an energy component of the 

channel and a transmission resource, the reference signal resource includes a plurality of resource 15 

units in the transmission resource, and energy indicated by one or more pieces of energy scale 

information in correspondences indicated by one or more pieces of channel characteristic 

information corresponds to one resource unit. The transceiver unit is further configured to: receive 

a reference signal from the first communication apparatus, or send, by the second communication 

apparatus, a reference signal to the first communication apparatus, where the reference signal is 20 

carried on the reference signal resource. 

[0039] It should be understood that for specific implementations of the transmission resource, 

a minimum time interval, and the channel characteristic information in the fourth aspect, refer to 

the descriptions in the second aspect. Details are not described herein again. 

[0040] With reference to the fourth aspect, in some implementations of the fourth aspect, the 25 

processing unit is further configured to determine the reference signal resource based on the at 

least one piece of channel characteristic information, the at least one piece of energy scale 

information, and the minimum resource interval information. An interval between any two 

resources in the reference signal resource is greater than or equal to an interval indicated by the 

minimum resource interval information. 30 

[0041] With reference to the fourth aspect, in some implementations of the fourth aspect, the 
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transceiver unit is further configured to receive second information from the first communication 

apparatus, where the second information indicates the at least one piece of channel characteristic 

information. 

[0042] With reference to the fourth aspect, in some implementations of the fourth aspect, the 

processing unit is further configured to determine channel state feature information based on the 5 

reference signal, where the channel state feature information indicates a state of the channel 

corresponding to the reference signal. Besides, the processing unit is further configured to 

determine channel information based on the channel state feature information and the at least one 

piece of channel characteristic information. 

[0043] With reference to the fourth aspect, in some implementations of the fourth aspect, the 10 

processing unit is further configured to determine a candidate channel characteristic information 

set based on one or more of channel state information between a plurality of communication 

apparatuses and the first communication apparatus, and location information, speed information, 

or moving direction information of the plurality of communication apparatuses, where the 

candidate channel characteristic information set includes the at least one piece of channel 15 

characteristic information. 

[0044] According to a fifth aspect, a communication apparatus is provided, including a 

processor. The processor may implement the method according to any one of the first aspect or the 

possible implementations of the first aspect, or implement the method according to any one of the 

second aspect or the possible implementations of the second aspect. Optionally, the 20 

communication apparatus further includes a memory. The processor is coupled to the memory, and 

may be configured to execute instructions in the memory to implement the method according to 

any one of the first aspect or the possible implementations of the first aspect, or implement the 

method according to any one of the second aspect or the possible implementations of the second 

aspect. Optionally, the communication apparatus further includes a communication interface, and 25 

the processor is coupled to the communication interface. In this application, the communication 

interface may be a transceiver, a pin, a circuit, a bus, a module, or another type of communication 

interface. This is not limited. 

[0045] In an implementation, the communication apparatus is a communication device (for 

example, the communication device may be a terminal device or a network device). When the 30 

communication apparatus is the communication device, the communication interface may be a 
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transceiver or an input/output interface. 

[0046] In another implementation, the communication apparatus is a chip configured in the 

communication device. When the communication apparatus is the chip configured in the 

communication device, the communication interface may be an input/output interface. 

[0047] Optionally, the transceiver may be a transceiver circuit. Optionally, the input/output 5 

interface may be an input/output circuit. 

[0048] According to a sixth aspect, a processor is provided, including an input circuit, an 

output circuit, and a processing circuit. The processing circuit is configured to: receive a signal 

through the input circuit, and transmit a signal through the output circuit, so that the processor 

performs the method according to any one of the first aspect or the possible implementations of 10 

the first aspect, or performs the method according to any one of the second aspect or the possible 

implementations of the second aspect. 

[0049] In a specific implementation process, the processor may be one or more chips, the input 

circuit may be an input pin, the output circuit may be an output pin, and the processing circuit may 

be a transistor, a gate circuit, a trigger, any logic circuit, or the like. An input signal received by 15 

the input circuit may be received and input by, for example, but not limited to, a receiver, a signal 

output by the output circuit may be output to, for example, but not limited to, a transmitter and 

transmitted by the transmitter, and the input circuit and the output circuit may be a same circuit, 

where the circuit is used as the input circuit and the output circuit at different moments. Specific 

implementations of the processor and various circuits are not limited in this application. 20 

[0050] According to a seventh aspect, a computer program product is provided. The computer 

program product includes a computer program (which may also be referred to as code or 

instructions). When the computer program runs, a computer is enabled to perform the method 

according to any one of the first aspect or the possible implementations of the first aspect, or 

perform the method according to any one of the second aspect or the possible implementations of 25 

the second aspect. 

[0051] According to an eighth aspect, a computer-readable storage medium is provided. The 

computer-readable storage medium stores a computer program (which may also be referred to as 

code or instructions). When the computer program runs on a computer, the computer is enabled to 

perform the method according to any one of the first aspect or the possible implementations of the 30 

first aspect, or perform the method according to any one of the second aspect or the possible 
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implementations of the second aspect. 

[0052] According to a ninth aspect, a communication system is provided, including at least 

one first communication apparatus described above and at least one second communication 

apparatus described above. 

BRIEF DESCRIPTION OF DRAWINGS 5 

[0053] FIG. 1 is a schematic block diagram of a communication system applicable to an 

embodiment of this application;

[0054] FIG. 2 is a diagram of an application scenario according to an embodiment of this 

application;

[0055] FIG. 3 is a schematic flowchart of a reference signal transmission method according to 10 

an embodiment of this application;

[0056] FIG. 4 is a diagram of a basis function representing a channel according to an 

embodiment of this application;

[0057] FIG. 5 is a diagram of determining a reference signal resource according to an 

embodiment of this application;15 

[0058] FIG. 6 is a diagram of a structure of a communication apparatus according to this 

application; and

[0059] FIG. 7 is another diagram of a structure of a communication apparatus according to this 

application. 

DESCRIPTION OF EMBODIMENTS 20 

[0060] The following describes technical solutions in this application with reference to the 

accompanying drawings. 

[0061] In embodiments of this application, "/" may indicate an "or" relationship between 

associated objects. For example, A/B may indicate A or B, and "and/or" may indicate that there 

are three relationships between associated objects. For example, A and/or B may indicate the 25 

following three cases: Only A exists, both A and B exist, and only B exists, where A and B may be 

singular or plural. For ease of describing the technical solutions in embodiments of this application, 

words such as "first" and "second" may be used for differentiation in embodiments of this 
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application. The words such as "first" and "second" do not limit a quantity and an execution 

sequence, and the words such as "first" and "second" do not limit a definite difference. In 

embodiments of this application, a term such as "example" or "for example" is used to represent 

an example, evidence, or a description. Any embodiment or design solution described as 

"example" or "for example" should not be explained as being more preferred or having more 5 

advantages than another embodiment or design solution. Use of the term such as "example" or "for 

example" is intended to present a related concept in a specific manner for ease of understanding. 

In embodiments of this application, "at least one (type)" may alternatively be described as "one 

(type) or more (types)", and "a plurality of (types)" may be two (types), three (types), four (types), 

or more (types). This is not limited in this application. 10 

[0062] The technical solutions in embodiments of this application may be applied to various 

communication systems, for example, a long term evolution (long term evolution, LTE), a 5G 

system, a new radio (new radio, NR), a non-terrestrial network (non-terrestrial networks, NTN), 

and a future communication system, for example, a 6th generation mobile communication system. 

This is not limited in this application. 15 

[0063] FIG. 1 is a diagram of an architecture of a communication system 100 applicable to an 

embodiment of this application. As shown in FIG. 1, the communication system 100 may include 

at least one network device (for example, 110a, 110b, and 110c in FIG. 1), and may further include 

at least one terminal device (for example, 120a to 120g in FIG. 1). Network devices may be 

connected to each other in a wired or wireless manner. FIG. 1 is merely a diagram. The 20 

communication system may further include another network device, for example, may further 

include a wireless relay device and a wireless backhaul device. 

[0064] A first communication apparatus provided in embodiments of this application may be 

a network device, or a module (for example, a chip or a chip system) configured in a network 

device. The network device may be an access network device, for example, a base station (base 25 

station), a NodeB (NodeB), an evolved NodeB (evolved NodeB, eNodeB or eNB), a transmission 

reception point (transmission reception point, TRP), a next generation NodeB (next generation 

NodeB, gNB) in a 5th generation (5th generation, 5G) mobile communication system, an access 

network device in an open radio access network (open radio access network, O-RAN or open 

RAN), a next-generation base station in a 6th generation (6th generation, 6G) mobile 30 

communication system, a base station in a future mobile communication system, or an access node 
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in a wireless fidelity (wireless fidelity, Wi-Fi) system. The network device may be a satellite (for 

example, 110a in FIG. 1), or may be a macro base station (for example, 110b in FIG. 1). The access 

network device may be a micro base station or an indoor base station (for example, 110c in FIG. 

1), or may be a relay node, a master node, or the like. A specific technology and a specific device 

form that are used by the network device are not limited in this application. In embodiments of 5 

this application, some or all functions of the network device may be on a non-terrestrial network 

(non-terrestrial networks, NTN) platform (where the NTN platform includes but is not limited to 

a satellite, an unmanned aircraft system (unmanned aircraft system, UAS), a high altitude 

communication platform (high altitude platform station, HAPS), and the like), or some or all 

functions of the network device are on the ground, and the NTN platform is responsible for 10 

forwarding a signal between UE and the access network device. 

[0065] The first communication apparatus provided in embodiments of this application may 

alternatively be a module or a unit completing some functions of the network device, for example, 

may be a central unit (central unit, CU), a distributed unit (distributed unit, DU), a central unit 

control plane (CU control plane, CU-CP) module, or a central unit user plane (CU user plane, CU-15 

UP) module. In some other deployments, the first communication apparatus may alternatively be 

an antenna unit (radio unit, RU) or the like. In some other deployments, the first communication 

apparatus may alternatively be an open radio access network (open radio access network, ORAN) 

architecture or the like. A specific type of the first communication apparatus is not limited in this 

application. For example, when the first communication apparatus is of an ORAN architecture, the 20 

first communication apparatus shown in embodiments of this application may be an access 

network device in an ORAN, a module in an access network device, or the like. In an ORAN 

system, a CU may also be referred to as an open (open, O)-CU, a DU may also be referred to as 

an O-DU, a CU-DU may also be referred to as an O-CU-DU, a CU-UP may also be referred to as 

an O-CU-UP, and an RU may also be referred to as an O-RU. During specific implementation, a 25 

receiving operation of the first communication apparatus described in embodiments may be an 

input operation, a sending operation may be an output operation, a signal (for example, 

data/signaling/signal) received from the second communication apparatus may be indirectly 

obtained through transmission by another apparatus, and a signal sent to the second 

communication apparatus may indirectly reach the second communication apparatus through 30 

transmission by another apparatus. This is not limited in this application. 
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[0066] The second communication apparatus provided in embodiments of this application may 

be a terminal device or a module (for example, a chip or a chip system) configured in a terminal 

device. The terminal device may also be referred to as a terminal, including but not limited to user 

equipment (user equipment, UE), a mobile station, a mobile terminal, or the like. The terminal 

device may be widely used in various scenarios for communication. For example, the scenarios 5 

include but are not limited to at least one of the following scenarios: enhanced mobile broadband 

(enhanced mobile broadband, eMBB), ultra-reliable low-latency communication (ultra-reliable 

low-latency communication, URLLC), massive machine-type communications (massive machine-

type communications, mMTC), device-to-device (device-to-device, D2D), vehicle to everything 

(vehicle to everything, V2X), machine-type communication (machine-type communication, MTC), 10 

an internet of things (internet of things, IoT), virtual reality, augmented reality, industrial control, 

self-driving, telemedicine, a smart grid, smart furniture, smart office, smart wearable, smart 

transportation, a smart city, or the like. The terminal device may be a mobile phone (for example, 

mobile phones 120a, 120d, and 120f in FIG. 1), a tablet computer, a computer (for example, a 

computer 120g in FIG. 1) having a wireless transceiver function, a wearable device, a vehicle (for 15 

example, 120b shown in FIG. 1), an unmanned aerial vehicle, a helicopter, an airplane (for example, 

120c in FIG. 1), a ship, a robot, a mechanical arm, a smart home device (for example, a printer 

120e in FIG. 1), or the like. A specific technology and a specific device form that are used by the 

terminal device are not limited in this application. 

[0067] The network device and/or the terminal device may be at fixed positions, or may be 20 

movable. The network device and/or the terminal device may be deployed terrestrially, including 

indoors or outdoors, or may be handheld or vehicle-mounted, may be deployed on a water surface, 

or may be deployed on an airplane, a balloon, and an artificial satellite in the air. An 

environment/scenario in which the network device and the terminal device are located are not 

limited in this application. The network device and the terminal device may be deployed in a same 25 

environment/scenario or different environments/scenarios. For example, the network device and 

the terminal device are both deployed terrestrially; or the network device is deployed terrestrially, 

and the terminal device is deployed on the water surface. Examples are not enumerated. 

[0068] In a current transmission manner in which reference signals are evenly distributed (for 

example, reference signals are distributed at intervals in time domain and/or frequency domain), 30 

transmission flexibility is insufficient, and reference signal resource overheads may be relatively 



16 

high, affecting a throughput. For example, in a scenario in which a relative speed between 

communication device is relatively high and multi-paths are relatively rich, both time selective 

fading and frequency selective fading exist, the reference signal resource overheads increase, and 

channel estimation is relatively difficult. 

[0069] This application proposes that in a same scenario, for a case in which there is a relative 5 

speed between communication devices, the time-varying channel has spatial and temporal 

continuity. For example, generation and extinction processes of energy components of a signal 

between two communication devices having a relative speed in a plurality of transmission paths 

on a channel are continuous over time, that is, the energy components of the signal in the 

transmission paths are in a linear relationship with time. As shown in FIG. 2, there are a plurality 10 

of transmission paths for a signal between a vehicle used as a terminal device and a network device, 

for example, a reflection path 0, a reflection path 1, a reflection path 2, and a direct path 3 that are 

shown in FIG. 2. In a process from a time at which the terminal device enters a coverage area of 

the network device to a time at which the terminal device leaves the coverage area of the network 

device, energy components of a signal of the terminal device on different transmission paths at 15 

different locations may be different. However, signal energy on each path changes from weak to 

strong and then to weak as the terminal device moves (that is, over time). In addition, for a same 

location in a same scenario, a distribution of scatterers is approximately the same, and Doppler 

spectra of terminal devices having different relative speeds with network devices are in a linear 

relationship. Therefore, the network device may fit a channel characteristic based on a 20 

characteristic of an environment in which the network device is located, and flexibly adjust, based 

on the channel characteristic, a distribution of reference signals used by the terminal device for 

channel estimation, so that channel estimation precision and resource utilization can be improved, 

and channel estimation in a relatively high-precision mobility scenario can be implemented by 

using relatively proper reference signal resource overheads matching an environment. 25 

[0070] FIG. 3 is a schematic flowchart of a reference signal transmission method 200 

according to an embodiment of this application. The method 200 includes but is not limited to the 

following steps. 

[0071] S301: A first communication apparatus determines a reference signal resource based 

on N pieces of channel characteristic information and M pieces of energy scale information, where 30 

the N pieces of channel characteristic information represent a channel between the first 
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communication apparatus and a second communication apparatus, any piece of channel 

characteristic information indicates a correspondence between an energy component of the channel 

and a transmission resource, the reference signal resource includes a plurality of resource units in 

the transmission resource, and energy indicated by one or more pieces of energy scale information 

in correspondences indicated by one or more pieces of channel characteristic information 5 

corresponds to one resource unit in the reference signal resource. 

[0072] N and M are positive integers. Each of the N pieces of channel characteristic 

information indicates the correspondence between the energy component of the channel and the 

transmission resource. A combination of the N pieces of channel characteristic information may 

represent the channel between the first communication apparatus and the second communication 10 

apparatus, that is, represent a correspondence between the transmission resource and total energy 

of the channel between the first communication apparatus and the second communication 

apparatus. 

[0073] For example, the transmission resource is a time domain resource and/or a frequency 

domain resource. 15 

[0074] For example, the transmission resource is a time domain resource. In this case, each 

piece of channel characteristic information indicates a change relationship between the energy 

component of the channel and a time. For example, the channel between the first communication 

apparatus and the second communication apparatus includes N signal transmission paths, and one 

piece of channel characteristic information specifically indicates a correspondence between the 20 

energy component of the channel in a transmission path and a time resource. The combination of 

the N pieces of channel characteristic information may represent a change of the total energy of 

the channel including N transmission paths over time. 

[0075] For another example, the transmission resource is a frequency domain resource, the N 

pieces of channel characteristic information represent correspondences corresponding to different 25 

Doppler frequency shifts. Each piece of channel characteristic information indicates a change 

relationship between an energy component corresponding to each Doppler frequency shift and a 

frequency. The combination of the N pieces of channel characteristic information may represent a 

change of total energy of channels with different Doppler frequency shifts as a frequency changes. 

[0076] For another example, the transmission resource includes a time resource and a 30 

frequency resource. In this case, one piece of channel characteristic information indicates a 
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correspondence between energy of the channel and a time-frequency resource, and the 

combination of the N pieces of channel characteristic information may represent a correspondence 

between the total energy of the channel and the time-frequency resource. 

[0077] It should be understood that in embodiments of this application, the solutions provided 

in this application are mainly described by using an example in which the transmission resource is 5 

a time resource. For an implementation in which the transmission resource is a frequency resource 

or a time-frequency resource, refer to the implementation in which the transmission resource is a 

time resource. Details are not described in this application again. 

[0078] In an implementation, each of the N pieces of channel characteristic information 

indicates a basis function. The basis function represents a correspondence between an energy 10 

component of the channel indicated by the channel characteristic information and a time. The N 

pieces of channel characteristic information indicate N basis functions, that is, a combination of 

the N basis functions may represent the channel between the first communication apparatus and 

the second communication apparatus. 

[0079] Optionally, function types of the N basis functions may be the same or may be different. 15 

For example, the function types of the N basis functions may include but are not limited to one or 

more of a Gaussian envelope complex sine function, a Rayleigh distribution function, or a model 

function obtained through artificial intelligence modeling. 

[0080] For example, the function type of the basis function is a Gaussian envelope complex 

sine function, and the transmission resource is a time domain resource. Any one of the N basis 20 

functions represents a change of an energy component of a channel in one of the N transmission 

paths between the first communication apparatus and the second communication apparatus over 

time. For example, the N transmission paths may be N transmission paths with strongest energy 

between the first communication apparatus and the second communication apparatus. Four basis 

functions shown in FIG. 4 are a basis function 0, a basis function 1, a basis function 2, and a basis 25 

function 3. The four basis functions may respectively represent changes of energy components of 

channels in four transmission paths between the first communication apparatus and the second 

communication apparatus over time. For example, the fourth transmission paths may be changes 

of energy components of channels in four transmission paths in the example shown in FIG. 2 over 

time. Superposition of the four basis functions may represent a change of the total energy of the 30 

channel between the first communication apparatus and the second communication apparatus over 
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time. Specifically, the four basis functions may represent a change status of energy of channels in 

the four transmission paths over time in a future period of time, so that the first communication 

apparatus can determine, based on a possible change status of the channel, a reference signal 

resource used to transmit a reference signal, to perform channel estimation more accurately, and 

improve signal transmission reliability. 5 

[0081] It should be understood that in consideration of a relative speed between the first 

communication apparatus and the second communication apparatus, if the first communication 

apparatus is at a fixed location, and the second communication apparatus has a moving speed 

relative to the first communication apparatus, the location of the second communication apparatus 

changes over time. Therefore, any one of the N basis functions may indicate a change status of an 10 

energy component of a channel in one of the N transmission paths between the first communication 

apparatus and the second communication apparatus with a location (or a distance relative to a 

reference point) of the second communication apparatus. 

[0082] The N pieces of channel characteristic information may be preconfigured or determined 

by the first communication apparatus. 15 

[0083] In an example, the N pieces of channel characteristic information may be preconfigured 

in the first communication apparatus. For example, the first communication apparatus is an access 

network device, and the access network device may be preconfigured with the N pieces of channel 

characteristic information matching an environment in which the access network device is located. 

The access network device may determine the reference signal resource based on the preconfigured 20 

N pieces of channel characteristic information. 

[0084] In another example, the N pieces of channel characteristic information may be 

determined by the first communication apparatus. 

[0085] The first communication apparatus may obtain third information, where the third 

information indicates one or more of a location, a speed, or a moving direction of the second 25 

communication apparatus. The first communication apparatus may determine the N pieces of 

channel characteristic information based on the third information. 

[0086] For example, the third information may be sensing information of the second 

communication apparatus carried in a sensing signal. The second communication apparatus sends, 

to the first communication apparatus, the sensing signal carrying the third information. The first 30 

communication apparatus may measure the sensing signal to obtain the third information. 
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Alternatively, the third information may be communication information sent by the second 

communication apparatus to the first communication apparatus. This is not limited in this 

application. 

[0087] After obtaining the third information of the second communication apparatus, the first 

communication apparatus may determine, in a candidate channel characteristic information set 5 

based on one or more of the location, the speed, or the moving direction of the second 

communication apparatus, the N pieces of channel characteristic information representing the 

channel between the first communication apparatus and the second communication apparatus. 

[0088] The candidate channel characteristic information set is a channel characteristic 

information set corresponding to the environment in which the first communication apparatus is 10 

located. The first communication apparatus may determine the candidate channel characteristic 

information set based on historical prior information. The historical prior information may include 

but is not limited to sensing information and channel state information of a plurality of 

communication apparatuses historically communicating with the first communication apparatus. 

The sensing information may include but is not limited to one or more of speeds, locations, and 15 

moving directions of the plurality of communication apparatuses. 

[0089] Specifically, the first communication apparatus may determine, based on the historical 

prior information, a candidate basis function set corresponding to the environment in which the 

first communication apparatus is located. One piece of candidate channel characteristic 

information in the foregoing channel characteristic information set indicates one candidate basis 20 

function in the candidate basis function set. 

[0090] In an example, a basis function set may be predefined, and the first communication 

apparatus may determine, in the predefined basis function set based on the historical prior 

information, the candidate basis function set corresponding to the environment in which the first 

communication apparatus is located. 25 

[0091] In another example, a candidate value set of at least one characteristic parameter of the 

basis function may be predefined. The first communication apparatus may select a candidate value 

of each characteristic parameter from the candidate value set of the at least one characteristic 

parameter based on the historical prior information, and determine the candidate basis function 

corresponding to the environment in which the first communication apparatus is located to obtain 30 

the candidate basis function set. 
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[0092] For example, the first communication apparatus may determine a correspondence 

between energy components of channels in different signal transmission paths and a time/location 

on a moving route based on historical prior information of a plurality of communication 

apparatuses with a same moving route or approximately same moving routes. For one transmission 

path, the first communication apparatus may determine, based on a correspondence between an 5 

energy component of a channel in the transmission path and a time/location, one or more of a type 

of a basis function representing the correspondence, a time center corresponding to maximum 

energy of the basis function, frequency information of the basis function (for example, a floating 

frequency), and fading characteristic information of the basis function, so that the basis function 

can relatively accurately represent the correspondence between the energy component of the 10 

channel in the transmission path and the time/location. The first communication apparatus may 

determine, from a candidate value set of each characteristic parameter, a parameter value that can 

enable the basis function to relatively accurately represent the correspondence. 

[0093] For example, the type of the basis function is a Gaussian envelope complex sine 

function. One Gaussian envelope complex sine function may represent a change of an energy 15 

component  h t   of a channel in one transmission path over time t, that is, a correspondence 

between the energy component  h t  and the time t. For example, the correspondence meets the 

following formula:
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[0094] A characteristic parameter of the Gaussian envelope complex sine function may include 20 

an attenuation coefficient   , a time center T  , and a frequency center   . The first 

communication apparatus determines the correspondence between the energy component of the 

channel in the transmission path and the time/location based on the historical prior information. 

By determining values of the three characteristic parameters, namely, the attenuation coefficient 

 , the time center T , and the frequency center  , the first communication apparatus obtains 25 

the Gaussian envelope complex sine function that can relatively accurately represent the 

correspondence. For example, the first communication apparatus may determine, from a candidate 

value set of each characteristic parameter, a parameter value that can enable the basis function to 

relatively accurately represent the correspondence. 
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[0095] The foregoing is merely an example. During specific implementation, it may be 

possible that only one or more types of basis functions are predefined, and the first communication 

apparatus obtains, through calculation, a value of each characteristic parameter of the basis 

functions. This is not limited in this application. 

[0096] The first communication apparatus may determine M pieces of energy scale 5 

information, to determine the reference signal resource based on the N pieces of channel 

characteristic information and the M pieces of energy scale information. 

[0097] The first communication apparatus may determine the M pieces of energy scale 

information based on correspondences between energy components of channels in N paths and the 

time/location, that is, based on a possible change status of an energy component of a channel in 10 

each path over time, so that a reference signal is transmitted at a time corresponding to energy 

indicated by the M pieces of energy scale information in N correspondences, and relatively 

accurate channel information can be obtained through measurement based on the reference signal. 

[0098] For example, the four basis functions that are shown in FIG. 4 and that represent that 

the energy components of the channels in the four transmission paths change over time are used 15 

as an example. The first communication apparatus may determine, based on change features of the 

four transmission paths, two pieces of energy scale information that can be used obtain a change 

feature of each path. For example, the two pieces of energy scale information respectively indicate 

energy h1 and energy h2. The first communication apparatus then determines times corresponding 

to the energy h1 and the energy h2 in the four basis functions. For example, as shown in FIG. 5, the 20 

first communication apparatus may determine a time corresponding to the energy h1 in each of the 

four basis functions and a time corresponding to the energy h2, and determine times t1 to t10. The 

first communication apparatus may determine a reference signal resource. The reference signal 

resource includes 10 resource units, that is, 10 time units. The 10 time units are a time unit t1 to a 

time unit t10. For example, the time unit may be a time domain symbol, for example, an orthogonal 25 

frequency division multiplexing (orthogonal frequency division multiplexing, OFDM) symbol. 

Alternatively, the time unit may be a time domain symbol group including a predefined quantity 

of time domain symbols, for example, a slot or a subframe. However, this application is not limited 

thereto. The time unit may alternatively be a microsecond, a millisecond, or a second. 

[0099] If the basis function is a Gaussian envelope complex sine function, the basis function 30 
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 ,h t i  meets the following formula: 
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[00100] i is an identifier of the basis function, and i is equal to 0, 1, 2, or 3. The first 

communication apparatus may determine a time 
1,i ht  when   1,h t i h  and a time 

2,i ht  when 

  2,h t i h . The first communication apparatus may determine the time unit t1 to the time unit t10. 5 

[00101] In an implementation, that the first communication apparatus determines the reference 

signal resource based on the N pieces of channel characteristic information and the M pieces of 

energy scale information includes: The first communication apparatus determines the reference 

signal resource based on the N pieces of channel characteristic information, the M pieces of energy 

scale information, and minimum resource interval information. An interval between any two 10 

resource units in the reference signal resource is greater than or equal to an interval (that is, a 

minimum resource interval) indicated by the minimum resource interval information. 

[00102] There may be similar resource units among the resource units in the reference signal 

resource determined by the first communication apparatus based on the N pieces of channel 

characteristic information and the M pieces of energy scale information. Channel characteristics 15 

corresponding to the similar resource units are similar. Therefore, the minimum resource interval 

is set to select a resource unit meeting a requirement, so that an interval between any two resource 

units in the reference signal resource determined by the first communication apparatus is greater 

than or equal to the minimum resource interval, to reduce unnecessary reference signal resource 

overheads. 20 

[00103] For example, the minimum resource interval may be predefined. Alternatively, the 

minimum resource interval is determined by the first communication apparatus as required. For 

example, the first communication apparatus may determine the minimum resource interval based 

on channel estimation precision corresponding to a service requirement, and/or the first 

communication apparatus may determine the minimum resource interval based on communication 25 

resource utilization. This is not limited in this application. 

[00104] For example, the first communication apparatus determines a total of 10 time units t1

to t10 shown in FIG. 5. The first communication apparatus may determine a value between a time 

interval between two adjacent time units and the minimum resource interval based on a time 
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sequence. If the time interval between the two adjacent time units is greater than or equal to the 

minimum resource interval, the two time units are retained. If the time interval between the two 

adjacent time units is less than the minimum resource interval, a time unit whose time is earlier in 

the two time units is retained, and a time unit whose time is later is deleted. If a time interval 

between t1 and t2 is less than the minimum resource interval, the first communication apparatus 5 

retains the time unit t1 whose time is earlier. If a time interval between t1 and t3 is greater than the 

minimum resource interval, the first communication apparatus retains t1 and t3. The rest may be 

deduced by analogy. Alternatively, if a time interval between two adjacent time units is less than 

the minimum resource interval, the first communication apparatus may retain a time unit whose 

time is later and delete a time unit whose time is earlier. 10 

[00105] For another example, the first communication apparatus may perform retention based 

on priorities of the N basis functions. If a time interval between two adjacent time units is less than 

the minimum resource interval, a time unit determined based on a basis function with a higher 

priority is retained. If the two time units are time units determined based on a same basis function, 

a time unit whose time is earlier or later is retained. 15 

[00106] In an implementation, priorities of basis functions may be determined based on fading 

characteristics of the basis functions. 

[00107] For example, the basis functions are Gaussian envelope complex sine functions. In this 

case, the priorities of the basis functions may be determined based on roll-off factors, and it may 

be specified that a larger roll-off factor indicates a basis function with a higher priority. 20 

[00108] For another example, the priorities of the basis functions may be determined based on 

an energy range (that is, a difference between a maximum energy value and a minimum energy 

value) of the basis functions within a preset time period. For example, a larger energy range 

indicates a higher priority. 

[00109] S302: The first communication apparatus sends first information to the second 25 

communication apparatus, where the first information indicates the at least one piece of energy 

scale information. 

[00110] Correspondingly, the second communication apparatus receives the first information 

from the first communication apparatus. The second communication apparatus determines the M 

pieces of energy scale information based on the first information. 30 

[00111] For example, the M pieces of energy scale information are M energy values, and the 
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first information may include the M energy values; or a plurality of candidate energy values and 

an identifier of each candidate energy value may be predefined or preconfigured, the first 

information includes M identifiers, and the candidate energy values corresponding to the M 

identifiers are the M energy values. Alternatively, a plurality of candidate energy value sets and an 

identifier of each candidate energy value set may be predefined, each candidate energy value set 5 

includes at least one energy value, the first information includes one identifier, and a candidate 

energy value set corresponding to the identifier includes the M energy values. However, this 

application is not limited thereto. The first information may alternatively indicate the M pieces of 

energy scale information in another manner. 

[00112] S303: The second communication apparatus determines the reference signal resource 10 

based on the N pieces of channel characteristic information and the M pieces of energy scale 

information. 

[00113] The N pieces of channel characteristic information may be preconfigured, or the first 

communication apparatus sends second information to the second communication apparatus, 

where the second information indicates the N pieces of channel characteristic information. After 15 

receiving the second information, the second communication apparatus determines the N pieces 

of channel characteristic information based on the second information. 

[00114] The N pieces of channel characteristic information include information about the basis 

function representing a correspondence between the energy component of the channel and the 

transmission resource. The information about the basis function includes one or more of the 20 

following information: 

an identifier of the basis function, function type information of the basis function, 

resource information corresponding to maximum energy in the correspondence represented by the 

basis function, frequency information of the basis function, or fading characteristic information of 

the basis function. 25 

[00115] For example, a basis function set may be predefined. The channel characteristic 

information includes the identifier of the basis function. The second communication apparatus may 

determine, in the basis function set based on identifiers of basis functions included in the N pieces 

of channel characteristic information, the N basis functions corresponding to N identifiers. The 

second communication apparatus may determine the reference signal resource based on the N basis 30 

functions and the M pieces of energy scale information. 
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[00116] For another example, a candidate value set of at least one characteristic parameter of 

the basis function may be predefined. One of the N pieces of channel characteristic information 

includes an identifier of a candidate value of each characteristic parameter of one basis function. 

The second communication apparatus may determine the N basis functions based on the N pieces 

of channel characteristic information and the candidate value set of each characteristic parameter 5 

of the basis function. 

[00117] For another example, a type of the basis function may be predefined. One of the N 

pieces of channel characteristic information includes a parameter value of each characteristic 

parameter of one basis function determined by the first communication apparatus. The second 

communication apparatus may determine the N basis functions based on the predefined type of the 10 

basis function and the N pieces of channel characteristic information. 

[00118] A manner in which the second communication apparatus determines the reference 

signal resource is the same as a manner in which the first communication apparatus determines the 

reference signal resource. For details, refer to the foregoing descriptions for implementation. 

Details are not described herein again. The reference signal resources determined by the first 15 

communication apparatus and the second communication apparatus in the same manner are the 

same, reaching a consensus on the reference signal resource. 

[00119] If the first communication apparatus determines the reference signal resource based on 

the N pieces of channel characteristic information, the M pieces of energy scale information, and 

the minimum resource interval information, the second communication apparatus determines the 20 

reference signal resource in the same manner. The minimum resource interval information may be 

predefined or may be obtained by the second communication apparatus from the first 

communication apparatus. 

[00120] It should be understood that one or more of the channel characteristic information, the 

energy scale information, and the minimum resource interval information may be carried in same 25 

information sent by the first communication apparatus to the second communication apparatus, or 

may be separately carried in different information. This is not limited in this application. 

[00121] S304: The first communication apparatus and the second communication apparatus 

transmit a reference signal on the reference signal resource. 

[00122] In an implementation, the first communication apparatus sends a reference signal to the 30 

second communication apparatus, where the reference signal is carried on the reference signal 
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resource. 

[00123] The first communication apparatus sends the reference signal to the second 

communication apparatus on the reference signal resource. Correspondingly, the second 

communication apparatus receives the reference signal on the reference signal resource. 

[00124] The second communication apparatus may determine channel state feature information 5 

based on the reference signal, where the channel state feature information indicates a state of a 

channel corresponding to the reference signal. Then, the second communication apparatus obtains 

channel information based on the channel state feature information and the N pieces of channel 

characteristic information used to determine the reference signal resource. 

[00125] In another implementation, the second communication apparatus sends a reference 10 

signal to the first communication apparatus, where the reference signal is carried on the reference 

signal resource. 

[00126] The first communication apparatus sends the reference signal to the second 

communication apparatus on the reference signal resource. Correspondingly, the first 

communication apparatus receives the reference signal on the reference signal resource. 15 

[00127] The first communication apparatus may determine channel state feature information 

based on the reference signal, where the channel state feature information indicates a state of a 

channel corresponding to the reference signal. Then, the first communication apparatus obtains 

channel information based on the channel state feature information and the N pieces of channel 

characteristic information used to determine the reference signal resource. 20 

[00128] During specific implementation, in the embodiment shown FIG. 2, the first 

communication apparatus may be configured in a network device, and the second communication 

apparatus may be configured in a terminal device. Alternatively, the first communication apparatus 

may be configured in a terminal device, and the second communication apparatus may be 

configured in a network device. Alternatively, the first communication apparatus and the second 25 

communication apparatus may be configured in two different terminal devices or different network 

devices. This is not limited in this application. 

[00129] For example, the first communication apparatus may be a network device, and the 

second communication apparatus may be a terminal device. After performing S301 to determine 

the reference signal resource, the network device sends the first information to the terminal device. 30 

The terminal device performs S303 based on the first information to determine the reference signal 
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resource. For example, the reference signal resource may be a downlink reference signal resource. 

In this case, the network device sends a downlink reference signal on the reference signal resource. 

Correspondingly, the terminal device receives the reference signal from the network device on the 

reference signal resource, and obtains downlink channel information based on the reference signal. 

Alternatively, the reference signal resource may be an uplink reference signal resource. In this case, 5 

the terminal device sends an uplink reference signal on the reference signal resource. 

Correspondingly, a network device receives the reference signal from the terminal device on the 

reference signal resource, and obtains uplink channel information based on the reference signal. 

[00130] For another example, the first communication apparatus may be a terminal device, and 

the second communication apparatus may be a network device. After performing S301 to 10 

determine the reference signal resource, the terminal device sends the first information to the 

network device. The network device performs S303 based on the first information to determine 

the reference signal resource. The reference signal resource may be a downlink reference signal 

resource or an uplink reference signal resource. 

[00131] According to the foregoing solution, the first communication apparatus may fit a 15 

channel characteristic based on a characteristic of an environment in which the first 

communication apparatus is located, and flexibly adjust, based on the channel characteristic, a 

distribution of reference signals used for channel estimation between the first communication 

apparatus and the second communication apparatus, so that channel estimation precision and 

resource utilization can be improved, and channel estimation in a relatively high-precision 20 

mobility scenario can be implemented by using relatively proper reference signal resource 

overheads matching an environment. 

[00132] The following describes a manner, provided in embodiments of this application, for 

determining a correspondence between an energy component of a channel in the transmission path 

and a time/location based on the historical prior information. It should be understood that this 25 

application is not limited thereto. 

[00133] It can be learned from a feature of a Doppler (Doppler) spectrum that distributions of 

scatterers at a same location in a same scenario are approximately the same, and Doppler spectrums 

of communication apparatuses at different speeds are in a linear relationship. This application 

proposes that a communication apparatus may predict a channel between the communication 30 

apparatus and a target communication apparatus by using a basis function set fitting time-
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frequency analysis method and based on the historical prior information, that is, a Doppler 

spectrum and a channel characteristic, at a same location, of another communication apparatus that 

communicates with the communication apparatus and that has a different speed. As described in 

the foregoing embodiment, the first communication apparatus may predict the channel between 

the first communication apparatus and the second communication apparatus based on the method, 5 

to obtain a plurality of pieces of channel characteristic information representing the channel and 

determine the reference signal resource. 

[00134] Based on an adaptive expansion theory, a better basis function design can implement 

convergence of residual energy to 0 at exponential attenuation, and a channel  target th  can be 

well reconstructed based on an adaptive basis function set, where 10 
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[00135] pB   is an adaptive expansion coefficient, and  p th   is a basis function. The 

communication apparatus may obtain pB   and  p th   of each iteration through iteration and 

exhaustive search based on the historical prior information. A residual after a pth iteration is 
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error tolerance limit, 
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2
X   represents a square of a 2-norm of X, that is, represents an inner 

product of X. If the communication apparatus meets the iteration interruption condition after an 

iterateN  th iteration, iterateN   adaptive expansion coefficients obtained after iterateN   iterations and 

iterateN  basis functions are a basis function set representing a channel. 1 iteratep N  . 

[00136] An example in which a Gaussian envelope complex sine function is a basis function is 20 

used below to describe a manner for iteratively searching for the adaptive expansion coefficient 

and the basis function. It should be understood that this application is not limited thereto. In a 

specific embodiment, another function and a plurality of different types of functions may 

alternatively be selected to represent a channel between communication apparatuses. For example, 

a Gaussian envelope complex sine function corresponding to the pth iteration may be expressed as 25 

follows: 
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[00137] Parameter variables p , pT , and p  are respectively a reciprocal of a variance of 

the Gaussian envelope of the pth iteration, a time center of the Gaussian function, and a frequency 

center of the Gaussian function. An objective of each iteration is to obtain optimal p , pT , and 

p  through searching. 5 

[00138] The following provides detailed descriptions by using an example in which a network 

device determines a channel characteristic of a target terminal device. The network device may 

use sensing information and channel characteristics of MTN   terminal devices communicating 

with the network device as historical prior information used to predict a channel characteristic of 

a target terminal device. For example, a speed of a terminal device 1 is an integer multiple of a 10 

speed of another terminal device. For example, the speed of the terminal device 1 is iMT times of 

iMT (where iMT = 2, 3, ..., or MTN ) of the terminal device. In this case, the speed of the terminal 

device iMT may be expressed as follows: 

1 ,
MTi

MT

v
v

i


[00139] Therefore, a quantity 
 MTi

snapshotN   of channel samples (or referred to as a quantity of 15 

snapshots) of the terminal device iMT is as follows: 

  1MTMT

path

ii

snapshot

update

L

v
N

r
 

[00140] updater  is a channel update rate (or referred to as a sampling rate of a channel in terms 

of time), and Lpath is a sampling path length. The channel frequency response (channel frequency 

response, CFR) of the terminal device iMT is denoted as follows: 20 

 
( )

iMT
c snapshotMT

N Ni 
H% C

[00141] A quantity of sub-carries is cN  . In this application, A BC   represents a set of 

complex matrices of A rows and B columns, and 
 MTi

snapshotN  column vectors in ( )MTiH%  are frequency 

response vectors obtained by performing sampling on the channel of the terminal device iMT at 
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 MTi

snapshotN  sampling moments. 

[00142] Because the speed of the terminal device 1 is iMT times of that of the terminal device 

iMT and lengths of sampling paths of MTN   terminal devices are equal, which are Lpath, a 

 1 MTk i  th column (where k = 0, 1, …, or 
 1

snapshotN ) of a channel frequency response ( )MTiH%  of 

the terminal device iMT is a (k+1)th column of a sampling channel frequency response (1)H%  of the 5 

terminal device 1, that is: 

  
 1

( )(1) :,1: : c snapshotMTMT
N Nii

MT snapshoti N


 H H% % C

where 
   11: : 1 2MTi

MT snapshot MT MT snapshot MTi N i i N i   L . 

[00143] The network device may obtain the first slotL   columns, used as historical prior 

information, of each of MTN  channel frequency responses of the MTN  terminal devices based 10 

on a quantity slotL , which needs to be obtained, of sampling moments (or referred to as a quantity 

of sampling locations) of a channel frequency response of a target terminal. The first slotL

columns of the channel frequency response of the terminal device iMT in the MTN   terminal 

devices may be 
   :,1:i

slotLH . A superposition of the first slotL  columns of each of the MTN

channel frequency responses is used as an initial residual 0s , where 0s  meets the following 15 

formula: 

 ( )
0

1

:,1:
MT

MT

N
i

slot
i

L


s H%

[00144] That is, slotL   column vectors in 0s   are respectively initial estimated values of 

channel frequency responses corresponding to slotL  future sampling moments (or locations of 

slotL  sampling moments) of the target terminal device. 20 

[00145] The network device iteratively searches for p , pT , and p  based on the initial 

residual 0s , to obtain the optimal p , pT , and p  that are determined in each iteration. As 

described above, p is an identifier of a quantity of iterations, where p=1, 2, …, or Ninterate. 

[00146] As described above, the network device determines, after an (for example, an iterateN
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th) iteration, that the iteration interruption condition is met, and iterateN   adaptive expansion 

coefficients and iterateN  basis functions that are obtained through the  iteration are a basis 

function set representing a channel. For each iteration, the network device performs S exhaustive 

searches, and search ranges of ,p s   and ,p sT   in each iteration and steps of the exhaustive 

searches may sequentially decrease with a quantity of exhaustive searches. The parameter 5 

variables ,p s  and ,p sT  are respectively a reciprocal of a variance of a Gaussian envelope in 

an sth exhaustive search in the p th iteration and a time center of a Gaussian function. p=1, 2, …, 

or Ninterate, where Ninterate ≤ Imax, Imax is a predefined maximum quantity of iterations, an identifier 

of a quantity of exhaustive searches meets that 1,2, ,s S L , and S is a maximum quantity of 

search times. 10 

[00147] For example, a search range and a search step of each search for ,p s  and ,p sT  in 

the pth iteration may be shown in Table 1. An example in which a quantity of search times meets 

that 3S   is used in Table 1. When s = 1 is searched for the first time exhaustively, the network 

device finds sub-optimal parameters ,1p  and ,1pT  by using a larger step in a larger search 

range of ,p s   and ,p sT  . For example, the network device finds the sub-optimal parameters 15 

,1p  and ,1pT  in a search range of    ,1 ,10, , 0, 1p p slotA T L     by using a step of 10. Then, 

when s = 2 is searched for the second time exhaustively, the search range is narrowed down to 

further find the sub-optimal parameters ,2p  and ,2pT  by using a smaller step. For example, 

the network device performs search in search ranges ,2 ,1 ,1max ,0 ,min ,
100 100

p p p

A A
A  

    
      

    

and ,2 ,1 ,1max ,0 ,min , 1
100 100

p p p slot

A A
T T T L

    
       

    
  to obtain the sub-optimal parameters 20 

,2p  and ,2pT  by using a step of 1. Finally, when s = 3 is searched for the last time in this 

iteration, the optimal parameters ,p S   and ,p ST   are found in search ranges of 

  and 

iterateN

,3 ,2 ,2max ,0 ,min ,
1000 1000

p p p

A A
A  

    
      

    
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.

Table 1

s Search ranges of ,p s  and ,p sT  in the sth exhaustive search Step

1    ,1 ,10, , 0, 1p p slotA T L    10

2
,2 ,1 ,1max ,0 ,min ,

100 100
p p p

A A
A  

    
      

    

,2 ,1 ,1max ,0 ,min , 1
100 100

p p p slot

A A
T T T L

    
       

    

1

3
,3 ,2 ,2max ,0 ,min ,

1000 1000
p p p

A A
A  

    
      

    

,3 ,2 ,2max ,0 , min , 1
1000 1000

p p p slot

A A
T T T L

    
       

    

0.1

[00148] An exhaustive search range and exhaustive search compensation in each iteration are 

described above. The following describes a specific iteration manner. A CFR matrix ,p sR  obtained 5 

by the network device through Gaussian envelope modulation may be expressed as follows:

[00149]  represents a Hadamard (Hadamard) product,   represents convolution, cN  is a 

quantity of sub-carriers in a communication frequency band, and 
, ,,p s p sTG  is a Gaussian envelope 

function set, and is denoted as follows:10 

     
, , , , , , , ,, , , ,0 1 1

p s p s p s p s p s p s p s p sT T T T slotg g g L   
   G L

[00150]  
, ,,p s p sTg n  is a Gaussian envelope function, and is denoted as follows:

 
 

2,
,

, ,

1

4
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, ,
p s

p s

p s p s

n Tp s

Tg n e








  
  
 

 where 0,1, , 1slotn L L .

[00151] A cth sub-carrier is used as an example. If a modulation CFR vector on the cth sub-

carrier is 
   , , ,:c

p s p s cr R , an adaptive extension coefficient corresponding to the cth sub-carrier is 15 

as follows:

       
 

21 1

, ,
0

, 1, 2, ,
slot

slot

L j n k
c c L

p s p s slot
n

k n e k L

  



 B r L

,3 ,2 ,2max ,0 , min , 1
1000 1000

p p p slot

A A
T T T L

    
       

    
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[00152] A calculation form of the foregoing formula is equivalent to discrete Fourier transform 

(discrete fourier transform, DFT) of a point slotL   of 
 

,

c

p sr  , that is, 
   

, , slot

c c

p s p s LB r F  , 

slot slot

slot

L L
L

F C , and 
slotLF  is a DFT matrix. A fast Fourier transform (fast fourier transform, FFT) 

algorithm may be used to improve calculation efficiency. 

[00153] To comprehensively analyze impact of values of ,p s  and ,p sT  that are found in 5 

each pair of exhaustive search on the adaptive extension coefficient, an equivalent adaptive 

extension coefficient ,p sB  (or referred to as an equivalent adaptive extension coefficient of cN

subcarriers) in a frequency band is denoted as follows: 

 
2

, ,
1

cN
c

p s p s
c

B B

[00154] X  is performing a modulo operation on each element in the matrix or vector X , and 10 

2
X  is performing a square operation on each element in the matrix or vector X . The network 

device may define a storage matrix ,p sΛ , where a quantity of rows of the storage matrix  is 

equal to a quantity of combinations of values of ,p s   and ,p sT   that are found in the sth

exhaustive search, that is, a quantity of combinations of values of ,p s  and ,p sT  that are found 

by the network device in the search ranges of ,p s   and ,p sT   based on the search step 15 

corresponding to the sth exhaustive search in the sth exhaustive search. An lth row of , namely, 

 , ,:p s lΛ , corresponds to a combination of an lth pair of ,p s  and ,p sT  that are found in the sth

exhaustive search, that is, ,
l
p s   obtained by using an lth time of step in the search range of 

searching for ,p s  and ,
l
p sT  obtained by using the lth time of step in the search range of searching 

for ,p sT . The lth row  , ,:p s lΛ  of  may be expressed as follows: 20 

 
, , , ,

, max
, , , ,H

, ,

,:
l l l l
p s p s p s p s

p s l l l
p s p s p s p s

T T

l T

 



     
 
  

B
Λ

G G

[00155]  , ,:p s lΛ   further includes 

, , , ,

, max

H

, ,l l l l
p s p s p s p s

p s

T T 

  B

G G
 , , maxp s
  B   is a maximum element in 

,p sΛ

,p sΛ

,p sΛ
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,p sB , and an index of , maxp s
  B  in ,p sB  is denoted as m. If slotm L , ,p s slotm L  % . If m ≤ 

Lslot, ,p s m % . 

[00156] After obtaining ,p sΛ  after the sth exhaustive search ends, the network device denotes, 

as , , and , parameters of a row in which a maximum value is located in the first 

column of ,p sΛ  and may determine that a basis function vector of the sth exhaustive search in the 5 

pth iteration is      , , , ,0 1 1p s p s p s p s sloth h h L   h L , where 

   
 ,

, , , ,

2
1

, ,
, 0,1, , 1

p s
slot

p s p s p s p s

j t
L

slotT T
h t g t e t L



 

  

  L . 

[00157] Besides, an optimal equivalent adaptive expansion coefficient is 
H

,

, H
, ,

p s p

p s

p s p s




h s

B
h h

. 

[00158] The foregoing process is repeated until ,p Sh   and ,p SB   are obtained after the last 

(namely, the Sth) search, indicating that the last exhaustive search in the pth iteration is completed. 10 

For ease of description, optimal parameters obtained through the last exhaustive search in the pth

iteration are denoted as optimal parameters p , pT , and p  that are obtained through the pth

iteration. In this case, a basis function determined after the pth iteration meets that ,p p Sh h  and 

a corresponding adaptive extension meets that ,p p SB B . The network device may define that an 

optimal parameter matrix max 3I
pm

Γ C  , and a pth row of the optimal parameter matrix 15 

  is used to store the optimal parameters p  , pT  , and p   that are obtained 

through the pth iteration, that is, the pth row of pmΓ  is denoted as  ,:pm p p pp T   Γ . In 

addition, the network device may further define that a basis function matrix max slotI L
bf

Γ C . A pth

row of the basis function matrix bfΓ  is used to store a basis function ph  determined after the 

pth iteration, that is, the pth row of bfΓ  is denoted as  ,:bf pp Γ h . 20 

[00159] Finally, a residual obtained after the pth iteration is 1 1 1p p p p   s s B h  . If an 

interruption condition 

2

2
2

0 2

p


s

s
  is met, the network device stops iteration. If the interruption 

,p s
,p sT ,p s

max 3I
pm

Γ C
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condition   is not met, a next iteration is performed, that is, the foregoing process is 

repeated until the interruption condition is met or a maximum quantity of iterations (that is, 

max iteratep I N  ) is reached, and then the network device stops the iteration. If a residual Ps

obtained after the iterateN  th iteration meets the interruption condition or reaches the maximum 

quantity of iterations, where max1 iterateN I  , the network device obtains that the basis function 5 

set iterate slotN L
bf

Γ C  . Each row corresponds to one Gaussian envelope complex sine function 

(where in this example, the Gaussian envelope complex sine function is a discrete function). One 

element in each row represents a value of the Gaussian envelope complex sine function (that is, a 

channel energy component corresponding to a sampling moment) at the sampling moment 

corresponding to a column in which the element is located. The basis function set includes a total 10 

of iterateN  Gaussian envelope complex sine functions. The iterateN  Gaussian envelope complex 

sine functions may represent a channel between the network device and the target terminal device. 

One Gaussian envelope complex sine function represents a correspondence between a 

time/location and an energy component of a channel in a transmission path of the channel between 

the network device and the target terminal device. 15 

[00160] After determining the basis function set, the network device may determine the 

reference signal resource based on the energy scale information and the basis function set. 

[00161] In an optional implementation, the network device may prioritize basis functions in the 

basis function set based on a value of a range (that is, a difference between a maximum value and 

a minimum value) of the basis functions in the basis function set. For example, a larger range of 20 

the basis function indicates a higher priority. For example, the network device may determine a 

value of a range of each row vector (that is, one Gaussian envelope complex sine function) in the 

basis function set bfΓ , and then re-sort, based on the values of the ranges of the row vectors, 

rows in which the row vectors are located in bfΓ . A row vector with a larger range has a smaller 

sequence number and a higher priority. A re-sorted matrix is denoted as 
 descend

bfΓ . The network 25 

device may normalize all elements in any row of the re-sorted matrix 
 descend

bfΓ   by using a 

2

2
2

0 2

p


s

s
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maximum value in the row. The matrix obtained after normalization is denoted as 
 descend

bfΓ . The 

network device may specifically determine the reference signal resource based on Ne pieces of 

energy scale information and the re-sorted basis function set 
 descend

bfΓ   obtained after 

normalization. For example, the Ne pieces of energy scale information may be denoted as an energy 

scale vector 2

1 1 1

2 2 2 eN

 
   

e L . A normalized Gaussian envelope complex sine function in 5 

an (rd)th row in 
 descend

bfΓ  is used as an example, where rd is an integer less than or equal to Niterate

and greater than 0. 

[00162] The network device determines a column sequence number  
max

drG   of a maximum 

amplitude value in the row, and divides amplitude values in the row into two parts. Column 

sequence number ranges of the two parts are 
 
max1, drG 

   and 
 
max 1,dr

slotG L   . 10 

[00163] In  
max

drG   amplitude values (that is, channel energy components) in the column 

sequence number range 
 
max1, drG 

  , for each energy scale  
1

2 e
e i
i e , where ie = 1, 2, ..., or Ne, if 

the first (that is, an amplitude value whose column sequence number is 1) 
   ,1descend

bf drΓ  is less 

than the energy scale  eie , an amplitude value that is in the  
max

drG  amplitude values and that is 

closest to a value of  eie  is determined, that is, 
      max

min

,1: drdescend

bf d er G i   
Γ e , where  

min
X15 

is a minimum value of the matrix (or vector) X . The network device uses a sampling moment 

corresponding to a column sequence number  
min

eit   of the amplitude value 

      max
min

,1: drdescend

bf d er G i   
Γ e  in 

 descend

bfΓ  as a resource unit of the reference signal resource. 

For example, the network device may store the column sequence number  
min

eit   in a column 

sequence number set 
 dr

pilotI  corresponding to the (rd)th Gaussian envelope. otherwise, the network 20 

device does not store the column sequence number . For example, ie = 1, and  
1

1
2

e . If the 

first 
   ,1descend

bf drΓ  is less than the energy scale  
1

1
2

e , an amplitude value that is in the  
max

drG

amplitude values and that is closest to 
1

2
 is determined, that is, 

    max

min

1
,1:

2
drdescend

bf dr G
 

 
 
Γ . 

 
min

eit
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The network device uses a sampling moment corresponding to a column sequence number  1

mint

of the amplitude value as a resource unit of the reference signal resource. For example, the network 

device may store the column sequence number  1

mint  in the column sequence number set 
 dr

pilotI

corresponding to the (rd)th Gaussian envelope. 

[00164] In  
max

dr

slotL G  amplitude values in the column sequence number range 
 
max 1,dr

slotG L   , 5 

for each energy scale  
1

2 d
d i

i e , where ie = 1, 2, ..., or Ne, if the last (an amplitude value whose 

column sequence number is slotL  ) 
   ,descend

bf d slotr LΓ   is less than the energy scale  eie  , an 

amplitude value that is in the  amplitude values and that is closest to a value of  ie

is determined, that is, a sampling moment corresponding to the column sequence number  
min

eit

of 
      max

min

, 1:drdescend

bf d slot er G L i    
Γ e  in 

 descend

bfΓ  is used as a resource unit of the reference 10 

signal resource and is stored in 
 dr

pilotI . If the last (an amplitude value whose column sequence 

number is  )   is greater than or equal to the energy scale  , the 

sampling moment is not stored. 

[00165] The network device may obtain, by performing the foregoing operations and based on 

Ne pieces of energy scale information and the basis function set, the column sequence number set 15 

corresponding to the resource element of the reference signal resource corresponding to each 

Gaussian envelope complex sine function rd, that is, 
  , 1,2, ,dr

pilot d iterater N LI . 

[00166] In an optional implementation, to control resource overheads of the reference signal 

resource, the resource units of the reference signal resource determined in the foregoing manner 

may be screened based on the priority of the Gaussian envelope complex sine function 20 

corresponding to each column sequence number set and minimum interval information of the 

reference signal resource elements, to obtain a resource element finally included in the reference 

signal resource. 

[00167] The network device may use a column sequence number set corresponding to a 

Gaussian envelope complex sine function with a highest priority as a reference set, and traverse 25 

resource elements corresponding to column sequence numbers in the column sequence number set 

corresponding to another Gaussian envelope complex sine function, to obtain a final column 

 
max

dr

slotL G

slotL    ,descend

bf d slotr LΓ  eie
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sequence number set corresponding to a resource element finally included in the reference signal 

resource. In this way, an interval between two resource elements corresponding to any two column 

sequence numbers in the final column sequence number set is greater than a minimum interval. 

[00168] For example, the network device defines a column sequence number set 
Final
pilotI . The 

column sequence number set 
Final
pilotI  includes a column sequence number set corresponding to a 5 

Gaussian envelope complex sine function with a highest priority, that is, a column sequence 

number set 
 1
pilotI   corresponding to a Gaussian envelope complex sine function of a first row 

vector (that is, rd = 1) in 
 descend

bfΓ . The network device traverses, based on a minimum interval 

minT  between the column sequence number set 
Final
pilotI  and a resource element and in descending 

order of priorities of Gaussian envelope complex sine functions, resource elements corresponding 10 

to all functions, that is, sequentially traverses, in descending order of values of rd (to be specific, 

the values of rd are sequentially 2, …, and Niterate), resource elements corresponding to each column 

sequence number in a corresponding column sequence number set. An element 
 d

d

r

r pilott I  in 
 dr

pilotI

is used as an example. When an interval between a resource element corresponding to 
dr

t  and a 

resource element corresponding to each column sequence number in 
Final
pilotI  is greater than minT , 15 

dr
t  is stored in 

Final
pilotI . When an interval between a resource element corresponding to  and 

a resource element corresponding to each column sequence number in  is less than or equal 

to , 
dr

t  is not stored in 
Final
pilotI . After each column sequence number set is traversed, the 

obtained column sequence number set 
Final
pilotI   is the final column sequence number set 

corresponding to the reference signal resource. 20 

[00169] The network device may determine the minimum interval minT  between the resource 

elements based on a reference signal resource overhead requirement, or the minimum interval may 

be predefined. This is not limited in this application. 

[00170] It should be understood that, that the network device screens the resource elements in 

the reference signal resource based on the minimum interval between the resource elements is an 25 

optional implementation of the solution provided in this application. During specific 

implementation, to obtain channel information with higher precision, the resource elements may 

dr
t

Final
pilotI

minT
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alternatively not be screened. In this case, the network device may not prioritize the basis functions 

in the basis function set. For example, after each row of the basis function set bfΓ  is normalized 

by using a maximum value in the row, and after amplitude values of two parts of column sequence 

number ranges of each row are compared with energy scales, the reference signal resource is 

determined. That is, 
Final
pilotI  includes 

 dr

pilotI , where rd = 1, 2, ..., or Niterate. This is not limited in this 5 

application. 

[00171] After the network device determines the basis function set representing the channel 

between the network device and the target terminal device, the network device may send second 

information to the target terminal device. The second information indicates the basis function set. 

For example, the second information may indicate a parameter of each basis function in the basis 10 

function set. For example, parameters of the basis function rd include an attenuation coefficient 

dr
  , a time center 

dr
T  , and a frequency center 

dr
  . An indication manner of the second 

information is not limited in this application. The second information may indicate an identifier of 

each parameter, a value of each parameter, or the like. Alternatively, the second information may 

indicate, in a predefined candidate basis function set, an identifier of a basis function in the basis 15 

function set representing the channel between the network device and the target terminal device in 

the candidate basis function set. The target terminal device may determine each basis function, to 

be specific, a parameter of each basis function, based on the second information. The network 

device and the terminal device may reach, by using the second information, a consensus on the 

basis function set representing the channel between the network device and the target terminal 20 

device. 

[00172] In addition, the network device further sends first information to the terminal device, 

where the first information indicates the Ne pieces of energy scale information, so that after the 

terminal device receives the first information, the terminal device and the network device reach a 

consensus on the Ne pieces of energy scale information. 25 

[00173] If the network device further screens the resource elements in the reference signal 

resource based on the minimum interval minT , the network device may indicate the minimum 

interval minT  to the target terminal device, or the network device and the terminal device screen 

the resource elements based on the predefined minimum interval minT  by default. In this case, 
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the terminal device may determine the reference signal resource by obtaining the basis function 

set and the Ne pieces of energy scale information. Then, the terminal device screens the resource 

elements in the reference signal resource based on the minimum interval minT  to obtain the final 

reference signal resource. 

[00174] If the network device does not screen the resource elements in the reference signal 5 

resource based on the minimum interval minT , the terminal device may alternatively not perform 

screening based on the minimum interval minT  by default, so that the reference signal resource, 

that is, the final reference signal resource, may be determined based on the basis function set and 

the Ne pieces of energy scale information. 

[00175] It should be understood that a manner in which the network device indicates the Ne
10 

pieces of energy scale information and the minimum interval minT  is not limited in this application. 

[00176] Because the network device and the terminal device can reach a consensus on the basis 

function set and the Ne pieces of energy scale information (or including the minimum interval 

minT ), and determine the reference signal resource in a same manner, the reference signal resources 

determined by the network device and the terminal device are the same, so that the network device 15 

and the terminal device reach a consensus on the reference signal resource. 

[00177] The network device may send the reference signal to the terminal device on the 

reference signal resource, and the terminal device receives the reference signal on the reference 

signal resource. 

[00178] The target terminal device determines channel information based on the reference 20 

signal. A cth sub-carrier is used as an example. An adaptive extension coefficient corresponding to 

Final
pilotI  resource elements corresponding to a reference signal of the cth sub-carrier is denoted as 

1 Final
pilot

c


c C

I , where 
Final
pilotI  represents a quantity of elements included in 

Final
pilotI . Therefore, in 

practice, an adaptive extension coefficient of a channel frequency response cH  corresponding to 

the sub-carrier may be denoted as follows: 25 

c bf c c c Γ H n%
c bf c c c Γ H n%

[00179]
Final

iterate pilotN

bf


Γ% C

I
 is a sub-matrix of the basis function set bfΓ . bfΓ%  is a matrix 
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that includes iterateN  rows and 
Final
pilotI  columns and that is obtained by the network device by 

sequentially extracting, based on a column sequence number included in 
Final
pilotI , column vectors 

corresponding to column sequence numbers in bfΓ . The channel frequency response between 

the target terminal device and the network device is denoted as H . In this case, cH  is the cth

row of H  , denoted as  ,:c cH H  . cn   is a zero-mean complex additive white Gaussian 5 

noise vector. According to a least square (least square, LS) method, the target terminal device 

obtains that an estimated value ˆcc  of cc  meets the following formula: 

 
1

H Hˆ
c c bf bf bf



c H Γ Γ Γ% % %

[00180] Therefore, the estimated value of cH  is ˆ ˆ
c c bfH c Γ% . 

H
bfΓ%  is a conjugate transpose 

of bfΓ% .  
1

H
bf bf



Γ Γ% %  is an inverse matrix of 
H

bf bfΓ Γ% % . 10 

[00181] According to the foregoing solution, compared with a conventional fixed configuration 

of even reference signal resources, the first communication apparatus may fit a channel 

characteristic based on prior information, and flexibly determine, based on information such as 

locations and/or speeds of different communication apparatuses, a distribution of reference signals 

used for channel estimation between the first communication apparatus and the communication 15 

apparatus, so that channel estimation precision and resource utilization can be improved, and 

channel estimation in a relatively high-precision mobility scenario can be implemented by using 

relatively proper reference signal resource overheads matching an environment. In addition, 

reference signal resources determined by using the foregoing solution in this application may be 

unevenly distributed. Communication apparatuses the first communication apparatus and the 20 

second communication apparatus may determine a reference signal resource in a same manner by 

exchanging channel characteristic information and energy scale information to reach a consensus 

on the reference signal resource, implementing high-precision and efficient channel estimation. 

[00182] It may be understood that to implement functions in the foregoing embodiments, a base 

station and a terminal include corresponding hardware structures and/or software modules for 25 

performing various functions. A person skilled in the art should be easily aware that, in 

combination with the units and the method steps in the examples described in embodiments 

disclosed in this application, this application can be implemented by using hardware or a 
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combination of hardware and computer software. Whether a function is performed by hardware or 

hardware driven by computer software depends on specific application scenarios and design 

constraints of the technical solutions. 

[00183] FIG. 6 and FIG. 7 are diagrams of structures of possible communication apparatuses 

according to embodiments of this application. The communication apparatuses may be configured 5 

to implement functions of the first communication apparatus or the second communication 

apparatus in the foregoing method embodiments, and therefore can further implement beneficial 

effects of the foregoing method embodiments. In embodiments of this application, the 

communication apparatus may be one of the terminal devices 120a to 120g shown in FIG. 1, or 

may be the network device 110a or 110b shown in FIG. 1, or may be a module (for example, a 10 

chip) used in a terminal device or a network device. 

[00184] A communication apparatus 600 includes a transceiver unit 620, and the transceiver 

unit 620 may be configured to receive or send information. The communication apparatus 600 may 

further include a processing unit 610, and the processing unit 610 may be configured to process 

instructions or data to implement corresponding operations. 15 

[00185] It should be understood that when the communication apparatus 600 is a chip 

configured in (or used in) a communication device, the transceiver unit 620 in the communication 

apparatus 600 may be an input/output interface or a circuit of the chip, and the processing unit 610 

in the communication apparatus 600 may be a processor in the chip. 

[00186] Optionally, the communication apparatus 600 may further include a storage unit. The 20 

storage unit may be configured to store instructions or data. The processing unit 610 may execute 

the instructions or the data stored in the storage unit, so that the communication apparatus 

implements corresponding operations. 

[00187] The communication apparatus 600 may be configured to implement the first 

communication apparatus in the method embodiment shown in FIG. 3. When the communication 25 

apparatus 600 is configured to implement the functions of the first communication apparatus in 

the method embodiment shown in FIG. 3, the processing unit 610 is configured to determine a 

reference signal resource based on at least one piece of channel characteristic information and at 

least one piece of energy scale information, where the at least one piece of channel characteristic 

information represents a channel between the first communication apparatus and a second 30 

communication apparatus, any piece of channel characteristic information indicates a 
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correspondence between an energy component of the channel and a transmission resource, the 

reference signal resource includes a plurality of resource units in the transmission resource, and 

energy indicated by one or more pieces of energy scale information in correspondences indicated 

by one or more pieces of channel characteristic information corresponds to one resource unit. The 

transceiver unit 620 is configured to send first information to the second communication apparatus, 5 

where the first information includes the at least one piece of energy scale information. The 

transceiver unit 62 is further configured to: send a reference signal to the second communication 

apparatus, or receive, by the first communication apparatus, a reference signal from the second 

communication apparatus, where the reference signal is carried on the reference signal resource. 

[00188] The communication apparatus 600 may be configured to implement the second 10 

communication apparatus in the method embodiment shown in FIG. 3. When the communication 

apparatus 600 may be configured to implement functions of the second communication apparatus 

in the method embodiment shown in FIG. 3, the transceiver unit 620 is configured to receive first 

information from the first communication apparatus, where the first information includes at least 

one piece of energy scale information. The processing unit 610 is configured to determine a 15 

reference signal resource based on at least one piece of channel characteristic information and the 

at least one piece of energy scale information, where the at least one piece of channel characteristic 

information represents a channel between the first communication apparatus and a second 

communication apparatus, any piece of channel characteristic information represents a 

correspondence between an energy component of the channel and a transmission resource, the 20 

reference signal resource includes a plurality of resource units in the transmission resource, and 

energy indicated by one or more pieces of energy scale information in correspondences indicated 

by one or more pieces of channel characteristic information corresponds to one resource unit. The 

transceiver unit 620 is further configured to: receive a reference signal from the first 

communication apparatus, or send, by the second communication apparatus, a reference signal to 25 

the first communication apparatus, where the reference signal is carried on the reference signal 

resource. 

[00189] For more detailed descriptions of the processing unit 610 and the transceiver unit 620, 

refer to related descriptions in the method embodiment shown in FIG. 3. 

[00190] It should be understood that the transceiver unit 620 in the communication apparatus 30 

600 may be implemented through a communication interface (for example, a transceiver, a 
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transceiver circuit, an input/output interface, or a pin). When the communication interface is the 

transceiver, the transceiver may include a receiver and/or a transmitter. The processing unit 610 in 

the communication apparatus 600 may be implemented by using at least one processor, or the 

processing unit 610 in the communication apparatus 600 may be implemented by using at least 

one logic circuit. Optionally, the communication apparatus 600 further includes the storage unit, 5 

and the storage unit may be implemented by using a memory. 

[00191] When the communication apparatus is a module used in the network device, the module 

in the network device implements a function of the network device in the foregoing method 

embodiment. The module in the network device receives information from another module (for 

example, a radio frequency module or an antenna) in the network device, where the information is 10 

sent by the terminal to the network device; or the module in the network device sends information 

to another module (for example, a radio frequency module or an antenna) in the network device, 

where the information is sent by the network device to the terminal. The module in the network 

device herein may be a baseband chip of the network device, or may be a DU or another module. 

The DU herein may be a DU in an open radio access network (open radio access network, O-RAN) 15 

architecture. 

[00192] As shown in FIG. 7, a communication apparatus 700 includes a processor 710 and an 

interface circuit 720. The processor 710 and the interface circuit 720 are coupled to each other. It 

may be understood that the interface circuit 720 may be a transceiver or an input/output interface. 

Optionally, the communication apparatus 700 may further include a memory 730, configured to 20 

store instructions executed by the processor 710, store input data required by the processor 710 to 

run the instructions, or store data generated after the processor 710 runs the instructions. 

[00193] When the communication apparatus 700 is configured to implement the method shown 

in FIG. 7, the processor 710 is configured to implement a function of the processing unit 610, and 

the interface circuit 720 is configured to implement a function of the transceiver unit 620. 25 

[00194] When the communication apparatus is a chip used in a terminal device, the chip may 

implement a function of the second communication apparatus in the foregoing method 

embodiment. The chip receives information from another module (for example, a radio frequency 

module or an antenna) in the terminal device, where the information is sent by a network device 

to the terminal device; or the chip sends information to another module (for example, a radio 30 

frequency module or an antenna) in the terminal device, where the information is sent by the 
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terminal device to a network device. 

[00195] When the communication apparatus is a module used in a network device, the module 

may implement a function of the first communication apparatus in the foregoing method 

embodiment. The module receives information from another module (for example, a radio 

frequency module or an antenna) in the network device, where the information is sent by the 5 

terminal device to the network device; or the module sends information to another module (for 

example, a radio frequency module or an antenna) in the terminal device, where the information 

is sent by the network device to the terminal device. 

[00196] It may be understood that the processor in this embodiment of this application may be 

a central processing unit (Central Processing Unit, CPU), or may be another general-purpose 10 

processor, a digital signal processor (Digital Signal Processor, DSP), an application-specific 

integrated circuit (network device Application-Specific Integrated Circuit, ASIC), a field 

programmable gate array (Field Programmable Gate Array, FPGA) or another programmable logic 

device, a transistor logic device, a hardware component, or any combination thereof. The general-

purpose processor may be a microprocessor, or may be any conventional processor. 15 

[00197] The method steps in embodiments of this application may be implemented in hardware, 

or may be implemented in software instructions that may be executed by the processor. The 

software instructions may include a corresponding software module. The software module may be 

stored in a random access memory, a flash memory, a read-only memory, a programmable read-

only memory, an erasable programmable read-only memory, an electrically erasable 20 

programmable read-only memory, a register, a hard disk drive, a removable hard disk drive, a CD-

ROM, or any other form of storage medium well-known in the art. An example storage medium is 

coupled to the processor, so that the processor can read information from the storage medium and 

write information into the storage medium. The storage medium may alternatively be a component 

of the processor. The processor and the storage medium may be located in an ASIC. In addition, 25 

the ASIC may be located in an access network device or a terminal device. The processor and the 

storage medium may alternatively exist as discrete components in the access network device or 

the terminal device. 

[00198] According to the method provided in embodiments of this application, an embodiment 

of this application further provides a computer program product. The computer program product 30 

includes computer program code. When the computer program code is executed by one or more 
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processors, an apparatus including the processor is enabled to perform the method shown in FIG. 

3. 

[00199] All or some of the foregoing embodiments may be implemented by using software, 

hardware, firmware, or any combination thereof. When implemented by using software, all or 

some of embodiments may be implemented in a form of a computer program product. The 5 

computer program product includes one or more computer programs or instructions. When the 

computer programs or the instructions are loaded and executed on a computer, all or some of the 

procedures or functions described in embodiments of this application are performed. The computer 

may be a general-purpose computer, a dedicated computer, a computer network, a network device, 

user equipment, or another programmable apparatus. 10 

[00200] According to the method provided in embodiments of this application, an embodiment 

of this application further provides a computer-readable storage medium. The computer-readable 

storage medium stores the foregoing computer program or instructions. When the computer 

program or the instructions are run by one or more processors, an apparatus including the processor 

is enabled to perform the method shown in FIG. 3. 15 

[00201] The computer program or the instructions may be stored in the computer-readable 

storage medium, or may be transmitted from one computer-readable storage medium to another 

computer-readable storage medium. For example, the computer program or the instructions may 

be transmitted from one website, computer, server, or data center to another website, computer, 

server, or data center in a wired or wireless manner. The computer-readable storage medium may 20 

be any usable medium that can be accessed by the 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, may be an 

optical medium, for example, a digital video disc, or may be a semiconductor medium, for example, 

a solid-state disk. The computer-readable storage medium may be a volatile or non-volatile storage 25 

medium, or may include two types of storage media: a volatile storage medium and a non-volatile 

storage medium. 

[00202] According to the method provided in embodiments of this application, an embodiment 

of this application further provides a communication system that includes the foregoing one or 

more first communication apparatuses. The system may further include the foregoing one or more 30 

second communication apparatuses. 
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[00203] In 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 is merely an example. For example, the division into units is merely logical 

function division and may be other division during actual implementation. For example, a plurality 

of units or components may be combined or integrated into another system, or some features may 5 

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. 

[00204] The units described as separate parts may or may not be physically separate. Parts 10 

displayed as units may or may not be physical units, and 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. 

[00205] In various embodiments of this application, unless otherwise stated or there is a logic 

conflict, terms and/or descriptions in different embodiments are consistent and may be mutually 15 

referenced, and technical features in different embodiments may be combined based on an internal 

logic relationship thereof, to form a new embodiment. 

[00206] 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 20 

application shall fall within the protection scope of this application. Therefore, the protection scope 

of this application shall be subject to the protection scope of the claims. 
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CLAIMS 

1. A reference signal transmission method, comprising: 

determining, by a first communication apparatus, a reference signal resource based on at least 

one piece of channel characteristic information and at least one piece of energy scale information, 

wherein the at least one piece of channel characteristic information represents a channel between 5 

the first communication apparatus and a second communication apparatus, any piece of channel 

characteristic information indicates a correspondence between an energy component of the channel 

and a transmission resource, the reference signal resource comprises a plurality of resource units 

in the transmission resource, and energy indicated by one or more pieces of energy scale 

information in correspondences indicated by one or more pieces of channel characteristic 10 

information corresponds to one resource unit;

sending, by the first communication apparatus, first information to the second communication 

apparatus, wherein the first information indicates the at least one piece of energy scale information; 

and 

sending, by the first communication apparatus, a reference signal to the second 15 

communication apparatus, or receiving, by the first communication apparatus, a reference signal 

from the second communication apparatus, wherein the reference signal is carried on the reference 

signal resource. 

2. The method according to claim 1, wherein the transmission resource is a time domain 

resource and/or a frequency domain resource. 20 

3. The method according to claim 1 or 2, wherein determining, by the first communication 

apparatus, the reference signal resource based on the at least one piece of channel characteristic 

information and the at least one piece of energy scale information comprises: 

determining, by the first communication apparatus, the reference signal resource based on the 

at least one piece of channel characteristic information, the at least one piece of energy scale 25 

information, and minimum resource interval information, wherein 

an interval between any two resource units in the reference signal resource is greater than or 

equal to an interval indicated by the minimum resource interval information. 

4. The method according to claim 3, wherein the minimum resource interval information is 

predefined or is determined by the first communication apparatus. 30 
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5. The method according to any one of claims 1 to 4, further comprising: 

sending, by the first communication apparatus, second information to the second 

communication apparatus, wherein the second information indicates the at least one piece of 

channel characteristic information. 

6. The method according to any one of claims 1 to 5, wherein the channel characteristic 5 

information indicates information about a basis function representing the correspondence, and the 

information about the basis function comprises one or more of the following information: 

an identifier of the basis function, function type information of the basis function, resource 

information corresponding to maximum energy in the correspondence represented by the basis 

function, frequency information of the basis function, or fading characteristic information of the 10 

basis function. 

7. The method according to any one of claims 1 to 6, further comprising: 

receiving, by the first communication apparatus, third information from the second 

communication apparatus, wherein the third information indicates one or more of a location, a 

speed, or a moving direction of the second communication apparatus; and15 

determining, by the first communication apparatus, the at least one piece of channel 

characteristic information based on the third information. 

8. The method according to any one of claims 1 to 7, further comprising: 

determining, by the first communication apparatus, a candidate channel characteristic 

information set based on one or more of channel state information between a plurality of 20 

communication apparatuses and the first communication apparatus, and location information, 

speed information, or moving direction information of the plurality of communication apparatuses, 

wherein the candidate channel characteristic information set comprises the at least one piece of 

channel characteristic information. 

9. The method according to any one of claims 1 to 8, wherein the transmission resource 25 

comprises a time domain resource, the channel comprises at least one transmission path, and one 

piece of channel characteristic information indicates a correspondence between an energy 

component of the channel in the transmission path and a time resource. 

10. A reference signal transmission method, comprising: 

receiving, by a second communication apparatus, first information from a first 30 

communication apparatus, wherein the first information indicates at least one piece of energy scale 
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information;

determining, by the second communication apparatus, a reference signal resource based on at 

least one piece of channel characteristic information and the at least one piece of energy scale 

information, wherein the at least one piece of channel characteristic information represents a 

channel between the first communication apparatus and the second communication apparatus, any 5 

piece of channel characteristic information represents a correspondence between an energy 

component of the channel and a transmission resource, the reference signal resource comprises a 

plurality of resource units in the transmission resource, and energy indicated by one or more pieces 

of energy scale information in correspondences indicated by one or more pieces of channel 

characteristic information corresponds to one resource unit; and10 

receiving, by the second communication apparatus, a reference signal from the first 

communication apparatus, or sending, by the second communication apparatus, a reference signal 

to the first communication apparatus, wherein the reference signal is carried on the reference signal 

resource. 

11. The method according to claim 10, wherein the transmission resource is a time domain 15 

resource and/or a frequency domain resource. 

12. The method according to claim 10 or 11, wherein determining, by the second 

communication apparatus, the reference signal resource based on the at least one piece of channel 

characteristic information and the at least one piece of energy scale information comprises: 

determining, by the second communication apparatus, the reference signal resource based on 20 

the at least one piece of channel characteristic information, the at least one piece of energy scale 

information, and minimum resource interval information, wherein 

an interval between any two resources in the reference signal resource is greater than or equal 

to an interval indicated by the minimum resource interval information. 

13. The method according to claim 12, wherein the minimum resource interval information 25 

is predefined or is obtained from the first communication apparatus. 

14. The method according to any one of claims 10 to 13, further comprising: 

receiving, by the second communication apparatus, second information from the first 

communication apparatus, wherein the second information indicates the at least one piece of 

channel characteristic information. 30 

15. The method according to any one of claims 10 to 14, wherein the channel characteristic 
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information indicates information about a basis function representing the correspondence, and the 

information about the basis function comprises one or more of the following information: 

an identifier of the basis function, function type information of the basis function, resource 

information corresponding to maximum energy in the correspondence represented by the basis 

function, frequency information of the basis function, or fading characteristic information of the 5 

basis function. 

16. The method according to any one of claims 10 to 15, further comprising: 

determining, by the second communication apparatus, channel state feature information based 

on the reference signal, wherein the channel state feature information indicates a state of the 

channel corresponding to the reference signal; and10 

determining, by the second communication apparatus, channel information based on the 

channel state feature information and the at least one piece of channel characteristic information. 

17. The method according to any one of claims 10 to 16, further comprising: 

sending, by the second communication apparatus, third information to the first 

communication apparatus, wherein the third information indicates one or more of a location, a 15 

speed, or a moving direction of the second communication apparatus, and the third information is 

used to determine the at least one piece of channel characteristic information. 

18. The method according to any one of claims 10 to 17, wherein the transmission resource 

comprises a time domain resource, the channel comprises at least one transmission path, and one 

piece of channel characteristic information indicates a correspondence between an energy 20 

component of the channel in the transmission path and a time resource. 

19. A reference signal transmission apparatus, comprising: 

a processing unit, configured to determine a reference signal resource based on at least one 

piece of channel characteristic information and at least one piece of energy scale information, 

wherein the at least one piece of channel characteristic information represents a channel between 25 

a first communication apparatus and a second communication apparatus, any piece of channel 

characteristic information indicates a correspondence between an energy component of the channel 

and a transmission resource, the reference signal resource comprises a plurality of resource units 

in the transmission resource, and energy indicated by one or more pieces of energy scale 

information in correspondences indicated by one or more pieces of channel characteristic 30 

information corresponds to one resource unit; and
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a transceiver unit, configured to send first information to the second communication 

apparatus, wherein the first information indicates the at least one piece of energy scale information; 

and 

the transceiver unit is further configured to: send a reference signal to the second 

communication apparatus, or receive, by the first communication apparatus, a reference signal 5 

from the second communication apparatus, wherein the reference signal is carried on the reference 

signal resource. 

20. The apparatus according to claim 19, wherein the transmission resource is a time domain 

resource and/or a frequency domain resource. 

21. The apparatus according to claim 19 or 20, wherein the processing unit is specifically 10 

configured to determine the reference signal resource based on the at least one piece of channel 

characteristic information, the at least one piece of energy scale information, and minimum 

resource interval information; and

an interval between any two resource units in the reference signal resource is greater than or 

equal to an interval indicated by the minimum resource interval information. 15 

22. The apparatus according to claim 21, wherein the minimum resource interval information 

is predefined or is determined by the first communication apparatus. 

23. The apparatus according to any one of claims 19 to 22, wherein 

the transceiver unit is further configured to send second information to the second 

communication apparatus, wherein the second information indicates the at least one piece of 20 

channel characteristic information. 

24. The apparatus according to any one of claims 19 to 23, wherein the channel characteristic 

information indicates information about a basis function representing the correspondence, and the 

information about the basis function comprises one or more of the following information: 

an identifier of the basis function, function type information of the basis function, resource 25 

information corresponding to maximum energy in the correspondence represented by the basis 

function, frequency information of the basis function, or fading characteristic information of the 

basis function. 

25. The apparatus according to any one of claims 19 to 24, wherein 

the transceiver unit is further configured to receive third information from the second 30 

communication apparatus, wherein the third information indicates one or more of a location, a 
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speed, or a moving direction of the second communication apparatus; and

the processing unit is further configured to determine the at least one piece of channel 

characteristic information based on the third information. 

26. The apparatus according to any one of claims 19 to 25, wherein 

the processing unit is further configured to determine a candidate channel characteristic 5 

information set based on one or more of channel state information between a plurality of 

communication apparatuses and the first communication apparatus, and location information, 

speed information, or moving direction information of the plurality of communication apparatuses, 

wherein the candidate channel characteristic information set comprises the at least one piece of 

channel characteristic information. 10 

27. The apparatus according to any one of claims 19 to 26, wherein the transmission resource 

comprises a time domain resource, the channel comprises at least one transmission path, and one 

piece of channel characteristic information indicates a correspondence between an energy 

component of the channel in the transmission path and a time resource. 

28. A reference signal transmission apparatus, comprising: 15 

a transceiver unit, configured to receive first information from a first communication 

apparatus, wherein the first information indicates at least one piece of energy scale information; 

and 

a processing unit, configured to determine a reference signal resource based on at least one 

piece of channel characteristic information and the at least one piece of energy scale information, 20 

wherein the at least one piece of channel characteristic information represents a channel between 

the first communication apparatus and a second communication apparatus, any piece of channel 

characteristic information represents a correspondence between an energy component of the 

channel and a transmission resource, the reference signal resource comprises a plurality of resource 

units in the transmission resource, and energy indicated by one or more pieces of energy scale 25 

information in correspondences indicated by one or more pieces of channel characteristic 

information corresponds to one resource unit; and

the transceiver unit is further configured to: receive a reference signal from the first 

communication apparatus, or send, by the second communication apparatus, a reference signal to 

the first communication apparatus, wherein the reference signal is carried on the reference signal 30 

resource. 
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29. The apparatus according to claim 28, wherein the transmission resource is a time domain 

resource and/or a frequency domain resource. 

30. The apparatus according to claim 28 or 29, wherein the processing unit is further 

configured to determine the reference signal resource based on the at least one piece of channel 

characteristic information, the at least one piece of energy scale information, and minimum 5 

resource interval information; and

an interval between any two resources in the reference signal resource is greater than or equal 

to an interval indicated by the minimum resource interval information. 

31. The apparatus according to claim 30, wherein the minimum resource interval information 

is predefined or is obtained from the first communication apparatus. 10 

32. The apparatus according to any one of claims 28 to 31, wherein 

the transceiver unit is further configured to receive second information from the first 

communication apparatus, wherein the second information indicates the at least one piece of 

channel characteristic information. 

33. The apparatus according to any one of claims 28 to 32, wherein the channel characteristic 15 

information indicates information about a basis function representing the correspondence, and the 

information about the basis function comprises one or more of the following information: 

an identifier of the basis function, function type information of the basis function, resource 

information corresponding to maximum energy in the correspondence represented by the basis 

function, frequency information of the basis function, or fading characteristic information of the 20 

basis function. 

34. The apparatus according to any one of claims 28 to 33, wherein the processing unit is 

further configured to: 

determine channel state feature information based on the reference signal, wherein the 

channel state feature information indicates a state of the channel corresponding to the reference 25 

signal; and

determine channel information based on the channel state feature information and the at least 

one piece of channel characteristic information. 

35. The apparatus according to any one of claims 28 to 34, wherein 

the transceiver unit is further configured to send third information to the first communication 30 

apparatus, wherein the third information indicates one or more of a location, a speed, or a moving 
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direction of the second communication apparatus, and the third information is used to determine 

the at least one piece of channel characteristic information. 

36. The apparatus according to any one of claims 28 to 35, wherein the transmission resource 

comprises a time domain resource, the channel comprises at least one transmission path, and one 

piece of channel characteristic information indicates a correspondence between an energy 5 

component of the channel in the transmission path and a time resource. 

37. A communication apparatus, comprising at least one processor, wherein the at least one 

processor is configured to perform the method according to any one of claims 1 to 9, or perform 

the method according to any one of claims 10 to 18. 

38. A computer-readable storage medium, comprising a computer program, wherein when the 10 

computer program runs on a computer, the computer is enabled to perform the method according 

to any one of claims 1 to 9, or perform the method according to any one of claims 10 to 18. 

39. A communication apparatus, comprising at least one processor and a communication 

interface, wherein 

the communication interface is configured to: receive a signal from another communication 15 

apparatus other than the communication apparatus and transmit the signal to the processor, or send 

a signal from the processor to another communication apparatus other than the communication 

apparatus; and the processor is configured to implement the method according to any one of claims 

1 to 9 or the method according to any one of claims 10 to 18 by using a logic circuit or by executing 

code instructions. 20 

40. A computer program product, wherein the computer program product comprises a 

computer program; and when the computer program runs, a computer is enabled to perform the 

method according to any one of claims 1 to 18. 

41. A communication system, comprising the communication apparatus according to any one 

of claims 19 to 27 and the communication apparatus according to any one of claims 28 to 36. 25 


