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COMMUNICATION METHOD AND APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to Chinese Patent Application No. 202111432232.0, 

filed with the China National Intellectual Property Administration on November 29, 2021 and 

entitled "COMMUNICATION METHOD AND APPARATUS", which is incorporated herein by 5 

reference in its entirety. 

TECHNICAL FIELD 

[0002] Embodiments of this application relate to the field of communication technologies, and 

in particular, to a communication method and apparatus. 

BACKGROUND 10 

[0003] In wireless communication, data is sent from one device to another device by using 

radio resources. Physically, the radio resources are classified into time-domain resources and 

frequency-domain resources. When a plurality of users are simultaneously served, because 

freedom of the physical radio resources is limited, a problem of how to allocate the physical radio 

resources among the plurality of users occurs, and the problem is a multiple access (multiple access, 15 

MA) problem. From a perspective of resource multiplexing, the MA technology may be classified 

into orthogonal multiple access (orthogonal multiple access, OMA) and non-orthogonal multiple 

access (non-orthogonal multiple access, NOMA). "Orthogonal" herein means that each user has 

independent freedom in at least one resource domain (such as time domain, frequency domain, 

code domain, and space domain), that is, data transmission of one user is not affected by another 20 

user in at least one resource domain. 

[0004] In the OMA technology, radio resources are allocated to users in an orthogonal manner. 

Therefore, a quantity of users that can be simultaneously served is strictly limited by a quantity of 

orthogonal resources in a resource dimension, and ultra-large connections cannot be implemented. 

In addition, a future smart city, a smart life, a smart factory, and another scenario and application 25 

that requires ultra-large connections cannot be supported. The NOMA technology is developed to 

compensate for the limitation of the OMA technology. In the NOMA technology, resource collision 

over an orthogonal channel may be tolerated, and therefore a user capacity may be expanded. The 



2 

principle is to use a signature (signature) of a transmitter to suppress interference between the users 

and to detect and receive data of a plurality of users. 

[0005] Currently, an application solution of the NOMA technology is as follows: A network 

device configures a plurality of signature groups, and signatures in a same signature group are 

orthogonal to each other. The network device groups terminal devices based on a correlation of 5 

uplink channels between accessed terminal devices, and allocates signatures in a same signature 

group to terminal devices in a same group, to ensure communication performance between the 

network device and the terminal devices. However, in this solution, the network device needs to 

continuously estimate the correlation of the uplink channels between the terminal devices, and 

when the group to which the terminal device belongs changes, the network device further needs to 10 

re-deliver indication information to allocate a signature to the terminal device. This causes large 

signaling overheads and power consumption overheads to the network device and the terminal 

devices. 

SUMMARY 

[0006] Embodiments of this application provide a communication method and apparatus, to 15 

prevent a network device from frequently configuring signatures for a terminal device, and reduce 

signaling overheads and power consumption of the network device and the terminal device. 

[0007] According to a first aspect, an embodiment of this application provides a 

communication method. The method includes: A terminal device determines a first downlink 

signal from a plurality of downlink signals; the terminal device determines at least one signature 20 

based on the first downlink signal; and the terminal device sends data by using the at least one 

signature. Optionally, the downlink signal is an SSB. 

[0008] The communication method may be performed by the terminal device, or may be 

performed by a component (for example, a processor, a chip, or a chip system) of the terminal 

device, or may be implemented by a logical module or software that can implement all or some 25 

functions of the terminal device. The signature may be one or more of a code-domain resource, a 

pilot resource, a power resource, a space-domain resource, a resource hopping pattern, and the like. 

[0009] According to the foregoing method, an association or a mapping relationship between 

a downlink signal and a signature may be configured by using a characteristic that the downlink 

signal may represent different spatial directions, beam directions, or spatial characteristics (for 30 

example, quasi co-location), so that the terminal device may determine a to-be-used signature 

based on the determined first downlink signal. This can prevent the network device from frequently 

configuring the signatures for the terminal device, and reduce the signaling overheads and the 
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power consumption of the network device and the terminal device. 

[0010] In a possible design, that the terminal device determines at least one signature based on 

the first downlink signal includes: the terminal device determines, based on the first downlink 

signal, a first resource from a plurality of resources that have a mapping relationship with the 

plurality of downlink signals; and the terminal device determines, based on the first resource, the 5 

at least one signature from a plurality of signatures that have a mapping relationship with the 

plurality of resources. 

[0011] According to the foregoing design, a mapping relationship between a plurality of 

downlink signals and a plurality of resources, and a mapping relationship between a plurality of 

resources and a plurality of signatures may be configured on the terminal device in a manner such 10 

as a protocol predefinition or an indication by the network device, so that the terminal device may 

determine a to-be-used signature based on the determined first downlink signal. This can 

effectively prevent the network device from frequently configuring the signatures for the terminal 

device. 

[0012] In a possible design, the resources are a preamble (preamble) and a physical random 15 

access channel PRACH time-frequency resource for sending the preamble; and the mapping 

relationship between a plurality of resources and a plurality of signatures includes: a mapping 

relationship between N preambles on the PRACH time-frequency resource and M combinations 

of a physical uplink shared channel PUSCH time-frequency resource, a pilot resource, and a 

signature; a mapping relationship between N preambles on the PRACH time-frequency resource 20 

and M combinations of a PUSCH time-frequency resource and a signature; a mapping relationship 

between N preambles on the PRACH time-frequency resource and M combinations of a pilot 

resource and a signature; or a mapping relationship between N preambles on the PRACH time-

frequency resource and M signatures, where M and N are positive integers. Optionally, at least one 

of M and N is 1. 25 

[0013] Optionally, the mapping relationship between N preambles on the PRACH time-

frequency resource and M combinations of a PUSCH time-frequency resource and a signature 

includes: the N preambles are first selected in increasing order of preamble indexes on the PRACH 

time-frequency resource, then in increasing order of frequency-domain resource indexes of a 

plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing 30 

order of time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency 

resources; and the M combinations of a PUSCH time-frequency resource and a signature that are 

mapped to the N preambles are first selected in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, then in 

increasing order of indexes in a signature group, thirdly in increasing order of signature group 35 
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indexes, and fourthly in increasing order of time-domain resource indexes of a plurality of time 

multiplexed PUSCH time-frequency resources, where the signature is a frequency-domain 

resource hopping pattern, a hopping pattern of a resource group including a frequency-domain 

resource, a code-domain resource, a code-domain resource hopping pattern, a space-domain 

resource, or a space-domain resource hopping pattern. 5 

[0014] According to the foregoing design, a specific implementation of applying the signature 

during random access is provided, to help increase a quantity of terminal devices that are allowed 

to access the network device, and improve random access and data transmission performance. 

[0015] In a possible design, the resources are a pilot resource and a PUSCH time-frequency 

resource, and the mapping relationship between a plurality of resources and a plurality of 10 

signatures includes: a mapping relationship between P pilot resources on the PUSCH time-

frequency resource and Q signatures, where P and Q are positive integers. Optionally, at least one 

of P and Q is 1. 

[0016] Optionally, the mapping relationship between P pilot resources on the PUSCH time-

frequency resource and Q signatures includes: the P pilot resources are first selected in increasing 15 

order of frequency-domain resource indexes of a plurality of frequency multiplexed PUSCH time-

frequency resources, then in increasing order of pilot port indexes on the PUSCH time-frequency 

resource, thirdly in increasing order of pilot sequence indexes on the PUSCH time-frequency 

resource, and fourthly in increasing order of time-domain resource indexes of a plurality of time 

multiplexed PUSCH time-frequency resources; and the Q signatures mapped to the P pilot 20 

resources are first selected in increasing order of signature group indexes, and then in increasing 

order of indexes in a signature group, where the signature is a code-domain resource, a code-

domain resource hopping pattern, a space-domain resource, or a space-domain resource hopping 

pattern. 

[0017] According to the foregoing design, the signatures may be grouped based on a 25 

correlation (for example, whether signatures are orthogonal) of the signatures. When signatures of 

different access terminal devices are not orthogonal, pilot resources are orthogonal as much as 

possible. When pilot resources are not orthogonal, signatures are orthogonal as much as possible. 

This can increase a quantity of terminal devices that access the network device, and improve access 

and data transmission performance. 30 

[0018] In a possible design, the method further includes: The terminal device receives 

configuration information from a network device, where the configuration information is used to 

configure the mapping relationship between a plurality of resources and a plurality of signatures. 

[0019] According to the foregoing design, the mapping relationship between a plurality of 

resources and a plurality of signatures may be configured based on the configuration information 35 
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from the network device, so that the network device and the terminal device have a consistent 

understanding of the mapping relationship between a plurality of resources and a plurality of 

signatures. This helps improve communication performance. 

[0020] In a possible design, there is a mapping relationship between a plurality of downlink 

signals and a plurality of signatures, and the at least one signature is a signature that is in the 5 

plurality of signatures and that is mapped to the first downlink signal; and the mapping relationship 

between a plurality of downlink signals and a plurality of signatures includes: a mapping 

relationship between R downlink signals in the plurality of downlink signals and S combinations 

of a PUSCH time-frequency resource, a pilot resource, and a signature; a mapping relationship 

between R downlink signals in the plurality of downlink signals and S combinations of a PUSCH 10 

time-frequency resource and a signature; a mapping relationship between R downlink signals in 

the plurality of downlink signals and S combinations of a pilot resource and a signature; or a 

mapping relationship between R downlink signals in the plurality of downlink signals and S 

signatures, where R and S are positive integers. Optionally, at least one of R and S is 1. 

[0021] Optionally, the mapping relationship between R downlink signals in the plurality of 15 

downlink signals and S combinations of a PUSCH time-frequency resource and a signature 

includes: the R downlink signals are selected from the plurality of downlink reference signals in 

increasing order of indexes; and the S combinations of a PUSCH time-frequency resource and a 

signature that correspond to the R downlink signals are first selected in increasing order of 

frequency-domain resource indexes of a plurality of frequency multiplexed PUSCH time-20 

frequency resources, then in increasing order of indexes in a signature group, thirdly in increasing 

order of signature group indexes, and fourthly in increasing order of time-domain resource indexes 

of a plurality of time multiplexed PUSCH time-frequency resources, where the signature is a 

frequency-domain resource hopping pattern, a hopping pattern of a resource group including a 

frequency-domain resource, a code-domain resource, a code-domain resource hopping pattern, a 25 

space-domain resource, or a space-domain resource hopping pattern. 

[0022] Generally, a plurality of consecutive preambles are mapped to a same downlink signal. 

Signatures can be grouped based on a correlation of the signatures (for example, whether the 

signatures are orthogonal). This ensures that the same downlink signal is associated with signatures 

with a low correlation or orthogonal signatures, to improve access and data transmission 30 

performance. 

[0023] In a possible design, the method further includes: The terminal device receives 

configuration information from a network device, where the configuration information is used to 

configure the mapping relationship between a plurality of downlink signals and a plurality of 

signatures. 35 
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[0024] In a possible design, that the terminal device determines at least one signature based on 

the first downlink signal includes: The terminal device determines the at least one signature in a 

signature set associated with the first downlink signal, where each of the plurality of downlink 

signals has an associated signature set. 

[0025] Optionally, any two signatures in the signature set associated with the first downlink 5 

signal are orthogonal to each other; and at least one signature in the signature set associated with 

the first downlink signal is not orthogonal to at least one signature in a signature set associated 

with a fourth downlink signal, and the fourth downlink signal is one of the plurality of downlink 

signals. 

[0026] According to the foregoing design, a characteristic that the downlink signal may 10 

represent different spatial directions, beam directions, or spatial characteristics may be used, so 

that any two signatures in a signature set associated with a same downlink signal are orthogonal 

to each other, and signature sets associated with different downlink signals may not be orthogonal 

to each other. This can improve signature utilization while reducing interference between terminal 

devices in a same downlink signal. 15 

[0027] In a possible design, that the terminal device determines the at least one signature in a 

signature set associated with the first downlink signal includes: when the terminal device is 

determined to locate in a coverage edge area of the first downlink signal, the terminal device 

determines the at least one signature in a first signature subset, where the first signature subset and 

a signature set associated with a second downlink signal are orthogonal to each other; a correlation 20 

between the first signature subset and the signature set associated with the second downlink signal 

is lower than a correlation threshold; and the first signature subset is a subset of the signature set 

associated with the first downlink signal, and the second downlink signal is one of the plurality of 

downlink signals. 

[0028] According to the foregoing design, the association relationship between the downlink 25 

signal and the signature set may be further refined based on coverage of the downlink signal. 

Different coverage areas of the downlink signal may be associated with different signature subsets. 

Signatures associated with non-coverage edge areas of different downlink signals may not be 

orthogonal or have a higher correlation. In the coverage of the downlink signal, a signature in the 

signature set associated with the downlink signal is partially multiplexed. This helps improve 30 

access performance. 

[0029] In a possible design, that the terminal device sends data by using the at least one 

signature includes: when the terminal device is located in the coverage edge area of the first 

downlink signal, the terminal device sends the data by using a first transmission parameter and the 

at least one signature; or when the terminal device is located in a non-coverage edge area of the 35 



7 

first downlink signal, the terminal device sends the data by using a second transmission parameter 

and the at least one signature. 

[0030] According to the foregoing design, transmission parameters may be configured based 

on interference of different coverage areas of the downlink signal. In different coverage areas of 

the downlink signal, the terminal device may send data by using different transmission parameters. 5 

This helps reduce interference between terminal devices and improve data transmission 

performance. 

[0031] In a possible design, a condition for determining that the terminal device is located in 

the coverage edge area of the first downlink signal includes one or more of the following: signal 

quality of the first downlink signal is less than or equal to a first threshold; signal quality of a third 10 

downlink signal is greater than or equal to a second threshold; an absolute value of a difference 

between signal quality of a third downlink signal and signal quality of the first downlink signal is 

less than or equal to a third threshold; or a ratio of signal quality of a third downlink signal to 

signal quality of the first downlink signal is greater than or equal to a fourth threshold; and the 

third downlink signal is a downlink signal with highest signal quality in the plurality of downlink 15 

signals other than the first downlink signal. 

[0032] According to the foregoing design, the terminal device may determine the coverage 

area in which the terminal device is located based on the determined signal quality of the first 

downlink signal, or based on the determined difference between the signal quality of the first 

downlink signal and signal quality of another downlink signal. This provides a plurality of 20 

implementations of determining the coverage area in which the terminal device is located, and 

helps meet differentiated requirements applicable to different communication scenarios. 

[0033] In a possible design, the method further includes: The terminal device determines an 

interference and/or multiplexing level of a time-frequency resource for sending the data; and the 

terminal device determines a third transmission parameter based on the interference and/or 25 

multiplexing level of the time-frequency resource, where the third parameter meets the following 

characteristic: a higher interference and/or multiplexing level of the time-frequency resource 

indicates a lower power corresponding to the third transmission parameter; and that the terminal 

device sends data by using the at least one signature includes: The terminal device sends the data 

by using the third transmission parameter and the at least one signature. 30 

[0034] According to the foregoing design, the transmission parameter may be determined 

based on the interference and/or multiplexing level of the time-frequency resource for sending the 

data. This helps reduce interference between terminal devices for sending the data, and improve 

data transmission performance. 

[0035] According to a second aspect, an embodiment of this application provides a 35 
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communication method. The method includes: A network device determines configuration 

information, where the configuration information is used to configure a mapping relationship 

between a plurality of resources and a plurality of signatures, or configure a mapping relationship 

between a plurality of downlink signals and a plurality of signatures; and the network device sends 

the configuration information to a terminal device. Optionally, the downlink signal is an SSB. 5 

[0036] The communication method may be performed by the network device, or may be 

performed by a component (for example, a processor, a chip, or a chip system) of the network 

device, or may be implemented by a logical module or software that can implement all or some 

functions of the terminal device. 

[0037] In a possible design, the resources are a preamble (preamble) and a physical random 10 

access channel PRACH time-frequency resource for sending the preamble; and

the mapping relationship between a plurality of resources and a plurality of signatures 

includes: a mapping relationship between N preambles on the PRACH time-frequency resource 

and M combinations of a physical uplink shared channel PUSCH time-frequency resource, a pilot 

resource, and a signature; a mapping relationship between N preambles on the PRACH time-15 

frequency resource and M combinations of a PUSCH time-frequency resource and a signature; a 

mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a pilot resource and a signature; or a mapping relationship between N preambles 

on the PRACH time-frequency resource and M signatures, where M and N are positive integers. 

Optionally, at least one of M and N is 1. 20 

[0038] Optionally, the mapping relationship between N preambles on the PRACH time-

frequency resource and M combinations of a PUSCH time-frequency resource and a signature 

includes: the N preambles are first selected in increasing order of preamble indexes on the PRACH 

time-frequency resource, then in increasing order of frequency-domain resource indexes of a 

plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing 25 

order of time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency 

resources; and the M combinations of a PUSCH time-frequency resource and a signature that are 

mapped to the N preambles are first selected in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, then in 

increasing order of indexes in a signature group, thirdly in increasing order of signature group 30 

indexes, and fourthly in increasing order of time-domain resource indexes of a plurality of time 

multiplexed PUSCH time-frequency resources, where the signature is a frequency-domain 

resource hopping pattern, a hopping pattern of a resource group including a frequency-domain 

resource, a code-domain resource, a code-domain resource hopping pattern, a space-domain 

resource, or a space-domain resource hopping pattern. 35 
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[0039] In a possible design, the resources are a pilot resource and a PUSCH time-frequency 

resource, and the mapping relationship between a plurality of resources and a plurality of 

signatures includes: a mapping relationship between P pilot resources on the PUSCH time-

frequency resource and Q signatures, where P and Q are positive integers. Optionally, at least one 

of P and Q is 1. 5 

[0040] Optionally, the mapping relationship between P pilot resources on the PUSCH time-

frequency resource and Q signatures includes: the P pilot resources are first selected in increasing 

order of frequency-domain resource indexes of a plurality of frequency multiplexed PUSCH time-

frequency resources, then in increasing order of pilot port indexes on the PUSCH time-frequency 

resource, thirdly in increasing order of pilot sequence indexes on the PUSCH time-frequency 10 

resource, and fourthly in increasing order of time-domain resource indexes of a plurality of time 

multiplexed PUSCH time-frequency resources; and the Q signatures mapped to the P pilot 

resources are first selected in increasing order of signature group indexes, and then in increasing 

order of indexes in a signature group, where the signature is a code-domain resource, a code-

domain resource hopping pattern, a space-domain resource, or a space-domain resource hopping 15 

pattern. 

[0041] In a possible design, the mapping relationship between a plurality of downlink signals 

and a plurality of signatures includes: a mapping relationship between R downlink signals in the 

plurality of downlink signals and S combinations of a PUSCH time-frequency resource, a pilot 

resource, and a signature; a mapping relationship between R downlink signals in the plurality of 20 

downlink signals and S combinations of a PUSCH time-frequency resource and a signature; a 

mapping relationship between R downlink signals in the plurality of downlink signals and S 

combinations of a pilot resource and a signature; or a mapping relationship between R downlink 

signals in the plurality of downlink signals and S signatures, where R and S are positive integers. 

Optionally, at least one of R and S is 1. 25 

[0042] Optionally, the mapping relationship between R downlink signals in the plurality of 

downlink signals and S combinations of a PUSCH time-frequency resource and a signature 

includes: the R downlink signals are selected from the plurality of downlink reference signals in 

increasing order of indexes; and the S combinations of a PUSCH time-frequency resource and a 

signature that correspond to the R downlink signals are first selected in increasing order of 30 

frequency-domain resource indexes of a plurality of frequency multiplexed PUSCH time-

frequency resources, then in increasing order of indexes in a signature group, thirdly in increasing 

order of signature group indexes, and fourthly in increasing order of time-domain resource indexes 

of a plurality of time multiplexed PUSCH time-frequency resources, where the signature is a 

frequency-domain resource hopping pattern, a hopping pattern of a resource group including a 35 
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frequency-domain resource, a code-domain resource, a code-domain resource hopping pattern, a 

space-domain resource, or a space-domain resource hopping pattern. 

[0043] According to a third aspect, an embodiment of this application provides a 

communication apparatus. The communication apparatus may include an interface unit and a 

processing unit. The processing unit is configured to: determine a first downlink signal from a 5 

plurality of downlink signals, and determine at least one signature based on the first downlink 

signal; and the interface unit is configured to send data by using the at least one signature. 

Optionally, the downlink signal is an SSB. 

[0044] In a possible design, when determining the at least one signature based on the first 

downlink signal, the processing unit is specifically configured to: determine, based on the first 10 

downlink signal, a first resource from a plurality of resources that have a mapping relationship 

with the plurality of downlink signals; and determine, based on the first resource, the at least one 

signature from a plurality of signatures that have a mapping relationship with the plurality of 

resources. 

[0045] In a possible design, the resources are a preamble (preamble) and a physical random 15 

access channel PRACH time-frequency resource for sending the preamble; and the mapping 

relationship between a plurality of resources and a plurality of signatures includes: a mapping 

relationship between N preambles on the PRACH time-frequency resource and M combinations 

of a physical uplink shared channel PUSCH time-frequency resource, a pilot resource, and a 

signature; a mapping relationship between N preambles on the PRACH time-frequency resource 20 

and M combinations of a PUSCH time-frequency resource and a signature; a mapping relationship 

between N preambles on the PRACH time-frequency resource and M combinations of a pilot 

resource and a signature; or a mapping relationship between N preambles on the PRACH time-

frequency resource and M signatures, where M and N are positive integers. Optionally, at least one 

of M and N is 1. 25 

[0046] In a possible design, the mapping relationship between N preambles on the PRACH 

time-frequency resource and M combinations of a PUSCH time-frequency resource and a 

signature includes: the N preambles are first selected in increasing order of preamble indexes on 

the PRACH time-frequency resource, then in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in 30 

increasing order of time-domain resource indexes of a plurality of time multiplexed PRACH time-

frequency resources; and the M combinations of a PUSCH time-frequency resource and a 

signature that are mapped to the N preambles are first selected in increasing order of frequency-

domain resource indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, 

then in increasing order of indexes in a signature group, thirdly in increasing order of signature 35 
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group indexes, and fourthly in increasing order of time-domain resource indexes of a plurality of 

time multiplexed PUSCH time-frequency resources, where the signature is a frequency-domain 

resource hopping pattern, a hopping pattern of a resource group including a frequency-domain 

resource, a code-domain resource, a code-domain resource hopping pattern, a space-domain 

resource, or a space-domain resource hopping pattern. 5 

[0047] In a possible design, the resources are a pilot resource and a PUSCH time-frequency 

resource, and the mapping relationship between a plurality of resources and a plurality of 

signatures includes: a mapping relationship between P pilot resources on the PUSCH time-

frequency resource and Q signatures, where P and Q are positive integers. Optionally, at least one 

of P and Q is 1. 10 

[0048] In a possible design, the mapping relationship between P pilot resources on the PUSCH 

time-frequency resource and Q signatures includes: the P pilot resources are first selected in 

increasing order of frequency-domain resource indexes of a plurality of frequency multiplexed 

PUSCH time-frequency resources, then in increasing order of pilot port indexes on the PUSCH 

time-frequency resource, thirdly in increasing order of pilot sequence indexes on the PUSCH time-15 

frequency resource, and fourthly in increasing order of time-domain resource indexes of a plurality 

of time multiplexed PUSCH time-frequency resources; and the Q signatures mapped to the P pilot 

resources are first selected in increasing order of signature group indexes, and then in increasing 

order of indexes in a signature group, where the signature is a code-domain resource, a code-

domain resource hopping pattern, a space-domain resource, or a space-domain resource hopping 20 

pattern. 

[0049] In a possible design, the interface unit is further configured to receive configuration 

information from a network device, where the configuration information is used to configure the 

mapping relationship between a plurality of resources and a plurality of signatures. 

[0050] In a possible design, there is a mapping relationship between a plurality of downlink 25 

signals and a plurality of signatures, and the at least one signature is a signature that is in the 

plurality of signatures and that is mapped to the first downlink signal; and the mapping relationship 

between a plurality of downlink signals and a plurality of signatures includes: a mapping 

relationship between R downlink signals in the plurality of downlink signals and S combinations 

of a PUSCH time-frequency resource, a pilot resource, and a signature; a mapping relationship 30 

between R downlink signals in the plurality of downlink signals and S combinations of a PUSCH 

time-frequency resource and a signature; a mapping relationship between R downlink signals in 

the plurality of downlink signals and S combinations of a pilot resource and a signature; or a 

mapping relationship between R downlink signals in the plurality of downlink signals and S 

signatures, where R and S are positive integers. Optionally, at least one of R and S is 1. 35 
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[0051] In a possible design, the mapping relationship between R downlink signals in the 

plurality of downlink signals and S combinations of a PUSCH time-frequency resource and a 

signature includes: the R downlink signals are selected from the plurality of downlink reference 

signals in increasing order of indexes; and the S combinations of a PUSCH time-frequency 

resource and a signature that correspond to the R downlink signals are first selected in increasing 5 

order of frequency-domain resource indexes of a plurality of frequency multiplexed PUSCH time-

frequency resources, then in increasing order of indexes in a signature group, thirdly in increasing 

order of signature group indexes, and fourthly in increasing order of time-domain resource indexes 

of a plurality of time multiplexed PUSCH time-frequency resources, where the signature is a 

frequency-domain resource hopping pattern, a hopping pattern of a resource group including a 10 

frequency-domain resource, a code-domain resource, a code-domain resource hopping pattern, a 

space-domain resource, or a space-domain resource hopping pattern. 

[0052] In a possible design, the interface unit is further configured to receive configuration 

information from a network device, where the configuration information is used to configure the 

mapping relationship between a plurality of downlink signals and a plurality of signatures. 15 

[0053] In a possible design, when determining the at least one signature based on the first 

downlink signal, the processing unit is specifically configured to determine the at least one 

signature in a signature set associated with the first downlink signal, where each of the plurality of 

downlink signals has an associated signature set. 

[0054] In a possible design, when determining the at least one signature in the signature set 20 

associated with the first downlink signal, the processing unit is specifically configured to: when 

the processing unit determines that the communication apparatus is located in a coverage edge 

area of the first downlink signal, determine the at least one signature in a first signature subset, 

where the first signature subset and a signature set associated with a second downlink signal are 

orthogonal to each other; a correlation between the first signature subset and the signature set 25 

associated with the second downlink signal is lower than a correlation threshold; and the first 

signature subset is a subset of the signature set associated with the first downlink signal, and the 

second downlink signal is one of the plurality of downlink signals. 

[0055] In a possible design, when sending the data by using the at least one signature, the 

interface unit is specifically configured to: when the processing unit determines that the 30 

communication apparatus is located in the coverage edge area of the first downlink signal, send 

the data by using a first transmission parameter and the at least one signature; or when the 

processing unit determines that the communication apparatus is located in a non-coverage edge 

area of the first downlink signal, send the data by using a second transmission parameter and the 

at least one signature. 35 
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[0056] In a possible design, a condition for determining, by the processing unit, that the 

communication apparatus is located in the coverage edge area of the first downlink signal includes 

one or more of the following: signal quality of the first downlink signal is less than or equal to a 

first threshold; signal quality of a third downlink signal is greater than or equal to a second 

threshold; an absolute value of a difference between signal quality of a third downlink signal and 5 

signal quality of the first downlink signal is less than or equal to a third threshold; or a ratio of 

signal quality of a third downlink signal to signal quality of the first downlink signal is greater 

than or equal to a fourth threshold; and the third downlink signal is a downlink signal with highest 

signal quality in the plurality of downlink signals other than the first downlink signal. 

[0057] In a possible design, the processing unit is further configured to: determine an 10 

interference and/or multiplexing level of a time-frequency resource for sending the data; and 

determine a third transmission parameter based on the interference and/or multiplexing level of 

the time-frequency resource, where the third parameter meets the following characteristic: a higher 

interference and/or multiplexing level of the time-frequency resource indicates a lower power 

corresponding to the third transmission parameter; and when sending the data by using the at least 15 

one signature, the interface unit is specifically configured to send the data by using the third 

transmission parameter and the at least one signature. 

[0058] In a possible design, any two signatures in the signature set associated with the first 

downlink signal are orthogonal to each other; and at least one signature in the signature set 

associated with the first downlink signal is not orthogonal to at least one signature in a signature 20 

set associated with a fourth downlink signal, and the fourth downlink signal is one of the plurality 

of downlink signals. 

[0059] In a possible design, the signature is at least one of a code-domain resource, a pilot 

resource, a power resource, a space-domain resource, and a resource hopping pattern. 

[0060] According to a fourth aspect, an embodiment of this application provides a 25 

communication apparatus. The communication apparatus may include an interface unit and a 

processing unit. The processing unit is configured to determine configuration information, where 

the configuration information is used to configure a mapping relationship between a plurality of 

resources and a plurality of signatures, or configure a mapping relationship between a plurality of 

downlink signals and a plurality of signatures; and the interface unit is configured to send the 30 

configuration information to a terminal device. Optionally, the downlink signal is an SSB. 

[0061] In a possible design, the resources are a preamble (preamble) and a physical random 

access channel PRACH time-frequency resource for sending the preamble; and the mapping 

relationship between a plurality of resources and a plurality of signatures includes: a mapping 

relationship between N preambles on the PRACH time-frequency resource and M combinations 35 
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of a physical uplink shared channel PUSCH time-frequency resource, a pilot resource, and a 

signature; a mapping relationship between N preambles on the PRACH time-frequency resource 

and M combinations of a PUSCH time-frequency resource and a signature; a mapping relationship 

between N preambles on the PRACH time-frequency resource and M combinations of a pilot 

resource and a signature; or a mapping relationship between N preambles on the PRACH time-5 

frequency resource and M signatures, where M and N are positive integers. Optionally, at least one 

of M and N is 1. 

[0062] In a possible design, the mapping relationship between N preambles on the PRACH 

time-frequency resource and M combinations of a PUSCH time-frequency resource and a 

signature includes: the N preambles are first selected in increasing order of preamble indexes on 10 

the PRACH time-frequency resource, then in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in 

increasing order of time-domain resource indexes of a plurality of time multiplexed PRACH time-

frequency resources; and the M combinations of a PUSCH time-frequency resource and a 

signature that are mapped to the N preambles are first selected in increasing order of frequency-15 

domain resource indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, 

then in increasing order of indexes in a signature group, thirdly in increasing order of signature 

group indexes, and fourthly in increasing order of time-domain resource indexes of a plurality of 

time multiplexed PUSCH time-frequency resources, where the signature is a frequency-domain 

resource hopping pattern, a hopping pattern of a resource group including a frequency-domain 20 

resource, a code-domain resource, a code-domain resource hopping pattern, a space-domain 

resource, or a space-domain resource hopping pattern. 

[0063] In a possible design, the resources are a pilot resource and a PUSCH time-frequency 

resource, and the mapping relationship between a plurality of resources and a plurality of 

signatures includes: a mapping relationship between P pilot resources on the PUSCH time-25 

frequency resource and Q signatures, where P and Q are positive integers. Optionally, at least one 

of P and Q is 1. 

[0064] In a possible design, the mapping relationship between P pilot resources on the PUSCH 

time-frequency resource and Q signatures includes: the P pilot resources are first selected in 

increasing order of frequency-domain resource indexes of a plurality of frequency multiplexed 30 

PUSCH time-frequency resources, then in increasing order of pilot port indexes on the PUSCH 

time-frequency resource, thirdly in increasing order of pilot sequence indexes on the PUSCH time-

frequency resource, and fourthly in increasing order of time-domain resource indexes of a plurality 

of time multiplexed PUSCH time-frequency resources; and the Q signatures mapped to the P pilot 

resources are first selected in increasing order of signature group indexes, and then in increasing 35 
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order of indexes in a signature group, where the signature is a code-domain resource, a code-

domain resource hopping pattern, a space-domain resource, or a space-domain resource hopping 

pattern. 

[0065] In a possible design, the mapping relationship between a plurality of downlink signals 

and a plurality of signatures includes: a mapping relationship between R downlink signals in the 5 

plurality of downlink signals and S combinations of a PUSCH time-frequency resource, a pilot 

resource, and a signature; a mapping relationship between R downlink signals in the plurality of 

downlink signals and S combinations of a PUSCH time-frequency resource and a signature; a 

mapping relationship between R downlink signals in the plurality of downlink signals and S 

combinations of a pilot resource and a signature; or a mapping relationship between R downlink 10 

signals in the plurality of downlink signals and S signatures, where R and S are positive integers. 

Optionally, at least one of R and S is 1. 

[0066] In a possible design, the mapping relationship between R downlink signals in the 

plurality of downlink signals and S combinations of a PUSCH time-frequency resource and a 

signature includes: the R downlink signals are selected from the plurality of downlink reference 15 

signals in increasing order of indexes; and the S combinations of a PUSCH time-frequency 

resource and a signature that correspond to the R downlink signals are first selected in increasing 

order of frequency-domain resource indexes of a plurality of frequency multiplexed PUSCH time-

frequency resources, then in increasing order of indexes in a signature group, thirdly in increasing 

order of signature group indexes, and fourthly in increasing order of time-domain resource indexes 20 

of a plurality of time multiplexed PUSCH time-frequency resources, where the signature is a 

frequency-domain resource hopping pattern, a hopping pattern of a resource group including a 

frequency-domain resource, a code-domain resource, a code-domain resource hopping pattern, a 

space-domain resource, or a space-domain resource hopping pattern. 

[0067] According to a fifth aspect, an embodiment of this application provides a 25 

communication apparatus. The communication apparatus includes an interface circuit and a 

processor, and the processor and the interface circuit are coupled to each other. The processor is 

configured to implement the method according to any one of the first aspect or the possible designs 

of the first aspect by using a logic circuit or executing code instructions. The interface circuit is 

configured to: receive a signal from a communication apparatus other than the communication 30 

apparatus and transmit the signal to the processor, or send a signal from the processor to a 

communication apparatus other than the communication apparatus. It can be understood that the 

interface circuit may be a transceiver, a transceiver machine, a transmitter and receiver, or an 

input/output interface. 

[0068] Optionally, the communication apparatus may further include a memory, configured to: 35 
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store instructions executed by the processor, or store input data required for running instructions 

by the processor, or store data generated after the processor runs instructions. The memory may 

be a physically independent unit, or may be coupled to the processor, or the processor includes the 

memory. 

[0069] According to a sixth aspect, an embodiment of this application provides a 5 

communication apparatus. The communication apparatus includes an interface circuit and a 

processor, and the processor and the interface circuit are coupled to each other. The processor is 

configured to implement the method according to any one of the second aspect or the possible 

designs of the second aspect by using a logic circuit or executing code instructions. The interface 

circuit is configured to: receive a signal from a communication apparatus other than the 10 

communication apparatus and transmit the signal to the processor, or send a signal from the 

processor to a communication apparatus other than the communication apparatus. It can be 

understood that the interface circuit may be a transceiver, a transceiver machine, a transmitter and 

receiver, or an input/output interface. 

[0070] Optionally, the communication apparatus may further include a memory, configured to: 15 

store instructions executed by the processor, or store input data required for running instructions 

by the processor, or store data generated after the processor runs instructions. The memory may 

be a physically independent unit, or may be coupled to the processor, or the processor includes the 

memory. 

[0071] According to a seventh aspect, an embodiment of this application provides a 20 

communication system. The communication system includes a terminal device and a network 

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

the possible designs of the first aspect, and the network device may implement the method 

according to any one of the second aspect or the possible designs of the second aspect. 

[0072] According to an eighth aspect, an embodiment of this application provides a computer-25 

readable storage medium. The storage medium stores a computer program or instructions. When 

the computer program or the instructions is/are executed, the method according to any one of the 

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

second aspect or the possible designs of the second aspect may be implemented. 

[0073] According to a ninth aspect, an embodiment of this application further provides a 30 

computer program product, including a computer program or instructions. When the computer 

program or the instructions is/are executed, the method according to any one of the first aspect or 

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

the possible designs of the second aspect may be implemented. 

[0074] According to a tenth aspect, an embodiment of this application further provides a chip. 35 
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The chip is coupled to a memory, and is configured to read and execute a program or instructions 

stored in the memory, to implement the method according to any one of the first aspect or the 

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

aspect or the possible designs of the second aspect. 

[0075] For technical effects that can be achieved in the second aspect to the tenth aspect, refer 5 

to technical effects that can be achieved in the first aspect. Details are not described herein again. 

BRIEF DESCRIPTION OF DRAWINGS 

[0076] FIG. 1 is a schematic diagram 1 of an architecture of a communication system 

according to an embodiment of this application;

[0077] FIG. 2 is a schematic diagram 2 of an architecture of a communication system 10 

according to an embodiment of this application;

[0078] FIG. 3 is a schematic diagram of a NOMA framework according to an embodiment of 

this application;

[0079] FIG. 4 is a schematic diagram 1 of a communication method according to an 

embodiment of this application;15 

[0080] FIG. 5 is a schematic diagram of a coverage area of an SSB according to an 

embodiment of this application;

[0081] FIG. 6 is a schematic diagram of a terminal device located in a coverage area of an SSB 

according to an embodiment of this application;

[0082] FIG. 7 is a schematic diagram of a time-domain hopping pattern according to an 20 

embodiment of this application;

[0083] FIG. 8 is a schematic diagram of a frequency-domain hopping pattern at a plurality of 

hopping moments according to an embodiment of this application;

[0084] FIG. 9 is a schematic diagram of a code-domain resource hopping pattern in a plurality 

of hopping units according to an embodiment of this application;25 

[0085] FIG. 10 is a schematic diagram of a hopping pattern of a resource group in a plurality 

of hopping units according to an embodiment of this application;

[0086] FIG. 11 is a schematic diagram of association between an SSB and a signature set 

according to an embodiment of this application;

[0087] FIG. 12 is a schematic diagram of distribution of a preamble and a PRACH time-30 

frequency resource according to an embodiment of this application;

[0088] FIG. 13 is a schematic diagram of distribution of a PUSCH time-frequency resource 

and a signature according to an embodiment of this application;
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[0089] FIG. 14 is a schematic diagram of distribution of a time-frequency resource group 

according to an embodiment of this application;

[0090] FIG. 15 is a schematic diagram of spatial location movement of a terminal device 

according to an embodiment of this application;

[0091] FIG. 16 is a schematic diagram 2 of a communication method according to an 5 

embodiment of this application;

[0092] FIG. 17 is a schematic diagram 3 of a communication method according to an 

embodiment of this application;

[0093] FIG. 18 is a schematic diagram 4 of a communication method according to an 

embodiment of this application;10 

[0094] FIG. 19 is a schematic diagram of a change of a signature set used by a terminal device 

according to an embodiment of this application;

[0095] FIG. 20 is a schematic diagram of a signature determining method according to an 

embodiment of this application;

[0096] FIG. 21 is a schematic diagram of signature sets associated with an SSB in different 15 

coverage areas according to an embodiment of this application;

[0097] FIG. 22 is a schematic diagram 1 of a communication apparatus according to an 

embodiment of this application; and

[0098] FIG. 23 is a schematic diagram 2 of a communication apparatus according to an 

embodiment of this application. 20 

DESCRIPTION OF EMBODIMENTS 

[0099] The technical solutions in embodiments of this application may be used in various 

communication systems, for example, a long-term evolution (long-term evolution, LTE) system, a 

worldwide interoperability for microwave access (worldwide interoperability for microwave 

access, WiMAX) communication system, a 5th generation (5th generation, 5G) mobile 25 

communication system, and a new radio (new radio, NR) system. The technical solutions provided 

in this application may be further used in a future communication system, for example, a sixth-

generation mobile communication system. Alternatively, the communication system may be a 

Bluetooth (Bluetooth) communication system, a wireless local area network (wireless local area 

network, WLAN)/wireless communication technology (Wi-Fi) communication system, a 30 

narrowband internet of things (narrowband internet of things, NB-IoT) communication system, or 

the like. 

[00100] FIG. 1 is a schematic diagram of an architecture of a communication system to which 
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an embodiment of this application is applied. As shown in FIG. 1, the communication system 

includes a network device and terminal devices. An example in which there is one network device 

and six terminal devices is used. In the communication system shown in FIG. 1, the network device 

may send data (or information) to the terminal devices 1 to 6, or may receive data (or information) 

from the terminal devices 1 to 6. The data herein may be a physical signal such as a preamble or a 5 

reference signal; physical layer control information such as downlink control information 

(downlink control information, DCI) and uplink control information (uplink control information, 

UCI); control plane (control plane, CP) data such as a radio resource control (radio resource control, 

RRC) message; user plane (user plane, UP) data; or other information related to a specific scenario 

or application, such as related data (such as gradient information, training data, and model 10 

parameters) generated by or enabling artificial intelligence (artificial intelligence, AI) or machine 

learning (machine learning, ML), or related data by enabling a sensing (sensing) function or 

generated by sensing. 

[00101] In addition, the terminal devices may also form a communication system. Specifically, 

for example, in a smart home scenario, the terminal device 4 to the terminal device 6 may form a 15 

communication system, and the terminal device 5 may send a control instruction to the terminal 

device 4 and the terminal device 6. After receiving the control instruction, the terminal device 4 

and the terminal device 6 perform a corresponding operation, or feed back information such as a 

status to the terminal device 5. For another example, in an internet of vehicles scenario, the 

terminal device 4 to the terminal device 6 may form a communication system, and an in-vehicle 20 

terminal device (for example, the terminal device 4) may send information to another in-vehicle 

terminal device (for example, the terminal device 5), or may receive information from another in-

vehicle terminal device. 

[00102] The communication system to which embodiments of this application are applied may 

be further shown in FIG. 2. In the system, data is forwarded between a network device and a 25 

terminal device by using a relay device (or referred to as a relay node). Alternatively, the relay 

device may be specifically a network device or a terminal device. This is not limited in this 

application. It should be understood that, a single-hop (single-hop) relay system is used as an 

example of the relay system shown in FIG. 2. In other words, there is only one relay device 

between the network device and the terminal device. In a specific implementation, the network 30 

device and the terminal device may further form a multi-hop (multi-hop) relay system. In other 

words, there may be a plurality of relay devices between the network device and the terminal 

device. 

[00103] The network device may also be referred to as an access network (access network, AN) 

device or a radio access network (radio access network, RAN) device. The network device may be 35 
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a base station (base station), an evolved NodeB (evolved NodeB, eNodeB), a transmission 

reception point (transmission reception point, TRP), an integrated access and backhaul (integrated 

access and backhaul, IAB) node, a next generation NodeB (next generation NodeB, gNB) in a 5th 

generation (5th generation, 5G) mobile communication system, a base station in a 6th generation 

(6th generation, 6G) mobile communication system, a base station in another future mobile 5 

communication system, an access node in a Wi-Fi system, a home base station (for example, a 

home evolved NodeB, or a home NodeB, HNB), an access point (access point, AP) in a wireless 

fidelity (wireless fidelity, Wi-Fi) system, a wireless relay node, a wireless backhaul node, and the 

like, or may be a module or unit that completes some functions of the base station, for example, 

may be a central unit (central unit, CU), or may be a distributed unit (distributed unit, DU). The 10 

CU herein implements functions of a radio resource control protocol and a packet data 

convergence protocol (packet data convergence protocol, PDCP) of the base station, and may 

further implement functions of a service data adaptation protocol (service data adaptation protocol, 

SDAP). The DU completes functions of a radio link control layer and a medium access control 

(medium access control, MAC) layer of the base station, and may further complete functions of 15 

some or all of a physical layer. For specific descriptions of the foregoing protocol layers, reference 

may be made to technical specifications related to the 3rd generation partnership project (3rd 

generation partnership project, 3GPP). The network device may also be a non-terrestrial (non-

terrestrial) base station, for example, a low earth orbit (low earth orbit, LEO)/very low earth orbit 

(very low earth orbit, VLEO) satellite or a high-altitude platform station (high-attitude platform 20 

station, HAPS). 

[00104] The terminal device may also be referred to as a terminal, user equipment (user 

equipment, UE), a mobile station, a mobile terminal, or the like. The terminal device may be 

widely used in various scenarios such as device-to-device (device-to-device, D2D) communication, 

vehicle-to-everything (vehicle to everything, V2X) communication, machine-type communication 25 

(machine-type communication, MTC), internet of things (internet of things, IoT), virtual reality, 

augmented reality, industrial control, self-driving, telemedicine, a smart grid, smart furniture, 

smart office, smart wearables, smart transportation, and a smart city. The terminal device may be 

a mobile phone, a tablet computer, a computer with a wireless transceiver function, a wearable 

device, a vehicle, an uncrewed aerial vehicle, a helicopter, an airplane, a ship, a robot, a robotic 30 

arm, a smart home device, an in-vehicle terminal, an IoT terminal, a wearable device, or the like. 

A specific technology and a specific device form that are used by the terminal device are not 

limited in embodiments of this application. 

[00105] The terminal device and the network device may communicate with each other by using 

an air interface (Uu) link, a non-terrestrial network (non-terrestrial network, NTN) communication 35 
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link, or the like between the terminal device and the network device, and the terminal devices may 

communicate with each other by using a sidelink (sidelink, SL) such as D2D. Specifically, the 

terminal device may be in a connected state or an active (active) state, or may be in a non-

connected state (inactive) or an idle (idle) state, or may be in another state, for example, a state in 

which the terminal device is not attached to a network or downlink synchronization with the 5 

network is not performed. 

[00106] Communication may be performed between a network device and a terminal device, 

between network devices, and between terminal devices by using a licensed spectrum, or may be 

performed by using an unlicensed spectrum, or may be performed by using both a licensed 

spectrum and an unlicensed spectrum. Communication may be performed by using a spectrum 10 

below 6 GHz (gigahertz, GHz), for example, by using a 700/900 MHz (megahertz, MHz) or a 

2.1/2.6/3.5 GHz frequency band, or may be performed by using a spectrum above 6 GHz, for 

example, by using a millimeter wave or a terahertz (terahertz, THz) wave, or may be performed 

by using both a spectrum below 6 GHz and a spectrum above 6 GHz. A spectrum resource used 

for wireless communication is not limited in embodiments of this application. 15 

[00107] In this embodiment of this application, the function of the network device may 

alternatively be performed by a module (for example, a chip) in the network device, or may be 

performed by a control subsystem including the function of the network device. The control 

subsystem including the function of the network device may be a control center in the foregoing 

application scenarios such as a smart grid, industrial control, smart transportation, and a smart city. 20 

The function of the terminal device may alternatively be performed by a module (for example, a 

chip or a modem) in the terminal device, or may be performed by an apparatus including a function 

of the terminal device. 

[00108] For ease of understanding by a person skilled in the art, the following explains and 

describes some terms in embodiments of this application. 25 

[00109] (1) A synchronization signal block (synchronization signal block, SSB) may also be 

referred to as a synchronization signal/physical broadcast channel (physical broadcast channel, 

PBCH) block (synchronization signal/PBCH block, SSB). The SSB includes three parts: a primary 

synchronization signal (primary synchronization signal, PSS), a secondary synchronization signal 

(secondary synchronization signal, SSS), and a master information block (master information 30 

block, MIB). In an NR system, 4, 8, and 64 SSBs are supported. Generally, a higher frequency 

indicates a larger quantity of SSBs and a narrower beam of each SSB. The network device may 

send a plurality of SSBs through scanning. It may be understood that different SSBs may 

correspond to different spatial directions or beam directions, or may correspond to different spatial 

characteristics (for example, a quasi co-location (quasi co-location, QCL) characteristic). 35 
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[00110] (2) NOMA framework: In an NOMA framework shown in FIG. 3, at a NOMA 

transmitter, after being processed by components or modules such as a forward error correction 

(forward error correction, EFC) encoder (encoder), a bit-level interleaver/scrambler (bit-level 

interleaver/scrambler), bit-to-symbol mapping (bits to symbols mapping), symbol-to-resource 

element (resource element, RE) mapping (symbols to REs mapping), and inverse fast Fourier 5 

transform (inverse fast Fourier transform, IFFT), data is received by a NOMA receiver through a 

channel (channel). The NOMA receiver has an advanced receiver with a multi-user detector and 

interference cancellation (advanced receiver with a multi-user detector and interference 

cancellation). Data is output after being processed by components or modules such as a fast Fourier 

transform (fast Fourier transform, FFT), a multi-user detector (multi-user detector), and an FEC 10 

decoder (decoder). 

[00111] Currently, a typical NOMA technology includes sparse code multiple access (sparse 

code multiple access, SCMA), multi-user shared access (multi-user shared access, MUSA), 

resource spread multiple access (resource spread multiple access, RSMA), pattern division 

multiple access (pattern division multiple access, PDMA), interleave-grid multiple access 15 

(interleave-grid multiple access, IGMA), interleave-division multiple access (interleave-division 

multiple access, IDMA), non-orthogonal coded multiple access (non-orthogonal coded multiple 

access, NCMA), and the like. The technologies use a codebook, a spreading sequence, a sparse 

mapping sequence, and the like as signatures, and correspondingly, different bit-level processing 

(bit-level operation) and/or symbol-level processing (symbol-level operation) are used at the 20 

NOMA transmitter. The bit-level processing includes user-specific bit-level coding, scrambling, 

and interleaving (for example, IDMA uses bit-level interleaving as a signature to distinguish users). 

The symbol-level processing includes user-specific symbol-level spreading, modulation, 

scrambling, and interleaving. 

[00112] The NOMA technology has a non-orthogonal characteristic, and interference between 25 

users inevitably exists at the NOMA receiver. Therefore, a key to design of a receiver at the NOMA 

receiver is to suppress interference between the users. The iterative design of the receiver mainly 

includes two parts: a multi-user detection algorithm and an iterative interference cancellation 

structure. The low-complexity and low-delay multi-user detection algorithm and the interference 

cancellation structure are of great importance for popularization of NOMA, striking a balance 30 

between performance and implementation costs. 

[00113] The foregoing describes some noun concepts used in embodiments of this application. 

The following describes technical features of embodiments of this application. 

[00114] Currently, an application solution of the NOMA technology mainly depends on that a 

network device groups terminal devices based on a correlation of uplink channels between 35 
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accessed terminal devices, and allocates signatures in a same signature group to terminal devices 

in a same group. However, in this solution, the network device needs to continuously estimate the 

correlation of the uplink channels between the terminal devices, and when the group to which the 

terminal device belongs changes, the network device further re-delivers indication information to 

allocate a signature to the terminal device. This causes large signaling overheads and power 5 

consumption overheads to the network device and the terminal devices. Therefore, this application 

is intended to provide a new application solution of the NOMA technology, to avoid frequent 

configuration of the network device, and reduce signaling overheads and power consumption of 

the network device and the terminal device. 

[00115] Ordinal numerals such as "first" and "second" mentioned in embodiments of this 10 

application are used to distinguish between a plurality of objects, and are not intended to limit 

sizes, content, a sequence, a time sequence, priorities, importance, or the like of a plurality of 

objects. For example, a first threshold and a second threshold may be a same threshold, or may be 

different thresholds. In addition, this type of name does not indicate that values, corresponding 

parameters, priorities, importance, or the like of the two thresholds are different. 15 

[00116] In embodiments of this application, unless otherwise specified, a quantity of nouns 

represents "a singular noun or a plural noun", that is, "one or more". "At least one" means one or 

more, and "a plurality of" means two or more. The term "and/or" describes an association 

relationship between associated objects and indicates that three relationships may exist. For 

example, A and/or B may indicate the following three cases: Only A exists, both A and B exist, 20 

and only B exists. A and B each may be singular or plural. The character "/" generally indicates an 

"or" relationship between the associated objects. For example, A/B indicates A or B. "At least one 

of the following items (pieces)" or a similar expression thereof refers to any combination of these 

items, including any combination of singular items (pieces) or plural items (pieces). For example, 

at least one item (piece) of a, b, or c may represent: a, b, c, a and b, a and c, b and c, or a, b, and c. 25 

Herein, a, b, and c may be singular or plural. 

[00117] The following describes in detail embodiments of this application with reference to 

accompanying drawings. 

[00118] FIG. 4 is a schematic diagram of a communication method according to an embodiment 

of this application. In FIG. 4, an example in which a network device and a terminal device perform 30 

steps is used to illustrate the method. However, an execution body of the method is not limited in 

this application. For example, the network device in FIG. 4 may alternatively be a chip, a chip 

system, or a processor that supports the network device in implementing the method, or may be a 

logic module or software that can implement all or some functions of the network device. The 

terminal device in FIG. 4 may alternatively be a chip, a chip system, or a processor that supports 35 
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the terminal device in implementing the method, or may be a logic module or software that can 

implement all or some functions of the terminal device. The method includes the following steps. 

[00119] S401: The terminal device determines a first downlink signal from a plurality of 

downlink signals. 

[00120] In this embodiment of this application, the downlink signal may be an SSB, a 5 

synchronization signal (synchronization signal, SS), a channel state information reference signal 

(channel state information reference signal, CSI-RS), a tracking reference signal (tracking 

reference signal, TRS), a phase tracking reference signal (phase tracking reference signal, PTRS), 

or the like. The plurality of reference signals may be from one network device or from a plurality 

of network devices. For example, the network device is a TRP, and a plurality of downlink signals 10 

are from a plurality of TRPs. Different downlink signals sent by the network device may represent 

different spatial directions or beam directions, or represent different spatial characteristics (for 

example, a QCL characteristic). 

[00121] For example, the downlink signal is an SSB. As shown in FIG. 5, the network device 

may send a plurality of SSBs through scanning. In FIG. 5, for example, an SSB-1 to an SSB-3 are 15 

sent. Different SSBs represent different spatial directions or beam directions, and correspond to 

different coverage areas. For example, the SSB-1 corresponds to a coverage area 1, the SSB-2 

corresponds to a coverage area 2, the SSB-3 corresponds to a coverage area 3, and the SSB-1 to 

the SSB-3 cover terminal devices in different areas. 

[00122] Different downlink signals correspond to different coverage areas, and signal quality 20 

of a plurality of downlink signals received by terminal devices in different coverage areas is 

different. In some implementations, the network device may determine the selected first downlink 

signal based on the signal quality of the plurality of downlink signals. For example, the network 

device may measure signal quality of a plurality of downlink signals. Specifically, the signal 

quality may be one or more of a reference signal received power (reference signal received power, 25 

RSRP), reference signal received quality (reference signal received quality, RSRQ), a signal to 

interference plus noise ratio (signal-to-noise and interference ratio, SINR), a received signal 

strength indicator (received signal strength indicator, RSSI), a path loss (path loss, PL), an angle 

of arrival (angle of arrival, AoA) of a signal, a time difference of arrival (time difference of arrival, 

TDOA), and the like. When the signal quality is the RSRP, the RSRQ, the SINR, or the RSSI, a 30 

larger value of the RSRP, the RSRQ, the SINR, or the RSSI indicates higher signal quality. When 

the signal quality is the PL, the AoA, or the TDOA, a smaller value of the PL, the AoA, or the 

TDOA indicates higher signal quality. 

[00123] An example in which the downlink signal is an SSB and the signal quality is a RSRP 

is still used. As shown in FIG. 6, the terminal device is located in coverage of the SSB-2, and a 35 
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RSRP of the SSB-2 obtained through measurement is greater than a RSRP of the SSB-1 and a 

RSRP of the SSB-3 obtained through measurement. The terminal device may determine, from the 

SSB-1 to the SSB-3, that the SSB-2 is the first reference signal (or the first SSB). 

[00124] In some other implementations, the terminal device may alternatively select, from a 

plurality of downlink signals, at least one downlink signal whose signal quality is greater than or 5 

equal to a threshold (for example, a fifth threshold) as a candidate downlink signal, and select one 

candidate downlink signal from the at least one candidate downlink signal as the first downlink 

signal. 

[00125] In an example, the terminal device may randomly select one candidate downlink signal 

from the at least one candidate downlink signal as the first downlink signal. Alternatively, after 10 

determining the at least one candidate downlink signal, the terminal device may further send 

candidate downlink signal information including an identifier (such as an index) of the at least one 

candidate downlink signal to the network device. The network device selects one downlink signal 

from the at least one candidate downlink signal and indicates the downlink signal to the terminal 

device. The terminal device uses the downlink signal indicated by the network device as the first 15 

downlink signal. For example, the network device may determine, based on load of the at least 

one candidate downlink signal, one first downlink reference signal from the at least one candidate 

downlink signal for the terminal device, and may indicate the selected candidate downlink signal 

to the terminal device by using signaling such as radio resource control (radio resource control, 

RRC), downlink control information (downlink control information, DCI), or a medium access 20 

control-control element (medium access control-control element, MAC CE). In a manner of 

determining the first signal by the network device for the terminal device, a case in which the first 

downlink signal selected by the terminal device based on a signal quality measurement result or 

the like is not optimal from a perspective of an entire communication system although signal 

quality is good can be avoided. For example, a case in which the selected first downlink signal has 25 

good signal quality but has large load and congestion can be avoided. 

[00126] S402: The terminal device determines at least one signature based on the first downlink 

signal. 

[00127] S403: The terminal device sends data by using the at least one signature, and 

correspondingly, the network device receives the data. 30 

[00128] In this embodiment of this application, a mapping relationship between a downlink 

signal and a signature, an association relationship between a downlink signal and a signature set, 

a mapping relationship between a signature and a resource corresponding to a downlink signal, 

and the like may be configured for the network device and the terminal device by a protocol 

definition, network device configuration, or the like. The terminal device may determine, based 35 
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on the determined first downlink signal, the determined mapping relationship between a downlink 

signal and a signature, the determined association relationship between a downlink signal and a 

signature set, and the like, the at least one signature for sending the data. 

[00129] With reference to a specific manner, the following describes in detail an 

implementation of how the terminal device determines the at least one signature based on the first 5 

downlink signal. For ease of description, in subsequent descriptions of this embodiment of this 

application, an example in which the downlink signal is an SSB is used for descriptions. It may be 

understood that the SSB may alternatively be another downlink signal. 

[00130] Manner 1: Each of the plurality of SSBs has an associated signature set, and the 

terminal device determines the at least one signature in a signature set associated with the first 10 

SSB. 

[00131] In this embodiment of this application, a code-domain resource, a pilot resource, a 

power resource, a space-domain resource, a resource hopping pattern, and the like that can be used 

for (or used for assisting or enhancing) multi-user detection or data receiving may be used as a 

signature. The signature specifically includes but is not limited to the following implementations. 15 

[00132] (1) The signature is a code-domain resource. For example, the signature may be one or 

more of an SCMA codebook (codebook), an MUSA spreading sequence (spreading sequence), an 

RSMA spreading sequence, a PDMA pattern, an IGMA grid mapping pattern (grid mapping 

pattern), an NCMA sequence, a welch-bound equality (welch-bound equality, WBE) sequence, a 

WBE-based modified chirp (Chirp) sequence, a complex-valued sequence with a quantized 20 

element, a Grassmannian (Grassmannian) sequence, a quadrature phase shift keying (quadrature 

phase shift keying, QPSK) sequence, an unequal weighted sparse spreading pattern (unequal 

weighted sparse spreading pattern), a bit-to-symbol mapping rule, a bit-level interleaving sequence, 

or the like, or a generation parameter for generating the sequences (or patterns or rules), or an 

initial value for initializing the sequences (or patterns or rules), or the like. 25 

[00133] Alternatively, the signature may be a Zadoff-Chu (ZC) sequence, a covered (covered)-

ZC sequence, a pseudo-random noise (pseudo-random noise, PN) sequence, an M sequence, a 

Golden sequence, a Reed-Muller sequence, a discrete Fourier transform (discrete Fourier 

transform, DFT) sequence, an inverse discrete Fourier transform (inverse discrete Fourier 

transform, IDFT) sequence, a Hadamard (Hadamard) sequence, or the like, or may be a generation 30 

parameter for generating the sequences, or an initial value for initializing the sequences, or the like. 

[00134] As shown in Table 1, an example of 32 spreading sequences (linear) with a length of 4 

as signatures is used. Different spreading sequences correspond to different indexes (indexes), c1, 

c2, c3, and c4 respectively represent the first to the fourth elements of the spreading sequences, j 

is an imaginary unit, and j*j=–1. 35 
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Table 1 

Index c1 c2 c3 c4 Index c1 c2 c3 c4 

1 1 1 1 1 17 1 1 1 –1 

2 1 1 –1 –1 18 1 1 –1 1 

3 1 –1 1 –1 19 1 –1 1 1 

4 1 –1 –1 1 20 1 –1 –1 –1 

5 1 1 –j j 21 1 1 –j –j 

6 1 1 j –j 22 1 1 j j 

7 1 –1 –j –j 23 1 –1 –j j 

8 1 –1 j j 24 1 –1 j –j 

9 1 –j 1 j 25 1 –j 1 –j 

10 1 –j –1 –j 26 1 –j –1 J 

11 1 J 1 –j 27 1 J 1 J 

12 1 J –1 J 28 1 J –1 –j 

13 1 –j –j –1 29 1 –j –j 1 

14 1 –j j 1 30 1 –j j –1 

15 1 j –j 1 31 1 j –j –1 

16 1 j j –1 32 1 j j 1 

[00135] (2) The signature is a pilot resource. For example, the signature may be a pilot port 

(port), a pilot sequence, a parameter for generating a pilot sequence, or an initial value for 

initializing a pilot sequence. The pilot includes but is not limited to a preamble (preamble), a 5 

demodulation reference signal (demodulation reference signal, DMRS), a sounding reference 

signal (sounding reference signal, SRS), and a reference signal having a sensing function. The 

pilot port includes but is not limited to a port of a reference signal such as a DMRS. The pilot 

sequence includes but is not limited to a ZC sequence, a covered-ZC sequence, a PN sequence, an 

M sequence, a Golden sequence, a Reed-Muller sequence, a DFT sequence, an IDFT sequence, a 10 

Hadamard sequence, and the like. The parameter for generating a pilot sequence includes, for 

example, a root (root) index of a ZC sequence, a cyclic shift (cyclic shift, CS), an initial value of 

a sequence, and a scrambling (scrambling) ID of a PN sequence. 

[00136] (3) The signature is a power resource. For example, the signature may be a power class, 

a power control parameter, a power value, or the like. 15 

[00137] (4) The signature is a space-domain resource. For example, the signature may be a 

parameter or a parameter value that forms a specific beam direction or space direction, such as a 
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beamforming parameter or a precoding matrix/vector. 

[00138] (5) The signature is a single resource-domain resource hopping pattern. For example, 

the signature may be a time-domain pattern, a hopping pattern of a frequency-domain 

resource/code-domain resource/pilot resource/space-domain resource/power-domain resource at a 

plurality of hopping moments, and a hopping pattern of a frequency-domain resource/code-domain 5 

resource/pilot resource/space-domain resource/power-domain resource in a plurality of hopping 

units. 

[00139] The time-domain pattern may represent (or indicate) distribution of time-domain 

resources used by the terminal device to send data. To be specific, a plurality of time-domain 

resources used by the terminal device to send the data may be determined based on the time-10 

domain pattern. Each time-domain resource may be used to send a part of data, for example, a 

code block (code block, CB), or may be used to send one repetition of data, for example, a 

redundancy version (redundancy version, RV). The time-domain pattern shown in FIG. 7 is used 

as an example. A pattern P1 indicates that data is sent in a slot (slot) 1 and a slot 3, a pattern P2 

indicates that data is sent in a slot 2 and a slot 4, a pattern P3 indicates that data is sent in a slot 1 15 

and a slot 2, and a pattern P4 indicates that data is sent in a slot 3 and a slot 4. 

[00140] The hopping pattern of the frequency-domain resource/code-domain resource/pilot 

resource/space-domain resource/power-domain resource at the plurality of hopping moments may 

represent the frequency-domain resource/code-domain resource/pilot resource/space-domain 

resource/power-domain resource separately used by the terminal device at the plurality of hopping 20 

moments. In other words, the frequency-domain resource/code-domain resource/pilot 

resource/space-domain resource/power-domain resource separately used by the terminal device at 

the plurality of hopping moments may be determined based on the hopping pattern. Specifically, 

each hopping moment may be one or more consecutive or non-consecutive symbols/slots/mini-

slots/subframes/frames/transmission occasions. The frequency-domain hopping pattern at the 25 

plurality of hopping moments shown in FIG. 8 is used as an example. Each slot is a moment, a 

pattern P1 indicates that data is sent in four slots by using a resource block (resource block, RB) 

4, an RB 3, an RB 1 and an RB 3 respectively, and a pattern P2 indicates that data is sent in four 

slots by using an RB 3, an RB 1, an RB 2, and an RB 4 respectively. 

[00141] The hopping pattern of the frequency-domain resource/code-domain resource/pilot 30 

resource/space-domain resource/power-domain resource in the plurality of hopping units may 

represent the code-domain resource/pilot resource/space-domain resource/power-domain resource 

separately used by the terminal device in the plurality of hopping units. In other words, the 

frequency-domain resource/code-domain resource/pilot resource/space-domain resource/power-

domain resource separately used by the terminal device in the plurality of hopping units may be 35 
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determined based on the hopping pattern. The hopping unit is defined in time-frequency (time 

domain and frequency domain). The time domain may be one or more consecutive or non-

consecutive symbols/slots/mini-slots/subframes/frames/transmission occasions, and the like. The 

frequency domain may be one or more consecutive or non-consecutive subcarriers/subcarrier 

groups/RBs/RB groups, and the like. For example, one symbol in time domain and four 5 

consecutive subcarriers in frequency domain may form one hopping unit. A code-domain resource 

hopping pattern in a plurality of units shown in FIG. 9 is used as an example. A codebook 3 is used 

on subcarriers (subcarriers, SCs) 1 to 4 of a symbol 1, a codebook 2 is used on subcarriers 5 to 8 

of the symbol 1, and a codebook 2 is used on subcarriers 9 to 12 of a symbol 7. 

[00142] (6) The signature is a joint hopping pattern of multi-domain resources. For example, 10 

the signature may be a joint hopping pattern of a frequency-domain resource/code-domain 

resource/pilot resource/space-domain resource/power-domain resource at a plurality of hopping 

moments, or a hopping pattern of a frequency-domain resource/code-domain resource/pilot 

resource/space-domain resource/power-domain resource in a plurality of units. 

[00143] The joint hopping pattern of the frequency-domain resource/code-domain 15 

resource/pilot resource/space-domain resource/power-domain resource at the plurality of hopping 

moments may represent a hopping pattern of a resource group including two or more types of 

resources such as the frequency-domain resource/code-domain resource/pilot resource/space-

domain resource/power-domain resource at the plurality of hopping moments, that is, may 

represent a resource group used by the terminal device at each hopping moment. Each hopping 20 

moment may be one or more consecutive or non-consecutive symbols/slots/mini-

slots/subframes/frames/transmission occasions. The resource group may be, for example, a two-

dimensional resource group (pilot, code-domain resource) including a pilot and a code-domain 

resource, a two-dimensional resource group (pilot, frequency-domain resource) including a pilot 

and a frequency-domain resource, or a two-dimensional resource group (frequency-domain 25 

resource, code-domain resource) including a frequency-domain resource and a code-domain 

resource. The joint hopping pattern of multi-domain resources shown in Table 2 is used as an 

example, where 32 hopping patterns are included in total, the 32 hopping patterns respectively 

correspond to indexes (indexes) 1 to 32, T1 to T8 represent eight hopping moments, and each 

number represents a resource combination. For example, two pilot sequences and four frequency-30 

domain resources have a total of 2*4=8 (pilot sequence, frequency-domain resource) combinations, 

and numbers 1 to 8 respectively represent combinations (1, 1), (1, 2), (1, 3), (1, 4), (2, 1), (2, 2), 

(2, 3), and (2, 4), where (x, y) indicates that an xth sequence and a yth frequency-domain resource 

are used at a corresponding hopping moment. 



30 

Table 2 

Index T1 T2 T3 T4 T5 T6 T7 T8 

1 6 1 4 8 1 5 6 2 

2 2 6 5 5 8 7 1 6 

3 5 8 3 3 4 6 3 5 

4 4 3 1 1 7 2 7 8 

5 1 7 2 7 2 3 4 4 

6 3 4 8 4 6 1 5 1 

7 7 2 7 6 3 4 2 7 

8 8 5 6 2 5 8 8 3 

9 7 5 1 7 8 6 5 2 

10 4 4 7 3 1 3 8 6 

11 3 3 6 5 2 5 2 5 

12 2 8 4 4 3 8 4 8 

13 8 2 8 8 4 7 7 4 

14 5 6 2 1 5 4 6 1 

15 6 7 5 2 7 1 3 7 

16 1 1 3 6 6 2 1 3 

17 6 3 8 3 8 4 4 3 

18 2 2 6 7 1 2 3 1 

19 5 5 7 8 2 1 1 8 

20 4 1 2 2 3 7 5 5 

21 1 4 1 5 4 8 6 7 

22 3 7 4 6 5 6 7 6 

23 7 6 3 4 7 5 8 4 

24 8 8 5 1 6 3 2 2 

25 2 5 8 6 7 3 6 5 

26 6 4 6 1 3 6 1 4 

27 1 3 7 4 5 7 3 2 

28 7 8 2 5 1 1 7 3 

29 5 2 1 2 6 5 4 6 

30 8 6 4 3 2 2 5 7 

31 4 7 3 8 8 8 2 1 
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Index T1 T2 T3 T4 T5 T6 T7 T8 

32 3 1 5 7 4 4 8 8 

[00144] The hopping pattern of the frequency-domain resource/code-domain resource/pilot 

resource/space-domain resource/power-domain resource in the plurality of hopping units may 

represent a hopping pattern of a resource group including two or more types of resources such as 

the frequency-domain resource/code-domain resource/pilot resource/space-domain 5 

resource/power-domain resource in the plurality of hopping units, that is, may represent a resource 

group used by the terminal device in each hopping unit. The hopping unit is defined in time-

frequency. The time domain may be one or more consecutive or non-consecutive 

symbols/slots/mini-slots/subframes/frames/transmission occasions, and the like. The frequency 

domain may be one or more consecutive or non-consecutive subcarriers/subcarrier 10 

groups/RBs/RB groups. For example, one symbol in time domain and four consecutive subcarriers 

in frequency domain may form one hopping unit. The resource group may be, for example, a two-

dimensional resource group (pilot, code-domain resource) including a pilot and a code-domain 

resource, a two-dimensional resource group (pilot, frequency-domain resource) including a pilot 

and a frequency-domain resource, or a two-dimensional resource group (frequency-domain 15 

resource, code-domain resource) including a frequency-domain resource and a code-domain 

resource. A hopping pattern of a resource group in a plurality of hopping units shown in FIG. 10 

is used as an example. A resource group 3 is used on subcarriers (SCs) 1 to 4 of a symbol 1, a 

resource group 2 is used on subcarriers 5 to 8 of the symbol 1, … a resource group 2 is used on 

subcarriers 9 to 12 of a symbol 7. 20 

[00145] (7) The signature is a resource group including multi-domain resources. For example, 

the signature may be a multi-domain resource group including two or more resources in resources 

such as a code-domain resource, a power-domain resource, a space-domain resource, a time-

domain resource, a frequency-domain resource, a pilot resource, and a hopping pattern, for 

example, a two-dimensional resource group (pilot, code-domain resource) including a pilot and a 25 

code-domain resource, a two-dimensional resource group (pilot, frequency-domain resource) 

including a pilot and a frequency-domain resource, a two-dimensional resource group (frequency-

domain resource, code-domain resource) including a frequency-domain resource and a code-

domain resource, a two-dimensional resource group (pilot, hopping pattern) including a pilot and 

a hopping pattern, and the like. For example, a two-dimensional resource group including a pilot 30 

and a code-domain resource shown in Table 3 is used as a signature. The pilot includes 32 DMRS 

resources in total: eight DMRS ports (DMRS ports 1 to 8) and four DMRS sequences (seq) (DMRS 

sequences 1 to 4) of each port. Different DMRS ports indicate different time-frequency resources 



32 

occupied by the DMRSs, or different orthogonal cover codes (orthogonal cover codes). Generally, 

two DMRS resources of a same port are not orthogonal, and two DMRS resources of different 

ports are orthogonal, or orthogonality of two DMRS resources of different ports is better than 

orthogonality of two DMRS resources of a same port. The 16 code-domain resources in Table 3 

may be the first 16 codebooks (code) shown in Table 1. A two-dimensional resource group whose 5 

index is 1 is a combination of a DMRS port 1, a DMRS sequence 1 of the DMRS port 1, and a 

codebook 1, a two-dimensional resource group whose index is 2 is a combination of a DMRS port 

2, a DMRS sequence 1 of the DMRS port 1, and a codebook 5, … a two-dimensional resource 

group whose index is 32 is a combination of a DMRS sequence 4 of a DMRS port 8 and a codebook 

16. 10 

Table 3 

Index DMRS port DMRS sequence Codebook 

1 1 1 1 

2 2 1 5 

3 3 1 9 

4 4 1 13 

5 5 1 2 

6 6 1 6 

7 7 1 10 

8 8 1 14 

9 1 2 3 

10 2 2 7 

11 3 2 11 

12 4 2 15 

13 5 2 4 

14 6 2 8 

15 7 2 12 

16 8 2 16 

17 1 3 1 

18 2 3 5 

19 3 3 9 

20 4 3 13 

21 5 3 2 
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Index DMRS port DMRS sequence Codebook 

22 6 3 6 

23 7 3 10 

24 8 3 14 

25 1 4 3 

26 2 4 7 

27 3 4 11 

28 4 4 15 

29 5 4 4 

30 6 4 8 

31 7 4 12 

32 8 4 16 

[00146] It should be understood that, the signature may be generated in advance, written into a 

protocol, or stored in the network device and the terminal device, and each signature has a 

corresponding identifier such as an ID or an index. Alternatively, the signature may be instantly 

generated by using a specific rule, a parameter, or a formula. When the signature is instantly 5 

generated by using a specific rule, a parameter, or a formula, the network device may configure or 

reconfigure, for the terminal device by using signaling such as RRC, a MAC CE, or DCI, the rule, 

the parameter, or the formula for generating the signature. Correspondingly, the terminal device 

receives the configuration information, and generates the signature. The RRC may be cell-specific 

RRC signaling such as broadcast (broadcast) information, system information (system information, 10 

SI), or paging information (paging information), or may be UE-specific (UE-specific) RRC 

signaling. The DCI may be UE-specific DCI, or may be group (group) DCI or common (common) 

DCI. 

[00147] Signatures can be grouped based on a specific rule or method. Each signature group 

may include one or more signatures. A quantity of signatures in different signature groups can be 15 

the same or different. A same signature may be in a plurality of signature groups. In addition, an 

identifier of a signature group and an identifier of a signature in the group, such as an index, may 

be established. 

[00148] In a possible implementation, grouping may be performed based on orthogonality of 

signatures. According to a possible grouping rule, any two signatures in a signature group are 20 

orthogonal to each other, and different signature groups are not orthogonal, that is, at least two 

signatures (in different signature groups respectively) in different signature groups are not 

orthogonal. 
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[00149] The definition of orthogonality varies with a signature type. When the signature is a 

spreading sequence (such as a MUSA/RSMA/PDMA/NCMA sequence) or a pilot sequence, 

orthogonality may be defined as that an inner product of the two sequences is 0, that is, 

∑ 𝑎𝑖 ∙ 𝑏𝚤̅
𝑁
𝑖=1 = ∑ 𝑏𝑖 ∙ 𝑎𝚤̅

𝑁
𝑖=1 =0, where 𝑎𝑖 and 𝑏𝑖 are respectively ith elements of the two sequences, 

N is a sequence length, and 𝑏𝚤̅ represents a conjugate of 𝑏𝑖. For example, a sequence (1, 1, j, –j) 5 

and a sequence (1, –1, –j, –j) are orthogonal to each other, and a sequence (1 1 0 0) and a sequence 

(0 0 1 1) are orthogonal to each other, where j is an imaginary unit, and j*j=–1. ∑ 𝑎𝑖 ∙ 𝑏𝚤̅
𝑁
𝑖=1 =

∑ 𝑏𝑖 ∙ 𝑎𝚤̅
𝑁
𝑖=1  may also be defined as a correlation or non-orthogonality measure of a sequence. 

[00150] The 32 spreading sequences with a length of 4 shown in Table 1 as signatures is still 

used as an example. As shown in Table 4, 4 signatures with indexes 1 to 4 are orthogonal and may 10 

be grouped into one signature group, similarly, 4 signatures with indexes 5 to 8 are orthogonal and 

may be grouped into one signature group, and similarly, 4 signatures with indexes 29 to 32 are 

orthogonal and may be grouped into one signature group. Different signature groups are not 

orthogonal. 

Table 4 15 

Index c1 c2 c3 c4 Signature group Index c1 c2 c3 c4 Signature group 

1 1 1 1 1 1 17 1 1 1 –1 5 

2 1 1 –1 –1 18 1 1 –1 1 

3 1 –1 1 –1 19 1 –1 1 1 

4 1 –1 –1 1 20 1 –1 –1 –1 

5 1 1 –j j 2 21 1 1 –j –j 6 

6 1 1 j –j 22 1 1 j j 

7 1 –1 –j –j 23 1 –1 –j j 

8 1 –1 j j 24 1 –1 j –j 

9 1 –j 1 j 3 25 1 –j 1 –j 7 

10 1 –j –1 –j 26 1 –j –1 i 

11 1 j 1 –j 27 1 j 1 j 

12 1 j –1 j 28 1 j –1 –j 

13 1 –j –j –1 4 29 1 –j –j 1 8 

14 1 –j j 1 30 1 –j j –1 

15 1 j –j 1 31 1 j –j –1 

16 1 j j –1 32 1 j j 1 
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[00151] When the signature is a sparse mapping pattern/sequence, orthogonality may be defined 

as that an inner product of two patterns/sequences is 0, for example, (1 1 0 0) and (0 0 1 1) are 

orthogonal, and the inner product of the two patterns/sequences may be further defined as a 

correlation or non-orthogonality measure of the patterns/sequences. Alternatively, orthogonality 

may be defined as that resources mapped to two patterns/sequences do not overlap. Alternatively, 5 

orthogonality may be defined as that a quantity of overlapping resources or a proportion of 

overlapping quantities of resources mapped to two patterns/sequences is a correlation or non-

orthogonality measure of the patterns/sequences, or a quantity of non-overlapping resources or a 

proportion of non-overlapping quantities of resources mapped to two patterns/sequences is a non-

correlation or orthogonality measure of the patterns/sequences. 10 

[00152] When the signature is a hopping pattern of a single resource, orthogonality may be 

defined as that resources of two hopping patterns are orthogonal at any hopping moment or in any 

hopping unit. A quantity or proportion of hopping moments or hopping units of the two hopping 

pattern resources that are not orthogonal may be further defined as a correlation or non-orthogonal 

metric, or a quantity or proportion of hopping moments or hopping units of the two hopping pattern 15 

resources that are orthogonal may be defined as a non-correlation or orthogonal metric. 

[00153] When the signature is a joint hopping pattern of multi-domain resources, orthogonality 

may be defined as that resources in at least one dimension of two hopping patterns is orthogonal 

at any hopping moment or in any hopping unit, or as that resources in all dimensions of two 

hopping patterns are orthogonal at any hopping moment or in any hopping unit, for example, 20 

frequency domain orthogonal, code domain orthogonal (sequence/pattern orthogonal), space 

domain orthogonal, or pilot orthogonal (port/time-frequency resource/sequence orthogonal). 

Alternatively, a hopping moment or a quantity or proportion of hopping units when two hopping 

patterns do not have any resource orthogonal in any dimension may be defined as a correlation or 

non-orthogonal metric, or a hopping moment or a quantity or proportion of hopping units when 25 

two hopping patterns have resources orthogonal in at least one dimension may be defined as a non-

correlation or orthogonal metric. 

[00154] The joint hopping pattern including a frequency-domain resource and a pilot resource 

shown in Table 2 is still used as an example of a signature. As shown in Table 5, eight patterns 

whose indexes are 1 to 8 may be grouped into one signature group, eight patterns whose indexes 30 

are 9 to 16 may be grouped into one signature group, eight patterns whose indexes are 17 to 24 

may be grouped into one signature group, and eight patterns whose indexes are 25 to 32 may be 

grouped into one signature group. Signatures in a signature group are orthogonal, for example, 

patterns (signatures) whose indexes are 4 and 5 in a signature group 1 are orthogonal. Signatures 

between groups are not orthogonal, for example, a pattern (signature) whose index is 12 in a 35 
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signature group 2 is not orthogonal to a pattern (signature) whose index is 20 in a signature group 

3. 

Table 5 

Index T1 T2 T3 T4 T5 T6 T7 T8 Signature group

1 6 1 4 8 1 5 6 2 1 

2 2 6 5 5 8 7 1 6 

3 5 8 3 3 4 6 3 5 

4 4 3 1 1 7 2 7 8 

5 1 7 2 7 2 3 4 4 

6 3 4 8 4 6 1 5 1 

7 7 2 7 6 3 4 2 7 

8 8 5 6 2 5 8 8 3 

9 7 5 1 7 8 6 5 2 2 

10 4 4 7 3 1 3 8 6 

11 3 3 6 5 2 5 2 5 

12 2 8 4 4 3 8 4 8 

13 8 2 8 8 4 7 7 4 

14 5 6 2 1 5 4 6 1 

15 6 7 5 2 7 1 3 7 

16 1 1 3 6 6 2 1 3 

17 6 3 8 3 8 4 4 3 3 

18 2 2 6 7 1 2 3 1 

19 5 5 7 8 2 1 1 8 

20 4 1 2 2 3 7 5 5 

21 1 4 1 5 4 8 6 7 

22 3 7 4 6 5 6 7 6 

23 7 6 3 4 7 5 8 4 

24 8 8 5 1 6 3 2 2 

25 2 5 8 6 7 3 6 5 4 

26 6 4 6 1 3 6 1 4 

27 1 3 7 4 5 7 3 2 

28 7 8 2 5 1 1 7 3 
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Index T1 T2 T3 T4 T5 T6 T7 T8 Signature group

29 5 2 1 2 6 5 4 6 

30 8 6 4 3 2 2 5 7 

31 4 7 3 8 8 8 2 1 

32 3 1 5 7 4 4 8 8 

[00155] When the signature is a resource group including multi-domain resources, 

orthogonality may be defined as that resources of two resource groups in at least one dimension 

are orthogonal, or resources in all dimensions are orthogonal. Alternatively, a maximum value, a 

minimum value, or an average value of a correlation of all non-orthogonal resources in the two 5 

resource groups may be defined as a correlation or non-orthogonality measure of the two resource 

groups. 

[00156] The two-dimensional resource group including a pilot resource and a frequency-

domain resource shown in Table 3 is still used as an example of a signature. As shown in Table 6, 

16 resource groups (signatures) whose indexes are 1 to 16 may be grouped into one signature 10 

group, and 16 resource groups (signatures) whose indexes are 17 to 32 may be grouped into one 

signature group. Signatures in the signature group are orthogonal (pilot orthogonal or code domain 

orthogonal), and signatures between groups are not orthogonal, for example, a DMRS port and a 

codebook of a resource group (signature) whose index is 5 in a signature group 1 is the same as a 

DMRS port and a codebook of a resource group whose index is 21 in a signature group 2, and are 15 

not orthogonal. 

Table 6 

Index DMRS port DMRS sequence Codebook Signature group 

1 1 1 1 1 

2 2 1 5 

3 3 1 9 

4 4 1 13 

5 5 1 2 

6 6 1 6 

7 7 1 10 

8 8 1 14 

9 1 2 3 

10 2 2 7 
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Index DMRS port DMRS sequence Codebook Signature group 

11 3 2 11 

12 4 2 15 

13 5 2 4 

14 6 2 8 

15 7 2 12 

16 8 2 16 

17 1 3 1 2 

18 2 3 5 

19 3 3 9 

20 4 3 13 

21 5 3 2 

22 6 3 6 

23 7 3 10 

24 8 3 14 

25 1 4 3 

26 2 4 7 

27 3 4 11 

28 4 4 15 

29 5 4 4 

30 6 4 8 

31 7 4 12 

32 8 4 16 

[00157] According to another possible grouping rule, orthogonality of signatures in a signature 

group is better than orthogonality of signatures between signature groups. For example, a 

correlation in a signature group can be defined as a minimum value, a maximum value, or an 

average value of a correlation between any two signatures in the signature group, and a correlation 5 

between two signature groups can be defined as a minimum value, a maximum value, or an average 

value of a correlation between any signature in one of the two signature groups and any signature 

in the other group. When the correlation in a signature group is less than the correlation between 

signature groups, it is considered that the orthogonality of the signatures in the group is better than 

that of the signatures between the groups. 10 

[00158] According to still another possible grouping rule, a correlation in a signature group is 

lower than a correlation threshold, a non-correlation is higher than a non-correlation threshold, a 
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correlation between signature groups is higher than a correlation threshold, or a non-correlation is 

lower than a non-correlation threshold. The correlation threshold or the non-correlation threshold 

may be predefined, or may be indicated by the network device to the terminal device by using 

signaling such as RRC, a MAC CE, or DCI. 

[00159] In another possible implementation, the signatures may be grouped based on indexes 5 

of the signatures. For example, signatures 1 to K are in a signature group, signatures K+1 to 2K 

are in a signature group, and K is an integer greater than 0. Alternatively, the signatures are grouped 

based on a characteristic of the signatures, for example, the signatures are grouped based on a 

length of a sequence. 

[00160] In Manner 1, each SSB is associated with one signature set, and each signature set 10 

includes one or more signatures or one or more signature groups. Signatures or signature groups 

in different signature sets may be different, or may be partially the same, partially different, or 

completely the same. As shown in FIG. 11, because spatial directions of the SSB-1 and the SSB-

3 almost do not overlap, a signature set S1 associated with the SSB-1 may be the same as a 

signature set S3 associated with the SSB-3. When the terminal device selects the at least one 15 

signature from the signature set associated with the first SSB, the at least one signature may be 

randomly selected, or may be selected according to another rule, for example, an association 

relationship between a terminal device ID and a signature in a signature set (for example, the last 

bit of the terminal device ID is used as an index of the first signature selected from the signature 

set), or determined based on an indication of the network device. 20 

[00161] Optionally, to reduce mutual interference between terminal devices within coverage of 

a same SSB, any two signatures in the signature set are orthogonal to each other, and different 

signature sets may not be orthogonal, or a correlation between any two signatures in the signature 

set is less than a correlation threshold, or orthogonality of signatures in the signature set is better 

than orthogonality of signatures between signature sets. The definitions of the orthogonality of 25 

signatures in a signature set and the orthogonality of signatures between signature sets are the same 

as those of the orthogonality of signatures in a signature group and the orthogonality of signatures 

between signature groups. 

[00162] In an example, any two signatures in the signature set associated with the first SSB may 

be orthogonal to each other, at least one signature in the signature set associated with the first SSB 30 

is not orthogonal to at least one signature in a signature set associated with a fourth SSB. The 

fourth SSB is one of a plurality of SSBs, and may be any one of the plurality of SSBs. 

[00163] The association relationship between the SSB and the signature set may be configured 

by the network device, or may be determined by the terminal device according to a predefined rule 

or the like. 35 
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[00164] In an example, the network device may deliver configuration information by using 

signaling such as RRC, a MAC CE, or DCI, to configure or reconfigure a signature set (for 

example, one or more signature groups included in the signature set) associated with the SSB. For 

example, a type, an index, or the like of a signature or a signature group in a signature set associated 

with an SSB is configured. Alternatively, the terminal device may determine, by default, a quantity 5 

X of signatures or signature groups in a signature set associated with each SSB, and determine, 

based on X and a default association sequence of the signatures or the signature groups, X 

signatures or signature groups associated with each SSB. For example, an Sth SSB is associated 

with a signature or signature group whose index is (S*X+1)–(S+1)*X. The RRC signaling may be 

cell-specific RRC signaling such as broadcast information, system information, or paging 10 

information, or may be UE-specific RRC signaling. The DCI may be UE-specific DCI, or may be 

group DCI or common DCI. 

[00165] Manner 2: There is a mapping relationship between a plurality of SSBs and a plurality 

of resources, and there is a mapping relationship between a plurality of resources and a plurality 

of signatures. The terminal device determines, based on the first SSB, the first resource from the 15 

plurality of resources, and determines, based on the first resource, the at least one signature from 

the plurality of signatures. The resources may be a preamble and a PRACH time-frequency 

resource for sending the preamble, where the PRACH time-frequency resource may also be 

referred to as a PRACH occasion (occasion). 

[00166] Specifically, the terminal device may select, based on a mapping relationship (or an 20 

association relationship) between a plurality of SSBs and a PRACH time-frequency resource and 

a preamble, a preamble and a PRACH time-frequency resource for sending the preamble from the 

PRACH time-frequency resource and the preamble that are associated with the first SSB, as the 

first resource. 

[00167] In a possible implementation, the mapping relationship between a plurality of SSBs 25 

and a PRACH time-frequency resource and a preamble may be as follows: The plurality of SSBs 

are mapped to the PRACH time-frequency resource first in increasing order of preamble indexes 

on the PRACH time-frequency resource, then in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PRACH time-frequency resources, thirdly in 

increasing order of time-domain resource indexes of a plurality of time multiplexed PRACH time-30 

frequency resources, and fourthly in increasing order of PRACH slot indexes. It should be 

understood that, a selection order of the preamble, the frequency-domain resource of the plurality 

of frequency multiplexed PRACH time-frequency resources, the time-domain resource of the 

plurality of time multiplexed PRACH time-frequency resources, and the PRACH in the foregoing 

sequence may be further randomly combined. 35 
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[00168] The mapping relationship between a plurality of resources (a preamble and a PRACH 

time-frequency resource for sending the preamble) and a plurality of signatures may include: a 

mapping relationship (a mapping relationship 2A) between N preambles on the PRACH time-

frequency resource and M combinations of a physical uplink shared channel (physical Uplink 

shared channel) PUSCH time-frequency resource, a pilot resource, and a signature; a mapping 5 

relationship (a mapping relationship 2B) between N preambles on the PRACH time-frequency 

resource and M combinations of a PUSCH time-frequency resource and a signature; a mapping 

relationship (a mapping relationship 2C) between N preambles on the PRACH time-frequency 

resource and M combinations of a pilot resource and a signature; or a mapping relationship (a 

mapping relationship 2D) between N preambles on the PRACH time-frequency resource and M 10 

signatures. 

[00169] The mapping relationship 2A may be: 

the N preambles (for example, N consecutive preambles on a PRACH occasion in one 

PRACH slot) may be first selected in increasing order of preamble indexes on the PRACH time-

frequency resource, then in increasing order of frequency-domain resource indexes of a plurality 15 

of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing order of 

time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency resources; 

and 

the M combinations of a PUSCH time-frequency resource, a pilot resource, and a 

signature that are mapped to the N preambles may be first selected in increasing order of 20 

frequency-domain resource indexes of frequency multiplexed PUSCH time-frequency resources, 

then in increasing order of signature indexes, thirdly in increasing order of pilot resource indexes, 

and fourthly in increasing order of time-domain resource indexes of time multiplexed PUSCH 

time-frequency resources. 

[00170] When the signature index increases, if there are a plurality of signature groups (the 25 

signature group may be determined based on a division manner of the signature group in Manner 

1), the signature index may be determined in increasing order of indexes in a signature group and 

then in increasing order of indexes between signature groups, or first in increasing order of group 

indexes and then in increasing order of indexes in a signature group. The pilot resource index may 

be determined in increasing order of pilot port indexes and then in increasing order of pilot 30 

sequences. The time-domain resource index of a time multiplexed PUSCH time-frequency 

resource may be determined in increasing order of time-domain resource indexes of PUSCH time-

frequency resources in a PUSCH slot and then in increasing order of PUSCH slot indexes. 

[00171] In an example, as shown in FIG. 12, for example, there are 64 preambles (whose 

indexes are 1 to 64) on one PRACH time-frequency resource, there are three frequency 35 
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multiplexed PRACH time-frequency resources (whose frequency-domain resource indexes are 1 

to 3) and three time multiplexed PRACH time-frequency resources (whose time-domain resource 

indexes are 1 to 3) in one PRACH slot, and N is 8. A selection sequence of the N preambles is: 

first (that is, for the first time) selecting eight preambles whose indexes are 1 to 8 on a PRACH 

time-frequency resource whose time-domain resource index is 1 and frequency-domain index is 1, 5 

then (for the second time) selecting eight preambles whose indexes are 9 to 16 on a PRACH time-

frequency resource whose time-domain resource index is 1 and frequency-domain index is 1, and 

selecting (for the ninth time) eight preambles whose indexes are 1 to 8 on a PRACH time-

frequency resource whose time-domain resource index is 1 and frequency-domain index is 2, and 

so on. 10 

[00172] As shown in FIG. 13, for example, there are 64 signatures (whose indexes are 1 to 64), 

there are two PUSCH slots in time domain, there are two time multiplexed PUSCH time-frequency 

resources in each slot, time-domain resource indexes of four time multiplexed PUSCH time-

frequency resources in the two slots are (1 to 4), there are two PUSCH slots (whose frequency-

domain resource indexes are 1 to 2) in frequency domain, there are eight pilot resources (whose 15 

indexes are 1 to 8), and M is 1. The combination of a PUSCH time-frequency resource, a pilot 

resource, and a signature that are mapped to the eight preambles selected for the first time in FIG. 

12 is a PUSCH time-frequency resource whose time-domain resource index is 1 and frequency-

domain resource index is 1, a signature whose index is 1, and a pilot resource whose index is 1; 

the combination of a PUSCH time-frequency resource, a pilot resource, and a signature that are 20 

mapped to the eight preambles selected for the second time in FIG. 12 is a PUSCH time-frequency 

resource whose time-domain resource index is 1 and whose frequency-domain resource index is 

2, a signature whose index is 1, and a pilot resource whose index is 1; the combination of a PUSCH 

time-frequency resource, a pilot resource, and a signature that are mapped to the eight preambles 

selected for the third time in FIG. 12 is a PUSCH time-frequency resource whose time-domain 25 

resource index is 1 and frequency-domain resource index is 1, a signature whose index is 2, and a 

pilot resource whose index is 1, and so on. 

[00173] It should be understood that, a selection order of the preamble, the frequency 

multiplexed PRACH time-frequency resource, and the time multiplexed PRACH time-frequency 

resource in the foregoing selection order may be randomly combined, or a selection order of the 30 

signature, the frequency multiplexed PUSCH time-frequency resource, the pilot port, the pilot 

sequence, and the time multiplexed PUSCH time-frequency resource in the foregoing selection 

order may be randomly combined. When there is a signature group, a selection order of the 

signature in the signature group, the signature group, the frequency multiplexed PUSCH time-

frequency resource, the pilot port, the pilot sequence, and the time multiplexed PUSCH time-35 
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frequency resource in the foregoing sequence may be further randomly combined. 

[00174] It should be further understood that, when there are no plurality of frequency 

multiplexed PUSCH time-frequency resources, no plurality of time multiplexed PUSCH resources, 

no plurality of signature groups, no plurality of signatures, no plurality of pilot ports, or no plurality 

of pilot sequences, optionally, the mapping relationship may not include selection of the frequency 5 

multiplexed PUSCH time-frequency resources, the time multiplexed PUSCH time-frequency 

resources, the signature groups, the signatures, the pilot ports, or the pilot sequences. 

[00175] The foregoing association relationship 2A is applicable to a case in which the signature 

is a code-domain resource or a code-domain resource hopping pattern, a space-domain resource 

or a space-domain resource hopping pattern, a frequency-domain resource hopping pattern, a time-10 

domain pattern, or the like. One or more code-domain resources or space-domain resources used 

for sending the data on the PUSCH time-frequency resource may be determined based on the 

determined signature index. 

[00176] In the association relationship 2A, the terminal device needs to determine one or more 

of the PUSCH time-frequency resource, the pilot resource, the signature, and the like that 15 

participate in mapping. The one or more of the PUSCH time-frequency resource, the pilot resource, 

the signature, and the like may be determined in a pre-agreed manner, or may be configured or 

reconfigured by the network device by using signaling such as RRC, a MAC CE, or DCI. The 

RRC signaling may be cell-specific RRC signaling such as broadcast information, system 

information, or paging information, or may be UE-specific RRC signaling. The DCI may be UE-20 

specific DCI, or may be group DCI or common DCI. 

[00177] The mapping relationship 2B may be: 

the N preambles (for example, N consecutive preambles on a PRACH occasion in one 

PRACH slot) may be first selected in increasing order of preamble indexes on the PRACH time-

frequency resource, then in increasing order of frequency-domain resource indexes of a plurality 25 

of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing order of 

time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency resources; 

and 

the M combinations of a PUSCH time-frequency resource and a signature that are 

mapped to the N preambles may be first selected in increasing order of frequency-domain resource 30 

indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, then in 

increasing order of signature indexes, and thirdly in increasing order of time-domain resource 

indexes of a plurality of time multiplexed PUSCH time-frequency resources. 

[00178] When the signature index increases, if there are a plurality of signature groups (the 

signature group may be determined based on a division manner of the signature group in Manner 35 
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1), the signature index may be determined in increasing order of indexes in a signature group and 

then in increasing order of indexes between signature groups, or first in increasing order of group 

indexes (indexes between signature groups) and then in increasing order of indexes in a signature 

group. The time-domain resource index of a time multiplexed PUSCH time-frequency resource 

may be determined in increasing order of time-domain resource indexes of PUSCH time-frequency 5 

resources in a PUSCH slot and then in increasing order of PUSCH slot indexes. 

[00179] It should be understood that, a selection order of the preamble, the frequency 

multiplexed PRACH time-frequency resource, and the time multiplexed PRACH time-frequency 

resource in the foregoing selection order may be randomly combined, or a selection order of the 

signature, the frequency multiplexed PUSCH time-frequency resource, and the time multiplexed 10 

PUSCH time-frequency resource in the foregoing selection order may be randomly combined. 

When there is a signature group, a selection order of the signature in the signature group, the 

signature group, the frequency multiplexed PUSCH time-frequency resource, and the time 

multiplexed PUSCH time-frequency resource in the foregoing sequence may be further randomly 

combined. 15 

[00180] It should be further understood that, when there are no plurality of frequency 

multiplexed PUSCH time-frequency resources, no plurality of time multiplexed PUSCH resources, 

no plurality of signature groups, or no plurality of signatures, optionally, the mapping relationship 

may not include selection of the frequency multiplexed PUSCH time-frequency resources, the time 

multiplexed PUSCH time-frequency resources, the signature groups, or the signatures. 20 

[00181] The foregoing association relationship 2B may be applicable to a case in which the 

signature is a frequency-domain resource hopping pattern, a hopping pattern of a resource group 

including a frequency-domain resource, a code-domain resource, a code-domain resource hopping 

pattern, a space-domain resource, a space-domain resource hopping pattern, or a time-domain 

pattern. One or more code-domain resources, frequency-domain resources, or space-domain 25 

resources used for sending the data on the PUSCH time-frequency resource may be determined 

based on the determined signature index. 

[00182] In the association relationship 2A, the terminal device needs to determine one or more 

of the PUSCH time-frequency resource, the signature, and the like that participate in mapping. 

The one or more of the PUSCH time-frequency resource, the signature, and the like may be 30 

determined in a pre-agreed manner, or may be configured or reconfigured by the network device 

by using signaling such as RRC, a MAC CE, or DCI. The RRC signaling may be cell-specific 

RRC signaling such as broadcast information, system information, or paging information, or may 

be UE-specific RRC signaling. The DCI may be UE-specific DCI, or may be group DCI or 

common DCI. 35 
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[00183] The mapping relationship 2C may be: 

the N preambles (for example, N consecutive preambles on a PRACH occasion in one 

PRACH slot) may be first selected in increasing order of preamble indexes on the PRACH time-

frequency resource, then in increasing order of frequency-domain resource indexes of a plurality 

of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing order of 5 

time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency resources; 

and 

the M combinations of a pilot resource and a signature that are mapped to the N 

preambles may be first selected in increasing order of frequency-domain resource indexes of a 

plurality of frequency multiplexed time-frequency resource groups if there are a plurality of 10 

frequency multiplexed time-frequency resource groups, then in increasing order of signature 

indexes, thirdly in increasing order of pilot resource indexes, and fourthly in increasing order of 

time-domain resource indexes of a plurality of time multiplexed time-frequency resource groups 

if there are a plurality of time multiplexed time-frequency resource groups. 

[00184] As shown in FIG. 14, the time-frequency resource group includes a plurality of time-15 

frequency resources, and each time-frequency resource may be used for one repetition of data 

transmission, for example, one PUSCH occasion, or may be used for a plurality of repetitions of 

data transmission, or each time-frequency resource may be used for transmission of a part of data. 

The plurality of time-frequency resources in the time-frequency resource group may be 

consecutive or inconsecutive in time domain, or consecutive or inconsecutive in frequency domain. 20 

The time-frequency resource groups may be consecutive or inconsecutive in time domain, or 

consecutive or inconsecutive in frequency domain. 

[00185] When the signature index increases, if there are a plurality of signature groups (the 

signature group may be determined based on a division manner of the signature group in Manner 

1), the signature index may be determined in increasing order of indexes in a signature group and 25 

then in increasing order of indexes between signature groups, or first in increasing order of group 

indexes and then in increasing order of indexes in a signature group. The pilot resource index may 

be determined in increasing order of pilot port indexes and then in increasing order of pilot 

sequences. 

[00186] It should be understood that, a selection order of the preamble, the frequency 30 

multiplexed PRACH time-frequency resource, and the time multiplexed PRACH time-frequency 

resource in the foregoing selection order may be randomly combined, or a selection order of the 

plurality of frequency multiplexed time-frequency resource groups, the signature, the pilot port, 

the pilot sequences, and the plurality of time multiplexed time-frequency resource groups may be 

randomly combined. When there is a signature group, a selection order of the plurality of frequency 35 
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multiplexed time-frequency resource groups, the signature in the signature group, the signature 

group, the pilot port, the pilot sequence, and the plurality of time multiplexed time-frequency 

resource groups in the foregoing sequence may be further randomly combined. 

[00187] It should be further understood that, when there are no plurality of frequency 

multiplexed PUSCH time-frequency resource groups, no plurality of time multiplexed PUSCH 5 

resource groups, no plurality of signature groups, no plurality of signatures, no plurality of pilot 

ports, or no plurality of pilot sequences, optionally, the mapping relationship may not include 

selection of the frequency multiplexed PUSCH time-frequency resource groups, the time 

multiplexed PUSCH time-frequency resource groups, the signature groups, the signatures, the pilot 

ports, or the pilot sequences. 10 

[00188] The association relationship 2C is applicable to a case in which the signature is a 

frequency-domain resource hopping pattern, or a hopping pattern of a resource group including a 

frequency-domain resource. The terminal device may determine, based on the determined 

signature index, one or more frequency-domain resources (for example, a frequency-domain 

resource of a PUSCH time-frequency resource) used for sending data. For example, the signature 15 

is a frequency-domain hopping pattern, and the terminal device may determine, in one time-

frequency resource group based on the frequency-domain hopping pattern, a frequency-domain 

resource used at each hopping moment. 

[00189] The association relationship 2C is further applicable to a case in which the signature is 

a time-domain pattern. The terminal device may determine, based on the determined signature 20 

index, one or more time-domain resources used for sending data. 

[00190] In the association relationship 2C, the terminal device needs to determine one or more 

of a time-frequency resource, such as the PUSCH time-frequency resource or the time-frequency 

resource group, the pilot resource, the signature, and the like that participate in mapping. The one 

or more of the time-frequency resource, the pilot resource, the signature, and the like may be 25 

determined in a pre-agreed manner, or may be configured or reconfigured by the network device 

by using signaling such as RRC, a MAC CE, or DCI. The RRC signaling may be cell-specific 

RRC signaling such as broadcast information, system information, or paging information, or may 

be UE-specific RRC signaling. The DCI may be UE-specific DCI, or may be group DCI or 

common DCI. 30 

[00191] The mapping relationship 2D may be: 

the N preambles (for example, N consecutive preambles on a PRACH occasion in one 

PRACH slot) may be first selected in increasing order of preamble indexes on the PRACH time-

frequency resource, then in increasing order of frequency-domain resource indexes of a plurality 

of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing order of 35 
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time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency resources; 

and 

the M signatures mapped to the N preambles may be first selected in increasing order 

of frequency-domain resource indexes of a plurality of frequency multiplexed time-frequency 

resource groups if there are a plurality of frequency multiplexed time-frequency resource groups, 5 

then in increasing order of signature indexes, and thirdly in increasing order of time-domain 

resource indexes of a plurality of time multiplexed time-frequency resource groups if there are a 

plurality of time multiplexed time-frequency resource groups. 

[00192] For descriptions of the time-frequency resource group, refer to the descriptions of the 

time-frequency resource group in the mapping relationship 2C. Details are not described again. 10 

When the signature index increases, if there are a plurality of signature groups (the signature group 

may be determined based on a division manner of the signature group in Manner 1), the signature 

index may be determined in increasing order of indexes in a signature group and then in increasing 

order of indexes between signature groups, or first in increasing order of group indexes and then 

in increasing order of indexes in a signature group. 15 

[00193] It should be understood that, a selection order of the preamble, the frequency 

multiplexed PRACH time-frequency resource, and the time multiplexed PRACH time-frequency 

resource in the foregoing selection order may be randomly combined, or a selection order of the 

plurality of frequency multiplexed time-frequency resource groups, the signature, and the plurality 

of time multiplexed time-frequency resource groups may be randomly combined. When there is a 20 

signature group, a selection order of the plurality of frequency multiplexed time-frequency 

resource groups, the signature in the signature group, the signature group, and the plurality of time 

multiplexed time-frequency resource groups in the foregoing sequence may be further randomly 

combined. 

[00194] It should be further understood that, when there are no plurality of frequency 25 

multiplexed PUSCH time-frequency resource groups, no plurality of time multiplexed PUSCH 

resource groups, no plurality of signature groups, or no plurality of signatures, optionally, the 

mapping relationship may not include selection of the frequency multiplexed PUSCH time-

frequency resource groups, the time multiplexed PUSCH time-frequency resource groups, the 

signature groups, or the signatures. 30 

[00195] The association relationship 2D is applicable to a case in which the signature is a 

frequency-domain resource hopping pattern, or a hopping pattern of a resource group including a 

frequency-domain resource. The terminal device may determine, based on the determined 

signature index, one or more frequency-domain resources (for example, a frequency-domain 

resource of a PUSCH time-frequency resource) used for sending data. For example, the signature 35 
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is a frequency-domain hopping pattern, and the terminal device may determine, in one time-

frequency resource group based on the frequency-domain hopping pattern, a frequency-domain 

resource used at each hopping moment. 

[00196] The association relationship 2D is further applicable to a case in which, for example, 

the signature includes a pilot resource and a frequency-domain resource. For example, the 5 

signature is a two-dimensional resource group including a pilot resource and a frequency-domain 

resource or a hopping pattern of a resource group, or a multi-dimensional resource group including 

a pilot resource, a frequency-domain resource, and another resource such as a code-domain 

resource or a space-domain resource or a hopping pattern of a resource group. The association 

relationship 2D is further applicable to a case in which the signature is a time-domain pattern. The 10 

terminal device may determine, based on the determined signature index, one or more time-domain 

resources used for sending data. 

[00197] In some implementations, when a pilot resource included in the signature is a pilot port, 

the terminal device further needs to determine the pilot sequence. In an example, there is an 

association relationship between a signature or a signature group and a pilot sequence, and the 15 

terminal device may determine a used pilot sequence based on the signature or the signature group. 

[00198] In another example, the pilot sequence may alternatively be used as an independent 

resource to participate in mapping in increasing order of indexes. For example, N consecutive 

preambles on a PRACH time-frequency resource in a PRACH slot are mapped to M signatures 

and associated pilot sequences. The M signatures and the associated pilot sequences are selected 20 

in the following order: first selecting in increasing order of frequency-domain resource indexes of 

a plurality of frequency multiplexed time-frequency resource groups if there are a plurality of 

frequency multiplexed time-frequency resource groups, then in increasing order of signature 

indexes, thirdly in increasing order of pilot sequence indexes, and fourthly in increasing order of 

time-domain resource indexes of a plurality of time multiplexed time-frequency resource groups 25 

if there are a plurality of time multiplexed time-frequency resource groups. 

[00199] It should be understood that, a selection order of the plurality of frequency multiplexed 

time-frequency resource groups, the signature, the pilot sequence, and the plurality of time 

multiplexed time-frequency resource groups in the foregoing sequence may be further randomly 

combined. When there is a signature group, a selection order of the plurality of frequency 30 

multiplexed time-frequency resource groups, the signature in the signature group, the signature 

group, the pilot sequence, and the plurality of time multiplexed time-frequency resource groups in 

the foregoing sequence may be further randomly combined. 

[00200] It should be further understood that, when there are no plurality of frequency 

multiplexed PUSCH time-frequency resource groups, no plurality of time multiplexed PUSCH 35 
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resource groups, no plurality of signature groups, no plurality of signatures, no plurality of pilot 

ports, or no plurality of pilot sequences, optionally, the mapping relationship may not include 

selection of the frequency multiplexed PUSCH time-frequency resource groups, the time 

multiplexed PUSCH time-frequency resource groups, the signature groups, the signatures, the pilot 

ports, or the pilot sequences. In some implementations, the signature may alternatively be a 5 

frequency-domain resource hopping pattern, or a hopping pattern of a resource group including a 

frequency-domain resource. The terminal device may further determine, based on the determined 

signature index, one or more frequency-domain resources (for example, a frequency-domain 

resource of a PUSCH time-frequency resource) used for sending data. For example, the signature 

is a frequency-domain hopping pattern, and the terminal device may determine, in one time-10 

frequency resource group based on the pattern, a frequency-domain resource used at each hopping 

moment. 

[00201] In the association relationship 2D, the terminal device needs to determine one or more 

of a time-frequency resource, such as the PUSCH time-frequency resource or the time-frequency 

resource group, the pilot resource, the pilot sequence, the signature, and the like that participate in 15 

mapping. The one or more of the time-frequency resource, the pilot resource, the pilot sequence, 

the signature, and the like may be determined in a pre-agreed manner, or may be configured or 

reconfigured by the network device by using signaling such as RRC, a MAC CE, or DCI. The 

RRC signaling may be cell-specific RRC signaling such as broadcast information, system 

information, or paging information, or may be UE-specific RRC signaling. The DCI may be UE-20 

specific DCI, or may be group DCI or common DCI. 

[00202] It should be understood that, M and N in the association relationships 2A to 2D are 

positive integers. In some implementations, at least one of N and M is 1. For example, when N is 

an integer greater than or equal to 1, M=1; or when N=1, M is an integer greater than 1. 

Alternatively, in some implementations, N may be 2X, and X may be 0, 1, 2, or the like. 25 

[00203] In the foregoing association relationships 2A to 2D, when signatures are not grouped, 

optionally, the sequence of the signature indexes meets the following requirement: a sequence of 

K signature indexes orthogonal to each other or with good orthogonality (for example, a correlation 

is lower than a correlation threshold) are consecutive. For example, in the signatures, K signatures 

whose indexes are from n+1 to n+K are orthogonal or the correlation is lower than the correlation 30 

threshold. 

[00204] In Manner 2, the terminal device may determine the to-be-used signature during 

random access. Generally, consecutive preambles are mapped to a same SSB. When signatures are 

grouped based on orthogonality or a correlation, or signatures are not grouped but are sorted based 

on the consecutive sequence of K signature indexes orthogonal to each other or with good 35 
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orthogonality (for example, a correlation is lower than a correlation threshold), the same SSB can 

be associated with signatures orthogonal to each other or with good orthogonality. This helps 

improve access and data transmission performance. 

[00205] Manner 3: There is a mapping relationship between a plurality of SSBs and a plurality 

of signatures, and the at least one signature determined by the terminal device based on the first 5 

SSB is a signature that is in the plurality of signatures and that is mapped to the first SSB. In other 

words, the terminal device may determine the at least one signature based on the first SSB and the 

mapping relationship between a plurality of SSBs and a plurality of signatures. 

[00206] The mapping relationship between a plurality of SSBs and a plurality of signatures may 

include: a mapping relationship (a mapping relationship 3A) between R SSBs in the plurality of 10 

SSBs and S combinations of a PUSCH time-frequency resource, a pilot resource, and a signature; 

a mapping relationship (a mapping relationship 3B) between R SSBs in the plurality of SSBs and 

S combinations of a PUSCH time-frequency resource and a signature; a mapping relationship (a 

mapping relationship 3C) between R SSBs in the plurality of SSBs and S combinations of a pilot 

resource and a signature; or a mapping relationship (a mapping relationship 3D) between R SSBs 15 

in a plurality of SSBs and S signatures, where R and S are positive integers. 

[00207] The mapping relationship 3A may be: 

the R SSBs are selected from the plurality of SSBs in increasing order of indexes of 

the SSBs, and S combinations of a PUSCH time-frequency resource, a pilot resource, and a 

signature that are mapped to the R SSBs may be first selected in increasing order of frequency-20 

domain resource indexes of frequency multiplexed PUSCH time-frequency resources if there are 

frequency multiplexed PUSCH time-frequency resources, then in increasing order of signature 

indexes, thirdly in increasing order of pilot resource indexes, and fourthly in increasing order of 

time-domain resource indexes of time multiplexed PUSCH time-frequency resources if there are 

time multiplexed PUSCH time-frequency resources. 25 

[00208] When the signature index increases, if there are a plurality of signature groups (the 

signature group may be determined based on a division manner of the signature group in Manner 

1), the signature index may be determined in increasing order of indexes in a signature group and 

then in increasing order of indexes between signature groups, or first in increasing order of group 

indexes and then in increasing order of indexes in a signature group. The pilot resource index may 30 

be determined in increasing order of pilot port indexes and then in increasing order of pilot 

sequences. The time-domain resource index of a time multiplexed PUSCH time-frequency 

resource may be determined in increasing order of time-domain resource indexes of PUSCH time-

frequency resources in a PUSCH slot and then in increasing order of PUSCH slot indexes. 

[00209] It should be understood that, a selection order of the signature, the frequency 35 
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multiplexed PUSCH time-frequency resource, the pilot port, the pilot sequence, and the time 

multiplexed PUSCH time-frequency resource in the foregoing sequence may be further randomly 

combined. When there is a signature group, a selection order of the signature in the signature group, 

the signature group, the frequency multiplexed PUSCH time-frequency resource, the pilot port, 

the pilot sequence, and the time multiplexed PUSCH time-frequency resource in the foregoing 5 

sequence may be further randomly combined. 

[00210] It should be further understood that, when there are no plurality of frequency 

multiplexed PUSCH time-frequency resources, no plurality of time multiplexed PUSCH resources, 

no plurality of signature groups, no plurality of signatures, no plurality of pilot ports, or no plurality 

of pilot sequences, optionally, the mapping relationship may not include selection of the frequency 10 

multiplexed PUSCH time-frequency resources, the time multiplexed PUSCH time-frequency 

resources, the signature groups, the signatures, the pilot ports, or the pilot sequences. 

[00211] The foregoing association relationship 3A is applicable to a case in which the signature 

is a code-domain resource or a code-domain resource hopping pattern, a space-domain resource 

or a space-domain resource hopping pattern, a frequency-domain resource hopping pattern, a time-15 

domain pattern, or the like. One or more code-domain resources or space-domain resources used 

for sending the data on the PUSCH time-frequency resource may be determined based on the 

determined signature index. 

[00212] In the association relationship 3A, the terminal device needs to determine one or more 

of the PUSCH time-frequency resource, the pilot resource, the signature, and the like that 20 

participate in mapping. The one or more of the PUSCH time-frequency resource, the pilot resource, 

the signature, and the like may be determined in a pre-agreed manner, or may be configured or 

reconfigured by the network device by using signaling such as RRC, a MAC CE, or DCI. The 

RRC signaling may be cell-specific RRC signaling such as broadcast information, system 

information, or paging information, or may be UE-specific RRC signaling. The DCI may be UE-25 

specific DCI, or may be group DCI or common DCI. 

[00213] The mapping relationship 3B may be: 

the R SSBs are selected from the plurality of SSBs in increasing order of indexes of 

the SSBs, and S combinations of a PUSCH time-frequency resource and a signature that are 

mapped to the R SSBs may be first selected in increasing order of frequency-domain resource 30 

indexes of the plurality of frequency multiplexed PUSCH time-frequency resources if there are a 

plurality of frequency multiplexed PUSCH time-frequency resources, then in increasing order of 

signature indexes, and thirdly in increasing order of time-domain resource indexes of the plurality 

of time multiplexed PUSCH time-frequency resources if there are a plurality of time multiplexed 

PUSCH time-frequency resources. 35 
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[00214] When the signature index increases, if there are a plurality of signature groups (the 

signature group may be determined based on a division manner of the signature group in Manner 

1), the signature index may be determined in increasing order of indexes in a signature group and 

then in increasing order of indexes between signature groups, or first in increasing order of group 

indexes and then in increasing order of indexes in a signature group. The time-domain resource 5 

index of a time multiplexed PUSCH time-frequency resource may be determined in increasing 

order of time-domain resource indexes of PUSCH time-frequency resources in a PUSCH slot and 

then in increasing order of PUSCH slot indexes. 

[00215] It should be understood that, a selection order of the signature, the frequency 

multiplexed PUSCH time-frequency resource, and the time multiplexed PUSCH time-frequency 10 

resource in the foregoing sequence may be further randomly combined. When there is a signature 

group, a selection order of the signature in the signature group, the signature group, the frequency 

multiplexed PUSCH time-frequency resource, and the time multiplexed PUSCH time-frequency 

resource in the foregoing sequence may be further randomly combined. 

[00216] It should be further understood that, when there are no plurality of frequency 15 

multiplexed PUSCH time-frequency resources, no plurality of time multiplexed PUSCH resources, 

no plurality of signature groups, or no plurality of signatures, optionally, the mapping relationship 

may not include selection of the frequency multiplexed PUSCH time-frequency resources, the time 

multiplexed PUSCH time-frequency resources, the signature groups, or the signatures. 

[00217] The foregoing association relationship 3B may be applicable to a case in which the 20 

signature is a frequency-domain resource hopping pattern, a hopping pattern of a resource group 

including a frequency-domain resource, a code-domain resource, a code-domain resource hopping 

pattern, a space-domain resource, or a space-domain resource hopping pattern. One or more code-

domain resources, frequency-domain resources, or space-domain resources used for sending the 

data on the PUSCH time-frequency resource may be determined based on the determined signature 25 

index. 

[00218] The association relationship 3B is further applicable to a case in which the signature is 

a time-domain pattern. The terminal device may determine, based on the determined signature 

index, one or more time-domain resources used for sending data. 

[00219] In some implementations, the association relationship 3B may be further applicable to 30 

a case in which the signature is a two-dimensional or multi-dimensional resource group including 

a pilot resource, a code-domain resource, or a space-domain resource or a hopping pattern of a 

resource group. 

[00220] In the association relationship 3B, the terminal device needs to determine one or more 

of the PUSCH time-frequency resource, the signature, and the like that participate in mapping. 35 
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The one or more of the PUSCH time-frequency resource, the signature, and the like may be 

determined in a pre-agreed manner, or may be configured or reconfigured by the network device 

by using signaling such as RRC, a MAC CE, or DCI. The RRC signaling may be cell-specific 

RRC signaling such as broadcast information, system information, or paging information, or may 

be UE-specific RRC signaling. The DCI may be UE-specific DCI, or may be group DCI or 5 

common DCI. 

[00221] The mapping relationship 3C may be: 

the R SSBs are selected from the plurality of SSBs in increasing order of indexes of 

the SSBs, and S combinations of a pilot resource and a signature that are mapped to the R SSBs 

may be first selected in increasing order of frequency-domain resource indexes of a plurality of 10 

frequency multiplexed time-frequency resource groups if there are a plurality of frequency 

multiplexed time-frequency resource groups, then in increasing order of signature indexes, thirdly 

in increasing order of pilot resource indexes, and fourthly in increasing order of time-domain 

resource indexes of a plurality of time multiplexed time-frequency resource groups if there are a 

plurality of time multiplexed time-frequency resource groups. 15 

[00222] As shown in FIG. 14, the time-frequency resource group includes a plurality of time-

frequency resources, and each time-frequency resource may be used for one repetition of data 

transmission, for example, one PUSCH occasion, or may be used for a plurality of repetitions of 

data transmission, or each time-frequency resource may be used for transmission of a part of data. 

The plurality of time-frequency resources in the time-frequency resource group may be 20 

consecutive or inconsecutive in time domain, or consecutive or inconsecutive in frequency domain. 

The time-frequency resource groups may be consecutive or inconsecutive in time domain, or 

consecutive or inconsecutive in frequency domain. 

[00223] When the signature index increases, if there are a plurality of signature groups (the 

signature group may be determined based on a division manner of the signature group in Manner 25 

1), the signature index may be determined in increasing order of indexes in a signature group and 

then in increasing order of indexes between signature groups, or first in increasing order of group 

indexes and then in increasing order of indexes in a signature group. The pilot resource index may 

be determined in increasing order of pilot port indexes and then in increasing order of pilot 

sequences. 30 

[00224] It should be understood that, a selection order of the plurality of frequency multiplexed 

time-frequency resource groups, the signature, the pilot port, the pilot sequence, and the plurality 

of time multiplexed time-frequency resource groups in the foregoing sequence may be further 

randomly combined. When there is a signature group, a selection order of the plurality of frequency 

multiplexed time-frequency resource groups, the signature in the signature group, the signature 35 
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group, the pilot port, the pilot sequence, and the plurality of time multiplexed time-frequency 

resource groups in the foregoing sequence may be further randomly combined. 

[00225] It should be further understood that, when there are no plurality of frequency 

multiplexed PUSCH time-frequency resource groups, no plurality of time multiplexed PUSCH 

resource groups, no plurality of signature groups, no plurality of signatures, no plurality of pilot 5 

ports, or no plurality of pilot sequences, optionally, the mapping relationship may not include 

selection of the frequency multiplexed PUSCH time-frequency resource groups, the time 

multiplexed PUSCH time-frequency resource groups, the signature groups, the signatures, the pilot 

ports, or the pilot sequences. 

[00226] The association relationship 3C is applicable to a case in which the signature is a 10 

frequency-domain resource hopping pattern, or a hopping pattern of a resource group including a 

frequency-domain resource. The terminal device may determine, based on the determined 

signature index, one or more frequency-domain resources (for example, a frequency-domain 

resource of a PUSCH time-frequency resource) used for sending data. For example, the signature 

is a frequency-domain hopping pattern, and the terminal device may determine, in one time-15 

frequency resource group based on the frequency-domain hopping pattern, a frequency-domain 

resource used at each hopping moment. 

[00227] The association relationship 3C is further applicable to a case in which the signature is 

a time-domain pattern. The terminal device may determine, based on the determined signature 

index, one or more time-domain resources used for sending data. 20 

[00228] In the association relationship 3C, the terminal device needs to determine one or more 

of a time-frequency resource, such as the PUSCH time-frequency resource or the time-frequency 

resource group, the pilot resource, the signature, and the like that participate in mapping. The one 

or more of the time-frequency resource, the pilot resource, the signature, and the like may be 

determined in a pre-agreed manner, or may be configured or reconfigured by the network device 25 

by using signaling such as RRC, a MAC CE, or DCI. The RRC signaling may be cell-specific 

RRC signaling such as broadcast information, system information, or paging information, or may 

be UE-specific RRC signaling. The DCI may be UE-specific DCI, or may be group DCI or 

common DCI. 

[00229] The mapping relationship 3D may be: 30 

the R SSBs are selected from the plurality of SSBs in increasing order of indexes of 

the SSBs, and the S signatures mapped to the R SSBs may be first selected in increasing order of 

frequency-domain resource indexes of a plurality of frequency multiplexed time-frequency 

resource groups if there are a plurality of frequency multiplexed time-frequency resource groups, 

then in increasing order of signature indexes, and thirdly in increasing order of time-domain 35 
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resource indexes of a plurality of time multiplexed time-frequency resource groups if there are a 

plurality of time multiplexed time-frequency resource groups. 

[00230] For descriptions of the time-frequency resource group, refer to the descriptions of the 

time-frequency resource group in the mapping relationship 3C. Details are not described again. 

When the signature index increases, if there are a plurality of signature groups (the signature group 5 

may be determined based on a division manner of the signature group in Manner 1), the signature 

index may be determined in increasing order of indexes in a signature group and then in increasing 

order of indexes between signature groups, or first in increasing order of group indexes and then 

in increasing order of indexes in a signature group. 

[00231] It should be understood that, a selection order of the plurality of frequency multiplexed 10 

time-frequency resource groups, the signature, and the plurality of time multiplexed time-

frequency resource groups in the foregoing sequence may be further randomly combined. When 

there is a signature group, a selection order of the plurality of frequency multiplexed time-

frequency resource groups, the signature in the signature group, the signature group, and the 

plurality of time multiplexed time-frequency resource groups in the foregoing sequence may be 15 

further randomly combined. 

[00232] It should be further understood that, when there are no plurality of frequency 

multiplexed PUSCH time-frequency resource groups, no plurality of time multiplexed PUSCH 

resource groups, no plurality of signature groups, or no plurality of signatures, optionally, the 

mapping relationship may not include selection of the frequency multiplexed PUSCH time-20 

frequency resource groups, the time multiplexed PUSCH time-frequency resource groups, the 

signature groups, or the signatures. 

[00233] The association relationship 3D is applicable to a case in which the signature is a 

frequency-domain resource hopping pattern, or a hopping pattern of a resource group including a 

frequency-domain resource. The terminal device may determine, based on the determined 25 

signature index, one or more frequency-domain resources (for example, a frequency-domain 

resource of a PUSCH time-frequency resource) used for sending data. For example, the signature 

is a frequency-domain hopping pattern, and the terminal device may determine, in one time-

frequency resource group based on the frequency-domain hopping pattern, a frequency-domain 

resource used at each hopping moment. 30 

[00234] The association relationship 3D is further applicable to a case in which, for example, 

the signature includes a pilot resource and a frequency-domain resource. For example, the 

signature is a two-dimensional resource group including a pilot resource and a frequency-domain 

resource or a hopping pattern of a resource group, or a multi-dimensional resource group including 

a pilot resource, a frequency-domain resource, and another resource such as a code-domain 35 
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resource or a space-domain resource or a hopping pattern of a resource group. 

[00235] The association relationship 3D is further applicable to a case in which the signature is 

a time-domain pattern. The terminal device may determine, based on the determined signature 

index, one or more time-domain resources used for sending data. 

[00236] In some implementations, when a pilot resource included in the signature is a pilot port, 5 

the terminal device further needs to determine the pilot sequence. In an example, there is an 

association relationship between a signature or a signature group and a pilot sequence, and the 

terminal device may determine a used pilot sequence based on the signature or the signature group. 

[00237] In another example, the pilot sequence may alternatively be used as an independent 

resource to participate in mapping in increasing order of indexes. For example, N consecutive 10 

preambles on a PRACH time-frequency resource in a PRACH slot are mapped to S signatures and 

associated pilot sequences. The S signatures and the associated pilot sequences are selected in the 

following order: first selecting in increasing order of frequency-domain resource indexes of a 

plurality of frequency multiplexed time-frequency resource groups if there are a plurality of 

frequency multiplexed time-frequency resource groups, then in increasing order of signature 15 

indexes, thirdly in increasing order of pilot sequence indexes, and fourthly in increasing order of 

time-domain resource indexes of a plurality of time multiplexed time-frequency resource groups 

if there are a plurality of time multiplexed time-frequency resource groups. 

[00238] It should be understood that, a selection order of the plurality of frequency multiplexed 

time-frequency resource groups, the signature, the pilot sequence, and the plurality of time 20 

multiplexed time-frequency resource groups in the foregoing sequence may be further randomly 

combined. When there is a signature group, a selection order of the plurality of frequency 

multiplexed time-frequency resource groups, the signature in the signature group, the signature 

group, the pilot sequence, and the plurality of time multiplexed time-frequency resource groups in 

the foregoing sequence may be further randomly combined. 25 

[00239] It should be further understood that, when there are no plurality of frequency 

multiplexed PUSCH time-frequency resource groups, no plurality of time multiplexed PUSCH 

resource groups, no plurality of signature groups, no plurality of signatures, no plurality of pilot 

ports, or no plurality of pilot sequences, optionally, the mapping relationship may not include 

selection of the frequency multiplexed PUSCH time-frequency resource groups, the time 30 

multiplexed PUSCH time-frequency resource groups, the signature groups, the signatures, the pilot 

ports, or the pilot sequences. 

[00240] In some implementations, the signature may alternatively be a frequency-domain 

resource hopping pattern, or a hopping pattern of a resource group including a frequency-domain 

resource. The terminal device may further determine, based on the determined signature index, 35 
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one or more frequency-domain resources (for example, a frequency-domain resource of a PUSCH 

time-frequency resource) used for sending data. For example, the signature is a frequency-domain 

hopping pattern, and the terminal device may determine, in one time-frequency resource group 

based on the pattern, a frequency-domain resource used at each hopping moment. 

[00241] In the association relationship 3D, the terminal device needs to determine one or more 5 

of a time-frequency resource, such as the PUSCH time-frequency resource or the time-frequency 

resource group, the pilot resource, the pilot sequence, the signature, and the like that participate in 

mapping. The one or more of the time-frequency resource, the pilot resource, the pilot sequence, 

the signature, and the like may be determined in a pre-agreed manner, or may be configured or 

reconfigured by the network device by using signaling such as RRC, a MAC CE, or DCI. The 10 

RRC signaling may be cell-specific RRC signaling such as broadcast information, system 

information, or paging information, or may be UE-specific RRC signaling. The DCI may be UE-

specific DCI, or may be group DCI or common DCI. 

[00242] It should be understood that, R and S in the foregoing association relationships 3A to 

3D are positive integers. In some implementations, at least one of R and S is 1. For example, when 15 

R is an integer greater than or equal to 1, S=1; or when R=1, S is an integer greater than 1. In other 

words, a mapping relationship between an SSB and a signature, a combination of a PUSCH 

occasion and a pilot resource and a signature, a combination of a PUSCH occasion and a signature, 

and a combination of a pilot resource and a signature may be one-to-one, many-to-one, or one-to-

many. Specifically, the mapping relationship may be determined by the terminal device based on 20 

a quantity of SSBs and a quantity of combinations of a PUSCH occasion and a pilot resource and 

a signature, a quantity of combinations of a PUSCH occasion and a signature and a quantity of 

combinations of a pilot resource and a signature, or may be configured or reconfigured by the 

network device by using signaling such as RRC, a MAC CE, or DCI. 

[00243] In the foregoing association relationships 3A to 3D, when signatures are not grouped, 25 

optionally, the sequence of the signature indexes meets the following requirement: a sequence of 

K signature indexes orthogonal to each other or with good orthogonality (for example, a correlation 

is lower than a correlation threshold) are consecutive. For example, in the signatures, K signatures 

whose indexes are from n+1 to n+K are orthogonal or the correlation is lower than the correlation 

threshold. 30 

[00244] In Manner 3, the terminal device may determine the to-be-used signature in a 

configured grant (configured grant, CG) or preconfigured uplink resource (preconfigured uplink 

resource, PUR) transmission process. 

[00245] Manner 4: There is a mapping relationship between a plurality of SSBs and a plurality 

of resources, and there is a mapping relationship between a plurality of resources and a plurality 35 
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of signatures. The terminal device determines, based on the first SSB, the first resource from the 

plurality of resources, and determines, based on the first resource, the at least one signature from 

the plurality of signatures. The resources are a pilot resource and a time-frequency resource (for 

example, a PUSCH time-frequency resource) for sending data. 

[00246] The mapping relationship between a plurality of SSBs and a plurality of resources may 5 

include a mapping relationship between an SSB and a PRACH time-frequency resource and a 

preamble, and a mapping relationship between a PRACH time-frequency resource and a preamble 

and a time-frequency resource (for example, a PUSCH time-frequency resource) and a pilot 

resource. 

[00247] Specifically, the terminal device may determine, based on a mapping relationship (or 10 

an association relationship) between an SSB and a PRACH time-frequency resource and a 

preamble, a preamble and a PRACH time-frequency resource for sending the preamble from the 

PRACH time-frequency resource and the preamble that are associated with the first SSB. For a 

specific implementation of determining, by the terminal device, a preamble and a PRACH time-

frequency resource for sending the preamble, refer to the implementation in Manner 2. Details are 15 

not described again. Then, the terminal device determines, based on the mapping relationship 

between a PRACH time-frequency resource and a preamble and a time-frequency resource (for 

example, a PUSCH time-frequency resource) and a pilot resource, the PUSCH time-frequency 

resource and the pilot resource as the first resource for sending the data. 

[00248] In a possible implementation, the mapping relationship between a PRACH time-20 

frequency resource and a preamble and a time-frequency resource (for example, a PUSCH time-

frequency resource) and a pilot resource may be N preambles (for example, N consecutive 

preambles on a PRACH occasion in one PRACH slot), and the N preambles may be first selected 

in increasing order of preamble indexes on the PRACH time-frequency resource, then in increasing 

order of frequency-domain resource indexes of a plurality of frequency multiplexed PRACH time-25 

frequency resources, and thirdly in increasing order of time-domain resource indexes of a plurality 

of time multiplexed PRACH time-frequency resources. 

[00249] The PUSCH time-frequency resource and the associated pilot resource that are mapped 

to the N preambles may first selected in increasing order of frequency-domain resource indexes of 

frequency multiplexed PUSCH time-frequency resources, then in increasing order of pilot resource 30 

indexes (the pilot resource index may be determined in increasing order of pilot port indexes and 

then in increasing order of pilot sequences), and thirdly in increasing order of time-domain 

resource indexes of time multiplexed PUSCH time-frequency resources (the time-domain resource 

index of the PUSCH time-frequency resource may be determined in increasing order of time-

domain resource indexes of a PUSCH occasion in a PUSCH slot, and then in increasing order of 35 
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PUSCH slot indexes). 

[00250] In some implementations, the terminal device may further determine the pilot resource 

and the PUSCH time-frequency resource in the manner of determining the time-frequency 

resource and the pilot resource that are used for sending the data in Manner 2 and Manner 3. 

[00251] The mapping relationship between a plurality of resources (a pilot resource and a time-5 

frequency resource) and a plurality of signatures may be a mapping relationship between P pilot 

resources on the PUSCH time-frequency resource and Q signatures. 

[00252] The mapping relationship between P pilot resources on the PUSCH time-frequency 

resource and Q signatures may be: 

the P pilot resources (for example, P consecutive pilot resources on a PUSCH time-10 

frequency resource in one PUSCH time-frequency resource periodicity) may be first selected in 

increasing order of frequency-domain resource indexes of a plurality of frequency multiplexed 

PUSCH time-frequency resources, then in increasing order of pilot port indexes on the PUSCH 

time-frequency resource, thirdly in increasing order of pilot sequence indexes on the PUSCH time-

frequency resource, and fourthly in increasing order of time-domain resource indexes of a plurality 15 

of time multiplexed PUSCH time-frequency resource; and

the Q signatures mapped to the P pilot resources may be first selected in increasing 

order of signature group indexes, and then in increasing order of signature group indexes; or the 

Q signatures mapped to the P pilot resources may be first selected in increasing order of indexes 

in a signature group, and then in increasing order of signature group indexes. 20 

[00253] The Q signatures mapped to the P pilot resources may also be selected in increasing 

order of signature indexes. 

[00254] The PUSCH time-domain resource periodicity may be one or more symbols, slots, 

mini-slots, subframes, frames, or the like, and may be configured by the network device. 

[00255] It should be understood that, when there are no plurality of frequency multiplexed 25 

PUSCH time-frequency resources, no plurality of time multiplexed PUSCH resources, no plurality 

of signature groups, no plurality of signatures, no plurality of pilot ports, or no plurality of pilot 

sequences, optionally, the mapping relationship may not include selection of the frequency 

multiplexed PUSCH time-frequency resources, the time multiplexed PUSCH time-frequency 

resources, the signature groups, the signatures, the pilot ports, or the pilot sequences. 30 

[00256] Manner 4 is applicable to a case in which the signature is a code-domain resource, a 

code-domain resource hopping pattern, a space-domain resource, or a space-domain resource 

hopping pattern. It should be understood that, P and Q are positive integers. In some 

implementations, at least one of P and Q is 1. For example, when P is an integer greater than or 

equal to 1, Q=1; or when P=1, Q is an integer greater than 1.35 
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[00257] In some implementations, when signatures are not grouped, optionally, the sequence of 

the signature indexes meets the following requirement: a sequence of K signature indexes 

orthogonal to each other or with good orthogonality (for example, a correlation is lower than a 

correlation threshold) are consecutive. For example, in the signatures, K signatures whose indexes 

are from n+1 to n+K are orthogonal or the correlation is lower than the correlation threshold. 5 

[00258] According to the communication method shown in FIG. 4, the terminal device may 

determine the signature based on the determined first SSB and the mapping or association 

relationship between the SSB and the signature. As shown in FIG. 15, an example in which the at 

least one signature is determined in Manner 1 is used. When the terminal device moves from 

coverage of the SSB-1 to coverage of the SSB-2, the terminal device may determine the at least 10 

one signature in a signature set S2 associated with the SSB-2. This can prevent the network device 

from frequently configuring signatures for the terminal device, to reduce signaling overheads and 

power consumption. According to the communication method shown in FIG. 4, limited orthogonal 

signatures may be allocated in an optimized manner based on the SSBs, so that the orthogonal 

signatures are used to distinguish terminal devices (for example, terminal devices covered by a 15 

same SSB) that cannot be distinguished by beam domains, and the non-orthogonal signatures are 

used to distinguish terminal devices (for example, terminal devices covered by adjacent SSBs) that 

have a poor beam domain differentiation effect, to fully utilize characteristics of beams and 

signatures and combine advantages of the beams and signatures. This helps reduce interference 

between the terminal devices and improve resource multiplexing performance. 20 

[00259] That the terminal device sends the data by using the signature may mean that the 

terminal device determines, based on the signature, one or more of resources such as a time-domain 

resource, a frequency-domain resource, a code-domain resource, a power-domain resource, a pilot 

resource, and a space-domain resource that are used for sending the data, and sends the data by 

using the resources. When the signature is a resource hopping pattern, the terminal device 25 

determines, based on the signature, one or more of the resources such as a frequency-domain 

resource, a code-domain resource, a power-domain resource, a pilot resource, and a space-domain 

resource used at each hopping moment or by each hopping unit, and send the data by using the 

resources at the corresponding hopping moment or in the hopping unit. The terminal device may 

directly determine, based on the signature, a time-domain resource, a frequency-domain resource, 30 

a code-domain resource, a power-domain resource, a pilot resource, and a space-domain resource 

that are used for sending the data, or may generate or determine, based on the signature, a time-

domain resource, a frequency-domain resource, a code-domain resource, a power-domain resource, 

a pilot resource, and a space-domain resource that are used for sending the data. 

[00260] Specifically, that the terminal device sends the data by using the code-domain resource 35 
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may be that the terminal device processes the to-be-sent data by using the code-domain resource 

and then sends the to-be-sent data. The processing herein includes but is not limited to bit-level or 

symbol-level processing. The bit-level processing includes bit-level coding, scrambling, 

interleaving, and the like. The symbol-level processing includes modulation (for example, 

mapping a bit to a symbol), spreading (for example, multiplying a modulation symbol by a 5 

sequence), scrambling, interleaving, resource mapping, precoding, layer mapping, and the like. 

[00261] That the terminal device sends the data by using the power-domain resource may be 

that the terminal device performs power control on the to-be-sent data based on a power class, a 

power control parameter, and the like, and then sends the to-be-sent data. 

[00262] That the terminal device sends the data by using the space-domain resource may be that 10 

the terminal device performs a space-domain operation on the to-be-sent data by using the space-

domain resource and then sends the to-be-sent data. The space-domain operation herein includes 

but is not limited to precoding, layer mapping, antenna selection, and the like. 

[00263] That the terminal device sends the data by using the pilot resource may be that the 

terminal device sends a pilot sequence. 15 

[00264] Manner 1 mainly describes a case in which an SSB is associated with a signature set. 

In addition, because coverage directions and coverage areas of different TRPs, IAB nodes, DU 

nodes, relay nodes, or cells are different, in the foregoing solution, the signature set may be further 

associated with the TRP, the IAB node, the DU node, the relay node, or the cell. When the terminal 

device selects a TRP, an IAB node, a DU node, a relay node, or a cell, the terminal device may 20 

further send the data by using at least one signature in a signature set associated with the TRP, the 

IAB node, the DU node, the relay node, or the cell. 

[00265] In an example, in a TRP scenario, in a specific implementation, the signature may be 

associated with a control resource set (control resource set, CORESET), a CORESET set, a search 

space (search space, SS), a DCI format (format), a radio network temporary identifier (radio 25 

network temporary identifier, RNTI) used to scramble DCI, and the like. A specific 

implementation may be shown in FIG. 16. 

[00266] S1601: The terminal device determines a CORESET, a CORESET set, an SS, an RNTI, 

or a received DCI format for receiving DCI. 

[00267] The DCI may be a message 2 (Msg2) for scheduling four-step random access, a 30 

message B (MsgB) for scheduling two-step random access, or DCI of system information. 

[00268] S1602: The terminal device determines at least one signature for sending data based on 

the determined CORESET, CORESET set, SS, RNTI, or received DCI format. 

[00269] Specifically, the association relationship between a signature set and a CORESET, a 

CORESET set, an SS, an RNTI, or a received DCI format may be established in a manner of 35 
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establishing the association relationship between an SSB and a signature set, and the terminal 

device determines the at least one signature in a corresponding signature set. 

[00270] S1603: The terminal device sends the data by using the at least one signature, and 

correspondingly, the network device receives the data. 

[00271] Similarly, in a scenario including a plurality of IAB nodes, a plurality of DU nodes, a 5 

plurality of relay nodes, or a plurality of cells, the signature set may further be associated with the 

plurality of IAB nodes, the plurality of DU nodes, the plurality of relay nodes, or the plurality of 

cells. A specific implementation may be shown in FIG. 17. 

[00272] S1701: The terminal device determines a serving IAB node, a DU node, a relay node, 

or a cell. 10 

[00273] S1702: The terminal device determines at least one signature for sending data based on 

the determined serving IAB node, DU node, relay node, or cell. 

[00274] Specifically, an association relationship between a signature set and a plurality of IAB 

nodes, a plurality of DU nodes, a plurality of relay nodes, or a plurality of cells may be established 

in a manner of establishing the association relationship between an SSB and a signature set, and 15 

the terminal device may determine the at least one signature in a signature set associated with the 

determined serving IAB node, DU node, relay node, or cell. 

[00275] S1703: The terminal device sends the data by using the at least one signature, and 

correspondingly, the network device receives the data. 

[00276] In addition, because an uplink signal (for example, an uplink reference signal) of the 20 

terminal device can also represent a spatial characteristic of the signal, a spatial direction, a beam 

direction, and the like, in the foregoing solution, the signature set may also be associated with the 

uplink signal. The uplink signal herein includes but is not limited to an SRS, a DMRS, a reference 

signal having a sensing function, and the like. A specific implementation may be shown in FIG. 

18. 25 

[00277] S1801: The terminal device determines an uplink signal. 

[00278] Because the terminal device sends the uplink signal, the terminal device cannot 

determine which uplink signal is optimal from a plurality of sent uplink signals. Therefore, the 

network device needs to determine, based on signal quality and the like, one uplink signal (for 

example, an uplink signal with highest RSRP) from the plurality of uplink signals sent by the 30 

terminal device, and may indicate the terminal device in an implicit or explicit manner by using 

signaling such as RRC, DCI, or a MAC CE. 

[00279] S1802: The terminal device determines at least one signature based on the determined 

uplink signal. 

[00280] Specifically, an association relationship between a plurality of uplink signals and a 35 
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plurality of signature sets may be established in a manner of establishing the association 

relationship between an SSB and a signature set, and the terminal device determines the at least 

one signature in a signature set associated with the determined uplink signal. 

[00281] S1803: The terminal device sends the data by using the at least one signature, and 

correspondingly, the network device receives the data. 5 

[00282] In the solutions in FIG. 4 and FIG. 16 to 18, a downlink signal (for example, an SSB), 

a TRP, an IAB node, a DU node, a relay node, a cell, a CORESET, a CORESET set, an SS/RNTI, 

or a DCI format may alternatively be a terminal device group. In other words, the terminal device 

group is associated with a signature set, and the terminal device determines, based on the terminal 

device group to which the terminal device belongs, a signature for sending the data. In this case, 10 

the terminal device may determine, by determining the downlink signal, the TRP, the IAB node, 

the DU node, the relay node, the cell, the CORESET, the CORESET set, the SS/RNTI, or the DCI 

format, a terminal device group to which the terminal device belongs, or may determine, by using 

an indication of the network device, a terminal device group to which the terminal device belongs, 

to select a signature from a signature set associated with the terminal device group. 15 

[00283] When one or more of the downlink signal, the CORESET, the CORESET set, the SS, 

the RNTI, the DCI format, the IAB node, the DU node, the relay node, the cell, the uplink signal, 

the terminal device group, and the like determined by the terminal device change or are switched 

(which may be triggered by the terminal device, or may be indicated by the network device), the 

terminal device may correspondingly change, based on an association (or mapping) relationship, 20 

at least one signature for sending the data. As shown in FIG. 19, when the terminal device moves 

from a TRP 1 to a TPR 2, the at least one signature used by the terminal device also changes from 

at least one signature in a signature set-1 to at least one signature in a signature set-2. 

[00284] When the terminal device is located in different areas of the first downlink signal (for 

example, the SSB), the serving IAB node, the DU node, the relay node, or the cell, for example, a 25 

coverage edge area and a coverage center area, different interference may occur. In some 

implementations, the terminal device may further determine and use a signature based on a 

coverage area in which the terminal device is located. An example in which the downlink signal is 

an SSB and the terminal device determines the at least one signature based on the signature set 

associated with the first SSB is still used. Specifically, a method for determining a signature by the 30 

terminal device may be shown in FIG. 20. The method includes the following steps. 

[00285] S2001: The terminal device determines a coverage area of a first SSB in which the 

terminal device is located. 

[00286] The coverage area may be classified into a coverage edge area and a coverage center 

area (a non-coverage edge area). A condition for determining, by the terminal device, that the 35 
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terminal device is located in an edge area of the first SSB may include one or more of the following: 

signal quality of the first SSB is less than or equal to a first threshold;

signal quality of a third SSB is greater than or equal to a second threshold;

an absolute value of a difference between signal quality of the third SSB and signal 

quality of the first SSB is less than or equal to a third threshold; or5 

a ratio of signal quality of the third SSB to signal quality of the first SSB is greater than 

or equal to a fourth threshold. 

[00287] Optionally, the third SSB is an SSB with highest signal quality in the plurality of SSBs 

other than the first SSB. The first threshold, the second threshold, the third threshold, and the 

fourth threshold may be agreed on by the network device and the terminal device in advance, or 10 

may be indicated by the network device to the terminal device by using signaling such as RRC, a 

MAC CE, or DCI. 

[00288] It should be understood that, in a case in which there are a plurality of IAB nodes, a 

plurality of DU nodes, a plurality of relay nodes, a plurality of cells, or a plurality of TRPs, the 

first SSB (or first downlink signal) may be a downlink signal of a serving IAB node, a DU node, 15 

a relay node, a cell, or a TRP, and the third SSB (or third downlink signal) may be an SSB (or a 

downlink signal) of an IAB node, a DU node, a relay node, or a cell with highest signal quality in 

the plurality of IAB nodes, the plurality of DU nodes, the plurality of relay nodes, or the plurality 

of cells other than the serving IAB node, the DU node, the relay node, or the cell. Alternatively, 

the terminal device may determine, in the foregoing manner, that the terminal device is located in 20 

a coverage area of the serving IAB node, the DU node, the relay node, or the cell. 

[00289] S2002: The terminal device determines at least one signature based on the determined 

coverage area. 

[00290] Specifically, different coverage areas may be associated with different signature sets. 

For example, a coverage center area and a coverage edge area of the first SSB may be associated 25 

with different signature subsets, each signature subset may include one or more signatures or 

signature groups, and signature subsets associated with the coverage center area and the coverage 

edge area are different. The difference herein means that the signature subsets associated with the 

coverage center area and the coverage edge area may have an intersection or no intersection, but 

cannot be completely the same. 30 

[00291] For example, the coverage edge area of the first SSB is associated with a first signature 

subset (S-edge), the coverage center area is associated with a second signature subset (S_center), 

and S-edge and S_center are subsets of a signature set S associated with the first SSB. A 

relationship between S_center and S-edge may be but is not limited to the following. 

[00292] (1) S-edge is a proper subset of S_center, or has an intersection with S_center. 35 
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[00293] In an example, in the S_center, other than a signature that is the same as a signature in 

the S-edge, remaining signatures are orthogonal to the signatures in the S-edge, or has good 

orthogonality (a correlation is less than a correlation threshold). 

[00294] (2) S-edge and S_center have no intersection. 

[00295] For example, S-edge and S_center are orthogonal, that is, any two signatures from two 5 

subsets are orthogonal, that is, any two signatures in the two subsets are orthogonal, or S-edge and 

S_center have good orthogonality (for example, a correlation between any two signatures is lower 

than a correlation threshold). 

[00296] Signature sets associated with coverage areas of different SSBs may meet the following 

relationship, where S1-edge and S1_center, and S2-edge and S2_center respectively indicate that 10 

a coverage edge area of any two of the plurality of SSBs is associated with a first signature subset 

and a coverage center area of any two of the plurality of SSBs is associated with a second signature 

subset. For example, S1-edge and S1_center respectively indicate that a coverage edge area of the 

first SSB is associated with the first signature subset and a coverage center area is associated with 

the second signature subset, S2-edge and S2_center respectively indicate that a coverage edge area 15 

of a second SSB is associated with the first signature subset and a coverage center area of the 

second SSB is associated with the second signature subset, and the second SSB is an SSB that is 

in the plurality of SSBs and that is different from the first SSB. 

[00297] Relationships between S1-edge, S1_center, S2-edge, and S2_center may be but are not 

limited to the following. 20 

[00298] (1) S1-edge is orthogonal to at least one of S2-edge, S2_center, or S2, or a correlation 

between S1-edge and at least one of S2-edge, S2_center, or S2 is less than a correlation threshold, 

where S2 is a signature set associated with the second SSB, and S2-edge and S2_center are subsets 

of S2. 

[00299] (2) Orthogonality between S1-edge and S2-edge is better than orthogonality between 25 

S1-center and S2-edge, and/or orthogonality between S1-edge and S2_center is better than 

orthogonality between S1-center and S2_center, and/or orthogonality between S1-edge and S2 is 

better than orthogonality between S1-center and S2. 

[00300] That two signature sets are orthogonal may mean that any two signatures from two 

signature sets are orthogonal, and that two signature sets are not orthogonal may mean that at least 30 

two signatures from two signature sets are not orthogonal. That the orthogonality of two signature 

sets is better than the orthogonality of other two signature sets may mean that a correlation between 

signatures of the two signature sets is lower than a correlation between signatures of the other two 

signature sets. The definition of the correlation between signatures in signature sets may be the 

same as the definition of the correlation between signatures in signature groups described above, 35 
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that is, defined as a minimum value, a maximum value, or an average value of a correlation 

between two signatures each selected from each of the two signature sets. 

[00301] In some implementations, for any SSB, a signature subset S_center associated with a 

coverage center area of the SSB may be equal to a signature set S associated with the SSB, that is, 

the same as the signature set S associated with the SSB. 5 

[00302] For signature sets associated with coverage areas of other different downlink signals, 

or different IAB nodes, DU nodes, relay nodes, cells, or TRPs, refer to implementation of signature 

sets associated with coverage areas of different SSBs. Details are not described again. 

[00303] Coverage of a same SSB (the SSB is used below to replace a downlink signal, a TRP, 

an IAB node, a DU node, a relay node, a serving cell, or the like) may be adjacent to coverage of 10 

more than one SSB. Therefore, in step S2002, coverage of one SSB may be divided into a plurality 

of coverage areas, for example, one coverage center area and two or more coverage edge areas. 

Each coverage area is associated with a signature subset. A relationship between the signature 

subset associated with the coverage center area and the signature subset associated with any 

coverage edge area is the same as that described above. In this application, a relationship between 15 

signature subsets associated with different coverage edge areas in coverage of a same SSB is not 

limited. When the coverage of the SSB is divided into a plurality of coverage edge areas, the 

terminal device may further determine a coverage edge area in which the terminal device is located, 

to determine a to-be-used signature subset. 

[00304] As shown in FIG. 21, the RSRP of the SSB-2 measured by a terminal device 1 and a 20 

terminal device 2 is optimal, and therefore both the terminal device 1 and the terminal device 2 

select the SSB-2. However, the RSRP of the SSB-1 measured by the terminal device 1 is greater 

than a preset threshold. Therefore, the terminal device 1 considers that the terminal device 1 is 

located in a coverage edge area of the SSB-2 and is close to coverage of the SSB-1, and 

correspondingly uses an associated signature subset S21. The terminal device 2 measures that the 25 

RSRP of the SSB-3 is greater than a preset threshold. Therefore, the terminal device 2 also 

considers that the terminal device 2 is located in the coverage edge area of the SSB-2 and is close 

to coverage of the SSB-2, and correspondingly uses a signature subset S23. To ensure performance 

of an edge terminal device, selection of S21 is related to a signature set S1 associated with the 

SSB-1. For example, S21 is orthogonal to or has good orthogonality with S1 or a subset of S1, and 30 

selection of S23 is related to a signature set S3 associated with the SSB-3. For example, S23 is 

orthogonal to or has good orthogonality with S3 or a subset of S3. 

[00305] It should be understood that, in this embodiment of this application, the coverage area 

may also be described as an interference area, an interference level, a coverage level, or the like. 

[00306] In some implementations, after determining the coverage area in which the terminal 35 



67 

device is located, the terminal device may further report information about the coverage area in 

which the terminal device is located to the network device, the network device delivers 

configuration information, and the terminal device determines the at least one signature based on 

the configuration information delivered by the network device. 

[00307] In an example, the terminal device may report, to the network device in an explicit 5 

manner, the information about the coverage area in which the terminal device is located, for 

example, send the information to the network device by using signaling such as RRC, a MAC CE, 

or UCI. Certainly, the terminal device may alternatively report, to the network device in an implicit 

manner, the information about the coverage area in which the terminal device is located. For 

example, the terminal device selects a preamble, a DMRS, a time-frequency resource, and the like 10 

based on the coverage area of the first SSB in which the terminal device is located, and implicitly 

indicates, to a base station by using the selected preamble, the DMRS, and the time-frequency 

resource, the coverage area in which the terminal device is located. 

[00308] For example, in a random access scenario, the terminal device may implicitly indicate, 

by using a selected preamble or a time-frequency resource for sending the preamble, a coverage 15 

area in which the terminal device is located. 

[00309] For another example, in a CG or PUR scenario, the terminal device may implicitly 

indicate, by using a selected DMRS or a time-frequency resource for sending the DMRS, a 

coverage area in which the terminal device is located. 

[00310] In a possible implementation, the configuration information delivered by the network 20 

device to the terminal device by delivering the signaling such as the RRC, the MAC CE, or the 

DCI may be used to configure an association relationship between a coverage area and a signature 

subset (or a signature set). The RRC signaling may be cell-specific RRC signaling such as 

broadcast information, system information, or paging information, or may be UE-specific RRC 

signaling. The DCI may be UE-specific DCI, or may be group DCI or common DCI. The terminal 25 

device may determine the at least one signature from the signature subset (or the signature set) 

based on the association relationship between a coverage area and a signature subset. 

[00311] The configuration information delivered by the network device may also be used to 

configure the signature used by the terminal device. Specifically, the network device may 

determine the at least one signature based on an association relationship between a coverage area 30 

(for example, the edge coverage area of the first SSB) and a signature subset (or a signature set), 

and then configure the at least one signature for the terminal device. 

[00312] In another possible implementation, a terminal device group to which the terminal 

device belongs may be further determined based on a coverage area, and then the at least one 

signature is determined based on an association relationship between a terminal device group and 35 



68 

a signature (signature set). In other words, there is no direct association relationship between the 

coverage area and the signature (signature set), but the coverage area is associated with the 

signature by using the terminal device group. 

[00313] When the terminal device is located in different areas of a downlink signal (for example, 

an SSB), an IAB node, a DU node, a relay node, or a cell, interference of the terminal device may 5 

be different. In some implementations, when the terminal device is located in different areas of a 

downlink signal, an IAB node, a DU node, a relay node, or a cell, the terminal device may further 

send the data by using different transmission parameters. 

[00314] In an example, for sending the data by using the at least one signature, when the 

terminal device is located in the coverage edge area of the first downlink signal, the terminal device 10 

may send the data by using a first transmission parameter and the at least one signature; or when 

the terminal device is located in a non-coverage edge area of the first downlink signal, the terminal 

device may send the data by using a second transmission parameter and the at least one signature. 

[00315] The transmission parameter includes one or more of a power class, a power control 

parameter, a transport block size (transport block size, TBS), a modulation and coding scheme 15 

(modulation and coding scheme, MCS), a quantity of repetitions (repetition), a quantity of 

retransmissions (retransmissions), or the like. The association relationship between the coverage 

area and the transmission parameter may be configured or reconfigured by the network device by 

using signaling such as RRC (for example, system information SI), a MAC CE, and DCI. 

[00316] When the transmission parameter is a power class or a power control parameter, a 20 

power class associated with the coverage center area is higher than a power class associated with 

the coverage edge area, or a power determined by a power control parameter associated with the 

coverage center area is higher than a power determined by a power control parameter associated 

with the coverage edge area. Interference between terminal devices in the coverage edge area is 

severe. A level of interference between the terminal devices in the coverage edge area can be 25 

controlled to some extent by controlling a transmit power of the terminal devices in the coverage 

edge area. This may be applicable to a case in which whether the terminal device is located in a 

coverage edge area or a coverage center area is not considered when the terminal device determines 

the at least one signature. 

[00317] Alternatively, a power class associated with the coverage center area is lower than a 30 

power class associated with the coverage edge area, or a power determined by a power control 

parameter associated with the coverage center area is lower than a power determined by a power 

control parameter associated with the coverage edge area. This may be applicable to a case in 

which whether the terminal device is located in a coverage edge area or a coverage center area is 

considered when the terminal device determines the signature. For example, orthogonality 35 
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between the signature subset associated with the coverage center area of the SSB 1 and the 

signature set associated with the SSB 2 is poorer. Therefore, a transmit power of the terminal 

device in the coverage center area of the SSB 1 needs to be controlled, to reduce interference 

between the terminal device covered by the SSB 2. However, orthogonality between the signature 

subset associated with the coverage edge area of the SSB 1 and the signature set associated with 5 

the SSB 2 is good. Therefore, a power of the coverage edge area of the SSB 1 may be larger, to 

obtain a larger communication gain. 

[00318] After determining the power class or the power control parameter, the terminal device 

may perform power control on the data based on the determined power class or the determined 

power control parameter, and then send the data. 10 

[00319] When the transmission parameter is a TBS or an MCS, a level of the TBS or the MCS 

associated with a coverage center area may be higher than a level of the TBS or the MCS associated 

with a coverage edge area. This may be applicable to a case in which whether the terminal device 

is located in a coverage edge area or a coverage center area is considered when the terminal device 

determines the signature. 15 

[00320] Alternatively, a level of the TBS or the MCS associated with the coverage center area 

may be lower than a level of the TBS or the MCS associated with the coverage edge. This may be 

applicable to a case in which whether the terminal device is located in a coverage edge area or a 

coverage center area is considered when the terminal device determines the signature. 

[00321] After determining the TBS, the terminal device may determine a data volume of the 20 

data based on the determined TBS, and then send the data. After determining the MCS, the terminal 

device may perform coding and modulation on the data based on the determined MCS, and then 

send the data. 

[00322] When the transmission parameter is a quantity of repetitions or a quantity of times of 

retransmission, the quantity of repetitions or the quantity of times of retransmission associated 25 

with the coverage center area may be greater than the quantity of repetitions or the quantity of 

times of retransmission associated with the coverage edge area. This may be applicable to a case 

in which whether the terminal device is located in a coverage edge area or a coverage center area 

is considered when the terminal device determines the signature. 

[00323] Alternatively, the quantity of repetitions or the quantity of times of retransmission 30 

associated with the coverage center area may be less than the quantity of repetitions or the quantity 

of times of retransmission associated with the coverage edge area. This may be applicable to a 

case in which whether the terminal device is located in a coverage edge area or a coverage center 

area is considered when the terminal device determines the signature. 

[00324] After determining the quantity of repetitions or the quantity of times of retransmission, 35 
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the terminal device may send the data for a plurality of times or retransmit the data for a plurality 

of times based on the quantity of repetitions or the quantity of times of retransmission. 

[00325] In another possible implementation, a terminal device group to which the terminal 

device belongs may be further determined based on a coverage area, and then the at least one 

signature is determined based on an association relationship between a terminal device group and 5 

a signature (signature set). In other words, there is no direct association relationship between the 

coverage area and the signature (signature set), but the coverage area is associated with the 

signature by using the terminal device group. 

[00326] In another possible implementation, a terminal device group to which the terminal 

device belongs may be further determined based on a coverage area, and then the transmission 10 

parameter is determined based on an association relationship between a terminal device group and 

a transmission parameter. In other words, the coverage area is not directly associated with the 

transmission parameter, but is associated with the transmission parameter by using the terminal 

device group. 

[00327] Different interference and/or multiplexing levels also affect data transmission 15 

performance. In some implementations, when sending the data, the terminal device may further 

determine an interference and/or multiplexing level, for example, determine an interference and/or 

multiplexing level on a time-frequency resource for sending the data, and determine a transmission 

parameter (for example, a third transmission parameter) based on the interference and/or 

multiplexing level, to send the data. For example, when the terminal device sends the data by using 20 

the at least one signature, the terminal device may send the data by using the determined third 

transmission parameter and the at least one signature. 

[00328] In a possible implementation, the third transmission parameter determined by the 

terminal device based on the interference and/or multiplexing level meets the following 

characteristic: a higher interference and/or multiplexing level indicates a lower power 25 

corresponding to the third transmission parameter. 

[00329] For the interference and/or multiplexing level of the terminal device, the terminal 

device may listen to or measure an uplink signal strength on a time-frequency resource by using a 

technology such as listen before talk (listen before talk, LBT) or sensing, to determine the 

interference or the resource multiplexing level. For example, a larger uplink signal strength 30 

indicates a higher interference or resource multiplexing level. 

[00330] Alternatively, the terminal device may determine the interference or resource 

multiplexing level based on a measurement result of the downlink signal. Higher signal quality 

indicates a lower interference or resource multiplexing level. 

[00331] Certainly, the network device may also notify the terminal device of the interference or 35 
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resource multiplexing level by using signaling such as RRC (for example, system information SI), 

a MAC CE, or DCI. 

[00332] A plurality of transmission parameters may be configured on the terminal device, and 

the plurality of transmission parameters may respectively correspond to different interference or 

resource multiplexing levels. The terminal device may use, based on the determined interference 5 

or resource multiplexing level, a transmission parameter corresponding to the interference or 

resource multiplexing level as the third transmission parameter. 

[00333] Specifically, the transmission parameter may include one or more of a power class, a 

power control parameter, a TBS, an MCS, a quantity of repetitions or a quantity of times of 

retransmission, and the like. In some implementations, a parameter that can represent the 10 

interference/resource multiplexing level, for example, Δinterference, may be further introduced, 

to determine a transmit power of the terminal device. There is a mapping relationship between the 

parameter and the interference/resource multiplexing level. The mapping relationship may be in a 

form of a formula or a table, and may be agreed on in advance, or may be configured by the 

network device for the terminal device by using signaling such as RRC, a MAC CE, or DCI. The 15 

RRC signaling may be cell-specific RRC signaling such as broadcast information, system 

information, or paging information, or may be UE-specific RRC signaling. The DCI may be UE-

specific DCI, or may be group DCI or common DCI. In an example, after the parameter is 

introduced, an uplink power may be determined by using the following formula: 

CMAX , ,
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( , , , ) min
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f c
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b f,c b f,c b f c b f c d b f,c b f c

P i
P i j q l
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  
  

        
 .  20 

[00334] PUSCH, , , ( )b f c dP i, j,q ,l   is an uplink power of a PUSCH at a transmission occasion i

(that is, a PUSCH time-frequency resource i  ), 

PUSCH
O_PUSCH, , 10 RB, , , , , , TF, ,( ) 10log (2 ( )) ( ) ( ) ( )b f,c b f,c b f c b f c d b f,cP j M i j PL q i       may be considered as 

an open-loop power control part, and , , ( , )b f cf i l   may be considered as a closed-loop power 

control part. 25 

[00335] A maximum transmit power CMAX, , ( )f cP i  that is of the PUSCH and that is on a carrier 

f  of a cell c configured by the terminal device may be described as a power class (power class) 

supported by the terminal device. The terminal device sends the PUSCH to the network device on 

the BWP b of the carrier f  of the cell c. 

[00336] O_PUSCH, , , ( )b f cP j   is an expected (target) receive power, a parameter value may be 30 

indicated or configured by the network device for the terminal device by using signaling (for 

example, RRC signaling, system information, or DCI), and the parameter may include a cell-
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specific part and a user-specific part. The network device may configure a plurality of sets of 

{ O_PUSCH, , , , ,b f c b f cP , } for the terminal device, and indicate, by using signaling (for example, DCI), 

a set of { O_PUSCH, , , , ,b f c b f cP , } used by the terminal device, that is, j  is an index value of a set of 

{ O_PUSCH, , , , ,b f c b f cP , } used by the terminal device indicated by using signaling, and the index value 

is an index of { O_PUSCH, , , , ,b f c b f cP ,  } used by the terminal device in the plurality of sets of 5 

{ O_PUSCH, , , , ,b f c b f cP , }. 

[00337] , , ( )b f c j  is a partial path loss compensation factor, and a range of the parameter is 

(0,1]. A parameter value may be indicated or configured by the network device for the terminal 

device by using signaling (for example, RRC signaling, system information, or DCI). 

[00338]   is a subcarrier spacing configuration of the PUSCH, where the subcarrier spacing 10 

of the PUSCH is 15 kHz (kilohertz)* 2 , and a value of   may be an integer such as 0, 1, 2, or 

4. 

[00339]
PUSCH
RB, , , ( )b f cM i  is a quantity of RBs to which the PUSCH is mapped, or is a quantity of 

RBs for sending the PUSCH, and a parameter value may be indicated or configured by the network 

device for the terminal device by using signaling (for example, RRC signaling or DCI). 15 

[00340] , , ( )b f c dPL q   is a path loss estimation value, and is used to perform path loss 

compensation. A parameter value may be a path loss estimated by the terminal device by 

performing downlink measurement on a downlink reference signal dq . 

[00341] TF , , ( )b f c i  is a parameter value related to a modulation scheme and a channel coding 

rate of a current PUSCH transmission. 20 

[00342] , , ( , )b f cf i l  is a power adjustment value determined based on a transmit power control 

(transmit power control, TPC) command of a closed-loop power control (power control) process 

l , and the TPC command may be indicated or configured by the network device for the terminal 

device by using signaling (for example, RRC signaling or DCI). The transmit power control 

command may also be referred to as a power control command for short. 25 

[00343] For closed-loop power control, the terminal device side may support closed-loop power 

control processes greater than or equal to 1. For example, two closed-loop power control processes 

may be supported. For example, a closed-loop power control process is denoted as l , and a power 

adjustment value of the closed-loop power control process l  is denoted as , , ( , )b f cf i l . When the 

terminal device supports two closed-loop power control processes, a value of l  is 0 or 1, and is 30 
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used to select a determined power adjustment value from the two closed-loop power control 

processes supported by the terminal device. A type of closed-loop power control may be 

accumulated (accumulated) or absolute (absolute). 

[00344] After receiving the TPC command of the closed-loop power control process l  from 

the network device, when the terminal device determines , , ( , )b f cf i l  based on the TPC command, 5 

the terminal device may determine , , ( , )b f cf i l  by using the following accumulated closed-loop 

power control method or absolute closed-loop power control method. 

[00345] Accumulated: 
  1

, , , , 0 PUSCH, , ,
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   
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 , where PUSCH, , ,b f c   is 

a parameter value (which may also be referred to as a TPC command value) indicated by a TPC 

command, , , 0( , )b f cf i i l  is a closed-loop power adjustment value of a PUSCH at a transmission 10 

occasion 0i i  , and 
  1

PUSCH, , ,
0

( , )
iD

b f c
m

m l





C

  represents accumulation of power adjustment steps 

indicated by  iDC   received TPC commands between a transmission occasion 0i i   and a 

transmission occasion i  , where the PUSCH at the transmission occasion i   may also be 

understood as an i th transmission of the PUSCH. 

[00346] Absolute: , , PUSCH, , ,( , ) ( , )b f c b f cf i l i l  , where PUSCH, , , ( , )b f c i l   is a TPC command 15 

value sent by the network device to the terminal device on a PUSCH at a transmission occasion 

i . 

[00347] It should be understood that, the interference/resource multiplexing level may be 

alternatively replaced with another target quantity that can represent an interference degree to 

which the terminal device is interfered, for example, an interference degree level. 20 

[00348] It can be understood that, to implement the functions in the foregoing embodiments, 

the terminal device and the network device include corresponding hardware structures and/or 

software modules for performing the 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 25 

combination of hardware and computer software. Whether a function is performed by using 

hardware or hardware driven by computer software depends on a particular application scenario 

and design constraint of the technical solutions. 

[00349] FIG. 22 and FIG. 23 are schematic diagrams of structures of possible communication 

apparatuses according to an embodiment of this application. The communication apparatus may 30 

be configured to implement functions of a terminal device or a network device in the foregoing 
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method embodiment. Therefore, beneficial effects of the foregoing method embodiment can also 

be implemented. In a possible implementation, the communication apparatus may be the terminal 

device shown in FIG. 1 or FIG. 2, or may be the network device shown in FIG. 1 or FIG. 2, or 

may be a module (for example, a chip) applied to the terminal device or the network device. 

[00350] As shown in FIG. 22, the communication apparatus 2200 includes a processing unit 5 

2210 and an interface unit 2220. The interface unit 2220 may further be a transceiver unit or an 

input/output interface. The communication apparatus 2200 may be configured to implement 

functions of the terminal device or the network device in the method embodiment shown in FIG. 

4, FIG. 16, FIG. 17, or FIG. 18. 

[00351] When the communication apparatus 2200 is configured to implement the functions of 10 

the terminal device in the method embodiment shown in FIG. 4, FIG. 16, FIG. 17, or FIG. 18, 

the processing unit 2210 is configured to: determine a first downlink signal from a 

plurality of downlink signals, and determine at least one signature based on the first downlink 

signal; and

the interface unit 2220 is configured to send data by using the at least one signature. 15 

[00352] In a possible design, when determining the at least one signature based on the first 

downlink signal, the processing unit 2210 is specifically configured to: determine, based on the 

first downlink signal, a first resource from a plurality of resources that have a mapping relationship 

with the plurality of downlink signals; and determine, based on the first resource, the at least one 

signature from a plurality of signatures that have a mapping relationship with the plurality of 20 

resources. 

[00353] In a possible design, the resources are a preamble (preamble) and a physical random 

access channel PRACH time-frequency resource for sending the preamble; and the mapping 

relationship between a plurality of resources and a plurality of signatures includes: a mapping 

relationship between N preambles on the PRACH time-frequency resource and M combinations 25 

of a physical uplink shared channel PUSCH time-frequency resource, a pilot resource, and a 

signature; a mapping relationship between N preambles on the PRACH time-frequency resource 

and M combinations of a PUSCH time-frequency resource and a signature; a mapping relationship 

between N preambles on the PRACH time-frequency resource and M combinations of a pilot 

resource and a signature; or a mapping relationship between N preambles on the PRACH time-30 

frequency resource and M signatures, where M and N are positive integers. Optionally, at least one 

of M and N is 1. 

[00354] In a possible design, the mapping relationship between N preambles on the PRACH 

time-frequency resource and M combinations of a PUSCH time-frequency resource and a 

signature includes: the N preambles are first selected in increasing order of preamble indexes on 35 
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the PRACH time-frequency resource, then in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in 

increasing order of time-domain resource indexes of a plurality of time multiplexed PRACH time-

frequency resources; and the M combinations of a PUSCH time-frequency resource and a 

signature that are mapped to the N preambles are first selected in increasing order of frequency-5 

domain resource indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, 

then in increasing order of indexes in a signature group, thirdly in increasing order of signature 

group indexes, and fourthly in increasing order of time-domain resource indexes of a plurality of 

time multiplexed PUSCH time-frequency resources, where the signature is a frequency-domain 

resource hopping pattern, a hopping pattern of a resource group including a frequency-domain 10 

resource, a code-domain resource, a code-domain resource hopping pattern, a space-domain 

resource, or a space-domain resource hopping pattern. 

[00355] In a possible design, the resources are a pilot resource and a PUSCH time-frequency 

resource, and the mapping relationship between a plurality of resources and a plurality of 

signatures includes: a mapping relationship between P pilot resources on the PUSCH time-15 

frequency resource and Q signatures, where P and Q are positive integers. Optionally, at least one 

of P and Q is 1. 

[00356] In a possible design, the mapping relationship between P pilot resources on the PUSCH 

time-frequency resource and Q signatures includes: the P pilot resources are first selected in 

increasing order of frequency-domain resource indexes of a plurality of frequency multiplexed 20 

PUSCH time-frequency resources, then in increasing order of pilot port indexes on the PUSCH 

time-frequency resource, thirdly in increasing order of pilot sequence indexes on the PUSCH time-

frequency resource, and fourthly in increasing order of time-domain resource indexes of a plurality 

of time multiplexed PUSCH time-frequency resources; and the Q signatures mapped to the P pilot 

resources are first selected in increasing order of signature group indexes, and then in increasing 25 

order of indexes in a signature group, where the signature is a code-domain resource, a code-

domain resource hopping pattern, a space-domain resource, or a space-domain resource hopping 

pattern. 

[00357] In a possible design, the interface unit 2220 is further configured to receive 

configuration information from a network device, where the configuration information is used to 30 

configure the mapping relationship between a plurality of resources and a plurality of signatures. 

[00358] In a possible design, there is a mapping relationship between a plurality of downlink 

signals and a plurality of signatures, and the at least one signature is a signature that is in the 

plurality of signatures and that is mapped to the first downlink signal; and the mapping relationship 

between a plurality of downlink signals and a plurality of signatures includes: a mapping 35 



76 

relationship between R downlink signals in the plurality of downlink signals and S combinations 

of a PUSCH time-frequency resource, a pilot resource, and a signature; a mapping relationship 

between R downlink signals in the plurality of downlink signals and S combinations of a PUSCH 

time-frequency resource and a signature; a mapping relationship between R downlink signals in 

the plurality of downlink signals and S combinations of a pilot resource and a signature; or a 5 

mapping relationship between R downlink signals in the plurality of downlink signals and S 

signatures, where R and S are positive integers. Optionally, at least one of R and S is 1. 

[00359] In a possible design, the mapping relationship between R downlink signals in the 

plurality of downlink signals and S combinations of a PUSCH time-frequency resource and a 

signature includes: the R downlink signals are selected from the plurality of downlink reference 10 

signals in increasing order of indexes; and the S combinations of a PUSCH time-frequency 

resource and a signature that correspond to the R downlink signals are first selected in increasing 

order of frequency-domain resource indexes of a plurality of frequency multiplexed PUSCH time-

frequency resources, then in increasing order of indexes in a signature group, thirdly in increasing 

order of signature group indexes, and fourthly in increasing order of time-domain resource indexes 15 

of a plurality of time multiplexed PUSCH time-frequency resources, where the signature is a 

frequency-domain resource hopping pattern, a hopping pattern of a resource group including a 

frequency-domain resource, a code-domain resource, a code-domain resource hopping pattern, a 

space-domain resource, or a space-domain resource hopping pattern. 

[00360] In a possible design, the interface unit 2220 is further configured to receive 20 

configuration information from a network device, where the configuration information is used to 

configure the mapping relationship between a plurality of downlink signals and a plurality of 

signatures. 

[00361] In a possible design, when determining the at least one signature based on the first 

downlink signal, the processing unit 2210 is specifically configured to determine the at least one 25 

signature in a signature set associated with the first downlink signal, where each of the plurality of 

downlink signals has an associated signature set. 

[00362] In a possible design, when determining the at least one signature in the signature set 

associated with the first downlink signal, the processing unit 2210 is specifically configured to: 

when the processing unit 2210 determines that the communication apparatus is located in a 30 

coverage edge area of the first downlink signal, determine the at least one signature in a first 

signature subset, where the first signature subset and a signature set associated with a second 

downlink signal are orthogonal to each other; a correlation between the first signature subset and 

the signature set associated with the second downlink signal is lower than a correlation threshold; 

and the first signature subset is a subset of the signature set associated with the first downlink 35 
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signal, and the second downlink signal is one of the plurality of downlink signals. 

[00363] In a possible design, when the interface unit 2220 sends the data by using the at least 

one signature, the interface unit 2220 is specifically configured to: when the processing unit 2210 

determines that the communication apparatus is located in the coverage edge area of the first 

downlink signal, send the data by using a first transmission parameter and the at least one signature; 5 

or the interface unit 2220 is specifically configured to: when the processing unit 2210 determines 

that the communication apparatus is located in a non-coverage edge area of the first downlink 

signal, send the data by using a second transmission parameter and the at least one signature. 

[00364] In a possible design, a condition for determining, by the processing unit 2210, that the 

communication apparatus is located in the coverage edge area of the first downlink signal includes 10 

one or more of the following: signal quality of the first downlink signal is less than or equal to a 

first threshold; signal quality of a third downlink signal is greater than or equal to a second 

threshold; an absolute value of a difference between signal quality of a third downlink signal and 

signal quality of the first downlink signal is less than or equal to a third threshold; or a ratio of 

signal quality of a third downlink signal to signal quality of the first downlink signal is greater 15 

than or equal to a fourth threshold; and the third downlink signal is a downlink signal with highest 

signal quality in the plurality of downlink signals other than the first downlink signal. 

[00365] In a possible design, the processing unit 2210 is further configured to: determine an 

interference and/or multiplexing level of a time-frequency resource for sending the data; and 

determine a third transmission parameter based on the interference and/or multiplexing level of 20 

the time-frequency resource, where the third parameter meets the following characteristic: a higher 

interference and/or multiplexing level of the time-frequency resource indicates a lower power 

corresponding to the third transmission parameter; and when sending the data by using the at least 

one signature, the interface unit 2220 is specifically configured to send the data by using the third 

transmission parameter and the at least one signature. 25 

[00366] In a possible design, any two signatures in the signature set associated with the first 

downlink signal are orthogonal to each other; and at least one signature in the signature set 

associated with the first downlink signal is not orthogonal to at least one signature in a signature 

set associated with a fourth downlink signal, and the fourth downlink signal is one of the plurality 

of downlink signals. 30 

[00367] In a possible design, the signature is at least one of a code-domain resource, a pilot 

resource, a power resource, a space-domain resource, and a resource hopping pattern. 

[00368] In a possible design, the downlink signal is an SSB. 

[00369] When the communication apparatus 2200 is configured to implement the functions of 

the network device in the method embodiment shown in FIG. 4, FIG. 16, FIG. 17, or FIG. 18, 35 
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the processing unit 2210 is configured to determine configuration information, where 

the configuration information is used to configure a mapping relationship between a plurality of 

resources and a plurality of signatures, or configure a mapping relationship between a plurality of 

downlink signals and a plurality of signatures; and the interface unit 2220 is configured to send 

the configuration information to a terminal device. 5 

[00370] In a possible design, the resources are a preamble (preamble) and a physical random 

access channel PRACH time-frequency resource for sending the preamble; and the mapping 

relationship between a plurality of resources and a plurality of signatures includes: a mapping 

relationship between N preambles on the PRACH time-frequency resource and M combinations 

of a physical uplink shared channel PUSCH time-frequency resource, a pilot resource, and a 10 

signature; a mapping relationship between N preambles on the PRACH time-frequency resource 

and M combinations of a PUSCH time-frequency resource and a signature; a mapping relationship 

between N preambles on the PRACH time-frequency resource and M combinations of a pilot 

resource and a signature; or a mapping relationship between N preambles on the PRACH time-

frequency resource and M signatures, where M and N are positive integers. Optionally, at least one 15 

of M and N is 1. 

[00371] In a possible design, the mapping relationship between N preambles on the PRACH 

time-frequency resource and M combinations of a PUSCH time-frequency resource and a 

signature includes: the N preambles are first selected in increasing order of preamble indexes on 

the PRACH time-frequency resource, then in increasing order of frequency-domain resource 20 

indexes of a plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in 

increasing order of time-domain resource indexes of a plurality of time multiplexed PRACH time-

frequency resources; and the M combinations of a PUSCH time-frequency resource and a 

signature that are mapped to the N preambles are first selected in increasing order of frequency-

domain resource indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, 25 

then in increasing order of indexes in a signature group, thirdly in increasing order of signature 

group indexes, and fourthly in increasing order of time-domain resource indexes of a plurality of 

time multiplexed PUSCH time-frequency resources, where the signature is a frequency-domain 

resource hopping pattern, a hopping pattern of a resource group including a frequency-domain 

resource, a code-domain resource, a code-domain resource hopping pattern, a space-domain 30 

resource, or a space-domain resource hopping pattern. 

[00372] In a possible design, the resources are a pilot resource and a PUSCH time-frequency 

resource, and the mapping relationship between a plurality of resources and a plurality of 

signatures includes: a mapping relationship between P pilot resources on the PUSCH time-

frequency resource and Q signatures, where P and Q are positive integers. Optionally, at least one 35 
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of P and Q is 1. 

[00373] In a possible design, the mapping relationship between P pilot resources on the PUSCH 

time-frequency resource and Q signatures includes: the P pilot resources are first selected in 

increasing order of frequency-domain resource indexes of a plurality of frequency multiplexed 

PUSCH time-frequency resources, then in increasing order of pilot port indexes on the PUSCH 5 

time-frequency resource, thirdly in increasing order of pilot sequence indexes on the PUSCH time-

frequency resource, and fourthly in increasing order of time-domain resource indexes of a plurality 

of time multiplexed PUSCH time-frequency resources; and the Q signatures mapped to the P pilot 

resources are first selected in increasing order of signature group indexes, and then in increasing 

order of indexes in a signature group, where the signature is a code-domain resource, a code-10 

domain resource hopping pattern, a space-domain resource, or a space-domain resource hopping 

pattern. 

[00374] In a possible design, the mapping relationship between a plurality of downlink signals 

and a plurality of signatures includes: a mapping relationship between R downlink signals in the 

plurality of downlink signals and S combinations of a PUSCH time-frequency resource, a pilot 15 

resource, and a signature; a mapping relationship between R downlink signals in the plurality of 

downlink signals and S combinations of a PUSCH time-frequency resource and a signature; a 

mapping relationship between R downlink signals in the plurality of downlink signals and S 

combinations of a pilot resource and a signature; or a mapping relationship between R downlink 

signals in the plurality of downlink signals and S signatures, where R and S are positive integers. 20 

Optionally, at least one of R and S is 1. 

[00375] In a possible design, the mapping relationship between R downlink signals in the 

plurality of downlink signals and S combinations of a PUSCH time-frequency resource and a 

signature includes: the R downlink signals are selected from the plurality of downlink reference 

signals in increasing order of indexes; and the S combinations of a PUSCH time-frequency 25 

resource and a signature that correspond to the R downlink signals are first selected in increasing 

order of frequency-domain resource indexes of a plurality of frequency multiplexed PUSCH time-

frequency resources, then in increasing order of indexes in a signature group, thirdly in increasing 

order of signature group indexes, and fourthly in increasing order of time-domain resource indexes 

of a plurality of time multiplexed PUSCH time-frequency resources, where the signature is a 30 

frequency-domain resource hopping pattern, a hopping pattern of a resource group including a 

frequency-domain resource, a code-domain resource, a code-domain resource hopping pattern, a 

space-domain resource, or a space-domain resource hopping pattern. 

[00376] In a possible design, the downlink signal is an SSB. 

[00377] As shown in FIG. 23, the communication apparatus 2300 includes a processor 2310 35 
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and an interface circuit 2320. The processor 2310 is coupled to the interface circuit 2320. It can be 

understood that the interface circuit 2320 may be a transceiver or an input/output interface. 

Optionally, the communication apparatus 2300 may further include a memory 2330, configured to 

store instructions executed by the processor 2310, or store input data required by the processor 

2310 to run the instructions, or store data generated after the processor 2310 runs the instructions. 5 

Optionally, the memory 2330 may be further integrated with the processor 2310. 

[00378] When the communication apparatus 2300 is configured to implement the method 

shown in FIG. 4, FIG. 16, FIG. 17, or FIG. 18, the processor 2310 is configured to implement the 

function of the processing unit 2210, and the interface circuit 2320 is configured to implement the 

function of the interface unit 2220. 10 

[00379] When the communication apparatus is a chip used in a terminal device, the chip in the 

terminal device implements the function of the terminal device in the foregoing method 

embodiments. The chip in the terminal device 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 or another terminal device to the terminal device; or the chip in the 15 

terminal device 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 terminal device to the 

network device or another terminal device. 

[00380] When the communication apparatus is a module used in a network device, the module 

in the network device implements a function of the network device in the foregoing method 20 

embodiments. 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 

sent by a terminal device to the network device. Alternatively, 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 a terminal device. The 25 

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) architecture. 

[00381] It may be understood that, the processor in embodiments of this application may be a 

central processing unit (central processing unit, CPU), or may be another general-purpose 30 

processor, a digital signal processor (digital signal processor, DSP), an application-specific 

integrated circuit (application-specific integrated circuit, ASIC), a field programmable gate array 

(field programmable gate array, FPGA) or another programmable logic device, a transistor logic 

device, a hardware component, or any combination thereof. The general-purpose processor may 

be a microprocessor or any conventional processor or the like. 35 
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[00382] The method steps in embodiments of this application may be implemented by hardware, 

or may be implemented by the processor executing software instructions. 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 programmable read-only 5 

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. For example, a storage medium is coupled to a processor, 

so that the processor can read information from the storage medium and write information into the 

storage medium. Certainly, the storage medium may be a component of the processor. The 

processor and the storage medium may be disposed in an ASIC. In addition, the ASIC may be 10 

located in a network device or a terminal device. Certainly, the processor and the storage medium 

may alternatively exist as discrete components in a network device or a terminal device. 

[00383] All or some of the foregoing embodiments may be implemented by using software, 

hardware, firmware, or any combination thereof. When software is used to implement the 

embodiments, all or some of the embodiments may be implemented in a form of a computer 15 

program product. The computer program product includes one or more computer programs and 

instructions. When the computer programs or instructions are loaded and executed on a computer, 

all or some of the processes or functions in embodiments of this application are executed. The 

computer may be a general-purpose computer, a dedicated computer, a computer network, a 

network device, user equipment, or another programmable apparatus. The computer programs or 20 

instructions may be stored in a computer-readable storage medium, or may be transmitted from a 

computer-readable storage medium to another computer-readable storage medium. For example, 

the computer programs or instructions may be transmitted from a 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 be any usable medium that can be accessed by a computer, 25 

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; or may be an optical medium, for example, a digital video disc; or may be a 

semiconductor medium, for example, a solid-state drive. The computer-readable storage medium 

may be a volatile or non-volatile storage medium, or may include two types of storage media: a 30 

volatile storage medium and a non-volatile storage medium. 

[00384] 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 

referenced, and technical features in different embodiments may be combined based on an internal 

logical relationship thereof, to form a new embodiment. 35 
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[00385] In addition, it should be understood that, the term "for example" in embodiments of 

this application is used to represent giving an example, an illustration, or a description. Any 

embodiment or design scheme described as an "example" in this application should not be 

explained as being more preferred or having more advantages than another embodiment or design 

scheme. Exactly, the term "example" is used to present a concept in a specific manner. 5 

[00386] In addition, in embodiments of this application, information (information), a signal 

(signal), a message (message), and a channel (channel) may be interchangeably used sometimes. 

It should be noted that meanings expressed by the terms are consistent when differences are not 

emphasized. Terms "of (of)" and "corresponding (corresponding, relevant)" may be 

interchangeably used sometimes. It should be noted that meanings expressed by the terms are 10 

consistent when differences of the terms are not emphasized. 

[00387] It may be understood that various numbers in embodiments of this application are 

merely used for differentiation for ease of description, and are not used to limit the scope of 

embodiments of this application. The sequence numbers of the foregoing processes do not mean 

execution sequences, and the execution sequences of the processes should be determined based on 15 

functions and internal logic of the processes. 
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CLAIMS 

What is claimed is: 

1. A communication method, comprising: 

determining, by a terminal device, a first downlink signal from a plurality of downlink signals;

determining, by the terminal device, at least one signature based on the first downlink signal; 5 

and 

sending, by the terminal device, data by using the at least one signature. 

2. The method according to claim 1, wherein the determining, by the terminal device, at least 

one signature based on the first downlink signal comprises: 

determining, by the terminal device based on the first downlink signal, a first resource from 10 

a plurality of resources that have a mapping relationship with the plurality of downlink signals; 

and 

determining, by the terminal device based on the first resource, the at least one signature from 

a plurality of signatures that have a mapping relationship with the plurality of resources. 

3. The method according to claim 2, wherein the resources are a preamble preamble and a 15 

physical random access channel PRACH time-frequency resource for sending the preamble; and

the mapping relationship between a plurality of resources and a plurality of signatures 

comprises: 

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a physical uplink shared channel PUSCH time-frequency resource, a pilot 20 

resource, and a signature;

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a PUSCH time-frequency resource and a signature;

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a pilot resource and a signature; or25 

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

signatures, wherein 

M and N are positive integers. 

4. The method according to claim 3, wherein the mapping relationship between N preambles 

on the PRACH time-frequency resource and M combinations of a PUSCH time-frequency 30 

resource and a signature comprises: 

the N preambles are first selected in increasing order of preamble indexes on the PRACH 

time-frequency resource, then in increasing order of frequency-domain resource indexes of a 

plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing 
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order of time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency 

resources; and

the M combinations of a PUSCH time-frequency resource and a signature that are mapped to 

the N preambles are first selected in increasing order of frequency-domain resource indexes of a 

plurality of frequency multiplexed PUSCH time-frequency resources, then in increasing order of 5 

indexes in a signature group, thirdly in increasing order of signature group indexes, and fourthly 

in increasing order of time-domain resource indexes of a plurality of time multiplexed PUSCH 

time-frequency resources, wherein 

the signature is a frequency-domain resource hopping pattern, a hopping pattern of a resource 

group comprising a frequency-domain resource, a code-domain resource, a code-domain resource 10 

hopping pattern, a space-domain resource, or a space-domain resource hopping pattern. 

5. The method according to claim 2, wherein the resources are a pilot resource and a PUSCH 

time-frequency resource; and

the mapping relationship between a plurality of resources and a plurality of signatures 

comprises: 15 

a mapping relationship between P pilot resources on the PUSCH time-frequency resource and 

Q signatures, wherein 

P and Q are positive integers. 

6. The method according to claim 5, wherein the mapping relationship between P pilot 

resources on the PUSCH time-frequency resource and Q signatures comprises: 20 

the P pilot resources are first selected in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, then in 

increasing order of pilot port indexes on the PUSCH time-frequency resource, thirdly in increasing 

order of pilot sequence indexes on the PUSCH time-frequency resource, and fourthly in increasing 

order of time-domain resource indexes of a plurality of time multiplexed PUSCH time-frequency 25 

resources; and

the Q signatures mapped to the P pilot resources are first selected in increasing order of 

signature group indexes, and then in increasing order of indexes in a signature group, wherein 

the signature is a code-domain resource, a code-domain resource hopping pattern, a space-

domain resource, or a space-domain resource hopping pattern. 30 

7. The method according to any one of claims 2 to 6, wherein the method further comprises: 

receiving, by the terminal device, configuration information from a network device, wherein 

the configuration information is used to configure the mapping relationship between a plurality of 

resources and a plurality of signatures. 

8. The method according to claim 1, wherein there is a mapping relationship between a 35 
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plurality of downlink signals and a plurality of signatures, and the at least one signature is a 

signature that is in the plurality of signatures and that is mapped to the first downlink signal; and

the mapping relationship between a plurality of downlink signals and a plurality of signatures 

comprises: 

a mapping relationship between R downlink signals in the plurality of downlink signals and 5 

S combinations of a PUSCH time-frequency resource, a pilot resource, and a signature;

a mapping relationship between R downlink signals in the plurality of downlink signals and 

S combinations of a PUSCH time-frequency resource and a signature;

a mapping relationship between R downlink signals in the plurality of downlink signals and 

S combinations of a pilot resource and a signature; or10 

a mapping relationship between R downlink signals in the plurality of downlink signals and 

S signatures, wherein 

R and S are positive integers. 

9. The method according to claim 8, wherein the mapping relationship between R downlink 

signals in the plurality of downlink signals and S combinations of a PUSCH time-frequency 15 

resource and a signature comprises: 

the R downlink signals are selected from the plurality of downlink reference signals in 

increasing order of indexes; and

the S combinations of a PUSCH time-frequency resource and a signature that correspond to 

the R downlink signals are first selected in increasing order of frequency-domain resource indexes 20 

of a plurality of frequency multiplexed PUSCH time-frequency resources, then in increasing order 

of indexes in a signature group, thirdly in increasing order of signature group indexes, and fourthly 

in increasing order of time-domain resource indexes of a plurality of time multiplexed PUSCH 

time-frequency resources, wherein 

the signature is a frequency-domain resource hopping pattern, a hopping pattern of a resource 25 

group comprising a frequency-domain resource, a code-domain resource, a code-domain resource 

hopping pattern, a space-domain resource, or a space-domain resource hopping pattern. 

10. The method according to claim 1, wherein the determining, by the terminal device, at 

least one signature based on the first downlink signal comprises: 

determining, by the terminal device, the at least one signature in a signature set associated 30 

with the first downlink signal, wherein each of the plurality of downlink signals has an associated 

signature set. 

11. The method according to claim 10, wherein the determining, by the terminal device, the 

at least one signature in a signature set associated with the first downlink signal comprises: 

when the terminal device is determined to locate in a coverage edge area of the first downlink 35 
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signal, determining, by the terminal device, the at least one signature in a first signature subset, 

wherein 

the first signature subset and a signature set associated with a second downlink signal are 

orthogonal to each other;

a correlation between the first signature subset and the signature set associated with the 5 

second downlink signal is lower than a correlation threshold; and

the first signature subset is a subset of the signature set associated with the first downlink 

signal, and the second downlink signal is one of the plurality of downlink signals. 

12. The method according to claim 11, wherein the sending, by the terminal device, data by 

using the at least one signature comprises: 10 

when the terminal device is located in the coverage edge area of the first downlink signal, 

sending, by the terminal device, the data by using a first transmission parameter and the at least 

one signature; or

when the terminal device is located in a non-coverage edge area of the first downlink signal, 

sending, by the terminal device, the data by using a second transmission parameter and the at least 15 

one signature. 

13. The method according to claim 11 or 12, wherein a condition for determining that the 

terminal device is located in the coverage edge area of the first downlink signal comprises one or 

more of the following: 

signal quality of the first downlink signal is less than or equal to a first threshold;20 

signal quality of a third downlink signal is greater than or equal to a second threshold;

an absolute value of a difference between signal quality of a third downlink signal and signal 

quality of the first downlink signal is less than or equal to a third threshold; or

a ratio of signal quality of a third downlink signal to signal quality of the first downlink signal 

is greater than or equal to a fourth threshold; and25 

the third downlink signal is a downlink signal with highest signal quality in the plurality of 

downlink signals other than the first downlink signal. 

14. The method according to claim 10, wherein the method further comprises: 

determining, by the terminal device, an interference and/or multiplexing level of a time-

frequency resource for sending the data; and30 

determining, by the terminal device, a third transmission parameter based on the interference 

and/or multiplexing level of the time-frequency resource, wherein the third parameter meets the 

following characteristic: a higher interference and/or multiplexing level of the time-frequency 

resource indicates a lower power corresponding to the third transmission parameter; and

the sending, by the terminal device, data by using the at least one signature comprises: 35 
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sending, by the terminal device, the data by using the third transmission parameter and the at 

least one signature. 

15. The method according to any one of claims 10 to 14, wherein any two signatures in the 

signature set associated with the first downlink signal are orthogonal to each other; and

at least one signature in the signature set associated with the first downlink signal is not 5 

orthogonal to at least one signature in a signature set associated with a fourth downlink signal, and 

the fourth downlink signal is one of the plurality of downlink signals. 

16. The method according to any one of claims 10 to 15, wherein the signature is at least one 

of a code-domain resource, a pilot resource, a power resource, a space-domain resource, and a 

resource hopping pattern. 10 

17. The method according to any one of claims 1 to 16, wherein the downlink signal is a 

synchronization signal block SSB. 

18. A communication method, comprising: 

determining, by a network device, configuration information, wherein the configuration 

information is used to configure a mapping relationship between a plurality of resources and a 15 

plurality of signatures; and

sending, by the network device, the configuration information to a terminal device. 

19. The method according to claim 18, wherein the resources are a preamble preamble and a 

physical random access channel PRACH time-frequency resource for sending the preamble; and

the mapping relationship between a plurality of resources and a plurality of signatures 20 

comprises: 

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a physical uplink shared channel PUSCH time-frequency resource, a pilot 

resource, and a signature;

a mapping relationship between N preambles on the PRACH time-frequency resource and M 25 

combinations of a PUSCH time-frequency resource and a signature;

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a pilot resource and a signature; or

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

signatures, wherein 30 

M and N are positive integers. 

20. The method according to claim 19, wherein the mapping relationship between N 

preambles on the PRACH time-frequency resource and M combinations of a PUSCH time-

frequency resource and a signature comprises: 

the N preambles are first selected in increasing order of preamble indexes on the PRACH 35 
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time-frequency resource, then in increasing order of frequency-domain resource indexes of a 

plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing 

order of time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency 

resources; and

the M combinations of a PUSCH time-frequency resource and a signature that are mapped to 5 

the N preambles are first selected in increasing order of frequency-domain resource indexes of a 

plurality of frequency multiplexed PUSCH time-frequency resources, then in increasing order of 

indexes in a signature group, thirdly in increasing order of signature group indexes, and fourthly 

in increasing order of time-domain resource indexes of a plurality of time multiplexed PUSCH 

time-frequency resources, wherein 10 

the signature is a frequency-domain resource hopping pattern, a hopping pattern of a resource 

group comprising a frequency-domain resource, a code-domain resource, a code-domain resource 

hopping pattern, a space-domain resource, or a space-domain resource hopping pattern. 

21. The method according to claim 18, wherein the resources are a pilot resource and a 

PUSCH time-frequency resource; and15 

the mapping relationship between a plurality of resources and a plurality of signatures 

comprises: 

a mapping relationship between P pilot resources on the PUSCH time-frequency resource and 

Q signatures, wherein 

P and Q are positive integers. 20 

22. The method according to claim 21, wherein the mapping relationship between P pilot 

resources on the PUSCH time-frequency resource and Q signatures comprises: 

the P pilot resources are first selected in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, then in 

increasing order of pilot port indexes on the PUSCH time-frequency resource, thirdly in increasing 25 

order of pilot sequence indexes on the PUSCH time-frequency resource, and fourthly in increasing 

order of time-domain resource indexes of a plurality of time multiplexed PUSCH time-frequency 

resources; and

the Q signatures mapped to the P pilot resources are first selected in increasing order of 

signature group indexes, and then in increasing order of indexes in a signature group, wherein 30 

the signature is a code-domain resource, a code-domain resource hopping pattern, a space-

domain resource, or a space-domain resource hopping pattern. 

23. A communication apparatus, comprising an interface unit and a processing unit, wherein 

the processing unit is configured to: determine a first downlink signal from a plurality of 

downlink signals, and determine at least one signature based on the first downlink signal; and35 
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the interface unit is configured to send data by using the at least one signature. 

24. The apparatus according to claim 23, wherein when determining the at least one signature 

based on the first downlink signal, the processing unit is specifically configured to: determine, 

based on the first downlink signal, a first resource from a plurality of resources that have a mapping 

relationship with the plurality of downlink signals; and determine, based on the first resource, the 5 

at least one signature from a plurality of signatures that have a mapping relationship with the 

plurality of resources. 

25. The apparatus according to claim 24, wherein the resources are a preamble preamble and 

a physical random access channel PRACH time-frequency resource for sending the preamble; and

the mapping relationship between a plurality of resources and a plurality of signatures 10 

comprises: 

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a physical uplink shared channel PUSCH time-frequency resource, a pilot 

resource, and a signature;

a mapping relationship between N preambles on the PRACH time-frequency resource and M 15 

combinations of a PUSCH time-frequency resource and a signature;

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a pilot resource and a signature; or

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

signatures, wherein 20 

M and N are positive integers. 

26. The apparatus according to claim 25, wherein the mapping relationship between N 

preambles on the PRACH time-frequency resource and M combinations of a PUSCH time-

frequency resource and a signature comprises: the N preambles are first selected in increasing 

order of preamble indexes on the PRACH time-frequency resource, then in increasing order of 25 

frequency-domain resource indexes of a plurality of frequency multiplexed PRACH time-

frequency resources, and thirdly in increasing order of time-domain resource indexes of a plurality 

of time multiplexed PRACH time-frequency resources; and the M combinations of a PUSCH time-

frequency resource and a signature that are mapped to the N preambles are first selected in 

increasing order of frequency-domain resource indexes of a plurality of frequency multiplexed 30 

PUSCH time-frequency resources, then in increasing order of indexes in a signature group, thirdly 

in increasing order of signature group indexes, and fourthly in increasing order of time-domain 

resource indexes of a plurality of time multiplexed PUSCH time-frequency resources, wherein the 

signature is a frequency-domain resource hopping pattern, a hopping pattern of a resource group 

comprising a frequency-domain resource, a code-domain resource, a code-domain resource 35 
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hopping pattern, a space-domain resource, or a space-domain resource hopping pattern. 

27. The apparatus according to claim 24, wherein the resources are a pilot resource and a 

PUSCH time-frequency resource; and the mapping relationship between a plurality of resources 

and a plurality of signatures comprises: a mapping relationship between P pilot resources on the 

PUSCH time-frequency resource and Q signatures, wherein P and Q are positive integers. 5 

28. The apparatus according to claim 27, wherein the mapping relationship between P pilot 

resources on the PUSCH time-frequency resource and Q signatures comprises: the P pilot 

resources are first selected in increasing order of frequency-domain resource indexes of a plurality 

of frequency multiplexed PUSCH time-frequency resources, then in increasing order of pilot port 

indexes on the PUSCH time-frequency resource, thirdly in increasing order of pilot sequence 10 

indexes on the PUSCH time-frequency resource, and fourthly in increasing order of time-domain 

resource indexes of a plurality of time multiplexed PUSCH time-frequency resources; and the Q 

signatures mapped to the P pilot resources are first selected in increasing order of signature group 

indexes, and then in increasing order of indexes in a signature group, wherein the signature is a 

code-domain resource, a code-domain resource hopping pattern, a space-domain resource, or a 15 

space-domain resource hopping pattern. 

29. The apparatus according to any one of claims 24 to 28, wherein the interface unit is further 

configured to receive configuration information from a network device, wherein the configuration 

information is used to configure the mapping relationship between a plurality of resources and a 

plurality of signatures. 20 

30. The apparatus according to claim 23, wherein there is a mapping relationship between a 

plurality of downlink signals and a plurality of signatures, and the at least one signature is a 

signature that is in the plurality of signatures and that is mapped to the first downlink signal; and

the mapping relationship between a plurality of downlink signals and a plurality of signatures 

comprises: a mapping relationship between R downlink signals in the plurality of downlink signals 25 

and S combinations of a PUSCH time-frequency resource, a pilot resource, and a signature; a 

mapping relationship between R downlink signals in the plurality of downlink signals and S 

combinations of a PUSCH time-frequency resource and a signature; a mapping relationship 

between R downlink signals in the plurality of downlink signals and S combinations of a pilot 

resource and a signature; or a mapping relationship between R downlink signals in the plurality of 30 

downlink signals and S signatures, wherein R and S are positive integers. 

31. The apparatus according to claim 30, wherein the mapping relationship between R 

downlink signals in the plurality of downlink signals and S combinations of a PUSCH time-

frequency resource and a signature comprises: the R downlink signals are selected from the 

plurality of downlink reference signals in increasing order of indexes; and the S combinations of 35 
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a PUSCH time-frequency resource and a signature that correspond to the R downlink signals are 

first selected in increasing order of frequency-domain resource indexes of a plurality of frequency 

multiplexed PUSCH time-frequency resources, then in increasing order of indexes in a signature 

group, thirdly in increasing order of signature group indexes, and fourthly in increasing order of 

time-domain resource indexes of a plurality of time multiplexed PUSCH time-frequency resources, 5 

wherein the signature is a frequency-domain resource hopping pattern, a hopping pattern of a 

resource group comprising a frequency-domain resource, a code-domain resource, a code-domain 

resource hopping pattern, a space-domain resource, or a space-domain resource hopping pattern. 

32. The apparatus according to claim 23, wherein when determining the at least one signature 

based on the first downlink signal, the processing unit is specifically configured to determine the 10 

at least one signature in a signature set associated with the first downlink signal, wherein each of 

the plurality of downlink signals has an associated signature set. 

33. The apparatus according to claim 32, wherein when determining the at least one signature 

in the signature set associated with the first downlink signal, the processing unit is specifically 

configured to: when the processing unit determines that the communication apparatus is located 15 

in a coverage edge area of the first downlink signal, determine the at least one signature in a first 

signature subset, wherein the first signature subset and a signature set associated with a second 

downlink signal are orthogonal to each other; a correlation between the first signature subset and 

the signature set associated with the second downlink signal is lower than a correlation threshold; 

and the first signature subset is a subset of a signature set associated with the first downlink signal, 20 

and the second downlink signal is one of the plurality of downlink signals. 

34. The apparatus according to claim 33, wherein when sending the data by using the at least 

one signature, the interface unit is specifically configured to: when the processing unit determines 

that the communication apparatus is located in the coverage edge area of the first downlink signal, 

send the data by using a first transmission parameter and the at least one signature; or when the 25 

processing unit determines that the communication apparatus is located in a non-coverage edge 

area of the first downlink signal, send the data by using a second transmission parameter and the 

at least one signature. 

35. The apparatus according to claim 33 or 34, wherein a condition for determining, by the 

processing unit, that the communication apparatus is located in the coverage edge area of the first 30 

downlink signal comprises one or more of the following: signal quality of the first downlink signal 

is less than or equal to a first threshold; signal quality of a third downlink signal is greater than or 

equal to a second threshold; an absolute value of a difference between signal quality of a third 

downlink signal and signal quality of the first downlink signal is less than or equal to a third 

threshold; or a ratio of signal quality of a third downlink signal to signal quality of the first 35 
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downlink signal is greater than or equal to a fourth threshold; and the third downlink signal is a 

downlink signal with highest signal quality in the plurality of downlink signals other than the first 

downlink signal. 

36. The apparatus according to claim 32, wherein the processing unit is further configured to: 

determine an interference and/or multiplexing level of a time-frequency resource for sending the 5 

data; and determine a third transmission parameter based on the interference and/or multiplexing 

level of the time-frequency resource, wherein the third parameter meets the following 

characteristic: a higher interference and/or multiplexing level of the time-frequency resource 

indicates a lower power corresponding to the third transmission parameter; and

when sending the data by using the at least one signature, the interface unit is specifically 10 

configured to send the data by using the third transmission parameter and the at least one signature. 

37. The apparatus according to any one of claims 32 to 36, wherein any two signatures in the 

signature set associated with the first downlink signal are orthogonal to each other; and at least 

one signature in the signature set associated with the first downlink signal is not orthogonal to at 

least one signature in a signature set associated with a fourth downlink signal, and the fourth 15 

downlink signal is one of the plurality of downlink signals. 

38. The apparatus according to any one of claims 32 to 37, wherein the signature is at least 

one of a code-domain resource, a pilot resource, a power resource, a space-domain resource, and 

a resource hopping pattern. 

39. The apparatus according to any one of claims 23 to 38, wherein the downlink signal is a 20 

synchronization signal block SSB. 

40. A communication apparatus, comprising an interface unit and a processing unit, wherein 

the processing unit is configured to determine configuration information, wherein the 

configuration information is used to configure a mapping relationship between a plurality of 

resources and a plurality of signatures; and25 

the interface unit is configured to send the configuration information to a terminal device. 

41. The apparatus according to claim 40, wherein the resources are a preamble preamble and 

a physical random access channel PRACH time-frequency resource for sending the preamble; and

the mapping relationship between a plurality of resources and a plurality of signatures 

comprises: 30 

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a physical uplink shared channel PUSCH time-frequency resource, a pilot 

resource, and a signature;

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a PUSCH time-frequency resource and a signature;35 
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a mapping relationship between N preambles on the PRACH time-frequency resource and M 

combinations of a pilot resource and a signature; or

a mapping relationship between N preambles on the PRACH time-frequency resource and M 

signatures, wherein 

M and N are positive integers. 5 

42. The apparatus according to claim 41, wherein the mapping relationship between N 

preambles on the PRACH time-frequency resource and M combinations of a PUSCH time-

frequency resource and a signature comprises: 

the N preambles are first selected in increasing order of preamble indexes on the PRACH 

time-frequency resource, then in increasing order of frequency-domain resource indexes of a 10 

plurality of frequency multiplexed PRACH time-frequency resources, and thirdly in increasing 

order of time-domain resource indexes of a plurality of time multiplexed PRACH time-frequency 

resources; and

the M combinations of a PUSCH time-frequency resource and a signature that are mapped to 

the N preambles are first selected in increasing order of frequency-domain resource indexes of a 15 

plurality of frequency multiplexed PUSCH time-frequency resources, then in increasing order of 

indexes in a signature group, thirdly in increasing order of signature group indexes, and fourthly 

in increasing order of time-domain resource indexes of a plurality of time multiplexed PUSCH 

time-frequency resources, wherein 

the signature is a frequency-domain resource hopping pattern, a hopping pattern of a resource 20 

group comprising a frequency-domain resource, a code-domain resource, a code-domain resource 

hopping pattern, a space-domain resource, or a space-domain resource hopping pattern. 

43. The apparatus according to claim 40, wherein the resources are a pilot resource and a 

PUSCH time-frequency resource; and

the mapping relationship between a plurality of resources and a plurality of signatures 25 

comprises: 

a mapping relationship between P pilot resources on the PUSCH time-frequency resource and 

Q signatures, wherein 

P and Q are positive integers. 

44. The apparatus according to claim 43, wherein the mapping relationship between P pilot 30 

resources on the PUSCH time-frequency resource and Q signatures comprises: 

the P pilot resources are first selected in increasing order of frequency-domain resource 

indexes of a plurality of frequency multiplexed PUSCH time-frequency resources, then in 

increasing order of pilot port indexes on the PUSCH time-frequency resource, thirdly in increasing 

order of pilot sequence indexes on the PUSCH time-frequency resource, and fourthly in increasing 35 



94 

order of time-domain resource indexes of a plurality of time multiplexed PUSCH time-frequency 

resources; and

the Q signatures mapped to the P pilot resources are first selected in increasing order of 

signature group indexes, and then in increasing order of indexes in a signature group, wherein 

the signature is a code-domain resource, a code-domain resource hopping pattern, a space-5 

domain resource, or a space-domain resource hopping pattern. 

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

interface circuit is configured to receive a signal from a communication apparatus other than the 

communication apparatus and transmit the signal to the processor, or send a signal from the 

processor to a communication apparatus other than the communication apparatus, and the 10 

processor is configured to implement the method according to any one of claims 1 to 17 or the 

method according to any one of claims 18 to 22 by using a logic circuit or executing code 

instructions. 

46. A computer program product, comprising program code, wherein when the program code 

is executed, the method according to any one of claims 1 to 17 is implemented, or the method 15 

according to any one of claims 18 to 22 is implemented. 

47. A chip, wherein the chip is configured to implement the method according to any one of 

claims 1 to 17, or is configured to implement the method according to any one of claims 18 to 22. 

48. A computer-readable storage medium, wherein the storage medium stores a computer 

program or instructions, and when the computer program or the instructions is/are executed, the 20 

method according to any one of claims 1 to 17 is implemented, or the method according to any 

one of claims 18 to 22 is implemented. 


