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SYMBOL PROCESSING METHOD AND APPARATUS 

[0001] This application claims priority to Chinese Patent Application No. 202210114048.X, 

filed with the China National Intellectual Property Administration on January 30, 2022 and entitled 

"SYMBOL PROCESSING METHOD AND APPARATUS", which is incorporated herein by 

reference in its entirety. 5 

TECHNICAL FIELD 

[0002] This application relates to the communication field, and more specifically, to a symbol 

processing method and apparatus. 

BACKGROUND 

[0003] To resist multipath effect of a channel, a technology of adding a guard interval between 10 

symbols is proposed. First, the guard interval can be used to eliminate inter-symbol interference 

(inter-symbol interference, ISI) between adjacent symbols; second, after a transmit symbol passes 

through a multipath channel, the guard interval is used to convert a linear convolution of the 

channel and the transmit symbol into a cyclic convolution of the channel and the transmit symbol, 

so that a symbol receiving end can eliminate the multipath effect of the channel by using a 15 

frequency domain equalization method. 

[0004] Usually, a cyclic prefix (cyclic prefix, CP) is used as the guard interval between the 

symbols. The cyclic prefix is a cyclic structure formed by copying a segment of signal at an end 

(also referred to as a tail) of a symbol to a front (also referred to as a header) of the symbol. In new 

radio (new radio, NR), lengths of CPs corresponding to different subcarrier spacings (subcarrier 20 

spacings, SCSs) are different. If a subcarrier spacing is set to an excessively large value, a length 

of a CP in a transmit symbol is excessively small correspondingly. 

[0005] A demodulation reference signal (demodulation reference signal, DMRS) is a pilot 

symbol used for channel estimation. To improve channel estimation performance, a DMRS with a 

larger subcarrier spacing needs to be used, to improve a capability of the DMRS to resist Doppler 25 

effect. However, as the subcarrier spacing of the DMRS symbol extends, a guard interval of the 

DMRS symbol is reduced. When a multipath delay is greater than the guard interval of the DMRS 

symbol and less than a guard interval of a data symbol, performance of DMRS based channel 
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estimation deteriorates. 

[0006] How to extend the guard interval of the DMRS symbol without affecting the subcarrier 

spacing of the DMRS symbol is an urgent problem to be resolved. 

SUMMARY 

[0007] Embodiments of this application provide a symbol processing method and apparatus, 5 

to extend a guard interval of a DMRS symbol without affecting a subcarrier spacing of the DMRS 

symbol. 

[0008] According to a first aspect, a symbol processing method is provided. The method 

includes: A transmitting end generates a first transmit symbol and a second transmit symbol. A 

length of a cyclic prefix of the first transmit symbol is greater than a length of a cyclic prefix that 10 

corresponds to a subcarrier spacing of the first transmit symbol. The transmitting end sends the 

first transmit symbol and the second transmit symbol. The first transmit symbol and the second 

transmit symbol are consecutive in time domain. The first transmit symbol is located after the 

second transmit symbol in time domain. The first transmit symbol is a symbol that carries a 

reference signal, and the second transmit symbol is a symbol that carries a data signal. 15 

[0009] In this application, the length of the cyclic prefix of the first transmit symbol is greater 

than the length of the cyclic prefix that corresponds to the subcarrier spacing of the first transmit 

symbol. In this way, a guard interval of the first transmit symbol is extended, and this helps 

eliminate multipath effect of a channel. When the first transmit symbol is a DMRS symbol, 

performance deterioration of DMRS based channel estimation can be avoided by extending a 20 

guard interval of the DMRS symbol. 

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

prefix of the first transmit symbol is the same as a first subset of the first transmit symbol. A start 

location of the first subset is before a first reference point, and an end location of the first subset 

is an end location of the first transmit symbol. The first reference point is a location for intercepting 25 

the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. 

[0011] In this application, the start location of the first subset is before the location for 

intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. 

Therefore, when the cyclic prefix of the first transmit symbol is the same as the first subset, the 

length of the cyclic prefix of the first transmit symbol is greater than the length of the cyclic prefix 30 

that corresponds to the subcarrier spacing of the first transmit symbol. In this way, the guard 

interval of the first transmit symbol is extended, and this helps eliminate the multipath effect of 

the channel. When the first transmit symbol is the DMRS symbol, the performance deterioration 
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of the DMRS based channel estimation can be avoided by extending the guard interval of the 

DMRS symbol. 

[0012] In addition, the start location of the first subset can be flexibly set by a network device 

based on an actual requirement. In other words, the length of the cyclic prefix of the first transmit 

symbol can be flexibly set. Therefore, a guard interval between symbols can be flexibly configured. 5 

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

transmitting end generates a second transmit symbol includes: The transmitting end maps a first 

sequence to the second transmit symbol. The first sequence is used to replace a part of complex-

valued symbols in the second transmit symbol. An end location for mapping the first sequence is 

an end location of the second transmit symbol. 10 

[0014] In this application, the first sequence is a segment of special sequence. The first 

sequence is mapped to a tail of the second transmit symbol, or the end location for mapping the 

first sequence is the end location of the second transmit symbol. This helps avoid a problem that 

waveforms are inconsecutive at a symbol concatenated portion after the first transmit symbol and 

the second transmit symbol are directly concatenated, to enhance consecutiveness between the first 15 

transmit symbol and the second transmit symbol. 

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

difference between the length of the cyclic prefix of the first transmit symbol and the length of the 

cyclic prefix that corresponds to the subcarrier spacing of the first transmit symbol is less than a 

length of the first sequence. 20 

[0016] With reference to the first aspect, in some implementations of the first aspect, the first 

sequence is an all-zero sequence; or the first sequence is the same as a second subset of the first 

transmit symbol; a start location of the second subset is before the start location of the first subset; 

and an end location of the second subset is the first reference point or after the first reference point. 

[0017] In this application, the first transmit symbol is located after the second transmit symbol 25 

in time domain, and a location for mapping the first sequence to the second transmit symbol is the 

end location of the second transmit symbol. Therefore, the first sequence is located between the 

first transmit symbol and the second transmit symbol. 

[0018] When the first sequence is the all-zero sequence, there is a segment of invalid 

information between the first transmit symbol and the second transmit symbol. Therefore, the 30 

problem that the waveforms are inconsecutive at the concatenated portion between the first 

transmit symbol and the second transmit symbol is avoided to some extent, to enhance the 

consecutiveness between the first transmit symbol and the second transmit symbol. 

[0019] When the first sequence is the same as a part of complex-valued symbols in the second 

transmit symbol, the waveforms are made consecutive at the concatenated portion between the 35 
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first transmit symbol and the second transmit symbol. Therefore, this avoids the problem that the 

waveforms are inconsecutive at the symbol concatenated portion after the first transmit symbol 

and the second transmit symbol are combined into consecutive signals, to enhance the 

consecutiveness between the first transmit symbol and the second transmit symbol. 

[0020] With reference to the first aspect, in some implementations of the first aspect, that a 5 

transmitting end generates a second transmit symbol further includes: The transmitting end 

truncates the second transmit symbol. A truncation location is in the first sequence. 

[0021] In this application, a part of signals in the first sequence are truncated, to help avoid an 

increase in a total length of a symbol caused by a fact that the length of the cyclic prefix of the 

first transmit symbol is greater than the length of the cyclic prefix that corresponds to the subcarrier 10 

spacing of the first transmit symbol. 

[0022] With reference to the first aspect, in some implementations of the first aspect, when the 

first sequence is the all-zero sequence, a truncation length is the difference between the length of 

the cyclic prefix of the first transmit symbol and the length of the cyclic prefix that corresponds to 

the subcarrier spacing of the first transmit symbol. Alternatively, when the first sequence is the 15 

same as the second subset of the first transmit symbol, a truncation part is a same symbol part 

between a header of the first transmit symbol and the tail of the second transmit symbol. 

[0023] When the first sequence is the same as the second subset of the first transmit symbol, 

the same symbol part between the header of the first transmit symbol and the tail of the second 

transmit symbol is truncated from the second transmit symbol, so that the waveforms can be made 20 

consecutive at the symbol concatenated portion after the first transmit symbol and the second 

transmit symbol are combined into the consecutive signals, to enhance the consecutiveness 

between the first transmit symbol and the second transmit symbol. 

[0024] With reference to the first aspect, in some implementations of the first aspect, the 

method further includes: The transmitting end combines the generated first transmit symbol and 25 

second transmit symbol into the consecutive signals. 

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

sequence is the same as the second subset of the first transmit symbol, and the method further 

includes: The transmitting end performs cyclic shift on at least one of the following: the second 

transmit symbol and the first transmit symbol, to obtain the same symbol part between the tail of 30 

the second transmit symbol and the header of the first transmit symbol. 

[0026] In this application, through the cyclic shift, the same symbol part between the tail of 

the second transmit symbol and the header of the first transmit symbol can be obtained. Further, 

after a truncation operation, the waveforms are made consecutive at the symbol concatenated 

portion after the first transmit symbol and the second transmit symbol are combined into the 35 
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consecutive signals. 

[0027] With reference to the first aspect, in some implementations of the first aspect, after that 

the transmitting end truncates the second transmit symbol, the method further includes: The 

transmitting end sends a first message. The first message includes information about a remaining 

part of the first sequence after the second transmit symbol is truncated. 5 

[0028] In this application, the first message includes the information about the remaining part 

of the first sequence. Therefore, a receiving end can decode, based on the first message, a part that 

is of the second transmit symbol and that is other than the first sequence, to obtain required data. 

[0029] According to a second aspect, a symbol processing method is provided. The method 

includes: A receiving end obtains a first transmit symbol and a second transmit symbol. A length 10 

of a cyclic prefix of the first transmit symbol is greater than a length of a cyclic prefix that 

corresponds to a subcarrier spacing of the first transmit symbol. The first transmit symbol and the 

second transmit symbol are consecutive in time domain. The first transmit symbol is located after 

the second transmit symbol in time domain. The first transmit symbol is a symbol that carries a 

reference signal, and the second transmit symbol is a symbol that carries a data signal. The 15 

receiving end performs signal processing on the first transmit symbol and the second transmit 

symbol. 

[0030] In this application, a start location of a first subset is before a location for intercepting 

the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. Therefore, 

when the cyclic prefix of the first transmit symbol is the same as the first subset, the length of the 20 

cyclic prefix of the first transmit symbol is greater than the length of the cyclic prefix that 

corresponds to the subcarrier spacing of the first transmit symbol. In this way, a guard interval of 

the first transmit symbol is extended, and this helps eliminate multipath effect of a channel. When 

the first transmit symbol is a DMRS symbol, performance deterioration of DMRS based channel 

estimation can be avoided by extending a guard interval of the DMRS symbol. 25 

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

the receiving end performs signal processing on the first transmit symbol and the second transmit 

symbol includes: The receiving end performs a cyclic prefix removal operation on the first transmit 

symbol and the second transmit symbol. Cyclic prefixes are cyclic prefixes that correspond to 

subcarrier spacings of the first transmit symbol and the second transmit symbol. 30 

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

cyclic prefix of the first transmit symbol is the same as a first subset of the first transmit symbol. 

A start location of the first subset is before a first reference point, and an end location of the first 

subset is an end location of the first transmit symbol. The first reference point is a location for 

intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. 35 
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[0033] In this application, the start location of the first subset is before the location for 

intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. 

Therefore, when the cyclic prefix of the first transmit symbol is the same as the first subset, the 

length of the cyclic prefix of the first transmit symbol is greater than the length of the cyclic prefix 

that corresponds to the subcarrier spacing of the first transmit symbol. In this way, the guard 5 

interval of the first transmit symbol is extended, and this helps eliminate the multipath effect of 

the channel. When the first transmit symbol is the DMRS symbol, the performance deterioration 

of the DMRS based channel estimation can be avoided by extending the guard interval of the 

DMRS symbol. 

[0034] In addition, the start location of the first subset can be flexibly set by a network device 10 

based on an actual requirement. In other words, the length of the cyclic prefix of the first transmit 

symbol can be flexibly set. Therefore, a guard interval between symbols can be flexibly configured. 

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

second transmit symbol includes a first sequence, and an end location of the first sequence is an 

end location of the second transmit symbol. The first sequence is an all-zero sequence; or the first 15 

sequence is the same as a third subset of the first transmit symbol, and an end location of the third 

subset is a location for intercepting the cyclic prefix in the first transmit symbol. 

[0036] In this application, the first sequence is located between the first transmit symbol and 

the second transmit symbol. 

[0037] When the first sequence is the all-zero sequence, there is a segment of invalid 20 

information between the first transmit symbol and the second transmit symbol. Therefore, a 

problem that waveforms are inconsecutive at a concatenated portion between the first transmit 

symbol and the second transmit symbol is avoided to some extent, to enhance consecutiveness 

between the first transmit symbol and the second transmit symbol. 

[0038] When the first sequence is the same as a part of complex-valued symbols in the second 25 

transmit symbol, the waveforms are made consecutive at the concatenated portion between the 

first transmit symbol and the second transmit symbol. Therefore, this avoids the problem that the 

waveforms are inconsecutive at a symbol concatenated portion after the first transmit symbol and 

the second transmit symbol are combined into consecutive signals, to enhance the consecutiveness 

between the first transmit symbol and the second transmit symbol. 30 

[0039] With reference to the second aspect, in some implementations of the second aspect, the 

method further includes: The receiving end obtains a first message. The first message includes 

information about the first sequence. 

[0040] In this application, the first message can enable the receiving end to decode, based on 

the information about the first sequence, a part that is of the second transmit symbol and that is 35 
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other than the first sequence, to obtain required data. 

[0041] With reference to the second aspect, in some implementations of the second aspect, that 

the receiving end performs signal processing on the second transmit symbol includes: The 

receiving end decodes, based on the information about the first sequence, the part that is of the 

second transmit symbol and that is other than the first sequence, to obtain the data. 5 

[0042] According to a third aspect, a symbol processing method is provided. The method 

includes: A transmitting end obtains a plurality of complex-valued symbols. The transmitting end 

divides the plurality of complex-valued symbols into a plurality of sets. Each set corresponds to 

one transmit symbol. The plurality of sets include a first set that corresponds to a first transmit 

symbol and a second set that corresponds to a second transmit symbol. The first transmit symbol 10 

and the second transmit symbol are consecutive in time domain. The first transmit symbol is 

located after the second transmit symbol in time domain. The first transmit symbol is a symbol 

that carries a reference signal, and the second transmit symbol is a symbol that carries a data signal. 

The transmitting end performs signal processing on the first set and the second set. The signal 

processing includes cyclic prefix addition. The signal processing enables a length of a cyclic prefix 15 

of the first transmit symbol to be greater than a length of a cyclic prefix that corresponds to a 

subcarrier spacing of the first transmit symbol. 

[0043] In this application, signal processing is performed on the first transmit symbol, so that 

the length of the cyclic prefix of the first transmit symbol is greater than the length of the cyclic 

prefix that corresponds to the subcarrier spacing of the first transmit symbol. In this way, a guard 20 

interval of the first transmit symbol is extended, and this helps eliminate multipath effect of a 

channel. When the first transmit symbol is a DMRS symbol, performance deterioration of DMRS 

based channel estimation can be avoided by extending a guard interval of the DMRS symbol. 

[0044] With reference to the third aspect, in some implementations of the third aspect, that the 

transmitting end performs signal processing on the first set includes: The transmitting end performs 25 

a copy operation on a first subset in the first set, so that the first subset is used as the cyclic prefix 

of the first transmit symbol. A start location of the first subset is before a first reference point of 

the first transmit symbol, and an end location of the first subset is an end location of the first 

transmit symbol. The first reference point is a location for intercepting the cyclic prefix that 

corresponds to the subcarrier spacing in the first transmit symbol. 30 

[0045] In this application, the start location of the first subset is before the location for 

intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. 

Therefore, when the cyclic prefix of the first transmit symbol is the same as the first subset, the 

length of the cyclic prefix of the first transmit symbol is greater than the length of the cyclic prefix 

that corresponds to the subcarrier spacing of the first transmit symbol. In this way, the guard 35 
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interval of the first transmit symbol is extended, and this helps eliminate the multipath effect of 

the channel. When the first transmit symbol is the DMRS symbol, the performance deterioration 

of the DMRS based channel estimation can be avoided by extending the guard interval of the 

DMRS symbol. 

[0046] In addition, the start location of the first subset may be flexibly set by a network device 5 

based on an actual requirement. Therefore, a guard interval between symbols can be flexibly 

configured. 

[0047] With reference to the third aspect, in some implementations of the third aspect, that the 

transmitting end performs signal processing on the first set includes: mapping a first sequence to 

the second set. The first sequence is used to replace a part of complex-valued symbols in the second 10 

transmit symbol. An end location for mapping the first sequence is an end location of the second 

transmit symbol. 

[0048] In this application, the first sequence is located between the first transmit symbol and 

the second transmit symbol. The first sequence helps avoid a problem that waveforms are 

inconsecutive at a concatenated portion between the first transmit symbol and the second transmit 15 

symbol, to enhance consecutiveness between the first transmit symbol and the second transmit 

symbol. 

[0049] With reference to the third aspect, in some implementations of the third aspect, that the 

transmitting end performs signal processing on the second set further includes: The transmitting 

end truncates the second transmit symbol. A truncation location is in the first sequence. 20 

[0050] In this application, a part of signals in the first sequence are truncated, to help avoid an 

increase in a total length of a symbol caused by a fact that the length of the cyclic prefix of the 

first transmit symbol is greater than the length of the cyclic prefix that corresponds to the subcarrier 

spacing of the first transmit symbol. 

[0051] For another implementation of the third aspect, refer to the foregoing descriptions of 25 

the first aspect. Details are not described herein again. 

[0052] According to a fourth aspect, a symbol processing method is provided. The method 

includes: A transmitting end generates a first transmit symbol and a second transmit symbol. The 

first transmit symbol includes a cyclic suffix. The cyclic suffix is used to extend a guard interval 

between the first transmit symbol and the second transmit symbol, so that a start location of the 30 

guard interval is a first reference point, and an end location of the guard interval is an end location 

of the cyclic suffix of the first transmit symbol. The first reference point is a location for 

intercepting the cyclic prefix in the first transmit symbol. The transmitting end sends the first 

transmit symbol and the second transmit symbol. The first transmit symbol and the second transmit 

symbol are consecutive in time domain. The first transmit symbol is located before the second 35 
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transmit symbol in time domain. The first transmit symbol is a symbol that carries a reference 

signal, and the second transmit symbol is a symbol that carries a data signal. 

[0053] In this application, the start location of the guard interval between the first transmit 

symbol and the second transmit symbol is the location for intercepting the cyclic prefix in the first 

transmit symbol, and the end location is the end location of the cyclic suffix of the first transmit 5 

symbol. Therefore, it may be understood that a length of the guard interval is greater than a length 

of the cyclic prefix of the first transmit symbol. In this way, the guard interval of the first transmit 

symbol is extended, and this helps eliminate multipath effect of the channel. When the first 

transmit symbol is a DMRS symbol, performance deterioration of DMRS based channel 

estimation can be avoided by extending a guard interval of the DMRS symbol. 10 

[0054] With reference to the fourth aspect, in some implementations of the fourth aspect, the 

cyclic suffix of the first transmit symbol is the same as a fourth subset of the first transmit symbol, 

and a start location of the fourth subset is a start location of the first transmit symbol. 

[0055] It should be understood that a start location of a transmit symbol is a start location of 

the transmit symbol, rather than a start location of a cyclic prefix of the transmit symbol. 15 

Alternatively, from another perspective, it may be understood that the start location of the transmit 

symbol is an end location of the cyclic prefix of the transmit symbol. 

[0056] In addition, in this application, an end location of the fourth subset may be flexibly set 

by a network device based on an actual requirement. Therefore, a guard interval between symbols 

can be flexibly configured. 20 

[0057] With reference to the fourth aspect, in some implementations of the fourth aspect, that 

a transmitting end generates a second transmit symbol includes: The transmitting end maps a 

second sequence to the second transmit symbol. The second sequence is used to replace a part of 

complex-valued symbols in the second transmit symbol. A start location for mapping the second 

sequence is a header of the second transmit symbol. 25 

[0058] That "the start location for mapping the second sequence is the header of the second 

transmit symbol" may be understood as follows: When the second transmit symbol includes a 

cyclic prefix, the start location for mapping the second sequence is a start location of the CP of the 

second transmit symbol. When the second transmit symbol does not include a cyclic prefix, the 

start location for mapping the second sequence is a start location of the second transmit symbol. 30 

[0059] In this application, the second sequence is a segment of special sequence. The second 

sequence is mapped to the header of the second transmit symbol. This helps avoid a problem that 

waveforms are inconsecutive at a concatenated portion after the first transmit symbol and the 

second transmit symbol are directly concatenated, to enhance consecutiveness between the first 

transmit symbol and the second transmit symbol. 35 
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[0060] With reference to the fourth aspect, in some implementations of the fourth aspect, a 

length of the fourth subset is less than a length of the second sequence. 

[0061] With reference to the fourth aspect, in some implementations of the fourth aspect, the 

second sequence is an all-zero sequence; or the second sequence is the same as a fifth subset of 

the first transmit symbol; a start location of the fifth subset is the start location of the first transmit 5 

symbol or before the start location of the first transmit symbol; and an end location of the fifth 

subset is after the end location of the fourth subset. 

[0062] In this application, the second sequence is located between the first transmit symbol 

and the second transmit symbol. 

[0063] When the second sequence is the all-zero sequence, there is a segment of invalid 10 

information between the first transmit symbol and the second transmit symbol. Therefore, the 

problem that the waveforms are inconsecutive at the concatenated portion between the first 

transmit symbol and the second transmit symbol is avoided to some extent, to enhance the 

consecutiveness between the first transmit symbol and the second transmit symbol. 

[0064] When the second sequence is the same as a part of complex-valued symbols in the 15 

second transmit symbol, the waveforms are made consecutive at the concatenated portion between 

the first transmit symbol and the second transmit symbol. Therefore, this avoids the problem that 

the waveforms are inconsecutive at a symbol concatenated portion after the first transmit symbol 

and the second transmit symbol are combined into consecutive signals, to enhance the 

consecutiveness between the first transmit symbol and the second transmit symbol. 20 

[0065] With reference to the fourth aspect, in some implementations of the fourth aspect, that 

a transmitting end generates a second transmit symbol further includes: The transmitting end 

truncates the second transmit symbol. A truncation location is in the second sequence. 

[0066] In this application, a part of signals in the second sequence are truncated, to help avoid 

an increase in a total length of a symbol caused by cyclic suffix addition to the first transmit symbol. 25 

[0067] With reference to the fourth aspect, in some implementations of the fourth aspect, when 

the second sequence is the all-zero sequence, a truncation length is the length of the fourth subset. 

Alternatively, when the second sequence is the same as the fifth subset of the first transmit symbol, 

a truncation part is a same symbol part between a tail of the first transmit symbol and the header 

of the second transmit symbol. 30 

[0068] When the second sequence is the same as the fifth subset of the first transmit symbol, 

the same symbol part between the tail of the first transmit symbol and the header of the second 

transmit symbol is truncated from the second transmit symbol, so that the waveforms can be made 

consecutive at the symbol concatenated portion after the first transmit symbol and the second 

transmit symbol are combined into the consecutive signals, to enhance the consecutiveness 35 
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between the first transmit symbol and the second transmit symbol. 

[0069] With reference to the fourth aspect, in some implementations of the fourth aspect, the 

method further includes: The transmitting end combines the generated first transmit symbol and 

second transmit symbol into the consecutive signals. 

[0070] With reference to the fourth aspect, in some implementations of the fourth aspect, the 5 

second sequence is the same as the fifth subset of the second transmit symbol, and the method 

further includes: The transmitting end performs cyclic shift on at least one of the following: 

performing the cyclic shift on the second transmit symbol and the first transmit symbol, to obtain 

the same symbol part between the header of the second transmit symbol and the tail of the first 

transmit symbol. 10 

[0071] In this application, through the cyclic shift, the same symbol part between the header 

of the second transmit symbol and the tail of the first transmit symbol can be obtained. Further, 

after a truncation operation, the waveforms are made consecutive at the symbol concatenated 

portion after the first transmit symbol and the second transmit symbol are combined into the 

consecutive signals. 15 

[0072] With reference to the fourth aspect, in some implementations of the fourth aspect, after 

that the transmitting end truncates the second transmit symbol, the method further includes: The 

transmitting end sends a second message. The second message includes information about a 

remaining part of the second sequence after the second transmit symbol is truncated. 

[0073] In this application, the second message includes the information about the remaining 20 

part of the second sequence. Therefore, a receiving end can decode, based on the second message, 

a part that is of the second transmit symbol and that is other than the second sequence, to obtain 

required data. 

[0074] According to a fifth aspect, a symbol processing apparatus is provided. The apparatus 

includes: a processing unit, configured to generate a first transmit symbol and a second transmit 25 

symbol, where a length of a cyclic prefix of the first transmit symbol is greater than a length of a 

cyclic prefix that corresponds to a subcarrier spacing of the first transmit symbol; and a transceiver 

unit, configured to send the first transmit symbol and the second transmit symbol. The first transmit 

symbol and the second transmit symbol are consecutive in time domain. The first transmit symbol 

is located after the second transmit symbol in time domain. The first transmit symbol is a symbol 30 

that carries a reference signal, and the second transmit symbol is a symbol that carries a data signal. 

[0075] With reference to the fifth aspect, in some implementations of the fifth aspect, the cyclic 

prefix of the first transmit symbol is the same as a first subset of the first transmit symbol. A start 

location of the first subset is before a first reference point, and an end location of the first subset 

is an end location of the first transmit symbol. The first reference point is a location for intercepting 35 
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the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. 

[0076] With reference to the fifth aspect, in some implementations of the fifth aspect, the 

processing unit is configured to map a first sequence to the second transmit symbol. The first 

sequence is used to replace a part of complex-valued symbols in the second transmit symbol. An 

end location for mapping the first sequence is an end location of the second transmit symbol. 5 

[0077] With reference to the fifth aspect, in some implementations of the fifth aspect, a 

difference between the length of the cyclic prefix of the first transmit symbol and the length of the 

cyclic prefix that corresponds to the subcarrier spacing of the first transmit symbol is less than a 

length of the first sequence. 

[0078] With reference to the fifth aspect, in some implementations of the fifth aspect, the first 10 

sequence is an all-zero sequence; or the first sequence is the same as a second subset of the first 

transmit symbol; a start location of the second subset is before the start location of the first subset; 

and an end location of the second subset is the first reference point or after the first reference point. 

[0079] With reference to the fifth aspect, in some implementations of the fifth aspect, the 

processing unit is further configured to truncate the second transmit symbol. A truncation location 15 

is in the first sequence. 

[0080] With reference to the fifth aspect, in some implementations of the fifth aspect, when 

the first sequence is the all-zero sequence, a truncation length is the difference between the length 

of the cyclic prefix of the first transmit symbol and the length of the cyclic prefix that corresponds 

to the subcarrier spacing of the first transmit symbol. Alternatively, when the first sequence is the 20 

same as the second subset of the first transmit symbol, a truncation part is a same symbol part 

between a header of the first transmit symbol and a tail of the second transmit symbol. 

[0081] With reference to the fifth aspect, in some implementations of the fifth aspect, the 

processing unit is further configured to combine the generated first transmit symbol and second 

transmit symbol into consecutive signals. 25 

[0082] With reference to the fifth aspect, in some implementations of the fifth aspect, the first 

sequence is the same as the second subset of the first transmit symbol, and the processing unit is 

further configured to perform cyclic shift on at least one of the following: the second transmit 

symbol and the first transmit symbol, to obtain the same symbol part between the tail of the second 

transmit symbol and the header of the first transmit symbol. 30 

[0083] With reference to the fifth aspect, in some implementations of the fifth aspect, after the 

second transmit symbol is truncated, the transceiver unit is further configured to send a first 

message. The first message includes information about a remaining part of the first sequence after 

the second transmit symbol is truncated. 

[0084] According to a sixth aspect, a symbol processing apparatus is provided. The apparatus 35 
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includes: a transceiver unit, configured to obtain a first transmit symbol and a second transmit 

symbol, where a length of a cyclic prefix of the first transmit symbol is greater than a length of a 

cyclic prefix that corresponds to a subcarrier spacing of the first transmit symbol; the first transmit 

symbol and the second transmit symbol are consecutive in time domain, and the first transmit 

symbol is located after the second transmit symbol in time domain; and the first transmit symbol 5 

is a symbol that carries a reference signal, and the second transmit symbol is a symbol that carries 

a data signal; and a processing unit, configured to perform signal processing on the first transmit 

symbol and the second transmit symbol. 

[0085] With reference to the sixth aspect, in some implementations of the sixth aspect, the 

processing unit is further configured to perform a cyclic prefix removal operation on the first 10 

transmit symbol and the second transmit symbol. Cyclic prefixes are cyclic prefixes that 

correspond to subcarrier spacings of the first transmit symbol and the second transmit symbol. 

[0086] With reference to the sixth aspect, in some implementations of the sixth aspect, the 

cyclic prefix of the first transmit symbol is the same as a first subset of the first transmit symbol. 

A start location of the first subset is before a first reference point, and an end location of the first 15 

subset is an end location of the first transmit symbol. The first reference point is a location for 

intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. 

[0087] With reference to the sixth aspect, in some implementations of the sixth aspect, the 

second transmit symbol includes a first sequence, and an end location of the first sequence is an 

end location of the second transmit symbol. The first sequence is an all-zero sequence; or the first 20 

sequence is the same as a third subset of the first transmit symbol, and an end location of the third 

subset is a location for intercepting the cyclic prefix in the first transmit symbol. 

[0088] With reference to the sixth aspect, in some implementations of the sixth aspect, the 

transceiver unit is further configured to obtain a first message. The first message includes 

information about the first sequence. 25 

[0089] With reference to the sixth aspect, in some implementations of the sixth aspect, the 

processing unit is further configured to decode, based on the information about the first sequence, 

a part that is of the second transmit symbol and that is other than the first sequence, to obtain data. 

[0090] According to a seventh aspect, a symbol processing apparatus is provided. The 

apparatus is configured to perform the method according to the third aspect or the fourth aspect. 30 

[0091] Optionally, the apparatus may include a module configured to perform the method 

according to the third aspect or the fourth aspect. 

[0092] According to an eighth aspect, a symbol processing apparatus is provided. The 

apparatus includes at least one processor, configured to execute a computer program or instructions 

stored in a memory, to perform the method according to any one of the first aspect to the fourth 35 



14 

aspect. Optionally, the communication apparatus further includes the memory that is configured 

to store the program. 

[0093] According to a ninth aspect, a computer-readable storage medium is provided. The 

computer-readable medium is configured to store program code to be executed by a device. The 

program code includes the method according to any one of the first aspect to the fourth aspect. 5 

[0094] According to a tenth aspect, a computer program product is provided. When the 

computer program product runs on a computer, the computer is enabled to perform the method 

according to any one of the first aspect to the fourth aspect. 

[0095] According to an eleventh aspect, this application provides a processor, configured to 

perform the methods according to the foregoing aspects. 10 

[0096] Operations such as sending and obtaining/receiving related to the processor may be 

understood as operations such as output and receiving or input of the processor, or operations such 

as sending and receiving performed by a radio frequency circuit and an antenna, unless otherwise 

specified, or provided that the operations do not contradict actual functions or internal logic of the 

operations in related descriptions. This is not limited in this application. 15 

[0097] According to a twelfth aspect, a chip is provided. The chip includes a processor and a 

communication interface. The processor reads, through the communication interface, instructions 

stored in a memory, and performs the method according to any one of the first aspect to the fourth 

aspect. 

[0098] Optionally, in an implementation, the chip further includes a memory. The memory 20 

stores a computer program or instructions. The processor is configured to execute the computer 

program or the instructions stored in the memory. When the computer program or the instructions 

are executed, the processor is configured to perform the method according to any one of the first 

aspect to the fourth aspect. 

[0099] According to a thirteenth aspect, a chip is provided. The chip includes a logic circuit 25 

and a communication interface. The communication interface is configured to input to-be-

processed data and/or information, and transmit the to-be-processed data and/or information to the 

logic circuit. The logic circuit is configured to perform encoding processing according to any 

implementation of any one of the first aspect to the fourth aspect. In addition, the communication 

interface is further configured to output an encoded polar codeword. 30 
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[00115] FIG. 19 is a schematic block diagram of a symbol processing apparatus according to 

an embodiment of this application;
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DESCRIPTION OF EMBODIMENTS 

[00119] The following describes technical solutions of embodiments in this application with 

reference to the accompanying drawings. 

[00120] Unless otherwise defined, all technical and scientific terms used in this specification 

have same meanings as those usually understood by a person skilled in the art of this application. 5 

Terms used in this specification of this application are merely intended to describe specific 

embodiments, but are not intended to limit this application. 

[00121] Compared with a multicarrier waveform such as orthogonal frequency division 

multiplexing (orthogonal frequency division multiplexing, OFDM), a single-carrier waveform 

such as discrete fourier transform-spread-orthogonal frequency division multiplexing (discrete 10 

fourier transform-spread-orthogonal frequency division multiplexing, DFT-s-OFDM) or single-

carrier quadrature amplitude modulation (Single-carrier quadrature amplitude modulation, SC-

QAM) has a lower peak to average power ratio (peak to average power ratio, PAPR). Therefore, 

with a same power amplifier, the single-carrier waveform may provide larger output power and 

higher power amplification efficiency. Therefore, coverage is improved and power consumption 15 

is reduced. Therefore, the single-carrier waveform such as the DFT-s-OFDM or the SC-QAM is 

widely applied to various communication systems, for example, a long term evolution (long term 

evolution, LTE) system, a 5G system, or an NR system. 

[00122] The DFT-s-OFDM is the discrete fourier transform-spread-orthogonal frequency 

division multiplexing (discrete fourier transform-spread-orthogonal frequency division 20 

multiplexing, DFT-s-OFDM). The SC-QAM is the single-carrier quadrature amplitude modulation 

(Single-carrier quadrature amplitude modulation, SC-QAM). 

[00123] In both NR and LTE, a cyclic prefix (cyclic prefix, CP) is used as a guard interval 

between symbols (DFT-s-OFDM symbols) in a DFT-s-OFDM waveform. 

[00124] FIG. 1 is a diagram of a time domain structure in which a cyclic prefix (denoted as a 25 

CP below) is used as a guard interval between symbols. 

[00125] In FIG. 1, two transmit symbols: transmit symbol 1 and transmit symbol 2 are provided. 

A CP of transmit symbol 1 refers to a cyclic structure formed by copying, to a location before 

transmit symbol 1, a segment of transmit symbol component between a location for intercepting 

the CP in transmit symbol 1 and an end location of transmit symbol 1. Similarly, a CP of transmit 30 

symbol 2 refers to a cyclic structure formed by copying, to a location before transmit symbol 2, a 

segment of transmit symbol component between a location for intercepting the CP in transmit 

symbol 2 and an end location. 

[00126] The CP of transmit symbol 2 is used as a guard interval between transmit symbol 1 and 
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transmit symbol 2, and the CP of transmit symbol 1 is used as a guard interval between transmit 

symbol 1 and a transmit symbol (not shown in FIG. 1) before transmit symbol 1. 

[00127] FIG. 2 shows reception of transmit symbol 1 and transmit symbol 2 shown in FIG. 1 at 

a receiving end after transmit symbol 1 and transmit symbol 2 are transmitted through a channel 

(where in an example, FIG. 2 only shows a maximum multipath delay of the channel). 5 

[00128] Case 1 represents that the maximum multipath delay of the channel does not exceed a 

length of the CP. In Case 1, because of protection of the CP, a receive window of each transmit 

symbol does not include inter-symbol interference (inter-symbol interference, ISI) of another 

transmit symbol. As shown in FIG. 2, a receive window of transmit symbol 2 does not include 

transmit symbol 1, so that ISI of transmit symbol 1 can be avoided. A receive window of transmit 10 

symbol 1 does not include the transmit symbol (not shown in FIG. 2) before transmit symbol 1, so 

that transmit symbol 1 is not subject to ISI either. In addition, in Case 1, in the receive window of 

each transmit symbol, a received symbol is a cyclic convolution of the transmit symbol and the 

channel, so that the receiving end can eliminate a multipath effect of the channel by using a 

frequency domain equalization method. 15 

[00129] Case 2 represents that the maximum multipath delay of the channel exceeds a length 

of the CP. In Case 2, because the delay of the channel exceeds the length of the CP, a receive 

window of one transmit symbol includes another transmit symbol. As shown in FIG. 2, a receive 

window of transmit symbol 2 includes a segment of transmit symbol component of transmit 

symbol 1, so that transmit symbol 2 is subject to ISI of transmit symbol 1. Similarly, a receive 20 

window of transmit symbol 1 may also include the transmit symbol (not shown in FIG. 2) before 

transmit symbol 1, so that transmit symbol 1 is also subject to ISI. In addition, in Case 2, in the 

receive window of each transmit symbol, a received symbol is no longer a cyclic convolution of 

the transmit symbol and the channel. This is unfavorable for the receiving end to eliminate a 

multipath effect of the channel. 25 

[00130] It should be noted that all lengths mentioned in this specification, for example, the 

length of the CP, a length of a sequence, and a length of a symbol component, refer to time lengths. 

For example, a unit of the length (namely, the time length) mentioned in this specification is 𝑇c =

1/(4096 ∙ 480 ∙ 103) second. For another example, the time length may alternatively be 

represented by a quantity of time domain sampling points. 30 

[00131] For a DMRS signal, to improve channel estimation performance, a DMRS with a larger 

subcarrier spacing needs to be used, to improve a capability of the DMRS to resist Doppler effect. 

[00132] FIG. 3 is a diagram of an example of a DMRS using a larger subcarrier spacing (SCS). 

The subcarrier spacing of the DMRS is twice a length of a subcarrier spacing of a data symbol. In 

this case, a symbol length of the DMRS is half of a length of the data symbol. Therefore, in this 35 
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case, a length of a CP of the DMRS symbol is also half a length of a CP of the data symbol. When 

a maximum multipath delay is greater than the CP of the DMRS symbol and less than the CP of 

the data symbol, performance of DMRS based channel estimation deteriorates. 

[00133] This application provides a symbol processing method and apparatus, to extend a guard 

interval of a DMRS symbol without affecting a subcarrier spacing of the DMRS symbol. 5 

[00134] The communication method provided in embodiments of this application may be 

applied to various communication systems, for example, a satellite communication system, an 

internet of things (internet of things, IoT) system, a narrowband internet of things (narrowband 

internet of things, NB-IoT) system, a global system for mobile communications (global system for 

mobile communications, GSM), an enhanced data rates for GSM evolution (enhanced data rates 10 

for GSM evolution, EDGE) system, a wideband code division multiple access (wideband code 

division multiple access, WCDMA) system, a code division multiple access 2000 (code division 

multiple access, CDMA2000) system, a time division-synchronous code division multiple access 

(time division-synchronous code division multiple access, TD-SCDMA) system, a long term 

evolution (long term evolution, LTE) system, a fifth generation (5G) communication system such 15 

as a 5G new radio (new radio, NR) system, three main application scenarios of a 5G mobile 

communication system, namely, enhanced mobile broadband (enhanced mobile broadband, 

eMBB), ultra-reliable and low latency communications (ultra-reliable and low latency 

communications, uRLLC), and massive machine type communications (massive machine type 

communications, mMTC), a device-to-device (device-to-device, D2D) communication system, a 20 

machine to machine (machine to machine, M2M) communication system, and a vehicle-to-

everything communication system, or may be applied to another or future communication system. 

This is not specifically limited in embodiments of this application. 

[00135] FIG. 4 is a schematic flowchart of a symbol processing method according to an 

embodiment of this application. As shown in FIG. 4, the method 400 includes steps S410 and S420. 25 

[00136] S410: A transmitting end generates a first transmit symbol and a second transmit 

symbol. 

[00137] A length of a CP of the first transmit symbol is greater than a length of a CP that 

corresponds to an SCS of the first transmit symbol. 

[00138] In an example, a diagram of a time domain structure of the generated first transmit 30 

symbol and second transmit symbol is shown in FIG. 5. A first reference point represents a location 

for intercepting the CP that corresponds to the SCS in the first transmit symbol, and a second 

reference point represents a location for intercepting the CP in the first transmit symbol. 

[00139] In the following embodiments, for brevity, "CP 2" represents "the CP of the first 

transmit symbol", and "CP 1" represents "the CP that corresponds to the SCS of the first transmit 35 
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symbol". In other words, when differences between the terms are not emphasized, the following 

"CP 2" represents "the CP of the first transmit symbol", and the following "CP 1" represents "the 

CP that corresponds to the SCS of the first transmit symbol". In the foregoing descriptions, "the 

location for intercepting the CP that corresponds to the SCS in the first transmit symbol" is "a 

location for intercepting CP 1 in the first transmit symbol", and in the foregoing descriptions, "the 5 

location for intercepting the CP in the first transmit symbol" is "a location for intercepting CP 2 in 

the first transmit symbol". 

[00140] In NR, a subcarrier spacing of NR may be 2μ ∙ 15 kHz. In an example, a value of μ, 

the subcarrier spacing, and a cyclic prefix have a relationship shown in Table 1. 

Table 1 10 

μ Subcarrier spacing (unit: kHz) Cyclic prefix 

0 15 Normal 

1 30 Normal 

2 60 Normal 

3 120 Normal, Extended 

4 240 Normal 

[00141] A length of a CP of a transmit symbol is denoted as 𝑁𝐶𝑃,𝑙
𝜇

, where l represents an index 

number of a complex-valued symbol in a subframe. In an example, the length of the CP (namely, 

CP 1) that corresponds to the SCS of the first transmit symbol may be expressed as follows: 

𝑁𝐶𝑃,𝑙
𝜇

= {
512𝑘 ∙ 2−μ extended CP

144 ∙ 2−μ + 16𝑘 normal CP, 𝑙 = 0 or 𝑙 = 7 ∙ 2μ

144 ∙ 2−μ normal CP, 𝑙 ≠ 0 and 𝑙 ≠ 7 ∙ 2μ
15 

[00142] In other words, when the SCS of the first transmit symbol and a type of CP 1 of the 

first transmit symbol are determined, the length of CP 1 is also determined, that is, the location for 

intercepting CP 1 is determined. 

[00143] In S410, the length of the cyclic prefix of the first transmit symbol is greater than the 

length of the cyclic prefix that corresponds to the subcarrier spacing of the first transmit symbol. 20 

That is, the length of CP 2 is greater than the length of CP 1. In this way, a guard interval of the 

first transmit symbol is extended, and this helps eliminate multipath effect of a channel. When the 

first transmit symbol is a DMRS symbol, performance deterioration of DMRS based channel 

estimation can be avoided by extending a guard interval of the DMRS symbol. In addition, the 

location for intercepting CP 2 may be flexibly set by a network device based on an actual 25 

requirement. Therefore, a guard interval between symbols can be flexibly configured. 
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[00144] The following describes a specific procedure of generating the first transmit symbol 

and the second transmit symbol shown in FIG. 5. 

[00145] S420: The transmitting end sends the first transmit symbol and the second transmit 

symbol. Correspondingly, a receiving end obtains the first transmit symbol and the second transmit 

symbol, and performs signal processing on the obtained first transmit symbol and second transmit 5 

symbol. 

[00146] The first transmit symbol and the second transmit symbol are consecutive in time 

domain. The first transmit symbol is located after the second transmit symbol. The first transmit 

symbol is a symbol that carries a reference signal, and the second transmit symbol is a symbol that 

carries a data signal. In this application, the first transmit symbol may be, for example, a DMRS 10 

symbol. 

[00147] It should be understood that all location relationships between the first transmit symbol 

and the second transmit symbol mentioned in this application represent location relationships 

between the first transmit symbol and the second transmit symbol in time domain. For example, 

that the first transmit symbol is located after the second transmit symbol represents that the first 15 

transmit symbol is located after the second transmit symbol in time domain. 

[00148] Optionally, the cyclic prefix of the first transmit symbol is the same as a first subset of 

the first transmit symbol. 

[00149] FIG. 5 is used as an example. In FIG. 5, CP 2 is the same as the first subset of the first 

transmit symbol. A start location of the first subset is the second reference point, and the second 20 

reference point is before the first reference point. An end location of the first subset is an end 

location of the first transmit symbol. 

[00150] It should be understood that, that CP 2 is the same as the first subset includes: CP 2 is 

the same as content included in the first subset, and a time length of CP 2 is the same as a time 

length of the first subset. 25 

[00151] It should be noted that, in the foregoing descriptions with reference to FIG. 5, that "CP 

2 is the same as the first subset" is mentioned. The word "same" herein does not necessarily mean 

"being the same in an absolute sense", but may mean "being approximately the same". It should 

be understood that, due to filter smearing effect, there may be a slight deviation between CP 2 and 

the first subset. 30 

[00152] Optionally, there is a segment of special sequence (denoted as a first sequence, which 

is not shown in FIG. 5) in the second transmit symbol. An end location of the special sequence is 

an end location of the second transmit symbol. The special sequence may be an all-zero sequence, 

or the special sequence may be the same as a third subset (not shown in FIG. 5) of the first transmit 

symbol. An end location of the third subset is the second reference point. In other words, a 35 
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complex-valued symbol in the first sequence is the same as a segment of transmit symbol 

component that has a same length and that is before the second reference point. The existence of 

the first sequence helps avoid a problem that waveforms are inconsecutive at a concatenated 

portion after the first transmit symbol and the second transmit symbol are directly concatenated, 

to enhance consecutiveness between the first transmit symbol and the second transmit symbol. 5 

[00153] In this application, the length of the cyclic prefix of the first transmit symbol is greater 

than the length of the cyclic prefix that corresponds to the subcarrier spacing of the first transmit 

symbol. In this way, the guard interval of the first transmit symbol is extended, and this helps 

eliminate the multipath effect of the channel. When the first transmit symbol is the DMRS symbol, 

the performance deterioration of the DMRS based channel estimation can be avoided by extending 10 

the guard interval of the DMRS symbol. In addition, a location of the second reference point (the 

location for intercepting CP 2) may be flexibly set by the network device based on the actual 

requirement. Therefore, the guard interval between the symbols can be flexibly configured. 

[00154] The following describes a specific procedure in S420 in which the receiving end 

performs signal processing on the obtained first transmit symbol and second transmit symbol. 15 

[00155] The following describes, with reference to FIG. 6 to FIG. 9, the specific procedure of 

generating the first transmit symbol and the second transmit symbol shown in FIG. 5. 

[00156] FIG. 6 is a diagram of a basic procedure of a symbol processing method according to 

an embodiment of this application. As shown in FIG. 6, the method 600 includes the following 

steps S620, S640, and S660. 20 

[00157] S620: A transmitting end groups a plurality of complex-valued symbols (complex-

valued symbols) to obtain a plurality of sets (sets). Each set corresponds to one transmit symbol. 

In other words, the plurality of complex-valued symbols are divided into (are divided into) the 

plurality of sets, and each set corresponds to one transmit symbol. 

[00158] It may be understood that, in this application, an operation performed on a transmit 25 

symbol is an operation performed on a set that constitutes the transmit symbol, or an operation 

performed on a complex-valued symbol in a set that constitutes the transmit symbol. 

[00159] The plurality of complex-valued symbols may include a modulated symbol obtained 

by modulating an encoded bit stream. 

[00160] A modulation scheme for modulating the encoded bit stream may include pi/2-binary 30 

phase shift keying (binary phase shift keying, BPSK), quadrature phase shift keying (quadrature 

phase shift keying, QPSK), 16 quadrature amplitude modulation (quadrature amplitude 

modulation, QAM), 64 QAM, 256 QAM, phase shift keying (phase shift keying, PSK), amplitude 

phase shift keying (amplitude phase shift keying, APSK), non-uniform QAM, or the like. 

[00161] Optionally, the plurality of complex-valued symbols may further include a reference 35 
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signal sampling point. For example, the reference signal sampling point may include a phase 

tracking reference signal (phase tracking reference signal, PTRS) sampling point. 

[00162] That each set corresponds to one transmit symbol means that each finally generated 

transmit symbol is generated based on one corresponding set. For example, each set corresponds 

to one DFT-s-OFDM symbol or SC-QAM symbol. 5 

[00163] Each set may include several complex-valued symbols. For example, each set may be 

considered as one multidimensional time domain vector, and the complex-valued symbols in the 

set may be considered as elements in the time domain vector. 

[00164] In this embodiment of this application, the plurality of sets include a first set that 

corresponds to a first transmit symbol and a second set that corresponds to a second transmit 10 

symbol. The first transmit symbol is a symbol that carries a reference signal, and the second 

transmit symbol is a symbol that carries a data signal. The symbol that carries the reference signal 

may also be referred to as a reference signal symbol, and the symbol that carries the data signal 

may also be referred to as a data symbol. 

[00165] S640: The transmitting end separately performs signal processing on the first set and 15 

the second set that are obtained in step S620, to generate a final first transmit symbol and a final 

second transmit symbol. 

[00166] A process of performing signal processing on the first set and the second set includes 

cyclic prefix addition, so that a length of a cyclic prefix of the first transmit symbol is greater than 

a length of a cyclic prefix that corresponds to a subcarrier spacing of the first transmit symbol. 20 

[00167] Optionally, a process of performing signal processing on the second set includes a 

mapping operation. The mapping operation includes mapping a first sequence to the second 

transmit symbol. The first sequence may be used to replace a part of complex-valued symbols in 

the second transmit symbol. The first sequence may be an all-zero sequence, or may be the same 

as a second subset of the first transmit symbol (as shown in FIG. 11), to avoid a problem that 25 

waveforms are inconsecutive at a concatenated portion after the first transmit symbol and the 

second transmit symbol are directly concatenated, to enhance consecutiveness between the first 

transmit symbol and the second transmit symbol. 

[00168] Optionally, the process of performing signal processing on the second set further 

includes a truncation operation. 30 

[00169] Optionally, the process of performing signal processing on the first set and/or the 

second set further includes cyclic shift. 

[00170] Optionally, the process of performing signal processing on the first set and the second 

set further includes another operation. The another operation herein includes but is not limited to 

fast fourier transform, carrier mapping, sampling, filtering, or the like. 35 
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[00171] The following describes a specific procedure in which signal processing is separately 

performed on the first set and the second set. 

[00172] S660: The transmitting end combines the first transmit symbol and the second transmit 

symbol obtained through the signal processing into consecutive signals. 

[00173] The length of the cyclic prefix of the first transmit symbol obtained through the signal 5 

processing is greater than the length of the cyclic prefix that corresponds to the subcarrier spacing 

of the first transmit symbol, to help eliminate multipath effect of a channel. When the first transmit 

symbol is a DMRS symbol, performance deterioration of DMRS based channel estimation can be 

avoided by extending a guard interval of the DMRS symbol. 

[00174] For ease of distinguishing but not limitation, the following agreement on names of 10 

signals is made in this specification: Signals to be grouped (or divided) into a set are referred to as 

complex-valued symbols. A signal obtained by grouping (or dividing) the complex-valued 

symbols is referred to as a set. A set including a part of complex-valued symbols in the set is 

referred to as a subset. A signal sent by the transmitting end is referred to as a transmit symbol. 

[00175] It should be understood that these names are merely for ease of understanding and 15 

distinguishing but not limitation. For example, in a future technology evolution process, signals 

obtained at different phases of a symbol generation procedure may have other names. 

[00176] The transmit symbol in this embodiment of this application may be a symbol of a 

single-carrier waveform. For example, the transmit symbol is a DFT-s-OFDM symbol. The DFT-

s-OFDM symbol represents a single-carrier symbol whose waveform is a DFT-s-OFDM waveform. 20 

For another example, the transmit symbol is an SC-QAM symbol. The SC-QAM symbol 

represents a single-carrier symbol whose waveform is an SC-QAM waveform. 

[00177] In the following descriptions, a wireless communication system to which the DFT-s-

OFDM waveform is applicable in this application is denoted as application scenario 1, and a 

wireless communication system to which the SC-QAM waveform is applicable in this application 25 

is denoted as application scenario 2. 

[00178] Optionally, an application scenario of this application is application scenario 1. To be 

specific, the transmit symbol is a DFT-s-OFDM symbol. 

[00179] As shown in FIG. 7, in step S640, the process in which the transmitting end performs 

signal processing on the first set includes the CP addition, and further includes an inverse fast 30 

fourier transform (inverse fast fourier transform, IFFT) operation. 

[00180] For example, in step S640, the transmitting end maps M-point frequency domain 

elements in the first set to M consecutive subcarriers (not shown in FIG. 7), performs IFFT 

transform on a frequency domain signal after the subcarrier mapping, and performs CP addition 

on a signal obtained through the IFFT, to finally obtain the first transmit symbol. If the first set is 35 
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a time domain signal, the process of performing signal processing on the first set further includes 

a discrete fourier transform (discrete fourier transform, DFT) operation. DFT may also be referred 

to as frequency domain precoding. 

[00181] For example, if the first set is a time domain signal, in step S640, the transmitting end 

first performs M-point DFT transform on the first set, maps M-point frequency domain elements 5 

obtained through the DFT transform to M consecutive subcarriers (not shown in FIG. 7), performs 

IFFT transform on a frequency domain signal after the subcarrier mapping, and performs CP 

addition on a signal obtained through the IFFT, to finally obtain the first transmit symbol. 

[00182] In step S640, the process in which the transmitting end performs the signal processing 

on the second set includes the mapping operation, the CP addition operation, and the truncation 10 

operation, and further includes a discrete fourier transform operation (discrete fourier transform, 

DFT) and an inverse fast fourier transform (inverse fast fourier transform, IFFT) operation. 

[00183] For example, in step S640, the transmitting end performs M-point DFT transform on 

the second set obtained through the mapping operation, maps M-point frequency domain elements 

obtained through the DFT transform to M consecutive subcarriers (not shown in FIG. 7), performs 15 

IFFT transform on a frequency domain signal after the subcarrier mapping, and performs CP 

addition on a signal obtained through the IFFT and truncates a part of the signal, to finally obtain 

the second transmit symbol. 

[00184] Optionally, step S640 further includes a frequency domain spectrum shaping 

(frequency domain spectrum shaping, FDSS) operation. 20 

[00185] For example, in step S640, the transmitting end performs a cyclic extension and 

frequency domain filtering operation (namely, the FDSS operation) on the M-point frequency 

domain elements obtained through the DFT transform, maps frequency domain elements obtained 

through the FDSS operation to M1 (M1≥M) consecutive subcarriers, and performs IFFT transform 

on a frequency domain signal after the subcarrier mapping. 25 

[00186] It should be understood that, in application scenario 1, the mapping operation is 

performed on the second set before the DFT. 

[00187] Optionally, an application scenario of this application is application scenario 2. To be 

specific, the transmit symbol is an SC-QAM symbol. 

[00188] As shown in FIG. 8, in step S640, the process in which the transmitting end performs 30 

signal processing on the first set includes the CP addition operation, and further includes up-

sampling and filtering. 

[00189] For example, in step S640, the transmitting end performs up-sampling and filtering on 

the first set, and performs CP addition on a signal obtained through the filtering, to finally obtain 

the first transmit symbol. 35 
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[00190] In step S640, the process in which the transmitting end performs signal processing on 

the second set includes the mapping operation, the CP addition operation, and the truncation 

operation, and further includes up-sampling and filtering. 

[00191] For example, in step S640, the transmitting end performs up-sampling and filtering on 

a second set obtained through the mapping operation, performs CP addition on a signal obtained 5 

through the filtering, and truncates a part of a signal, to finally obtain the second transmit symbol. 

[00192] It should be understood that, in application scenario 2, the mapping operation 

performed on the second set is performed before the up-sampling. 

[00193] Therefore, in this embodiment of this application, cyclic prefix addition is performed 

on the first transmit symbol, so that the length of the cyclic prefix of the first transmit symbol is 10 

greater than the length of the cyclic prefix that corresponds to the subcarrier spacing of the first 

transmit symbol. This helps eliminate the multipath effect of the channel. When the first transmit 

symbol is the DMRS symbol, the performance deterioration of the DMRS based channel 

estimation can be avoided by extending the guard interval of the DMRS symbol. In this 

embodiment of this application, the mapping operation is performed on the second set. In other 15 

words, the first sequence is mapped to the second transmit symbol, to help enhance the 

consecutiveness between the first transmit symbol and the second transmit symbol. 

[00194] FIG. 9 is a schematic flowchart of a symbol processing method according to an 

embodiment of this application. The method 900 includes the following steps S910 to step S950. 

[00195] S910: A transmitting end obtains a plurality of complex-valued symbols. 20 

[00196] The plurality of complex-valued symbols may include a modulated symbol obtained 

by modulating an encoded bit stream. 

[00197] Optionally, the plurality of complex-valued symbols may further include a reference 

signal sampling point. For example, the reference signal sampling point may include a PTRS 

sampling point. 25 

[00198] S920: The transmitting end divides the plurality of complex-valued symbols into a 

plurality of sets. 

[00199] Step S920 may correspond to step S620 shown in FIG. 6, FIG. 7, and FIG. 8. 

[00200] Each set may include several complex-valued symbols. For example, each set may be 

considered as one multidimensional time domain vector, and the complex-valued symbols in the 30 

set may be considered as elements in the time domain vector. 

[00201] Each set corresponds to one transmit symbol. For example, each set corresponds to one 

DFT-s-OFDM symbol or SC-QAM symbol. 

[00202] The plurality of sets include a first set that corresponds to a first transmit symbol and a 

second set that corresponds to a second transmit symbol. The first transmit symbol and the second 35 
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transmit symbol are consecutive in time domain. The first transmit symbol is located after the 

second transmit symbol. 

[00203] S930: The transmitting end performs signal processing on the first set and the second 

set. 

[00204] Step S930 may correspond to step S640 shown in FIG. 6, FIG. 7, and FIG. 8. 5 

[00205] The following describes, with reference to FIG. 10, a process in which the transmitting 

end performs signal processing on the first set. 

[00206] The process of performing signal processing on the first set includes cyclic prefix 

addition. The signal processing enables a length of a cyclic prefix (CP 2) of the first transmit 

symbol to be greater than a length of a cyclic prefix (CP 1) that corresponds to a subcarrier spacing 10 

of the first transmit symbol. 

[00207] FIG. 10 is a diagram in which CP addition is performed on the first transmit symbol. 

CP addition performed on the first transmit symbol includes: performing a copy operation on a 

first subset of the first set, so that the first subset is used as the cyclic prefix (CP 2) of the first 

transmit symbol. 15 

[00208] As shown in FIG. 10, a start location (denoted as a second reference point) of the first 

subset is before a first reference point of the first transmit symbol, and an end location of the first 

subset is an end location of the first transmit symbol. The first reference point is a location for 

intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first transmit symbol. 

[00209] Optionally, a location of the second reference point may be set by a network device. 20 

[00210] Optionally, when the method 900 is applied to the foregoing scenario 1, before CP 

addition is performed on the first transmit symbol, the process of performing signal processing on 

the first set further includes IFFT transform. If the first set is a time domain signal, the process of 

performing signal processing on the first set further includes DFT transform. 

[00211] Optionally, when the method 900 is applied to the foregoing scenario 2, before CP 25 

addition is performed on the first transmit symbol, the process of performing signal processing on 

the first set further includes up-sampling and filtering. 

[00212] Signal processing is performed on the first set, so that the first transmit symbol that 

corresponds to the first set may be obtained. 

[00213] In this embodiment, CP addition is performed on the first transmit symbol, so that the 30 

length of the cyclic prefix of the first transmit symbol is greater than the length of the cyclic prefix 

that corresponds to the subcarrier spacing of the first transmit symbol. This helps eliminate a 

multipath effect of a channel. When the first transmit symbol is a DMRS symbol, performance 

deterioration of DMRS based channel estimation can be avoided by extending a guard interval of 

the DMRS symbol. In addition, the location of the second reference point (a location for 35 
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intercepting CP 2) may be flexibly set by the network device based on an actual requirement. 

Therefore, a guard interval between symbols can be flexibly configured. 

[00214] The following describes, with reference to FIG. 11, a process in which the transmitting 

end performs signal processing on the second set. 

[00215] Optionally, the process of performing signal processing on the second set includes a 5 

mapping operation. The mapping operation includes mapping a first sequence to the second 

transmit symbol. The first sequence is used to replace a part of complex-valued symbols in the 

second transmit symbol. An end location for mapping the first sequence is an end location of the 

second transmit symbol. 

[00216] In an example, the first sequence may be an all-zero sequence. A quantity of zeros may 10 

be set by the network device. 

[00217] In another example, as shown in FIG. 11, the first sequence may be the same as a second 

subset of the first transmit symbol. A start location of the second subset is before the second 

reference point, and an end location of the second subset is the first reference point or after the 

first reference point. A location and a length of the second subset may be set by the network device. 15 

[00218] Optionally, in the foregoing two examples, a difference between the lengths of CP 2 

and CP 1, namely, a length between the first reference point and the second reference point, is less 

than a length of the first sequence. 

[00219] Optionally, the process of performing signal processing on the second set further 

includes a truncation operation. The truncation operation includes truncating the second transmit 20 

symbol. A truncation location is in the first sequence of the second transmit symbol. 

[00220] In an example, when the first sequence is the all-zero sequence, a truncation length is 

the difference between the lengths of CP 2 and CP 1. 

[00221] In another example, as shown in FIG. 11, when the first sequence is the same as the 

second subset of the first transmit symbol, a truncation part is a same symbol part between a header 25 

of the first transmit symbol and a tail of the second transmit symbol. For example, a symbol 

between reference point A and reference point B in the header of the first transmit symbol is the 

same as a symbol between reference point A' and reference point B' in the tail of the second 

transmit symbol. Therefore, the truncation part of the second set is a part between reference point 

A' and reference point B' in the tail of the second transmit symbol. 30 

[00222] It should be understood that, due to a filter smearing effect, the term "same" does not 

necessarily mean "being the same in an absolute sense", but may mean "being approximately the 

same". 

[00223] Optionally, after the second transmit symbol is truncated, the method 900 further 

includes: The transmitting end sends a first message. The first message includes information about 35 
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a remaining part of the first sequence after the second transmit symbol is truncated, for example, 

location information and length information of the remaining part of the first sequence. 

[00224] Correspondingly, a receiving end obtains the first message. The first message may be 

used by the receiving end to decode a part that is of the second transmit symbol and that is other 

than the first sequence, to obtain required data. 5 

[00225] The location information of the remaining part of the first sequence may be a time 

domain index of the part. The length information of the remaining part of the first sequence may 

be a time length of the part, and the length may be represented by a quantity of complex-valued 

symbols included in the part. 

[00226] In a possible case, after the IFFT, cyclic shift needs to be performed on the first transmit 10 

symbol and/or the second transmit symbol, to obtain the same symbol part between the header of 

the first transmit symbol and the tail of the second transmit symbol. In this case, the process of 

performing signal processing on the first set and/or the second set further includes the cyclic shift. 

Through the cyclic shift, the same symbol part between the header of the first transmit symbol and 

the tail of the second transmit symbol is obtained. 15 

[00227] In a scenario shown in FIG. 12, a second transmit symbol in (a) in FIG. 12 needs to be 

cyclically shifted rightwards to a location of a second transmit symbol in (b) in FIG. 12, to obtain 

the same symbol part between the header of the first transmit symbol and the tail of the second 

transmit symbol. 

[00228] In a scenario shown in FIG. 13, a first transmit symbol in (a) in FIG. 13 needs to be 20 

cyclically shifted leftwards to a location of a first transmit symbol in (b) in FIG. 13, to obtain the 

same symbol part between the header of the first transmit symbol and the tail of the second transmit 

symbol. 

[00229] In another possible scenario, cyclic shift needs to be performed simultaneously on the 

first transmit symbol and the second transmit symbol, to obtain the same symbol part between the 25 

header of the first transmit symbol and the tail of the second transmit symbol. 

[00230] A total length of cyclic shift performed on the first transmit symbol and/or the second 

transmit symbol may be expressed as: 

[< CP >FFTsize
n

+
FFTsize

n
]Ts

[00231] n represents a quantity of subcarrier resource elements (resource elements, REs) 30 

transmitted in a system. < CP >FFTsize
n

 represents a remainder obtained by performing a modulo 

operation on the length of the CP and a time domain waveform interval (FFTsize/n), the quantity n 

of REs may further represent a size of DFT used in the system. FFTsize represents a size of fast 

fourier transform (fast fourier transform, FFT) used in the system. Ts  represents a sampling 
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interval. 

[00232] In this application, through the cyclic shift, the same symbol part between the tail of 

the second transmit symbol and the header of the first transmit symbol can be obtained. Further, 

after the truncation operation, waveforms are made consecutive at a symbol concatenated portion 

after the first transmit symbol and the second transmit symbol are combined into consecutive 5 

signals. 

[00233] Optionally, when the method 900 is applied to the foregoing scenario 1, the process in 

which the transmitting end performs signal processing on the second set further includes DFT 

transform and IFFT transform. The mapping operation is performed on the second set before the 

DFT. 10 

[00234] Optionally, when the method 900 is applied to the foregoing scenario 2, the process in 

which the transmitting end performs signal processing on the second set further includes up-

sampling and filtering. The mapping operation is performed on the second set before the up-

sampling. 

[00235] It should be understood that the process in which the transmitting end performs signal 15 

processing on the second set further includes a CP addition operation, in other words, performing 

CP addition on the second transmit symbol. The length of the CP of the second transmit symbol 

may be a length of a CP that corresponds to an SCS of the second transmit symbol. 

[00236] Signal processing is performed on the second set, so that the second transmit symbol 

that corresponds to the second set may be obtained. 20 

[00237] S940: The transmitting end combines the first transmit symbol and the second transmit 

symbol obtained through the signal processing into the consecutive signals. 

[00238] Step S940 may correspond to step S660 shown in FIG. 6, FIG. 7, and FIG. 8. 

[00239] In S940, the transmitting end may combine the first transmit symbol and the second 

transmit symbol obtained in S930 into the consecutive signals, and the first transmit symbol is 25 

located after the second transmit symbol. That the first transmit symbol and the second transmit 

symbol are combined into the consecutive signals may also be understood that the first transmit 

symbol and the second transmit symbol are concatenated, so that the concatenated first transmit 

symbol and second transmit symbol are consecutive in time domain. For example, a time domain 

index of the end location of the second transmit symbol is N. If the first transmit symbol and the 30 

second transmit symbol are consecutive in time domain, a time domain index of a start location of 

the first transmit symbol is N+1. 

[00240] FIG. 14 is a diagram in which the first transmit symbol and the second transmit symbol 

obtained through the signal processing are combined into the consecutive signals. 

[00241] In a possible case, when the first sequence is the all-zero sequence, the combined 35 
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consecutive signals are shown in (a) in FIG. 14. In this case, the first sequence of the consecutive 

signals obtained by combining the first transmit symbol and the second transmit symbol is still the 

all-zero sequence. It may be understood that, if the truncation operation is performed on the second 

transmit symbol in S930, a quantity of zeros in the first sequence should be less than a quantity of 

zeros in the first sequence before the truncation operation. There is a segment of invalid 5 

information, namely, the all-zero sequence, between the first transmit symbol and the second 

transmit symbol. Therefore, a problem that waveforms are inconsecutive at a concatenated portion 

between the first transmit symbol and the second transmit symbol is avoided to some extent, to 

enhance consecutiveness between the first transmit symbol and the second transmit symbol. 

[00242] In another possible case, when the first sequence is the same as a part of complex-10 

valued symbols in the second transmit symbol, the combined consecutive signals are shown in (b) 

in FIG. 14. It may also be understood that, if the truncation operation is performed on the second 

transmit symbol in S930, the first sequence between the first transmit symbol and the second 

transmit symbol is the same as a third subset of the first transmit symbol. An end location of the 

third subset is the second reference point. In other words, a complex-valued symbol in the first 15 

sequence is the same as a segment of transmit symbol component that has a same length and that 

is before the second reference point. Therefore, waveforms are made consecutive at reference point 

A (A') between the first transmit symbol and the second transmit symbol that are combined into 

the consecutive signals. Therefore, this avoids the problem that the waveforms are inconsecutive 

at the symbol concatenated portion after the first transmit symbol and the second transmit symbol 20 

are combined into the consecutive signals, to enhance the consecutiveness between the first 

transmit symbol and the second transmit symbol. 

[00243] S950: The transmitting end sends the first transmit symbol and the second transmit 

symbol. 

[00244] In 9850, the transmitting end sends the first transmit symbol and the second transmit 25 

symbol that are combined into the consecutive signals. The first transmit symbol and the second 

transmit symbol are consecutive in time domain, and the first transmit symbol is located after the 

second transmit symbol. 

[00245] Correspondingly, the receiving end obtains the first transmit symbol and the second 

transmit symbol, and performs signal processing on the obtained first transmit symbol and second 30 

transmit symbol. 

[00246] A process in which the receiving end performs signal processing on the first transmit 

symbol may include one or more of the following steps: 

[00247] Optionally, the process in which the receiving end performs signal processing on the 

first transmit symbol includes cyclic prefix removal. The cyclic prefix is the cyclic prefix that 35 
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corresponds to the subcarrier spacing of the first transmit symbol, that is, CP 1. 

[00248] Optionally, the process in which the receiving end performs signal processing on the 

first transmit symbol further includes a channel estimation operation. 

[00249] Optionally, a process in which the receiving end performs signal processing on the 

second transmit symbol further includes a channel equalization operation, to obtain an estimated 5 

data signal. If the transmitting end performs cyclic shift on the second transmit symbol, the signal 

processing further includes performing phase compensation on a phase difference caused by the 

cyclic shift. 

[00250] Optionally, the process in which the receiving end performs signal processing on the 

second transmit symbol further includes a channel decoding operation. 10 

[00251] Specifically, the receiving end may learn of information about the first sequence in the 

received second transmit symbol based on the received first message, for example, location 

information and length information of the first sequence in the second transmit symbol. Therefore, 

the receiving end may decode, based on the information about the first sequence, the part that is 

of the second transmit symbol and that is other than the first sequence, to obtain the required data. 15 

[00252] It should be understood that, in addition to embodiments provided in this specification, 

any other solution in which transmit symbols having the time domain structure shown in FIG. 5 

can be generated also falls within the protection scope of this application. 

[00253] The foregoing describes, with reference to FIG. 4 to FIG. 14, the method, provided in 

embodiments of this application, in which the cyclic prefix is used as the guard interval between 20 

the first transmit symbol and the second transmit symbol. The following describes, with reference 

to FIG. 15 to FIG. 18, a method, provided in embodiments of this application, in which a cyclic 

suffix (cyclic suffix, CS) is used to extend a guard interval between a first transmit symbol and a 

second transmit symbol. 

[00254] The method includes: A transmitting end generates a first transmit symbol and a second 25 

transmit symbol. The first transmit symbol includes a cyclic suffix. The cyclic suffix is used to 

extend a guard interval between the first transmit symbol and the second transmit symbol, so that 

a start location of the guard interval is a first reference point, and an end location of the guard 

interval is an end location of the cyclic suffix of the first transmit symbol. The first reference point 

is a location for intercepting a cyclic prefix in the first transmit symbol. The transmitting end sends 30 

the first transmit symbol and the second transmit symbol. The first transmit symbol and the second 

transmit symbol are consecutive in time domain. The first transmit symbol is located before the 

second transmit symbol. The first transmit symbol is a symbol that carries a reference signal, and 

the second transmit symbol is a symbol that carries a data signal. The first transmit symbol may 

be, for example, a DMRS symbol. 35 
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[00255] In an example, a diagram of a time domain structure of the first transmit symbol and 

the second transmit symbol that are obtained by using the method is shown in FIG. 15. 

[00256] In FIG. 15, the first reference point represents the location for intercepting the CP in 

the first transmit symbol, and a third reference point represents a start location of the first transmit 

symbol. 5 

[00257] It should be noted that a start location of a transmit symbol is a start location of the 

transmit symbol, rather than a start location of a CP of the transmit symbol. Alternatively, from 

another perspective, it may be understood that the start location of the transmit symbol is an end 

location of the CP of the transmit symbol. 

[00258] As shown in FIG. 15, the start location of the guard interval between the first transmit 10 

symbol and the second transmit symbol is the first reference point. The end location is the end 

location of the CS of the first transmit symbol. In other words, the guard interval between the first 

transmit symbol and the second transmit symbol includes a CS part of the first transmit symbol. 

The CS may be obtained by copying a fourth subset to a location after the first transmit symbol, 

as shown in FIG. 17. A start location of the fourth subset is the third reference point. An end 15 

location of the fourth subset, namely, a location (denoted as a fourth reference point) for 

intercepting the CS in the first transmit symbol, may be set by a network device. 

[00259] It should be understood that there is a segment of special sequence (denoted as a second 

sequence, which is not shown in FIG. 15) in the second transmit symbol. The special sequence is 

located in a header of the second transmit symbol. The special sequence may be an all-zero 20 

sequence, or the special sequence may be the same as a segment of transmit symbol component 

that has a same length and that is after the fourth reference point. The existence of the special 

sequence helps avoid a problem that waveforms are inconsecutive at a concatenated portion after 

the first transmit symbol and the second transmit symbol are directly concatenated, to enhance 

consecutiveness between the first transmit symbol and the second transmit symbol. 25 

[00260] A length of the guard interval between the first transmit symbol and the second transmit 

symbol is greater than a length of the CP of the first transmit symbol. Therefore, a multipath effect 

of a channel can be eliminated, and performance deterioration of DMRS based channel estimation 

is avoided. In addition, a location of the fourth reference point (the end location of the fourth subset) 

may be flexibly set by the network device based on an actual requirement. Therefore, a guard 30 

interval between symbols can be flexibly configured. 

[00261] The following describes, with reference to FIG. 16, a specific procedure of generating 

the first transmit symbol and the second transmit symbol shown in FIG. 15. 

[00262] FIG. 16 is a schematic flowchart of a symbol processing method according to another 

embodiment of this application. The method 1600 includes the following step S1610 to step S1650. 35 
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The method 1600 may be used to generate the transmit symbols shown in FIG. 15. 

[00263] S1610: A transmitting end obtains a plurality of complex-valued symbols. This step is 

the same as S910 in the foregoing method embodiment. To avoid repetition, details are not 

described herein again. 

[00264] S1620: The transmitting end divides the plurality of complex-valued symbols into a 5 

plurality of sets. 

[00265] The plurality of sets include a first set that corresponds to a first transmit symbol and a 

second set that corresponds to a second transmit symbol. The first transmit symbol and the second 

transmit symbol are consecutive in time domain. The first transmit symbol is located before the 

second transmit symbol. 10 

[00266] S1630: The transmitting end performs signal processing on the first set and the second 

set. 

[00267] The following describes, with reference to FIG. 17, a process in which the transmitting 

end performs signal processing on the first set. 

[00268] The process of performing signal processing on the first set includes performing CS 15 

addition on the first transmit symbol. An SC is used to extend a guard interval between the first 

transmit symbol and the second transmit symbol. The signal processing enables a length of the 

guard interval between the first transmit symbol and the second transmit symbol to be greater than 

a length of a CP of the first transmit symbol. The guard interval includes a CS part of the first 

transmit symbol. 20 

[00269] FIG. 17 is a diagram in which CS addition is performed on the first transmit symbol. 

CS addition performed on the first transmit symbol includes: performing a copy operation on a 

fourth subset of the first set, so that the fourth subset is used as the CS of the first transmit symbol. 

[00270] As shown in FIG. 17, a start location of the fourth subset is a start location (a third 

reference point) of the first transmit symbol, and an end location of the fourth subset, namely, a 25 

location (a fourth reference point) for intercepting the CS in the first transmit symbol, may be set 

by a network device. 

[00271] Optionally, the process of performing signal processing on the first set further includes 

performing CP addition on the first transmit symbol. 

[00272] Optionally, when the method 1600 is applied to the foregoing scenario 1, before CS 30 

addition is performed on the first transmit symbol, the process of performing signal processing on 

the first set further includes DFT transform and IFFT transform. 

[00273] Optionally, when the method 1600 is applied to the foregoing scenario 2, before CS 

addition is performed on the first transmit symbol, the process of performing signal processing on 

the first set further includes up-sampling and filtering. 35 
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[00274] Signal processing is performed on the first set, so that the first transmit symbol that 

corresponds to the first set may be obtained. 

[00275] In this embodiment, CS addition is performed on the first transmit symbol, to extend 

the guard interval between the first transmit symbol and the second transmit symbol, so that the 

length of the guard interval between the first transmit symbol and the second transmit symbol is 5 

greater than the length of the CP of the first transmit symbol. This helps eliminate a multipath 

effect of a channel. When the first transmit symbol is a DMRS symbol, performance deterioration 

of DMRS based channel estimation can be avoided. In addition, a location of the fourth reference 

point (the location for intercepting the CS) may be flexibly set by the network device based on an 

actual requirement. Therefore, a guard interval between symbols can be flexibly configured. 10 

[00276] The following describes, with reference to FIG. 18, a process in which the transmitting 

end performs signal processing on the second set. 

[00277] Optionally, the process of performing signal processing on the second set includes a 

mapping operation. The mapping operation includes mapping a second sequence to the second 

transmit symbol. The second sequence is used to replace a part of complex-valued symbols in the 15 

second transmit symbol. A start location for mapping the second sequence is a header of the second 

transmit symbol. That "the start location for mapping the second sequence is the header of the 

second transmit symbol" may be understood as follows: When the second transmit symbol 

includes a CP, the start location for mapping the second sequence is a start location of the CP of 

the second transmit symbol. When the second transmit symbol does not include a CP, the start 20 

location for mapping the second sequence is a start location of the second transmit symbol. 

[00278] In an example, the second sequence may be an all-zero sequence. A quantity of zeros 

may be set by the network device. 

[00279] In another example, as shown in FIG. 18, the second sequence may be the same as a 

fifth subset of the first transmit symbol. A start location of the fifth subset is the third reference 25 

point or before the third reference point, and an end location of the fifth subset is after the fourth 

reference point. A location and a length of the fifth subset may be set by the network device. 

[00280] It should be understood that, in the foregoing two type examples, a length of the fourth 

subset is less than a length of the second sequence. 

[00281] Optionally, the process of performing signal processing on the second set further 30 

includes a truncation operation. A truncation location is in the second sequence of the second 

transmit symbol. 

[00282] In an example, when the second sequence is the all-zero sequence, a truncation length 

is the length of the fourth subset. 

[00283] In another example, as shown in FIG. 18, when the second sequence is the same as the 35 
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fifth subset of the first transmit symbol, a truncation part is a same symbol part between a tail of 

the first transmit symbol and a header of the second transmit symbol. For example, a symbol 

between reference point A and reference point B in the tail of the first transmit symbol is the same 

as a symbol between reference point A' and reference point B' in the header of the second transmit 

symbol. Therefore, the truncation part of the second set is a part between reference point A' and 5 

reference point B' in the header of the second transmit symbol. 

[00284] Optionally, after the second transmit symbol is truncated, the method 1600 further 

includes: sending a second message. The second message includes information about a remaining 

part of the second sequence after the second transmit symbol is truncated, for example, location 

information and length information of the remaining part of the second sequence. Correspondingly, 10 

a receiving end receives the second message. The location information of the remaining part of the 

second sequence may be a time domain index of the part. The length information of the remaining 

part of the second sequence may be a time length of the part, and the length may be represented 

by a quantity of complex-valued symbols included in the part. 

[00285] In a possible case, after the IFFT, cyclic shift needs to be performed on the first transmit 15 

symbol and/or the second transmit symbol, to obtain the same symbol part between the tail of the 

first transmit symbol and the header of the second transmit symbol. In this case, the process of 

performing signal processing on the first set and/or the second set further includes the cyclic shift. 

Through the cyclic shift, the same symbol part between the tail of the first transmit symbol and 

the header of the second transmit symbol is obtained. 20 

[00286] It may be understood that, in the method 1600, a method for performing cyclic shift by 

the transmitting end on the first transmit symbol and/or the second transmit symbol is similar to a 

method for performing cyclic shift by the transmitting end on the first transmit symbol and/or the 

second transmit symbol in the method 800. To avoid repetition, details are not described herein 

again. 25 

[00287] In this embodiment, through the cyclic shift, the same symbol part between the header 

of the second transmit symbol and the tail of the first transmit symbol can be obtained. Further, 

after the truncation operation, waveforms are made consecutive at a symbol concatenated portion 

after the first transmit symbol and the second transmit symbol are combined into consecutive 

signals. 30 

[00288] Optionally, the process of performing signal processing on the first set further includes 

performing CP addition on the second transmit symbol. 

[00289] Optionally, when the method 1600 is applied to the foregoing scenario 1, the process 

in which the transmitting end performs signal processing on the second set further includes DFT 

transform and IFFT transform. The mapping operation is performed on the second set before the 35 
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DFT. 

[00290] Optionally, when the method 900 is applied to the foregoing scenario 2, the process in 

which the transmitting end performs signal processing on the second set further includes up-

sampling and filtering. The mapping operation is performed on the second set before the up-

sampling. 5 

[00291] Signal processing is performed on the second set, so that the second transmit symbol 

that corresponds to the second set may be obtained. 

[00292] S1640 and S1650 are similar to S940 and S950 in the foregoing method embodiment. 

To avoid repetition, details are not described herein again. 

[00293] It should be understood that embodiments described in this specification may be 10 

independent solutions, or may be combined based on internal logic. These solutions all fall within 

the protection scope of this application. 

[00294] It may be understood that, in the foregoing method embodiments, an execution body 

may be a terminal device or a component (for example, a chip or a circuit) that may be used in the 

terminal device, or may be a network device or a component (for example, a chip or a circuit) that 15 

may be used in the network device. 

[00295] The foregoing describes the method embodiments provided in embodiments of this 

application, and the following describes apparatus embodiments provided in embodiments of this 

application. It should be understood that descriptions of the apparatus embodiments correspond to 

the descriptions of the method embodiments. Therefore, for content that is not described in detail, 20 

refer to the foregoing method embodiments. For brevity, details are not described herein again. 

[00296] FIG. 19 is a schematic block diagram of a symbol processing apparatus 1900 according 

to an embodiment of this application. The apparatus 1900 is configured to perform the foregoing 

method embodiments. The apparatus 1900 may include a processing unit 1910 and a transceiver 

unit 1920. The processing unit 1910 may be configured to implement a corresponding processing 25 

function. The transceiver unit 1920 may be configured to implement a corresponding 

communication function. The transceiver unit 1920 may also be referred to as a communication 

interface or a communication unit. 

[00297] In a first design, the apparatus 1900 may be the transmitting end in the foregoing 

embodiments, for example, may be the transmitting end or a circuit configured to implement the 30 

transmitting end. The transmitting end may be a terminal device, or may be a network device. The 

apparatus 1900 may implement corresponding steps or procedures performed by the transmitting 

end in the foregoing method embodiments. The processing unit 1910 may be configured to perform 

an operation related to signal processing of the transmitting end in the foregoing method 

embodiments. The transceiver unit 1920 may be configured to perform an operation related to 35 
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receiving and sending of the transmitting end in the foregoing method embodiments. 

[00298] In a possible implementation, the processing unit 1910 is configured to generate a first 

transmit symbol and a second transmit symbol. A length of a cyclic prefix of the first transmit 

symbol is greater than a length of a cyclic prefix that corresponds to a subcarrier spacing of the 

first transmit symbol. The transceiver unit 1920 is configured to send the first transmit symbol and 5 

the second transmit symbol. The first transmit symbol and the second transmit symbol are 

consecutive in time domain. The first transmit symbol is located after the second transmit symbol 

in time domain. The first transmit symbol is a symbol that carries a reference signal, and the second 

transmit symbol is a symbol that carries a data signal. 

[00299] Optionally, in some embodiments, the cyclic prefix of the first transmit symbol is the 10 

same as a first subset of the first transmit symbol. A start location of the first subset is before a first 

reference point, and an end location of the first subset is an end location of the first transmit symbol. 

The first reference point is a location for intercepting the cyclic prefix that corresponds to the 

subcarrier spacing in the first transmit symbol. 

[00300] Optionally, in some embodiments, the processing unit 1910 is configured to map a first 15 

sequence to the second transmit symbol. The first sequence is used to replace a part of complex-

valued symbols in the second transmit symbol. An end location for mapping the first sequence is 

an end location of the second transmit symbol. 

[00301] Optionally, in some embodiments, a difference between the length of the cyclic prefix 

of the first transmit symbol and the length of the cyclic prefix that corresponds to the subcarrier 20 

spacing of the first transmit symbol is less than a length of the first sequence. 

[00302] Optionally, in some embodiments, the first sequence is an all-zero sequence; or the first 

sequence is the same as a second subset of the first transmit symbol; a start location of the second 

subset is before the start location of the first subset; and an end location of the second subset is the 

first reference point or after the first reference point. 25 

[00303] Optionally, in some embodiments, the processing unit 1910 is configured to truncate 

the second transmit symbol. A truncation location is in the first sequence. 

[00304] Optionally, in some embodiments, when the first sequence is the all-zero sequence, a 

truncation length is the difference between the length of the cyclic prefix of the first transmit 

symbol and the length of the cyclic prefix that corresponds to the subcarrier spacing of the first 30 

transmit symbol. Alternatively, when the first sequence is the same as the second subset of the first 

transmit symbol, a truncation part is a same symbol part between a header of the first transmit 

symbol and a tail of the second transmit symbol. 

[00305] Optionally, in some embodiments, the processing unit 1910 is configured to combine 

the generated first transmit symbol and second transmit symbol into consecutive signals. 35 
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[00306] Optionally, in some embodiments, the first sequence is the same as the second subset 

of the first transmit symbol. The processing unit 1910 is configured to perform cyclic shift on the 

second transmit symbol and/or the first transmit symbol, to obtain the same symbol part between 

the tail of the second transmit symbol and the header of the first transmit symbol. 

[00307] Optionally, in some embodiments, after the second transmit symbol is truncated, the 5 

transceiver unit 1920 is configured to send a first message. The first message includes information 

about a remaining part of the first sequence after the second transmit symbol is truncated. 

[00308] In a second design, the apparatus 1900 may be the receiving end in the foregoing 

embodiments, for example, may be a receiver or a circuit configured to implement the receiver. 

The receiving end may be a terminal device, or may be a network device. The apparatus 1900 may 10 

implement corresponding steps or procedures performed by the receiving end in the foregoing 

method embodiments. The processing unit 1910 may be configured to perform an operation related 

to signal processing of the receiving end in the foregoing method embodiments. The transceiver 

unit 1920 may be configured to perform an operation related to receiving and sending of the 

receiving end in the foregoing method embodiments. 15 

[00309] In a possible implementation, the transceiver unit 1920 is configured to obtain a first 

transmit symbol and a second transmit symbol. A length of a cyclic prefix of the first transmit 

symbol is greater than a length of a cyclic prefix that corresponds to a subcarrier spacing of the 

first transmit symbol. The first transmit symbol and the second transmit symbol are consecutive in 

time domain. The first transmit symbol is located after the second transmit symbol in time domain. 20 

The first transmit symbol is a symbol that carries a reference signal, and the second transmit 

symbol is a symbol that carries a data signal. The processing unit 1910 is configured to perform 

signal processing on the first transmit symbol and the second transmit symbol. 

[00310] Optionally, in some embodiments, the processing unit 1910 is configured to perform a 

cyclic prefix removal operation on the first transmit symbol and the second transmit symbol. 25 

Cyclic prefixes are cyclic prefixes that correspond to subcarrier spacings of the first transmit 

symbol and the second transmit symbol. 

[00311] Optionally, in some embodiments, the cyclic prefix of the first transmit symbol is the 

same as a first subset of the first transmit symbol. A start location of the first subset is before a first 

reference point, and an end location of the first subset is an end location of the first transmit symbol. 30 

The first reference point is a location for intercepting the cyclic prefix that corresponds to the 

subcarrier spacing in the first transmit symbol. 

[00312] Optionally, in some embodiments, the second transmit symbol includes a first sequence, 

and an end location of the first sequence is an end location of the second transmit symbol. The first 

sequence is an all-zero sequence; or the first sequence is the same as a third subset of the first 35 
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transmit symbol, and an end location of the third subset is a location for intercepting the cyclic 

prefix in the first transmit symbol. 

[00313] Optionally, in some embodiments, the transceiver unit 1920 is configured to obtain a 

first message. The first message includes information about the first sequence. 

[00314] Optionally, in some embodiments, the processing unit 1910 is configured to decode, 5 

based on the information about the first sequence, a part that is of the second transmit symbol and 

that is other than the first sequence, to obtain data. 

[00315] Optionally, the processing unit 1910 and the transceiver unit 1920 may be implemented 

by software, or may be implemented by hardware, or may be implemented by hardware and 

software. In addition, the processing unit 1910 and the transceiver unit 1920 may be different chips, 10 

or may be integrated into one chip or integrated circuit. 

[00316] Optionally, in the foregoing embodiments, both the processing unit 1910 and the 

transceiver unit 1920 may be implemented by using a processor or a processor-related circuit. 

[00317] As shown in FIG. 20, an embodiment of this application further provides a symbol 

processing apparatus 2000. The apparatus 2000 includes a processor 2010 and a transceiver 2030. 15 

Optionally, the apparatus 2000 further includes a memory 2020. The memory 2020 stores a 

program. The processor 2010 is configured to execute the program stored in the memory 2020. 

Execution of the program stored in the memory 2020 enables the apparatus 2000 to be configured 

to perform the foregoing method embodiments. 

[00318] An embodiment of this application further provides a communication apparatus. The 20 

communication apparatus may be a terminal device or a chip. The communication apparatus may 

be configured to perform the foregoing method embodiments. 

[00319] When the communication apparatus is the terminal device, FIG. 21 is a simplified 

diagram of a structure of a terminal device. For ease of understanding and illustration, an example 

in which the terminal device is a mobile phone is used in FIG. 21. As shown in FIG. 21, the 25 

terminal device includes a processor, a radio frequency circuit, an antenna, and an input/output 

apparatus. The processor is mainly configured to: process a communication protocol and 

communication data, control the terminal device, execute a software program, process data of the 

software program, and so on. The radio frequency circuit is mainly configured to: perform 

conversion between a baseband signal and a radio frequency signal, and process the radio 30 

frequency signal. The antenna is mainly configured to receive and send a radio frequency signal 

in a form of an electromagnetic wave. The input/output apparatus, such as a touchscreen, a display, 

or a keyboard, is mainly configured to: receive data input by a user and output data to the user. 

Optionally, the terminal device further includes a memory. The memory is mainly configured to 

store the software program and data. It should be noted that some types of terminal devices may 35 
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have no input/output apparatus. 

[00320] When needing to send data, after performing baseband processing on the to-be-sent 

data, the processor outputs a baseband signal to the radio frequency circuit; and the radio frequency 

circuit performs radio frequency processing on the baseband signal and then sends the radio 

frequency signal to the outside in a form of an electromagnetic wave through the antenna. When 5 

data is sent to the terminal device, the radio frequency circuit receives the radio frequency signal 

through the antenna, converts the radio frequency signal into a baseband signal, and outputs the 

baseband signal to the processor. The processor converts the baseband signal into data, and 

processes the data. For ease of description, FIG. 21 shows only one memory and one processor. In 

an actual terminal device product, there may be one or more processors and one or more memories. 10 

The memory may also be referred to as a storage medium, a storage device, or the like. The 

memory may be disposed independent of the processor, or may be integrated with the processor. 

This is not limited in embodiments of this application. 

[00321] In this embodiment of this application, the antenna and the radio frequency circuit that 

have a transceiver function may be considered as a transceiver unit of the terminal device, and the 15 

processor that has a processing function may be considered as a processing unit of the terminal 

device. 

[00322] As shown in FIG. 21, the terminal device includes a transceiver unit 2110 and a 

processing unit 2120. The transceiver unit 2110 may also be referred to as a transceiver, a 

transceiver machine, a transceiver apparatus, or the like. The processing unit 2120 may also be 20 

referred to as a processor, a processing board, a processing module, a processing apparatus, or the 

like. Optionally, a component that is in the transceiver unit 2110 and that is configured to 

implement a receiving function may be considered as a receiving unit, and a component that is in 

the transceiver unit 2110 and that is configured to implement a sending function may be considered 

as a sending unit. That is, the transceiver unit 2110 includes the receiving unit and the sending unit. 25 

The transceiver unit sometimes may also be referred to as a transceiver machine, a transceiver, a 

transceiver circuit, or the like. The receiving unit sometimes may also be referred to as a receiver, 

a receiver device, a receiver circuit, or the like. The sending unit sometimes may also be referred 

to as a transmitter, a transmitter device, a transmitter circuit, or the like. 

[00323] For example, in an implementation, the processing unit 2120 is configured to perform 30 

the foregoing method embodiments. The transceiver unit 2110 is configured to perform related 

receiving and sending operations in the foregoing method embodiments. For example, the 

transceiver unit 2110 is configured to send or receive a DFT-s-OFDM symbol or an SC-QAM 

symbol. 

[00324] It should be understood that FIG. 21 is merely an example instead of a limitation. The 35 
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terminal device including the transceiver unit and the processing unit may not depend on the 

structure shown in FIG. 21. 

[00325] When the communication apparatus is the chip, the chip includes a transceiver unit and 

a processing unit. The transceiver unit may be an input/output circuit or a communication interface. 

The processing unit may be a processor, a microprocessor, or an integrated circuit integrated into 5 

the chip. 

[00326] An embodiment of this application further provides a communication apparatus. The 

communication apparatus may be a network device or a chip. The communication apparatus may 

be configured to perform the foregoing method embodiments. When the communication apparatus 

is the network device, for example, the communication apparatus is a base station. 10 

[00327] FIG. 22 is a simplified diagram of a structure of a base station. The base station includes 

a part 2210 and a part 2220. The part 2210 is mainly configured to: send and receive a radio 

frequency signal, and perform conversion between the radio frequency signal and a baseband 

signal. The part 2220 is mainly configured to: perform baseband processing, control the base 

station, and the like. The part 2210 may usually be referred to as a transceiver unit, a transceiver 15 

machine, a transceiver circuit, a transceiver, or the like. The part 2220 is usually a control center 

of the base station, and may usually be referred to as a processing unit, and is configured to control 

the base station to perform processing operations on a network device side in the foregoing method 

embodiments. 

[00328] The transceiver unit in the part 2210 may also be referred to as a transceiver machine, 20 

a transceiver, or the like. The transceiver unit includes an antenna and a radio frequency unit. The 

radio frequency unit is mainly configured to perform radio frequency processing. Optionally, a 

component that is in the part 2210 and that is configured to implement a receiving function may 

be considered as a receiving unit, and a component that is configured to implement a sending 

function may be considered as a sending unit. That is, the part 2210 includes the receiving unit and 25 

the sending unit. The receiving unit may also be referred to as a receiver, a receiver device, a 

receiving circuit, or the like. The sending unit may be referred to as a transmitter, a transmitter 

device, a transmitting circuit, or the like. 

[00329] The part 2220 may include one or more boards, and each board may include one or 

more processors. Optionally, each board may further include one or more memories. The processor 30 

is configured to read and execute a program in the memory, to implement a baseband processing 

function and control over the base station. If there are a plurality of boards, the boards may be 

interconnected with each other, to enhance a processing capability. In an optional implementation, 

a plurality of boards may share one or more processors, or a plurality of boards share one or more 

memories, or a plurality of boards share one or more processors at the same time. 35 
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[00330] For example, in an implementation, the part 2220 is configured to perform the 

foregoing method embodiments. The part 2210 is configured to perform related receiving and 

sending operations in the foregoing method embodiments. For example, the part 2210 is 

configured to send or receive a DFT-s-OFDM symbol or an SC-QAM symbol. 

[00331] It should be understood that FIG. 22 is merely an example instead of a limitation. The 5 

network device including the transceiver unit and the processing unit may not depend on the 

structure shown in FIG. 22. 

[00332] When the communication apparatus is the chip, the chip includes a transceiver unit and 

a processing unit. The transceiver unit may be an input/output circuit or a communication interface. 

The processing unit is a processor, a microprocessor, or an integrated circuit integrated into the 10 

chip. 

[00333] The terminal device in embodiments of this application includes a handheld device, a 

vehicle-mounted device, a wearable device, or a computing device that has a wireless 

communication function. In an example, the terminal device may be user equipment (user 

equipment, UE), an access terminal, a subscriber unit, a subscriber station, a mobile station, a 15 

remote station, a remote terminal, a mobile device, a user terminal, a terminal, a wireless 

communication device, a user agent, or a user apparatus. For example, the terminal device may be 

a mobile phone (mobile phone), a tablet computer, or a computer having a wireless transceiver 

function. The terminal device may alternatively be a virtual reality (virtual reality, VR) terminal 

device, an augmented reality (augmented reality, AR) terminal device, a wireless terminal in 20 

industrial control, a wireless terminal in self-driving, a wireless terminal in telemedicine, a wireless 

terminal in a smart grid, a wireless terminal in a smart city (smart city), a wireless terminal in a 

smart home (smart home), or the like. The terminal device may be a terminal device in a 5G 

network, a terminal device in a future evolved public land mobile communication network (public 

land mobile network, PLMN), or the like. 25 

[00334] The network device in embodiments of this application may be configured to 

communicate with one or more terminal devices, or may be configured to communicate with one 

or more base stations having some terminal functions (for example, communicate with a macro 

base station and a micro base station, for example, an access point). The network device may be 

referred to as a base station. The base station may have multiple forms, such as a macro base station, 30 

a micro base station, a relay station, and an access point. For example, the related network device 

in embodiments of this application may be a base station in new radio (new radio, NR), a base 

transceiver station (base transceiver station, BTS) in a global system for mobile communications 

(global system for mobile communications, GSM) or code division multiple access (code division 

multiple access, CDMA), a NodeB (NodeB, NB) in a wideband code division multiple access 35 
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(wideband code division multiple access, WCDMA) system, or an evolved NodeB (evolved 

NodeB, eNB or eNodeB) in a long term evolution (long term evolution, LTE) system. The base 

station in 5G NR may also be referred to as a transmission reception point (transmission reception 

point, TRP) or a next generation NodeB (next generation NodeB, gNB). 

[00335] An embodiment of this application further provides a computer-readable storage 5 

medium. The computer-readable storage medium stores a computer program. When the computer 

program is executed by a computer, the computer is enabled to implement the foregoing method 

embodiments. 

[00336] An embodiment of this application further provides a computer program product 

including instructions. When the instructions are executed by a computer, the computer is enabled 10 

to implement the foregoing method embodiments. 

[00337] For explanations and beneficial effects of related content in any communication 

apparatus provided above, refer to the foregoing corresponding method embodiments. Details are 

not described herein again. 

[00338] In embodiments of this application, the terminal device or the network device includes 15 

a hardware layer, an operating system layer running on the hardware layer, and an application layer 

running on the operating system layer. The hardware layer includes hardware such as a central 

processing unit (central processing unit, CPU), a memory management unit (memory management 

unit, MMU), and a memory (also referred to as a main memory). The operating system may be 

any one or more types of computer operating systems that implement service processing through 20 

a process (process), for example, a Linux operating system, a Unix operating system, an Android 

operating system, an iOS operating system, or a Windows operating system. The application layer 

includes applications such as a browser, an address book, word processing software, and instant 

messaging software. In addition, a specific structure of an execution body of the method provided 

in embodiments of this application is not particularly limited in embodiments of this application, 25 

provided that a program that records code of the method provided in embodiments of this 

application can be run to perform communication according to the method provided in 

embodiments of this application. For example, the execution body of the method provided in 

embodiments of this application may be the terminal device or the network device, or a functional 

module that can invoke and execute the program in the terminal device or the network device. 30 

[00339] In addition, aspects or features of this application may be implemented as a method, an 

apparatus, or a product that uses standard programming and/or engineering technologies. The term 

"product" used in this application covers a computer program that can be accessed from any 

computer-readable component, carrier or medium. For example, the computer-readable medium 

may include but is not limited to: a magnetic storage component (for example, a hard disk, a floppy 35 
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disk or a magnetic tape), an optical disc (for example, a compact disc (compact disc, CD), and a 

digital versatile disc (digital versatile disc, DVD)), a smart card and a flash memory component 

(for example, an erasable programmable read-only memory (erasable programmable read-only 

memory, EPROM), a card, a stick, or a key drive). In addition, various storage media described in 

this specification may represent one or more devices and/or other machine-readable media that are 5 

configured to store information. The term "machine-readable media" may include but is not limited 

to a radio channel, and various other media that can store, include and/or carry instructions and/or 

data. 

[00340] It should be understood that, the processor mentioned in embodiments of this 

application may be a central processing unit (Central Processing Unit, CPU), or may be another 10 

general-purpose processor, a digital signal processor (Digital Signal Processor, DSP), an 

application-specific integrated circuit (Application-Specific Integrated Circuit, ASIC), a field 

programmable gate array (Field Programmable Gate Array, FPGA), or another programmable 

logic device, discrete gate or transistor logic device, discrete hardware component, or the like. The 

general-purpose processor may be a microprocessor, or the processor may be any conventional 15 

processor or the like. 

[00341] It may be understood that the memory mentioned in embodiments of this application 

may be a volatile memory or a nonvolatile memory, or may include a volatile memory and a 

nonvolatile memory. The nonvolatile memory may be a read-only memory (Read-Only Memory, 

ROM), a programmable read-only memory (Programmable ROM, PROM), an erasable 20 

programmable read-only memory (Erasable PROM, EPROM), an electrically erasable 

programmable read-only memory (Electrically EPROM, EEPROM), or a flash memory. The 

volatile memory may be a random access memory (Random Access Memory, RAM), used as an 

external cache. Through example but not limitative descriptions, many forms of RAMs may be 

used, for example, a static random access memory (Static RAM, SRAM), a dynamic random 25 

access memory (Dynamic RAM, DRAM), a synchronous dynamic random access memory 

(Synchronous DRAM, SDRAM), a double data rate synchronous dynamic random access memory 

(Double Data Rate SDRAM, DDR SDRAM), an enhanced synchronous dynamic random access 

memory (Enhanced SDRAM, ESDRAM), a synchlink dynamic random access memory 

(Synchlink DRAM, SLDRAM), and a direct rambus random access memory (Direct Rambus 30 

RAM, DR RAM). 

[00342] It should be noted that when the processor is a general-purpose processor, a DSP, an 

ASIC, an FPGA, or another programmable logic device, a discrete gate, a transistor logic device, 

or a discrete hardware component, the memory (a storage module) is integrated into the processor. 

[00343] It should be noted that the memory described in this specification aims to include but 35 
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is not limited to these memories and any memory of another appropriate type. 

[00344] A person of ordinary skill in the art may be aware that, in combination with the 

examples described in embodiments disclosed in this specification, units and algorithm steps may 

be implemented by electronic hardware or a combination of computer software and electronic 

hardware. Whether the functions are performed by hardware or software depends on particular 5 

applications and design constraint conditions of the technical solutions. A person skilled in the art 

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

but it should not be considered that the implementation goes beyond the scope of this application. 

[00345] It may be clearly understood by a person skilled in the art that, for the purpose of 

convenient and brief description, for a detailed working process of the foregoing system, apparatus, 10 

and unit, refer to a corresponding process in the foregoing method embodiments. Details are not 

described herein again. 

[00346] In the several embodiments provided in this application, it should be understood that 

the disclosed system, apparatus, and method may be implemented in other manners. For example, 

the described apparatus embodiment is merely an example. For example, division into the units is 15 

merely logical function division and may be other division during actual implementation. For 

example, a plurality of units or components may be combined or integrated into another system, 

or some features may be ignored or not performed. In addition, the displayed or discussed mutual 

couplings or direct couplings or communication connections may be implemented by using some 

interfaces. The indirect couplings or communication connections between the apparatuses or units 20 

may be implemented in electronic, mechanical, or other forms. 

[00347] The units described as separate components may or may not be physically separate, 

and components displayed as units may or may not be physical units, may be located at one 

location, or may be distributed on a plurality of network units. Some or all of the units may be 

selected based on actual requirements to achieve the objectives of the solutions of embodiments. 25 

[00348] In addition, function units in embodiments of this application may be integrated into 

one processing unit, each of the units may exist alone physically, or two or more units are 

integrated into one unit. 

[00349] When the functions are implemented in the form of a software functional unit and sold 

or used as an independent product, the functions may be stored in a computer-readable storage 30 

medium. Based on such an understanding, the technical solutions of this application essentially, or 

the part contributing to a conventional technology, or some of the technical solutions may be 

implemented in a form of a software product. The computer software product is stored in a storage 

medium, and includes several instructions for instructing a computer device (which may be a 

personal computer, a server, a network device, or the like) to perform all or some of the steps of 35 
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the methods described in embodiments of this application. The foregoing storage medium includes 

any medium that can store program code, such as a USB flash drive, a removable hard disk, a read-

only memory (read-only memory, ROM), a random access memory (random access memory, 

RAM), a magnetic disk, or an optical disc. 

[00350] The foregoing descriptions are merely specific implementations of this application, but 5 

are not intended to limit the protection scope of this application. Any variation or replacement 

readily figured out by a person skilled in the art within the technical scope disclosed in this 

application shall fall within the protection scope of this application. Therefore, the protection scope 

of this application shall be subject to the protection scope of the claims. 
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CLAIMS 

What is claimed is: 

1. A symbol processing method, comprising: 

generating, by a transmitting end, a first transmit symbol and a second transmit symbol, 

wherein a length of a cyclic prefix of the first transmit symbol is greater than a length of a cyclic 5 

prefix that corresponds to a subcarrier spacing of the first transmit symbol; and

sending, by the transmitting end, the first transmit symbol and the second transmit symbol, 

wherein 

the first transmit symbol and the second transmit symbol are consecutive in time domain, and 

the first transmit symbol is located after the second transmit symbol in time domain; and the first 10 

transmit symbol is a symbol that carries a reference signal, and the second transmit symbol is a 

symbol that carries a data signal. 

2. The method according to claim 1, wherein 

the cyclic prefix of the first transmit symbol is the same as a first subset of the first transmit 

symbol; a start location of the first subset is before a first reference point, and an end location of 15 

the first subset is an end location of the first transmit symbol; and the first reference point is a 

location for intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first 

transmit symbol. 

3. The method according to claim 1 or 2, wherein the generating, by a transmitting end, a 

second transmit symbol comprises: 20 

mapping, by the transmitting end, a first sequence to the second transmit symbol, wherein the 

first sequence is used to replace a part of complex-valued symbols in the second transmit symbol, 

and an end location for mapping the first sequence is an end location of the second transmit symbol. 

4. The method according to claim 3, wherein 

a difference between the length of the cyclic prefix of the first transmit symbol and the length 25 

of the cyclic prefix that corresponds to the subcarrier spacing of the first transmit symbol is less 

than a length of the first sequence. 

5. The method according to claim 3 or 4, wherein 

the first sequence is an all-zero sequence; or

the first sequence is the same as a second subset of the first transmit symbol; a start location 30 

of the second subset is before the start location of the first subset; and an end location of the second 

subset is the first reference point or after the first reference point. 

6. The method according to any one of claims 3 to 5, wherein the generating, by a transmitting 

end, a second transmit symbol further comprises: 
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truncating, by the transmitting end, the second transmit symbol, wherein a truncation location 

is in the first sequence. 

7. The method according to claim 6, wherein 

when the first sequence is the all-zero sequence, a truncation length is the difference between 

the length of the cyclic prefix of the first transmit symbol and the length of the cyclic prefix that 5 

corresponds to the subcarrier spacing of the first transmit symbol; or

when the first sequence is the same as the second subset of the first transmit symbol, a 

truncation part is a same symbol part between a header of the first transmit symbol and a tail of 

the second transmit symbol. 

8. The method according to claim 7, wherein the method further comprises: 10 

combining, by the transmitting end, the generated first transmit symbol and second transmit 

symbol into consecutive signals. 

9. The method according to claim 7 or 8, wherein the first sequence is the same as the second 

subset of the first transmit symbol, and the method further comprises: 

performing, by the transmitting end, cyclic shift on at least one of the following: the second 15 

transmit symbol and the first transmit symbol, to obtain the same symbol part between the tail of 

the second transmit symbol and the header of the first transmit symbol. 

10. The method according to any one of claims 6 to 9, wherein after the truncating, by the 

transmitting end, the second transmit symbol, the method further comprises: 

sending, by the transmitting end, a first message, wherein the first message comprises 20 

information about a remaining part of the first sequence after the second transmit symbol is 

truncated. 

11. A symbol processing method, comprising: 

obtaining, by a receiving end, a first transmit symbol and a second transmit symbol, wherein 

a length of a cyclic prefix of the first transmit symbol is greater than a length of a cyclic prefix that 25 

corresponds to a subcarrier spacing of the first transmit symbol; the first transmit symbol and the 

second transmit symbol are consecutive in time domain, and the first transmit symbol is located 

after the second transmit symbol in time domain; and the first transmit symbol is a symbol that 

carries a reference signal, and the second transmit symbol is a symbol that carries a data signal; 

and 30 

performing, by the receiving end, signal processing on the first transmit symbol and the 

second transmit symbol. 

12. The method according to claim 11, wherein the performing, by the receiving end, signal 

processing on the first transmit symbol and the second transmit symbol comprises: 

performing, by the receiving end, a cyclic prefix removal operation on the first transmit 35 
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symbol and the second transmit symbol, wherein cyclic prefixes are cyclic prefixes that correspond 

to subcarrier spacings of the first transmit symbol and the second transmit symbol. 

13. The method according to claim 11 or 12, wherein 

the cyclic prefix of the first transmit symbol is the same as a first subset of the first transmit 

symbol; a start location of the first subset is before a first reference point, and an end location of 5 

the first subset is an end location of the first transmit symbol; and the first reference point is a 

location for intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first 

transmit symbol. 

14. The method according to any one of claims 11 to 13, wherein 

the second transmit symbol comprises a first sequence, and an end location of the first 10 

sequence is an end location of the second transmit symbol; and

the first sequence is an all-zero sequence; or

the first sequence is the same as a third subset of the first transmit symbol, and an end location 

of the third subset is a location for intercepting the cyclic prefix in the first transmit symbol. 

15. The method according to claim 14, wherein the method further comprises: 15 

obtaining, by the receiving end, a first message, wherein the first message comprises 

information about the first sequence. 

16. The method according to claim 15, wherein the performing, by the receiving end, signal 

processing on the second transmit symbol comprises: 

decoding, by the receiving end based on the information about the first sequence, a part that 20 

is of the second transmit symbol and that is other than the first sequence, to obtain data. 

17. A symbol processing apparatus, comprising: 

a processing unit, configured to generate a first transmit symbol and a second transmit symbol, 

wherein a length of a cyclic prefix of the first transmit symbol is greater than a length of a cyclic 

prefix that corresponds to a subcarrier spacing of the first transmit symbol; and25 

a transceiver unit, configured to send the first transmit symbol and the second transmit symbol, 

wherein 

the first transmit symbol and the second transmit symbol are consecutive in time domain, and 

the first transmit symbol is located after the second transmit symbol in time domain; and the first 

transmit symbol is a symbol that carries a reference signal, and the second transmit symbol is a 30 

symbol that carries a data signal. 

18. The apparatus according to claim 17, wherein 

the cyclic prefix of the first transmit symbol is the same as a first subset of the first transmit 

symbol; a start location of the first subset is before a first reference point, and an end location of 

the first subset is an end location of the first transmit symbol; and the first reference point is a 35 
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location for intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first 

transmit symbol. 

19. The apparatus according to claim 17 or 18, wherein the processing unit is configured to: 

map a first sequence to the second transmit symbol, wherein the first sequence is used to 

replace a part of complex-valued symbols in the second transmit symbol, and an end location for 5 

mapping the first sequence is an end location of the second transmit symbol. 

20. The apparatus according to claim 19, wherein 

a difference between the length of the cyclic prefix of the first transmit symbol and the length 

of the cyclic prefix that corresponds to the subcarrier spacing of the first transmit symbol is less 

than a length of the first sequence. 10 

21. The apparatus according to claim 19 or 20, wherein 

the first sequence is an all-zero sequence; or

the first sequence is the same as a second subset of the first transmit symbol; a start location 

of the second subset is before the start location of the first subset; and an end location of the second 

subset is the first reference point or after the first reference point. 15 

22. The apparatus according to any one of claims 19 to 21, wherein the processing unit is 

further configured to: 

truncate the second transmit symbol, wherein a truncation location is in the first sequence. 

23. The apparatus according to claim 22, wherein 

when the first sequence is the all-zero sequence, a truncation length is the difference between 20 

the length of the cyclic prefix of the first transmit symbol and the length of the cyclic prefix that 

corresponds to the subcarrier spacing of the first transmit symbol; or

when the first sequence is the same as the second subset of the first transmit symbol, a 

truncation part is a same symbol part between a header of the first transmit symbol and a tail of 

the second transmit symbol. 25 

24. The apparatus according to claim 23, wherein the processing unit is further configured to: 

combine the generated first transmit symbol and second transmit symbol into consecutive 

signals. 

25. The apparatus according to claim 23 or 24, wherein the first sequence is the same as the 

second subset of the first transmit symbol, and the processing unit is further configured to: 30 

perform cyclic shift on at least one of the following: the second transmit symbol and the first 

transmit symbol, to obtain the same symbol part between the tail of the second transmit symbol 

and the header of the first transmit symbol. 

26. The apparatus according to any one of claims 22 to 25, wherein after the second transmit 

symbol is truncated, the transceiver unit is further configured to: 35 
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send a first message, wherein the first message comprises information about a remaining part 

of the first sequence after the second transmit symbol is truncated. 

27. A symbol processing apparatus, comprising: 

a transceiver unit, configured to obtain a first transmit symbol and a second transmit symbol, 

wherein a length of a cyclic prefix of the first transmit symbol is greater than a length of a cyclic 5 

prefix that corresponds to a subcarrier spacing of the first transmit symbol; the first transmit 

symbol and the second transmit symbol are consecutive in time domain, and the first transmit 

symbol is located after the second transmit symbol in time domain; and the first transmit symbol 

is a symbol that carries a reference signal, and the second transmit symbol is a symbol that carries 

a data signal; and10 

a processing unit, configured to perform signal processing on the first transmit symbol and 

the second transmit symbol. 

28. The apparatus according to claim 27, wherein the processing unit is further configured to: 

perform a cyclic prefix removal operation on the first transmit symbol and the second transmit 

symbol, wherein cyclic prefixes are cyclic prefixes that correspond to subcarrier spacings of the 15 

first transmit symbol and the second transmit symbol. 

29. The apparatus according to claim 27 or 28, wherein 

the cyclic prefix of the first transmit symbol is the same as a first subset of the first transmit 

symbol; a start location of the first subset is before a first reference point, and an end location of 

the first subset is an end location of the first transmit symbol; and the first reference point is a 20 

location for intercepting the cyclic prefix that corresponds to the subcarrier spacing in the first 

transmit symbol. 

30. The apparatus according to any one of claims 27 to 29, wherein 

the second transmit symbol comprises a first sequence, and an end location of the first 

sequence is an end location of the second transmit symbol; and25 

the first sequence is an all-zero sequence; or

the first sequence is the same as a third subset of the first transmit symbol, and an end location 

of the third subset is a location for intercepting the cyclic prefix in the first transmit symbol. 

31. The apparatus according to claim 30, wherein the transceiver unit is further configured to: 

obtain a first message, wherein the first message comprises information about the first 30 

sequence. 

32. The apparatus according to claim 31, wherein the processing unit is further configured to: 

decode, based on the information about the first sequence, a part that is of the second transmit 

symbol and that is other than the first sequence, to obtain data. 

33. A communication apparatus, comprising: 35 
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a processor, configured to execute a computer program stored in a memory, to enable the 

communication apparatus to perform the method according to any one of claims 1 to 10, or to 

enable the communication apparatus to perform the method according to any one of claims 11 to 

16. 

34. A chip, comprising a logic circuit and a communication interface, wherein the 5 

communication interface is configured to input to-be-processed data and/or information, and 

transmit the to-be-processed data and/or information to the logic circuit, the logic circuit is 

configured to perform encoding processing according to any one of claims 1 to 16, and the 

communication interface is further configured to output an encoded polar codeword. 

35. A computer-readable storage medium, wherein the computer-readable storage medium is 10 

configured to store a computer program, and when the computer program is run on a computer, 

the computer is enabled to perform the method according to any one of claims 1 to 10, or the 

computer is enabled to perform the method according to any one of claims 11 to 16. 

36. A computer program product, wherein the computer program product comprises 

instructions used to perform the method according to any one of claims 1 to 10, or the computer 15 

program product comprises instructions used to perform the method according to any one of claims 

11 to 16. 


