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SIGNAL PROCESSING METHOD AND APPARATUS, AND STORAGE MEDIUM

[0001] The present disclosure claims priority to Chinese Patent Application No. 

202311287412.3, filed on September 28, 2023, which is incorporated herein by reference 

in its entirety. 

TECHNICAL FIELD 

[0002] The present disclosure relates to the field of wireless communication 

technologies, and in particular, relates to a signal processing method, a signal processing 

apparatus, and a storage medium. 

BACKGROUND 

[0003] Currently, the integrated sensing and communication system achieves both 

communication and sensing functions through the sharing of software and hardware 

resources. Traditional communication and sensing systems use their own waveforms, 

failing to achieve integration. The commonly used waveform in communication is an 

orthogonal frequency division multiplexing (OFDM) waveform. 

SUMMARY 

[0004] In an aspect, embodiments of the present disclosure provide a signal processing 

method. The signal processing method includes: 

acquiring a first frequency-domain sequence, the first frequency-domain sequence 

comprising a modulation symbol corresponding to communication subcarriers and a 

modulation symbol corresponding to reserved subcarriers; and 

obtaining a fifth frequency-domain sequence by configuring the modulation symbol 

corresponding to the reserved subcarriers in the first frequency-domain sequence, a 

peak-to-average power ratio of the fifth frequency-domain sequence is less than a peak-

to-average power ratio of the first frequency-domain sequence. 

[0005] It should be noted that the peak-to-average power ratio mentioned in the present 

disclosure refers to a peak to average power ratio, which will be referred to as peak-to-

average power ratio for ease of description. 

[0006] In another aspect, embodiments of the present disclosure provide a signal 

processing apparatus. The signal processing apparatus includes: 

an acquisition module configured to acquire a first frequency-domain sequence, the 
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first frequency-domain sequence including a modulation symbol corresponding to 

communication subcarriers and a modulation symbol corresponding to reserved 

subcarriers; and 

a processing module configured to obtain a fifth frequency-domain sequence by 

configuring the modulation symbol corresponding to the reserved subcarriers in the first 

frequency-domain sequence, a peak-to-average power ratio of the fifth frequency-domain 

sequence being less than a peak-to-average power ratio of the first frequency-domain 

sequence. 

[0007] In yet another aspect, embodiments of the present disclosure provide a 

communication apparatus. The communication apparatus includes a memory and a 

processor. The memory is coupled to the processor. The memory is configured to store 

a computer program; and the processor, when executing the computer program, 

implements the signal processing method described in any one of the above 

embodiments. 

[0008] In yet another aspect, embodiments of the present disclosure provide a 

computer-readable storage medium, the computer-readable storage medium stores 

computer program instructions; the computer program instructions, when executed by a 

processor, cause the processor to implement the signal processing method described in 

any one of the above embodiments. 

[0009] In yet another aspect, embodiments of the present disclosure provide a computer 

program product. The computer program product includes computer program instructions; 

and the computer program instructions, when run on a processor, cause the processor to 

implement the signal processing method as described in any one of the above 

embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] In order to describe technical solutions in the present disclosure more clearly, the 

accompanying drawings to be used in some embodiments of the present disclosure will 

be introduced briefly. Obviously, the accompanying drawings to be described below are 

merely drawings of some embodiments of the present disclosure, and a person of 

ordinary skill in the art can obtain other drawings according to those drawings. 

[0011] FIG. 1 is a schematic diagram of an architecture of an integrated sensing and 
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communication system, in accordance with some embodiments. 

[0012] FIG. 2 is a flow diagram of a signal processing method, in accordance with some 

embodiments. 

[0013] FIG. 3 is a simulation schematic diagram of a peak-to-average power ratio, in 

accordance with some embodiments. 

[0014] FIG. 4 is a flow chart of another signal processing method, in accordance with 

some embodiments. 

[0015] FIG. 5 is a flow chart of yet another signal processing method, in accordance with 

some embodiments. 

[0016] FIG. 6 is a flow chart of yet another signal processing method, in accordance with 

some embodiments. 

[0017] FIG. 7 is a simulation schematic diagram of another peak-to-average power ratio, 

in accordance with some embodiments. 

[0018] FIG. 8 is a structural schematic diagram of a signal processing apparatus, in 

accordance with some embodiments. 

[0019] FIG. 9 is a structural schematic diagram of a communication apparatus, in 

accordance with some embodiments. 

DETAILED DESCRIPTION 

[0020] The technical solutions in the present disclosure will be described below clearly 

and completely in conjunction with the accompanying drawings in the present disclosure. 

Obviously, the described embodiments are merely a part of the embodiments of the 

present disclosure, but not all of the embodiments of the present disclosure. Based on 

the embodiments of the present disclosure, all other embodiments obtained by those 

ordinary skilled in the art without making inventive efforts fall within the scope of protection 

of the present disclosure. 

[0021] It should be noted that in the present disclosure, the expressions such as 

"exemplary/exemplarily" or "for example" are used to present an example, illustration, or 

explanation. Any embodiment or design solution described as "exemplary/exemplarily" or 

"for example" in the present disclosure should not be illustrated as being more preferred 

or advantageous over other embodiments or design solutions. Rather, the usage of the 

expressions, such as "exemplary/exemplarily" or "for example", is intended to present 
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relevant concepts in a detailed manner. 

[0022] Hereinafter, terms of "first" and "second" are used for descriptive purposes only, 

and are not to be understood as indicating or implying the relative importance or implicitly 

indicating a number of indicated technical features. Thus, a feature defined with a term 

"first" or "second" may explicitly or implicitly include one or more of the feature(s). 

[0023] In the description of the present disclosure, unless otherwise specified, the 

symbol "/" means "or"; for example, A/B may represent A or B. Herein, "and/or" is only 

used to describe an associated relationship between associated objects, representing 

that there may be three relationships; for example, A and/or B may represent three cases: 

only A, only B, and both A and B. Additionally, "at least one" means one or more, and 

"multiple/plurality of" means two or more. 

[0024] In an integrated sensing and communication system, two service functions of 

data transmission and target sensing may be achieved using the same resources such 

as time, frequency, and power. Compared to traditional systems where communication 

and sensing are separated, the integrated sensing and communication system has many 

advantages, such as cost savings, reduced device size, low power consumption, and 

improved spectrum efficiency. Therefore, the technology of integrated sensing and 

communication is receiving increasing attention from the industry. 

[0025] In terms of signal characteristics, OFDM waveforms have significant advantages 

in spectral efficiency, interference suppression, and compatibility with multiple-input 

multiple-output (MIMO) technology. Therefore, OFDM waveforms have been widely used 

in 4G and 5G communication systems. Furthermore, since the ambiguity function of the 

OFDM signal exhibits a single peak shape and has good distance resolution 

characteristics, OFDM signals may perform wireless sensing tasks very well. Based on 

the two reasons mentioned above, OFDM is often used as the main modulation method 

in the design of integrated sensing and communication waveforms. 

[0026] The OFDM waveform is an excellent communication waveform, and 

communication and sensing waveforms differ in design. Therefore, in the case of 

designing the integrated sensing and communication waveforms by using some 

technologies, the OFDM waveform serves as a communication waveform, and the 

sensing waveform is transmitted in a time-division/frequency-division manner. However, 

this approach has the problem of insufficient utilization of sensing resources and inability 
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to truly achieve the integrated sensing and communication. 

[0027] As described in the background, if the OFDM waveform of communication is 

directly used to realize the integration of sensing and communication, there will be a 

problem of high peak to average power ratio (which is also referred to as peak-to-average 

power ratio, PAPR). A high PAPR usually limits the sensing distance, resulting in 

reduction of the coverage of OFDM signal. 

[0028] For the aforementioned technical problems, embodiments of the present 

disclosure provide a signal processing method, the idea of which is to reduce the PAPR 

of the OFDM signal by configuring a modulation symbol of a reserved subcarrier 

sequence in a first frequency domain sequence, so as to avoid the limitation on the 

sensing coverage of the OFDM signal in the case where the OFDM signal is used as an 

integrated sensing and communication signal. 

[0029] The integrated sensing and communication system provided in the embodiments 

of the present disclosure will be described in details below with reference to the 

accompanying drawings. 

[0030] FIG. 1 is a schematic diagram of an architecture of an integrated sensing and 

communication system provided in the embodiments of the present disclosure. As shown 

in FIG. 1, the integrated sensing and communication system 100 includes: a transmitter 

110, a communication receiver 120, and a sensing receiver 130. 

[0031] The transmitter 110 is configured to transmit an integrated sensing and 

communication signal. 

[0032] In some embodiments, the transmitter 110 is configured to first perform peak-to-

average power ratio suppression processing on the integrated sensing and 

communication signal, and then transmit the integrated sensing and communication 

signal. 

[0033] It should be noted that the peak-to-average power ratio mentioned in the present 

disclosure refers to a peak to average power ratio, which will be referred to as peak-to-

average power ratio for ease of description. 

[0034] For example, the transmitter 110 may transmit the integrated sensing and 

communication signal via a wireless air interface. 

[0035] For example, the transmitter 110 may be a base station or a terminal device, etc. 

For example, the terminal device may be a mobile phone, a tablet computer, a desktop, 
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a laptop, a handheld computer, a notebook computer, an ultra-mobile personal computer 

(UMPC), a netbook, a cellular phone, a personal digital assistant (PDA), an augmented 

reality (AR) device, or a virtual reality (VR) device. The form of the terminal device is not 

limited in the embodiments of the present disclosure. 

[0036] The communication receiver 120 is configured to receive the integrated sensing 

and communication signal and obtain communication information based on the integrated 

sensing and communication signal. 

[0037] In some embodiments, the communication receiver 120 includes a 

communication processing device for performing communication processing on the 

received integrated sensing and communication signal to obtain the communication 

information. 

[0038] In some embodiments, the communication receiver 120 includes a receiving 

antenna, and the communication receiver 120 may receive the integrated sensing and 

communication signal through the receiving antenna. 

[0039] For example, the communication receiver 120 can receive the integrated sensing 

and communication signal via the wireless air interface. 

[0040] For example, the communication receiver 120 may be a base station or a terminal 

device, etc. 

[0041] The sensing receiver 130 is configured to receive the integrated sensing and 

communication signal after being scattered by a sensing target, and obtain sensing 

information based on the integrated sensing and communication signal. 

[0042] In some embodiments, the sensing receiver 130 includes a sensing processing 

device for performing sensing processing on the received integrated sensing and 

communication signal to obtain the sensing information. 

[0043] For example, the sensing receiver 130 may receive the integrated sensing and 

communication signal via a wireless air interface. 

[0044] For example, the sensing receiver 130 may be a base station or a terminal device, 

etc. 

[0045] It should be noted that the communication receiver 120 and the sensing receiver 

130 in the embodiments of the present disclosure may be integrated on a same device, 

or the communication receiver 120 and the sensing receiver 130 may be deployed on 

different devices, respectively. 
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[0046] It should be noted that the system architecture and application scenarios 

described in the embodiments of the present disclosure are for the purpose of more 

clearly illustrating the technical solutions of the embodiments of the present disclosure, 

and do not constitute a limitation on the technical solutions provided in the embodiments 

of the present disclosure. As those skilled in the art will know, with the evolution of system 

architecture and the emergence of new business scenarios, the technical solutions 

provided in the embodiments of the present disclosure are also applicable to similar 

technical problems. 

[0047] The signal processing method provided in the embodiments of the present 

disclosure will be described in detail below. 

[0048] The present disclosure provide a signal processing method, and the method may 

be applied to the transmitter 110 shown in FIG. 1. As shown in FIG. 2, the method includes 

the following steps. 

[0049] In S201, a first frequency-domain sequence is acquired, the first frequency-

domain sequence includes a modulation symbol corresponding to communication 

subcarriers and a modulation symbol corresponding to reserved subcarriers. 

[0050] For example, the first frequency-domain sequence mentioned above may be a 

frequency-domain sequence corresponding to the OFDM signal. 

[0051] The OFDM symbol may include multiple subcarriers for modulating the data to be 

transmitted, so as to achieve the simultaneous transmission of multiple data streams over 

a wideband spectrum. The communication subcarriers are subcarriers used to transmit 

data. The reserved subcarriers are a part of subcarriers that are reserved in advance. 

The reserved subcarriers are not used for data transmission, but may be used to insert 

specific pilot signals, repetitive data, or guard intervals to improve the system 

performance. In the embodiments of the present disclosure, the PAPR is reduced by 

configuring the modulation symbol of the reserved subcarriers. 

[0052] In some embodiments, the number and location of reserved subcarriers may be 

set according to the user's requirements for the OFDM signal. For example, the number 

of reserved subcarriers may be determined based on the data amount of the data to be 

transmitted and the transmission quality requirements. In the case where the data amount 

is small, the number of reserved subcarriers may be increased appropriately to ensure 

the data transmission quality; in the case where the data amount is large, the number of 
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reserved subcarriers may be reduced appropriately to improve the transmission efficiency. 

The reserved subcarriers are usually located at two ends or a center of the frequency 

band to minimize the impact of the reserved subcarriers on the transmitted data, thereby 

ensuring the transmission quality. In addition, the number and location of reserved 

subcarriers may be set according to the user's requirements for the PAPR of the OFDM 

signal, so as to enable the OFDM signal to have a low PAPR. 

[0053] For example, it is assumed that the first frequency-domain sequence includes N 

subcarriers, the number of communication subcarriers is N1, the number of reserved 

subcarriers is N2, and N1 + N2 = N. It is assumed that a matrix representing a 

communication subcarrier index is A, then a size of matrix A is N1*N. In each row of the 

matrix A, there may be only one element of 1 (the corresponding column number is an 

index of a subcarrier), and all other elements are 0. It is assumed that a matrix 

representing a reserved subcarrier index is B, then a size of matrix B is N2*N. In each 

row of the matrix B, there may be only one element of 1 (the corresponding column 

number is an index of a subcarrier), and all other elements are 0. 

[0054] In some embodiments, the method further includes: determining the reserved 

subcarriers from subcarriers in the first frequency-domain sequence. 

[0055] As an implementation, the reserved subcarriers are selected at equal intervals 

from the subcarriers in the first frequency-domain sequence. For example, a certain 

number of reserved subcarriers may be selected at equal intervals at the center of the 

subcarriers in the first frequency-domain sequence. It is understandable that the manner 

of selecting at equal intervals may make the distribution of the reserved subcarriers in the 

frequency band more uniform, but may result in an insufficient or excessive number of 

the reserved subcarriers, affecting transmission efficiency. 

[0056] As another implementation, the reserved subcarriers are selected consecutively 

from the subcarriers in the first frequency-domain sequence. For example, a certain 

number of subcarriers may be consecutively selected as reserved subcarriers from a 

certain range of subcarriers in the first frequency-domain sequence. It is understandable 

that using the manner of selecting consecutively may select the number and location of 

reserved subcarriers according to actual needs, but may lead to uneven distribution of 

the reserved subcarriers in the frequency band, affecting transmission quality. 

[0057] As still another implementation, the reserved subcarriers are selected randomly 
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from the subcarriers in the first frequency-domain sequence. It is understandable that the 

manner of selecting randomly is simple and easy to implement, but may lead to uneven 

distribution of the reserved subcarriers in the frequency band, affecting transmission 

quality. 

[0058] In addition, different selection manners have different effects on PAPR. For 

example, as shown in FIG. 3, as the number of iterations increases, the reduction of the 

PAPR corresponding to different selection manners varies. As can be seen from FIG. 3, 

after more than 300 iterations (or after the first frequency-domain sequence tends to 

converge), the manner of randomly selecting reserved subcarriers has the most 

significant effect on reducing the PAPR, followed by the manner of continuously selecting 

reserved subcarriers, and the manner of selecting reserved subcarriers at equal intervals 

has a poor effect on reducing the PAPR. 

[0059] In S202, a fifth frequency-domain sequence is obtained by configuring the 

modulation symbol corresponding to the reserved subcarriers in the first frequency-

domain sequence, a peak-to-average power ratio of a fifth frequency-domain sequence 

is less than the peak-to-average power ratio of the first frequency-domain sequence. 

[0060] In some embodiments, as shown in FIG. 4, S202 may be implemented as 

following steps. 

[0061] In S2021, the modulation symbol corresponding to the reserved subcarriers in 

the first frequency-domain sequence is set to zero to obtain a second frequency-domain 

sequence. 

[0062] It should be noted that in the embodiments of the present disclosure, the 

modulation symbol on the communication subcarriers in the first frequency-domain 

sequence are known and remain unchanged, and only the modulation symbol on the 

reserved subcarriers are configured. 

[0063] For example, it is assumed that the first frequency-domain sequence is X(k), 

where k=1, 2, …, N, then the modulation symbol corresponding to the reserved 

subcarriers in the first frequency-domain sequence is set to zero, and the obtained 

second frequency-domain sequence is XC. 

[0064] In some embodiments, before S2021, the method further includes: initializing the 

first frequency-domain sequence. For example, initializing the first frequency-domain 

sequence includes: determining an initialization value for the first frequency-domain 
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sequence and allocating power to the modulation symbols of the communication 

subcarriers and reserved subcarriers in the first frequency-domain sequence. For 

example, it is assumed that the total power is 1, the power allocated to the modulation 

symbol of the communication subcarriers is a, and the power allocated to the modulation 

symbols of the reserved subcarriers is b; 2

2
1 =b a a XC . 

[0065] In S2022, the first frequency-domain sequence is transformed to time domain to 

obtain a first time-domain sequence. 

[0066] In some embodiments, an inverse Fourier transform matrix may be used to 

transform the first frequency-domain sequence to the time domain to obtain the first time-

domain sequence. For example, the first time-domain sequence may satisfy the following 

formula (1). 

= Hx n F X k Formula (1) 

[0067] In the above formula, x(n) represents the first time-domain sequence, where n=1, 

2, …, N; FH represents the inverse Fourier transform matrix. 

[0068] In some embodiments, the relationship between the first time-domain sequence 

and the first frequency-domain sequence satisfies the following Formula (2). 

2 2

1 1

1
N N

n k

x n X k Formula (2) 

[0069] In S2023, based on the first time-domain sequence, a first power matrix and a 

second power matrix are determined. 

[0070] The first power matrix is a diagonal matrix, and an element value on a diagonal 

of the first power matrix is a sum of a maximum value of power values of all time-domain 

symbols in the first time-domain sequence and a first preset offset. 

[0071] The first preset offset is a constant greater than zero. For example, the value of 

the first preset offset may be 1 or 2. 

[0072] The second power matrix is a diagonal matrix, and element values on a diagonal 

of the second power matrix are the power values of all the time-domain symbols in the 

first time-domain sequence. 

[0073] In some embodiments, S2023 described above may be implemented as the 

following steps. 

[0074] In a1, the power value of each time-domain symbol in the first time-domain 

sequence is determined. 
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[0075] For example, the power value of each time-domain symbol in the first time-

domain sequence is the square of the modulus of each time-domain symbol. For example, 

the power value of each time-domain symbol in the first time-domain sequence may be 

determined according to the following Formula (3). 
2

p= (n)x Formula (3) 

[0076] In the above formula, p represents a power value of a time-domain symbol. 

[0077] In some embodiments, in the case where the first time-domain sequence includes 

a first time-domain symbol and a second time-domain symbol, determining a power 

sequence corresponding to the first time-domain sequence includes: determining the 

power corresponding to the first time-domain symbol based on a square of a modulus of 

the first time-domain symbol; and determining the power corresponding to the second 

time-domain symbol based on square of a modulus of the second time-domain symbol 

and a second preset offset; the second preset offset being a constant greater than zero. 

[0078] The first time-domain symbol is a usable time-domain symbol; the second time-

domain symbol is an unusable time-domain symbol or a time-domain symbol (e.g., a pilot 

symbol) with a specific purpose. The power value of the second time-domain symbol is 

usually 0 or a small value. 

[0079] For example, the power value of each time-domain symbol in the first time-

domain sequence may be determined according to the following Formula (4). 

2

2

(n) ,
p

(n) 2,

x n C

x offset n D
Formula (4) 

[0080] In the above formula, C represents an index set of the first time-domain symbol, 

D represents an index set of the second time-domain symbol, and offset2 represents the 

second preset offset. 

[0081] It is understandable that, since the power value of the second time-domain 

symbol is usually 0 or a small value, the second preset offset may be added to the power 

value of the second time-domain symbol to avoid a singular value occurring during the 

subsequent calculations. 

[0082] In a2, based on an identity matrix and the sum of the maximum value of the power 

values of all the time-domain symbols in the first time-domain sequence and the first 

preset offset, the first power matrix is obtained. 
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[0083] For example, the above a2 may be implemented as follows. 

[0084] In a2.1, a target power value is obtained based on the sum of the maximum value 

of the power values of all the time-domain symbols in the first time-domain sequence and 

the first preset offset. 

[0085] For example, the target power value may satisfy the following Formula 5. 

maxp =max p 1offset Formula (5) 

[0086] In the above formula, pmax represents the target power value, max is a maximum 

value operator, and offset1 represents the first preset offset. 

[0087] In a2.2, the first power matrix is obtained based on the target power value and 

the identity matrix. 

[0088] For example, the first power matrix may satisfy the following Formula 6. 

max NM p I Formula (6) 

[0089] In the above formula, M represents the first power matrix, IN represents the 

identity matrix, and IN is an N*N identity matrix. 

[0090] In a3, the power value of each time-domain symbol in the first time-domain 

sequence is diagonalized to obtain the second power matrix. 

[0091] For example, the second power matrix satisfies the following Formula 7. 

L diag p Formula (7) 

[0092] In the above formula, L represents the second power matrix, and diag() is a 

function used to construct the diagonal matrix. 

[0093] In S2024, a third frequency-domain sequence is determined based on the first 

time-domain sequence, the first power matrix, and the second power matrix. 

[0094] In some embodiments, S2024 above may be implemented as follows: calculating 

a difference between the first power matrix and the second power matrix, and 

transforming a product of the difference and the first time-domain sequence to frequency-

domain to obtain the third frequency-domain sequence. 

[0095] For example, a Fourier transform matrix may be used to transform the product of 

the difference and the first time-domain sequence to the frequency-domain. 

[0096] For example, the third frequency-domain sequence may satisfy the following 

Formula (8). 

Y F M L x n Formula (8) 

[0097] In the above formula, Y represents the third frequency-domain sequence, and F
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represents the Fourier transform matrix (or a normalized Fourier transform matrix). 

[0098] In S2025, a fourth frequency-domain sequence is obtained by selecting the 

modulation symbol on the reserved subcarriers from the third frequency-domain 

sequence. 

[0099] For example, the fourth frequency-domain sequence may satisfy the following 

Formula (9). 
T

bY B BY Formula (9) 

[0100] In the above formula, Yb represents the fourth frequency-domain sequence, and 

B is an index matrix of the reserved subcarriers in the first frequency-domain sequence. 

[0101] In S2026, a fifth frequency-domain sequence is obtained based on the fourth 

frequency-domain sequence and the second frequency-domain sequence. 

[0102] In some embodiments, the above S2026 may be implemented as the following 

steps. 

[0103] In b1, a normalized sequence of the fourth frequency-domain sequence is 

determined. 

[0104] In some embodiments, the fourth frequency-domain sequence is normalized, and 

a result of the normalization is multiplied by a first power value to obtain the normalized 

sequence of the fourth frequency-domain sequence. 

[0105] In the above formula, the first power value is a power value b allocated to the 

reserved subcarriers in the first frequency-domain sequence during the initialization 

process. The power value b may be determined based on the square of the modulus of 

the modulation symbol corresponding to the reserved subcarriers in the first frequency-

domain sequence. 

[0106] For example, the normalized sequence of the fourth frequency-domain sequence 

may satisfy the following Formula (10). 

b

b

b Y
Z

Y
Formula (10) 

[0107] In the above formula, Z represents the normalized sequence of the fourth 

frequency-domain sequence, and b represents the first power value. 

[0108] In b2, the fifth frequency-domain sequence is obtained based on the normalized 

sequence of the fourth frequency-domain sequence and the second frequency-domain 

sequence. 
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[0109] In some embodiments, a value of an element at a position in the normalized 

sequence of the fourth frequency-domain sequence and a value of an element at 

corresponding position in the second frequency-domain sequence are added together to 

obtain the fifth frequency-domain sequence. 

[0110] For example, the fifth frequency-domain sequence may satisfy the following 

Formula (11). 

X Z XC Formula (11) 

[0111] In the above formula, X represents the fifth frequency-domain sequence. 

[0112] It is understandable that, based on the above S2021 to S2026, it can be seen 

that the embodiments of the present disclosure achieve the purpose of reducing the 

PAPR of the OFDM signal by configuring the modulation symbol of the reserved 

subcarrier sequence in the first frequency-domain sequence. In this way, it is possible to 

avoid the limitation on the sensing coverage in the case where the OFDM signal is used 

as the integrated sensing and communication signal. 

[0113] In some embodiments, in order to further improve the PAPR suppression effect, 

as shown in FIG. 5, the embodiments of the present disclosure may further include S203 

to S204. 

[0114] In S203, whether the fifth frequency-domain sequence meets a convergence 

condition is determined. 

[0115] The convergence condition includes at least one of the following: 

an actual number of iterations being greater than or equal to a preset maximum 

number of iterations; or 

a modulus of a difference between a fifth frequency-domain sequence obtained in a 

(k+1)-th iteration and a fifth frequency-domain sequence obtained in a k-th iteration being 

less than a preset threshold. 

[0116] It is understood that, the actual number of iterations is less than the preset 

maximum number of iterations, which means that the PAPR still has room for reduction, 

so that the iteration may be continued; the modulus of the difference between the fifth 

frequency-domain sequences obtained in two adjacent iterations is less than the preset 

threshold, which means that there is little room for PAPR to be reduced, so that the 

iteration may be terminated. 

[0117] In S204, in response to that the fifth frequency-domain sequence does not meet 
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the convergence condition, the fifth frequency-domain sequence is used as the first 

frequency-domain sequence for iteration. 

[0118] For example, in the case where the fifth frequency-domain sequence does not 

meet the convergence condition, the fifth frequency-domain sequence may be used as 

the first frequency-domain sequence, and the above S2021 to S2026 may be executed 

iteratively. 

[0119] It is understood that, based on the method provided in the embodiments of the 

present disclosure, the difference between the power values of all the time-domain 

symbols in the first time-domain sequence may be reduced by means of iteration, making 

the first time-domain sequence tend toward a constant modulus, thereby improving the 

PAPR suppression effect of the OFDM signal. 

[0120] For the sake of clarity, the signal processing method provided in the embodiments 

of the present disclosure is described below in conjunction with examples. 

[0121] For example, the description is made by taking an example in which the first 

frequency-domain sequence is a frequency-domain sequence corresponding to the 

OFDM symbol. It is assumed that the first frequency-domain sequence includes a 

modulation symbol of communication subcarriers and a modulation symbol of reserved 

subcarriers, and the modulation symbol on the communication subcarriers is known and 

remain unchanged. 

[0122] As shown in FIG. 6, the signal processing method provided in the embodiments 

of the present disclosure may be implemented as the following steps. 

[0123] In Sc1, an initial value X(0) of the first frequency-domain sequence is determined, 

and the modulation symbol on the reserved subcarriers in X(0) is set to 0, so as to obtain 

the second frequency-domain sequence XC. 

[0124] In Sc2, power is allocated to the modulation symbols of the communication 

subcarriers and reserved subcarriers in the first frequency-domain sequence. 

[0125] For example, it is assumed that the total power is 1, the power allocated to the 

modulation symbol of the communication subcarriers is a, and the power allocated to the 

modulation symbols of the reserved subcarriers is b; 2

2
1 =b a a XC . 

[0126] In Sc3, the first frequency-domain sequence X(m) is transformed to the time 

domain to obtain the first time-domain sequence x(m). 

[0127] The first time-domain sequence satisfies: x(m) = FHX(m). In the above formula, m
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represents the number of iterations, and m is an integer greater than 0. 

[0128] In Sc4, the power sequence p(m)=|x(m)|2 corresponding to the first time-domain 

sequence is determined. 

[0129] It can be seen that the power sequence is composed of the power values 

corresponding to all the time domain symbols in the first time-domain sequence. 

[0130] In Sc5, a maximum value in the power sequence is added to a preset offset to 

obtain a target power value. 

[0131] The target power value satisfies: maxp =max p 1m m offset . 

[0132] In Sc6, the target power value is multiplied by an identity matrix to obtain a first 

power matrix. 

[0133] The first power matrix satisfies: max
m m

NM p I . 

[0134] In Sc7, the power sequence is diagonalized to obtain a second power matrix. 

[0135] The second power matrix satisfies: 
m mL diag p . 

[0136] In Sc8, a third frequency-domain sequence is determined based on the first time-

domain sequence, the first power matrix, and the second power matrix. 

[0137] The third frequency-domain sequence satisfies: 
m m m mY F M L x . 

[0138] In Sc9, a fourth frequency-domain sequence is determined based on the third 

frequency-domain sequence and an index matrix of the reserved subcarriers in the first 

frequency-domain sequence; the fourth frequency-domain sequence including the 

modulation symbol on the reserved subcarriers selected from the third frequency-domain 

sequence. 

[0139] The fourth frequency-domain sequence satisfies: m mT
bY B B Y . 

[0140] In Sc10, a normalized sequence of the fourth frequency-domain sequence is 

determined. 

[0141] The normalized sequence of the fourth frequency-domain sequence satisfies: 

m
m b

m
b

b Y
Z

Y
. 

[0142] In Sc11, a fifth frequency-domain sequence is determined based on the fourth 

frequency-domain sequence and the second frequency-domain sequence. 

[0143] The fifth frequency-domain sequence satisfies: 1m mX Z X C . 

[0144] In Sc12, whether the fifth frequency-domain sequence meets a convergence 
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condition is determined. 

[0145] For example, in the case where the fifth frequency-domain sequence does not 

meet the convergence condition, the fifth frequency-domain sequence is used as the first 

frequency-domain sequence, and then Sc3 is executed. In the case where the fifth 

frequency-domain sequence meets the convergence condition, Sc13 is executed. 

[0146] In Sc13, the iteration is terminated, and the fifth frequency-domain sequence in 

which the PAPR is reduced is output. 

[0147] For example, it is assumed that the total number N of subcarriers in the first 

frequency-domain sequence is expressed as: N=100, the number of reserved subcarriers 

is denoted as N2; the total power is 1, and the power Pr of the reserved subcarriers is 

expressed as: Pr=b; it is assumed that the modulation method of the communication 

subcarriers is quadrature phase shift keying (QPSK), and the selection manner of the 

reserved subcarriers is random selection; and the preset maximum number of iterations 

is 1000. Based on the above assumptions, simulations are performed with different values 

of the number N2 of reserved subcarriers and different values of the power Pr of the 

reserved subcarriers, and the simulation results are shown in FIG. 7. As can be seen from 

FIG. 7, in the case where the number N2 of reserved subcarriers take different values 

and the power Pr of reserved subcarriers take different values, the PAPR suppression 

effect varies. 

[0148] In actual sequence design, some time-domain symbols may be unusable or 

configured for specific purposes. Therefore, in the case of performing PAPR suppression, 

the processing manner for the time-domain symbols for different purposes may differ. For 

example, it is assumed that an index set C of time-domain symbols includes a usable 

time-domain symbol; an index set D of time-domain symbols includes a unusable time-

domain symbol or a time-domain symbol (e.g., a pilot symbol) with a specific usage, and 

the power of the time-domain symbol in the index set D is typically 0 or a small number. 

[0149] For the above-described actual sequence design, the signal processing method 

provided in the embodiments of the present disclosure may be implemented as follows: 

[0150] In Sd1, an initial value X(0) of the first frequency-domain sequence is determined, 

and the modulation symbol on the reserved subcarriers in X(0) is set to 0, so as to obtain 

the second frequency-domain sequence XC. 

[0151] In Sd2, power is allocated to the modulation symbols of the communication 
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subcarriers and reserved subcarriers in the first frequency-domain sequence. 

[0152] For example, it is assumed that the total power is 1, the power allocated to the 

modulation symbol of the communication subcarriers is a, and the power allocated to the 

modulation symbols of the reserved subcarriers is b; 2

2
1 =b a a XC . 

[0153] In Sd3, the first frequency-domain sequence X(m) is transformed to the time 

domain to obtain the first time-domain sequence x(m). 

[0154] The first time-domain sequence satisfies: x(m) = FHX(m). In the above formula, m

represents the number of iterations, and m is an integer greater than 0. 

[0155] In Sd4, the index set D of time-domain symbols that are unsable or have a specific 

purpose in the first time-domain sequence is determined. 

[0156] In Sd5, a power sequence corresponding to the first time-domain sequence is 

determined. 

[0157] The power sequence corresponding to the first time-domain sequence satisfies: 
2

2

(n) ,
p

(n) 2,

m

m

m

x n C
n

x offset n D
. 

[0158] It can be seen that the power sequence is composed of the power values 

corresponding to all the time-domain symbols (including time-domain symbols belonging 

to set C and time-domain symbols belonging to set D) in the first time-domain sequence. 

[0159] In Sd6, a maximum value in the power sequence is added to a preset offset to 

obtain a target power value. 

[0160] The target power value satisfies: maxp =max p 1m m offset . 

[0161] In Sd7, the target power value is multiplied by an identity matrix to obtain a first 

power matrix. 

[0162] The first power matrix satisfies: max
m m

NM p I . 

[0163] In Sd8, the power sequence is diagonalized to obtain a second power matrix. 

[0164] The second power matrix satisfies: 
m mL diag p . 

[0165] In Sd9, a third frequency-domain sequence is determined based on the first time-

domain sequence, the first power matrix, and the second power matrix. 

[0166] The third frequency-domain sequence satisfies: 
m m m mY F M L x . 

[0167] In Sd10, a fourth frequency-domain sequence is determined based on the third 

frequency-domain sequence and an index matrix of the reserved subcarriers in the first 
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frequency-domain sequence; the fourth frequency-domain sequence including the 

modulation symbol on the reserved subcarriers selected from the third frequency-domain 

sequence. 

[0168] The fourth frequency-domain sequence satisfies: m mT
bY B B Y . 

[0169] In Sd11, a normalized sequence of the fourth frequency-domain sequence is 

determined. 

[0170] The normalized sequence of the fourth frequency-domain sequence satisfies: 

m
m b

m
b

b Y
Z

Y
. 

[0171] In Sd12, a fifth frequency-domain sequence is determined based on the fourth 

frequency-domain sequence and the second frequency-domain sequence. 

[0172] The fifth frequency-domain sequence satisfies: 1m mX Z X C . 

[0173] In Sd13, whether the fifth frequency-domain sequence meets a convergence 

condition is determined. 

[0174] For example, in the case where the fifth frequency-domain sequence does not 

meet the convergence condition, the fifth frequency-domain sequence is used as the first 

frequency-domain sequence, and then Sd3 is executed. In the case where the fifth 

frequency-domain sequence meets the convergence condition, Sd14 is executed. 

[0175] In Sd14, the iteration is terminated, and the fifth frequency-domain sequence in 

which the PAPR is reduced is output. 

[0176] The solutions of the embodiments of the present disclosure are described mainly 

from the perspective of method. It may be understood that, in order to realize the above 

functions, a signal processing apparatus includes at least one of corresponding hardware 

structure(s) and/or software module(s) for implementing the above functions. Those 

skilled persons in the art should easily realize that the embodiments of present disclosure 

may be implemented in the form of hardware(s) or a combination of hardware(s) and 

computer software(s) in combination with the units and algorithm steps described in the 

embodiments of the present disclosure. Whether a certain function is performed by a 

hardware or a computer software-driven hardware depends on the specific application 

and design constraints of the technical solutions. Professional technicians may use 

different methods to implement the described functions for each specific application, but 
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such an implementation should not be considered beyond the scope of the present 

disclosure. 

[0177] It may be understood that, in order to realize the above functions, the signal 

processing apparatus includes corresponding hardware structure(s) and/or software 

module(s) to implement the above functions. Those skilled in the art should easily 

recognize that the present disclosure can be implemented in the form of hardware(s) or 

a combination of hardware(s) and computer software(s), in conjunction with the algorithm 

steps of various examples described in the embodiments of the present disclosure. 

Whether a certain function is performed by a hardware or a computer software-driven 

hardware depends on the specific application and design constraints of the technical 

solutions. Professional technicians may use different methods to implement the described 

functions for each specific application, but such an implementation should not be 

considered beyond the scope of the present disclosure. 

[0178] In the embodiments of the present disclosure, the communication apparatus is 

divided into functional module(s) according to the above method embodiment(s); for 

example, each function corresponds to a respective functional module, or two or more 

functions may be integrated into a single functional module. The above-mentioned 

integrated module may be implemented in the form of hardware or may be implemented 

in the form of software. It should be noted that the division of modules in the embodiments 

of the present disclosure is illustrative, and is merely a kind of logical functional division, 

and there may be other division methods in actual implementations. The example in which 

each functional module may be divided corresponding to each function is taken for 

explanation below. 

[0179] FIG. 8 is a structural schematic diagram of a signal processing apparatus, in 

accordance with the embodiments of the present disclosure; the signal processing 

apparatus may perform the signal processing method provided in the above method 

embodiments. As shown in FIG. 8, the signal processing apparatus 600 includes: an 

acquisition module 601 and a processing module 602. 

[0180] The acquisition module 601 is configured to acquire a first frequency-domain 

sequence, and the first frequency-domain sequence includes a modulation symbol 

corresponding to communication subcarriers and a modulation symbol corresponding to 

reserved subcarriers. 



21 

[0181] The processing module 602 is configured to obtain a fifth frequency-domain 

sequence by configuring the modulation symbol corresponding to the reserved 

subcarriers in the first frequency-domain sequence. A peak-to-average power ratio of the 

fifth frequency-domain sequence is less than a peak-to-average power ratio of the first 

frequency-domain sequence. 

[0182] In some embodiments, the processing module 602 is configured to: set the 

modulation symbol corresponding to the reserved subcarriers in the first frequency-

domain sequence to zero to obtain a second frequency-domain sequence; transform the 

first frequency-domain sequence to time domain to obtain a first time-domain sequence; 

determine a first power matrix and a second power matrix based on the first time-domain 

sequence, the first power matrix being a diagonal matrix, an element value on a diagonal 

of the first power matrix being a sum of a maximum value of power values of all time-

domain symbols in the first time-domain sequence and a first preset offset, the first preset 

offset being a constant greater than zero; the second power matrix being a diagonal 

matrix, and element values on a diagonal of the second power matrix are power values 

of all the time-domain symbols in the first time-domain sequence; determine a third 

frequency-domain sequence based on the first time-domain sequence, the first power 

matrix, and the second power matrix; select the modulation symbol on the reserved 

subcarriers from the third frequency-domain sequence to obtain a fourth frequency-

domain sequence; and obtain a fifth frequency-domain sequence based on the fourth 

frequency-domain sequence and the second frequency-domain sequence. 

[0183] In some embodiments, the processing module 602 is further configured to: 

determine the power value of each time-domain symbol in the first time-domain sequence; 

obtain the first power matrix based on the identity matrix and the sum of the maximum 

value of the power values of all the time-domain symbols in the first time-domain 

sequence and the first preset offset; and diagonalize the power value of each time-domain 

symbol in the first time-domain sequence to obtain the second power matrix. 

[0184] In some embodiments, the processing module 602 is further configured to 

determine the power corresponding to the first time-domain symbol based on square of 

a modulus of the first time-domain symbol; and determine the power corresponding to the 

second time-domain symbol based on square of a modulus of the second time-domain 

symbol and a second preset offset; the second preset offset being a constant greater than 



22 

zero. 

[0185] In some embodiments, the processing module 602 is further configured to: 

calculate a difference between the first power matrix and the second power matrix; and 

transform a product of the difference and the first time-domain sequence to frequency-

domain to obtain a third frequency-domain sequence. 

[0186] In some embodiments, the processing module 602 is configured to: determine a 

normalized sequence of the fourth frequency-domain sequence; and obtain the fifth 

frequency-domain sequence based on the normalized sequence of the fourth frequency-

domain sequence and the second frequency-domain sequence. 

[0187] In some embodiments, the processing module 602 is further configured to: 

normalize the fourth frequency-domain sequence and multiply a result of the 

normalization by a first power value to obtain the normalized sequence of the fourth 

frequency-domain sequence; the first power value being determined based on the square 

of the modulus of the modulation symbol corresponding to the reserved subcarriers in the 

first frequency-domain sequence. 

[0188] In some embodiments, the processing module 602 is further configured to: add a 

value of an element at a position in the normalized sequence of the fourth frequency-

domain sequence and a value of an element at corresponding position in the second 

frequency-domain sequence to obtain the fifth frequency-domain sequence. 

[0189] In some embodiments, the processing module 602 is further configured to: 

determine whether the fifth frequency-domain sequence meets a convergence condition; 

and in response to that the fifth frequency-domain sequence does not meet the 

convergence condition, use the fifth frequency-domain sequence as the first frequency-

domain sequence for iteration. 

[0190] In some embodiments, the convergence condition includes at least one of the 

following: an actual number of iterations being greater than or equal to a preset maximum 

number of iterations; or a modulus of a difference between the fifth frequency-domain 

sequence obtained in the (k+1)-th iteration and the fifth frequency-domain sequence 

obtained in the k-th iteration being less than a preset threshold. 

[0191] In some embodiments, the processing module 602 is further configured to 

determine the reserved subcarriers from subcarriers in the first frequency-domain 

sequence. 
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[0192] In some embodiments, the processing module 602 is further configured to: select 

the reserved subcarriers at equal intervals from the subcarriers in the first frequency-

domain sequence; or select the reserved subcarriers consecutively from the subcarriers 

in the first frequency-domain sequence; or randomly select the reserved subcarriers from 

the subcarriers in the first frequency-domain sequence. 

[0193] In a case where the functions of the above integrated modules are implemented 

in the form of hardware(s), the embodiments of the present disclosure provide a structure 

of a communication apparatus involved in the above embodiments. As shown in FIG. 9, 

the communication apparatus 800 includes: a processor 802, and a bus 804. In some 

embodiments, the communication apparatus may further include a memory 801. In some 

embodiments, the communication apparatus may further include a communication 

interface 803. 

[0194] The processor 802 may implement or perform various exemplary logical blocks, 

modules and circuits described in conjunction with the embodiments of the present 

disclosure. The processor 802 may be a central processor, a general-purpose processor, 

a digital signal processor, a specific integrated circuit, a field programmable gate array, 

or any other programmable logic device, a transistor logic device, a hardware component, 

or any combination of the above. The processor 802 may implement or perform various 

exemplary logical blocks, modules and circuits described in combination with the 

embodiments of the present disclosure. Alternatively, the processor 802 may be a 

combination that implements computing functions, for example, including a combination 

of one or more microprocessors, or a combination of a digital signal processor (DSP) and 

a microprocessor. 

[0195] The communication interface 803 is configured to connect with other devices via 

a communication network. The communication network may be Ethernet, a wireless 

access network, a wireless local area network (WLAN), or the like. 

[0196] The memory 801 may be a read-only memory (ROM) or other types of static 

storage devices that can store static information and instructions, a random access 

memory (RAM), or other types of dynamic storage devices that can store information and 

instructions, or an electrically erasable programmable read-only memory (EEPROM), a 

magnetic disk storage medium or any other magnetic storage devices, or any other 

medium that can be used to carry or store desired program codes with a form of 
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instructions or data and can be accessed by a computer, which is not limited thereto. 

[0197] As a possible implementation, the memory 801 may exist independently from the 

processor 802, and the memory 801 may be connected to the processor 802 through the 

bus 804, and is configured to store instructions or program codes. The processor 802, 

when calling instructions or program codes stored in the memory 801 and performing the 

instructions or program codes, may implement the signal processing method provided in 

the embodiments of the present disclosure. In another implementation, the memory 801 

may be integrated with the processor 802. 

[0198] The bus 804 may be an extended industry standard architecture (EISA) bus, or 

the like. The bus 804 may be classified as an address bus, a data bus, and a control bus. 

For ease of representation, only one bold line is used to represent the bus 54 in FIG. 9, 

but it does not mean that there is only one bus or one type of bus. 

[0199] Some embodiments of the present disclosure provide a computer-readable 

storage medium (e.g., a non-transitory computer-readable storage medium); the 

computer-readable storage medium has stored computer program instructions thereon, 

and the computer program instructions, when executed by a computer, enable the 

computer to perform the signal processing method as described in any one of the above 

embodiments. 

[0200] For example, the above-mentioned computer-readable storage medium may 

include, but is not limited to: a magnetic storage device (e.g., a hard disk, a floppy disk, 

or a magnetic tape), an optical disk (e.g., a compact disk (CD), or a digital versatile disk 

(DVD)), a smart card, and a flash memory device (e.g., EPROM, a card, a stick, or a key 

drive). The various computer-readable storage media described in the present disclosure 

may represent one or more devices and/or other machine-readable storage media that is 

used for storing information. The term "machine-readable storage medium" includes, but 

is not limited to, a wireless channel, and various other media capable of storing, 

containing, and/or carrying instructions and/or data. 

[0201] Some embodiments of the present disclosure provide a computer program 

product including instructions; when the computer program product is run on a computer, 

the computer is enabled to perform the signal processing method as described in any one 

of the above-mentioned embodiments. 

[0202] The aforementioned descriptions are merely specific implementations of the 
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present disclosure, but the protection scope of the present disclosure is not limited thereto, 

and any changes or substitutions within the scope of the technologies disclosed in the 

present disclosure should be covered within the protection scope of the present 

disclosure. Therefore, the protection scope of the present disclosure should be based on 

the protection scope of claims. 
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CLAIMS 

1. A signal processing method, comprising: 

acquiring a first frequency-domain sequence, the first frequency-domain sequence 

comprising a modulation symbol corresponding to communication subcarriers and a 

modulation symbol corresponding to reserved subcarriers; and 

obtaining a fifth frequency-domain sequence by configuring the modulation symbol 

corresponding to the reserved subcarriers in the first frequency-domain sequence, a 

peak-to-average power ratio of the fifth frequency-domain sequence being less than a 

peak-to-average power ratio of the first frequency-domain sequence. 

2. The method according to claim 1, wherein obtaining the fifth frequency-domain 

sequence by configuring the modulation symbol corresponding to the reserved 

subcarriers in the first frequency-domain sequence, comprises: 

setting the modulation symbol corresponding to the reserved subcarriers in the first 

frequency-domain sequence to zero to obtain a second frequency-domain sequence; 

transforming the first frequency-domain sequence to time domain to obtain a first 

time-domain sequence; 

determining a first power matrix and a second power matrix based on the first time-

domain sequence; wherein the first power matrix is a diagonal matrix, and an element 

value on a diagonal of the first power matrix is a sum of a maximum value of power values 

of all time-domain symbols in the first time-domain sequence and a first preset offset; the 

first preset offset is a constant greater than zero; the second power matrix is a diagonal 

matrix, and element values on a diagonal of the second power matrix are the power 

values of all the time-domain symbols in the first time-domain sequence; 

determining a third frequency-domain sequence based on the first time-domain 

sequence, the first power matrix, and the second power matrix; 

obtaining a fourth frequency-domain sequence by selecting the modulation symbol 

on the reserved subcarriers from the third frequency-domain sequence; and 

obtaining a fifth frequency-domain sequence based on the fourth frequency-domain 

sequence and the second frequency-domain sequence. 

3. The method according to claim 2, wherein determining the first power matrix and 
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the second power matrix based on the first time-domain sequence, comprises: 

determining a power value of each time-domain symbol in the first time-domain 

sequence; 

obtaining the first power matrix based on an identity matrix and a sum of a maximum 

value of power values of all time-domain symbols in the first time-domain sequence and 

a first preset offset; and 

diagonalizing the power values of all the time-domain symbols in the first time-

domain sequence to obtain the second power matrix. 

4. The method according to claim 3, wherein in response to that the first time-domain 

sequence includes a first time-domain symbol and a second time-domain symbol, 

determining a power sequence corresponding to the first time-domain sequence, 

comprises: 

determining a power corresponding to the first time-domain symbol based on 

square of a modulus of the first time-domain symbol; and 

determining a power corresponding to the second time-domain symbol based 

on a second preset offset and a square of a modulus of the second time-domain 

symbol; the second preset offset being a constant greater than zero. 

5. The method according to claim 2, wherein determining the third frequency-domain 

sequence based on the first time-domain sequence, the first power matrix, and the 

second power matrix, comprises: 

calculating a difference between the first power matrix and the second power matrix; 

and 

transforming a product of the difference and the first time-domain sequence to 

frequency-domain to obtain the third frequency-domain sequence. 

6. The method according to claim 2, wherein determining the fifth frequency-domain 

sequence based on the fourth frequency-domain sequence and the second frequency-

domain sequence, comprises: 

determining a normalized sequence of the fourth frequency-domain sequence; and 

obtaining the fifth frequency-domain sequence based on the normalized sequence 
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of the fourth frequency-domain sequence and the second frequency-domain sequence. 

7. The method according to claim 6, wherein determining the normalized sequence 

of the fourth frequency-domain sequence, comprises: 

normalizing the fourth frequency-domain sequence, and multiplying a result of 

normalization by a first power value to obtain the normalized sequence of the fourth 

frequency-domain sequence; wherein the first power value is determined based on a 

square of a modulus of the modulation symbol corresponding to the reserved subcarriers 

in the first frequency-domain sequence. 

8. The method according to claim 6, wherein obtaining the fifth frequency-domain 

sequence based on the normalized sequence of the fourth frequency-domain sequence 

and the second frequency-domain sequence, comprises: 

adding a value of an element at a position in the normalized sequence of the 

fourth frequency-domain sequence and a value of an element at corresponding 

position in the second frequency-domain sequence to obtain the fifth frequency-

domain sequence. 

9. The method according to claim 1, further comprising: 

determining whether the fifth frequency-domain sequence meets a convergence 

condition; 

in response to that the fifth frequency-domain sequence does not meet the 

convergence condition, using the fifth frequency-domain sequence as the first frequency-

domain sequence for iteration. 

10. The method according to claim 9, wherein the convergence condition comprises 

at least one of: 

an actual number of iterations being greater than or equal to a preset maximum 

number of iterations; or 

a modulus of a difference between a fifth frequency-domain sequence obtained in 

a (k+1)-th iteration and a fifth frequency-domain sequence obtained in a k-th iteration 

being less than a preset threshold. 
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11. The method according to claim 1, further comprising: 

determining the reserved subcarriers from subcarriers in the first frequency-domain 

sequence. 

12. The method according to claim 11, wherein determining the reserved subcarriers 

from the subcarriers in the first frequency-domain sequence, comprises: 

selecting the reserved subcarriers at equal intervals from the subcarriers in the first 

frequency-domain sequence; or 

selecting the reserved subcarriers consecutively from the subcarriers in the first 

frequency-domain sequence; or 

selecting the reserved subcarrier randomly from the subcarriers in the first frequency 

domain sequence. 

13. A communication apparatus, comprising: a memory and a processor, the memory 

being coupled to the processor, wherein the memory is configured to store instructions 

executable by the processor; when executing the instructions, the processor performs 

the signal processing method according to any one of claims 1 to 12. 

14. A computer-readable storage medium, wherein the computer-readable storage 

medium stores computer instructions, and the computer instructions, when executed on 

an electronic device, cause the electronic device to perform the signal processing method 

according to any one of claims 1 to 12. 


