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COMMUNICATION APPARATUS AND SIGNAL SAMPLING METHOD 

TECHNICAL FIELD 

This application relates to the field of clock synchronization technologies, and specifically, to a communication 

apparatus and a signal sampling method. 

BACKGROUND 5 

In digital communication, an analog signal needs to be converted into a digital signal by using an analog-to-

digital converter (analog-to-digital converter, ADC). To enable the digital signal to retain all information in the raw 

analog signal, theoretically, a sampling frequency of the ADC needs to be greater than or equal to twice of bandwidth 

occupied by the raw analog signal, and then sampling clock recovery is performed in digital domain to determine an 

optimal sampling moment. Due to a channel transmission delay and a clock deviation between a transmit end and a 10 

receive end, the ADC cannot perform sampling at the optimal sampling moment, resulting in a deviation between 

captured data and raw data. Therefore, clock synchronization needs to be performed. 

Currently, common clock synchronization methods include a Gardner algorithm, an overhead-assisted 

synchronization method, and the like. The Gardner algorithm is essentially to perform interpolation on a sampled raw 

sequence, to extend the raw sequence in time domain. During sampling clock recovery, extraction (also referred to as 15 

downsampling) is performed on a raw sequence obtained through interpolation, to determine an optimal sampling 

moment. However, the Gardner algorithm requires oversampling, and therefore is limited in a high-bandwidth scenario. 

In the overhead-assisted synchronization method, a low-speed overhead signal is inserted into a data signal, and 

narrowband filtering is performed at a receive for sampling clock recovery. However, the overhead-assisted 

synchronization method causes additional spectrum overheads, and requires low bandwidth of a filter at the receive 20 

end. This leads to high difficulty in designing a filter in a high-bandwidth system. 

Therefore, how to implement clock synchronization in a high-bandwidth scenario is a problem that urgently 

needs to be resolved. 

SUMMARY 

This application provides a communication apparatus and a signal sampling method, to implement sampling 25 

clock synchronization. 

According to a first aspect, an embodiment of this application provides a communication apparatus. The 

communication apparatus may be used in a receiver, and the communication apparatus includes a clock control circuit, 

a data sampling circuit, and a clock recovery circuit. The clock control circuit is configured to determine a sampling 

clock deviation of the data sampling circuit, and generate a first clock control signal based on the sampling clock 30 

deviation, where the first clock control signal is used to adjust a sampling clock of the data sampling circuit. The clock 

recovery circuit is configured to adjust the sampling clock of the data sampling circuit based on the first clock control 

signal, and send a clock signal to the data sampling circuit. The data sampling circuit is configured to sample an input 

analog signal based on the clock signal. 
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The data sampling circuit is, for example, an ADC module. In this embodiment of this application, the clock 

control circuit may generate the corresponding first clock control signal based on the sampling clock deviation of the 

data sampling circuit, and feed back the first clock control signal to the clock recovery circuit. The clock recovery 

circuit may adjust the sampling clock of the data sampling circuit based on the first clock control signal, and feed 

back, to the data sampling circuit, a clock signal obtained by an adjusted sampling clock, so that the data sampling 5 

circuit performs sampling based on the adjusted sampling clock. The data sampling circuit may feed back, to the clock 

control circuit again, a signal obtained through sampling based on the adjusted sampling clock. The clock control 

circuit re-determines a sampling clock deviation of the data sampling circuit, generates a corresponding clock control 

signal, and feeds back the clock control signal to the clock recovery circuit. The clock recovery circuit may adjust the 

sampling clock of the data sampling circuit again based on the received clock control signal, and feed back, to the data 10 

sampling circuit, a clock signal obtained by an adjusted sampling clock. Because the clock control circuit and the 

clock recovery circuit may cooperate to adjust the sampling clock of the data sampling circuit for a plurality of times, 

the sampling clock of the data sampling circuit can be locked at an optimal sampling moment. In this way, a digital 

signal obtained through sampling can retain wanted information of a raw analog signal without oversampling on the 

raw analog signal. Because the raw analog signal does not need to be oversampled, complexity of the ADC or 15 

complexity of a filter in the receiver is not increased even in a high-bandwidth scenario. 
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In a possible design, when the first clock control signal indicates that the sampling clock deviation of the data 

sampling circuit is less than a first threshold, the clock signal is a target clock signal, and the target clock signal is 

capable of generating a sampling clock expected by the data sampling circuit. The sampling clock expected by the 

data sampling circuit may be considered as an optimal sampling clock of the data sampling circuit. Through a plurality 

of times of adjustment by the clock recovery circuit, an actual sampling clock of the data sampling circuit and the 5 

optimal sampling clock gradually decrease, until the actual sampling clock of the data sampling circuit is close to or 

even equal to the optimal sampling clock. In this case, a clock signal generated by the clock recovery circuit is referred 

to as the target clock signal, to be specific, a clock signal that can enable the data sampling circuit to achieve the 

optimal sampling clock. 

In a possible design, the clock recovery circuit includes a signal splitter, a first delayer, a second delayer, and a 10 

multiplication circuit. The signal splitter is connected to an input end of the first delayer and an input end of the second 

delayer. The multiplication circuit is connected to an output end of the first delayer and an output end of the second 

delayer. The output end of the first delayer and the output end of the second delayer are further connected to an input 

end of the clock control circuit. The signal splitter is configured to split an input analog signal into a first analog sub-

signal and a second analog sub-signal. The first delayer is configured to delay the first analog sub-signal based on the 15 

first clock control signal to obtain a first delayed signal, and output the first delayed signal to the multiplication circuit 

and the clock control circuit. The second delayer is configured to delay the second analog sub-signal based on the first 

clock control signal to obtain a second delayed signal, and output the second delayed signal to the multiplication 

circuit and the clock control circuit. The multiplication circuit is configured to multiply the first delayed signal by the 

second delayed signal to obtain a first signal, and output the first signal to the data sampling circuit. 20 

In this embodiment of this application, the analog signal input to the clock recovery circuit is the same as the 

analog signal input to the data sampling circuit. Therefore, the clock recovery circuit adjusts the sampling clock of the 

data sampling circuit by processing the input analog signal. For example, the clock recovery circuit splits the input 

analog signal into two signals, and controls delay duration of the two signals to adjust the sampling clock of the data 

sampling circuit, to enable the sampling clock of the data sampling circuit to reach the optimal sampling clock. 25 

In a possible design, the clock control circuit includes a processor and a decider. The processor may be configured 

to determine the sampling clock deviation based on a first digital signal and a second digital signal that are output by 

the data sampling circuit, and generate the first clock control signal based on the sampling clock deviation, where the 

first digital signal is a real component obtained by the data sampling circuit by sampling the input analog signal, and 

the second digital signal is an imaginary component obtained by the data sampling circuit by sampling the analog 30 

signal. The decider may be configured to determine, based on the first delayed signal and the second delayed signal, 

that the clock recovery circuit is incapable of generating the target clock signal, and output a second clock control 

signal to the clock recovery circuit. 

In this embodiment of this application, with the clock recovery circuit, the sampling clock deviation of the data 

sampling circuit can be gradually reduced, until the sampling clock of the data sampling circuit reaches the optimal 35 

sampling clock; otherwise, the sampling clock of the data sampling circuit further needs to be adjusted by using the 

clock recovery circuit. Therefore, if the clock control circuit determines that a clock signal generated by the clock 

recovery circuit is not the target clock signal, the clock control circuit continues to output a clock control signal to the 

clock recovery circuit. 

In a possible design, the decider is further configured to determine, based on the first delayed signal and the 40 

second delayed signal, that the clock recovery circuit is capable of generating the target clock signal, and output an 

indication signal to the clock recovery circuit. The indication information indicates that the sampling clock of the data 
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sampling circuit does not need to be adjusted. When determining that a clock signal generated by the clock recovery 

circuit is the target clock signal, the clock control circuit outputs the indication signal to the clock recovery circuit, to 

indicate the clock recovery circuit not to continue to adjust the sampling clock of the data sampling circuit. 

In a possible design, the decider is specifically configured to: determine, based on the first delayed signal, first 

duration by which the first analog sub-signal is delayed; determine, based on the second delayed signal, second 5 

duration by which the second analog sub-signal is delayed; and when a deviation between the sampling clock expected 

by the data sampling circuit and a difference between the first duration and the second duration is greater than the first 

threshold, determine that the clock recovery circuit is incapable of generating the target clock signal. 

In a possible design, that the first delayer delays the first analog sub-signal based on the first clock control signal 

includes: the first delayer delays the first analog sub-signal based on a first delay step when the first clock control 10 

signal indicates that the sampling clock deviation is greater than or equal to a first value, or the first delayer delays the 

first analog sub-signal based on a second delay step when the first clock control signal indicates that the sampling 

clock deviation is less than the first value, where the first delay step is greater than the second delay step; and that the 

second delayer delays the second analog sub-signal based on the first clock control signal includes: the second delayer 

delays the second analog sub-signal based on a third delay step when the first clock control signal indicates that the 15 

sampling clock deviation is greater than or equal to a first value, or the second delayer delays the second analog sub-

signal based on a fourth delay step when the first clock control signal indicates that the sampling clock deviation is 

less than the first value, where the third delay step is greater than the fourth delay step. 

In this embodiment of this application, a plurality of delay steps may be separately predefined for the first delayer 

and the second delayer. When the data sampling clock deviation is large, the first delayer and the second delayer 20 

correspondingly delay the input analog signal based on a large delay step; or when the data sampling clock deviation 

is small, the first delayer and the second delayer correspondingly delay the input analog signal based on a small delay 

step, to improve efficiency and precision of sampling clock adjustment. 

In a possible design, the clock recovery circuit further includes a first low-pass filter, connected to the 

multiplication circuit and configured to filter out a high-frequency component from the first signal, to reduce 25 

interference caused by the high-frequency component. 

In a possible design, the clock recovery circuit further includes an amplitude limiting amplifier, connected to the 

first low-pass filter and configured to filter out a component whose amplitude is greater than a first amplitude from a 

signal output by the first low-pass filter, to reduce a probability of signal saturation. 

In a possible design, the clock recovery circuit further includes a phase-locked loop, connected to the amplitude 30 

limiting amplifier and configured to enable a frequency of the target clock signal to be consistent with a frequency of 

the first signal, to improve phase stability. 

In a possible design, the communication apparatus further includes a phase locking module. The phase locking 

module is separately connected to the clock control circuit and the data sampling circuit. The phase locking circuit is 

configured to determine a sampling phase deviation of the data sampling circuit based on an error signal, generate a 35 

third control signal based on the sampling phase deviation, and output the third control signal to the data sampling 

circuit. The error signal is an error signal between the first digital signal and the second digital signal that are output 

by the data sampling circuit. The third control signal indicates the data sampling circuit to adjust a sampling phase. 

In this embodiment of this application, in view of a phase deviation of the sampling clock, the phase locking 

circuit is disposed. The clock control circuit calculates the phase deviation of the sampling clock of the data sampling 40 

circuit, and feeds back the phase deviation to the phase locking circuit. The phase locking circuit feeds back the phase 

deviation to the data sampling circuit for adjusting a phase of the sampling clock. 
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In a possible design, the phase locking module includes a phase detector, a voltage-controlled oscillator, and a 

second low-pass filter that are sequentially connected to the clock control circuit. An input end of the second low-pass 

filter is connected to the voltage-controlled oscillator, and an output end of the second low-pass filter is connected to 

the data sampling circuit. 

According to a second aspect, an embodiment of this application provides a signal sampling method. The method 5 

may be performed by a communication apparatus. The communication apparatus includes a clock control circuit, a 

data sampling circuit, and a clock recovery circuit. The clock control circuit determines a sampling clock deviation of 

the data sampling circuit, and generates a first clock control signal based on the sampling clock deviation, where the 

first clock control signal is used to adjust a sampling clock of the data sampling circuit. The clock recovery circuit 

adjusts the sampling clock of the data sampling circuit based on the first clock control signal, and sends a clock signal 10 

to the data sampling circuit. The data sampling circuit samples an input analog signal based on the clock signal. 

In a possible implementation, the first clock control signal indicates that the sampling clock deviation of the data 

sampling circuit is less than a first threshold, the clock signal is a target clock signal, and the target clock signal is 

capable of generating a sampling clock expected by the data sampling circuit. 

In a possible implementation, the clock recovery circuit includes a signal splitter, a first delayer, a second delayer, 15 

and a multiplication circuit. The first delayer is connected to the signal splitter and the clock control circuit, and the 

second delayer is connected to the signal splitter and the clock control circuit. The signal splitter splits an input analog 

signal into a first analog sub-signal and a second analog sub-signal. The first delayer delays the first analog sub-signal 

based on the first clock control signal to obtain a first delayed signal, and outputs the first delayed signal to the 

multiplication circuit and the clock control circuit. The second delayer delays the second analog sub-signal based on 20 

the first clock control signal to obtain a second delayed signal, and outputs the second delayed signal to the 

multiplication circuit and the clock control circuit. The multiplication circuit multiplies the first delayed signal by the 

second delayed signal to obtain a first signal, and outputs the first signal to the data sampling circuit. 

In a possible implementation, the clock control circuit includes a processor and a delayer. The processor 

determines the sampling clock deviation based on a first digital signal and a second digital signal that are output by 25 

the data sampling circuit, and generates the first clock control signal based on the sampling clock deviation, where the 

first digital signal is a real component obtained by the data sampling circuit by sampling the input analog signal, and 

the second digital signal is an imaginary component obtained by the data sampling circuit by sampling the input analog 

signal. The decider determines, based on the first delayed signal and the second delayed signal, that the clock recovery 

circuit is incapable of generating the target clock signal, and outputs a second clock control signal to the clock recovery 30 

circuit. 

In a possible implementation, the decider further determines, based on the first delayed signal and the second 

delayed signal, that the clock recovery circuit is capable of generating the target clock signal, and outputs an indication 

signal to the clock recovery circuit. The indication information indicates that the sampling clock of the data sampling 

circuit does not need to be adjusted. 35 

In a possible implementation, the decider is specifically configured to: determine, based on the first delayed 

signal, first duration by which the first analog sub-signal is delayed; determine, based on the second delayed signal, 

second duration by which the second analog sub-signal is delayed; and when a deviation between the sampling clock 

expected by the data sampling circuit and a difference between the first duration and the second duration is greater 

than the first threshold, determine that the clock recovery circuit is incapable of generating the target clock signal. 40 

In a possible implementation, the first delayer delays the first analog sub-signal based on a first delay step when 

the first clock control signal indicates that the sampling clock deviation is greater than or equal to a first value, or the 
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first delayer delays the first analog sub-signal based on a second delay step when the first clock control signal indicates 

that the sampling clock deviation is less than the first value, where the first delay step is greater than the second delay 

step; and the second delayer delays the second analog sub-signal based on a third delay step when the first clock 

control signal indicates that the sampling clock deviation is greater than or equal to a first value, or the second delayer 

delays the second analog sub-signal based on a fourth delay step when the first clock control signal indicates that the 5 

sampling clock deviation is less than the first value, where the third delay step is greater than the fourth delay step. 

In a possible implementation, the clock recovery circuit further includes a first low-pass filter connected to the 

multiplication circuit, and the first low-pass filter is configured to filter out a high-frequency component from the first 

signal. 

In a possible implementation, the clock recovery circuit further includes an amplitude limiting amplifier 10 

connected to the first low-pass filter, and the amplitude limiting amplifier is configured to filter out a component 

whose amplitude is greater than a first amplitude from a signal output by the first low-pass filter. 

In a possible implementation, the clock recovery circuit further includes a phase-locked loop connected to the 

amplitude limiting amplifier, and the phase-locked loop is configured to enable a frequency of the target clock signal 

to be consistent with a frequency of the first signal. 15 

In a possible implementation, the communication apparatus further includes a phase locking module, the phase 

locking module is separately connected to the clock control circuit and the data sampling circuit, and the method 

further includes: The phase locking circuit determines a sampling phase deviation of the data sampling circuit based 

on an error signal, generates a third control signal based on the sampling phase deviation, and outputs the third control 

signal to the data sampling circuit. The error signal is an error signal between the first digital signal and the second 20 

digital signal that are output by the data sampling circuit. The third control signal indicates the data sampling circuit 

to adjust a sampling phase. 

In a possible implementation, the phase locking module includes a phase detector, a voltage-controlled oscillator, 

and a second low-pass filter that are sequentially connected to the clock control circuit. An input end of the second 

low-pass filter is connected to the voltage-controlled oscillator, and an output end of the second low-pass filter is 25 

connected to the data sampling circuit. 

According to a third aspect, an embodiment of this application provides a receiver. The receiver includes the 

communication apparatus according to any one of the first aspect or the possible implementations of the first aspect. 

According to a fourth aspect, an embodiment of this application provides a receiver. The receiver includes an 

input/output interface and a logic circuit. The input/output interface is configured to input and/or output information. 30 

The logic circuit is configured to perform the method according to the second aspect. 

According to a fifth aspect, an embodiment of this application provides a chip system. The chip system includes 

a communication interface and a processor, so that a device on which a system chip is installed performs the method 

according to any one of the second aspect or the possible implementations of the second aspect. In a possible 

implementation, the chip system further includes the memory, configured to store a computer program. The chip 35 

system may include a chip, or may include a chip and another discrete component. 

According to a sixth aspect, this application provides a computer-readable storage medium. The computer-

readable storage medium stores a computer program. When the computer program is run, the method according to 

any one of the second aspect or the possible implementations of the second aspect is implemented. 

According to a seventh aspect, a computer program product is provided. The computer program product includes 40 

computer program code. When the computer program code is run, the method according to any one of the second 

aspect or the possible implementations of the second aspect is performed. 
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For benefits of the second aspect to the seventh aspect and the implementations thereof, refer to the descriptions 

of the benefits of the first aspect and the possible designs thereof. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram of an architecture of a communication system to which embodiments of this application are 

applicable;5 

FIG. 2 is a diagram of a structure of a communication apparatus according to an embodiment of this application;

FIG. 3 is a diagram of a condition that an optimal sampling clock of a data sampling circuit needs to meet 

according to an embodiment of this application;

FIG. 4 is a diagram of another structure of a communication apparatus according to an embodiment of this 

application;10 

FIG. 5 is a diagram of still another structure of a communication apparatus according to an embodiment of this 

application; and

FIG. 6 is a diagram of a deviation between an actual sampling clock of a data sampling circuit and an expected 

sampling clock according to an embodiment of this application. 

DESCRIPTION OF EMBODIMENTS 15 

Technical solutions provided in embodiments of this application may be applied to a device that needs to perform 

ADC, for example, a receiver. The receiver may communicate with a transmitter through a wireless channel or a wired 

cable. In an example, FIG. 1 is a diagram of a network architecture of a communication system to which embodiments 

of this application are applicable. The communication system may include a transmitter and a receiver. In FIG. 1, for 

example, the transmitter and the receiver communicate with each other through a wired cable. The transmitter includes 20 

a baseband chip, a digital-to-analog converter (digital-to-analog converter, DAC), a radio frequency chip, and a power 

amplifier. The base station chip is configured to process a to-be-sent signal, and send a digital signal obtained through 

processing to the DAC for digital-to-analog conversion, to be specific, for converting the digital signal into an analog 

signal. The radio frequency chip converts the analog signal into a radio frequency signal. Then the radio frequency 

signal passes through the power amplifier and is transmitted to a radio frequency chip in the receiver through a wireless 25 

channel or a wired cable. The radio frequency chip in the receiver performs down-conversion on received radio 

frequency information. Then an ADC converts radio frequency information obtained through down-conversion into a 

digital signal. The digital signal may be used to restore information carried in a signal sent by the transmitter. A 

baseband processing chip in the receiver may process the digital signal to obtain raw information sent by the 

transmitter. It should be noted that components included in the transmitter and the receiver in FIG. 1 are merely 30 

examples, and the transmitter and the receiver may further include other possible components, such as a filter and a 

frequency mixer. The components are not listed one by one herein. 

To enable a digital signal to retain all information in an analog signal sent by the transmitter, theoretically, a 

sampling frequency of the ADC needs to be greater than or equal to twice of bandwidth occupied by the raw analog 

signal. In view of impact of some factors, an accurate sampling frequency cannot be ensured, and the ADC even 35 

usually needs to perform sampling at a higher sampling frequency (also referred to as oversampling). The ADC 

performs oversampling, and correspondingly, sampling clock recovery needs to be performed in digital domain to 

determine an optimal sampling moment. Due to a channel transmission delay and a clock deviation between a transmit 
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end and a receive end, the ADC cannot perform sampling at the optimal sampling moment, and consequently, there is 

a deviation between captured data and raw data. Therefore, clock synchronization needs to be performed, as shown in 

FIG. 1. Sampling clock synchronization can enable the ADC to perform sampling at the optimal sampling moment. 

Currently, common clock synchronization methods include a Gardner algorithm, an overhead-assisted 

synchronization method, and the like. The Gardner algorithm essentially performs interpolation on a sampled raw 5 

sequence, so that the raw sequence is extended in time domain. During sampling clock recovery, extraction (also 

referred to as downsampling) is performed on a raw sequence obtained through interpolation, to determine an optimal 

sampling moment. However, oversampling needs to be performed in the Gardner algorithm, and therefore application 

of the Gardner algorithm in a high-bandwidth scenario is limited. In the overhead-assisted synchronization method, a 

low-speed overhead signal is inserted into a data signal, and narrowband filtering is performed at a receive end to 10 

recover a sampling clock. However, the overhead-assisted synchronization method causes additional spectrum 

overheads, and bandwidth of a filter at the receive end needs to be low. This leads to high difficulty in designing a 

filter in a high-bandwidth system. 

In embodiments of this application, a sampling clock of the ADC can be locked at an expected sampling clock 

(an optimal sampling clock). Because the ADC is locked to operate at the optimal sampling clock, a digital signal 15 

obtained through sampling can retain wanted information of a raw analog signal without oversampling on the raw 

analog signal. The ADC does not need to oversample the raw analog signal. To be specific, a sampling frequency of 

the ADC is irrelevant to a value of bandwidth of the raw analog signal. Therefore, in the solutions provided in 

embodiments of this application, complexity of the ADC or complexity of a filter in the receiver is not increased even 

in a high-bandwidth scenario. 20 

The technical solutions provided in embodiments of this application are described below with reference to the 

accompanying drawings. In embodiments of this application, a high frequency and a low frequency are defined relative 

to each other. For example, a frequency range of the high frequency may be [1.5Fs, +∞], and a frequency range of 

the low frequency may be [0, 1.5Fs], where Fs is bandwidth of a first signal. A delayer is also referred to as a retarder. 

FIG. 2 is a diagram of a structure of a communication apparatus according to an embodiment of this application. 25 

The communication apparatus may be used in a receiver. As shown in FIG. 2, the communication apparatus includes 

a clock control circuit 201, a clock recovery circuit 202, and a data sampling circuit 203. The clock control circuit 201 

is separately connected to the data sampling circuit 203 and the clock recovery circuit. The clock recovery circuit 202 

is further connected to the data sampling circuit 203. The data sampling circuit 203 is, for example, an ADC module. 

It should be noted that the clock control circuit 201 and the clock recovery circuit 202 may be two independent circuits 30 

or physical components (this is used as an example in this specification), or may be integrated together. In other words, 

the clock control circuit 201 and the clock recovery circuit 202 may be an integrated component, for example, a clock 

and data recovery (carrier and data recovery, CDR) module. 

The clock control circuit 201 may determine a sampling clock deviation of the data sampling circuit 203 based 

on a signal captured by the data sampling circuit 203, and feed back the sampling clock deviation to the clock recovery 35 

circuit 202. The clock recovery circuit 202 may adjust a sampling clock of the data sampling circuit 203 based on the 

sampling clock deviation fed back by the clock control circuit 201, and feed back an adjusted sampling clock to the 

data sampling circuit 203. The data sampling circuit 203 performs sampling based on the sampling clock fed back by 

the clock recovery circuit 202, and outputs a signal obtained through sampling to the clock control circuit 201. The 

sampling clock deviation of the data sampling circuit 203 can be reduced through adjustment by the clock recovery 40 

circuit 202. After the clock recovery circuit 202 performs one round of adjustment, if the sampling clock of the data 

sampling circuit 203 still deviates from an optimal sampling clock, the sampling clock of the data sampling circuit 
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203 may be adjusted again. For example, the data sampling circuit 203 may feed back, to the clock control circuit 201 

again, a signal obtained through sampling based on the adjusted sampling clock. The clock control circuit 201 re-

determines a sampling clock deviation of the data sampling circuit, generates a corresponding clock control signal, 

and feeds back the clock control signal to the clock recovery circuit 202. The clock recovery circuit 202 may adjust 

the sampling clock of the data sampling circuit 203 again based on the received clock control signal, and feed back, 5 

to the data sampling circuit 203, a clock signal obtained by an adjusted sampling clock. By analogy, the clock control 

circuit 201 and the clock recovery circuit 202 adjust the sampling clock of the data sampling circuit 203 for a plurality 

of times, until an actual sampling clock of the data sampling circuit 203 reaches the optimal sampling clock. 

That the actual sampling clock of the data sampling circuit 203 reaches the optimal sampling clock may also be 

understood as that a sampling clock deviation of the data sampling circuit 203 is less than a first threshold. The first 10 

threshold may be preset or preconfigured. The first threshold is not limited in this embodiment of this application. For 

example, the first threshold may be a possible value obtained based on an experimental test. The first threshold may 

alternatively vary based on different sampling precision. For example, the first threshold may be a normalized clock 

deviation, for example, 10–6. It can be understood that, when the sampling clock deviation of the data sampling circuit 

203 is less than the first threshold, a clock control signal generated by the clock control circuit is used to adjust the 15 

sampling clock of the data sampling circuit 203. When the sampling clock deviation of the data sampling circuit 203 

is greater than or equal to the first threshold, the clock control circuit 201 may generate an indication signal, where 

the indication signal indicates that the sampling clock deviation of the data sampling circuit 203 is less than the first 

threshold. The clock recovery circuit 202 may determine, based on the indication signal fed back by the clock control 

circuit 201, that the sampling clock of the data sampling circuit 203 does not need to be further adjusted. In this case, 20 

the clock recovery circuit 202 directly outputs a final clock signal (referred to as a target clock signal in this 

specification) to the data sampling circuit 203 without adjusting the sampling clock of the data sampling circuit 203. 

The target clock signal may enable the sampling clock of the data sampling circuit 203 to reach an expected sampling 

clock. 

For ease of understanding, an example in which the receiver receives a first analog signal from a transmitter is 25 

used below. The first analog signal is split into two signals, and the two signals are respectively referred to as an I 

signal and a Q signal. The I signal is a real component of the first analog signal, and the Q signal is an imaginary 

component of the first analog signal. 

Still as shown in FIG. 2, the I signal and a local oscillator signal pass through a frequency mixer and a low-pass 

filter and are then input to the data sampling circuit 203. Similarly, the Q signal and the local oscillator signal pass 30 

through a frequency mixer and a low-pass filter and are then input to the data sampling circuit 203. The data sampling 

circuit 203 samples the I signal to obtain a first digital signal. The data sampling circuit 203 samples the Q signal to 

obtain a second digital signal. The data sampling circuit 203 outputs the first digital signal and the second digital 

signal to the clock control circuit 201. For example, the first digital signal 𝐼′[𝑘] and the second digital signal 𝑄′[𝑘]

respectively meet the following formulas: 35 

𝐼′[𝑘] = Re{(𝐼𝑘 + 𝑗𝑄𝑘) × e−𝑗2π∆𝑓𝑘T𝑠+𝜃𝑜} (1) 

𝑄′[𝑘] = Im{(𝐼𝑘 + 𝑗𝑄𝑘) × e−𝑗2π∆𝑓𝑘T𝑠+𝜃𝑜} (2) 

𝐼𝑘 + 𝑗𝑄𝑘  is a digital signal obtained by the data sampling circuit 203 by sampling the first analog signal, Ts is 

the sampling clock of the data sampling circuit 203, 𝜃𝑜 is a sampling phase deviation of the data sampling circuit 

203, ∆𝑓 is a sampling frequency deviation of the data sampling circuit 203, and k is an index. 40 

The clock control circuit 201 may determine a sampling clock deviation of the data sampling circuit 203 based 

on the first digital signal and the second digital signal, and based on the sampling clock deviation. For example, the 
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clock control circuit 201 determines a first deviation signal between 𝐼′[𝑘]  and 𝐼𝑘 : error_s_I= 𝐼′[𝑘] −

I[𝑘]=
1

𝑚
∑ (𝐼𝑖 − 𝐼𝚤 )2𝑚
𝑖=1 . For example, the clock control circuit 201 determines a second deviation signal between 𝑄′[𝑘]

and 𝑄𝑘: error_s_Q=𝑄′[𝑘] − Q[𝑘]=
1

𝑚
∑ (𝑄𝑖 − 𝑄𝚤

 )2𝑚
𝑖=1 . m is a preset integer. 

After determining the first deviation signal and the second deviation signal, the clock control circuit 201 may 

determine the sampling clock deviation based on the first deviation signal and the second deviation signal: 5 

err_clock=error_s_I+jerror_s_Q. Then a clock control signal err_clock is generated based on the sampling clock 

deviation. The clock control signal err_clock may be a linear function of a deviation signal err_clock. For example, 

error_s=k(err_clock), where k is greater than 0. It can be understood that, when error_s is the smallest, err_clock is 

also the smallest. Therefore, a value and a direction of err_clock may be adjusted based on error_s. 

It can be understood that, through a plurality of times of adjustment by the clock recovery circuit 202, the 10 

sampling clock deviation of the data sampling circuit 203 can be gradually reduced, in other words, error_s is gradually 

reduced. Correspondingly, an adjustment amount, indicated by a clock control signal, of the clock recovery circuit 

202 for the sampling clock is also reduced. To be specific, through different times of adjustment, the clock recovery 

circuit 202 generates different clock control signals. For ease of description, a clock control signal determined by the 

clock control circuit 201 for the first time may be referred to as a first clock control signal. How the clock recovery 15 

circuit 202 adjusts the sampling clock of the data sampling circuit 203 based on a clock control signal fed back by the 

clock control circuit 201 is described below by using an example in which a clock control signal generated by the 

clock control circuit 201 is the first clock control signal. 

In this embodiment of this application, the sampling clock of the data sampling circuit 203 can be locked at the 

optimal sampling clock. For example, the clock recovery circuit 202 processes a sampling clock for an analog signal 20 

input to the data sampling circuit 203, and determines, based on a processing result, whether the sampling clock of 

the data sampling circuit 203 is the optimal sampling clock. For example, the clock recovery circuit splits the input 

analog signal into two signals, and controls delay duration of the two signals to adjust the sampling clock of the data 

sampling circuit. 

In a possible design, the clock recovery circuit 202 may include a signal splitter 2021, a first delayer 2022, a 25 

second delayer 2023, and a multiplication circuit 2024. The signal splitter 2021 is configured to split the first analog 

signal into a first analog sub-signal 𝑟𝐼𝐹(𝑡)  and a second analog sub-signal 𝑟𝐼𝐹(𝑡) . 𝑟𝐼𝐹(𝑡)  meets the following 

formula: 𝑟𝐼𝐹(𝑡) = 𝑟𝑒𝑎𝑙(𝐴(𝑡)´ 𝑒𝑥𝑝(𝑗´2´𝜋´𝑓0´𝑡)), where 𝐴(𝑡) is the first analog signal, 𝑓0 is a carrier frequency, 

t is time, 𝑟𝑒𝑎𝑙 indicates to obtain a real part of a complex number, and exp is an exponential function. The first 

analog sub-signal 𝑟𝐼𝐹(𝑡) is output to the first delayer 2022, and the second analog sub-signal 𝑟𝐼𝐹(𝑡) is output to the 30 

second delayer 2023. The first clock control signal is separately fed back to input ends of the first delayer 2022 and 

the second delayer 2023. It should be noted that the signal splitter 2021 may alternatively be a power splitter, provided 

that one signal can be split into two signals. For example, the signal splitter 2021 may be a one-two power splitter. 

The first delayer 2022 may delay the first analog sub-signal 𝑟𝐼𝐹(𝑡) based on the first clock control signal, and 

the second delayer 2023 may delay the second analog sub-signal 𝑟𝐼𝐹(𝑡) based on the first clock control signal. It is 35 

assumed that the first analog sub-signal 𝑟𝐼𝐹(𝑡) is delayed by duration 𝜏1, and the second analog sub-signal 𝑟𝐼𝐹(𝑡)

is delayed by duration 𝜏2, a delayed first analog sub-signal 𝑟𝐼𝐹(𝑡) is denoted as 𝑟𝐼𝐹(t–𝜏1), and a delayed second 

analog sub-signal 𝑟𝐼𝐹(𝑡) is denoted as 𝑟𝐼𝐹(t–𝜏2). After 𝑟𝐼𝐹(t–𝜏1) and 𝑟𝐼𝐹(t–𝜏2) pass through the multiplication circuit 

2024, a first signal is obtained: S1(t)=𝑟𝐼𝐹(t–𝜏1) 𝑟𝐼𝐹(t–𝜏2). After a high-frequency component is filtered out from the 

first signal S1(t) by using the low-pass filter, the following may be obtained: 40 
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S2(t) = Re {∑ 𝐴𝑛

+∞

𝑛=−∞
× 𝑒𝑗𝜃𝑛−2𝑗𝜋𝑓𝐼𝐹(𝜏2−𝜏1) × g(𝑡 − 𝑛𝑇𝑠) × g(𝑡 − 𝑛𝑇𝑠 − 𝑇𝑠 − 𝜏)}

≈ Re{𝑒−2𝑗𝜋𝑓𝐼𝐹
𝑇 𝑠 × 𝑒−𝑗∈𝐷 × ∑ 𝐴𝑛

+∞
𝑛=−∞ × 𝑒𝑗𝜃𝑛 × 𝑔′(𝑡 − 𝑛𝑇𝑠)}, where Ts is a sampling clock expected by the data 

sampling circuit 203, A in 𝐴𝑛 is an amplitude of a signal, n is a series, a value of n ranges from a quite small negative 

number to a quite large positive integer, the function g represents an integer function, the function 𝑔′ represents an 

equivalent integer function, t represents time, τ represents π, and 𝑓𝐼𝐹 represents a carrier frequency. 5 

A power spectrum S2(𝑓) of S2(t) meets the following formula: 

S2(𝑓) = Re {𝐴𝑒−𝑗∈𝐷𝜎𝐴
2 × ∑

1

𝑇𝑠
𝐺′+∞

𝑚=−∞ (
𝑚

𝑇𝑠
) × 𝑒𝑗2𝜋𝑚/𝑓𝑇𝑠} , where ∈ 𝐷 =

(𝜏2−𝜏1)−T𝑠

𝑇𝑆
× 100% , 𝜎𝐴

2  is noise 

power, G is a frequency domain expression of the function 𝑔′, and m is an integer. 

𝑇𝑠 is the optimal sampling clock of the data sampling circuit 203. FIG. 3 shows the power spectrum S2(𝑓). A 

vertical coordinate in FIG. 3 is S2(𝑓). It can be learned from FIG. 3 that, when (𝜏2 − 𝜏1) = T𝑠, 𝐴𝑒
−𝑗∈𝐷𝜎𝐴

2 reaches 10 

a maximum value. Therefore, when 𝜏2 − 𝜏1 = T𝑠, it can be determined that the clock recovery circuit 202 has adjusted 

the sampling clock of the data sampling circuit 203 to the expected sampling clock. When 𝜏2 − 𝜏1 ≠ T𝑠, the sampling 

clock of the data sampling circuit 203 has not been adjusted to the expected sampling clock, and the clock recovery 

circuit 202 needs to continue to adjust the sampling clock of the data sampling circuit 203. To be specific, the clock 

recovery circuit 202 needs to continue to delay a received signal through the first delayer 2022 and the second delayer 15 

2023. 

It should be understood that delaying the received signal by the first delayer 2022 and the second delayer 2023 

is actually shifting the received signal in time domain. In this embodiment of this application, the first delayer 2022 

and the second delayer 2023 perform opposite shifts on the received signal in time domain. To be specific, when 𝜏1

is a positive number, 𝜏2 is a negative number; and when 𝜏1 is a negative number, 𝜏2 is a positive number. Through 20 

a plurality of times of adjustment by the clock recovery circuit 202, the sampling clock deviation of the data sampling 

circuit 203 can be gradually reduced, until the sampling clock of the data sampling circuit 203 is adjusted to the 

expected sampling clock. During a plurality of times of adjustment, the sampling clock deviation of the data sampling 

circuit 203 is gradually reduced. Therefore, duration by which the clock recovery circuit 202 delays a received signal 

through the first delayer 2022 should also be adaptively reduced. Similarly, duration by which the second delayer 25 

2023 delays a received signal should also be adaptively reduced. 

In a possible design, a plurality of delay steps may be separately predefined for the first delayer 2022 and the 

second delayer 2023. The clock recovery circuit 202 receives a clock control signal from the clock control circuit 201, 

and may select, based on a sampling clock deviation indicated by the clock control signal, a delay step matching the 

first delayer 2022 and a delay step matching the second delayer 2023. The first delayer 2022 is used as an example. A 30 

first delay step, a second delay step, and a third delay step may be predefined. The first delay step is greater than the 

second delay step, and the second delay step is greater than the third delay step. If a clock control signal received by 

the first delayer 2022 from the clock control circuit 201 indicates that a sampling clock deviation is greater than or 

equal to a first value, the first delayer 2022 delays the first analog sub-signal based on the first delay step 𝜏11 to 

obtain a delayed signal, which is denoted as 𝑟𝐼𝐹(t–𝜏11). If a clock control signal received by the first delayer 2022 35 

from the clock control circuit 201 indicates that a sampling clock deviation is greater than or equal to a second value, 

the first delayer 2022 delays the first analog sub-signal based on the second delay step 𝜏12 to obtain a delayed signal, 

which is denoted as 𝑟𝐼𝐹(t–𝜏12). The first value is greater than the second value. 

Similarly, for the second delayer 2023, a fourth delay step, a fifth delay step, and a sixth delay step may also be 

predefined. The fourth delay step is greater than the fifth delay step, and the fifth delay step is greater than the sixth 40 
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delay step. If a clock control signal received by the second delayer 2023 from the clock control circuit 201 indicates 

that a sampling clock deviation is greater than or equal to a first value, the second delayer 2023 delays the first analog 

sub-signal based on the fourth delay step 𝜏21 to obtain a delayed signal, which is denoted as 𝑟𝐼𝐹(t–𝜏21). If a clock 

control signal received by the second delayer 2023 from the clock control circuit 201 indicates that a sampling clock 

deviation is greater than or equal to a second value, the second delayer 2023 delays the first analog sub-signal based 5 

on the fifth delay step 𝜏22 to obtain a delayed signal, which is denoted as 𝑟𝐼𝐹(t–𝜏22). It can be understood that the 

first delay step, the second delay step, and the third delay step are positive numbers, and the fourth delay step, the fifth 

delay step, and the sixth delay step are negative numbers; or the first delay step, the second delay step, and the third 

delay step are negative numbers, and the fourth delay step, the fifth delay step, and the sixth delay step are positive 

numbers. In this embodiment of this application, values of the first delay step, the second delay step, and the third 10 

delay step are not limited, and values of the fourth delay step, the fifth delay step, and the sixth delay step are not 

limited either. 

It should be noted that some or all of the signal splitter 2021, the first delayer 2022, the second delayer 2023, and 

the multiplication circuit 2024 may be integrated together. For example, the first delayer 2022 and the second delayer 

2023 may be integrated together as one component. 15 

The first delayer 2022 and the second delayer 2023 feed back a generated signal to the clock control circuit 201, 

and the clock control circuit 201 determines whether the first delayer 2022 and the second delayer 2023 have adjusted 

a current sampling clock of the data sampling circuit 203 to the expected sampling clock. For ease of description, a 

signal generated by the first delayer 2022 is referred to as a first delayed signal, and a signal generated by the second 

delayer 2023 is referred to as a second delayed signal. 20 

The clock control circuit 201 receives the first delayed signal from the first delayer 2022, receives the second 

delayed signal from the second delayer 2023, and determines whether the clock recovery circuit 202 has adjusted a 

current sampling clock of the data sampling circuit 203 to the expected sampling clock. For example, the clock control 

circuit 201 includes a decider 2012. The decider 2012 determines, based on the first delayed signal, first duration by 

which the first analog sub-signal is delayed, and determines, based on the second delayed signal, second duration by 25 

which the second analog sub-signal is delayed. If a deviation between the sampling clock Ts expected by the data 

sampling circuit 203 and a difference between the first duration and the second duration is greater than a first threshold, 

a first signal obtained by the multiplication circuit 2024 by multiplying the first delayed signal by the second delayed 

signal, namely, a clock signal generated by the clock recovery circuit 202, is not the target clock signal. In other words, 

the clock recovery circuit 202 is incapable of generating the target clock signal. 30 

In this case, the clock control circuit 201 continues to calculate a sampling clock deviation based on an I signal 

and a Q signal that are received from the data sampling circuit 203, and generates a new clock control signal based on 

the sampling clock deviation. For example, the new clock control signal is referred to as a second clock control signal. 

For example, a processor 2011 in the clock control circuit 201 calculates a sampling clock deviation based on an I 

signal and a Q signal that are received from the data sampling circuit 203, and generates a second clock control signal 35 

based on the sampling clock deviation. The second clock control signal may indicate that a sampling clock deviation 

of the data sampling circuit 203 is less than a second threshold. The second clock control signal is fed back to the first 

delayer 2022 and the second delayer 2023. The first delayer 2022 and the second delayer 2023 separately delay a 

received signal based on the second clock control signal, and feed back a generated delayed signal to the clock control 

circuit 201 again, and so on, until the clock control circuit 201 determines that a deviation between the sampling clock 40 

Ts expected by the data sampling circuit 203 and a difference between delay duration corresponding to a first delayed 

signal and delay duration corresponding to a second delayed signal is less than or equal to the first threshold. In this 
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case, the clock control circuit 201 feeds back an indication signal to the first delayer 2022 and the second delayer 

2023, where the indication signal indicates that a sampling clock deviation of the data sampling circuit 203 is less than 

the first threshold. A first signal obtained by the multiplication circuit 2024 by multiplying the first delayed signal by 

the second delayed signal is the target clock signal. It should be understood that the indication signal is a special 

example of a clock control signal, and a specific implementation form of the indication signal is the same as that of 5 

the clock control signal. It can be understood that, if a sampling clock of the data sampling circuit 203 reaches the 

expected sampling clock through adjustment but an actual sampling clock of the data sampling circuit 203 deviates 

from the expected sampling clock during subsequent use, the sampling clock of the data sampling circuit 203 may be 

further adjusted by using the foregoing method, to make the actual sampling clock of the data sampling circuit 203 

reach the expected sampling clock to a maximum extent. 10 

A high-frequency component included in the first signal output by the multiplication circuit 2024 may cause 

interference. Therefore, in a possible design, the clock recovery circuit 202 may further include a functional module 

for filtering out the high-frequency component from the first signal. For example, as shown in FIG. 4, in addition to 

the multiplication circuit 2024, the clock recovery circuit 202 may further include a low-pass filter 2025 connected to 

the multiplication circuit 2024. The low-pass filter 2025 may filter out the high-frequency component from the first 15 

signal, to reduce interference that may be caused by the first signal. 

If an amplitude of the first signal is excessively large, the target clock signal may be inaccurate due to saturation. 

Therefore, the clock recovery circuit 202 may further include an amplitude limiting amplifier 2026 connected to the 

low-pass filter 2025. For example, the clock recovery circuit 202 may include the multiplication circuit 2024, the low-

pass filter 2025, and the amplitude limiting amplifier 2026, as shown in FIG. 4. The amplitude limiting amplifier 2026 20 

may filter out a component whose amplitude is greater than a preset amplitude from a signal output by the low-pass 

filter 2025, to reduce a probability that the first signal causes amplitude saturation. 

If a frequency of a signal output by the amplitude limiting amplifier 2026 cannot be fixed, a sampling clock may 

be unable to converge, in other words, the sampling clock is unstable. Therefore, the clock recovery circuit 202 may 

further include a phase-locked loop 2027 connected to the amplitude limiting amplifier 2026. For example, the clock 25 

recovery circuit 202 may include the multiplication circuit 2024, the low-pass filter 2025, the amplitude limiting 

amplifier 2026, and the phase-locked loop 2027, as shown in FIG. 4. The phase-locked loop 2027 may enable a 

frequency of the target clock signal to be consistent with a frequency of the first signal output by the multiplication 

circuit 2024, to reduce a probability that a sampling clock is unstable due to phase instability. 

As shown in FIG. 5, the communication apparatus provided in this embodiment of this application may further 30 

include a phase locking module 204. For example, the communication apparatus includes the clock control circuit 201, 

the clock recovery circuit 202, the data sampling circuit 203, and the phase locking module 204. The clock control 

circuit 201 may be configured to eliminate a sampling phase deviation of the data sampling circuit 203. Specifically, 

the phase locking module 204 may include a phase detector 2041, a voltage-controlled oscillator 2042, and a low-pass 

filter 2043. An input end of the phase detector 2041 is connected to the clock control circuit 201. An output end of the 35 

phase detector 2041 is connected to an input end of the voltage-controlled oscillator 2042. An output end of the 

voltage-controlled oscillator 2042 is connected to an input end of the low-pass filter 2043. An output end of the low-

pass filter 2043 is connected to the data sampling circuit. 

The processor 2011 in the clock control circuit 201 may determine the sampling phase deviation of the data 

sampling circuit based on a first digital signal and a second digital signal that are received from the data sampling 40 

circuit 203. For ease of description, the first digital signal is denoted as I′(k), and the second digital signal is denoted 

as Q′(k). Assuming that there is no sampling phase deviation, a signal output by the digital sampling circuit 203 is 
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𝐼𝑘 + 𝑗𝑄𝑘 . The following is obtained: 

I′(k) = Re{(𝐼𝑘 + 𝑗𝑄𝑘) × 𝑒−2𝑗𝜋∆𝑓𝑘Ts+𝜃0}; and 

Q′(k) = Im{(𝐼𝑘 + 𝑗𝑄𝑘) × 𝑒−2𝑗𝜋∆𝑓𝑘Ts+𝜃0}, where 

∆𝑓 is a frequency deviation, and 𝜃0 is the sampling phase deviation, to be specific, a deviation between an 

expected sampling clock and an actual sampling clock, as shown in FIG. 6. 5 

The processor 2011 in the clock control circuit 201 may extract a deviation signal (error) between 𝐼𝑘 + 𝑗𝑄𝑘  and 

I′(k)+Q′(k). It can be learned from the foregoing descriptions that error=
1

𝑚
∑ (𝐼𝑖 − 𝐼𝚤 )2𝑚
𝑖=1 +

1

𝑚
∑ (𝑄𝑖 − 𝑄𝚤

 )2𝑚
𝑖=1 . The 

processor 2011 feeds back the deviation signal to the phase detector 2041, and the voltage-controlled oscillator 2042 

determines a sampling phase deviation. The voltage-controlled oscillator 2042 generates a third control signal based 

on the sampling phase deviation, the low-pass filter 2043 filters out a high-frequency component from the third control 10 

signal, and a signal obtained through filtering is output to the data sampling circuit 203. To reduce resource usage, the 

third control signal may indicate to increase or decrease a sampling phase, to ensure stability of a sampling phase of 

the data sampling circuit 203. 

In the communication apparatus provided in this embodiment of this application, the sampling clock of the data 

sampling circuit 203 (namely, an ADC) can be locked at the expected sampling clock (the optimal sampling clock). 15 

Because the ADC is locked to operate at the optimal sampling clock, a digital signal obtained through sampling can 

retain wanted information of a raw analog signal without oversampling on the raw analog signal. Because a sampling 

frequency of the ADC is irrelevant to a value of bandwidth of the raw analog signal, analog signals at various types 

of bandwidth can be sampled. In addition, because the ADC does not need to oversample the raw analog signal, 

complexity of the ADC or complexity of a filter in the receiver is not increased even in a high-bandwidth scenario. 20 

In embodiments provided in this application, the communication apparatus provided in embodiments of this 

application is described from a perspective of signal processing and transmission paths between circuits (or 

components or functional modules) included in the communication apparatus. Functional modules included in the 

communication apparatus may be hardware structures and/or software modules, and the foregoing functions are 

implemented in a form of a hardware structure, a software module, or a combination of a hardware structure and a 25 

software module. Whether a specific function of the foregoing functions is performed by a hardware structure, a 

software module, or a combination of a hardware structure and a software module depends on particular applications 

and design constraints of the technical solutions. 

For example, circuits (or components or functional modules) included in the communication apparatus may be 

independent of each other, or may be integrated together, or may be coupled to each other. For example, the 30 

communication apparatus may be a chip system. In embodiments of this application, the chip system may include a 

chip, or may include a chip and another discrete component. For specific functions, refer to the descriptions in the 

foregoing embodiments. 

For another example, the processor 2011 and the decider 2012 may be independent of each other, or may be 

coupled together. The processor 2011 and the decider 2012 that are coupled together may also be referred to as a 35 

processor. The processor may also be referred to as a processing unit or a processing module, and may implement a 

specific control function. The processor may be a general-purpose processor, a dedicated processor, or the like. For 

example, the processor includes a central processing unit, an application processor, a modem processor, a graphics 

processing unit, an image signal processor, a digital signal processor, a video codec processor, a controller, a memory, 

and/or a neural network processor. The central processing unit may be configured to control the communication 40 

apparatus, execute a software program, and/or process data. Different processors may be independent components, or 
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may be integrated into one or more processors, for example, integrated into one or more application-specific integrated 

circuits. 

The coupling in embodiments of this application may be an indirect coupling or a communication connection 

between apparatuses, units, or modules in an electrical form, a mechanical form, or another form, and is used for 

information exchange between the apparatuses, the units, or the modules. A plurality of modules that are coupled to 5 

each other may operate cooperatively. 

It should be noted that the communication apparatus in the foregoing embodiments may alternatively be a circuit, 

or may be a chip used in a device, or another combined device or component that has a function of the foregoing 

communication apparatus, or the like. 

An embodiment of this application further provides a receiver. The receiver includes the communication 10 

apparatus in the foregoing embodiment. The receiver further includes other necessary functional components, for 

example, a transceiver and an antenna. The transceiver may be referred to as a transceiver unit, a transceiver module, 

a transceiver device, a transceiver circuit, an input/output interface, or the like, and is configured to implement a 

transceiver function of the receiver through the antenna. 

The communication apparatus described in this specification may be implemented as an independent device (for 15 

example, an independent integrated circuit or a mobile phone) or a part of a large device (for example, a module that 

may be embedded in another device). For details, refer to the foregoing descriptions about a terminal device and a 

network device. Details are not described herein again. 

Optionally, the communication apparatus may further include one or more of the following components: a 

wireless communication module, an audio module, an external memory interface, an internal memory, a universal 20 

serial bus (universal serial bus, USB) interface, a power management module, an antenna, a speaker, a microphone, 

an input/output module, a sensor module, a motor, a camera, a display, or the like. It can be understood that, in some 

embodiments, the communication apparatus may include more or fewer components, or some components are 

integrated, or some components are split. The components may be implemented by hardware, software, or a 

combination of software and hardware. 25 

Based on the same inventive concept, an embodiment of this application further provides a signal sampling 

method. The method is applied to a receiver. The receiver includes a communication apparatus. The communication 

apparatus includes a clock control circuit 201, a clock recovery circuit 202, and a data sampling circuit 203. The 

method includes: The clock control circuit 201 determines a sampling clock deviation of the data sampling circuit 203, 

and generates a first clock control signal based on the sampling clock deviation, where the first clock control signal is 30 

used to adjust a sampling clock of the data sampling circuit 203. The clock recovery circuit 202 adjusts the sampling 

clock of the data sampling circuit 203 based on the first clock control signal, and sends a clock signal to the data 

sampling circuit 203. The data sampling circuit 203 samples an input analog signal based on the clock signal. 

In a possible implementation, the first clock control signal indicates that the sampling clock deviation of the data 

sampling circuit 203 is less than a first threshold, the clock signal is a target clock signal, and the target clock signal 35 

is capable of generating a sampling clock expected by the data sampling circuit 203. 

In a possible implementation, the clock recovery circuit 202 includes a signal splitter 2021, a first delayer 2022, 

a second delayer 2023, and a multiplication circuit 2024. The first delayer 2022 is connected to the signal splitter 2021 

and the clock control circuit 201, and the second delayer 2023 is connected to the signal splitter 2021 and the clock 

control circuit 201. The signal splitter 2021 splits an input analog signal into a first analog sub-signal and a second 40 

analog sub-signal. The first delayer 2022 delays the first analog sub-signal based on the first clock control signal to 

obtain a first delayed signal, and outputs the first delayed signal to the multiplication circuit 2024 and the clock control 
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circuit 201. The second delayer 2023 delays the second analog sub-signal based on the first clock control signal to 

obtain a second delayed signal, and outputs the second delayed signal to the multiplication circuit 2024 and the clock 

control circuit 201. The multiplication circuit 2024 multiplies the first delayed signal by the second delayed signal to 

obtain a first signal, and outputs the first signal to the data sampling circuit 203. 

In a possible implementation, the clock control circuit 201 includes a processor 2011 and a delayer 2012. The 5 

processor 2011 determines the sampling clock deviation based on a first digital signal and a second digital signal that 

are output by the data sampling circuit 203, and generates the first clock control signal based on the sampling clock 

deviation. The first digital signal is a real component obtained by the data sampling circuit 203 by sampling the input 

analog signal, and the second digital signal is an imaginary component obtained by the data sampling circuit 203 by 

sampling the input analog signal. The decider 2012 determines, based on the first delayed signal and the second 10 

delayed signal, that the clock recovery circuit 202 is incapable of generating the target clock signal, and outputs a 

second clock control signal to the clock recovery circuit 202. 

In a possible implementation, the decider 2012 further determines, based on the first delayed signal and the 

second delayed signal, that the clock recovery circuit 202 is capable of generating the target clock signal, and outputs 

an indication signal to the clock recovery circuit 202. The indication information indicates that the sampling clock of 15 

the data sampling circuit 203 does not need to be adjusted. 

In a possible implementation, the decider 2012 is specifically configured to: determine, based on the first delayed 

signal, first duration by which the first analog sub-signal is delayed; determine, based on the second delayed signal, 

second duration by which the second analog sub-signal is delayed; and when a deviation between the sampling clock 

expected by the data sampling circuit 203 and a difference between the first duration and the second duration is greater 20 

than the first threshold, determine that the clock recovery circuit 202 is incapable of generating the target clock signal. 

In a possible implementation, the first delayer 2022 delays the first analog sub-signal based on a first delay step 

when the first clock control signal indicates that the sampling clock deviation is greater than or equal to a first value, 

or the first delayer 2022 delays the first analog sub-signal based on a second delay step when the first clock control 

signal indicates that the sampling clock deviation is less than the first value, where the first delay step is greater than 25 

the second delay step; and the second delayer 2023 delays the second analog sub-signal based on a third delay step 

when the first clock control signal indicates that the sampling clock deviation is greater than or equal to a first value, 

or the second delayer 2023 delays the second analog sub-signal based on a fourth delay step when the first clock 

control signal indicates that the sampling clock deviation is less than the first value, where the third delay step is 

greater than the fourth delay step. 30 

In a possible implementation, the clock recovery circuit 202 further includes a first low-pass filter 2025 connected 

to the multiplication circuit 2024, and the first low-pass filter 2025 is configured to filter out a high-frequency 

component from the first signal. 

In a possible implementation, the clock recovery circuit 202 further includes an amplitude limiting amplifier 

2026 connected to the first low-pass filter 2025, and the amplitude limiting amplifier 2026 is configured to filter out 35 

a component whose amplitude is greater than a first amplitude from a signal output by the first low-pass filter 2025. 

In a possible implementation, the clock recovery circuit 202 further includes a phase-locked loop 2027 connected 

to the amplitude limiting amplifier 2026, and the phase-locked loop 2027 is configured to enable a frequency of the 

target clock signal to be consistent with a frequency of the first signal. 

In a possible implementation, the communication apparatus further includes a phase locking module 204, the 40 

phase locking module 204 is separately connected to the clock control circuit 201 and the data sampling circuit 203, 

and the method further includes: The phase locking circuit 204 determines a sampling phase deviation of the data 
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sampling circuit 203 based on an error signal, generates a third control signal based on the sampling phase deviation, 

and outputs the third control signal to the data sampling circuit 203. The error signal is an error signal between the 

first digital signal and the second digital signal that are output by the data sampling circuit 203. The third control 

signal indicates the data sampling circuit 203 to adjust a sampling phase. 

In a possible implementation, the phase locking module includes a phase detector 2041, a voltage-controlled 5 

oscillator 2042, and a second low-pass filter 2043 that are sequentially connected to the clock control circuit 201. An 

input end of the second low-pass filter 2043 is connected to the voltage-controlled oscillator 2042, and an output end 

of the second low-pass filter 2043 is connected to the data sampling circuit 203. 

An embodiment of this application further provides a communication system. Specifically, the communication 

system includes the communication apparatus and the sending apparatus in any one of FIG. 2 to FIG. 5. For details, 10 

refer to related descriptions in the foregoing method embodiments. Details are not described herein again. 

An embodiment of this application further provides a computer-readable storage medium, including instructions. 

When the instructions are run on a computer, the computer is enabled to implement the functions of the communication 

apparatus in any one of FIG. 2 to FIG. 5. 

An embodiment of this application further provides a computer program product, including instructions. When 15 

the instructions are run on a computer, the computer is enabled to implement the functions of the communication 

apparatus in any one of FIG. 2 to FIG. 5. 

An embodiment of this application provides a chip system. The chip system includes a processor, and may further 

include a memory, so that a device on which the chip system is installed implements the functions of the 

communication apparatus in any one of FIG. 2 to FIG. 5. The chip system may include a chip, or may include a chip 20 

and another discrete component. 

It should be understood that sequence numbers of the foregoing processes do not mean execution sequences in 

embodiments of this application. The execution sequences of the processes should be determined based on functions 

and internal logic of the processes, and should not be construed as any limitation on implementation processes of 

embodiments of this application. 25 

A person of ordinary skill in the art may be aware that various illustrative logical blocks (illustrative logical block) 

and steps (step) described with reference to embodiments disclosed in this specification can be implemented by 

electronic hardware or a combination of computer software and electronic hardware. Whether the functions are 

performed by hardware or software depends on particular applications and design constraints of the technical solutions. 

A person skilled in the art may use different methods to implement the described functions for each particular 30 

application, but it should not be considered that the implementation goes beyond the scope of this application. 

It can be clearly understood by a person skilled in the art that, for ease and brevity of description, for detailed 

working processes of the foregoing system, apparatus, and unit, reference may be made to corresponding processes in 

the foregoing method embodiments. Details are not described herein again. 

In several embodiments provided in this application, it should be understood that the disclosed system, apparatus, 35 

and method may be implemented in other manners. For example, the described apparatus embodiments are merely 

examples. For example, division into the units is merely logical function division and may be other division during 

actual implementation. For example, a plurality of units or components may be combined or integrated into another 

system, or some features may be ignored or not performed. In addition, the shown or discussed mutual couplings or 

direct couplings or communication connections may be implemented through some interfaces. The indirect couplings 40 

or communication connections between the apparatuses or units may be implemented in electrical, mechanical, or 

other forms. 
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The units described as separate components may or may not be physically separate, and components shown as 

units may or may not be physical units, to be specific, may be located in one place, or may be distributed on a plurality 

of network units. Some or all of the units may be selected according to actual requirements to achieve objectives of 

solutions of embodiments. 

When the functions are implemented in a form of a software functional unit and sold or used as an independent 5 

product, the functions may be stored in a computer-readable storage medium. Based on such an understanding, the 

essentially contributing part of the technical solutions of this application 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 the methods described in embodiments of this application. 10 

The storage medium includes any medium that can store program code, for example, 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 a compact disc. 

It should be noted that a connection in this application describes a connection relationship between two objects, 

and may represent two connection relationships. For example, a connection between A and B may represent two cases: 15 

A is directly connected to B, and A is connected to B through C. In addition, it should be understood that, in 

descriptions of this application, the terms "first", "second", and the like are merely used for distinguishing and 

description, but should not be understood as indicating or implying relative importance, and should not be understood 

as indicating or implying a sequence either. In addition, the system structure and the service scenario provided in 

embodiments of this application are mainly intended to explain some possible implementations of the technical 20 

solutions of this application, and should not be construed as a unique limitation on the technical solutions of this 

application. A person of ordinary skill in the art may know that, with evolution of a system and emergence of an 

updated service scenario, the technical solutions provided in this application are also applicable to a same or similar 

technical problem. 

Clearly, a person skilled in the art can make various modifications and variations to this application without 25 

departing from the scope of this application. This application is intended to cover these modifications and variations 

of this application provided that they fall within the scope of the claims of this application and equivalent technologies 

thereof. 
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CLAIMS 

1. A communication apparatus, comprising a clock control circuit, a data sampling circuit, and a clock recovery 

circuit, wherein 

the clock control circuit is configured to determine a sampling clock deviation of the data sampling circuit, and 

generate a first clock control signal based on the sampling clock deviation, wherein the first clock control signal is 5 

used to adjust a sampling clock of the data sampling circuit;

the clock recovery circuit is configured to adjust the sampling clock of the data sampling circuit based on the 

first clock control signal, and send a clock signal to the data sampling circuit; and

the data sampling circuit is configured to sample an input analog signal based on the clock signal. 

2. The apparatus according to claim 1, wherein when the first clock control signal indicates that the sampling 10 

clock deviation of the data sampling circuit is less than a first threshold, the clock signal is a target clock signal, and 

the target clock signal is capable of generating a sampling clock expected by the data sampling circuit. 

3. The apparatus according to claim 1 or 2, wherein the clock recovery circuit comprises: 

a signal splitter, configured to split an input analog signal into a first analog sub-signal and a second analog sub-

signal;15 

a first delayer, connected to the signal splitter and the clock control circuit, and configured to delay the first 

analog sub-signal based on the first clock control signal to obtain a first delayed signal, and output the first delayed 

signal to a multiplication circuit and the clock control circuit;

a second delayer, connected to the signal splitter and the clock control circuit, and configured to delay the second 

analog sub-signal based on the first clock control signal to obtain a second delayed signal, and output the second 20 

delayed signal to the multiplication circuit and the clock control circuit; and

the multiplication circuit, configured to multiply the first delayed signal by the second delayed signal to obtain a 

first signal, and output the first signal to the data sampling circuit. 

4. The apparatus according to claim 2 or 3, wherein the clock control circuit comprises: 

a processor, configured to determine the sampling clock deviation based on a first digital signal and a second 25 

digital signal that are output by the data sampling circuit, and generate the first clock control signal based on the 

sampling clock deviation, wherein the first digital signal is a real component obtained by the data sampling circuit by 

sampling the input analog signal, and the second digital signal is an imaginary component obtained by the data 

sampling circuit by sampling the analog signal; and

a decider, configured to determine, based on the first delayed signal and the second delayed signal, that the clock 30 

recovery circuit is incapable of generating the target clock signal, and output a second clock control signal to the clock 

recovery circuit. 

5. The apparatus according to claim 4, wherein the decider is further configured to: 

determine, based on the first delayed signal and the second delayed signal, that the clock recovery circuit is 

capable of generating the target clock signal, and output an indication signal to the clock recovery circuit, wherein the 35 

indication information indicates that the sampling clock of the data sampling circuit does not need to be adjusted. 

6. The apparatus according to claim 4, wherein the decider is specifically configured to: 

determine, based on the first delayed signal, first duration by which the first analog sub-signal is delayed;

determine, based on the second delayed signal, second duration by which the second analog sub-signal is delayed; 

and 40 

when a deviation between the sampling clock expected by the data sampling circuit and a difference between the 
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first duration and the second duration is greater than the first threshold, determine that the clock recovery circuit is 

incapable of generating the target clock signal. 

7. The apparatus according to claim 3, wherein that the first delayer delays the first analog sub-signal based on 

the first clock control signal comprises: 

the first delayer delays the first analog sub-signal based on a first delay step when the first clock control signal 5 

indicates that the sampling clock deviation is greater than or equal to a first value, or the first delayer delays the first 

analog sub-signal based on a second delay step when the first clock control signal indicates that the sampling clock 

deviation is less than the first value, wherein the first delay step is greater than the second delay step; and

that the second delayer delays the second analog sub-signal based on the first clock control signal comprises: 

the second delayer delays the second analog sub-signal based on a third delay step when the first clock control 10 

signal indicates that the sampling clock deviation is greater than or equal to a first value, or the second delayer delays 

the second analog sub-signal based on a fourth delay step when the first clock control signal indicates that the sampling 

clock deviation is less than the first value, wherein the third delay step is greater than the fourth delay step. 

8. The apparatus according to any one of claims 2 to 7, wherein the clock recovery circuit further comprises: 

a first low-pass filter, connected to the multiplication circuit, and configured to filter out a high-frequency 15 

component from the first signal. 

9. The apparatus according to claim 8, wherein the clock recovery circuit further comprises: 

an amplitude limiting amplifier, connected to the first low-pass filter, and configured to filter out a component 

whose amplitude is greater than a first amplitude from a signal output by the first low-pass filter. 

10. The apparatus according to claim 9, wherein the clock recovery circuit further comprises: 20 

a phase-locked loop, connected to the amplitude limiting amplifier, and configured to enable a frequency of the 

target clock signal to be consistent with a frequency of the first signal. 

11. The apparatus according to any one of claims 1 to 10, wherein the apparatus further comprises a phase locking 

module, the phase locking module is separately connected to the clock control circuit and the data sampling circuit, 

and the phase locking circuit is configured to: 25 

determine a sampling phase deviation of the data sampling circuit based on an error signal, and generate a third 

control signal based on the sampling phase deviation, wherein the error signal is an error signal between the first 

digital signal and the second digital signal that are output by the data sampling circuit; and

output the third control signal to the data sampling circuit, wherein the third control signal indicates the data 

sampling circuit to adjust a sampling phase. 30 

12. The apparatus according to claim 11, wherein the phase locking module comprises: 

a phase detector, connected to the clock control circuit;

a voltage-controlled oscillator, connected to the phase detector; and

a second low-pass filter, wherein an input end of the second low-pass filter is connected to the voltage-controlled 

oscillator, and an output end of the second low-pass filter is connected to the data sampling circuit. 35 

13. A signal sampling method, applied to a communication apparatus, wherein the communication apparatus 

comprises a clock control circuit, a data sampling circuit, and a clock recovery circuit, wherein 

the clock control circuit determines a sampling clock deviation of the data sampling circuit, and generates a first 

clock control signal based on the sampling clock deviation, wherein the first clock control signal is used to adjust a 

sampling clock of the data sampling circuit;40 

the clock recovery circuit adjusts the sampling clock of the data sampling circuit based on the first clock control 

signal, and sends a clock signal to the data sampling circuit; and
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the data sampling circuit samples an input analog signal based on the clock signal. 

14. The method according to claim 13, wherein when the first clock control signal indicates that the sampling 

clock deviation of the data sampling circuit is less than a first threshold, the clock signal is a target clock signal, and 

the target clock signal is capable of generating a sampling clock expected by the data sampling circuit. 

15. The method according to claim 13 or 14, wherein the clock recovery circuit comprises a signal splitter, a first 5 

delayer, a second delayer, and a multiplication circuit, the first delayer is connected to the signal splitter and the clock 

control circuit, and the second delayer is connected to the signal splitter and the clock control circuit, wherein 

the signal splitter splits an input analog signal into a first analog sub-signal and a second analog sub-signal;

the first delayer delays the first analog sub-signal based on the first clock control signal to obtain a first delayed 

signal, and outputs the first delayed signal to the multiplication circuit and the clock control circuit;10 

the second delayer delays the second analog sub-signal based on the first clock control signal to obtain a second 

delayed signal, and outputs the second delayed signal to the multiplication circuit and the clock control circuit; and

the multiplication circuit multiplies the first delayed signal by the second delayed signal to obtain a first signal, 

and outputs the first signal to the data sampling circuit. 

16. The method according to claim 14 or 15, wherein the clock control circuit comprises a processor and a delayer, 15 

wherein the processor determines the sampling clock deviation based on a first digital signal and a second digital 

signal that are output by the data sampling circuit, and generates the first clock control signal based on the sampling 

clock deviation, wherein the first digital signal is a real component obtained by the data sampling circuit by sampling 

the input analog signal, and the second digital signal is an imaginary component obtained by the data sampling circuit 

by sampling the analog signal; and20 

the decider determines, based on the first delayed signal and the second delayed signal, that the clock recovery 

circuit is incapable of generating the target clock signal, and outputs a second clock control signal to the clock recovery 

circuit. 

17. The method according to claim 16, wherein the decider further determines, based on the first delayed signal 

and the second delayed signal, that the clock recovery circuit is capable of generating the target clock signal, and 25 

outputs an indication signal to the clock recovery circuit, wherein the indication information indicates that the 

sampling clock of the data sampling circuit does not need to be adjusted. 

18. The method according to claim 16, wherein the decider is specifically configured to: 

determine, based on the first delayed signal, first duration by which the first analog sub-signal is delayed;

determine, based on the second delayed signal, second duration by which the second analog sub-signal is delayed; 30 

and 

when a deviation between the sampling clock expected by the data sampling circuit and a difference between the 

first duration and the second duration is greater than the first threshold, determine that the clock recovery circuit is 

incapable of generating the target clock signal. 

19. The method according to claim 15, wherein the first delayer delays the first analog sub-signal based on a first 35 

delay step when the first clock control signal indicates that the sampling clock deviation is greater than or equal to a 

first value, or the first delayer delays the first analog sub-signal based on a second delay step when the first clock 

control signal indicates that the sampling clock deviation is less than the first value, wherein the first delay step is 

greater than the second delay step; and

the second delayer delays the second analog sub-signal based on a third delay step when the first clock control 40 

signal indicates that the sampling clock deviation is greater than or equal to a first value, or the second delayer delays 

the second analog sub-signal based on a fourth delay step when the first clock control signal indicates that the sampling 
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clock deviation is less than the first value, wherein the third delay step is greater than the fourth delay step. 

20. The method according to any one of claims 14 to 19, wherein the clock recovery circuit further comprises a 

first low-pass filter connected to the multiplication circuit, and the first low-pass filter is configured to filter out a 

high-frequency component from the first signal. 

21. The method according to claim 20, wherein the clock recovery circuit further comprises an amplitude limiting 5 

amplifier connected to the first low-pass filter, and the amplitude limiting amplifier is configured to filter out a 

component whose amplitude is greater than a first amplitude from a signal output by the first low-pass filter. 

22. The method according to claim 21, wherein the clock recovery circuit further comprises a phase-locked loop 

connected to the amplitude limiting amplifier, and the phase-locked loop is configured to enable a frequency of the 

target clock signal to be consistent with a frequency of the first signal. 10 

23. The method according to any one of claims 13 to 22, wherein the communication apparatus further comprises 

a phase locking module, the phase locking module is separately connected to the clock control circuit and the data 

sampling circuit, and the method further comprises: 

determining, by the phase locking circuit, a sampling phase deviation of the data sampling circuit based on an 

error signal, generating a third control signal based on the sampling phase deviation, and outputting the third control 15 

signal to the data sampling circuit, wherein the error signal is an error signal between the first digital signal and the 

second digital signal that are output by the data sampling circuit, and the third control signal indicates the data 

sampling circuit to adjust a sampling phase. 

24. The method according to claim 23, wherein the phase locking module comprises: 

a phase detector, connected to the clock control circuit;20 

a voltage-controlled oscillator, connected to the phase detector; and

a second low-pass filter, wherein an input end of the second low-pass filter is connected to the voltage-controlled 

oscillator, and an output end of the second low-pass filter is connected to the data sampling circuit. 

25. A chip system, comprising: 

a communication interface, configured to input and/or output information; and25 

a processor, configured to execute a computer program, to enable a device on which the chip system is installed 

to perform the method according to any one of claims 13 to 24. 

26. A computer-readable storage medium, wherein the storage medium stores a computer program or instructions, 

and when the computer program or instructions are executed, the method according to any one of claims 13 to 24 is 

implemented. 30 

27. A transmitter, comprising the communication apparatus according to any one of claims 1 to 12. 

28. A base station, comprising the communication apparatus according to any one of claims 1 to 12.


