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RADIO FREQUENCY RESOURCE ALLOCATION METHOD,

APPARATUS, DEVICE AND SYSTEM, AND STORAGE MEDIUM

[0001] This application claims priority to Chinese Patent Application No. 201910750041.5,

filed with the China National Intellectual Property Administration on August 14, 2019 and entitled

"CHANNEL AND FREQUENCY ALLOCATION METHOD, DEVICE AND SYSTEM ", and5

Chinese Patent Application No. 201910866855.5, filed with the China National Intellectual

Property Administration on September 12, 2019 and entitled "RADIO FREQUENCY

RESOURCE ALLOCATION METHOD, APPARATUS, DEVICE AND SYSTEM, AND

STORAGE MEDIUM", which are incorporated herein by reference in their entirety.

TECHNOLOGY10

[0002] This application relates to the field of communications technologies, and in particular,

to a radio frequency resource allocation method, apparatus, device and system, and a storage

medium.

BACKGROUND

[0003] With popularization of terminals, wireless local area network (wireless LAN, WLAN)15

services are explosively increasing. More enterprise applications are deployed on mobile terminals,

and more key enterprise applications are transferred to enterprise WLAN networks. Therefore, the

WLAN networks rapidly increase in market value. However, spectrum resources are limited (13

channels), and in actual network deployment, a quantity of neighboring access points (access point,

AP) of each AP is usually more than 20. This causes a problem of co-channel interference between20

APs. Interference is a primary factor that affects user experience. Therefore, WLAN vendors focus

on how to allocate global radio frequency resources such as AP channels and frequency

bandwidths to reduce interference and increase a user rate.

[0004] In a radio frequency resource allocation manner provided in a related technology,
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network topology information (received signal strength indicator (received signal strength

indicator, RSSI) information between APs, power, and the like) is periodically collected. Then, the

APs are sorted based on the collected network topology information, and a channel is sequentially

allocated to each AP based on a sorting result. An allocation process is to resolve a combination

optimization issue, to achieve a minimum RSSI sum in a combination. Finally, the frequency5

bandwidth is allocated. If an AP has an idle secondary channel, in other words, a neighbor of the

AP does not occupy the secondary channel, the frequency bandwidth can be increased for the AP.

[0005] However, in the related technology, only RSSI information of a neighboring AP is

considered during radio frequency resource allocation, and the RSSI information can reflect only

possible interference. Therefore, when an RSSI-related indicator is used as an optimization10

indicator, although the RSSI-related indicator is optimized, actual interference usually does not

decrease, but even increases.

SUMMARY

[0006] Embodiments of this application provide a radio frequency resource allocation method,

apparatus, device, and system, and a storage medium, to reduce real interference of an entire15

network and improve experience.

[0007] According to a first aspect, a radio frequency resource allocation method is provided.

The method includes: obtaining radio frequency information of a plurality of access points APs;

for any AP in the plurality of APs, predicting, based on radio frequency information of the any AP,

load of the any AP that is in target duration after a current moment; and allocating a radio frequency20

resource to each of the plurality of APs based on load of the plurality of APs, where the radio

frequency resource includes one or a combination of a frequency bandwidth and a channel. The

load of the AP is predicted based on the radio frequency information of the AP, and the radio

frequency resource is allocated to the AP based on the load. This reduces interference on an entire

network and improves user experience.25

[0008] In an example embodiment, the radio frequency information of the any AP in the

plurality of APs includes received signal strength indicator RSSI information between the any AP

and each neighboring AP, and user usage data of the any AP. Because an RSSI and the user usage

data can reflect the load of the AP, after the radio frequency information including the RSSI
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information and the user usage data is reported, the predicted load is more accurate.

[0009] In an example embodiment, the user usage data of the any AP includes data traffic of

the any AP in a data collection period. Because the data traffic may be used to reflect the load of

the AP, after the data traffic is reported as the radio frequency information, the load predicted based

on the radio frequency information is more accurate.5

[0010] In an example embodiment, the user usage data of the any AP includes channel

utilization and an interference rate of the any AP in the data collection period. Because the data

traffic may be obtained by using the channel utilization and the interference rate, and the data

traffic may be used to reflect the load of the AP, after the channel utilization and the interference

rate are used as the radio frequency information, and the load predicted based on the radio10

frequency information is more accurate.

[0011] In an example embodiment, the predicting, based on radio frequency information of

the any AP, load of the any AP that is in target duration after a current moment includes:

determining a historical load indicator of the any AP based on the radio frequency information of

the any AP, where the historical load indicator includes one or a combination of a first historical15

load indicator and a second historical load indicator, the first historical load indicator of the any

AP is used to indicate a quantity of traffic rates of the any AP that are in the data collection period

and that exceed a reference threshold, the second historical load indicator is used to indicate an

average traffic rate of the any AP in the data collection period, and the first historical load indicator

and the second historical load indicator are used to describe historical load of the any AP; and20

predicting, based on the historical load indicator of the any AP, a predicted load indicator of the

any AP in the target duration after the current moment, where the predicted load indicator includes

one or a combination of a first predicted load indicator and a second predicted load indicator, and

the first predicted load indicator and the second predicted load indicator are used to describe

predicted load of the any AP. Because the quantity of traffic rates of the any AP that are in the data25

collection period and that exceed the reference threshold and the average traffic rate of the any AP

in the data collection period may be used to reflect the load of the AP, the load predicted based on

the quantity of traffic rates of the any AP and the average traffic rate of the any AP is more accurate.

[0012] In an example embodiment, the determining a historical load indicator of the any AP

based on the radio frequency information of the any AP includes: when the historical load indicator30

of the any AP includes the first historical load indicator, determining the first historical load
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indicator count of the any AP based on the radio frequency information of the any AP and the

following formula:

Count = ∑ � ( � � � � � > � ℎ� � � ℎ� � � ) ; and/or

when the historical load indicator of the any AP includes the second historical load

indicator, determining the second historical load indicator load of the any AP based on the radio5

frequency information of the any AP and the following formula:

Load =
�

�
∑ � � � � � � , where

the speed is the traffic rate of the any AP, the threshold is the reference threshold, m is

a total quantity of data in the data collection period, n is a positive integer greater than 1 and less

than m, when the speed > the threshold, a value of I is a first value, when the speed ≤ the threshold, 10

the value of I is a second value, and if the first value is greater than the second value, a larger count

indicates larger load, or if the first value is less than the second value, a larger count indicates

smaller load.

[0013] In an example embodiment, the first value is 1, and the second value is 0.

[0014] In an example embodiment, the allocating a radio frequency resource to each of the15

plurality of APs based on load of the plurality of APs includes: grading and sorting the plurality of

APs based on the first predicted load indicators of the plurality of APs, and sorting APs at a same

level based on the second predicted load indicators, to obtain a sorting result of the plurality of

APs; and allocating the radio frequency resource to each of the plurality of APs based on the

sorting result of the plurality of APs. The plurality of APs are sorted based on the load of the20

plurality of APs, and the radio frequency resource is allocated based on the sorting result, so that

the allocated resource is more proper, and interference is reduced.

[0015] In an example embodiment, the radio frequency resource includes the frequency

bandwidth, and the allocating the radio frequency resource to each of the plurality of APs based

on the sorting result of the plurality of APs includes: determining a quantity of allocable target25

frequency bandwidths based on one or more of a quantity of the plurality of APs, available channel

data, and a deployment environment; and allocating a frequency bandwidth resource to each of the

plurality of APs based on the quantity of target frequency bandwidths and the sorting result of the

plurality of APs. The quantity of allocated bandwidths is determined based on the quantity of the

plurality of APs, the available channel data, and the deployment environment, and then the30
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resource is allocated based on the sorting result, so that an allocation result is more accurate.

[0016] In an example embodiment, the radio frequency resource includes a channel, and the

allocating the radio frequency resource to each of the plurality of APs based on the sorting result

of the plurality of APs includes: allocating an initial channel to each of the plurality of APs based

on the sorting result of the plurality of APs; calculating an interference sum of each branch based5

on the initial channels allocated to the plurality of APs, where each branch is obtained through

combination based on the initial channels allocated to the plurality of APs; and selecting a

minimum interference sum from the interference sums obtained through calculation, and using an

initial channel corresponding to a branch of the minimum interference sum as a channel allocation

result of the plurality of APs. A channel resource is allocated based on the minimum interference10

sum. This further reduces interference.

[0017] In an example embodiment, the calculating an interference sum of each branch based

on the initial channels allocated to the plurality of APs includes: for any branch of the branches

obtained by combining the plurality of APs, calculating an interference sum of the any branch

based on the initial channels allocated to the plurality of APs and the following formula:15

Interference sum of the any branch = ∑ � � � � � [� � � ] +� , �

� � � � � � � � � � � [ � � � , � � � ] � � � � [� � � , � � � ], where

� [ � � � , � � � ] indicates whether there is channel overlapping between the � � � and the

� � � ; and � � � � � � � � , � � � � indicates whether there is a neighbor relationship between the

� � � and the � � � , and i and j are used to identify different APs in the any branch.20

[0018] In an example embodiment, third-party interference also needs to be considered for

channel allocation. If a third-party interference source is detected in a network and interference of

the third-party interference source is severe, the third-party interference source needs to be avoided.

In this case, a channel used by the third-party interference source is not used for the channel

allocation. In other words, a cloud analyzer detects whether there is the third-party interference25

source. If there is the third-party interference source, the cloud analyzer determines a channel used

by the third-party interference source. The channel used by the third-party interference source is

not allocated when a channel is allocated to an AP, to reduce interference caused by the third-party

interference source to the AP.

[0019] In an example embodiment, after the allocating a radio frequency resource to each of30
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the plurality of APs based on load of the plurality of APs, the method further includes: obtaining

network usage of the plurality of APs in the currently allocated radio frequency resource; and

comparing and evaluating the network usage of the plurality of APs in the currently allocated radio

frequency resource with network usage of the plurality of APs before the currently allocated radio

frequency resource, and obtaining a comparison evaluation indicator, where the comparison5

evaluation indicator is used to reflect a gain brought by the currently allocated radio frequency

resource.

[0020] In an example embodiment, after the obtaining a comparison evaluation indicator, the

method further includes: optimizing, based on the comparison evaluation indicator, a parameter

used for allocating the radio frequency resource. After the comparison evaluation indicator is10

obtained based on the currently allocated radio frequency resource, the parameter used for

allocating the radio frequency resource is optimized based on the comparison evaluation indicator,

so that the radio frequency resource is subsequently allocated based on the optimized parameter,

to further reduce interference.

[0021] According to a second aspect, a radio frequency resource allocation apparatus is15

provided, where the apparatus includes:

an obtaining module, configured to obtain radio frequency information of a plurality of

access points APs;

a prediction module, configured to: for any AP in the plurality of APs, predict, based

on radio frequency information of the any AP, load of the any AP that is in target duration after a20

current moment; and

an allocation module, configured to allocate a radio frequency resource to each of the

plurality of APs based on load of the plurality of APs, where the radio frequency resource includes

one or a combination of a frequency bandwidth and a channel.

[0022] In an example embodiment, the radio frequency information of the any AP in the25

plurality of APs includes received signal strength indicator RSSI information between the any AP

and each neighboring AP, and user usage data of the any AP.

[0023] In an example embodiment, the user usage data of the any AP includes data traffic of

the any AP in a data collection period.

[0024] In an example embodiment, the user usage data of the any AP includes channel30

utilization and an interference rate of the any AP in the data collection period.
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[0025] In an example embodiment, the prediction module is configured to: determine a

historical load indicator of the any AP based on the radio frequency information of the any AP,

where the historical load indicator includes one or a combination of a first historical load indicator

and a second historical load indicator, the first historical load indicator of the any AP is used to

indicate a quantity of traffic rates of the any AP that are in the data collection period and that5

exceed a reference threshold, the second historical load indicator is used to indicate an average

traffic rate of the any AP in the data collection period, and the first historical load indicator and the

second historical load indicator are used to describe historical load of the any AP; and

predict, based on the historical load indicator of the any AP, a predicted load indicator

of the any AP in the target duration after the current moment, where the predicted load indicator10

includes one or a combination of a first predicted load indicator and a second predicted load

indicator, and the first predicted load indicator and the second predicted load indicator are used to

describe predicted load of the any AP.

[0026] In an example embodiment, the prediction module is configured to: when the historical

load indicator of the any AP includes the first historical load indicator, determine the first historical15

load indicator count of the any AP based on the radio frequency information of the any AP and the

following formula:

Count = � � ( � � � � � > � ℎ� � � ℎ� � � ) ; and/or

when the historical load indicator of the any AP includes the second historical load

indicator, determine the second historical load indicator load of the any AP based on the radio20

frequency information of the any AP and the following formula:

Load =
�

�
∑ � � � � � � , where

the speed is the traffic rate of the any AP, the threshold is the reference threshold, m is

a total quantity of data in the data collection period, n is a positive integer greater than 1 and less

than m, when the speed > the threshold, a value of I is a first value, when the speed ≤ the threshold, 25

the value of I is a second value, and if the first value is greater than the second value, a larger count

indicates larger load, or if the first value is less than the second value, a larger count indicates

smaller load.

[0027] In an example embodiment, the first value is 1, and the second value is 0.

[0028] In an example embodiment, the allocation module is configured to: grade and sort the30
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plurality of APs based on the first predicted load indicators of the plurality of APs, and sort APs at

a same level based on the second predicted load indicators, to obtain a sorting result of the plurality

of APs; and allocate the radio frequency resource to each of the plurality of APs based on the

sorting result of the plurality of APs.

[0029] In an example embodiment, the radio frequency resource includes the frequency5

bandwidth, and the allocation module is configured to: determine a quantity of allocable target

frequency bandwidths based on one or more of a quantity of the plurality of APs, available channel

data, and a deployment environment, and allocate a frequency bandwidth resource to each of the

plurality of APs based on the quantity of target frequency bandwidths and the sorting result of the

plurality of APs.10

[0030] In an example embodiment, the radio frequency resource includes the channel, and the

allocation module is configured to: allocate an initial channel to each of the plurality of APs based

on the sorting result of the plurality of APs; calculate an interference sum of each branch based on

the initial channels allocated to the plurality of APs, where each branch is obtained through

combination based on the initial channels allocated to the plurality of APs; select a minimum15

interference sum from the interference sums obtained through calculation, and use an initial

channel corresponding to a branch of the minimum interference sum as a channel allocation result

of the plurality of APs.

[0031] In an example embodiment, the allocation module is configured to: for any branch,

calculate an interference sum of the any branch based on the initial channels allocated to the20

plurality of APs and the following formula:

Interference sum of the any branch = ∑ � � � � � [� � � ] +� , �

� � � � � � � � � � � [ � � � , � � � ] � � � � [� � � , � � � ], where

� [ � � � , � � � ] indicates whether there is channel overlapping between the � � � and the

� � � ; and25

� � � � � � � � , � � � � indicates whether there is a neighbor relationship between the

� � � and the � � � , and i and j are used to identify different APs in the any branch.

[0032] In an example embodiment, the obtaining module is further configured to: obtain

network usage of the plurality of APs in the currently allocated radio frequency resource; and

compare and evaluate the network usage of the plurality of APs in the currently allocated radio30
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frequency resource with network usage of the plurality of APs before the currently allocated radio

frequency resource, and obtain a comparison evaluation indicator, where the comparison

evaluation indicator is used to reflect a gain brought by the currently allocated radio frequency

resource.

[0033] In an example embodiment, the apparatus further includes: an adjustment module,5

configured to optimize, based on the comparison evaluation indicator, a parameter used for

allocating the radio frequency resource.

[0034] According to a third aspect, a radio frequency resource allocation system is provided.

The system includes a plurality of access points APs and an analysis device.

[0035] The plurality of APs are configured to report radio frequency information of the10

plurality of APs, and the analysis device is configured to allocate a radio frequency resource to

each of the plurality of APs according to the method in any one of the possible implementations

of the first aspect.

[0036] According to a fourth aspect, this application provides a network device, configured to

perform the method in any one of the first aspect and the possible implementations of the first15

aspect. Specifically, the network device includes a unit configured to perform the method in any

one of the first aspect and the possible implementations of the first aspect.

[0037] According to a fifth aspect, this application provides a network device. The network

device includes a processor, a network interface, and a memory. The network interface may be a

transceiver. The memory may be configured to store program code, and the processor is configured20

to invoke the program code in the memory, to perform the method in any one of the first aspect

and the possible implementations of the first aspect. Details are not described herein again.

[0038] According to a sixth aspect, this application provides a computer-readable storage

medium, where the computer-readable storage medium stores an instruction, and when the

instruction is run on a computer, the computer is enabled to perform the method in any one of the25

first aspect and the possible implementations of the first aspect.

[0039] According to a seventh aspect, this application provides a computer program product

including a computer program instruction. When the computer program product runs on a network

device, the network device is enabled to perform the method in any one of the first aspect and the

possible implementations of the first aspect.30

[0040] According to an eighth aspect, this application provides a chip, including a memory
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and a processor. The memory is configured to store a computer program, and the processor is

configured to invoke the computer program from the memory and run the computer program, to

perform the method in any one of the first aspect and the possible implementations of the first

aspect.

[0041] Optionally, the chip includes only a processor. The processor is configured to read and5

execute a computer program stored in a memory. When the computer program is executed, the

processor performs the method in any one of the first aspect or the possible implementations of

the first aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0042] To describe the technical solutions in embodiments of this application or in the10

background more clearly, the following briefly describes the accompanying drawings for

describing the embodiments of this application or the background.

[0043] FIG. 1 is a schematic diagram of an application scenario according to an embodiment

of this application;

[0044] FIG. 2 is a schematic interaction diagram of a radio frequency resource allocation15

method according to an embodiment of this application;

[0045] FIG. 3 is a schematic structural diagram of a branch obtained by combining APs

according to an embodiment of this application;

[0046] FIG. 4 is a schematic flowchart of a radio frequency resource allocation method

according to an embodiment of this application;20

[0047] FIG. 5 is a schematic structural diagram of a radio frequency resource allocation

apparatus according to an embodiment of this application;

[0048] FIG. 6 is a schematic structural diagram of a radio frequency resource allocation

apparatus according to an embodiment of this application; and

[0049] FIG. 7 is a schematic structural diagram of an analysis device according to an25

embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0050] The following describes the embodiments of this application with reference to the
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accompanying drawings in the embodiments of this application.

[0051] An embodiment of this application provides a radio frequency resource allocation

method. In the method, a radio frequency resource such as a channel and a frequency bandwidth

is allocated based on load prediction. Actual interference comes from an RSSI and user service

usage (hereinafter referred to as load). Therefore, in this application, an indicator is first established5

to describe the user load, and future load usage of each AP is predicted based on historical

information. Then, the radio frequency resource such as the frequency bandwidth and the channel

is allocated based on the predicted load of each AP. An allocation process is to optimize the actual

interference. An optimization objective is obtained based on both the RSSI and the load. A final

allocation result is on-demand allocation. A high-frequency bandwidth and a clean channel can be10

preferentially allocated to a heavy-load AP (the clean channel indicates that a neighboring AP of

the heavy-load AP does not share a channel with the heavy-load AP or only a few light-load APs

share a channel with the heavy-load AP). A low-frequency bandwidth is allocated to the light-load

AP, and a channel may be congested (congestion indicates that the light-load AP needs to share

the channel with another AP). Therefore, the actual interference on an entire network greatly15

decreases, and a user rate accordingly increases.

[0052] An application scenario of a technical solution provided in this embodiment of this

application is shown in FIG. 1. The scenario includes a terminal device, an AP device, a controller

(access controller, AC) device, and a cloud analyzer (network cloud engineer). The AP device and

the AC device are devices accessed through a WLAN. The cloud analyzer is a system that analyzes20

and controls a network system. The AP device provides a wireless access point, and the terminal

device accesses the AP through the WLAN. The AP device collects all data generated in a user

usage process, such as radio frequency information of the AP (such as a quantity of users, channel

utilization, and traffic), and reports the data to a cloud. The reported data can be forwarded by the

AC or the reported data cannot be forwarded by the AC. The cloud analyzer periodically processes25

the reported data, predicts, based on historical usage of each AP, load of each AP in a future period

(for example, a target duration after a current moment), and allocates a corresponding radio

frequency resource such as a frequency bandwidth and a channel to each AP based on the load and

the frequency bandwidth and a channel allocation algorithm. Then, the cloud delivers an allocation

result to the AC, and the AC delivers the bandwidth and the channel to each AP. Then, the AP30

continues to report all data obtained in a user usage process on a new frequency bandwidth and a
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new channel. The cloud analyzer compares and analyzes an allocation effect of the current channel

and the current frequency bandwidth, and calculates an experience indicator of a network and a

user, in other words, a comparison evaluation indicator, such as interference, a link rate, a latency,

and packet loss. The comparison evaluation indicator is used to present, to the user, a gain brought

by a channel and frequency bandwidth allocation algorithm. In addition, a comparison result,5

namely, the comparison evaluation indicator, is also used for optimizing a hyperparameter, for

example, a quantity of high-frequency bandwidth APs. For example, if it is found that the

interference of the network greatly increases, the quantity of high-frequency bandwidth APs is

correspondingly reduced based on interference deterioration.

[0053] As shown in FIG. 2, based on the application scenario shown in FIG. 1, an interaction10

process of a radio frequency resource allocation method provided in this embodiment of this

application may include the following eight steps: 1. Collect data: obtain radio frequency

information of each AP, for example, the radio frequency information includes RSSI information

between an AP and a neighboring AP, and user usage data, where the user usage data includes but

is not limited to information such as historical data traffic, channel utilization, and an interference15

rate. 2. Predict load: predict load in a future time period (that is, in a target duration after a current

moment) based on a historical usage status of each AP. 3. Sort APs based on the predicted load:

rank atop an AP with high load. 4. Allocate a frequency bandwidth: allocate a frequency bandwidth

to each AP, for example, the frequency bandwidth is calculated based on the load of each AP. 5.

Allocate a channel: based on an AP sequence and the allocated frequency bandwidth, optimize20

possible combinations of all APs, and select a branch of a minimum branch actual interference

sum, to obtain a channel status of each AP. 6. Deliver a configuration to an AC, and the AC delivers

the configuration to each AP. 7. Each AP continues to report usage data in a radio frequency

resource such as the newly allocated frequency bandwidth and channel, then the AP continues to

report new user usage data to a cloud, and the step 7 is the same as the step 1. 8. The cloud25

calculates a network and user experience indicator, such as interference, a rate, a latency, and

packet loss, and optimizes a parameter based on the indicators, such as a quantity of high-

frequency bandwidth APs.

[0054] Next, with reference to the process shown in FIG. 2, each of the foregoing steps is

described in detail as follows:30

[0055] 1. Collect data: Data collection is used to collect radio frequency (RF) information of
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each AP. For example, the radio frequency information of the AP includes user usage data and

RSSI information between the AP and each neighboring AP of the AP, where the user usage data

includes but is not limited to data traffic of the AP in a data collection period; or the user usage

data includes data traffic, channel utilization, and an interference rate of the AP in a data collection

period; or the user usage data includes channel utilization and an interference rate of the AP in a5

data collection period; or the user usage data includes data traffic and channel utilization of the AP

in a data collection period; or the user usage data includes data traffic and an interference rate of

the AP in a data collection period. Specific content of the radio frequency information is not limited

in this embodiment of this application, and specific content of the user usage data is not limited.

In an example embodiment, the AP may measure data based on the data collection period, and10

report measured radio frequency information to a cloud analyzer through an AC, or the AP directly

reports measured radio frequency information to a cloud analyzer.

[0056] For example, the radio frequency information reported by each AP based on the data

collection period (for example, 10s) includes raw data such as data traffic, channel utilization, and

an interference rate. For example, a plurality of APs in a network include an AP1, an AP2, and an15

AP3. A data format of the RSSI information may be shown in Table 2.1 below.

Table 2.1 RSSI information of APs

AP name (Name) AP1 AP2 AP3

AP1 –55

AP2 –55 –60

AP3 –60

[0057] It can be learned from Table 2.1 that the AP2 is a neighbor of the AP1, and an RSSI

between the AP1 and the AP2 is –55. The AP3 is a neighbor of the AP2, and an RSSI between the20

AP2 and the AP3 is –60. In addition, user usage data of the AP1, the AP2, and the AP3 is shown in

Table 2.2 below.

User usage data of APs in Table 2.2

AP name Timestamp (timestamp) Traffic rate (Speed) Interference rate
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AP1 2019-08-01 00:00:00 1.5 5

AP2 2019-08-01 00:00:10 6.2 8

AP3 2019-08-01 01:00:00 4.3 13

[0058] 2. Predict load: Load prediction is used to analyze a usage rule of each AP based on

historical load of each AP (for example, data in several weeks or several months), and predict load

of each AP in a future time period (for example, in a target duration after a current moment). This

process is executed by the cloud analyzer. In the specific time period (that is, in the target duration5

after the current moment), the cloud analyzer predicts the load of each AP based on obtained raw

data, for example, the information about the traffic in the data collection period. The current

moment is a moment of the load prediction. For example, if the target duration is 10 minutes, and

the current moment is 10:00:00, the load of the AP in the period from 10:00:00 to 10:10:00 is

predicted. Specifically, the load may be periodically predicted. Predicted period duration is not10

limited in this embodiment of this application. For example, if the load is predicted every 10

minutes, the load in each period is predicted at a start moment of the period. The start moment of

the period is the current moment, and the period duration is the target duration.

[0059] In an example embodiment, in this embodiment of this application, a first historical

load indicator count and a second historical load indicator load are used to describe load. For15

example, that load of any AP in target duration after a current moment is predicted based on radio

frequency information of the any AP includes: determining a historical load indicator of the any

AP based on the radio frequency information of the any AP, where the historical load indicator

includes one or a combination of the first historical load indicator and the second historical load

indicator; and predicting, based on the historical load indicator of the any AP, a predicted load20

indicator of the any AP in the target duration after the current moment, where the predicted load

indicator includes one or a combination of a first predicted load indicator and a second predicted

load indicator.

[0060] The first historical load indicator of the any AP is used to indicate a quantity of traffic

rates of the any AP that are in a data collection period and that exceed a reference threshold. The25

second historical load indicator is used to indicate an average traffic rate of the any AP in the data

collection period. The first historical load indicator and the second historical load indicator are

used to describe historical load of the any AP. The first predicted load indicator and the second
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predicted load indicator are used to describe predicted load of the any AP. The target duration is

not limited in this embodiment of this application, and may be set based on experience or an

application scenario, or may be appropriately adjusted based on an allocation status.

[0061] For example, the determining a historical load indicator of the any AP based on the

radio frequency information of the any AP includes: when the historical load indicator of the any5

AP includes the first historical load indicator, determining the first historical load indicator count

of the any AP based on the radio frequency information of the any AP and the following formula:

Count = � � ( � � � � � > � ℎ� � � ℎ� � � ).

[0062] The speed is the traffic rate of the AP. The threshold is the reference threshold, and may

be a fixed threshold. If the threshold is exceeded, it indicates that the AP is heavily used. When10

the speed > the threshold, a value of I is a first value, and when the speed ≤ the threshold, the value 

of I is a second value. If the first value is greater than the second value, a larger count indicates

larger load; or if the first value is less than the second value, a larger count indicates smaller load.

For example, the first value may be 1, and the second value may be 0. For example, if there are

six traffic rates in the data collection period, and three of the six traffic rates exceed the reference15

threshold, a value of the count is 3.

[0063] The value of count is used to indicate the quantity of traffic rates that are in the data

collection period and that exceed the reference threshold. Each AP uses a same criterion to

calculate the value of the count, and the value of count reflects the load of each AP. For example,

when the value of the count is determined based on the quantity of traffic rates that exceed the20

reference threshold, the first value is 1, the second value is 0, and a larger value of the count of the

AP indicates heavier load of the AP. In addition, when the value of count is determined based on

the quantity of traffic rates that exceed the reference threshold, in addition to the first value being

1 and the second value being 0, the first value and the second value may be other values. For

example, the first value is 2, and the second value is 0. Each time a traffic rate exceeds the reference25

threshold, the value of count of the AP is increased by 2, and the value of count can still indicate

the quantity of traffic rates that are in the data collection period and that exceed the reference

threshold.

[0064] In an example embodiment, in addition to determining the value of count based on the

quantity of traffic rates that exceed the reference threshold, the value of count may also be30
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determined based on a quantity of traffic rates that do not exceed the reference threshold. In this

case, the first value is 0, and the second value is 1. A smaller value of the count of the AP indicates

heavier load of the AP. The value of count can also reflect the load of the AP.

[0065] It should be noted that, when the user usage data in the radio frequency information

includes the traffic rate, the first historical load indicator count may be directly calculated based5

on the traffic rate in the user usage data. When the user usage data in the radio frequency

information does not include the traffic rate, but includes the channel utilization and the

interference rate, the traffic rate can be calculated based on the channel utilization and the

interference rate. For example, the speed = (the channel utilization – the interference rate)/the

period. In addition, a value of threshold can be adjusted according to a method of obtaining the10

speed.

[0066] For the any AP in the plurality of APs, when the historical load indicator of the any AP

includes the second historical load indicator, the second historical load indicator load of the any

AP is determined based on the radio frequency information of the any AP and the following

formula:15

Load =
�

�
∑ � � � � � � , where

m represents a total quantity of data in a current time period, namely, the data collection

period, and n is a positive integer greater than 1 and less than m.

[0067] After the historical load indicator is determined, historical data is first processed, to

obtain statistical values of the two indicators. A statistical period can be specified, for example, 3020

minutes (minute). In this case, an example in which the historical load indicator includes the first

historical load indicator and the second historical load indicator is used. A historical data format

of each AP may be shown in Table 2.3.

Table 2.3 Historical load information of each AP

AP name Timestamp Count Load

AP1 2019-08-01 00:00:00 15 5 Mbit/s (Mbps)

AP2 2019-08-01 00:30:00 20 10 Mbps

AP3 2019-08-01 01:00:00 10 8 Mbps

25
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[0068] After the historical data of each AP is processed, the load of each AP is predicted. A

rule, for example, a trend, a period, and volatility of the historical data of each AP is analyzed

according to a prediction algorithm. For example, the prediction algorithm may include algorithms

such as a gradient boosting decision tree (gradient boosting decision tree, GBDT) algorithm and a

long short-term memory (long-short term memory, LSTM) algorithm. A data feature and a5

hyperparameter of the algorithm need to be adjusted based on a specific AP. Finally, load

information of each AP in the future time period (that is, the target duration after the current

moment) is obtained.

[0069] It should be noted that the historical load indicator may include only the first historical

load indicator, or the historical load indicator may include only the second historical load indicator,10

or the historical load indicator includes the first historical load indicator and the second historical

load indicator. When the historical load indicator includes the first historical load indicator and the

second historical load indicator, the first historical load indicator may be determined in the

forgoing manner of determining the first historical load indicator, and the second historical load

indicator may be determined in the forgoing manner of determining the second historical load15

indicator.

[0070] In addition, because the historical load indicator of the any AP includes one or a

combination of the first historical load indicator and the second historical load indicator, when the

predicted load indicator of the any AP in the target duration after the current moment is predicted

based on the historical load indicator of the any AP, if the historical load indicator of the any AP20

includes only the first historical load indicator, the first predicted load indicator of the any AP is

predicted based on the first historical load indicator of the any AP. If the historical load indicator

of the any AP includes only the second historical load indicator, the second predicted load indicator

of the any AP is predicted based on the second historical load indicator of the any AP. If the

historical load indicator of the any AP includes the first historical load indicator and the second25

historical load indicator, the first predicted load indicator of the any AP is predicted based on the

first historical load indicator of the any AP, and the second predicted load indicator of the any AP

is predicted based on the second historical load indicator of the any AP.

[0071] For example, the historical load indicator of each AP includes the first historical load

indicator and the second historical load indicator. Predicted load of each AP is shown in Table 2.430

below.
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Table 2.4 Predicted load of each AP in the future period

AP name Count Load

AP1 5 5 Mbps

AP2 12 10 Mbps

AP3 15 8 Mbps

[0072] 3. Sort APs: APs are sorted based on the predicted load in the forgoing step, and a high-

load AP is ranked atop. For example, if the predicted load indicator includes only the first predicted

load indicator, the plurality of APs are sorted based on the first predicted load indicator. If the5

predicted load indicator includes only the second predicted load indicator, the plurality of APs are

sorted based on the second predicted load indicator. If the predicted load indicator includes the

first predicted load indicator and the second predicted load indicator, the plurality of APs are

graded and sorted based on the first predicted load indicators of the plurality of APs, and APs at a

same level are sorted based on the second predicted load indicator, to obtain a sorting result of the10

plurality of APs. For example, a sorting rule is that: Counts are first graded and then APs are sorted

based on levels, a high-level AP is ranked atop, APs are sorted by load when they have the same

level, and a high-load AP is ranked atop. A grading criterion is not limited in this embodiment of

this application, and may be set based on experience or an application scenario. For example, 0 to

10 are currently graded as one level and 10 to 20 are graded as another level, a result obtained by15

sorting by count is the AP3, the AP2, and the AP1. The AP3 and the AP2 are at the same level based

on the level of 0 to 10 and the another level of 10 to 20. The AP3 and the AP2 are sorted by load,

and the AP2 is ranked before the AP3. Therefore, the sorting result is shown in Table 2.5 below.

Table 2.5 Sorted APs

AP name Count Load

AP2 12 10 Mbps

AP3 15 8 Mbps

AP1 5 5 Mbps

20

[0073] It should be noted that, in addition to sorting the APs in a manner in which a high-level
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AP is ranked before a low-level AP, the APs may be sorted in a manner in which the low-level AP

is ranked before the high-level AP. A sorting manner is not limited in this embodiment of this

application. In the manner in which the low-level AP is ranked before the high-level AP, radio

frequency resources can be allocated from back to front, to be specific, the radio frequency

resources can be allocated in a manner in which the high-level AP is allocated before the low-level5

AP.

[0074] 4. Allocate a frequency bandwidth: A radio frequency resource is allocated to each of

the plurality of APs based on the sorting result of the APs. In an example embodiment, the radio

frequency resource includes a frequency bandwidth, and that allocating the radio frequency

resource to each of the plurality of APs based on the sorting result of the APs includes: determining10

a quantity of allocable target frequency bandwidths based on one or more of a quantity of the

plurality of APs, available channel data, and a deployment environment; and allocating a

frequency bandwidth resource to each of the plurality of APs based on the quantity of target

frequency bandwidths and the sorting result of the plurality of APs.

[0075] For example, if the allocable target frequency bandwidths are 40 MHz and 20 MHz. A15

quantity of 40 MHz APs and a quantity of 20 MHz APs are separately determined based on a

quantity of current APs, available channel data, whether a deployment environment is a high-

density deployment, and the like, and then the frequency bandwidth is sequentially allocated to

each of the APs. Whether the deployment environment is a high-density deployment may be

determined by a quantity of APs per unit area. For example, if the quantity of APs per unit area20

exceeds a quantity threshold, the deployment environment is a high-density deployment. If the

quantity of APs per unit area does not exceed the quantity threshold, the deployment environment

is not a high-density deployment.

[0076] For example, in the sorting manner in which the high-level AP is ranked before the

low-level AP, a high frequency bandwidth is allocated to an AP ranked atop, and a low frequency25

bandwidth is allocated to an AP ranked behind. In the sorting manner in which the low-level AP is

ranked before the high-level AP, the low frequency bandwidth is allocated to the AP ranked atop,

and the high frequency bandwidth is allocated to the AP ranked behind. For example, if the

quantity of APs using the 40 MHz frequency bandwidth is 1 and the quantity of APs using the 20

MHz frequency bandwidth is 2, based on the sorting result shown in Table 2. 5, the frequency30

bandwidth allocation result is shown in Table 2.6.
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Table 2.6 Frequency bandwidth allocation of each AP

AP name Count Load Bandwidth

AP2 12 10 Mbps 40 Mhz

AP3 15 8 Mbps 20 Mhz

AP1 5 5 Mbps 20 Mhz

[0077] 5. Allocate a channel: Channel allocation is to allocate a channel based on the forgoing

steps, including an RSSI information of a neighboring AP, the load prediction, and frequency

bandwidth sorting and allocation. In an example embodiment, the radio frequency resource is5

allocated to each of the plurality of APs based on the sorting result of the plurality of APs. Channels

are allocated based on an AP sequence. A quantity of channels needs to match that of the frequency

bandwidths.

[0078] For example, an initial channel is allocated to each of the plurality of APs based on the

sorting result of the plurality of APs. An interference sum of each branch is calculated based on10

the initial channels allocated to the plurality of APs, where each branch is obtained through

combination based on the initial channels allocated to the plurality of APs. A minimum

interference sum is selected from the interference sums obtained through calculation. An initial

channel corresponding to a branch of the minimum interference sum is used as a channel allocation

result of the plurality of APs. One or more initial channels may be allocated to each AP based on15

the frequency bandwidths. For example, FIG. 3 is used as an example. Two initial channels are

allocated to the AP2 based on the frequency bandwidth, and the two initial channels may be a

channel 36 and a channel 40, a channel 40 and a channel 44, and the like. One initial channel is

allocated to the AP3 based on the frequency bandwidth, and the initial channel may be a channel

36, a channel 40, and a channel 44. One initial channel is allocated to the AP1 based on the20

frequency bandwidth, and the initial channel may be the channel 36, the channel 40, and the

channel 44. Then, combination is performed based on the initial channel allocated to each AP, and

each combination corresponds to one branch. For example, a branch that is not indicated by a solid

line with an arrow in FIG. 3 is obtained after combination based on the initial channels of the

channel 36 and the channel 40 that are allocated to the AP2, and the initial channel of the channel25

36 allocated to the AP3 and the initial channel of the channel 44 allocated to the AP1. Then, a
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minimum actual interference sum in a combination is found according to a combination

optimization algorithm. A channel corresponding to the combination is a channel used by each AP.

Detailed logic of the combined optimization algorithm is as follows:

[0079] For any branch, an interference sum of the any branch is calculated based on the initial

channels allocated to the plurality of APs and the following formula. The following indicator is5

calculated for each branch:

Interference sum of the any branch = ∑ � � � � � [� � � ] +� , �

� � � � � � � � � � � [� � � , � � � ] � � � � [� � � , � � � ], where

� [ � � � , � � � ] indicates whether there is channel overlapping between the � � � and the

� � � ; and10

� � � � � � � � , � � � � indicates whether there is a neighbor relationship between the

� � � and the � � � , and i and j are used to identify different APs in the any branch.

[0080] With reference to Table 2.6, using the branch that is not indicated by the solid line with

the arrow in FIG. 3 as an example, 36, 40, and 44 in FIG. 3 respectively represent different

channels. For the branch that is indicated by the solid line with the arrow, an interference sum of15

the branch is calculated as follows:

( � � � � [� � � ] + � � � � [� � � ]) � [� � � , � � � ]� � � � [� � � , � � � ]

+ ( � � � � [ � � � ] + � � � � [ � � � ]) � [� � � , � � � ]� � � � [� � � , � � � ]

+ ( � � � � [ � � � ] + � � � � [ � � � ]) � [� � � , � � � ]� � � � [� � � , � � � ]

= (10 + 8) × 1 × 1 + (10 + 5) × 0 × 1 + (8 + 5) × 0 × 0 = 18.20

[0081] The load of the AP2 is 10, the load of the AP3 is 8, and the load of the AP1 is 5. It can

be seen from FIG. 3 that the channels of the AP2 are 36 and 40, the channel of the AP3 is 36, there

is channel overlapping between the channels of the AP2 and the AP3, for example, the channel 36,

and the AP2 and the AP3 have a neighbor relationship. Therefore, � � � � [� � � ] + � � � � [� � � ] = 10

+ 8, � [� � � , � � � ] = 1, � � � � [ � � � , � � � ] = 1. It can be seen from FIG. 3 that the channels of the25

AP2 are 36 and 40, the channel of the AP1 is 44, there is no channel overlapping between the AP3

and the AP1, and there is a neighbor relationship between the AP2 and the AP1. Therefore,

� � � � [� � � ] + � � � � [� � � ] = 10 + 5, � [� � � , � � � ] = 0, and � � � � [� � � , � � � ] = 1. It can be seen

from FIG. 3 that the channel of the AP3 is 36, the channel of the AP1 is 44, there is no channel

overlapping between the AP3 and the AP1, and there is no neighbor relationship between the AP130
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and the AP3. Therefore, � � � � [ � � � ] + � � � � [� � � ] = 8 + 5, � [� � � , � � � ] = 0, and � � � � [� � � , � � � ]

= 0.

[0082] Based on the foregoing manner of calculating the interference sum of the branch shown

in FIG. 3, the foregoing calculation is performed on each branch, and the channel corresponding

to the branch having the minimum interference sum is finally selected as the channel allocation5

result. For example, in the branch having the minimum interference sum, the channel 36 is

allocated to the AP2, the channel 44 is allocated to the AP3, and a channel 52 is allocated to AP1

(not shown in FIG. 3).

[0083] It should be noted that third-party interference also needs to be considered for channel

allocation. If a third-party interference source is detected in a network and interference of the third-10

party interference source is severe, the third-party interference source needs to be avoided. In this

case, a channel used by the third-party interference source is not used for channel allocation. In

other words, a cloud analyzer detects whether there is the third-party interference source. If there

is the third-party interference source, the cloud analyzer determines a channel used by the third-

party interference source. The channel used by the third-party interference source is not allocated15

when a channel is allocated to an AP, to reduce interference caused by the third-party interference

source to the AP.

[0084] 6. Delivery a configuration: After obtaining the radio frequency resource such as the

channel and the frequency bandwidth of each AP, the cloud analyzer delivers the allocation result

to the AC, and the AC delivers the allocation result to each AP. For example, a delivered data20

format may be shown in the following Table 2.7.

Table 2.7 Channel and frequency bandwidth configuration of APs

AP name Channel Bandwidth

AP2 36 40 Mhz

AP3 44 20 Mhz

AP1 52 20 Mhz

[0085] 7. Collect data: The step is the same as the step 1. A newly allocated radio frequency

resource is used for data collection.25

[0086] 8. Evaluate experience and optimize a hyperparameter: After collecting network usage
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of a user on a new channel and a frequency bandwidth, the cloud analyzer compares and evaluates

the network and user experience. A comparison evaluation indicator includes interference, a link

rate, a latency, and packet loss, and the like, the comparison evaluation indicator is used to directly

reflect a gain brought by the channel allocation and the frequency bandwidth allocation. For

example, the evaluation indicator and the gain are shown in the following Table 2.8.5

Table 2.8 Comparison evaluation

Interference Link rate Latency Packet loss

Previous period 12 120 75 20

Current period 10 150 45 5

Gain (%) –16% 25% –40% –75%

[0087] Gain = (current period –previous period)/ previous period x 100. Using the link rate as

an example, if a link rate in the current period is 150 and a link rate in the previous period is 120,

a gain of the link rate is 25% ((150 – 120)/120 x 100).10

[0088] In addition, a comparison result is also used for hyperparameter optimization. For

example, a parameter used for radio frequency resource allocation is optimized based on the

comparison evaluation indicator, for example, a quantity of high-frequency bandwidth APs, and a

reference threshold threshold used for calculating a count. For example, if it is found that

interference of the network increases greatly, the quantity of high-frequency bandwidth APs is15

correspondingly reduced based on an interference deterioration status. Therefore, after the

comparison evaluation indicator is obtained based on the currently allocated radio frequency

resource, the parameter used for allocating the radio frequency resource is optimized based on the

comparison evaluation indicator, so that when the radio frequency resource is subsequently

allocated, allocation is performed based on the optimized parameter, to further reduce interference.20

[0089] With reference to the radio frequency resource allocation process shown in FIG. 2, a

network device, for example, the cloud analyzer, is used as an example to describe in detail a radio

frequency resource allocation method. Referring to FIG. 4, the method includes the following

process.

[0090] 401: Obtain radio frequency information of a plurality of access points APs.25

[0091] In an example embodiment, radio frequency information of any AP in the plurality of
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APs includes received signal strength indicator RSSI information between the any AP and each

neighboring AP, and user usage data of the any AP.

[0092] For example, the user usage data of the any AP includes data traffic of the any AP in a

data collection period.

[0093] For example, the user usage data of the any AP includes channel utilization and an5

interference rate of the any AP in a data collection period. Alternatively, the user usage data of the

any AP includes data traffic, channel utilization, and an interference rate of the any AP in a data

collection period.

[0094] 402: For the any AP in the plurality of APs, predict, based on the radio frequency

information of the any AP, load of the any AP in target duration after a current moment.10

[0095] In an example embodiment, the predicting, based on the radio frequency information

of the any AP, the load of the any AP in the target duration after the current moment includes:

determining a historical load indicator of the any AP based on the radio frequency information of

the any AP, where the historical load indicator includes one or a combination of a first historical

load indicator and a second historical load indicator, the first historical load indicator of the any15

AP is used to indicate a quantity of traffic rates of the any AP that are in the data collection period

and that exceed a reference threshold, the second historical load indicator is used to indicate an

average traffic rate of the any AP in the data collection period, and the first historical load indicator

and the second historical load indicator are used to describe historical load of the any AP; and

predicting, based on the historical load indicator of the any AP, a predicted load indicator of the20

any AP in the target duration after the current moment, where the predicted load indicator includes

a first predicted load indicator and a second predicted load indicator, and the first predicted load

indicator and the second predicted load indicator are used to describe predicted load of the any AP.

[0096] For example, that determine the first historical load indicator and the second historical

load indicator of the any AP based on the radio frequency information of the any AP includes:25

when the historical load indicator of the any AP includes the first historical load indicator,

determining the first historical load indicator count of the any AP based on the radio frequency

information of the any AP and the following formula:

Count = � � ( � � � � � > � ℎ� � � ℎ� � � ) ; and/or

when the historical load indicator of the any AP includes the second historical load30
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indicator, determining the second historical load indicator load of the any AP based on the radio

frequency information of the any AP and the following formula:

Load =
�

�
∑ � � � � � � , where

the speed is the traffic rate of the any AP, the threshold is the reference threshold, m is

a total quantity of data in the data collection period, n is a positive integer greater than 1 and less5

than m, when the speed > the threshold, a value of I is a first value, when the speed ≤ the threshold, 

the value of I is a second value, and if the first value is greater than the second value, a larger count

indicates larger load, or if the first value is less than the second value, a larger count indicates

smaller load.

[0097] For example, the first value is 1, and the second value is 0.10

[0098] 403: Allocate a radio frequency resource to each of the plurality of APs based on load

of the plurality of APs, where the radio frequency resource includes one or a combination of a

frequency bandwidth and a channel.

[0099] In an example embodiment, the allocating the radio frequency resource to each of the

plurality of APs based on load of the plurality of APs includes: grading and sorting the plurality of15

APs based on the first predicted load indicators of the plurality of APs, and sorting APs at a same

level based on the second predicted load indicator, to obtain a sorting result of the plurality of APs,

and allocating the radio frequency resource to each of the plurality of APs based on the sorting

result of the plurality of APs.

[0100] For example, the radio frequency resource includes the frequency bandwidth, and the20

allocating the radio frequency resource to each of the plurality of APs based on the sorting result

of the plurality of APs includes: determining a quantity of allocable target frequency bandwidths

based on one or more of a quantity of the plurality of APs, available channel data, and a deployment

environment, and allocating a frequency bandwidth resource to each of the plurality of APs based

on the quantity of target frequency bandwidths and the sorting result of the plurality of APs.25

[0101] For example, the radio frequency resource includes the channel, and the allocating the

radio frequency resource to each of the plurality of APs based on the sorting result of the plurality

of APs includes: allocating an initial channel to each of the plurality of APs based on the sorting

result of the plurality of APs; calculating an interference sum of each branch based on the initial

channels allocated to the plurality of APs, where each branch is obtained through combination30
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based on the initial channel allocated to the plurality of APs; and selecting a minimum interference

sum from the interference sums obtained through calculation, and using an initial channel

corresponding to a branch of the minimum interference sum as a channel allocation result of the

plurality of APs.

[0102] For example, the calculating an interference sum of each branch based on the initial5

channels allocated to the plurality of APs includes: for any branch, calculating an interference sum

of the any branch based on the initial channels allocated to the plurality of APs and the following

formula:

Interference sum of the any branch = ∑ � � � � � [� � � ] +� , �

� � � � � � � � � � � [� � � , � � � ] � � � � [� � � , � � � ], where10

� [ � � � , � � � ] indicates whether there is channel overlapping between the � � � and the

� � � ; and � � � � � � � � , � � � � indicates whether there is a neighbor relationship between the

� � � and the � � � . i and j are used to identify different APs in the any branch.

[0103] In an example embodiment, after the allocating a radio frequency resource to each of

the plurality of APs based on load of the plurality of APs, the method further includes: obtaining15

network usage of the plurality of APs in the currently allocated radio frequency resource; and

comparing and evaluating the network usage of the plurality of APs in the currently allocated radio

frequency resource with network usage of the plurality of APs before the currently allocated radio

frequency resource, and obtaining a comparison evaluation indicator, where the comparison

evaluation indicator is used to reflect a gain brought by the currently allocated radio frequency20

resource.

[0104] For example, after the obtaining a comparison evaluation indicator, the method further

includes: optimizing, based on the comparison evaluation indicator, a parameter used for allocating

the radio frequency resource.

[0105] It should be noted that, for an implementation of the steps in the embodiment shown in25

FIG. 4, refer to the description of the steps in FIG. 2. Details are not described herein again.

[0106] According to the method provided in this embodiment of this application, the load of

the AP in the target duration after the current moment is predicted based on the radio frequency

information of the AP, and the radio frequency resource such as the channel and the frequency

bandwidth is allocated based on the predicted load, so that a clean channel is preferentially30
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allocated to a heavy-load AP. This ensures that the heavy-load AP has a high frequency bandwidth,

avoids sharing a frequency with another heavy-load AP, and greatly reduces interference.

[0107] An embodiment of this application provides a radio frequency resource allocation

apparatus. Referring to FIG. 5, the apparatus includes:

an obtaining module 501, configured to obtain radio frequency information of a5

plurality of access points APs;

a prediction module 502, configured to: for any AP in the plurality of APs, predict,

based on radio frequency information of the any AP, load of the any AP that is in target duration

after a current moment; and

an allocation module 503, configured to allocate a radio frequency resource to each of10

the plurality of APs based on load of the plurality of APs, where the radio frequency resource

includes one or a combination of a frequency bandwidth and a channel.

[0108] In an example embodiment, the radio frequency information of the any AP in the

plurality of APs includes received signal strength indicator RSSI information between the any AP

and each neighboring AP, and user usage data of the any AP.15

[0109] In an example embodiment, the user usage data of the any AP includes data traffic of

the any AP in a data collection period.

[0110] In an example embodiment, the user usage data of the any AP includes channel

utilization and an interference rate of the any AP in the data collection period.

[0111] In an example embodiment, the prediction module 502 is configured to: determine a20

historical load indicator of the any AP based on the radio frequency information of the any AP,

where the historical load indicator includes one or a combination of a first historical load indicator

and a second historical load indicator, the first historical load indicator of the any AP is used to

indicate a quantity of traffic rates of the any AP that are in the data collection period and that

exceed a reference threshold, the second historical load indicator is used to indicate an average25

traffic rate of the any AP in the data collection period, and the first historical load indicator and the

second historical load indicator are used to describe historical load of the any AP; and

predict, based on the historical load indicator of the any AP, a predicted load indicator

of the any AP in the target duration after the current moment, where the predicted load indicator

includes one or a combination of a first predicted load indicator and a second predicted load30

indicator, and the first predicted load indicator and the second predicted load indicator are used to
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describe predicted load of the any AP.

[0112] In an example embodiment, the prediction module 502 is configured to: determine the

first historical load indicator count of the any AP based on the radio frequency information of the

any AP and the following formula:

Count = ∑ � ( � � � � � > � ℎ� � � ℎ� � � ) ; and5

determine the second historical load indicator load of the any AP based on the radio

frequency information of the any AP and the following formula:

Load =
�

�
∑ � � � � � � , where

the speed is the traffic rate of the any AP, the threshold is the reference threshold, m is

a total quantity of data in the data collection period, n is a positive integer greater than 1 and less10

than m, when the speed > the threshold, a value of I is a first value, when the speed ≤ the threshold, 

the value of I is a second value, and if the first value is greater than the second value, a larger count

indicates larger load, or if the first value is less than the second value, a larger count indicates

smaller load.

[0113] For example, the first value is 1, and the second value is 0.15

[0114] In an example embodiment, the allocation module 503 is configured to: grade and sort

the plurality of APs based on the first predicted load indicators of the plurality of APs, and sort

APs at a same level based on the second predicted load indicator, to obtain a sorting result of the

plurality of APs; and allocate the radio frequency resource to each of the plurality of APs based on

the sorting result of the plurality of APs.20

[0115] In an example embodiment, the radio frequency resource includes the frequency

bandwidth, and the allocation module 503 is configured to: determine a quantity of allocable target

frequency bandwidths based on one or more of a quantity of the plurality of APs, available channel

data, and a deployment environment; and allocate a frequency bandwidth resource to plurality of

APs based on the quantity of target frequency bandwidths and the sorting result of the plurality of25

APs.

[0116] In an example embodiment, the radio frequency resource includes the channel, and the

allocation module 503 is configured to: allocate an initial channel to the plurality of APs based on

the sorting result of the plurality of APs; calculate an interference sum of each branch based on the

initial channels allocated to the plurality of APs, where each branch is obtained through30
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combination based on the initial channels allocated to the plurality of APs; and select a minimum

interference sum from the interference sums obtained through calculation, and use an initial

channel corresponding to a branch of the minimum interference sum as a channel allocation result

of the plurality of APs.

[0117] In an example embodiment, the allocation module 503 is configured to: for any branch,5

calculate an interference sum of the any branch based on the initial channels allocated to the

plurality of APs and the following formula:

Interference sum of the any branch = ∑ � � � � � [� � � ] +� , �

� � � � � � � � � � � [� � � , � � � ] � � � � [� � � , � � � ], where

� [ � � � , � � � ] indicates whether there is channel overlapping between the � � � and the10

� � � ; and

� � � � � � � � , � � � � indicates whether there is a neighbor relationship between the

� � � and the � � � , and i and j are used to identify different APs in the any branch.

[0118] In an example embodiment, the obtaining module 501 is further configured to: obtain

network usage of the plurality of APs in the currently allocated radio frequency resource; and15

compare and evaluate the network usage of the plurality of APs in the currently allocated radio

frequency resource with network usage of the plurality of APs before the currently allocated radio

frequency resource, and obtain a comparison evaluation indicator, where the comparison

evaluation indicator is used to reflect a gain brought by the currently allocated radio frequency

resource.20

[0119] In an example embodiment, referring to FIG. 6, the apparatus further includes:

an adjustment module 504, configured to optimize, based on the comparison evaluation

indicator, a parameter used for allocating the radio frequency resource.

[0120] According to the apparatus provided in this embodiment of this application, the load of

the AP that is in the target duration after the current moment is predicted based on the radio25

frequency information of the AP, and the radio frequency resource such as the channel and the

frequency bandwidth is allocated based on the predicted load, so that a clean channel is

preferentially allocated to a heavy-load AP. This ensures that the heavy-load AP has a high

frequency bandwidth, avoids sharing a frequency with another heavy-load AP, and greatly reduces

interference.30
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[0121] It should be understood that, when the apparatuses provided in FIG. 5 and FIG. 6

implement functions of the apparatuses, division of the foregoing functional modules is merely

used as an example for description. In actual application, the foregoing functions may be allocated

to different functional modules for implementation according to a requirement, in other words, an

internal structure of a device is divided into different functional modules, to implement all or some5

of the functions described above. In addition, the apparatus provided in the foregoing embodiments

and the method embodiments pertain to a same concept. For a specific implementation process

thereof, refer to the method embodiments. Details are not described herein again.

[0122] This application further provides an analysis device 1000. The analysis device 1000 is

configured to perform the foregoing method, and may be specifically the cloud analyzer shown in10

FIG. 1. As shown in FIG. 7, the analysis device 1000 includes a processor 1010 and a plurality of

communications interfaces 1020.

[0123] The processor 1010 is configured to implement an operation performed by the cloud

analyzer in the foregoing method embodiment of this application. When communicating with

another device, the processor 1010 communicates with the another device by using the15

communications interface 1020. The processor 1010 may be specifically a central processing unit

(Central Processing Unit, CPU), an application-specific integrated circuit (Application Specific

Integrated Circuit, ASIC), or one or more integrated circuits configured to implement this

embodiment of this application.

[0124] As shown in FIG. 7, the analysis device 1000 may further include a memory 1030. The20

processor 1010 and the memory 1030 may communicate with each other by using a bus. The

memory 1030 is configured to store a computer operation instruction, and may be specifically a

high-speed random access memory (Random Access Memory, RAM), or may be a non-volatile

memory (non-volatile memory). The processor 1010 may specifically execute the computer

operation instruction stored in the memory 1030, and by executing the computer operation25

instruction, enable the analysis device 1000 to perform the operation performed by the cloud

analyzer in the foregoing method.

[0125] A computer-readable storage medium is further provided. The storage medium stores

at least one instruction, and the instruction is loaded and executed by the processor to implement

any one of the foregoing radio frequency resource allocation methods.30

[0126] This application provides a computer program. When the computer program is
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executed by a computer, the processor or the computer may be enabled to perform corresponding

operations and/or procedures in the foregoing method embodiments.

[0127] All or some of the foregoing embodiments may be implemented by using software,

hardware, firmware, or any combination thereof. When the software is used to implement the

embodiments, all or some of the embodiments may be implemented in a form of a computer5

program product. The computer program product includes one or more computer instructions.

When the computer program instructions are loaded and executed on a computer, the procedure or

functions according to the embodiments of this application are all or partially generated. The

computer may be a general-purpose computer, a dedicated computer, a computer network, or

another programmable apparatus. The computer instructions may be stored in a computer-readable10

storage medium or may be transmitted from a computer-readable storage medium to another

computer-readable storage medium. For example, the computer instructions may be transmitted

from a website, computer, server, or data center to another website, computer, server, or data center

in a wired (for example, a coaxial cable, an optical fiber, or a digital subscriber line) or wireless

(for example, infrared, radio, or microwave) manner. The computer-readable storage medium may15

be any usable medium accessible to a computer, or a data storage device, such as a server or a data

center, integrating one or more usable media. The usable medium may be a magnetic medium (for

example, a floppy disk, a storage disk, or a magnetic tape), an optical medium (for example, a

DVD), a semiconductor medium (for example, a solid-state drive Solid State Disk (SSD)), or the

like.20

[0128] The "first" mentioned in the embodiments of this application is merely used as a name

identifier, and does not represent the first in sequence. The rule is also applicable to "second",

"third", and the like.

[0129] The foregoing descriptions are merely embodiments of this application, but are not

intended to limit this application. Any modification, equivalent replacement, or improvement25

made without departing from the spirit and principle of this application should fall within the

protection scope of this application.
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CLAIMS

What is claimed is:

1. A radio frequency resource allocation method, wherein the method comprises:

obtaining radio frequency information of a plurality of access points APs;

for any AP in the plurality of APs, predicting, based on radio frequency information of the5

any AP, load of the any AP that is in target duration after a current moment; and

allocating a radio frequency resource to each of the plurality of APs based on load of the

plurality of APs, wherein the radio frequency resource comprises one or a combination of a

frequency bandwidth and a channel.

2. The method according to claim 1, wherein the radio frequency information of the any AP10

in the plurality of APs comprises received signal strength indicator RSSI information between the

any AP and each neighboring AP, and user usage data of the any AP.

3. The method according to claim 2, wherein the user usage data of the any AP comprises

data traffic of the any AP in a data collection period.

4. The method according to claim 2 or 3, wherein the user usage data of the any AP comprises15

channel utilization and an interference rate of the any AP in the data collection period.

5. The method according to any one of claims 1 to 4, wherein the predicting, based on radio

frequency information of the any AP, load of the any AP that is in target duration after a current

moment comprises:

determining a historical load indicator of the any AP based on the radio frequency information20

of the any AP, wherein the historical load indicator comprises one or a combination of a first

historical load indicator and a second historical load indicator, the first historical load indicator of

the any AP is used to indicate a quantity of traffic rates of the any AP that are in the data collection

period and that exceed a reference threshold, the second historical load indicator is used to indicate

an average traffic rate of the any AP in the data collection period, and the first historical load25

indicator and the second historical load indicator are used to describe historical load of the any AP;

and

predicting, based on the historical load indicator of the any AP, a predicted load indicator of

the any AP in the target duration after the current moment, wherein the predicted load indicator

comprises one or a combination of a first predicted load indicator and a second predicted load30
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indicator, and the first predicted load indicator and the second predicted load indicator are used to

describe predicted load of the any AP.

6. The method according to claim 5, wherein the determining a historical load indicator of

the any AP based on the radio frequency information of the any AP comprises:

when the historical load indicator of the any AP comprises the first historical load indicator,5

determining the first historical load indicator count of the any AP based on the radio frequency

information of the any AP and the following formula:

Count = � � ( � � � � � > � ℎ� � � ℎ� � � ) ; and/or

when the historical load indicator of the any AP comprises the second historical load indicator,

determining the second historical load indicator load of the any AP based on the radio frequency10

information of the any AP and the following formula:

Load =
�

�
∑ � � � � � � , wherein

the speed is the traffic rate of the any AP, the threshold is the reference threshold, m is a total

quantity of data in the data collection period, n is a positive integer greater than 1 and less than m,

when the speed > the threshold, a value of I is a first value, when the speed ≤ the threshold, the 15

value of I is a second value, and if the first value is greater than the second value, a larger count

indicates larger load, or if the first value is less than the second value, a larger count indicates

smaller load.

7. The method according to claim 6, wherein the first value is 1, and the second value is 0.

8. The method according to any one of claims 5 to 7, wherein the allocating a radio frequency20

resource to each of the plurality of APs based on load of the plurality of APs comprises:

grading and sorting the plurality of APs based on first predicted load indicators of the plurality

of APs, and sorting APs at a same level based on second predicted load indicators, to obtain a

sorting result of the plurality of APs; and

allocating the radio frequency resource to each of the plurality of APs based on the sorting25

result of the plurality of APs.

9. The method according to claim 8, wherein the radio frequency resource comprises the

frequency bandwidth, and the allocating the radio frequency resource to each of the plurality of

APs based on the sorting result of the plurality of APs comprises:

determining a quantity of allocable target frequency bandwidths based on one or more of a30
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quantity of the plurality of APs, available channel data, and a deployment environment; and

allocating a frequency bandwidth resource to each of the plurality of APs based on the

quantity of the target frequency bandwidths and the sorting result of the plurality of APs.

10. The method according to claim 8 or 9, wherein the radio frequency resource comprises

the channel, and the allocating the radio frequency resource to each of the plurality of APs based5

on the sorting result of the plurality of APs comprises:

allocating an initial channel to each of the plurality of APs based on the sorting result of the

plurality of APs;

calculating an interference sum of each branch based on the initial channels allocated to the

plurality of APs, wherein each branch is obtained through combination based on the initial10

channels allocated to the plurality of APs; and

selecting a minimum interference sum from the interference sums obtained through

calculation, and using an initial channel corresponding to a branch of the minimum interference

sum as a channel allocation result of the plurality of APs.

11. The method according to claim 10, wherein the calculating an interference sum of each15

branch based on the initial channels allocated to the plurality of APs comprises:

for any branch, calculating an interference sum of the any branch based on the initial channels

allocated to the plurality of APs and the following formula:

Interference sum of the any branch = ∑ � � � � � [� � � ] +� , �

� � � � � � � � � � � [ � � � , � � � ] � � � � [� � � , � � � ], wherein20

� [� � � , � � � ] indicates whether there is channel overlapping between the � � � and the � � � ;

and

� � � � � � � � , � � � � indicates whether there is a neighbor relationship between the

� � � and the � � � , and i and j are used to identify different APs in the any branch.

12. The method according to any one of claims 1 to 11, wherein after the allocating a radio25

frequency resource to each of the plurality of APs based on load of the plurality of APs, the method

further comprises:

obtaining network usage of the plurality of APs in the currently allocated radio frequency

resource; and

comparing and evaluating the network usage of the plurality of APs in the currently allocated30
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radio frequency resource with network usage of the plurality of APs before the currently allocated

radio frequency resource, and obtaining a comparison evaluation indicator, wherein the

comparison evaluation indicator is used to reflect a gain brought by the currently allocated radio

frequency resource.

13. The method according to claim 12, wherein after the obtaining a comparison evaluation5

indicator, the method further comprises:

optimizing, based on the comparison evaluation indicator, a parameter used for allocating the

radio frequency resource.

14. A radio frequency resource allocation apparatus, wherein the apparatus comprises:

an obtaining module, configured to obtain radio frequency information of a plurality of access10

points APs;

a prediction module, configured to: for any AP in the plurality of APs, predict, based on radio

frequency information of the any AP, load of the any AP that is in target duration after a current

moment; and

an allocation module, configured to allocate a radio frequency resource to each of the plurality15

of APs based on load of the plurality of APs, wherein the radio frequency resource comprises one

or a combination of a frequency bandwidth and a channel.

15. The apparatus according to claim 14, wherein the radio frequency information of the any

AP in the plurality of APs comprises received signal strength indicator RSSI information between

the any AP and each neighboring AP, and user usage data of the any AP.20

16. The apparatus according to claim 15, wherein the user usage data of the any AP comprises

data traffic of the any AP in a data collection period.

17. The apparatus according to claim 15 or 16, wherein the user usage data of the any AP

comprises channel utilization and an interference rate of the any AP in the data collection period.

18. The apparatus according to any one of claims 14 to 17, wherein the prediction module is25

configured to: determine a historical load indicator of the any AP based on the radio frequency

information of the any AP, wherein the historical load indicator comprises one or a combination

of a first historical load indicator and a second historical load indicator, the first historical load

indicator of the any AP is used to indicate a quantity of traffic rates of the any AP that are in the

data collection period and that exceed a reference threshold, the second historical load indicator is30

used to indicate an average traffic rate of the any AP in the data collection period, and the first
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historical load indicator and the second historical load indicator are used to describe historical load

of the any AP; and

predict, based on the historical load indicator of the any AP, a predicted load indicator of the

any AP in the target duration after the current moment, wherein the predicted load indicator

comprises one or a combination of a first predicted load indicator and a second predicted load5

indicator, and the first predicted load indicator and the second predicted load indicator are used to

describe predicted load of the any AP.

19. The apparatus according to claim 18, wherein the prediction module is configured to:

when the historical load indicator of the any AP comprises the first historical load indicator,

determine the first historical load indicator count of the any AP based on the radio frequency10

information of the any AP and the following formula:

Count = � � ( � � � � � > � ℎ� � � ℎ� � � ) ; and/or

when the historical load indicator of the any AP comprises the second historical load indicator,

determine the second historical load indicator load of the any AP based on the radio frequency

information of the any AP and the following formula:15

Load =
�

�
∑ � � � � � � , wherein

the speed is the traffic rate of the any AP, the threshold is the reference threshold, m is a total

quantity of data in the data collection period, n is a positive integer greater than 1 and less than m,

when the speed > the threshold, a value of I is a first value, when the speed ≤ the threshold, the 

value of I is a second value, and if the first value is greater than the second value, a larger count20

indicates larger load, or if the first value is less than the second value, a larger count indicates

smaller load.

20. The apparatus according to claim 19, wherein the first value is 1, and the second value is

0.

21. The apparatus according to any one of claims 18 to 20, wherein the allocation module is25

configured to: grade and sort the plurality of APs based on first predicted load indicators of the

plurality of APs, and sort APs at a same level based on second predicted load indicators, to obtain

a sorting result of the plurality of APs; and allocate the radio frequency resource to each of the

plurality of APs based on the sorting result of the plurality of APs.

22. The apparatus according to claim 21, wherein the radio frequency resource comprises the30
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frequency bandwidth, and the allocation module is configured to: determine a quantity of allocable

target frequency bandwidths based on one or more of a quantity of the plurality of APs, available

channel data, and a deployment environment, and allocate a frequency bandwidth resource to each

of the plurality of APs based on the quantity of the target frequency bandwidths and the sorting

result of the plurality of APs.5

23. The apparatus according to claim 21 or 22, wherein the radio frequency resource

comprises the channel, and the allocation module is configured to: allocate an initial channel to

each of the plurality of APs based on the sorting result of the plurality of APs; calculate an

interference sum of each branch based on the initial channels allocated to the plurality of APs,

wherein each branch is obtained through combination based on the initial channels allocated to the10

plurality of APs; and select a minimum interference sum from the interference sums obtained

through calculation, and use an initial channel corresponding to a branch of the minimum

interference sum as a channel allocation result of the plurality of APs.

24. The apparatus according to claim 23, wherein the allocation module is configured to: for

any branch, calculate an interference sum of the any branch based on the initial channels allocated15

to the plurality of APs and the following formula:

Interference sum of the any branch = ∑ � � � � � [� � � ] +� , �

� � � � � � � � � � � [� � � , � � � ] � � � � [� � � , � � � ], wherein

� [� � � , � � � ] indicates whether there is channel overlapping between the � � � and the � � � ;

and20

� � � � � � � � , � � � � indicates whether there is a neighbor relationship between the

� � � and the � � � , and i and j are used to identify different APs in the any branch.

25. The apparatus according to any one of claims 14 to 24, wherein the obtaining module is

further configured to: obtain network usage of the plurality of APs in the currently allocated radio

frequency resource; and compare and evaluate the network usage of the plurality of APs in the25

currently allocated radio frequency resource with network usage of the plurality of APs before the

currently allocated radio frequency resource, and obtain a comparison evaluation indicator,

wherein the comparison evaluation indicator is used to reflect a gain brought by the currently

allocated radio frequency resource.

26. The apparatus according to claim 25, wherein the apparatus further comprises:30
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an adjustment module, configured to optimize, based on the comparison evaluation indicator,

a parameter used for allocating the radio frequency resource.

27. A radio frequency resource allocation system, wherein the system comprises a plurality

of access points APs and an analysis device; and

the plurality of APs are configured to report radio frequency information of the plurality of5

APs, and the analysis device is configured to allocate a radio frequency resource to each of the

plurality of APs according to the method according to any one of claims 1 to 13.

28. A radio frequency resource allocation device, wherein the device comprises:

a memory and a processor, wherein the memory stores at least one instruction, and the at least

one instruction is loaded and executed by the processor, to implement the radio frequency resource10

allocation method according to any one of claims 1 to 13.

29. A computer-readable storage medium, wherein the storage medium stores at least one

instruction, and the instruction is loaded and executed by a processor, to implement the radio

frequency resource allocation method according to any one of claims 1 to 13.

15


