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A beacon sending method, a network access method, a
coordinator, and a device are disclosed. The method is:
sending, by a coordinator, a beacon by occupying a first
beacon timeslot in a current super frame, and after sending
the beacon, receiving a first beacon request frame sent by a
device, where the first beacon request frame is used to
indicate that the device is located in an interference area
between an area of a first network in which the coordinator
is located and an area of at least one second network; and
after receiving the first beacon request frame, sending, by
the coordinator, a beacon by separately occupying a first
beacon timeslot and a second beacon timeslot in each of N
super frames starting from a next super frame, where N=z1,
and N is a positive integer.
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BEACON SENDING METHOD AND
APPARATUS AND NETWORK ACCESS
METHOD AND APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2016/076601, filed on Mar. 17,
2016, the disclosure of which is hereby incorporated by
reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of optical
communications technologies, and in particular, to a beacon
sending method and apparatus and a network access method
and apparatus.

BACKGROUND

[0003] Visible light communication (English: Visible
Light Communication, VLLC for short) is a manner of
communication by using visible light spectra (380 nm to 780
nm), and a signal is mainly transmitted by modulating
intensity of a light emitting diode (English: Light Emitting
Diode, LED for short) light source. As shown in FIG. 1, FIG.
1 is a schematic diagram of a visible light communication
system. At an input end, a transmitter encodes and modu-
lates a to-be-transmitted data signal, and modulates intensity
of'an LED light source by using the encoded and modulated
data signal (namely, Mt), to generate a light intensity modu-
lated signal (namely, Xt). At a receive end, a photodetector
(English: Photodetector) or an optical camera (English:
Optical Camera) detects the received light intensity modu-
lated signal, converts the received light intensity modulated
signal into an electrical signal (namely, Yt), and inputs the
converted electrical signal to a receiver. The receiver
demodulates and decodes the electrical signal, and restores
and outputs the transmitted data signal.

[0004] The Institute of Electrical and Electronics Engi-
neers (English: Institute of Electrical and Electronics Engi-
neers, IEEE for short) released the IEEE 802.15.7 standard
in 2011. The standard is applicable to visible light commu-
nication. A network in the IEEE 802.15.7 is referred to as a
visible light communication personal area network (English:
Visible light communication personal area network, VPAN
for short). Each VPAN includes one serving node, referred
to as a coordinator, configured to manage running of the
VPAN. The coordinator may be located at an LED light
source. FIG. 2 shows a topology of a common star (English:
star) VPAN. In this network, one coordinator provides
network access services for a plurality of devices (English:
device) in the network.

[0005] The IEEE 802.15.7 standard supports two working
modes: a beacon-enabled (English: Beacon-enabled) VPAN
and a non-beacon enabled (English: Non-Beacon enabled)
VPAN.

[0006] In the beacon-enabled VPAN, a coordinator peri-
odically sends a beacon (English: beacon). A beacon sending
timeslot (or referred to as a beacon timeslot) periodically
occupies a start position of each super frame. A structure of
a super frame is shown in FIG. 3. A super frame includes an
active period and an inactive period. The active period
includes a beacon timeslot used to send a beacon, a conten-
tion access period (English: Contention Access Period, CAP
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for short), and a contention free period (English: Contention
Free Period, CFP for short). The beacon timeslot is located
at a start position of the super frame, and is used by the
coordinator to send a beacon. Some common information of
a network, for example, an identification (English: Identifi-
cation) of the network, a length of the super frame, and the
like is carried in the beacon.

[0007] Considering that mutual interference may exist
between different VPANs during actual deployment of a
VLC system, the industry has started studying interference
coordination between different VPANs, to improve commu-
nication performance. A centralized interference coordina-
tion mode has gained relatively much attention. As shown in
FIG. 4, a global coordinator is responsible for management
and coordination of a plurality of VPANs (which, for
example, are represented by using VPANI1, VPAN2,
VPAN3, and VPAN4). The VPANs have respective coordi-
nators (which, for example, are represented by using CCO1,
CCO2, CCO3, and CCO4) performing management (for
example, bandwidth allocation) on the respective VPANSs.
[0008] During initial setup of any VPAN, it is ensured, by
using the global coordinator, that a start position and an end
position of each super frame of the VPAN are respectively
aligned with start positions and end positions of correspond-
ing super frames of other VPANs. Because the global
coordinator may not learn a possible interference status of
the VPANS, the global coordinator does not perform inter-
ference coordination during initial setup of the VPANs. To
avoid a waste of a bandwidth resource, during initial setup
of a VPAN, coordinators in the VPANs send beacons by
occupying a same beacon timeslot, and the global coordi-
nator coordinates the beacon timeslot and resource alloca-
tion after obtaining interference-related information of the
VPANSs from the coordinators in the VPANs.

[0009] In the beacon-enabled VPAN, when a device needs
to access a network, the device first needs to perform
channel scanning, listens to, in a time period, beacons that
are periodically sent by nearby coordinators, measures chan-
nel quality based on the received beacons, and selects and
accesses a VPAN corresponding to a beacon having best
measured channel quality.

[0010] However, because during initial networking, the
coordinators in different VPANs send beacons by occupying
the same beacon timeslot, when a device in an interference
area of two VPANs interfering with each other receives
beacons that are simultaneously sent by coordinators in the
two VPANSs interfering with each other, the device possibly
cannot correctly detect and decode the two received beacons
and consequently cannot access a network normally.
[0011] For example, as shown in FIG. 4, an overlapping
area between VPAN1 and VPAN2 is an interference area of
the two VPANs. Because currently, no accessing device
works in the interference area of the two VPANS, the global
coordinator does not need to perform interference coordi-
nation for the interference area. If a device located in the
interference area of the two VPANSs attempts to access a
network at the moment, the device cannot correctly detect a
beacon due to interference and consequently cannot access
the network normally.

SUMMARY

[0012] This application provides a beacon sending method
and apparatus and a network access method and apparatus,
to resolve a problem that when no interference coordination
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is performed for at least two VPANSs interfering with each
other, if a device in an interference area attempts to access
a network, the device cannot correctly detect a beacon and
consequently cannot access a network normally.

[0013] According to a first aspect, a beacon sending
method is provided. The method includes: sending, by a
coordinator, a beacon, where the beacon occupies a first
beacon timeslot in a current super frame; receiving, by the
coordinator, a first beacon request frame, where the first
beacon request frame is used to indicate that a device is
located in an interference area between an area of a first
network in which the coordinator is located and an area of
at least one second network; and continuing, by the coor-
dinator, to send beacons, where the following condition is
satisfied: a first beacon timeslot and a second beacon
timeslot in each of N super frames starting from a next super
frame are separately occupied, Nz1, and N is a positive
integer. Although this application is described by using the
first network and the second network as an example, persons
skilled in the art may understand that the first network and
the second network may both belong to a larger network. In
this way, when the beacon request frame sent by the device
is received, beacons are sent at least twice in one super
frame, so that the device can correctly detect a beacon in a
timely manner, a probability that the device correctly detects
a beacon is increased, and the device can normally access a
network.

[0014] With reference to the first aspect, in a first possible
implementation of the first aspect, the first beacon timeslot
and the second beacon timeslot are both located in a beacon
timeslot area of the super frame, the second beacon timeslot
is an idle timeslot, the beacon timeslot area is a time period
that is merely used to send a beacon in the super frame, and
the idle timeslot is a timeslot that is in the beacon timeslot
area and that is not used to send beacons by coordinators in
VPANs interfering with each other; or the first beacon
timeslot is located in a beacon timeslot area of the super
frame, and the second beacon timeslot is located in a CFP
area of the super frame.

[0015] With reference to the first aspect or the first pos-
sible implementation of the first aspect, in a second possible
implementation of the first aspect, a beacon type added by
the coordinator to a beacon sent by occupying the first
beacon timeslot is an original beacon; a beacon type added
by the coordinator to a beacon sent by occupying the second
beacon timeslot is an additional beacon; and the original
beacon is used to indicate that the beacon is a beacon
periodically and conventionally sent by the coordinator, and
the additional beacon is used to indicate that the beacon is
an extra beacon sent by the coordinator other than the
original beacon.

[0016] With reference to the second possible implemen-
tation of the first aspect, in a third possible implementation
of the first aspect, after the coordinator sends the beacon by
separately occupying the first beacon timeslot and the sec-
ond beacon timeslot in each of the N super frames, the
method further includes: establishing, by the coordinator,
association with the device if the coordinator receives an
association request frame sent by the device, and an occu-
pation time of the N super frames does not reach a specified
threshold; and if the coordinator does not receive an asso-
ciation request frame sent by the device, and the occupation
time of the N super frames reaches the specified threshold,
sending, by the coordinator, the beacons by occupying only
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a first beacon timeslot in each super frame following the N
super frames. In this way, a resource of the second beacon
timeslot can be released in time when the device cannot
detect an additional beacon by using the second beacon
timeslot, thereby avoiding a resource waste.

[0017] With reference to the third possible implementation
of'the first aspect, in a fourth possible implementation of the
first aspect, the association request frame carries a beacon
type indication, and the beacon type indication is used to
represent an association request that is initiated by the
device after the device detects an original beacon, or is used
to represent an association request that is initiated by the
device after the device detects an additional beacon; and
after the coordinator receives the association request frame
sent by the device, if the coordinator determines, based on
the beacon type indication carried in the association request
frame, that the association request frame is an association
request that is initiated by the device after the device detects
an original beacon, the coordinator skips triggering inter-
ference coordination; or if the coordinator determines that
the association request frame is an association request that is
initiated by the device after the device detects an additional
beacon, the coordinator triggers interference coordination.
In this way, interference coordination can be performed in a
timely manner when it is determined, based on indication
information of the device in the association request frame,
that interference coordination needs to be performed,
thereby ensuring that other devices normally access a net-
work subsequently, and improving performance of a net-
work system including a plurality of VPANs.

[0018] With reference to the fourth possible implementa-
tion of the first aspect, in a fifth possible implementation of
the first aspect, during a process of triggering the interfer-
ence coordination, the coordinator uses an interference
parameter carried in the association request frame.

[0019] With reference to any one of the third to the fifth
possible implementations of the first aspect, in a sixth
possible implementation of the first aspect, if the first beacon
timeslot is located in the beacon timeslot area of the super
frame, and the second beacon timeslot is located in the CFP
area of the super frame, after the coordinator sends the
beacon by separately occupying the first beacon timeslot and
the second beacon timeslot in each of the N super frames, the
method further includes: if the coordinator receives a second
beacon request frame sent by the device, and the occupation
time of the N super frames does not reach the specified
threshold, sending, by the coordinator, the beacon by sepa-
rately occupying the first beacon timeslot and a third beacon
timeslot in each super frame following the N super frames,
where the third beacon timeslot is located in a CFP area.
Therefore, a problem that beacon interference occurs again
due to a conflict in the second beacon timeslot is resolved.
[0020] With reference to any one of the first aspect and the
first to the sixth possible implementations of the first aspect,
in a seventh possible implementation of the first aspect, the
first beacon request frame carries a field that indicates an
address of the device, and a format of the second beacon
request frame is the same as a format of the first beacon
request frame.

[0021] With reference to the seventh possible implemen-
tation of the first aspect, in an eighth possible implementa-
tion of the first aspect, the first beacon request frame further
carries at least one of a field indicating a request reason, a
field indicating a sequence number of sending the beacon
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request frame, a field indicating a quantity of times of
retransmitting the beacon request frame, and a field indicat-
ing an address of a target access coordinator.

[0022] According to a second aspect, a network access
method is provided. The method includes: performing, by a
device, beacon detection before accessing a first network;
and sending a first beacon request frame if the device cannot
correctly detect a beacon when a detection time reaches a
specified first duration threshold, where the first beacon
request frame is used to indicate that the device is in an
interfered state. The interfered state is used to indicate that
the device is located in an area in which different networks
interfere with each other.

[0023] Inthis way, when the device cannot correctly detect
a beacon and consequently cannot access a network, the
device actively sends a beacon request frame, to instruct a
coordinator to perform related processing, thereby increas-
ing a probability that the device correctly accesses a net-
work.

[0024] With reference to the second aspect, in a first
possible implementation of the second aspect, the method
further includes: continuing, by the device, to perform
beacon detection; if the device correctly detects a beacon
before a detection continuation time reaches a specified
second duration threshold, and determines that the detected
beacon is sent by a coordinator in the first network, sending
an association request frame to the coordinator in the first
network, where the association request frame is used to
request for association with the coordinator in the first
network; or if the device does not correctly detect a beacon
yet when a detection continuation time reaches the specified
second duration threshold, sending a second beacon request
frame to a coordinator in the first network, where the second
beacon request frame is used to indicate that the device still
is in the interfered state. The interfered state indicates that
the device is located in an area in which different networks
interfere with each other. In this way, the device continues
to send a beacon request frame, and when the device still
cannot correctly detect a beacon, the device instructs the
coordinator in a timely manner to perform corresponding
processing, thereby ensuring that the device can correctly
detect a beacon, and can normally access a network.
[0025] With reference to the first possible implementation
of'the second aspect, in a second possible implementation of
the second aspect, after the device correctly detects the
beacon, the method further includes: parsing, by the device,
the detected beacon, and determining a beacon type included
in the beacon, where the beacon type is an original beacon
or an additional beacon, and the original beacon is used to
indicate that the beacon is a beacon periodically and con-
ventionally sent by the coordinator, and the additional
beacon is used to indicate that the beacon is an extra beacon
sent by the coordinator other than the original beacon.
[0026] With reference to the second possible implemen-
tation of the second aspect, in a third possible implementa-
tion of the second aspect, after the determining, by the
device, a beacon type included in the beacon, the method
further includes: if the device determines that the beacon
type included in the beacon is an original beacon, adding, by
the device to the association request frame sent to the
coordinator in the first network, a beacon type indication
used to indicate that an association request is initiated by the
device after the device detects the original beacon; or if the
device determines that the beacon type included in the
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beacon is an additional beacon, adding, by the device to the
association request frame sent to the coordinator in the first
network, a beacon type indication used to indicate that an
association request is initiated by the device after the device
detects the additional beacon.

[0027] With reference to the third possible implementation
of the second aspect, in a fourth possible implementation of
the second aspect, the device further performs interference
parameter detection during a process of the beacon detec-
tion; and if the device determines that the beacon type
included in the beacon is an additional beacon, the device
further adds a detected interference parameter to the asso-
ciation request frame sent to the coordinator in the first
network.

[0028] With reference to any one of the first to the fourth
possible implementations of the second aspect, in a fifth
possible implementation of the second aspect, the first
beacon request frame carries a field that indicates an address
of the device, and a format of the second beacon request
frame is the same as a format of the first beacon request
frame.

[0029] With reference to the fifth possible implementation
of the second aspect, in a sixth possible implementation of
the second aspect, the first beacon request frame further
carries at least one of a field indicating a request reason, a
field indicating a sequence number of sending the beacon
request frame, a field indicating a quantity of times of
retransmitting the beacon request frame, and a field indicat-
ing an address of a target access coordinator.

[0030] According to a third aspect, a network access
method is provided. The method includes: performing, by a
device, network detection before accessing a first network,
where the network detection includes beacon detection and
interference parameter detection; and sending, by the device,
an interference indication frame to a coordinator in the first
network if the device cannot correctly detect a beacon when
a detection time reaches a specified first duration threshold,
where the interference indication frame carries a detected
interference parameter of the first network and at least one
second network.

[0031] In this way, when determining that the device
cannot correctly detect a beacon, the device sends the
interference indication frame in a timely manner, so that the
coordinator can trigger an interference coordination process
in a timely manner, the device can access a network as soon
as possible after the interference coordination, it is ensured
that other devices can correctly detect beacons and normally
access the network subsequently, and performance of a
network system including a plurality of VPANs is improved.
[0032] With reference to the third aspect, in a first possible
implementation of the third aspect, the interference param-
eter includes identification information of the first network
and the second network, and quality of a signal of the first
network and a signal of the at least one second network that
are received by the device.

[0033] According to a fourth aspect, a network access
method is provided. The method includes: receiving, by a
coordinator in a first network, an interference indication
frame sent by a device, where the interference indication
frame carries an interference parameter, and the interference
parameter refers to interference information indicating that
at least one second network interferes with the first network;
and triggering, by the coordinator, interference coordination
based on the interference indication frame.
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[0034] In this way, when receiving the interference indi-
cation frame sent by the device, the coordinator can trigger
an interference coordination process in a timely manner, so
that the device can access a network as soon as possible after
the interference coordination, it is ensured that other devices
can correctly detect beacons and normally access the net-
work subsequently, and performance of a network system
including a plurality of VPANSs is improved.

[0035] With reference to the fourth aspect, in a first
possible implementation of the fourth aspect, the interfer-
ence parameter includes identification information of the
first network and identification information of the at least
one second network, and/or information about quality of a
signal of the first network and a signal of the at least one
second network that are received by the device.

[0036] With reference to the fourth aspect or the first
possible implementation of the fourth aspect, in a second
possible implementation of the fourth aspect, the triggering,
by the coordinator, interference coordination includes: send-
ing, by the coordinator, an interference coordination request
message to a global coordinator managing the coordinator,
where the interference coordination request message
includes the interference parameter; receiving, by the coor-
dinator, an interference coordination response message
returned by the global coordinator, where the interference
coordination response message includes a beacon timeslot
used for the coordinator to send a beacon; and sending, by
the coordinator, based on the interference coordination
response message, a beacon by occupying the beacon
timeslot indicated by the global coordinator.

[0037] According to a fifth aspect, a beacon sending
apparatus is provided. The beacon sending apparatus has a
function of implementing the method design in any one of
the first aspect and the first to the eighth possible imple-
mentations of the first aspect. The function may be imple-
mented by hardware, or may be implemented by hardware
executing corresponding software. The hardware or soft-
ware includes one or more modules corresponding to the
foregoing function.

[0038] With reference to the fifth aspect, in a first possible
implementation of the fifth aspect, the beacon sending
apparatus may be a coordinator.

[0039] With reference to the first possible implementation
of the fifth aspect, in a second possible implementation of
the fifth aspect, a structure of the coordinator includes a
transceiver, a memory, and a processor. The memory is
configured to store a group of programs. The transceiver is
configured to send a beacon, where the beacon occupies a
first beacon timeslot in a current super frame; and configured
to receive a first beacon request frame, where the first
beacon request frame is used to indicate that a device is
located in an interference area between an area of a first
network in which the coordinator is located and an area of
at least one second network. The processor is configured to
invoke the programs stored in the memory, to perform the
following operation: after the transceiver receives the first
beacon request frame, determining to send a beacon by
separately occupying a first beacon timeslot and a second
beacon timeslot in each of N super frames starting from a
next super frame. The transceiver is further configured to:
under control of the processor, separately occupy the first
beacon timeslot and the second beacon timeslot in each of
the N super frames in the N super frames starting from the
next super frame, to send the beacons.
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[0040] In this way, when the beacon request frame sent by
the device is received, beacons are sent at least twice in one
super frame, so that the device can correctly detect a beacon
in a timely manner, a probability that the device correctly
detects a beacon is increased, and the device can normally
access a network.

[0041] With reference to the second possible implemen-
tation of the fifth aspect, in a third possible implementation
of the fifth aspect, the processor is further configured to
invoke the programs stored in the memory, to enable the
coordinator to perform the method in any one of the first to
the eighth possible implementations of the first aspect.
[0042] According to a sixth aspect, a network access
apparatus is provided. The network access apparatus has a
function of implementing the method design in any one of
the second aspect and the first to the sixth possible imple-
mentations of the second aspect. The function may be
implemented by hardware, or may be implemented by
hardware executing corresponding software. The hardware
or software includes one or more modules corresponding to
the foregoing function.

[0043] With reference to the sixth aspect, in a first possible
implementation of the sixth aspect, the network access
apparatus may be a device in a network. A structure of the
device in the network includes a transceiver, a memory, and
a processor. The memory is configured to store a group of
programs. The processor is configured to invoke the pro-
grams stored in the memory, to perform the following
operations: performing beacon detection before the network
access apparatus accesses a first network; and controlling the
transceiver to send a first beacon request frame if the
network access apparatus cannot correctly detect a beacon
when a detection time reaches a specified first duration
threshold, where the first beacon request frame is used to
indicate that the device is in an interfered state. The trans-
ceiver is configured to send the first beacon request frame
under control of the processor.

[0044] Inthis way, when the device cannot correctly detect
a beacon and consequently cannot access a network, the
device actively sends a beacon request frame, to instruct a
coordinator to perform related processing, thereby increas-
ing a probability that the device correctly accesses a net-
work.

[0045] With reference to the first possible implementation
of the sixth aspect, in a second possible implementation of
the sixth aspect, the processor is further configured to invoke
the programs stored in the memory, to enable the device to
perform the method in any one of the first to the sixth
possible implementations of the second aspect.

[0046] According to a seventh aspect, a network access
apparatus is provided. The network access apparatus has a
function of implementing the method design in the third
aspect or the first possible implementation of the third
aspect. The function may be implemented by hardware, or
may be implemented by hardware executing corresponding
software. The hardware or software includes one or more
modules corresponding to the foregoing function.

[0047] With reference to the seventh aspect, in a first
possible implementation of the seventh aspect, the network
access apparatus may be a device in a network. A structure
of the device in the network includes a transceiver, a
memory, and a processor. The memory is configured to store
a group of programs. The processor is configured to invoke
the programs stored in the memory, to perform the following
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operations: performing network detection before the net-
work access apparatus accesses a first network, where the
network detection includes beacon detection and interfer-
ence parameter detection; and instructing the transceiver to
send an interference indication frame to a coordinator in the
first network when the device cannot correctly detect a
beacon yet when a detection time reaches a specified first
duration threshold, where the interference indication frame
carries a detected interference parameter of the first network
and at least one second network. The transceiver is config-
ured to send the interference indication frame to the coor-
dinator in the first network under instruction of the proces-
sor.

[0048] With reference to the first possible implementation
of the seventh aspect, in a second possible implementation
of the seventh aspect, the processor is further configured to
invoke the programs stored in the memory, to enable the
device to perform the method in the first possible imple-
mentation of the third aspect.

[0049] According to an eighth aspect, a network access
apparatus is provided. The network access apparatus has a
function of implementing the method design in any one of
the fourth aspect and the first to the second possible imple-
mentations of the fourth aspect. The function may be imple-
mented by hardware, or may be implemented by hardware
executing corresponding software. The hardware or soft-
ware includes one or more modules corresponding to the
foregoing function.

[0050] With reference to the eighth aspect, in a first
possible implementation of the eighth aspect, the network
access apparatus may be a coordinator. A structure of the
coordinator includes a transceiver, a memory, and a proces-
sor. The transceiver is configured to receive an interference
indication frame sent by a device, where the interference
indication frame carries an interference parameter, and the
interference parameter refers to interference information
indicating that at least one second network interferes with
the first network. The memory is configured to store a group
of programs. The processor is configured to invoke the
programs stored in the memory, to perform the following
operation: triggering interference coordination based on the
interference indication frame received by the transceiver.

[0051] With reference to the first possible implementation
of the eighth aspect, in a second possible implementation of
the eighth aspect, the processor is further configured to
invoke the programs stored in the memory, to enable the
coordinator to perform the method in either of the first and
the second possible implementations of the fourth aspect.

[0052] In the solutions provided in the embodiments of
this application, when the device cannot correctly detect a
beacon due to beacon interference and consequently cannot
normally access a network, a beacon timeslot is added, and
beacons are sent at least twice in one super frame, so that the
device can correctly detect a beacon in a timely manner, and
normally access a network. In addition, interference coor-
dination can be performed in a timely manner when it is
determined, based on the indication information of the
device in the association request frame, that interference
coordination needs to be performed, thereby ensuring that
other devices normally access the network subsequently, and
improving performance of a network system including a
plurality of VPANS.
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BRIEF DESCRIPTION OF DRAWINGS

[0053] FIG. 1 is a schematic diagram of a visible light
communication system in the prior art;

[0054] FIG. 2 is a schematic topological diagram of a star
VPAN in the prior art;

[0055] FIG. 3 is a schematic structural diagram of a super
frame in the prior art;

[0056] FIG. 4 is a system architectural diagram of a
centralized interference coordination mode in the prior art;
[0057] FIG. 5 is a schematic diagram of a correspondence
between beacon timeslots in super frames during initial
setup of VPANs according to an embodiment of this appli-
cation;

[0058] FIG. 6 is a schematic diagram of a correspondence
between beacon timeslots after interference coordination is
performed for VPANs according to an embodiment of this
application;

[0059] FIG. 7 is a first flowchart of a method according to
an embodiment of this application;

[0060] FIG. 8 is a first schematic diagram of a super frame
after a second beacon timeslot is added according to an
embodiment of this application;

[0061] FIG. 9 is a second schematic diagram of a super
frame after a second beacon timeslot is added according to
an embodiment of this application;

[0062] FIG. 10 is a second flowchart of a method accord-
ing to an embodiment of this application;

[0063] FIG. 11a and FIG. 116 are schematic structural
diagrams of a beacon sending apparatus according to an
embodiment of this application;

[0064] FIG. 12 is a first structural diagram of a network
access apparatus according to an embodiment of this appli-
cation;

[0065] FIG. 13 is a second structural diagram of a network
access apparatus according to an embodiment of this appli-
cation;

[0066] FIG. 14 is a third structural diagram of a network
access apparatus according to an embodiment of this appli-
cation;

[0067] FIG. 15 is a structural diagram of a coordinator
according to an embodiment of this application; and
[0068] FIG. 16 is a structural diagram of a device accord-
ing to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0069] To make the objectives, technical solutions, and
advantages of this application clearer, the following further
describes this application in detail with reference to the
accompanying drawings. Apparently, the described embodi-
ments are merely some rather than all of the embodiments of
this application. All other embodiments obtained by persons
of ordinary skill in the art based on the embodiments of this
application without creative efforts shall fall within the
protection scope of this application.

[0070] The embodiments of this application are applicable
to a VLC system, preferably applied to, but not limited to,
a centralized interference coordination mode. A system
architectural diagram is shown in FIG. 4. Each VPAN
includes one coordinator, configured to manage a network of
the VPAN, and a global coordinator GCCO is responsible
for managing and coordinating a plurality of VPANs. For
ease of description, it is assumed that four VPANs in the
system are respectively represented as VPANI1, VPAN2,
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VPAN3, and VPAN4, and coordinators in the four VPANs
are respectively represented as CCO1, CCO2, CCO3, and
CCOA4.

[0071] To avoid a bandwidth resource waste, during initial
networking, coordinators in different VPANs send beacons
by occupying a same beacon timeslot. As shown in FIG. 5,
using the VPANI as an example, FIG. 5 shows two con-
secutive super frames, and a structure of a super frame
shown in FIG. 3 is used as an example. A black rectangular
area in each super frame represents a beacon timeslot, and
a beacon timeslot is located in a start position of a super
frame. Beacon timeslots in super frames of the VPAN1, the
VPAN2, the VPAN3, and the VPAN4 are aligned. In other
words, the CCO1, the CCO2, the CCO3, and the CCO4 send
beacons by occupying a same beacon timeslot.

[0072] Certainly, an interference area may exist between
different VPANSs. If there is an access device in an interfer-
ence area, the GCCO performs interference coordination for
VPANSs interfering with each other. For example, the GCCO
performs interference coordination in a time division mode.
As shown in FIG. 6, it is assumed that interference exists
between the VPANI and the VPAN3, and there is an access
device in an interference area. The GCCO has performed
interference coordination for the VPAN1 and the VPAN3 in
a time division mode, and after the coordination, the CCO1
and the CCO3 send beacons by occupying different beacon
timeslots. The CCO3 sends a beacon by occupying a
timeslot following the original beacon timeslot, and the
CCOlL still sends a beacon by occupying the original beacon
timeslot. Certainly, the other coordinators for which coor-
dination is not performed still send beacons by occupying
the same beacon timeslot. For each VPAN, in one super
frame, after the interference coordination, an overall area of
all beacon timeslots occupied by coordinators for which the
interference coordination has been performed may be
referred to as a beacon timeslot area, namely, an area marked
in FIG. 6.

[0073] However, if there is no access device in an inter-
ference area, the GCCO does not need to perform interfer-
ence coordination for VPANs interfering with each other. In
this case, if a device in an interference area between different
VPANSs for which interference coordination has not been
performed performs beacon detection when attempting to
access a network, beacon interference may occur and the
device cannot correctly detect a beacon. The embodiments
of this application provide a beacon sending method and a
network access method, so that when a device cannot
correctly detect a beacon, the device sends a beacon request
frame to a coordinator, and the coordinator adds a beacon
timeslot and sends a beacon twice in one super frame,
thereby increasing a probability that the device correctly
detects a beacon, so that the device can normally access a
network, and interference coordination can be performed in
a timely manner.

[0074] In the following, embodiments of this application
are described in detail with reference to the accompanying
drawings.

[0075] As shown in FIG. 7, a process of a method in an
embodiment of this application is as follows.

[0076] Step 701: A coordinator sends a beacon by occu-
pying a first beacon timeslot in a current super frame.
[0077] The first beacon timeslot may be allocated by a
GCCO when the coordinator initially accesses a network, or
may be adjusted after a GCCO performs interference coor-
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dination. For ease of description, it is assumed that a VPAN
in which the coordinator is located is referred to as a first
network in the following description.

[0078] Step 702: A device performs beacon detection
before accessing a first network.

[0079] In this embodiment of this application, when the
device attempts to access a network, there may be one or
more target networks. For example, there is one target
network, and it is assumed that the target network is the first
network in which the coordinator is located. After being
powered on, the device scans a channel, performs beacon
detection, and normally access the network only when
correctly detecting a beacon.

[0080] Step 703: The device sends a first beacon request
frame if the device cannot correctly detect a beacon when a
detection time reaches a specified first duration threshold,
where the first beacon request frame is used to indicate that
the device is in an interfered state.

[0081] The interfered state indicates that the device is
located in an area in which different networks interfere with
each other. To be specific, the device is located in an
interference area between an area of the first network and an
area of at least one second network.

[0082] It should be noted that although this application is
described by using the first network and the second network
as an example, persons skilled in the art may understand that
the first network and the second network used in this
embodiment of this application may both belong to a larger
network.

[0083] The device presets a detection duration threshold,
referred to as the first duration threshold. If the device does
not correctly detect a beacon when the detection time
reaches the first duration threshold, it may be considered that
the device is located in an interference area between areas of
at least two networks, and cannot normally access a net-
work. In this case, the device sends a beacon request frame
to the coordinator. For ease of subsequent description, the
beacon request frame herein is referred to as the first beacon
request frame.

[0084] A process in which the device sends the beacon
request frame may be: determining a position of a beacon
timeslot in a super frame (the determined position of the
beacon timeslot herein is a position of the first beacon
timeslot) based on energy detection, and after recognizing
the position of the beacon timeslot, sending the beacon
request frame as soon as possible in a CAP following the
beacon timeslot, where the beacon request frame may be
sent based on carrier sense multiple access/collision avoid-
ance (English: Carrier Sense multiple Access/Collision
Avoidance, CSMA/CA for short) contention.

[0085] The beacon request frame is used to report, to the
coordinator, that the device is in a state in which the device
is located in an interference area and cannot detect a beacon.
A format of the beacon request frame is not specifically
limited in this embodiment of this application, and may be,
but not limited to, a format shown in Table 1.

TABLE 1
Field (Field) Description (Description)
Address Address or identifier, for example, a MAC address

or a 64-bit address, of a device sending the beacon
request frame
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TABLE 1-continued

Field (Field) Description (Description)

Reason Indicating a reason for sending the beacon request
frame, for example, a beacon cannot be detected during
network access

Sequence Sequence number of sending the beacon request frame

number

Quantity of Indicating a quantity of times of retransmitting the

retransmission  beacon request frame

times

Target Address information of a coordinator in a target VPAN

coordinator

Address

[0086] As shown in Table 1, the beacon request frame

carries fields such as an address, a reason, a sequence
number, a quantity of retransmission times, and a target
coordinator address. The address is mandatory information
carried in the beacon request frame, the other is optional
information carried in the beacon request frame. Other
information may further be added. The address field is used
to describe an address or an identifier, for example, a MAC
address or a 64-bit address, of the device sending the beacon
request frame. The reason field is used to represent a reason
for sending the beacon request frame. For example, a beacon
cannot be detected during network access. The sequence
number field is used to represent a sequence number of
sending the beacon request frame. A sequence number of
sending a beacon request frame for the first time may be set
to 0 or 1, the sequence number is increased by 1 each time
a beacon request frame is sent, and different sequence
numbers are used to distinguish between different beacon
request frames. The field of the quantity of retransmission
times is used to represent a quantity of times that a beacon
request frame having a same sequence number is retrans-
mitted. To ensure that a sent beacon request frame can be
received reliably, a beacon request frame having a same
sequence number may be sent for a plurality of times, a
quantity of retransmission times is set to 0 or 1 during the
first transmission, and the quantity of times is increased by
1 each time the beacon request frame is retransmitted. The
target coordinator address is used to represent an address of
a coordinator in a target VPAN that the device attempts to
access.

[0087] Step 704: The coordinator receives the first beacon
request frame sent by the device, and sends a beacon by
separately occupying a first beacon timeslot and a second
beacon timeslot in each of N super frames starting from a
next super frame, where Nz1, and N is a positive integer.
[0088] Specifically, after receiving the first beacon request
frame sent by the device, the coordinator parses the beacon
request frame, and determines that the device is located in an
interference area and cannot access the network. Then,
starting from the next super frame, the coordinator adds one
beacon timeslot to send a beacon, and the added beacon
timeslot is referred to as the second beacon timeslot. To be
specific, the beacon is sent twice in one super frame.
[0089] A manner of selecting the second beacon timeslot
may include but is not limited to the following two:
[0090] In a first manner, an idle timeslot in the beacon
timeslot area is selected as the second beacon timeslot.
[0091] One super frame includes a beacon timeslot area
and a non beacon timeslot area. The non beacon timeslot
area includes a CAP, a CFP, and an inactive period. The
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beacon timeslot area is a time period merely used to send a
beacon in the super frame. As described above, the beacon
timeslot area is an overall area of beacon timeslots occupied
by coordinators in VPANs for which interference coordina-
tion has been performed, and the idle timeslot is a timeslot
not used to send beacons by coordinators in other VPANs
interfering with each other.

[0092] It should be noted that if the current beacon
timeslot area does not include an idle timeslot, a timeslot
following the current beacon timeslot area is used as a
second beacon timeslot. The beacon timeslot area to which
the second beacon timeslot is added includes a second
beacon timeslot area. This is equivalent to that the beacon
timeslot area is expanded, and correspondingly, the non
beacon timeslot area is reduced.

[0093] Itis assumed that the first network is the VPAN1 in
FIG. 5, interference coordination has been performed for the
VPANI1 and the VPAN3 before the beacon request frame is
received, and beacon timeslot allocation for each VPAN is
shown in FIG. 6. After the second beacon timeslot is added,
beacon timeslot allocation for the VPANI is shown in FIG.
8.

[0094] In a second manner, a timeslot in a CFP area is
selected as the second beacon timeslot.

[0095] Similarly, it is assumed that the first network is the
VPANI1 in FIG. 5, interference coordination has been per-
formed for the VPAN1 and the VPAN3 before the beacon
request frame is received, and beacon timeslot allocation for
each VPAN is shown in FIG. 6. After the second beacon
timeslot is added, beacon timeslot allocation for the VPAN1
is shown in FIG. 9.

[0096] Preferably, after the second beacon timeslot is
added, the coordinator adds a beacon type to a beacon sent
in each of the first beacon timeslot and the second beacon
timeslot, and the beacon type is used to indicate a type of a
beacon timeslot occupied for sending the beacon, and
includes an original beacon and an additional beacon. For
example, a beacon type carried in a beacon sent in the first
beacon timeslot is an original beacon, and it indicates that
the beacon is sent by using the original beacon timeslot, and
is a beacon regularly and conventionally sent by the coor-
dinator; a beacon type carried in a beacon sent in the second
beacon timeslot is an additional beacon, and it indicates that
the beacon is an extra beacon sent by the coordinator other
than the original beacon.

[0097] Step 705: The device continues to perform beacon
detection after sending the first beacon request frame to the
coordinator.

[0098] If the device correctly detects a beacon before a
detection continuation time reaches a specified second dura-
tion threshold, and determines that the detected beacon is
sent by the coordinator in the first network, the device
performs step 706.

[0099] If the device does not correctly detect a beacon yet
when the detection continuation time reaches the specified
second duration threshold, the device performs step 706', or
determines that network access fails.

[0100] Step 706: The device sends an association request
frame to the coordinator, where the association request
frame is used to request association with the coordinator.
[0101] Preferably, the association request frame further
includes a beacon type indication, used to indicate an
association request initiated by the device after the device
detects an original beacon or an additional beacon, or an
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association request initiated by the device after the device
detects both an original beacon and an additional beacon.
Because the coordinator adds the beacon type to the beacon
sent in each of the first beacon timeslot and the second
beacon timeslot, when detecting a beacon, the device may
parse the beacon to obtain the beacon type.

[0102] Optionally, the association request frame further
includes an interference parameter, and the interference
parameter is obtained by the device during a process of
beacon detection.

[0103] Step 707: If the coordinator receives the associa-
tion request frame sent by the device and an occupation time
of the N super frames does not reach a specified threshold,
the coordinator establishes association with the device.
[0104] Preferably, when the coordinator further deter-
mines, based on the beacon type indication included in the
association request frame, that the association request frame
is an association request initiated by the device after the
device detects an original beacon, the coordinator sends the
beacons by occupying a first beacon timeslot in each super
frame following the N super frames, and uses a second
beacon timeslot for other purposes.

[0105] When determining that the association request
frame is an association request initiated by the device after
the device detects an additional beacon or after the device
detects both an original beacon and an additional beacon, the
coordinator triggers interference coordination based on the
interference parameter carried in the association request
frame.

[0106] Step 706" The device sends a second beacon
request frame to the coordinator.

[0107] The second beacon request frame is used to indi-
cate that the device still is in the interfered state, and the
interfered state indicates that the device is located in an area
in which different networks interfere with each other. The
second beacon request frame and the first beacon request
frame have a same format, and are distinguished by using
different sequence numbers in the sequence number fields.
[0108] If the device does not correctly detect a beacon yet
when the detection continuation time after the device sends
the first beacon request frame reaches the specified second
duration threshold, it may be considered that a beacon sent
by using the second beacon timeslot added by the coordi-
nator still cannot be detected by the device.

[0109] There may be the following possible reasons.
[0110] (1) Interference exists between the first network
and at least two second networks.

[0111] In this case, if the coordinator receives the second
beacon request frame sent by the device, and the occupation
time of the N super frames does not reach the specified
threshold, the coordinator adds one beacon timeslot, and
may send a beacon by separately occupying the first beacon
timeslot, the second beacon timeslot, and a fourth beacon
timeslot in each super frame following the N super frames.
In other words, the coordinator sends a beacon three times
in one super frame.

[0112] Alternatively, the coordinator directly ignores the
second beacon request frame, and performs no processing.
[0113] (2) Interference exists between the first network
and one second network, but a coordinator in the second
network also receives the first beacon request frame sent by
the device, and an additional beacon timeslot added to a CFP
area by the coordinator in the second network is located in
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a same position as the second beacon timeslot added by the
coordinator in the first network, leading to beacon interfer-
ence again.

[0114] In this case, the coordinator performs step 707'.
[0115] Step 707" If the coordinator receives the second
beacon request frame sent by the device, and the occupation
time of the N super frames does not reach the specified
threshold, the coordinator sends a beacon by separately
occupying the first beacon timeslot and a third beacon
timeslot in each super frame following the N super frames,
where the third beacon timeslot is located in a CFP area.

[0116] In other words, the coordinator re-selects a third
beacon timeslot in a position different from that of the
second beacon timeslot in the CFP area, to send a beacon,
thereby resolving a problem that the beacon interference
occurs again.

[0117] In another case, if the coordinator does not receive
the association request frame sent by the device or the
second beacon request frame sent by the device, and the
occupation time of the N super frames reaches the specified
threshold, the coordinator sends a beacon by occupying only
the first beacon timeslot in each super frame following the
N super frames.

[0118] In addition, a resource of the second beacon
timeslot is released, and the second beacon timeslot is used
for another purpose.

[0119] In this way, according to the method provided in
this embodiment of this application, when the device cannot
correctly detect a beacon due to beacon interference and
consequently cannot normally access a network, a beacon
timeslot is added, and a beacon is sent at least twice in one
super frame, so that the device can correctly detect the
beacon in a timely manner, and normally access a network.
In addition, interference coordination can be performed in a
timely manner when it is determined, based on the indication
information of the device in the association request frame,
that interference coordination needs to be performed,
thereby ensuring that other devices normally access the
network subsequently, and improving performance of a
network system including a plurality of VPANS.

[0120] An embodiment of this application further provides
a network access method. Referring to FIG. 10, a process of
the method is as follows.

[0121] Step 1001: A device performs network detection
before accessing a first network, where the network detec-
tion includes beacon detection and interference parameter
detection.

[0122] Similarly, in this embodiment of this application,
when the device attempts to access a network, there may be
one or more target networks. For example, there is one target
network, and it is assumed that the target network is repre-
sented by using the first network. After being powered on,
the device scans a channel and performs network detection,
including beacon detection and interference parameter
detection. The device normally accesses the network only
when correctly detecting a beacon.

[0123] Step 1002: The device sends an interference indi-
cation frame to a coordinator in the first network if the
device cannot correctly detect a beacon when a detection
time reaches a specified first duration threshold, where the
interference indication frame carries a detected interference
parameter of the first network and at least one second
network.
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[0124] The interference parameter includes identification
information of the first network and identification informa-
tion of the at least one second network, and/or information
about quality of a signal of the first network and a signal of
the at least one second network that are received by the
device.

[0125] The device continues to perform beacon detection
after sending the interference indication frame.

[0126] Step 1003: The coordinator in the first network
receives the interference indication frame sent by the device,
where the interference indication frame carries an interfer-
ence parameter, and the interference parameter refers to
interference information indicating that at least one second
network interferes with the first network.

[0127] Preferably, the interference indication frame fur-
ther carries at least one of a field indicating a sequence
number of sending the interference indication frame and a
field indicating a quantity of times of retransmitting the
interference indication frame.

[0128] Indication meanings of the sequence number field
and the field of the quantity of retransmission times are the
same as the indication meanings and functions of the
sequence number field and the field of the quantity of
retransmission times in the beacon request frame.

[0129] A process in which the device sends the interfer-
ence indication frame may be: determining a position of a
beacon timeslot in a super frame based on energy detection,
and after recognizing the position of the beacon timeslot,
sending the interference indication frame as soon as possible
in a CAP following the beacon timeslot, where the interfer-
ence indication frame may be sent based on CSMA/CA
contention.

[0130] Step 1004: The coordinator triggers interference
coordination based on the interference indication frame.

[0131] Specifically, an interference coordination process
is as follows:
[0132] The coordinator sends an interference coordination

request message to a global coordinator managing the coor-
dinator, and the interference coordination request message
includes the interference parameter.

[0133] After receiving the interference coordination
request message, the global coordinator coordinates net-
works interfering with each other included in the interfer-
ence parameter. In other words, the global coordinator
respectively specifies, for the first network and the at least
one second network, beacon timeslots without mutual inter-
ference to send beacons. The global coordinator sends an
interference coordination response message to each of the
coordinator and another coordinator in the at least one
second network. The interference coordination response
message may carry address information of each coordinator,
a beacon timeslot occupied for sending a beacon, and an
effective time of a currently allocated beacon timeslot.

[0134] Assuming that the coordinator in the first network
is CCOl, there is only one second network, and the coor-
dinator in the second network is CCO2, an example of a
format of the interference coordination response message is
shown in Table 2.
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TABLE 2

Field (Field) Description (Description)

Information about Address information of the CCO1
the CCO1

Sequence number 1
of a beacon timeslot
Information about
the CCO2

Sequence number 2

Sequence number of a beacon timeslot allocated
to the CCO1
Address information of the CCO2

Sequence number of a beacon timeslot allocated

of a beacon timeslot  to the CCO2
Effective time Effective time of a currently allocated beacon
timeslot

[0135] The coordinator receives the interference coordi-
nation response message returned by the global coordinator,
and the interference coordination response message includes
a beacon timeslot used for the coordinator to send a beacon.
[0136] The coordinator sends, based on the interference
coordination response message, a beacon by occupying the
beacon timeslot indicated by the global coordinator.

[0137] In this way, after the interference coordination, a
probability that the device correctly detects a beacon is
increased, facilitating correct network access of the device.
If the device correctly detects a beacon before a detection
continuation time reaches a specified second duration
threshold, and determines that the detected beacon is sent by
the coordinator in the first network, the device sends an
association request frame to the coordinator, and performs a
subsequent association process; or if the device does not
correctly detect a beacon yet when a detection continuation
time reaches the specified second duration threshold, the
device determines that network access fails.

[0138] In this way, when determining that the device
cannot correctly detect a beacon, the device sends the
interference indication frame in a timely manner, so that the
coordinator can trigger an interference coordination process
in a timely manner, the device can access a network as soon
as possible after the interference coordination, it is ensured
that other devices can correctly detect beacons and normally
access the network subsequently, and performance of a
network system including a plurality of VPANs is improved.
[0139] Based on a same inventive concept, referring to
FIG. 11a, an embodiment of this application provides a
beacon sending apparatus 1100, including a sending unit
1101 and a receiving unit 1102.

[0140] The sending unit 1101 is configured to send a
beacon, where the beacon occupies a first beacon timeslot in
a current super frame.

[0141] The receiving unit 1102 is configured to receive a
first beacon request frame after the sending unit 1101 sends
the beacon, where the first beacon request frame is used to
indicate that a device is located in an interference area
between an area of a first network in which the coordinator
is located and an area of at least one second network.
[0142] The sending unit 1101 is configured to: after the
receiving unit 1102 receives the first beacon request frame,
send a beacon by separately occupying a first beacon
timeslot and a second beacon timeslot in each of N super
frames starting from a next super frame, where Nz1, and N
is a positive integer.

[0143] Preferably, the first beacon timeslot and the second
beacon timeslot are both located in a beacon timeslot area of
the super frame, the second beacon timeslot is an idle
timeslot, the beacon timeslot area is a time period that is
merely used to send a beacon in the super frame, and the idle
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timeslot is a timeslot that is in the beacon timeslot area and
that is not used to send beacons by coordinators in VPANs
interfering with each other; or the first beacon timeslot is
located in a beacon timeslot area of the super frame, and the
second beacon timeslot is located in a contention free period
CFP area of the super frame.

[0144] Preferably, the sending unit 1101 is configured to:
[0145] a beacon type carried in a beacon sent by occupy-
ing the first beacon timeslot is an original beacon;

[0146] a beacon type carried in a beacon sent by occupy-
ing the second beacon timeslot is an additional beacon; and
[0147] the original beacon is used to indicate that the
beacon is a beacon periodically and conventionally sent by
the sending unit, and the additional beacon is used to
indicate that the beacon is an extra beacon sent by the
sending unit other than the original beacon.

[0148] Preferably, the beacon sending apparatus 1100 fur-
ther includes a processing unit 1105. An example of a
connection manner is shown in FIG. 1156. The sending unit
1101 and the receiving unit 1102 are separately connected to
the processing unit 1105. The processing unit 1105 includes
an association unit 1103 and a coordination unit 1104. The
association unit 1103 is configured to establish association
with the device if it is determined, when the receiving unit
1102 receives an association request frame sent by the
device, that an occupation time of the N super frames does
not reach a specified threshold; and

[0149] the sending unit 1101 is further configured to: if the
receiving unit 1102 does not receive the association request
frame sent by the device, and it is determined that the
occupation time of the N super frames reaches the specified
threshold, send the beacons by occupying only a first beacon
timeslot in each super frame following the N super frames.
[0150] Preferably, the association request frame carries a
beacon type indication, and the beacon type indication is
used to represent an association request that is initiated by
the device after the device detects an original beacon, or is
used to represent an association request that is initiated by
the device after the device detects an additional beacon; and
[0151] the coordinator 1100 further includes a coordina-
tion unit 1104, configured to: after the receiving unit 1102
receives the association request frame sent by the device, if
it is determined, based on the beacon type indication carried
in the association request frame received by the receiving
unit 1102, that the association request frame is an association
request that is initiated by the device after the device detects
an original beacon, skip triggering interference coordina-
tion; or if it is determined that the association request frame
is an association request that is initiated by the device after
the device detects an additional beacon, trigger interference
coordination.

[0152] Preferably, the coordination unit 1104 is further
configured to: during a process of triggering the interference
coordination, use an interference parameter carried in the
association request frame received by the receiving unit.
[0153] Preferably, if the first beacon timeslot is located in
the beacon timeslot area of the super frame, and the second
beacon timeslot is located in the CFP area of the super
frame,

[0154] the sending unit 1101 is further configured to: if it
is determined, when the receiving unit 1102 receives a
second beacon request frame sent by the device, that the
occupation time of the N super frames does not reach the
specified threshold, send a beacon by separately occupying
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the first beacon timeslot and a third beacon timeslot in each
super frame following the N super frames, where the third
beacon timeslot is located in a CFP area.

[0155] Preferably, the first beacon request frame carries a
field that indicates an address of the device, and a format of
the second beacon request frame is the same as a format of
the first beacon request frame.

[0156] Preferably, the first beacon request frame further
carries at least one of a field indicating a request reason, a
field indicating a sequence number of sending the beacon
request frame, a field indicating a quantity of times of
retransmitting the beacon request frame, and a field indicat-
ing an address of a target access coordinator.

[0157] Based on a same inventive concept, referring to
FIG. 12, an embodiment of this application provides a
network access apparatus 1200, including a detection unit
1201 and a sending unit 1202.

[0158] The detection unit 1201 is configured to perform
beacon detection before the network access apparatus
accesses a first network.

[0159] The sending unit 1202 is configured to send a first
beacon request frame if the detection unit 1201 cannot
correctly detect a beacon when a detection time reaches a
specified first duration threshold, where the first beacon
request frame is used to indicate that the device is in an
interfered state.

[0160] Preferably, the detection unit 1201 is further con-
figured to: after the sending unit 1202 sends the first beacon
request frame to a coordinator in the first network, continue
to perform beacon detection; and if correctly detecting a
beacon before a detection continuation time reaches a speci-
fied second duration threshold, further determine whether
the detected beacon is sent by the coordinator in the first
network; and

[0161] the sending unit 1202 is further configured to: if the
detection unit 1201 determines that the detected beacon is
sent by the coordinator in the first network, send an asso-
ciation request frame to the coordinator in the first network,
where the association request frame is used to request for
association with the coordinator in the first network; or
[0162] if the detection unit 1201 does not correctly detect
a beacon yet when the detection continuation time reaches
the specified second duration threshold, send a second
beacon request frame to a coordinator in the first network,
where the second beacon request frame is used to indicate
that the device still is in the interfered state.

[0163] Preferably, the detection unit 1201 is further con-
figured to: after correctly detecting the beacon, parse the
detected beacon, and determine a beacon type included in
the beacon, where

[0164] the beacon type is an original beacon or an addi-
tional beacon, and

[0165] the original beacon is used to indicate that the
beacon is a beacon periodically and conventionally sent by
the coordinator, and the additional beacon is used to indicate
that the beacon is an extra beacon sent by the coordinator
other than the original beacon.

[0166] Preferably, the sending unit 1202 is further config-
ured to: when the detection unit 1201 determines that the
beacon type included in the beacon is an original beacon,
add, to the association request frame sent to the coordinator
in the first network, a beacon type indication used to indicate
that an association request is initiated by the device after the
device detects the original beacon; or



US 2019/0020414 Al

[0167] when the detection unit 1201 determines that the
beacon type included in the beacon is an additional beacon,
add, to the association request frame sent to the coordinator
in the first network, a beacon type indication used to indicate
that an association request is initiated by the device after the
device detects the additional beacon.

[0168] Preferably, the detection unit 1201 is further con-
figured to further perform interference parameter detection
during a process of the beacon detection; and

[0169] the sending unit 1202 is further configured to:
when the detection unit 1201 determines that the beacon
type included in the beacon is an additional beacon, further
add, to the association request frame sent to the coordinator
in the first network, an interference parameter detected by
the detection unit.

[0170] Preferably, the first beacon request frame carries a
field that indicates an address of the device, and a format of
the second beacon request frame is the same as a format of
the first beacon request frame.

[0171] Preferably, the first beacon request frame further
carries at least one of a field indicating a request reason, a
field indicating a sequence number of sending the beacon
request frame, a field indicating a quantity of times of
retransmitting the beacon request frame, and a field indicat-
ing an address of a target access coordinator.

[0172] Based on a same inventive concept, referring to
FIG. 13, an embodiment of this application further provides
another network access apparatus 1300, including a detec-
tion unit 1301 and a sending unit 1302.

[0173] The detection unit 1301 is configured to perform
network detection before the network access apparatus
accesses a first network, where the network detection
includes beacon detection and interference parameter detec-
tion.

[0174] The sending unit 1302 is configured to send an
interference indication frame to a coordinator in the first
network when the detection unit 1301 cannot correctly
detect a beacon yet when a detection time reaches a specified
first duration threshold, where the interference indication
frame carries a detected interference parameter of the first
network and at least one second network.

[0175] Preferably, the interference parameter includes
identification information of the first network and the second
network, and quality of a signal of the first network and a
signal of the at least one second network that are received by
the device.

[0176] Based on a same inventive concept, referring to
FIG. 14, an embodiment of this application further provides
another network access apparatus 1400. The apparatus 1400
is located in a first network. The apparatus 1400 includes a
receiving unit 1401 and a coordination unit 1402.

[0177] The receiving unit 1401 is configured to receive an
interference indication frame sent by a device, where the
interference indication frame carries an interference param-
eter, and the interference parameter refers to interference
information indicating that at least one second network
interferes with the first network.

[0178] The coordination unit 1402 is configured to trigger
interference coordination based on the interference indica-
tion frame.

[0179] Preferably, the interference parameter includes
identification information of the first network and identifi-
cation information of the at least one second network, and/or
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information about quality of a signal of the first network and
a signal of the at least one second network that are received
by the device.

[0180] Preferably, the apparatus further includes a sending
unit 1403, where the sending unit 1403 is configured to:
when the coordination unit 1402 triggers interference coor-
dination, send an interference coordination request message
to a global coordinator managing the apparatus 1400, where
the interference coordination request message includes the
interference parameter;

[0181] the receiving unit 1401 is further configured to
receive an interference coordination response message
returned by the global coordinator, where the interference
coordination response message includes a beacon timeslot
used for the coordinator to send a beacon; and

[0182] the sending unit 1403 is further configured to send,
based on the interference coordination response message
received by the receiving unit 1401, a beacon by occupying
the beacon timeslot indicated by the global coordinator.
[0183] Based on a same inventive concept, referring to
FIG. 15, an embodiment of this application provides a
coordinator 1500, configured to perform functions of the
coordinator in the beacon sending method and the network
access method that are provided in the embodiments of this
application. The coordinator 1500 includes a transceiver
1501, a processor 1502, and a memory 1503. The memory
1503 stores a group of programs. The processor 1502 is
configured to invoke the programs stored in the memory
1503, to enable the coordinator 1500 to perform the method
in FIG. 7 or FIG. 10.

[0184] It should be noted that a connection manner
between the parts in FIG. 15 is merely a possible example.
The connection manner may alternatively be as follows: The
transceiver 1501 and the memory 1503 are both connected
to the processor 1502, and the transceiver 1501 is not
connected to the memory 1503. Alternatively, another pos-
sible connection manner may be used.

[0185] The processor 1502 may be a central processing
unit (English: central processing unit, CPU for short), a
network processor (English: network processor, NP for
short), or a combination of a CPU and an NP.

[0186] The processor 1502 may further include a hardware
chip. The foregoing hardware chip may be an application-
specific integrated circuit (English: application-specific inte-
grated circuit, ASIC for short), a programmable logic device
(English: programmable logic device, PLD for short), or a
combination thereof. The PL.D may be a complex program-
mable logic device (English: complex programmable logic
device, CPLD for short), a field-programmable gate array
(English: field-programmable gate array, FPGA for short), a
generic array logic (English: generic array logic, GAL for
short), or any combination thereof.

[0187] The memory 1503 may include a volatile memory
(English: volatile memory), such as a random access
memory (English: random-access memory, RAM for short).
The memory 1503 may alternatively include a non-volatile
memory (English: non-volatile memory), such as a flash
memory (English: flash memory), a hard disk (English: hard
disk drive, HDD for short), or a solid state disk (English:
solid-state drive, SSD for short). The memory 1503 may
alternatively include a combination of the foregoing types of
memories.

[0188] Based on a same inventive concept, referring to
FIG. 16, an embodiment of this application provides a
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device 1600, configured to perform functions of the device
in the beacon sending method and the network access
method that are provided in the embodiments of this appli-
cation. The device 1600 includes a transceiver 1601, a
processor 1602, and a memory 1603. The memory 1603
stores a group of programs. The processor 1602 is config-
ured to invoke the programs stored in the memory 1603, to
enable the device 1600 to perform the method in FIG. 7 or
FIG. 10.

[0189] It should be noted that a connection manner
between the parts in FIG. 16 is merely a possible example.
The connection manner may alternatively be as follows: The
transceiver 1601 and the memory 1603 are both connected
to the processor 1602, and the transceiver 1601 is not
connected to the memory 1603. Alternatively, another pos-
sible connection manner may be used.

[0190] The processor 1602 may be a central processing
unit (English: central processing unit, CPU for short), a
network processor (English: network processor, NP for
short), or a combination of a CPU and an NP.

[0191] The processor 1602 may further include a hardware
chip. The foregoing hardware chip may be an application-
specific integrated circuit (English: application-specific inte-
grated circuit, ASIC for short), a programmable logic device
(English: programmable logic device, PLD for short), or a
combination thereof. The PL.D may be a complex program-
mable logic device (English: complex programmable logic
device, CPLD for short), a field-programmable gate array
(English: field-programmable gate array, FPGA for short), a
generic array logic (English: generic array logic, GAL for
short), or any combination thereof.

[0192] The memory 1603 may include a volatile memory
(English: volatile memory), such as a random access
memory (English: random-access memory, RAM for short).
The memory 1603 may alternatively include a non-volatile
memory (English: non-volatile memory), such as a flash
memory (English: flash memory), a hard disk (English: hard
disk drive, HDD for short), or a solid state disk (English:
solid-state drive, SSD for short). The memory 1603 may
alternatively include a combination of the foregoing types of
memories.

[0193] Persons skilled in the art should understand that the
embodiments of this application may be provided as a
method, a system, or a computer program product. There-
fore, this application may use a form of hardware only
embodiments, software only embodiments, or embodiments
with a combination of software and hardware. Moreover, a
form of a computer program product that is implemented on
one or more computer usable storage media (including but
not limited to a disk memory, a CD-ROM, and an optical
memory) that include computer usable program code may be
used in this application.

[0194] This application is described with reference to the
flowcharts and/or block diagrams of the method, the device
(system), and the computer program product according to
the embodiments of this application. It should be understood
that computer program instructions may be used to imple-
ment each process and/or each block in the flowcharts and/or
the block diagrams, and a combination of a process and/or
a block in the flowcharts and/or the block diagrams. These
computer program instructions may be provided for a gen-
eral-purpose computer, a dedicated computer, an embedded
processor, or a processor of any other programmable data
processing device to generate a machine, so that the instruc-
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tions executed by a computer or a processor of any other
programmable data processing device generate an apparatus
for implementing a specific function in one or more pro-
cesses in the flowcharts and/or in one or more blocks in the
block diagrams.

[0195] These computer program instructions may be
stored in a computer readable memory that can instruct the
computer or any other programmable data processing device
to work in a specific manner, so that the instructions stored
in the computer readable memory generate an artifact that
includes an instruction apparatus. The instruction apparatus
implements a specified function in one or more processes in
the flowcharts and/or in one or more blocks in the block
diagrams.

[0196] These computer program instructions may also be
loaded onto a computer or another programmable data
processing device, so that a series of operations and steps are
performed on the computer or the another programmable
device, thereby generating computer-implemented process-
ing. Therefore, the instructions executed on the computer or
the another programmable device provide steps for imple-
menting a specific function in one or more processes in the
flowcharts and/or in one or more blocks in the block
diagrams.

[0197] Although some preferred embodiments of this
application have been described, persons skilled in the art
can make changes and modifications to these embodiments
once they learn the basic inventive concept. Therefore, the
following claims are intended to be construed as to cover the
preferred embodiments and all changes and modifications
falling within the scope of this application.

[0198] Obviously, persons skilled in the art can make
various modifications and variations to the embodiments of
this application without departing from the spirit and scope
of the embodiments of the present application. This appli-
cation is intended to cover these modifications and varia-
tions provided that they fall within the scope of protection
defined by the following claims and their equivalent tech-
nologies.

1-20. (canceled)

21. A beacon sending method, comprising:

sending, by a coordinator, a beacon in a first beacon
timeslot in a current super frame, wherein the coordi-
nator is located in a first network;

receiving, by the coordinator, a beacon request frame,
wherein the beacon request frame indicates that a
device is located in an interference area between an
area of the first network and an area of at least one
second network; and

sending, by the coordinator, beacons separately in a first
beacon timeslot and a second beacon timeslot in each
of N super frames starting from a next super frame,
wherein Nz1, and N is a positive integer.

22. The method according to claim 21, wherein:

the first beacon timeslot is located in a beacon timeslot
area of the super frame, and the second beacon timeslot
is located in a contention free period (CFP) area of the
super frame.

23. The method according to claim 21, wherein:

a beacon type of the beacon sent in the first beacon
timeslot is an original beacon;

a beacon type of the beacon sent in the second beacon
timeslot is an additional beacon; and



US 2019/0020414 Al

the original beacon indicates that the beacon is a beacon
periodically and conventionally sent by the coordina-
tor, and the additional beacon indicates that the beacon
is an extra beacon sent by the coordinator other than the
original beacon.

24. The method according to claim 23, wherein after the
coordinator sends the beacons in the first beacon timeslot
and the second beacon timeslot in each of the N super
frames, the method further comprises:

establishing, by the coordinator, association with the
device in a case that the coordinator receives an asso-
ciation request frame from the device, and an occupa-
tion time of the N super frames does not reach a
specified threshold.

25. The method according to claim 21, wherein the
beacon request frame carries a field that indicates an address
of the device.

26. The method according to claim 25, wherein the
beacon request frame further carries at least one of a field
indicating a request reason, a field indicating a sequence
number of sending the beacon request frame, a field indi-
cating a quantity of times of retransmitting the beacon
request frame, or a field indicating an address of a target
access coordinator.

27. The method according to claim 21, wherein the first
network is a beacon-enabled visible light communication
personal area network (VPAN).

28. A beacon sending apparatus, comprising:

a sender, configured to send a beacon in a first beacon

timeslot in a current super frame;

a receiver, configured to receive a beacon request frame,
wherein the beacon request frame indicates that a
device is located in an interference area between an
area of a first network and an area of at least one second
network, wherein the beacon sending apparatus in
located in the first network; and wherein

the sender is configured to send beacons separately in a
first beacon timeslot and a second beacon timeslot in
each of N super frames starting from a next super
frame, wherein Nz1, and N is a positive integer.

29. The apparatus according to claim 28, wherein:

the first beacon timeslot is located in a beacon timeslot
area of the super frame, and the second beacon timeslot
is located in a contention free period (CFP) area of the
super frame.

30. The apparatus according to claim 28, wherein:

a beacon type of the beacon sent in the first beacon
timeslot is an original beacon;

a beacon type of the beacon sent in the second beacon
timeslot is an additional beacon; and

the original beacon indicates that the beacon is a beacon
being periodically and conventionally sent, and the
additional beacon indicates that the beacon is an extra
beacon other than the original beacon.

31. The apparatus according to claim 30, further com-

prising a processor, wherein the processor is configured to:
establish association with the device in a case that it is
determined, when an association request frame is
received from the device, that an occupation time of the

N super frames does not reach a specified threshold.
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32. The apparatus according to claim 28, wherein the
beacon request frame carries a field that indicates an address
of the device.

33. The apparatus according to claim 32, wherein the
beacon request frame further carries at least one of a field
indicating a request reason, a field indicating a sequence
number of sending the beacon request frame, a field indi-
cating a quantity of times of retransmitting the beacon
request frame, or a field indicating an address of a target
access coordinator.

34. The apparatus according to claim 28, wherein the first
network is a beacon-enabled visible light communication
personal area network (VPAN).

35. The apparatus according to claim 34, wherein the
apparatus is a coordinator in the VPAN.

36. A computer program product comprising a non-
transitory computer-readable medium storing computer
executable instructions that when executed by a processor
instruct the processor to:

send a beacon, in a first beacon timeslot in a current super

frame;

receive a beacon request frame, wherein the beacon

request frame indicates that a device is located in an
interference area between an area of a first network and
an area of at least one second network, wherein the
processor is located in the first network; and

send beacons in a first beacon timeslot and a second

beacon timeslot in each of N super frames starting from
a next super frame, wherein Nz1, and N is a positive
integer.

37. The computer program product according to claim 36,
wherein:

the first beacon timeslot is located in a beacon timeslot

area of the super frame, and the second beacon timeslot
is located in a contention free period (CFP) area of the
super frame.

38. The computer program product according to claim 36,
wherein:

a beacon type of the beacon sent in the first beacon

timeslot is an original beacon;

a beacon type of the beacon sent in the second beacon

timeslot is an additional beacon; and

the original beacon indicates that the beacon is a beacon

being periodically and conventionally sent, and the
additional beacon indicates that the beacon is an extra
beacon sent by the processor other than the original
beacon.

39. The computer program product according to claim 36,
wherein the beacon request frame carries a field that indi-
cates an address of the device.

40. The computer program product according to claim 39,
wherein the beacon request frame further carries at least one
of a field indicating a request reason, a field indicating a
sequence number of sending the beacon request frame, a
field indicating a quantity of times of retransmitting the
beacon request frame, or a field indicating an address of a
target access coordinator.
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