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fifth threshold; and an event A1, a measurement value of the serving cell is better than a sixth threshold. The present disclosure provides
a communication handover apparatus and a readable storage medium.
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HANDOVER METHOD AND APPARATUS

TECHNICAL FIELD
[0001] The described embodiments relate to a communication technology, and more particularly,

to a handover method and an apparatus.

BACKGROUND

[0002] A handover is a fundamental and important process in mobility management. In
LTE/LTE-A, the handover of a user equipment is controlled by a base station. In NR, because of
the use of a high frequency carrier and a beamforming technique, a channel quality changes rapidly,
which may cause a failure of handover command delivery to the user equipment from a source base
station (i.e., the base station to which the user equipment is currently connected). Once the
problem described above happens, a control signal between the user equipment and the base station
may disappear, and the user equipment may enter a radio link failure (RLF) and perform a radio
resource control (RRC) connection re-establishment, so as to bring a longer delay.

[0003] In order to solve the problem, a conditional handover is proposed (which may also be
called autonomous handover).  The conditional handover is a network-configured but
user-equipment-controlled downlink mobility mechanism. The conditional handover allows the
source base station to send a conditional handover command to the user equipment before the
channel quality is unstable enough to initiate the conventional handover. The conditional
handover command includes information of multiple candidate target cells and handover conditions,
and then the user equipment may perform a handover process automatically when it observes that
the handover condition is satisfied.

[0004] For convenience of description, a period between the time that the conditional handover
command is issued, and the time that the handover is executed or the expiration of the conditional
handover command if it is never executed, is defined as conditional handover lifetime. During the
conditional handover lifetime, the user equipment may still perform a measurement according to a
current measurement configuration, and report the measurement result to the source base station to
enable the base station to adjust the conditional handover. Frequent measurement result reporting

may be required, which brings about a large overhead.

SUMMARY
[0005] The present disclosure provides a handover method and an apparatus, which may solve a
technical problem that a frequent measurement result reporting in conditional handover lifetime

may bring a large overhead in the related art.
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[0006] In order to solve the above-mentioned technical problem, a technical solution adopted by
the present disclosure is to provide a handover method comprising: reporting a first measurement
result by a user equipment to a source base station; receiving a conditional handover command by
the user equipment from the source base station, wherein the conditional handover command
comprises information of a candidate target cell list and a handover condition, and the candidate cell
is selected for the user equipment by the source base station according to the first measurement
result; obtaining a measurement result by the user equipment according to a measurement
configuration for conditional handover mode, wherein the measurement configuration for the
conditional handover mode comprises at least one of following measurement events that: an event
D1, a measurement value of a neighbor cell is better than a measurement value of a best cell in a
candidate target cell list, and a difference between the measurement value of the neighbor cell and
the measurement value of the best cell in the candidate target cell list is greater than a first threshold;
an event D2, the measurement value of the neighbor cell is better than the measurement value of the
best cell in the candidate target cell list, and the difference between the measurement value of the
neighbor cell and the measurement value of the best cell in the candidate target cell list is greater
than a second threshold, and a measurement value of a serving cell is worse than a third threshold;
an event D3, a number of the candidate cell which has a measurement value worse than a fourth
threshold is greater than a fifth threshold; and an event A1, a measurement value of the serving cell
is better than a sixth threshold.

[0007] In order to solve the above-mentioned technical problem, a technical solution adopted by
the present disclosure is to provide a handover method comprising: receiving a first measurement
result from a user equipment, by a source base station; selecting a candidate cell by the source base
station according to the first measurement result for the user equipment; sending a conditional
handover command comprising information of the candidate target cell list and a handover
condition, by the source base station, to the user equipment, and sending a measurement
configuration for conditional handover mode, by the source base station, to the user equipment,
wherein the measurement configuration for the conditional handover mode comprises at least one of
following measurement events that: an event D1, a measurement value of a neighbor cell is better
than a measurement value of a best cell in a candidate target cell list, and a difference between the
measurement value of the neighbor cell and the measurement value of the best cell in the candidate
target cell list is greater than a first threshold; an event D2, the measurement value of the neighbor
cell is better than the measurement value of the best cell in the candidate target cell list, and the
difference between the measurement value of the neighbor cell and the measurement value of the
best cell in the candidate target cell list is greater than a second threshold, and a measurement value

of a serving cell is worse than a third threshold; an event D3, a number of the candidate cell which
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has a measurement value worse than a fourth threshold is greater than a fifth threshold; and an event
A1, a measurement value of the serving cell is better than a sixth threshold.

[0008] In order to solve the above-mentioned technical problem, a technical solution adopted by
the present disclosure is to provide a communication handover apparatus comprising a processor
and a communication circuit, wherein the processor is coupled to the communication circuit, and
the processor is configured to execute an command to implement methods according to claims 1-19.
[0009] In order to solve the above-mentioned technical problem, a technical solution adopted by
the present disclosure is to provide a readable storage medium storing commands, wherein the
commands are configured to be executed to implement methods according to claims 1-19.

[0010] Advantages of the disclosure may follow. As compared with the related art, after
receiving a conditional handover command, a user equipment performs a measurement and reports
the measurement according to a measurement configuration for conditional handover mode; the
measurement configuration for the conditional handover mode may include at least one of
measurement events of an event D1, an event D2, an event D3, and an event Al. The
measurement events may satisfy at least a part of the requirements of the base station to adjust the
conditional handover. Compared with measurement events A2-A6 in the related art, the
measurement events D1, D2 and D3 may be less likely to be triggered, so as to reduce an overhead

caused by a measurement result reporting.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Fig. 1 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.
[0012] Fig. 2 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.
[0013] Fig. 3 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.
[0014] Fig. 4 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.
[0015] Fig. 5 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.
[0016] Fig. 6 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.
[0017] Fig. 7 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.

[0018] Fig. 8 is a flow chart of a handover method in accordance with an embodiment in the
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present disclosure.

[0019] Fig. 9 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.

[0020] Fig. 10 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.

[0021] Fig. 11 is a flow chart of a handover method in accordance with an embodiment in the
present disclosure.

[0022] Fig. 12 is a structural illustration of a handover apparatus in accordance with an
embodiment in the present disclosure.

[0023] Fig. 13 is a structural illustration of a handover apparatus in accordance with an
embodiment in the present disclosure.

[0024] Fig. 14 is a structural illustration of a readable storage medium in accordance with an

embodiment in the present disclosure.

DETAILED DESCRIPTION
[0025] The present disclosure will now be described in a detail in conjunction with drawings and
embodiments. The following non-conflict embodiments may be combined with each other.
[0026] An execution body of a handover method in accordance with an embodiment in the present
disclosure may be a user equipment. The user equipment may be fixed or mobile, and may be a
cellular phone, a personal digital assistant (PDA), a wireless modem, a tablet computer, a notebook
computer, or the like. As shown in Fig. 1, the embodiment may include as following.
[0027] S11: a user equipment may report a first measurement result to a source base station.
[0028] The first measurement result may also be referred to an early measurement result. Before
the block S11, the user equipment may receive a measurement control from the source base station
to indicate when to start to measure and report the first measurement result. The measurement
control may be conveyed by a RRC connection reconfiguration. A measurement configuration
indicated by the measurement control may be referred to a normal mode measurement configuration.
A reporting of the first measurement result may be periodic or non-periodic, such as
event-triggered.
[0029] Trigger conditions of the event-triggered measurement result may be referred to a
measurement event. The normal mode measurement configuration may include some or all of the

measurement events A1-A6, and the measurement events A1-A6 are as shown in Table 1.

event entry condition leaving condition
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Al | a measurement value in a serving cell | a measurement value in a serving cell
becomes better than an absolute | becomes worse than another absolute

threshold threshold

A2 | a measurement value in a serving cell | a measurement value in a serving cell
becomes worse than an absolute | becomes better than another absolute

threshold threshold

A3 | a measurement value in a neighbor | a measurement value in a neighbor cell
cell becomes amount of offset better | becomes amount of another offset worse
than a measurement value in a special | than a measurement value in a special

cell cell

A4 | a measurement value in a neighbor | a measurement value in a neighbor cell
cell becomes better than an absolute | becomes worse than another absolute

threshold threshold

A5 | a measurement value in a special cell | a measurement value in a special cell
becomes worse than an absolute | becomes better than an absolute
threshold1 and a measurement value in | threshold3 or a measurement value in a
a neighbor cell becomes better than an | neighbor cell becomes worse than an

absolute threshold2 absolute threshold4

A6 | a measurement value in a neighbor | a measurement value in a neighbor cell
cell becomes amount of offset better | becomes amount of another offset worse
than a measurement value in a special | than a measurement value in a special
cell cell

Table 1

[0030] In Table 1, the serving cell may be referred to a cell serving the user equipment currently.
When the user equipment is in a dual-connection state, the special cell may be referred to a primary
cell (PCell) or a primary secondary cell (PSCell). In other cases, the special cell may be the PCell.
The PCell may work on a primary frequency. The user equipment may perform a initial
connection establishment process or may initiate a connection re-establishment process in the PCell.
When the user equipment is in the dual-connection state, the PCell may belong to a primary node.
When the PSCell belongs to a secondary node, the user equipment may perform a random access to
synchronize in the PSCell when a connection reconfiguration process is performed.

[0031] S12: the user equipment may receive a conditional handover command from the source
base station.

[0032] The conditional handover command may be conveyed by the RRC connection
5
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reconfiguration. The conditional handover command may include information of a candidate
target cell list and a handover condition. The candidate cell may be selected for the user
equipment by the source base station according to the first measurement result. The conditional
handover command may include a candidate target cell list. The list may include some or all of
the information of all candidate cells. The handover conditions of different candidate cells may be
the same or different.

[0033] S13: the user equipment may obtain a measurement result according to a measurement
configuration for conditional handover mode.

[0034] Because the conditional handover is a network-configured but user-equipment-controlled
downlink mobility mechanism, a handover decision is made by the user equipment instead of a
network side during the conditional handover lifetime. The source base station may adjust the
conditional handover according to a measurement result, and the adjustment may include exiting the
conditional handover in advance, adding a new candidate cell, removing an inappropriate candidate
cell, and the like.

[0035] In this case, the source base station may not need to obtain updated measurement values of
the serving/special/adjacent cell provided by the measurement results of events A1-A6 in all cases.
In fact, most of the measurement results of A1-A6 do not provide useful information directly to the
source base station during the conditional handover lifetime. The following description may be an
analysis of whether the measurement events A1-A6 are suitable during the conditional handover
lifetime. Unless otherwise mentioned specific indication, only the entry conditions of the
measurement event are analyzed.

[0036] The event Al: useful, a measurement result including the event A1 may indicate that signal
quality of serving cell is good enough, in which case the source base station may exit the
conditional handover in advance.

[0037] The event A2: useless, the conditional handover has been initiated, and it is up to the user
equipment, not the source base station, to decide whether to perform an actual handover.

[0038] The event A3: the neighbor cell triggering the event A3 may serve as a possible handover
target which the user equipment handover. However, after initiating the conditional handover, the
user equipment may select a handover target from configured candidate cells in a default state.
When a cell which is most suitable as the handover target belongs to the configured candidate cell,
the source base station may not need to know whether a new cell may be used as a candidate cell.
Therefore, the event A3 is useless.

[0039] The event A4: an entry condition analysis of the event A4 may be similar to the event A3.
The measurement result including the leaving condition of the event A4 may be used by the source

base station to evaluate whether to remove improper candidate cells. However, measurement
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objects of the event A4 may be neighbor cells (which may be defined by a cellsTriggeredList) and a

number thereof may be greater than a number of the candidate cells, it may cause a lot of useless
measurement results to be reported, and may bring unnecessary overhead.

[0040] The event AS: the event A5 may be similar to the event A2 and the event A3.

[0041] The event A6: the event A6 may be similar to the event A3.

[0042] In this embodiment, after receiving the conditional handover command, the user equipment
may exit to use the normal mode measurement configuration and may enable the measurement
configuration for measurement in the conditional handover mode (which may also be referred to a
reporting configuration). The measurement configuration for the conditional handover mode may
be conveyed by the conditional handover command. The measurement configuration for the
conditional handover mode may include at least one of measurement events D1, D2, D3, and Al.
The measurement events D1, D2, D3, and Al and its corresponding trigger conditions may be
described as following.

[0043] The event D1, a measurement value of a neighbor cell may be better than a measurement
value of a best cell in the candidate target cell list, and a difference between the measurement value
of the neighbor cell and the measurement value of the best cell in the candidate target cell list may
be greater than a first threshold, i.e., the measurement value of the neighbor cell may be more better
than the first threshold than the measurement value of the best cell in the candidate target cell list.
[0044] The event D2, the measurement value of the neighbor cell may be better than the
measurement value of the best cell in the candidate target cell list, and the difference between the
measurement value of the neighbor cell and the measurement value of the best cell in the candidate
target cell list may be greater than a second threshold, and a measurement value of a serving cell
may be worse than a third threshold, i.e., the measurement value of the neighbor cell may be more
better than the second threshold than the measurement value of the best cell in the candidate target
cell list, and the measurement value of the serving cell may be worse than the third threshold.

[0045] The event D3, the number of the candidate cell which has a measurement value worse than
a fourth threshold may be greater than a fifth threshold.

[0046] The event Al, a measurement value of the serving cell may be better than a sixth threshold.
[0047] In the above-mentioned measurement events, the measurement value may be configured to
indicate signal quality. The measurement value may include at least one of reference signal
received power (RSPP), reference signal received quality (RSRQ), and a signal to interference plus
noise ratio (SINR). The first threshold and the second threshold may be relative thresholds of
signal quality, and the first threshold and the second threshold may be same or different. The third
threshold may be an absolute threshold of the signal quality. The fourth threshold may be an

absolute threshold of the signal quality. The fifth threshold may be a quantity threshold. The
7
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sixth threshold may be an absolute threshold of the signal quality.

[0048] When the measurement result triggers at least one of the measurement events, the user
equipment may generate and report a second measurement result including the measurement event
which has been triggered. The source base station may adjust the conditional handover according
to the second measurement result.

[0049] Triggering condition of the events D1 may include that the measurement value of the
neighbor cell may be better than the measurement value of the best cell in the candidate target cell
list, and the difference between the measurement value of the neighbor cell and the measurement
value of the best cell in the candidate target cell list may be greater than the first threshold;
triggering condition of the events D2 may include that the measurement value of the neighbor cell
may be better than the measurement value of the best cell in the candidate target cell list, and the
difference between the measurement value of the neighbor cell and the measurement value of the
best cell in the candidate target cell list may be greater than the second threshold. Therefore, the
best cell in the candidate target cell list may be a cell with the best signal quality in the candidate
target cell list, i.e., the signal quality of the neighbor cell may be better than that of all candidate
cells. The neighbor cell signal quality which triggers the event D1 or D2 the event may be better
than a current candidate cell, and may be more suitable as a handover target and may be not a
configured candidate cell. When at least one of the event D1 and the event D2 are triggered, the
user equipment may report the second measurement result including the triggered at least one of the
event D1 and the triggered event D2. After the source base station received the second
measurement result, the source base station may add the neighbor cell which triggers at least one of
the event D1 and the event D2 as a new candidate cell to ensure that the user equipment may
handover to a suitable cell.

[0050] In a case that when both the event D1 and the event D2 are configured and the second
threshold is greater than or equal to the first threshold, the neighbor cell which triggers the event D2
may trigger the event D1 necessarily at the same time, and the event D2 may be considered as a
combination of the event D1 and another trigger condition.

[0051] The triggering of the event D3 may mean that some candidate cells may be no longer
suitable as a handover target. The user equipment may report the second measurement result
including the triggered event D3, and the source base station may remove the candidate cells after
receiving the second measurement result, to release resource reservation for user equipment and
reduce resource usage. Compared with the leaving condition of the event A4 analyzed above, the
event D3 may involve fewer measurement objects and have higher accuracy, and unnecessary
overhead may be reduced. In a case that the event D3 is configured, the source base station may

adjust at least one of the fourth threshold and the fifth threshold according to requirements of
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different application scenarios, and may evaluate a tradeoff between an overhead of the
measurement result of the user equipment and an overhead of the resource reservation in network
side.

[0052] The triggering of the event A1 may mean that the signal quality of the serving cell may be
good, and the user equipment may report the second measurement result including the triggered
event Al. After the source base received the second measurement result, the source base station
may exit the conditional handover in advance.

[0053] An abstract syntax notation 1 (ASN.1) example of the event D1, the event D2, and the

event D3 may be shown as following.

—— ASNI1START
EventTriggerConfig::= SEQUENCE {
eventId CHOICE {
eventDl SEQUENCE {
dl-Offset MeasTriggerQuantityOffset,
reportOnLeave BOOLEAN,
hysteresis Hysteresis,
timeToTrigger TimeToTrigger
by
eventD2 SEQUENCE {
d2-Threshold MeasTriggerQuantity,
d2-0Offset MeasTriggerQuantityOffset,
reportOnLeave BOOLEAN,
hysteresis Hysteresis,
timeToTrigger TimeToTrigger
by
eventD3 SEQUENCE {
d3-Threshold MeasTriggerQuantity,
d3-NroCellToTrigger INTEGER (1l..maxNroCellToTrigger)
reportOnLeave BOOLEAN,
hysteresis Hysteresis,
timeToTrigger TimeToTrigger,
useWhiteCellList BOOLEAN
by
by
rsType ENUMERATED {ss, csi-rs}

—— Common reporting config (at least to periodical and eventTriggered)
reportInterval ReportInterval,

reportAmount ENUMERATED {FFS!},

—— Cell reporting configuration

reportQuantityCell MeasReportQuantity,

maxReportCells INTEGER (1. .maxCellReport),
9
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—-— RS index reporting configuration

reportQuantityRsIndexes MeasReportQuantity
maxNroIndexesToReport INTEGER (1l..maxNroIndexesToReport)
onlyReportBeamIds BOOLEAN

—— If configured the UE includes the best neighbor cells per serving frequency

reportAddNeighMeas TYPE_FFS!

—— ASN1STOP

[0054] The measurement configuration for the conditional handover mode may include
measurement event without at least one of the event A2, the event A3, the event A4, the event A5,
and the event A6, to reduce the overhead of the measurement result.

[0055] After the measurement result is obtained, the user equipment may evaluate whether the
measurement result satisfies the trigger conditions of the measurement configuration for the
conditional handover mode including the measurement event. When the measurement result
satisfies the trigger condition of the at least one measurement event (i.e., the measurement result
may trigger at least one of the measurement events), the user equipment may generate and report
the second measurement result including the triggered measurement event. In addition, the user
equipment may evaluate whether the measurement value of the candidate cell in the measurement
result satisfies the handover condition; when it satisfies, the user equipment may select the
candidate cell which satisfies the handover condition as the target cell and handover to the target
cell. The generating and reporting of the second measurement result and the actual handover may
be not necessarily performed. When the generating and reporting of the second measurement
result and the actual handover are performed, there is no limit to the order of execution between the
two.

[0056] By an embodiment, after receiving a conditional handover command, a user equipment
performs a measurement and reports the measurement according to a measurement configuration
for conditional handover mode; the measurement configuration for the conditional handover mode
may include at least one of measurement events of an event D1, an event D2, an event D3, and an
event Al. The measurement events may satisfy at least a part of the requirements of the base
station to adjust the conditional handover. Compared with A2-A6 measurement events in the
related art, the measurement events D1, D2 and D3 may be less likely to be triggered, so as to
reduce a overhead caused by a measurement result reporting.

[0057] As shown in Fig. 2, Fig. 2 is a flow chart of a handover method in accordance with an

embodiment base on the above-mentioned embodiment in the present disclosure. Measurement
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events may include at least one of the event D1 and the event D2, and the at least one of the event
D1 and the event D2 may be triggered. The embodiment may be a further extension of the
handover method of the above-mentioned embodiment in the present disclosure, and same parts
may be not described repeatedly herein. The embodiment may include as following.

[0058] S101: a user equipment may report a first measurement result to a source base station.
[0059] S102: the user equipment may receive a conditional handover command from the source
base station.

[0060] S103: the user equipment may obtain a measurement result by a measurement
configuration for conditional handover mode.

[0061] The measurement configuration for the conditional handover mode may include at least
one of the event D1 and the event D2.

[0062] S104: when the measurement result triggers at least one of the event D1 and the event D2,
the user equipment may generate and report a second measurement result including the at least one
of the event D1 and the event D2 which has been triggered.

[0063] The second measurement result may include information of the neighbor cell which
triggers the at least one of the event D1 and the event D2.

[0064] S105: the user equipment may receive an updated conditional handover command form the
source base station.

[0065] The source base station may add the neighbor cell which triggers the at least one of the
event D1 and the event D2 as a new candidate cell to the candidate target cell list, and may update
the conditional handover command. The updated conditional handover command may include
information of the neighbor cell which triggers the at least one of the event D1 and the event D2.
[0066] As shown in Fig. 3, Fig. 3 is a flow chart of a handover method in accordance with an
embodiment base on the above-mentioned embodiment in the present disclosure. Measurement
events may include the event D3, and the event D3 may be triggered. The embodiment may be a
further extension of the handover method of the above-mentioned embodiment in the present
disclosure, and same parts may be not described repeatedly herein. The embodiment may include
as following.

[0067] S111: a user equipment may report a first measurement result to a source base station.
[0068] S112: the user equipment may receive a conditional handover command from the source
base station.

[0069] S113: the user equipment may obtain a measurement result by according to a measurement
configuration for conditional handover mode.

[0070] The measurement configuration for the conditional handover mode may include the event

D3.
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[0071] S114: when the measurement result triggers the event D3, the user equipment may generate
and report a second measurement result including the event D3 which has been triggered.

[0072] The second measurement result may include information of the neighbor cell which
triggers the event D3.

[0073] S115: the user equipment may receive an updated conditional handover command form the
source base station.

[0074] The source base station may remove the candidate cell which triggers the event D3 in the
candidate target cell list, and may update the conditional handover command. The updated
conditional handover command may include information of an updated candidate cell with
information of the candidate cell which triggers the event D3.

[0075] As shown in Fig. 4, Fig. 4 is a flow chart of a handover method in accordance with an
embodiment base on the above-mentioned embodiment in the present disclosure. Measurement
events may include the event Al, and the event Al may be triggered. The embodiment may be a
further extension of the handover method of the above-mentioned embodiment in the present
disclosure, and same parts may be not described repeatedly herein. The embodiment may include
as following.

[0076] S121: a user equipment may report a first measurement result to a source base station.
[0077] S122: the user equipment may receive a conditional handover command from the source
base station.

[0078] S123: the user equipment may obtain a measurement result by according to a measurement
configuration for conditional handover mode.

[0079] The measurement configuration for the conditional handover mode may include the event
Al.

[0080] S124: when the measurement result triggers the event A1, the user equipment may generate
and report a second measurement result including the event A1 which has been triggered.

[0081] After receiving the second measurement result, the source base station may decide to exit a
conditional handover in advance.

[0082] S125: the user equipment may receive a command to exit the handover method from the
source base station.

[0083] An execution body of a handover method in accordance with an embodiment in the present
disclosure may be a base station. The base station may be referred to a source base station, i.e., the
base station to which a user equipment is currently connected. The base station may connect to a
core network and may perform a wireless communication with the user equipment to provide a
communication coverage for a corresponding geographic area. The base station may be a macro

base station, a micro base station, a pico base station, or a femtocell. In some embodiments, a base
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station may also be referred to a radio base station, an access point, a node B, an evolved node B
(eNodeB, eNB), a gNB, or other suitable terminology. As shown in Fig. 5, the embodiment may
include as following.

[0084] S21: a source base station may receive a first measurement result from a user equipment.
[0085] Before the above-mentioned block, the source base station may be a send measurement
control to the user equipment to indicate when to start to measure and report the first measurement
result. The measurement control may be conveyed by a RRC connection reconfiguration. A
measurement configuration indicated by the measurement control may be referred to a normal mode
measurement configuration. A reporting of the first measurement result may be periodic or
non-periodic, such as event-triggered. The normal mode measurement configuration may include
some or all of the measurement events A1-A6, and the measurement events A1-A6 are described in
the above-mentioned embodiment.

[0086] S22: the source base station may select a candidate cell according to the first measurement
result for the user equipment.

[0087] The first measurement result may include signal quality of the neighbor cell. The source
base station may select several of the neighbor cells as candidate cells according to the signal
quality in the first measurement result. In addition to the first measurement result, the source base
station may also refer to factors such as the current location of the user equipment, the direction of
motion, the load of the candidate cell, and the like in the above-mentioned block, to select the
candidate cell.

[0088] S23: the source base station may send a conditional handover command and a
measurement configuration for conditional handover mode.

[0089] The conditional handover command may be conveyed by the RRC connection
reconfiguration. The conditional handover command may include information of a candidate
target cell list and a handover condition. The conditional handover command may include a
candidate target cell list. The list may include some or all of the information of all candidate cells.
The handover conditions of different candidate cells may be the same or different. The user
equipment that received the conditional handover command may initiate a conditional handover.
[0090] It should be noted that, the sending of the measurement configuration for the conditional
handover mode may be performed simultaneously with the sending of the conditional handover
command. For example, the measurement configuration for the conditional handover mode may
be conveyed by the conditional handover command, i.e., the measurement configuration for the
conditional handover mode may be included in the conditional handover command. Regardless of
whether the measurement configuration for the conditional handover mode is sent earlier or

simultaneously with the conditional handover command, the measurement configuration for the
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conditional handover mode may not be conveyed by the conditional handover command. The
sending of the measurement configuration for the conditional handover mode and an order of
execution between the block S21 and the block S22 may be merely illustrative, it is not be limited.
[0091] The measurement configuration for the conditional handover mode may include at least
one of measurement events D1, D2, D3, and Al. The measurement events are described in the
above-mentioned embodiment, same parts may be not described repeatedly herein.

[0092] The measurement configuration for the conditional handover mode may include
measurement events without at least one of the event A2, the event A3, the event A4, the event A5,
and the event A6, to reduce the overhead of the measurement result.

[0093] Optionally, the source base station may receive a second measurement result from the user
equipment, and the second measurement result may include triggered measurement events.

[0094] By an embodiment, after receiving a conditional handover command, a user equipment
performs a measurement and reports the measurement according to a measurement configuration
for conditional handover mode; the measurement configuration for the conditional handover mode
may include at least one of measurement events of an event D1, an event D2, an event D3, and an
event Al. The measurement events may satisfy at least a part of the requirements of the base
station to adjust the conditional handover. Compared with A2-A6 measurement events in the
related art, the measurement events D1, D2 and D3 may be less likely to be triggered, so as to
reduce a overhead caused by a measurement result reporting.

[0095] As shown in Fig. 6, Fig. 6 is a flow chart of a handover method in accordance with an
embodiment base on the above-mentioned embodiment in the present disclosure. Measurement
events may include at least one of the event D1 and the event D2, and the at least one of the event
D1 and the event D2 may be triggered. The embodiment may be a further extension of the
handover method of the above-mentioned embodiment in the present disclosure, and same parts
may be not described repeatedly herein. The embodiment may include as following.

[0096] S201: a source base station may receive a first measurement result from a user equipment.
[0097] S202: the source base station may select a candidate cell according to the first
measurement result for the user equipment.

[0098] S203: the source base station may send a conditional handover command and a
measurement configuration for conditional handover mode.

[0099] The measurement configuration for the conditional handover mode may include at least
one of the event D1 and the event D2.

[00100] S204: the source base station may receive a second measurement result including at least
one of the event D1 and the event D2 from the user equipment.

[00101] The second measurement result may include information of the neighbor cell which
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triggers the event D1 and/or the event D2.

[00102] S205: the source base station and a base station corresponding to a candidate target cell
which triggers the at least one of the event D1 and the event D2 may complete a handover
preparation.

[00103] The source base station may send a handover request command to the base station
corresponding to the candidate target cell. The handover request command may include
information of the user equipment. The base station corresponding to the candidate target cell may
perform an admission control to evaluate whether there is enough resource to receive the user
equipment. When there is enough resource, a preparation handover confirmation message may be
sent to the source base station and the resource may be reserved for the user equipment, and the
preparation handover confirmation message is used to indicate that the admission control is
successful.

[00104] S206: the source base station may send an updated conditional handover command to the
user equipment.

[00105] The source base station may add the neighbor cell which triggers the at least one of the
event D1 and the event D2 as a new candidate cell to the candidate target cell list, and may update
the conditional handover command. The updated conditional handover command may include
information of the neighbor cell which triggers the at least one of the event D1 and the event D2.
[00106] As shown in Fig. 7, Fig. 7 is a flow chart of a handover method in accordance with an
embodiment base on the above-mentioned embodiment in the present disclosure. Measurement
events may include the event D3, and the event D3 may be triggered. The embodiment may be a
further extension of the handover method of the above-mentioned embodiment in the present
disclosure, and same parts may be not described repeatedly herein. The embodiment may include
as following.

[00107] S211: a source base station may receive a first measurement result from a user equipment.
[00108] S212: the source base station may select a candidate cell according to the first
measurement result for the user equipment.

[00109] S213: the source base station may send a conditional handover command and a
measurement configuration for conditional handover mode.

[00110] The measurement configuration for the conditional handover mode may include the event
D3.

[00111] S214: the source base station may receive a second measurement result including the event
D3 from the user equipment.

[00112] The second measurement result may include information of the neighbor cell which

triggers the event D3.
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[00113] S215: the source base station may notify a base station corresponding to a candidate target
cell to release resource reservation for the user equipment.

[00114] The candidate cell which triggers the event D3 may be no longer suitable as a possible
handover target of the user equipment, so it is not necessary to continue to reserve a resource for the
user equipment.

[00115] S216: the source base station may send an updated conditional handover command to the
user equipment.

[00116] The source base station may remove the candidate cell which triggers the event D3 from
the candidate target cell list, and may update the conditional handover command. The updated
conditional handover command may include information of an updated candidate cell with
information of the candidate cell which triggers the event D3.

[00117] An order of execution between the present block and the block S215 may be merely
illustrative, and the execution may be executed simultaneously or may change the order.

[00118] As shown in Fig. 8, Fig. 8 is a flow chart of a handover method in accordance with an
embodiment base on the above-mentioned embodiment in the present disclosure. Measurement
events may include the event Al, and the event Al may be triggered. The embodiment may be a
further extension of the handover method of the above-mentioned embodiment in the present
disclosure, and same parts may be not described repeatedly herein. The embodiment may include
as following.

[00119] S221: a source base station may receive a first measurement result from a user equipment.
[00120] S222: the source base station may select a candidate cell according to the first
measurement result for the user equipment.

[00121] S223: the source base station may send a conditional handover command and a
measurement configuration for conditional handover mode.

[00122] The measurement configuration for the conditional handover mode may include the event
Al.

[00123] S224: the source base station may receive a second measurement result including the event
A1l from the user equipment.

[00124] After receiving the second measurement result, the source base station may decide to exit a
conditional handover in advance.

[00125] S225: the source base station may notify the base station corresponding to a candidate
target cell to release resource reservation for the user equipment.

[00126] Because the conditional handover is exited, the candidate cell may not need to continue to
reserve a resource for the user equipment.

[00127] S226: the source base station may send a command to exit the handover method to the user
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equipment.
[00128] An order of execution between the present block and the block S225 may be merely
illustrative, and the execution may be executed simultaneously or may change the order.
[00129] A reporting process of the second measurement result including different measurement
events may be exemplified below with reference to the figures, and same parts in the
above-mentioned embodiment may be not described repeatedly herein.
[00130] As shown in Fig. 9, Fig. 9 is a flow chart of a handover method in accordance with an
embodiment in the present disclosure. A second measurement result may include the event DI.
The embodiment in Fig. 9 may include as following.
[00131] S301: a source base station may send a measurement control to a user equipment.
[00132] S302: the source base station may receive a first measurement result from the user
equipment.
[00133] S303: the source base station may select a candidate cell A, a candidate cell B, and a
candidate cell C for the user equipment.
[00134] A base station in the candidate cell A may belong to a gNB A; a base station in the
candidate cell B may belong to a gNB B; and a base station of the candidate cell C may belong to a
gNB C.
[00135] S304: the source base station and the gNB A may complete a handover preparation.
[00136] S305: the source base station and the gNB B may complete a handover preparation.
[00137] S306: the source base station and the gNB C may complete a handover preparation.
[00138] An order of execution between the block S304, the block S305, and the block S306 may be
merely illustrative.
[00139] S307: the source base station may send a conditional handover command to the user
equipment.
[00140] The conditional handover command may include information of the candidate cell A,
information of the candidate cell B, and information of the candidate cell C, and the conditional
handover command may include a handover condition and a measurement configuration for the
conditional handover mode. The measurement configuration for the conditional handover mode
may include the event D1.
[00141] S308: the user equipment may obtain a measurement result according to the measurement
configuration for the conditional handover mode.
[00142] The measurement result may include a measurement value of a neighbor cell D. A base
station in the neighbor cell D may belong to a gNB D.
[00143] S309: the user equipment may evaluate whether the event D1 is triggered.

[00144] When the measurement value of the neighbor cell D satisfies a trigger condition of the
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event D1, the event D1 may be triggered.

[00145] S310: the user equipment may report the second measurement result including the event
D1 to the source base station.

[00146] The second measurement result may include the measurement value of the neighbor cell D.
[00147] S311: the source base station and the gNB D may complete a handover preparation.
[00148] S312: the source base station may send a updated conditional handover command to the
user equipment.

[00149] The neighbor cell D may be added to the candidate target cell list. The updated
conditional handover command may include information of the candidate cell D.

[00150] As shown in Fig. 10, Fig. 10 is a flow chart of a handover method in accordance with an
embodiment in the present disclosure. A second measurement result may include the event D3.
The embodiment in Fig. 10 may include as following.

[00151] S321: a source base station may send a measurement control to a user equipment.

[00152] S322: the source base station may receive a first measurement result from the user
equipment.

[00153] S323: the source base station may select a candidate cell A, a candidate cell B, and a
candidate cell C for the user equipment.

[00154] A base station in the candidate cell A may belong to a gNB A; a base station in the
candidate cell B may belong to a gNB B; and a base station of the candidate cell C may belong to a
gNB C.

[00155] S324: the source base station and the gNB A may complete a handover preparation.

[00156] S325: the source base station and the gNB B may complete a handover preparation.
[00157] S326: the source base station and the gNB C may complete a handover preparation.
[00158] An order of execution between the block S324, the block S325, and the block S326 may be
merely illustrative.

[00159] S327: the source base station may send a conditional handover command to the user
equipment.

[00160] The conditional handover command may include information of the candidate cell A,
information of the candidate cell B, and information of the candidate cell C, and the conditional
handover command may include a handover condition and a measurement configuration for the
conditional handover mode. The measurement configuration for the conditional handover mode
may include the event D3.

[00161] S328: the user equipment may obtain a measurement result according to the measurement
configuration for the conditional handover mode.

[00162] The measurement result may include a measurement value of a neighbor cell A, a
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measurement value of a neighbor cell B, and a measurement value of a neighbor cell C.
[00163] S329: the user equipment may evaluate whether the event D3 is triggered.
[00164] When the measurement value of the neighbor cell C satisfies a trigger condition of the
event D3, the event D3 may be triggered.
[00165] S330: the user equipment may report the second measurement result including the event
D3 to the source base station.
[00166] The second measurement result may include the measurement value of the neighbor cell C.
[00167] S331: the source base station may notify the gNB C to release resource reservation for the
user equipment.
[00168] S332: the source base station may send a updated conditional handover command to the
user equipment.
[00169] The updated conditional handover command may include information without the
candidate cell D.
[00170] As shown in Fig. 11, Fig. 11 is a flow chart of a handover method in accordance with an
embodiment in the present disclosure. A second measurement result may include the event Al.
The embodiment in Fig. 11 may include as following.
[00171] S341: a source base station may send a measurement control to a user equipment and a
measurement configuration for conditional handover mode.
[00172] The measurement configuration for the conditional handover mode may include the event
Al.
[00173] S342: the source base station may receive a first measurement result from the user
equipment.
[00174] S343: the source base station may select a candidate cell A, a candidate cell B, and a
candidate cell C for the user equipment.
[00175] A base station in the candidate cell A may belong to a gNB A; a base station in the
candidate cell B may belong to a gNB B; and a base station of the candidate cell C may belong to a
gNB C.
[00176] S324: the source base station and the gNB A may complete a handover preparation.
[00177] S325: the source base station and the gNB B may complete a handover preparation.
[00178] S326: the source base station and the gNB C may complete a handover preparation.
[00179] An order of execution between the block S344, the block S345, and the block S346 may be
merely illustrative.
[00180] S327: the source base station may send a conditional handover command to the user
equipment.
[00181] The conditional handover command may include information of the candidate cell A,
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information of the candidate cell B, and information of the candidate cell C, and the conditional
handover command may include a handover condition.

[00182] S348: the user equipment may obtain a measurement result according to the measurement
configuration for the conditional handover mode.

[00183] When the user equipment may obtain the measurement result according to the
measurement configuration for the conditional handover mode, the events A2-A6 have expired
except the event Al.

[00184] The measurement result may include a measurement value of a serving cell.

[00185] S349: the user equipment may evaluate whether the event A1 is triggered.

[00186] When the measurement value of the serving cell satisfies a trigger condition of the event
Al, the event A1 may be triggered.

[00187] S350: the user equipment may report the second measurement result including the event
Al to the source base station.

[00188] The second measurement result may include the measurement value of the serving cell.
[00189] S351: the source base station may notify the gNB A, the gNB B, and the gNB C to release
resource reservation for the user equipment.

[00190] S352: the source base may send a command to exit the handover method to the user
equipment.

[00191] As shown in Fig. 12, Fig. 12 is a structural illustration of a communication handover
apparatus in accordance with an embodiment in the present disclosure. The communication
handover apparatus may include a processor 110 and a communication circuit 120. The processor
110 may be connected to the communication circuit 120.

[00192] The communication circuit 120 may be configured to send and receive user data, and may
be an interface for the communication handover apparatus to communicate with other
communication apparatuses.

[00193] The processor 110 may control operations of the communication handover apparatus, and
the processor 110 may also be referred to a central processing unit (CPU). The processor 110 may
be an integrated circuit chip with signal processing capabilities. The processor 110 may also be a
general purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), an field programmable gate array (FPGA), or other programmable logic devices, a
discrete gate or a transistor logic device, and a discrete hardware component. The general purpose
processor may be a microprocessor, or the general purpose processor may be any conventional
processor or the like.

[00194] The processor 110 may be configured to execute commands to implement any one of the

above-mentioned handover methods provided in Fig. 1 to Fig. 4 of the present disclosure and its
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non-conflicting combination.

[00195] The communication handover apparatus in an embodiment may be a user equipment, or
may be an independent component that may be integrated in a user equipment, such as a baseband
chip.

[00196] As shown in Fig. 13, Fig. 13 is a structural illustration of a communication handover
apparatus in accordance with an embodiment in the present disclosure. The communication
handover apparatus may include a processor 210 and a communication circuit 220. The processor
210 may be connected to the communication circuit 220.

[00197] The communication circuit 220 may be configured to send and receive user data, and may
be an interface for the communication handover apparatus to communicate with other
communication apparatuses.

[00198] The processor 210 may control operations of the communication handover apparatus, and
the processor 210 may also be referred to a central processing unit (CPU). The processor 210 may
be an integrated circuit chip with signal processing capabilities. The processor 210 may also be a
general purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), an field programmable gate array (FPGA), or other programmable logic devices, a
discrete gate or a transistor logic device, and a discrete hardware component. The general purpose
processor may be a microprocessor, or the general purpose processor may be any conventional
processor or the like.

[00199] The processor 210 may be configured to execute commands to implement any one of the
above-mentioned handover methods provided in Fig. 5 to Fig. 8 of the present disclosure and its
non-conflicting combination.

[00200] The communication handover apparatus in an embodiment may be a base station, or may
be an independent component that may be integrated in a base station, such as a baseband board.
[00201] As shown in Fig. 14, Fig. 14 is a structural illustration of a readable storage medium in
accordance with an embodiment in the present disclosure. The readable storage medium may
include a memory 310, and the memory 310 may store commands. The commands may be
executed to implement any one of the above-mentioned handover methods provided in Fig. 1 to Fig.
8 of the present disclosure and its non-conflicting combination.

[00202] The memory 310 may include a read-only memory (ROM), a random access memory
(RAM), a flash memory, a hard disk, an compact disk, and the like.

[00203] In several embodiments provided by the present disclosure, it should be understood that the
disclosed methods and apparatus may be implemented in other ways. For example, the apparatus
described above are merely schematic. For example, the division of the modules or units is only a

logical function division, and an actual implementation may have another division manner, e.g.,
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multiple units or components may be combined or may be integrated into another system, or some
features can be ignored or not be performed. In addition, the illustrated or discussed mutual
coupling or the direct coupling or the communication connection may be indirect coupling or may
be a communication connection via some interfaces, devices or units, and may be electrical,
mechanical or other forms.

[00204] The units described as separate parts may or may not be physically separated, and the parts
displayed as units may or may not be physical units, i.e., which may be located in one place, or may
be distributed on multiple network units. Some or all of the units may be selected to achieve the
purpose of the solution of the present embodiment according to actual needs.

[00205] In addition, each functional unit in each embodiment of the present disclosure may be
integrated in one processing unit, or each unit may exist alone physically, or two or more units may
be integrated in one unit. The above-mentioned integrated unit can be implemented either in
hardware or in software.

[00206] If the integrated unit is implemented in the form of a software functional unit and sold or
used as a stand-alone product, it may be stored in a computer-readable storage medium. Based on
such understanding, a part of the technical solution of the present disclosure that contributes to the
related art or all the part of the technical solution can be embodied in the form of a software product.
The computer software product is stored in a storage medium and may include commands for
enabling a computer device (which may be a personal computer, a server, or a network device, etc.)
or a processor to perform all or part of blocks of the method according to various embodiments of
the present disclosure. The above-mentioned storage medium may include various media that can
store program codes, such as a flash disk, a removable hard disk, a read-only memory (ROM), a
random access memory (RAM), a magnetic disk, or a CD.

[00207] It is understood that the descriptions above are only embodiments of the present disclosure.
It 1s not intended to limit the scope of the present disclosure. Any equivalent transformation in
structure and/or in scheme referring to the command and the accompanying drawings of the present
disclosure, and direct or indirect application in other related technical field, are included within the

scope of the present disclosure.
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Claims

1. A handover method comprising:

reporting a first measurement result by a user equipment to a source base station;

receiving a conditional handover command by the user equipment from the source base station,
wherein the conditional handover command comprises information of a candidate target cell list and
a handover condition, and a candidate cell is selected for the user equipment by the source base
station according to the first measurement result;

obtaining a measurement result by the user equipment according to a measurement
configuration for conditional handover mode, wherein the measurement configuration for the
conditional handover mode comprises at least one of following measurement events that:

an event D1, a measurement value of a neighbor cell is better than a measurement value of a
best cell in the candidate target cell list, and a difference between the measurement value of the
neighbor cell and the measurement value of the best cell in the candidate target cell list is greater
than a first threshold;

an event D2, the measurement value of the neighbor cell is better than the measurement value
of the best cell in the candidate target cell list, and the difference between the measurement value of
the neighbor cell and the measurement value of the best cell in the candidate target cell list is
greater than a second threshold, and a measurement value of a serving cell is worse than a third
threshold;

an event D3, a number of the candidate cell which has a measurement value worse than a fourth
threshold is greater than a fifth threshold; and

an event Al, a measurement value of the serving cell is better than a sixth threshold.

2. The method according to claim 1, when the measurement result triggers at least one of the
measurement events, generating and reporting a second measurement result comprising the

measurement event which has been triggered, by the user equipment.

3. The method according to claim 2, wherein the second measurement result comprises at least one
of the event D1 and the event D2;

after generating and reporting the second measurement result comprising the measurement
event which has been triggered, by the user equipment, the method further comprises:

receiving an updated conditional handover command by the user equipment form the source
base station, wherein the updated conditional handover command comprises information of the

neighbor cell which triggers at least one of the event D1 and the event D2.
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4. The method according to claim 2, wherein the second measurement result comprises the event
D3;

after generating and reporting the second measurement result comprising the measurement
event which has been triggered, by the user equipment, the method further comprises:

receiving an updated conditional handover command by the user equipment form the source
base station, wherein the updated conditional handover command comprises information of an
updated candidate target cell list without information of the candidate cell which triggers the event

D3.

5. The method according to claim 2, wherein the second measurement result comprises the event
Al;

after generating and reporting the second measurement result comprising the measurement
event which has been triggered, by the user equipment, the method further comprises:

receiving a command to exit the handover method by the user equipment from the source base

station.

6. The method according to any one of claims 1-4, further comprising:

evaluating by the user equipment, whether the measurement value of the candidate cell satisfies
the handover condition;

when the measurement value of the candidate cell satisfies the handover condition, selecting
the candidate cell that satisfies the handover condition as a target cell by the user equipment, and to

handover to the target cell.

7. The method according to any one of claims 1-5, wherein the measurement configuration for the
conditional handover mode comprises measurement events without at least one of an event A2, an

event A3, an event A4, an event A5, and an event A6.

8. The method according to any one of claims 1-5, wherein the measurement configuration for the

conditional handover mode is conveyed by the conditional handover command.

9. The method according to any one of claims 1-5, before the obtaining the measurement result by
the user equipment according to the measurement configuration for the conditional handover mode,
further comprising:

receiving the measurement configuration for the conditional handover mode by the user

equipment from the base station.
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10. The method according to any one of claims 1-5, wherein the measurement value comprises at
least one of reference signal received power, reference signal received quality, and a signal to

interference plus noise ratio.

11. A handover method comprising:

receiving a first measurement result from a user equipment, by a source base station;

selecting a candidate cell by the source base station according to the first measurement result
for the user equipment;

sending a conditional handover command comprising information of a candidate target cell list
and a handover condition, by the source base station, to the user equipment, and sending a
measurement configuration for conditional handover mode, by the source base station, to the user
equipment, wherein the measurement configuration for the conditional handover mode comprises at
least one of following measurement events that:

an event D1, a measurement value of a neighbor cell is better than a measurement value of a
best cell in a candidate target cell list, and a difference between the measurement value of the
neighbor cell and the measurement value of the best cell in the candidate target cell list is greater
than a first threshold;

an event D2, the measurement value of the neighbor cell is better than the measurement value
of the best cell in the candidate target cell list, and the difference between the measurement value of
the neighbor cell and the measurement value of the best cell in the candidate target cell list is
greater than a second threshold, and a measurement value of a serving cell is worse than a third
threshold;

an event D3, a number of the candidate cell which has a measurement value worse than a fourth
threshold is greater than a fifth threshold; and

an event Al, a measurement value of the serving cell is better than a sixth threshold.

12. The method according to claim 11, further comprising: receiving a second measurement result
by the source base station from the user equipment, wherein the second measurement result

comprises the measurement event which has been triggered.

13. The method according to claim 12, wherein the second measurement result comprises at least
one of the event D1 and the event D2;
after receiving the second measurement result by the source base station from the user

equipment, the method further comprises:
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completing a handover preparation, by the source base station and a base station corresponding
to a candidate target cell which triggers at least one of the event D1 and the event D2;

sending an updated conditional handover command by the source base station to the user
equipment, wherein the updated conditional handover command comprises information of the

neighbor cell which triggers at least one of the event D1 and the event D2.

14. The method according to claim 12, wherein the second measurement result comprises the event
D3;

after receiving the second measurement result by the source base station from the user
equipment, the method further comprises:

notifying a base station corresponding to the candidate target cell which triggers the event D3,
by the source base station, to release resource reservation for the user equipment; and sending an
updated conditional handover command to the user equipment, wherein the updated conditional
handover command comprises information of an updated candidate cell without information of the

candidate cell which triggers the event D3.

15. The method according to claim 12, wherein the second measurement result comprises the event
Al;

after receiving the second measurement result by the source base station from the user
equipment, the method further comprises:

notifying a base station corresponding to the candidate target cell by the source base station, to
release resource reservation for the user equipment, and sending a command to exit the handover

method to the user equipment.

16. The method according to any one of claims 11-15, wherein the measurement configuration for
conditional handover mode comprises measurement events without at least one of an event A2, an

event A3, an event A4, an event A5, and an event A6.

17. The method according to any one of claims 11-15, wherein the measurement configuration for

the conditional handover mode is conveyed by the conditional handover command.

18. The method according to any one of claims 11-15, wherein the measurement configuration for

the conditional handover mode is not conveyed by the conditional handover command.

19. The method according to any one of claims 11-15, wherein the measurement value comprises at
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least one of reference signal received power, reference signal received quality, and a signal to

interference plus noise ratio.
20. A communication handover apparatus comprising a processor and a communication circuit,
wherein the processor is coupled to the communication circuit, and the processor is configured to

execute an command to implement methods according to claims 1-19.

21. A readable storage medium storing commands, wherein the commands are configured to be

executed to implement methods according to claims 1-19.
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