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METHODAND APPARATUS FOR REPORTING TIME INFORMATION OF
CHO

TECHNICAL FIELD

[0001] Embodiments of the present application generally relate to wireless
communication technology, especially to a method and apparatus for reporting time

information of conditional handover (CHO).

BACKGROUND

[0002] The ability to perform handovers between cells is a requirement of any
cellular network. Mobility removes location-based anchors, improves the user
experience and reduces hardware installation constraints. However, providing a
guality mobility service traditionally relies on the calibration and configuration of
mobility parameters by the network operator In order to reduce network
configuration efforts and to allow the network to adapt to changing environments, the

concept of self-optimizing network {(SON) has been introduced tn the 3GPP protocols.

[0003] In the context of SON, mobility robustness optimization (MRO) refers to a
category of procedures that allow cellular networks to select their own set of optimal
mobility parameters.  Such procedures are to be run autonomously and without
human intervention in either a centralized or de-centralized manner across the

network.

[0004] 5G MRO as one of SON features is introduced in release 16 (R16).  One of
the functions of MRO 1s to detect connection failures that occur due to too early or too
late handovers, or handover to wrong Cell.  These problems are defined as follows in

Rle:

- [Intra-system Too Late Handover] A radio link failure (RLF) occurs after a user
equiprnent (UE) has stayed for a long period of time 1o the cell; the UE atterapts
to re-establish the radio link connection in a different cell.
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- [Intra-system Too Early Handover] An RLF occurs shortly after a successful
handover from a source cell to a target cell or a handover failure occurs during the
handover procedure; the UE atterapts to re-establish the radio link connection in
the source cell.

- [Intra-system Handover to Wrong Cell] An RLF occurs shortly after a successtul
handover from a source cell to a target cell or a handover failure occurs during the
handover procedure; the UE attempts to re-establish the radio link connectionina
cell other than the source cell and the target cell.

[0005] In MRO for traditional handover, UE reported time {or UE reported time
information) 1s used. The "UE reported time" indicates the time elapsed since the
last handover initialisation until connection faillure. Two kinds of the UE reported
time are reported from the UE to the network in RLF-Report:

«  UE Reported Time/TimeConnFailure:

— This IE is used to indicate the time elapsed since the last HO initialization
until connection failure.

— In the case of handover failure, T304 expiry (Reconfiguration with sync
Failure), the UE shall set the timeConnklailure to the elapsed time since
reception of the last RRCReconfiguration wmessage including the
reconfigurationWithSync.

— In the case of detection of radio link failure, the UE shall set the
timeConnlailure to the elapsed time since reception of the last
RRCReconfiguration message wocluding the reconfigurationWithSync.

*  TimeSinceFailure:

— This field is used to indicate the time that elapsed since the connection
{establishment) failure.

- When UE imtiating the reporting RLF-Repori, the UE shall set
timeSinceFailure to the time that elapsed since the last radio link or
handover fatlure in NR.

[0006] The UE reported time s used for MRO detection mechanism as follows:

- [Intra-system Too Late Handover}: There 1s no recent handover for the UE prior
to the connection failure e.g the UE reported time is absent or larger than the

configured threshold {(e.g. Tstore UE cnixt)

- [Intra-system Too Early Handover]: There is a recent handover for the UE prior
to the connection failure e g. the UE reported time is smaller than the configured
threshold {e.g. Tstore UE cntxt), and the first re-establishment attempt cell/the
cell UE attempts to re-connect 18 the cell that served the UE at the last handover
inttialisation.

- [Intra-system Handover to Wrong Cell]: There is a recent handover for the UE
prior to the connection failure e.g the UE reported time is smaller than the
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configured threshold (e.g. Tstore UE cntxt), and the first re-establishment
attempt cell/the cell UE attempts to re-connect is neither the cell that served the
UE at the last handover imtialisation nor the cell that served the UE where the
RLF happened or the cell that the handover was initialized toward.

SUMMARY OF THE APPLICATION

[0007] Embodiments of the present application provide a method and apparatus for

reporting time information of CHO.

00081 An embodiment of the present application provides a method. The method
may include: receiving configuration information on conditional handover (CHO),
and transmitting time information of CHO in response to at least one failure happens

during a CHO procedure.

(00091 In an embodiment of the present application, the time oformation of CHO
may nchude at least one of: a first failure time since an event to a CHO failure of the
at least one failure, and a second failure time since a CHO failure of the at least one

failure.

[0010] In an embodiment of the present application, the first failure time may
include at least one of a first time information indicating time elapsed since a first
CHO configuration execution initialization until a first CHO failure, a second time
information indicating time elapsed since a first CHO configuration evaluation
initialization until the first CHO failure, a third time information indicating time
elapsed for a first CHO configuration evaluation, a fourth time information indicating
time elapsed since the first CHO configuration execution initialization until a second
CHO failure, a fifth time information indicating time elapsed since a second CHO
configuration execution initialization untl the second CHO failure, a sixth time
information indicating time elapsed since the first CHO configuration evaluation
initialization untif a second CHO failure, a seventh time information indicating time
elapsed since the first CHO configuration execution initialization until radio link
failure after the second CHO success, an eighth time information indicating time
elapsed since the second CHO configuration execution initialization until the radio

link failure after the second CHO success, a ninth time information indicating time
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elapsed since the first CHO configuration evaluation initialization until radio link
failure after the second CHO success, and a tenth time information indicating time
elapsed since a last handover until the radio link failure during the first CHO

configuration evaluation.

f0011] In an embodiment of the present application, the second fatlure time may
include at least one of: an eleventh time information indicating time elapsed since the
first CHO failure, a twelfth time information indicating time elapsed since the radio
link fatlure after the second CHO success, and a thirteenth time information indicating

time elapsed since the second CHO failure.

[0012] In an embodiment of the present application, the method may further include
transmitting cell information associated with CHO.  For example, the cell
information associated with CHO may include at least one of: triggered cell ID(s),
selected cell ID, and cell ID list(s) fulfilling part of or all of a plurality of handover
execution conditions for CHO. The cell information associated with CHO may
turther include cell measurement results.  In another example, the cell information
associated with CHO may further include at least one of’ cell 1D list(s} fultilling part
of the plurality of handover execution conditions for CHO, and time information

fulfilling part of the plurality of handover execution conditions for CHO.

[0013] Another embodiment of the present application provides a method. The
method may include: receiving time information of CHO in response to at least one

failure happens during a CHO procedure.

[0014] In an embodiment of the present application, the time information of CHO
may further include roultiple time information of CHOs, and a corresponding failed

cell ID for each time information of CHO.

[0015] In an embodiment of the present application, the method may further include
forwarding the time information of CHO to a neighbour node associated with the

faited cell 1D,

[0016] In an embodiment of the present application, the method may further include

detecting failure type according to the time information of CHO.
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[0017] Another embodiment of the present application provides an apparatus. The
apparatus may include at least one non-transitory computer-readable medium having
computer executable instructions stored therein; at least one receiver; at least one
transmutter; and at least one processor coupled to the at least one non-transitory
computer-readable medium, the at least one receiver and the at least one transmitter.
The computer executable instructions are programmed to implement the above
method with the at least one receiver, the at least one transmitter and the at least one

processor.

[0018] According to the embodiments of the present application, the UE may send
UE reported time information of CHO to the network, so that the network can detect
the failure types (such as, too early handover, too late handover or handover to wrong

cell) of conditional handover for MRO.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In order to describe the manner in which advantages and features of the
application can be obtained, a description of the application is rendered by reference
to specific embodiments thereof, which are illustrated in the appended drawings.
These drawings depict only example embodiments of the application and are not

therefore to be considered limiting of its scope.

[0020] FIG. 1 illustrates a CHO procedure at a UE side according to some

embodiments of the present application;

[0021] FIG. 2 illustrates another CHO procedure at a UE side according to some

embodiments of the present application;

[0022] FIG. 3 illustrates a flow chart of a method for reporting time of CHO

according to some embodiments of the present application;

[0023] FIG. 4 llustrates a CHO procedure at UE side according to an embodiment

of the present application;

[0024] FIG. S illustrates another CHO procedure at UE side according to an
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embodiment of the present application;

(002571 FIG. 6 illustrates a diagram for reporting the time formation of CHO in view
of FI(3. 5 and an exemplary scenario according to an embodiment of the present

application;

[0026] FIG. 7 illustrates another CHO procedure at UE side according to an

embodiment of the present application;

[00271 FIG. 8 illustrates a diagram for reporting the time formation of CHO in view
of FI(. 7 and an exemplary scenario according to an embodiment of the present

application;

(00281 FIG. 9 illustrates another CHO procedure at UE side according to an

embodiment of the present application;

[00291 FIG. 10 illustrates a diagram for reporting the time formation of CHO in
view of FIG. 9 and an exemplary scenario according to an embodiment of the present

application;

[0030] FIG. 11 illustrates another CHO procedure at UE side according to an

embodiment of the present application;

[00317 FIG. 12 illustrates a diagram for reporting the time formation of CHO in
view of FIG. 11 and an exemplary scenario according to an embodiment of the

present application;

[0032] FIG. 13 illustrates an apparatus according to some embodiments of the

present application; and

[0033] FIG. 14 illustrates another apparatus according to some other embodiments

of the present application.

DETAILED DESCRIPTION
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[0034] The detailed description of the appended drawings is intended as a
description of preferred embodiments of the present application and is not intended to
represent the only form in which the present application may be practiced. It should
be understood that the same or equivalent functions may be accomplished by different
embodiments that are intended to be encompassed within the spirit and scope of the

present application.

[0035] Reference will now be made in detail to some embodiments of the present

application, examples of which are tllustrated in the accompanying drawings.

[0036] Diafferent from traditional handovers, a CHO procedure 13 defined as a
handover procedure that is executed by a UE when one or more handover execution
conditions are met.  During a CHO procedure, the UE may start evaluating execution
condition{s} after receiving CHO configuration information, and stop evaluating the

execution condition once the execution condition{s) is met.

[0037] The following principles can be applied to CHO:

- The CHO configuration contains the configuration of CHO candidate cell(s)
generated by the candidate gNB(s) and execution condition(s) generated by the
source gNB.

- An execution condition may consist of one or two trigger condition{s) {CHO
events A3/AS).  Ouly single reference signal (RS) type is supported and at most
two different trigger quantities (e.g. reference signal receiving power (RSRP) and
reference signal receiving quality (RSRQ), RSRP and interference plus noise
ratic (SINR}, etc.} can be configured simultaneously for the evalution of CHO
execution condition of a single candidate cell.

- Before any CHO execution condition is satisfied, upon reception of handover
(HO) command (without CHO configuration), the UE executes the HO
procedure, regardless of any previously received CHO configuration.

- While executing CHO, 1.e. from the time when the UE starts synchronization

with target cell, UE does not monitor source cell.
[0038] FIG. 1illustrates a CHO procedure at a UE side in which the CHO successes.
[0039] As shown in FIG. 1, first, a UE receives configuration information on CHO

(also called CHO configuration) from a base station (BS). The CHO configuration

contains the configuration of CHO candidate cell(s) and execution condition{s}). An



WO 2022/021015 PCT/CN2020/104915

execution condition may include one or two trigger condition(s) {e.g., including an A3
event of an AS event, or including both the A3 and AS event as specified in 3GPP
standard document TS38.331).  Second, the UE performs a conditional configuration
evaluation, that is, the UE evaluates execution condition(s). Third, when the UE
determines the one or more trigger condition{s} are fultilled, the UE performs a CHO

execution.  Finally, in this embodiment, the CHO successes.

[0040] In embodiments of the present application, the BS may also be referred to as
an access point, an access terminal, a base, a base unit, a macro cell, a Node-B, an
evolved Node B (eNB), a gNB, a Home Node-B, a relay node, or a device, or
described using other terminology used in the art. The BS is generally part of a
radio access network that may include one or more controllers communicably coupled
to one or more corresponding BS(s). The UE may be a computing device, such as a
desktop computer, a laptop computer, a personal digital assistant (PDA), a tablet
computer, a smait television {e.g., a television connected to the Internet), a set-top box,
a game cousole, a security system (including security cameras), a vehicle on-board
computer, a network device {eg., router, switch, and modem), or the like
According to an embodiment of the present application, the UE may be a portable
wireless communication device, a smart phone, a cellular telephone, a flip phone, a
device having a subscriber identity module, a personal computer, a selective call
receiver, or any other device that is capable of sending and receiving communication
signals on a wireless network.  In some embodiments of the present application, the
UE may be a wearable device, such as a smart watch, a fitness band, an optical
head-mounted display, or the like. Moreover, the UE may be referred to as a
subscriber unit, a mobile, a mobile station, a user, a terminal, a mobile terminal, a
wireless terminal, a fixed terminal, a subscriber station, a user terminal, or a device, or

described using other terminology used in the art.

[0041] FIG. 2 illustrates ancther CHO procedure at a UE side in which a CHO

failure happens and then a CHO recovery successes.

[0042] 3GPP RAN?2 has agreed that a new recovery procedure for a RLF, a HO

failure, or a CHO failure. As shown in FIG. 2, when an initial CHO execution

2

.

attempt tails or HO fails ("CHO failure" as shown in FIG. 2), the UE may perform a
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cell selection. It the selected cell is a CHO candidate and if the network contigured
the UE to try CHO after an HO failure or CHO failure, then the UE attempts CHO
execution once more {("CHO fast recovery” as shown in FIG. 2); otherwise, a
re~establishroent procedure is performed.  In the embodiment shown in FIG. 2, the

CHO fast recovery successes.

[0043] As discussed in MRO, the UE reported time is very important for failure type
detection (for example, too early handover, too late handover and handover to wrong
cell}, However, the existing UE reported time is defined for the traditional handover,
and it is not appropriate for CHO.  In some embodiments of the present application,
the UE reported time is re-defined for CHO cases, so that the network can detect the

failure types more accurate 1n the case of CHO.

[0044] FIG. 3 illustrates a flow chart of a method for reporting time information of
CHO according to some embodiments of the present application. The method in

FIG. 3 may be performed by a UE.

[0045] As shown in FIG 3, in step 301, the UE may receive configuration
information on CHO from a BS {(e.g., a source BS). For example, the CHO
configuration information may include the configuration of CHO candidate celi(s)
generated by the candidate BSs and execution condition(s) generated by the source

BS.

[0046] The execution condition(s) may include one or two trigger conditions. For
example, in the case that the execution condition includes one trigger condition, the
trigger condition may be an A3 event or an AS event as specitied in 3GPP standard
document TS38.331.  In the case that the execution conditions include two trigger
conditions, the two trigger conditions may be an A3 event and an A5 event as
specified 1n 3GPP standard document TS38.331.  In addition, only a single reference
signal (RS} type may be used for evaluating the execution condition of a single cell
and at most two different execution quantities can be configured simultancously for
evaluating the execution condition of a single cell. For example, the two different

execution quantities may be RSRP and RSRQ, or RSRP and SINR, or the like.

[0047] In step 302, the UE may transmit time information of CHO in response to at
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least one failure happens during a CHO procedure.  In some embodiments of the
present application, the time information of CHO may include two kinds of failure
time information, the first one is the failure time since an event to a CHO failure
{which may be referred to as "UE reported time" similar to that in current protocols),
and the second one is the failure time since a CHO failure (which may be referred to

as time since failure).

[0048] The following will describe the method for reporting time of CHO 1n detail

in conjunction with the embodiments of the present application.

(00491 FIG. 4 illustrates a CHO procedure at the UE side according to an

embodiment of the present application.

[0050] In this embodiment, CHO is configured for the UE, an imtial CHO is
executed at the UE but fails, while the network (such as a BS) did not configure the

UE to try a CHO again after an initial HO failure or CHO failure.

[0051] As shown 1o FIG. 4, first, the UE recetves CHO configuration information
{or CHO configuration). The CHO configuration may include the configuration of
CHO candidate target cell{s) generated by the candidate BSs and execution
condition(s) generated by the source BS. For example, the network configures the
UE with one or more candidate target cells in the CHO configuration. The network
may provide the configuration parameters for the candidate target cells, e.g, in the
ConditionalReconfiguration T8, Thus, the UE may use the configuration parameters

to perform a handover to one of the target cells.

[0052] Second, the UE performs a conditional configuration evaluation. For
example, after receiving the CHO configuration from the network, the UE performs a
conditional configuration evaluation. The execution condition{(s} may include one or
two trigger condition(s) (such as, only A3 event, only AS event, or both A3 and AS
event). If the UE determines that all the trigger conditions are fulfilled, the UE will
consider the target candidate cell as a triggered cell and initiate the CHO

configuration execution.

[0053] Third, the UE performs the CHO configuration execution (that is, "CHO

10
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execution” in FIG. 4). For example, if more than one triggered cell exists, the UE
wiil select one of the existing triggered cells as the selected cell for the CHO
configuration execution. The UE will apply the configuration parameters for the
selected cell and access to the target cell.  However, in this embodiment, the CHO

fails, that is a CHO failure occurs (e.g. T304 expiry).

[0054] In this embodiment, the network did not configure the UE to try CHO after a
CHO faiture (such as, atfempiCondReconfig is not configured).  In response to the
CHO failure, the UE may perform a reestablishment.  For example, the UE may
perform a normal radio resource control (RRC) Connection Re-establishment

procedure ("RRC reestablishment” as shown in FIG. 4).

[0055] After the RRC connection reestablishment, the UE may send a RLF report,
e.g., via RLF-Report IE to the network. The RLF-Report IE may include one or
more of the following UE reported time (failure time since an event to a CHO failure)
so that the network can detect the failure types more accurate in the case of CHO:

~ UE Reported Time 1 (also called first time information, "T1" in FIG. 4):
indicating time elapsed since a first CHO configuration execution
inttialization untit a CHO failure (that is, the first CHO failure).  The first
CHO conhiguration execution initialization is performed when a cell is
selected for CHO configuration execution or all trigger conditions of the
cell is fulfilled or a timer as the first T304 starts. The first CHO failure
may correspond to the first T304 expiry;

—~ UE Reported Time 2 (also called second time information, "T2" in FIG. 4):
indicating time elapsed since a first conditional configuration evaluation
initialization until the first CHO failure.  The first conditional
configuration evaluation initialization is performed upon receiving the
CHO configuration;

— UE Reported Time 3 (also called third time information, "T3" in FIG. 4):
indicating time elapsed for the first conditional configuration evaluation.
The first conditional configuration evaluation is performed from receiving
the CHO configuration to a cell being selected for CHO configuration
execution or all trigger conditions of the cell being fulfilled or the first
T304 starts.

[0056] An exemplary application scenario may be as described here.  For example,
the UE has a contiguous coverage frormn gNB1 (such as, Cell A), but the UE
determines to perform a CHO to gINB2 (such as, the Cell B).  That is, the serving cell

of the UE before the CHO 1s Cell A of gNB1 and the target cell selected by the UE is

11



WO 2022/021015 PCT/CN2020/104915

Cell B of gNB2Z. However, as the UE exats the coverage region of Cell B, a CHO

failure occurs and the UE has to reconnect to gNB1 (the Celi A).

(00571 The UE may send a RLF report including the above one or more UE reported
timne {that 13, T1, T2, and T3) with the selected or failed cell information (inchuding
the Cell 1D e.g. new radio (NR} cell group 1D (NCGI) of the selected or failed cell) to
¢gWNBI.  Based on the selected cell information, gNB1 forwards the RLF report
including the above UE reported time to gNB2Z.  In an example, if the UE reported
time is less than a corresponding configured threshold (e.g. Tstore UE cntxt), gNB2
decides that too early CHO cccurred.  gNB2Z may send a handover report message

with too early CHO indication to gNB1.

[0058] FIG. S illustrates another CHO procedure at the UE side according to an

embodiment of the present application.

[0059] In this embodiment, CHO 1s configured for the UE. Meanwhile, the UE is
configured to try a CHO again after an initial CHO execution fails, for example

aftemptCondReconfig being configured.

[00607 As shown in FIG. 5, the operations for receiving CHO configuration,
conditional configuration evaluation, CHO execution are as the same as those in FiG.

4, which will not be described in detail for simplicity.

(0061} In FIG. 5, duning the mmtial CHO execution, the CHO fails, that is a CHO
failure occurs, e.g. T304 expiry.  Since the UE is configured to try a CHO again after
an initial HO failure or CHO fallure.  That s, attemptCondReconfig is configured,
the UE will attempt a CHO execution again {which is also called a second CHQO,

"CHO recovery” as shown in FIG. 5).

[0062] In this embodiment, the second CHO succeeds. After that, the UE may
send a RLF report (such as via RLF-Report 1E) to the network.  The RLF-Report IE
may include one or more of the following UE reported time (faillure time since an
event to a CHO failure), so that the network can detect the failure types more accurate

in the case of CHO:

12
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~ UE Reported Time 1 (also called first time information, "T1" in FIG. 5):
indicating time elapsed since a first CHO configuration execution
inttialization until a CHO falure (the first CHO failure).  The first CHO
configuration execution initialization is performed when a cell being
selected for CHO configuration execution or all trigger conditions of the
cell being fulfilled or the first T304 starts. The first CHO failure may
correspond to the first T304 expiry.

—~ UE Reported Time 2 (also called second time information, "T2" in FIG. 5}
indicating time elapsed since a first conditional configuration evaluation
initialization until the first CHO failure.  The first conditional
configuration evaluation initialization is performed upon receiving CHO
configuration.

— UE Reported Time 3 (also called third time information, "T3" in FIG. S}
indicating time elapsed for the first conditional configuration evaluation.
The first conditional configuration evaluation is performed from receiving
the CHO configuration to a cell being selected for CHO configuration
execution or all trigger conditions of the cell being fulfilled or a second
T304 starts.

[0063] The UE may also report the time since failure in the REF-report to network:
~ Time Since failure 1 (also called eleventh time information, "TH1" in FIG.
5) indicating the time elapsed since the first CHO failure.
[0064] An exemplary scenario may be as described here.  For example, the serving
cell for the UE before a CHO 1s Cell A of gNB1, the target cell firstly selected by the
UE 15 Cell B of gNB2, and the cell for a second CHO execution is Cell C of gNB3.
As the UE exits the region of coverage of Cell B of the gNB2, a CHO failure occurs

and the UE connects to gNB3 (Celi C).

00651 FIG. 6 illustrates a diagram for reporting the time formation of CHO in view
of FIG. 5 and the above exemplary scenario according to an embodiment of the

present application.

[0066] In step 601, the UE may send a RLF report including the above one or more
UE reported time (T1, T2, T3) and the time (T11) since failure regarding the CHO
failure with the failure cell information {including the Cell 1D e.g. NCGT) to gNB3.

[0067] In step 602, based on the failure cell information, gNB3 forwards the RLF
report including the above UE reported time and the time since failure regarding the

CHO failure to gNB2.

13
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[0068] In step 003, after receiving the UE reported time from gNB3, gNB2 may
determine failure type(s) according to the received UE reported time.  In an example,
if the UE reported time is less than a corresponding configured threshold (e.g
Tstore UE cnixt), gNB2 determunes that too early CHO occurred.  In another
example, if the UE reported time is larger than a corresponding configured threshold
{e.g Tstore UE cnixt), the gNB2 determines that too late CHO from Cell A of gNB1
to Cell B of gNB 2 occurred.

[0069] In step 604, gNB2 may send a handover report message with the determined

failure type (such as, a failure type indication) to gNB1.

[0070] FIG. 7 illustrates another CHO procedure at the UE side according to an

embodiment of the present application.

[0071] In this embodiment, CHO s configured for the UE. Meanwhile, the UE is
configured to try a CHO again after an inittal CHO execution fails, for example
attemptCondReconfig being configured.  Although the second CHO succeeded, a

RLF happens after the second CHO.

0072] As shown in FIG. 7, the operations for receiving CHO configuration,
> p & g

conditional configuration evaluation, CHO execution are as the same as those in FiG.

4, which will not be described in detail for simplicity.

[0073] In FIG. 7, during the witial CHO execution, the inttial CHO fails, that is, an
initial {(or firsty failure occurs {e.g T304 expiry). In this embodiment since
attempiCondReconfig 1s configured, the UE will attempt a CHO execution again

{which is also called a second CHO, "CHO recovery” as shown in FIG. 7).

[0074] However, after the second CHO succeeded, a RLF may happen.

(00751 After the RLF is detected, the UE may perform a normal RRC Connection

Re-establishment procedure ("RR establishment" as shown in FIG. 7).

[0076] After the normal RRC Connection Re-establishment procedure, the UE may

send a RLF report (such as RLF-Report IE) 1o the network.  Besides the above T1,
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T2, and T3, the RLF-Report IE may further include one or more of the following UE
reported time (failure time since an event to a CHO failure), so that the network can
detect the failure types more accurate in the case of CHO:

~ UE Reported Time 7 (also called seventh time information, "T7" 1n FIG.
7). indicating time elapsed since the first CHO configuration execution
initialization until radio link failure after the second CHO success. The
first CHO configuration execution initialization i1s performed when a cell
being selected for CHO configuration execution or all trigger conditions of
the cell being fulfilled or the first T304 starts.

— UE Reported Time 8 (also called eighth time information, "T8" in FIG. 7):
indicating time elapsed since the second CHO configuration execution
inttialization until the radio link failure after the second CHO successes.
The second CHO configuration execution initialization is performed when
a cell being selected for CHO configuration execution/or for fast recovery,
or all trigger conditions of the cell being fulfilled in second CHO phase or
the second T304 starts.  That s, the second CHO configuration execution
initialization 1s performed when the selected cell 1 a CHO candidate
during a cell selection procedure after the tirst CHO fails.

— UE Repeorted Time 9 {also called ninth time information, represented "T9"
in FIG. 7): indicating time elapsed since the first conditional configuration
evaluation nitialization until radio link falure after a second CHO
BLCCESS.

[0077] The UE may also report the time since failure in the RUF-report to network:
—  Time Since failure 1 (also called eleventh time information, "T11" in FIG.
S): indicating the time elapsed since the first CHO failure.
— Time Since failure 2 (also called twelfth time information, "T12" in FIG.
7). indicating the time elapsed since the radio link failure after the second
CHO successes.
[0078] An exemplary scenario may be as described here.  For example, the serving
cell for the UE before a CHO 15 Cell A of gNBI1, the initial (first) target cell selected
by the UE in the first CHO 1s Cell B of gNBZ, the cell for a second CHO is Cell C of
gINB3, and the UE reconnects to gNB 4 (Cell D).

[00791 FIG. 8 illustrates a diagram for reporting the time formation of CHO in view
of FIG. 7 and the above exemplary scenario according to an embodiment of the

present application.

[0080] In step 801, the UE may send two RLF reports to gNB4. For example,
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RLF-Report | may include one or more above UE reported time (e.g, T1, T2, T3} and
the time since failure (T11) regarding the first CHO failure with the first CHO failure
cell information (first failed cell ID, e.g. NCGI). RLF-Report 2 may include one or
more above UE reported time (T7, T8, T9) and the time since failure (T12) regarding
the second CHO fatlure with the RLF cell information {second failed cell 1D, e g
NCG.

[0081] In step 802, based on the first CHO failure cell information, gNB4 forwards
RLF-Report 1 including the one or more the above UE reported time and the time
since failure regarding the first CHO failure to gNB2.  Similarly, in step 803, based
ont the RLF cell information, gNB4 forwards RLF-Report 2 including the one or more
the above UE reported time and the time since failure regarding the second CHO

failure to gNB3.

[0082] In step 804, after receiving RLF-Report 1, ¢NB2 may determine failure
type(s) according to the received UE reported time regarding the first CHO failure.
In an example, if the UE reported time is less than a corresponding configured
threshold {e.g. Tstore UE enixt), gNB2 determines that too early CHO occurred.  In
another example, if the UE reported time is larger than a corresponding configured

threshold (e.g. Tstore UE cnixt), gNB2 determines that too late CHO happened.

[0083] In step 805, gNBZ may send a handover report message with the determined

failure type (such as, a failure type indication) to gNB1.

[0084] Simtlarly, in step 806, after receiving RLF-Report 2, gNB3 may determine
failure type(s) according to the recetved UE reported time regarding the second CHO
failure.  In step 807, gNB3 may send a handover report message with the determined

failure type (such as, a failure type indication) to giNB1.

[0085] In the above embodiment in FIG. 8, the two RLF reports, 1.e, RLF-Report 1
and RLF-Report 2 are transmitted to gNB4, and gNB4 forwards RLF-Report 1 and
RLF-Report 2 to gNB2 and gNB3, independently.  In another embodiment, the UE
may transmit one RLF report including all time information in RLF-Report 1 and
REF-Report 2 to gNB4, and ¢NB4 forwards the RLF report including all the

information to gNB2 and gNB3.  gNBZ may select the time information related to
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itself (the time information regarding the first CHO failure) and further determine the
failure type(s) based on the selected time information. Similar operations can be

performed by gNB3.

(00861 FIG. 9 illustrates another CHO procedure at the UE side according to an

embodiment of the present application,

[0087] In this embodiment, CHO is configured for the UE. Meanwhile, the UE is
configured to try a CHO again after an initial CHO execution fails, for example

attempt(ondReconfig being configured. However, the second CHO also fails.

[0088] As shown in FIG. 9, the operations for receiving the CHO configuration, the
conditional configuration evaluation, and the CHO execution are as the same as those

in FIG. 4, which will not be described in detail for simplicity.

[0089] In FIG. 9, during the initial CHO execution, the CHO fails, that 1s a CHO
failure occurs (e.g the first T304 expiry). In this embodiment, since
attemptCondReconfig 1s configured, the UE will attempt a CHO execution again
{which is also called a second CHO, "CHO recovery” as shown tn FIG. 93, However,

the second CHO fails (e g the second T304 expiry}).

[0090] In response to the second CHO failure, the UE may perform a normal RRC
Connection Re-establishment procedure ("RRC re-establishment" as shown in FIG.

9).

[0091] After the normal RRC Connection Re-gstablishment procedure, the UE may
send a RLF report (such as via RLF-Report 1IE) to the network, Besides the above
T1, T2, and T3, the RLF-Report 1E may further include one or more of the following
UE reported time (failure time since an event to a CHO failure), so that the network
can detect the failure types more accurate in the case of CHO:

~ UE Reported Time 4 (also called fourth time information, "T4" in FIG. 9):
indicating time elapsed since the first CHO configuration execution
inttialization until a second CHO failure. The first CHO configuration
execution initialization 1s performed when a cell being selected for CHO
configuration execution or all trigger conditions of the cell being fulfilied
or the first T304 starts.
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— UE Reported Time 5 (also called fifth time information, "T5" in FIG. 9):
indicating time elapsed since a second CHO configuration execution
inttialization until the second CHO failure.  The second CHO
configuration execution initialization is performed when a cell being
selected for CHO configuration execution/or for fast recovery, or all
trigger conditions of the cell being fulfilled in second CHO phase or the
second T304 starts. That is, the second CHO configuration execution
initialization 1s performed when the selected cell 1 a CHO candidate
during a cell selection procedure after the tirst CHO fails.

— UE Reported Time 6 (also called sixth time information, "T6" in FIG. 9):
indicating time elapsed since the first CHO configuration evaluation
inttialization until a second CHO fatlure (e.g., the second T304 expury).

[0092] The UE may also report the time since failure in the RLF-report to network:
- Time Since failure 1 {also called eleventh time formation, "T11" in FIG.
9} indicating the time elapsed since the first CHO failure (e.g the first
T304 expiry).
—  Time Since failure 3 (also called thirteenth time information, "T13" in
FIG. 9) indicating the time elapsed since the second CHO failure {e.g., the
second T304 expiry).
[009371 An exemplary scenario may be as described here.  For example, the serving
cell for the UE before a CHO 15 Cell A of gNBI, the target cell selected by the UE 0
the first CHO is Cell B of gNB2Z, the cell for a second CHO is Cell C of gNB3, and
the UE reconnects to gNB 4 (Cell D) due to a second CHO failure.

[009471 FIG. 10 illustrates a diagram for reporting the time formation of CHO in
view of FIG. 9 and the above exemplary scenario according to an embodiment of the

present application.

[0095] In step 1001, the UE may send two RLF reports, i.e, RLF-Report 1 and
RLF-Report 2 to gNB4. RLF-Report 1 including one or more above UE reported
time (11, T2, T3) and the time since failure (T11) regarding the first CHO failure with
the first CHO fatlure cell information (including the first failed cell 1D, e.g. NCGI).
RLF-Report 2 including one or more the above UE reported time (T4, T3, T6) and the
time since fatlure (T13) regarding the second CHO failure with the RLF cell

information {including the second failed cell ID, e.g. NCGH).

[0096] In step 1002, based on the first CHO failure cell information, ¢NB4 forwards
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the RLF-Report 1 including the one or more above UE reported time and the time
since failure regarding the first CHO fatlure to gNB2.  Similarly, in step 1003, based
on the RLF cell information, gNB4 forwards RLF-Report 2 including the one or more
above UE reported time and the time since failure regarding the second CHO failure

to gNB3.

[0097] Operations of steps 1003-1007 in FIG. 10 are similar to those of steps

803-807 in FIG. 8, which will not be described in detail for simplicity.

[0098] In the above embodiment in FIG. 10, the two RLF reports including
RLF-Report 1 and the RLF-Report 2 are transmitted to gNB4, and gNB4 forwards
REF-Report 1 and REF-Report 2 to gNB2 and gNB3, independently. In another
embodiment, the UE may transmit one RLF report including all time information in
the RLF-Report 1 and the RLF-Report 2 to gNB4, and gNB4 forwards the RLF report
including all the time information to gNB2 and gNB3.  gNBZ may select the time
information related to itself (the time information regarding the first CHO failure) and
turther determine the failure type(s) based on the selected time information.  Similar

operations Can be performed by gNB3.

[0099] FIG. 11 illustrates another CHO procedure at UE side according to an

embodiment of the present application.

(001007 In this embodiment, CHO is configured for the UE, a first RLF happens
during a conditional configuration evaluation, and the network configured the UE to
try a CHO again after a first RLF happens, eg., affempiCondReconfig being
configured.  Although the second CHO succeeded, a second RLF happens again

after g second CHO.

[001017 As shown 1n FIG. 11, after the last HO, the UE receives CHO configuration.
The operation for receiving CHO configuration is the same as that in FIG. 4, which

wiil not be described in detail for simplicity.

[00102] The UE may perform a conditional configuration evaluation based on the
CHO coofiguration.  During the conditional configuration evaluation, a RLF

happens. Since attemptCondReconfig is configured, the UE will attempt a CHO
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again {which is also called a second CHO, "CHO recovery" as shown in FIG. 11).

[00103] After the second CHO successes, the UE performs a radio link monitoring

and then a RLF happens.

[00104] After RLF is detected, the UE will perform a normal RRC Connection

establishment procedure ("RRC establishment” as shown in FIG. 11}

[001057 After the RRC Connection establishment, the UE may send a RLF report
(such as RLI-Report 1E) to the network. The RLF-Report IE may include one or
more of the following UE reported time (failure time since an event to a CHO failure),
so that the network can detect the failure types more accurate in the case of CHO:

—  UE Reported Time 8 {also called eighth time woformation, "T8" in FIG.
I} indicating time elapsed since the second CHO configuration execution
inttialization until the radio link failure after the second CHO successes.
The second CHO configuration execution initialization is performed when
a cell being selected for CHO configuration execution/or for fast recovery,
or all trigger conditions of the cell being fulfilled in second CHO phase or
the second T304 starts.
— UE Reported Time 10 (also called tenth time information, "T10" in FIG.
11} indicating time elapsed since a last handover until the radio link
failure during a first conditional configuration evaluation.
[00106] An exemplary scenario may be as described here.  The serving cell for the
UE before a conditional configuration evaluation is Cell A of gNB1, the cell for a

CHO recovery is Cell B of gNB2, and the UE reconnects to Cell C of gNB3.

[00107] FIG. 12 dlustrates a diagram for reporting the time formation of CHO 1o
view of FIG. 11 and the exemplary scenario according to an embodiment of the

present application.

[00108] In step 1201, the UE may send two RLF reports, i.e, RLF-Report 1 and
REF-Report 2 to gNB3. RLF-Report 1 may include the above UE reported time
(TS10) regarding the first RLF with the first RLF cell (Cell A) information (including
the first failed cell 1D, eg NCGI). RLF-Report 2 may include the above UE
reported time (T8) regarding the second CHO failure with the second RLF cell (Cell

B) information (including the second failed cell 1D, e.g. NCGI).
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[00109] In step 1202, based on the first RLF cell (Cell A) information, gNB3
forwards RLF-Report 1 tncluding the above UE reported time regarding the first RLF
to gNBI1.  Similarly, in step 1203, based on the second RLF cell {Cell B) information,
gNB3 forwards RLF-Report 2 including the above UE reported time regarding the

second CHO failure to gNB2.

[00110] In step 1204, after receiving RLF-Report 1, gNB1 may determine failure

type(s) according to the recetved UE reported time regarding the first RLF

[00111] Similarly, in step 1205, after recetving RLF-Report 2, gNB2 may determine
failure type(s) according to the received UE reported time regarding the second CHO
failure. In step 12006, gNB2 may send a handover report message with the

determined failure type (such as, a failure type indication) to gNB1.

[00112] In the above embodiment wn FIG. 12, the two RLF reports including
RLF-Report 1 and RLF-Report 2 are transmitted to gNB3, and gNB3 forwards
RLF-Report 1 and RLF-Report 2 to gNB1 and gNB2, independently. In another
embodiment, the UE may transmit one RLF report including all time information in
RLF-Report 1 and RLF-Report 2 to gNB3, and gNB3 forwards the RLF report
including all the time information to gNB1 and gNB2. gNB1 may select the time
information related to itself (the time information regarding the first RUF) and further
determine the failure type based on the selected time information.  Similar

operations can be performed by gNB2.

[00113] In the embodiments of the present application, the UE may transmit cell
information associated with CHO to the network.  For example, the cell information
assoctated with CHO may include at least one of triggered cell ID(s); selected cell TD;
and cell ID lhist(s) fulfilling part of or all of a plurality of handover execution

conditions for CHO.

(001141 In an example, during conditional configuration evaluation phase, there are
possible many cells can fulfill the conditions as specified in TS 38331

1>if more than one triggered cell exists:
> select one of the triggered cells as the selected cell for CHO configuration
execution;
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[00115] In another example, for the above embodiments of the present application, in
the RLF-Report 1E, the UE may report the selected cell/triggered Cell ID and also the
Cell 1D Lists {optionally with measurement results) that fulfil the conditions to the
network so that the network can detect and analyse the failure problem.  If only one
of conditions is fulfilled, the UE may also report the partial fulfilled information
{partial condition fulfilled cell ID hst, condition fulfilled time information,

measurement results) to the network.

[00116] In the above embodiments of the present application, after a CHO is
performed and failure bappens, the UE may send the UE Reported time information
of CHO to the network, so that the network can detect the failure types (such as, too
early handover, too late handover or handover to wrong cell) of conditional handover

for MRO.

[00117] FIG. 13 illustrates an apparatus according to some embodiments of the
present application.  In some embodiments of the present disclosure, the apparatus

1000 may be the UE in the above embodiments of the present application.

[00118] As shown in FIG 13, the apparatus 1300 may include a receiver 1301, a
transmitter 1303, a processer 1305, and a non-transitory computer-readable medium
1307,  The non-transitory computer-readable medium 1307 has computer executable
instructions stored therein. The processer 1305 is configured to be coupled to the
non-transitory computer readable medium 1307, the receiver 1301, and the transmitter
1303. It is contemplated that the apparatus 1300 may include more
computer-readable mediums, receiver, transmitter and processors in some other
embodiments of the present application according to practical requirements.  In some
embodiments of the present application, the receiver 1301 and the transmitter 1303
are integrated into a single device, such as a transceiver.  In certain embodiments, the
apparatus 1300 may further include an input device, a memory, and/or other

components.

[001191 In some embodiments of the present application, the non-transitory
computer-readable medium 1307 may have stored thercon computer-executable
instructions to cause a processor to implement the method according to embodiments

of the present application.
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(001207 FIG. 14 illustrates another apparatus according to some embodiments of the
present application.  In some embodiments of the present disclosure, the apparatus

1400 may be the BS in the above embodiments of the present application.

(001217 As shown in FIG. 14, the apparatus 1400 may include a receiver 1401, a
transmitter 1403, a processer 1405, and a non-transitory computer-readable medium
1407 The non-transitory computer-readable medium 1407 has computer executable
instructions stored therein.  The processer 1405 is configured to be coupled to the
non-transitory computer readable medium 1407, the receiver 1401, and the transmitter
1403, It 1s contemplated that the apparatus 1400 may include more
computer-readable mediums, receiver, transmitter and processors in some other
embodiments of the present application according to practical requirerments.  In some
embodiments of the present application, the receiver 1401 and the transmitter 1403
are integrated into a single device, such as a transceiver.  In certain embodiments, the
apparatus 1400 may fusther include an input device, a memory, and/or other

components.

[00122] In some embodiments of the present application, the non-transitory
computer-readable medium 1407 may have stored thereon computer-executable
instructions to cause a processor to implement the method according to embodiments

of the present application.

001237 Persons skilled in the art should understand that as the technology develops
and advances, the terminologies described in the present application may change, and

should not affect or himit the principle and spirit of the present application.

[00124] Those having ordinary skill in the art would understand that the steps of a
method described in connection with the aspects disclosed herein may be embodied
directly in hardware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, a hard disk,
a removable disk, a CD-ROM, or any other form of storage medium known in the art.
Additionally, in some aspects, the steps of a method may reside as one or any
combination or set of codes and/or instructions on a non-transitory computer-readable

medium, which may be incorporated into a computer program product.
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(001257 While this disclosure has been described with specific embodiments thereof,
it is evident that many alternatives, modifications, and variations may be apparent to
those skilled in the art.  For example, various components of the embodiments may
be interchanged, added, or substituted in the other embodiments. Also, all of the
elements of each figure are not necessary for operation of the disclosed embodiments.
For example, one of ordinary skill in the art of the disclosed embodiments would be
enabled to make and use the teachings of the disclosure by simply employing the
elements of the independent claims.  Accordingly, embodiments of the disclosure as
set forth herein are intended to be illustrative, not imiting.  Various changes may be

made without departing from the spirit and scope of the disclosure.

won

[00126] In this document, the terms "comprises,” "comprising,” or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a hist of elements does not include only those
elements but may include other elements not expressly listed or inherent to such

non "

process, method, article, or apparatus.  An element proceeded by "a" "an," or the
like does not, without more constraints, preclude the existence of additional identical
elements in the process, method, article, or apparatus that comprises the element.
Also, the term "another" is defined as at least a second or more. The terms

§

"including," "having " and the like, as used herein, are defined as "comprising"

24



WO 2022/021015 PCT/CN2020/104915

WHAT IS CLAIMED:

1. A method, comprising:
receiving configuration information on conditional handover {CHO); and

transmitting time information of CHO in response to at least one failure

happens during a CHO procedure.

2. The method of Claim 1, wherein the time information of CHO comprises at least

one of:

a first fatlure fime since an event to a CHO failure of the at least one failure;

and

a second failure time since a CHQO failure of the at least one failure.

3. The method of Claim 2, wherein the first failure time comprises at least one of:

a first time information indicating time elapsed since a first CHO

configuration execution initialization until a tirst CHO failure;

a second time information indicating time elapsed since a fust CHO

configuration evaluation initialization until the first CHO failure;

a third time information indicating time elapsed for a first CHO configuration

evaluation;

a fourth time information indicating time elapsed since the first CHO

configuration execution initialization until a second CHO failure;

a fifth time information indicating time elapsed since a second CHO

configuration execution initialization until the second CHO failure;

a sixth time information indicating time elapsed since the first CHO

configuration gvaluation initialization until the second CHO failure;
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a seventh time information indicating time elapsed since the first CHO
configuration execution inittalization until radio link fatlure after a second CHO
SUCCEss;

an eighth time information indicating time elapsed since the second CHO
configuration execution initialization until the radio link failure after the second
CHO success;

a nminth time information indicating time elapsed since the fust CHO
configuration evaluation initialization until radio link failure after the second CHO
success; and

a tenth time information indicating time elapsed since a last handover until

the radic link failure during the first CHO configuration evaluation.

4. The method of Claim 3, wherein the second failure time comprises at least one of:

an eleventh time information indicating time elapsed since the first CHO

failure;

a twelfth ttime 1oforration indicating time elapsed since the radio link failure

after the second CHO success; and

a thirteenth time information indicating time elapsed since the second CHO

fatlure.

5. The method of Claim 3, wherein transmitting time information of CHO
comprises: in the case that a second CHO 13 not configured for a UE after the first
CHO failure happens, transmitting the first failure time comprising at least of one
of

the first time information;
the second time information; and

the third time information.
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6. The method of Claim 3, wherein transmitting time information of CHO
comprises: in the case that a second CHO is configured and the second CHO
success after the first CHO failure happens, transmitting the failure time of CHO

comprising at least one of
the first time information;
the second time information; and

the third time information.

7. The method of Claim 6, further comprising: transmitting the second failure time

comprising:

the eleventh time information.

8 The method of Claim 4, wherein transmitting time information of CHO
coruprises: in the case that the radio link fatlure happens after the second CHO

success, transmitting the fatlure time of CHO comprising at least ong of;
the first time information;
the second time information;
the third time information;
the seventh time information,;
the eighth time information; and

the ninth time information.

9. The method of Claim 8, further comprising: transmitting the second failure time

comprising at least one of’
the eleventh time information; and

the twelfth time information.
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10.

1t

13.

14

The method of Claim 4, wherein transmitting time information of CHO
comprises: in the case that both the second CHGO and the first CHO fail

transmitting the first failure time comprising at least one of’
the first time information;
the second time information;
the third time information;
the sixth time information;
the fourth time information; and

the fifth time information.

The method of Claim 10, further comprising: transmitting the second failure time

comprising at least one of’
the eleventh time information; and

the thirteenth time information.

. The method of Claim 3, wherein transmitting time information of CHO

comprises: in the case that the radio link failure happens during the first CHO
configuration evaluation, transmitting the failure time of CHO comprising at least
one of:

the eighth time information; and

the tenth time information.

The method of Claim 2, further comprising: transmitting cell information

associated with CHO.

The method of Claim 13, wherein the cell information associated with CHO

comprises at least one of’

triggered cell ID(s);
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selected cell ID; and

cell ID list(s) fultilling part of or all of a plurality of handover execution

conditions for CHO.

15 The method of claim 14, wherein the cell information associated with CHO

further comprises: cell measurement results.

16. The method of claim 14, wherein the cell information associated with CHO

turther comprises at least one of’

cell ID list(s) fulfilling part of the plurality of handover execution conditions

for CHO; and

time tnformation fulfilling part of the plurality of handover execution

conditions for CHO.

17. The method of claim 3, wherein the first CHO failure corresponds to a tirst T304

expiry and the second CHO failure corresponds to a second T304 expiry.

18 The method of claim 3, wherein the first CHO execution initialization is
performed when a cell being selected for conditional configuration execution or

all trigger conditions of the cell being fulfilied or a first T304 starts.

19. The method of claim 3, wherein the first CHO configuration evaluation

initialization 1s performed in response to receiving conditional configuration.

20. The method of claim 3, wherein the first CHO configuration evaluation is
performed trom receiving conditional configuration to a cell being selected for
conditional configuration execution or all trigger conditions of the cell being

fulfilled or a first T304 starts.
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21. The method of claim 3, wherein the second CHO configuration execution
initialization is performed when a selected cell is a CHO candidate during a cell

selection procedure after the first CHO fails or the second T304 starts.

22. A method, comprising:

receiving time information of conditional handover (CHO) in response to at

least one failure happens during a CHO procedure.

23. The method of claim 22, wherein the time information of CHO comprises at least

one of;

a first fatlure time since an event to a CHO failure of the at least one failure;

and

a second failure time since a CHO fatlure of the at least one failure.

24. The method of claim 23, wherein the first failure time comprises at least one of:

a first time information indicating time elapsed since a first CHO execution

configuration initialization until a first CHO failure;

a second time information indicating time elapsed since a first CHO

configuration evaluation initialization uuntil the first CHO failure;

a third time information indicating time elapsed for the first CHO

configuration evaluation;

a fourth time information indicating time elapsed since the first CHO

configuration execution initialization until a second CHO failure;

a fifth time information indicating time elapsed since a second CHO

configuration execution inttialization until the second CHO failure;

a sixth time information indicating time elapsed since the first CHO

configuration evaluation initialization until the second CHO failure;
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a seventh time information indicating time elapsed since the first CHO
configuration execution inittalization until radio link fatlure after a second CHO
SUCCeSS;

an eighth time information indicating time elapsed since the second CHO
configuration execution initialization until the radio link failure after the second

CHO success;

a minth time information indicating time elapsed since the first CHO
configuration evaluation initialization until radio link failure after the second CHO

success; and

a tenth time information indicating time elapsed since a last handover until

the radic link failure during the first CHO configuration evaluation.

2S5, The method of claim 24, wherein the second failure time comprises at least one

of

an eleventh time information indicating time eclapsed since the first CHO

failure;

a twelfth time information indicating time elapsed since the radio link failure

after the second CHO success; and

a thirteenth time information indicating time elapsed since the second CHOG

failure.

26. The method of claim 24, wherein receiving time information of CHO comprises:
inn the case that a second CHO is not configured for a UE after the first CHO

fatlure happens, receiving the first failure time comprising at least of one of’
the first time information;
the second time information; and

the third time information.
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27. The method of Claim 24, wherein recetving time information of CHO comprises:
in the case that a second CHO is configured and the second CHO successes after
the first CHO failure happens, receiving the failure time of CHO comprising at

least one of’
the first time information;
the second time information; and

the third time information.

28. The method of Claim 27, further comprising: receiving the second failure time

comprising:

the eleventh time information.

29. The method of Claim 25, wherein receiving time information of CHO comprises:
in the case that the radio hink failure  happens after the second CHO successes,

recetving the failure time of CHO comprising at least one of:
the first time information;
the second time information;
the third time information;
the seventh time information,
the eighth time information; and

the ninth time information.

30. The method of Claim 29, further comprising: receiving the second failure time

comprising at least one of’
the eleventh time information; and

the twelfth time information.
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31. The method of Claim 25, wherein receiving time information of CHO comprises:
in the case that both the second CHO and the first CHO fail, receiving the first

fatlure time comprising at least one of:
the first time information;
the second time information;
the third time information;
the sixth time information;
the fourth time information; and

the fifth time information.

32. The method of Claim 31, further comprising: receiving the second failure time
cormprising at feast one of’
the eleventh time information; and

the thirteenth time information.

33. The method of Claim 24, wherein recetving time information of CHO comprises:
in the case that the radio link failure happens during the first CHO configuration

evaluation, receiving the failure time of CHO comprising at least one of:
the eighth time information; and

the tenth time information.

34. The method of Claim 23, further comprising: receiving cell information associated

with CHO.

. The method of Claim 34, wherein the cell information associated with CHO

(8]
N

comprises at least one of:

triggered cell ID(s);
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selected cell ID; and

cell ID list(s) fultilling part of or all of a plurality of handover execution

conditions for CHO.

36. The method of claim 35, wherein the cell information associated with CHO

turther comprises: cell measurement results.

37 The method of claim 35, wherein the cell information asscciated with CHO

further comprises at least one of

cell ID list(s) tulfilling part of the plurality of handover execution conditions

for CHO; and

time information fulfilling part of the plurality of handover execution

conditions for CHO.

38 The method of claim 22, wherein the time information of CHO further comprises:
multiple time information of CHOs; and

a corresponding failed cell ID for each time information of CHO.

39. The method of claim 38, further comprising:

forwarding the time information of CHO to a neighbour node associated with

the failed cell 1D,

40. The method of claim 22, further comprising: detecting fatlure type according to

the fime information of CHO.

41. An apparatus, comprising:

at least one non-transitory computer-readable medium having computer

executable instructions stored therein;
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at least one receiver;

at least one transmitter; and

at least one processor coupled to the at least one non-transitory
computer-readable medium, the at least one receiver and the at least one

transmitter;
wherein the computer executable instructions are programmed to implement a
method according to any one of Claims 1-21 with the at least one receiver, the at

least one transmitter and the at least one processor.

42. An apparatus, CoOmprising:

at jeast one non-transitory computer-readable medium having computer
executable instructions stored therein;

at least one receiver;

at least one transmitter; and

at least one processor coupled to the at least one non-transitory
computer-readable medium, the at least one receiver and the at least one
transmitter;

wherein the computer executable instructions are programmed to implement a
method according to any one of Claims 22-40 with the at least one receiver, the at

least one transmitter and the at least one processor,
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