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1	Introduction
[bookmark: _Ref178064866]In RAN#88e a new WID on enhancement of data collection for SON/MDT in NR was approved [1]. In the following, we will discuss the objectives of the WID related to SON aspects. In particular, we will focus on the most relevant issues related to HO enhancements to the SON framework, including CHO, DAPS and Successful HO Report, also taking into account the outcome of the email discussion [2].
2	Discussion
In this paper, we discuss the following topics related to HO enhancements: 
· CHO
· DAPS
· Successful HO report
2.1 CHO aspects for SON
In the RAN2#111 online meeting, corresponding agreements regarding CHO have been made, as follows:
· The following scenarios are considered:
a. Successful CHO and HO (i.e no failure happens). FFS consideration in RAN2/3
b. Unsuccessful CHO due to late CHO execution
c. Unsuccessful CHO after CHO execution
d. Successful or Unsuccessful CHO after unsuccessful CHO or handover failure
Note: other scenarios are not ruled out
· RAN2 should study what CHO failure information can be stored in RLF report.
· RAN2 to discuss the method for distinguishing between different handover types in RLF report. FFS the details, e.g., explicitly way or not.







In RAN2#112 online meeting following agreements regarding CHO were made:
The following cells’ related cell and beam measurements are included in the RLF report
associated to CHO failure:

a. Source cell of the CHO. FFS the detail on cell ID. Try our best to reuse the existing information.
b. The target cell towards which the CHO was executed, if CHO related condition was satisfied. FFS the detail on cell ID. Try our best to reuse the existing information.
c. The cell in which the re-establishment is performed after the CHO failure or source RLF. Try our best to reuse the existing information. FFS on the related measurements.

FFS:	Candidate target cells as configured in the CHO configuration.

[bookmark: _Toc54772983]RLF-report shall contain information to differentiate an ordinary HO failure from the CHO failure and CHO recovery failure. FFS: implicit indication vs explicit indication.

In RAN2#113bis online meeting following agreements regarding CHO were made:
[bookmark: _Hlk69975408]Agreements:
1 Include in the RLF-report for CHO the following: 
a.		Configured CHO execution condition(s) (A3 and/or A5 event configuration, TTT values)
b.		Fulfilled CHO execution condition(s), i.e. whether A3 and/or A5 event was fullfilled, for the cell(s) in which CHO execution was triggered.
c.		Latest radio measurement results of the candidate target cells

Inclusion of a) and c) are subject to the RAN3 reply to the RAN2 LS R2-2102149.
Try to reuse existing mechanism as much as possible.

2 Include in the RLF report for CHO the following information:
a.		Indication of whether a measured neighbour cell included in the existing measResultNeighCells was a CHO candidate cell or not.
b.		List of candidate cells IDs.

Inclusion of a) and b) are subject to the RAN3 reply to the RAN2 LS R2-2102149

3	The following information in the RLF report for CHO are needed:
a.		CHOCellId, to indicate the selected CHO cell after the first connection failure and before the reestablishment
b.		CellID to indicate the cell in which the UE attempted the second reestablishment after failure of the first reestablishment following an HOF/RLF.

How to provide this information is FFS.



2.1.1 CHO-Related Parameters
The following section describe outstanding issues related to CHO parameters to include in the RLF-Report.
2.1.1.1 Radio measurements-related parameters for CHO
In CHO, the gNB may prepare certain cells for CHO and configure the UE with such candidate target cells. The UE may then start evaluating the candidate target cells. However, it can happen that while doing such an evaluation, an RLF occurs. As a result of such RLF, the UE may select a cell for reestablishment which may be already in the list of candidate target CHO cells. The UE may also select a cell that is not in the list of candidate target CHO cells. Therefore, it seems important for the network to know that the RLF report was related to a failure that occurred when the UE had a CHO configuration and in particular which cells were configured for CHO, and if the re-established cell was in the list of configured CHO cells or not.	
In RAN2#113-bis online meeting, was agreed to include a. Latest radio measurements of the candidate cells, b. List of candidate cell IDs, c. Indication of whether a measured neighbour cell included in the existing measResultNeighCells was a CHO candidate cell or not. 
From our perspective inclusion of both candidate cell measurements and measResultNeighCells will result in duplicated information therefore it would be better to include measResultNeighCells with indication whether neighbour cell was configured as a candidate or not. An example is provided in the Annex.
Based on the agreements that took place at the RAN2#113bis online meeting, it is important to clarify how this indication can be provided.
[bookmark: _Toc71571080]The network can derive radio measurements of the candidate cells based on measResultNeighCells and indication which cells were configured as candidates

[bookmark: _Toc71571052]RAN2 to include within the measResultNeighCells in the RLF-Report an indication on whether a measured neighbour cell was configured as a CHO candidate or not (e.g. add a cho-Candidate flag in MeasResults as shown in the Annex).
2.1.1.2 Timer-related parameters for CHO
Timer-related information might help to identify a root cause of the problems with CHO. During the offline discussion [2], several timers were considered. In our view, timers should be carefully selected in order to cover as many scenarios as possible. 
[bookmark: _Toc71571081]In our view, a few timers can be applicable in most of the scenarios in case of Too Early CHO, Too Late CHO and CHO to the Wrong Cell.
Related to timers, the following agreements were reached so far:
	From RAN2#112:
· Time between the first CHO execution and the corresponding CHO command received at UE at least in the CHO failure case.
From RAN2#113:
· Include in the RLF report the “Time elapsed since CHO execution until connection failure”. How to convey this information is FFS.



In [2], additional timers were discussed. In our view, among the timers discussed in Section 2.1.2.2 in [2], a timer that RAN2 should consider is the timer B, (please note that we use the same alphabetical notation as we were discussed during the offline discussion [2]).
Table 1 – Timer-related parameters for CHO
	#
	Timer
	Start time (for time related measurements)
	End time (for time related measurements)
	Comments

	B
	Time between the UE receiving the CHO command and RLF 
	Time of received CHO configuration
	Time of declaring RLF in the source cell.
	

	C
	Time elapsed between the first CHO execution and the corresponding latest CHO configuration received for the selected target cell 
	Time of received CHO configuration
	Time of CHO execution
	Agreed in RAN2#112

	D
	Time elapsed between CHO execution until the first HOF/RLF 
	Time of executing the first CHO
	Time of first HOF/RLF
	Agreed in RAN2#113



Timer B is needed because if RLF occurs before the UE executes the CHO, the network would not know for how long resources were reserved in target cells. Since it has been already agreed that this timer will be present in case of HOF (i.e. timer C in the Table 1 above), and in the case of successful HO (as agreed in RAN2#113bis-e), it seems natural to have it also for the case of RLF with no CHO execution. 
We also note that Timer B cannot be derived from C and D as in this case, the UE did not execute CHO at all. 
[bookmark: _Toc71571082]An indication of the time elapsed between reception of CHO configuration and CHO execution for the case of CHO failure and CHO success has been seen as beneficial from RAN2 perspective, hence also indication of the time elapsed between reception of CHO configuration and RLF in source cell should be equally beneficial to determine for how long CHO resources were reserved in the target cells.
[bookmark: _Toc71571053]The UE to report in the RLF-Report the time elapsed between CHO configuration reception and RLF in the source.
An issue discussed in previous meetings is how/whether existing timers can be reused to capture the above timers’ behaviour. 
Timer D has the same functionality as the timeConnFailure with the only difference that the starting point is the CHO execution rather than the reception of the reconfigurationWithSync (Figure 2, Figure 3). The same IE, i.e. timeConnFailure, can be adopted with a clarification in the field description for the case of CHO. This can be however discussed later on in the WI.
For Timer B and C, it was discussed that the legacy timeConnFailure can be reused since according to current specification the timeConnFailure is the “elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync” and the RLF/HOF. Hence, one may assume that the same starting condition can be reused for CHO as it is, in which case the timeConnFailure would be started upon the reception of the CHO configuration. However, we note that the timeConnFailure is also used by the network to determine whether a UE experienced a “too early HO” or a “too late HO” in the target cell. Now, if the timeConnFailure is started at CHO configuration reception (which likely will occur well before the HO is executed), and then the UE gets an early RLF in the target, the network may deduce by looking at the value of timeConnFailure that the UE experienced a “too late HO”, while in fact the UE may have experienced a “too early HO”. For the above reasons, we conclude that it is not clear how the timeConnFailure can be reused to capture timer B and C.
[bookmark: _Toc71571054]To represent the “Time elapsed between CHO execution until the first HOF/RLF”, reuse the legacy timeConnFailure and clarify in the specification that it is started at HO execution.
[bookmark: _Toc71571055]To represent the “Time elapsed between the first CHO execution and the corresponding latest CHO configuration received for the selected target cell” and the “Time between the UE receiving the CHO command and RLF in source” introduce a new timer, e.g. timeSinceCHOReconfig.
Another timer that can be beneficial to introduce is the time elapsing between fulfilling two CHO execution conditions for a given cell. That is because the gNB may configure a UE with an A3 and A5 event as CHO execution conditions. Knowing the time elapsing between these two events may be beneficial for the network to determine whether both events should be configured or only one of them. For example, if the time elapsed is too long, there might be the risk that the UE experiences an RLF before triggering the HO, on the other hand it the time elapsed is sufficiently short, two event conditions may make the HO more robust. Hence this information can be used to tune the A3/A5 event thresholds
[bookmark: _Ref71570610][bookmark: _Toc71571056]In case the UE is configured with both A3 and A5 event for CHO, the UE to report in the RLF report the time elapsed between the fulfilment of the two triggering conditions for the CHO cell.
2.1.1.3 Other parameters for CHO
Besides, in [2] it was discussed how to represent the cell(s) in which the UE attempts the reestablishment after CHO failure. In fact, after a CHO failure, the UE can attempt reestablishment two times in case the first cell selected for reestablishment is a CHO candidate cell and in case the reestablishment in such a cell fails. To this end, it is important to highlight that the reestblishmentCellID IE is currently used to indicate the cell in which the UE attempted the reestablishment. Hence the reestablishmentCellID will be always included irrespective of whether the reestablishment attempt was successful or not. What is missing in the current RLF-Report is a cell ID to represent the cell in which the UE attempted the second reestablishment, 
Hence, in case the UE performs a second reestablishment attempt (after the first reestablishment failure), then there is the need to know the cell in which the UE attempted this second reestablishment. One approach for example is to use the legacy reestablishmentCellID in case the reestablishment occurs in non-CHO candidate cell, otherwise a new cell ID is used in case the reestablishment occurs in a CHO candidate cell.
[bookmark: _Toc71571057]RAN2 to assume that reestablishmentCellID is used if the (first or second) reestablishment occurs in a non-CHO candidate cell, while a new “reestablishmentCHOCellID” is used if the (first) reestablishment occurs in a CHO candidate cell.

2.1.1.4 Signalling model for CHO 
Several signalling options were considered to handle consecutive failures in case of CHO: i.e. separate RLF reports, or one RLF report extended with separate IEs that capture necessary parameters in case of consecutive failures.  
In our understanding, providing two separated RLF reports for two consecutive failures (i.e. one RLF report after the CHO failure, and another RLF report for reestablishment failure in the CHO candidate cell), although possible, would complicate the actual logging of the measurements, signalling solution and posterior analysis of the report. We explain our reasoning in the following.
· At the time of second failure there is no serving cell. Hence providing neighbour cell measurements is not meaningful. 
· At the time of second failure there is no measurement configuration configured by a network node. This would also imply that the UE would need to remember the serving cell's measurement configuration even after the CHO failure.
· Two separate RLF reports may require a more complex fetching procedure. Upon logging two failure reports, both of them should be indicated to the network and network will be mandated to fetch both reports, otherwise the chronological order of the consecutive failures may not be visible to the RAN node. 
· Many of the information in the two consecutive RLF report will be very similar, e.g. the measurement results of the last serving cell and neighbouring cells, as well as the location infomation, since likely the two failures will occur very close in time. Additionally, some of the timers in the RLF-Report will need to be duplicated, which in turn will require new specification procedures. For example, the timeConnFailure would need to be stopped at the first failure and then immediately restarted so that it can be included again in the second RLF report in case a second failure occurs.
· Enriching the current RLF report with the necessary information of the second failure as new IEs would resolve the complexities both at UE and network side.   

[bookmark: _Toc71571083]Introducing two separate RLF reports will require extra specification efforts and UE complexity with no clear benefits since it is enough from a system optimization perspective to include the measurement results and time-related information only once, i.e. upon the CHO failure.
Therefore, we propose to add separate IEs for the necessary information to be logged for a second failure in the existing RLF report. In the Annex section we have provided an example implementation of the RLF report for the CHO including the information of two consecutive failures.
[bookmark: _Toc71571058]RAN2 to assume that separate IEs within the existing RLF-report are used to represent the second (un)successful reestablishment attempt in a candidate CHO cell (see Annex).
2.1.1.5 Other aspects of CHO 
CHO was standardized for both LTE and NR, thus same failure scenarios can occur both in LTE and NR meaning that they would require the same information in order to provide effective MRO procedures. Therefore, we propose to agree that the decided RLF content would be valid for both LTE and NR. 
Moreover, aligning the RLF content for both LTE and NR would make implementation and processing easier at the UE and network side which would allow to avoid confusion and inconsistency for CHO in LTE and NR.
[bookmark: _Toc71571084]Agreed content of the RLF-report should be valid both for NR and LTE in order to ensure  
[bookmark: _Toc71571059]RAN2 to assume that CHO-related RLF-report content is applicable for both LTE and NR.
2.2 DAPS aspects for SON
Related to the DAPS, the following agreements have been already taken by RAN2:
From RAN2#112:

Agreements:
	In case of successive failures associated to DAPS, the UE stores and reports both failure related information (FFS the details of the information). The successive failure referred above, includes the following scenarios:
	UE declares RLF on the source cell while performing the DAPS towards the target cell and declares HOF towards the target cell.

From RAN2#113:

Following DAPS HO scenarios are considered:
a.	Failed DAPS handover to the target cell but successfully fallback to source
b.	UE declares RLF on the source cell before successfully DAPS handover towards target cell

From RAN2#113bis:

1 Include in the RLF report for DAPS HO, the following measurements (reuse the legacy mechanism and IEs):
	a. Measurements of neighbour cells when HOF or RLF occurs

2	RAN2 to agree the intention of the following timers:
	a. Time elapsed since DAPS HO execution until RLF occurs in source cell before fallback
	b. Time elapsed since DAPS HO execution until RLF occurs in source cell after fallback
	c. The elapsed time between the execution of DAPS and RLF in target cell
	FFS if for the above timers the existing timers can be reused.

3	Include in the RLF report for DAPS HO the following information:
	a. RLF-cause of the RLF occurred in the source cell while performing a DAPS HO
	b. Explicit indicator for DAPS handover failure


2.2.1 DAPS-Related Parameters
The main issues left in the DAPS area are related to how represent the timers agreed in RAN2#113bis-e. From the table in Section 2.2.2.2 in [2], the timers for which RAN2 agreed on the intention are the following:
	#
	Timer
	Start time (for time related measurements)
	End time (for time related measurements)

	A
	Time elapsed since DAPS HO execution until RLF occurs in source cell before fallback 
	Time of executing DAPS HO
	Time of declaring RLF in source before fallback

	B
	Time elapsed since DAPS HO execution until RLF occurs in source cell after fallback
	Time of executing DAPS HO
	Time of declaring RLF in source after fallback

	C
	The elapsed time between the execution of DAPS and RLF in target cell 
	Time of executing DAPS HO
	Time of declaring RLF in target cell



Timer C: To represent this timer, RAN2 can reuse the existing timeConnFailure since its current definition is aligned with the intended behaviour of this timer C
Timer A: To represent this timer, there seems to be no other viable alternative than introducing a new timer. That is because if the UE experiences a DAPS HOF and also an RLF in the source while doing DAPS, the UE will log in the RLF report both the timer A and the timer C. Hence obviously these two timers should be associated to separate fields.
Timer B: In this scenario the UE gets an RLF in the source cell after the fallback. The timeConnFailure can be reused in this case, but it is also important for the network to know that this failure occurred after the fallback and not after an HO. In non-DAPS scenario, the timeConnFailure is time elapsed between the HO execution and the HOF or RLF in the target. Here instead the RLF occurs in the source, hence by just looking at the timeConnFailure in the RLF-Report, the network may categorize this RLF as “too early HO”, while in fact the failure occurred after fallback (in which case the failure should be categorize as “too late HO” or “HO to wrong cell”). For this reason, we believe that for the Timer B, the timeConnFailure can be reused, but the UE needs to include a DAPS fallback flag in case the RLF occurs in the source after DAPS fallback.
[bookmark: _Toc71571060]“The elapsed time between the execution of DAPS and HOF or RLF in target cell” is represented by the legacy timeConnFailure
[bookmark: _Toc71571061]“The time elapsed since DAPS HO execution until RLF occurs in source cell before fallback” is represented by a new timer, e.g. timeSourceFailure
[bookmark: _Toc71571062]“The time elapsed since DAPS HO execution until RLF occurs in source cell after fallback” is represented by the legacy timeConnFailure and by an indication included in the RLF-Report on whether a DAPS fallback was performed.
2.2.1.1 Signalling model for DAPS HO
Related to the signaling model, the following was left for further study in RAN2#112:

	From RAN2#112:

[bookmark: _Hlk65234846]FFS: For the case of failed DAPS handover to the target cell but successful fallback to source, no further information is needed in the legacy FailureInformation message.




From our perspective, FailureInformation is a critical message likely sent when the UE is already in poor coverage conditions. Hence, it is very important to keep its size at a minimum. Additionally, the RLF report is transmitted by the UE upon network request, hence the UE cannot be mandated to always include such information in the FailureInformation since the network may not be interested in the RLF-Report at that point in time when the FailureInformation message is transmitted.  
[bookmark: _Toc71571085]FailureInformation is a critical message, likely sent when the UE is already in poor coverage conditions. Hence, it is very important to keep its size at a minimum. Additionally, extending the FailureInformation message to include the RLF-Report may break the SON principle according to which the RLF-Report is explicitly requested by the network.
[bookmark: _Toc71571063]The existing FailureInformation message associated to DAPS failure is not enhanced for SON purposes.
2.3 Successful HO Report
Related to the HO Success Report, the following agreements have been already taken by RAN2:
From RAN2#113bis:

1	RAN2 to focus on the following scenarios for HO Success Report:
	a. Scenario 1 (ordinary HO): 1a, 1b
	b. Scenario 2 (CHO): 2a, 2b
	c. Scenario 3 (DAPS): 3a

2	RAN2 for further discuss whether the following scenarios should be considered under the RLF report or under the HO success report:
	a. Scenario 2c
	b. Scenario 3b

3	The following radio related measurements are as part of the successful HO report:
	a. Latest radio measurement results of the candidate target cells in the case of conditional HO. FFS best cell(s) should be included in.
	b. Flag to indicate RLF issues in source cell during DAPS HO

4	The following time-related measurements are as part of the successful HO report:
	a. Time elapsed between the CHO execution towards the target cell and the corresponding latest CHO configuration received for the selected target cell

5	Location information is included as part of the successful HO report.

At least the following triggering conditions are applied for generating an HO Success Report in the case that the HO succeeds:
	a. The UE logs the HO success report if, while doing HO, T310 value exceeds a threshold
	b. The UE logs the HO success report if, while doing HO, T312 value exceeds a threshold
	c. The UE logs the HO success report if, while doing HO, T304 exceeds a threshold
	d. In case of DAPS, if the UE gets an RLF in the source while doing DAPS.

2.3.1 Scenarios of Successful HO Report
Regarding scenarios, RAN2 discussed whether scenarios 2c and 3b from Table 3 in [2] should be treated under the Successful HO Report. 
	CHO
	2c
	Successful HO while initial failure
	-
	UE is configured with CHO, the first attempt fails while UE recover using the CHO configuration in successive attempt

	DAPS
	3b
	RLF during DAPS HO
	-
	UE successfully performed a DAPS HO towards the target cell. RLF is experienced in the source cell while performing DAPS



In scenario 2c, the UE failed the CHO and succeeded with the reestablishment in a CHO candidate cell. According to the existing specification, the UE will generate an RLF report for the CHO failure, hence it seems straightforward that any information about successful or unsuccessful reestablishment is included in such RLF report. Otherwise, either the CHO failure would be represented in the successful HO report (which would potentially require large changes to existing specification procedures), or the UE would need to generate an RLF report (for the CHO failure) and a successful HO report (for the successful reestablishment in the candidate CHO cell) which would require extra UE and NW complexity. 
Hence in our view scenario 2c should be covered by the RLF-Report and in particular by scenarios 2a) 3a) 3b), in the Table 1 in [2]
[bookmark: _Toc71571064]Scenario 2c in Table 3 in [2] is addressed in the RLF report.
In scenario 3b, an RLF is experienced during the DAPS HO in the source cell, however the UE successfully completes the HO. Hence, since the UE did not experience in practice any failure, it is not clear why that should be part of the RLF report.
[bookmark: _Toc71571065]Scenario 3b in Table 3 in [2] is addressed in the Successful HO Report.
2.3.1 Successful HO Report triggering conditions
Among the triggering conditions discussed in RAN2#113-bis in Section 2.3.2 in [2],  we believe that the following triggering conditions not yet agreed should be considered.
Table 3 – Triggering conditions of the successful HO report 
	#
	Triggering condition 

	D
	The UE logs the HO success report if, while doing HO, N310 value exceeds a threshold

	F
	The UE logs the HO success report if the beam(s) configured with CFRA for the RACH to the target are not the best beams at the time of HO



The condition D is needed because that gives information on whether the UE experienced L1 problems during the HO. Triggering condition on T310 has been already agreed, but since that is triggered only when N310 consecutive out-of-sync indications have been detected, it might be beneficial to get information on how many out-of-sync indications were detected in general during the HO.
The condition F might be needed since that would give information to the source cell on whether CFRA was really configured on the best beams. 
[bookmark: _Toc71571066]RAN2 to confirm the following triggering conditions for HO Success Report: 
a. [bookmark: _Toc71571067]The UE logs the HO success report if, while doing HO, the number of out-of-sync indications exceeds a threshold
b. [bookmark: _Toc71571068]The UE logs the HO success report if the beam(s) configured with CFRA for the RACH to the target, are not the best beams at the time of HO
Additionally, RAN2 should discuss how to deal with scenarios in which the UE generates both an RLF report and HO success report associated to the same HO. This can happen for example in case the UE successfully completes an HO to a target cell (upon which it generates and HO Report), and slightly after an early RLF is detected in the target (upon which an HO Report is generated). 
[bookmark: _Toc71571069]RAN2 to discuss how the UE should handle the case in which both an HO Success Report and an RLF Report would need to be stored for the same HO procedure.

2.3.2 HO Success-related parameters
During RAN2#113-bis, following proposals have been made and left for further study in the email discussion [3]:

	From RAN2#113bis-e

Proposal 4	RAN2 to further discuss the need of the following parameters as part of the successful HO report:
a. Latest radio link quality of neighbour cells before HO command was received for all HO types.
b. Configured CHO execution condition(s), e.g. A3 and/or A5 event configuration, of the candidate target cells. The inclusion of this parameter depends on the RAN3 reply to the RAN2 LS R2-2102149.
c. The radio quality of source cell when ConditionalReconfiguration is received before conditional handover execution condition is satisfied
d. Latest radio link quality of source cell before HO command was received in the case of DAPS.

Proposal 6	RAN2 to further discuss the need of the following time-related measurements as part of the successful HO report:
a. Elapsed time for T310 timer for normal HO
b. Elapsed time for T310 timer for Conditional HO



Related to radio measurements, we believe that the measurement results of the neighboring cells as well as source cell can be beneficial to optimize the HO. Even if the HO is successful, the Successful HO Report is only logged when the HO procedure was affected by some issues. Hence, we suggest aligning the radio measurements included in the HO Success Report with the radio measurements included already in the RLF-Report for all HO types.

[bookmark: _Toc71571070]The UE to report in the HO Success Report the following information for all types of HO:
c. [bookmark: _Toc71571071]Latest radio measurement results of neighbouring cells
d. [bookmark: _Toc71571072]Latest radio measurement results of source and target cells

Additionally, in case of CHO it can be beneficial similar to the RLF report if the UE includes the configured CHO execution conditions and the fulfilled CHO execution conditions.
[bookmark: _Toc71571073]The UE to report in the HO Success Report the following information for CHO
e. [bookmark: _Toc71571074] Configured CHO execution condition(s) (A3 and/or A5 event configuration, TTT values)
f. [bookmark: _Toc71571075]Fulfilled CHO execution condition(s), i.e. whether A3 and/or A5 event was fullfilled, for the cell in which CHO execution was triggered.
g. [bookmark: _Toc71571076]In case the UE is configured with both A3 and A5 event for CHO, the UE to report the time elapsed between the fulfilment of the two triggering conditions for the CHO cell
Related to timer information, it was discussed in [2] and [3] whether the value of T310 or other timers should be included. Considering that RAN2 has already agreed on triggering conditions for generating the HO Success Report, we believe that the absolute values of those timers might not be important. The network configures thresholds for those triggering conditions, e.g. on T310, T304, T312 (as agreed in RAN2#113bis-e), hence it will just be enough for the UE to indicate which triggering condition(s) triggered the HO Success Report
[bookmark: _Toc71571077]The UE to include in the HO Success Report the fullfilled triggering condition(s) that triggered the HO Success Report.
Otherwise, related to timers, as mentioned in Proposal 5, it is beneficial also in the case of HO Success Report to include the time elapsing between A3/A5 events for CHO. 
Additionally, also the HO interruption type can be beneficial to aid the network to figure out whether to configure or not the DAPS.
[bookmark: _Toc71571078]In case the UE is configured with both A3 and A5 event for CHO, the UE to report in the HO Success Report the time elapsed between the fulfilment of the two triggering conditions for the CHO cell.
[bookmark: _Toc71571079]The UE to include in the HO Success Report for CHO and ordinary HO, the HO interruption time, i.e. time elapsed between last received packet in the DL (last transmitted packet in the UL) in source cell, and first received packet in the DL (transmitted packet in the UL) in the target cell.


Conclusion
In the previous sections we made the following observations: 
Observation 1	The network can derive radio measurements of the candidate cells based on measResultNeighCells and indication which cells were configured as candidates
Observation 2	In our view, a few timers can be applicable in most of the scenarios in case of Too Early CHO, Too Late CHO and CHO to the Wrong Cell.
Observation 3	An indication of the time elapsed between reception of CHO configuration and CHO execution for the case of CHO failure and CHO success has been seen as beneficial from RAN2 perspective, hence also indication of the time elapsed between reception of CHO configuration and RLF in source cell should be equally beneficial to determine for how long CHO resources were reserved in the target cells.
Observation 4	Introducing two separate RLF reports will require extra specification efforts and UE complexity with no clear benefits since it is enough from a system optimization perspective to include the measurement results and time-related information only once, i.e. upon the CHO failure.
Observation 5	Agreed content of the RLF-report should be valid both for NR and LTE in order to ensure
Observation 6	FailureInformation is a critical message, likely sent when the UE is already in poor coverage conditions. Hence, it is very important to keep its size at a minimum. Additionally, extending the FailureInformation message to include the RLF-Report may break the SON principle according to which the RLF-Report is explicitly requested by the network.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to include within the measResultNeighCells in the RLF-Report an indication on whether a measured neighbour cell was configured as a CHO candidate or not (e.g. add a cho-Candidate flag in MeasResults as shown in the Annex).
Proposal 2	The UE to report in the RLF-Report the time elapsed between CHO configuration reception and RLF in the source.
Proposal 3	To represent the “Time elapsed between CHO execution until the first HOF/RLF”, reuse the legacy timeConnFailure and clarify in the specification that it is started at HO execution.
Proposal 4	To represent the “Time elapsed between the first CHO execution and the corresponding latest CHO configuration received for the selected target cell” and the “Time between the UE receiving the CHO command and RLF in source” introduce a new timer, e.g. timeSinceCHOReconfig.
Proposal 5	In case the UE is configured with both A3 and A5 event for CHO, the UE to report in the RLF report the time elapsed between the fulfilment of the two triggering conditions for the CHO cell.
Proposal 6	RAN2 to assume that reestablishmentCellID is used if the (first or second) reestablishment occurs in a non-CHO candidate cell, while a new “reestablishmentCHOCellID” is used if the (first) reestablishment occurs in a CHO candidate cell.
Proposal 7	RAN2 to assume that separate IEs within the existing RLF-report are used to represent the second (un)successful reestablishment attempt in a candidate CHO cell (see Annex).
Proposal 8	RAN2 to assume that CHO-related RLF-report content is applicable for both LTE and NR.
Proposal 9	“The elapsed time between the execution of DAPS and HOF or RLF in target cell” is represented by the legacy timeConnFailure
Proposal 10	“The time elapsed since DAPS HO execution until RLF occurs in source cell before fallback” is represented by a new timer, e.g. timeSourceFailure
Proposal 11	“The time elapsed since DAPS HO execution until RLF occurs in source cell after fallback” is represented by the legacy timeConnFailure and by an indication included in the RLF-Report on whether a DAPS fallback was performed.
Proposal 12	The existing FailureInformation message associated to DAPS failure is not enhanced for SON purposes.
Proposal 13	Scenario 2c in Table 3 in [2] is addressed in the RLF report.
Proposal 14	Scenario 3b in Table 3 in [2] is addressed in the Successful HO Report.
Proposal 15	RAN2 to confirm the following triggering conditions for HO Success Report:
a.	The UE logs the HO success report if, while doing HO, the number of out-of-sync indications exceeds a threshold
b.	The UE logs the HO success report if the beam(s) configured with CFRA for the RACH to the target, are not the best beams at the time of HO
Proposal 16	RAN2 to discuss how the UE should handle the case in which both an HO Success Report and an RLF Report would need to be stored for the same HO procedure.
Proposal 17	The UE to report in the HO Success Report the following information for all types of HO:
a.	Latest radio measurement results of neighbouring cells
b.	Latest radio measurement results of source and target cells
Proposal 18	The UE to report in the HO Success Report the following information for CHO
a.	Configured CHO execution condition(s) (A3 and/or A5 event configuration, TTT values)
b.	Fulfilled CHO execution condition(s), i.e. whether A3 and/or A5 event was fullfilled, for the cell in which CHO execution was triggered.
c.	In case the UE is configured with both A3 and A5 event for CHO, the UE to report the time elapsed between the fulfilment of the two triggering conditions for the CHO cell
Proposal 19	The UE to include in the HO Success Report the fullfilled triggering condition(s) that triggered the HO Success Report.
Proposal 20	In case the UE is configured with both A3 and A5 event for CHO, the UE to report in the HO Success Report the time elapsed between the fulfilment of the two triggering conditions for the CHO cell.
Proposal 21	The UE to include in the HO Success Report for CHO and ordinary HO, the HO interruption time, i.e. time elapsed between last received packet in the DL (last transmitted packet in the UL) in source cell, and first received packet in the DL (transmitted packet in the UL) in the target cell.
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Annex A
This annex contains an example implementation of the RLF report for the CHO including the information of two consecutive failures.
–	UEInformationResponse
The UEInformationResponse message is used by the UE to transfer information requested by the network.
Signalling radio bearer: SRB1 or SRB2 (when logged measurement information is included)
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to network
UEInformationResponse message
RLF-Report-r16 ::=                   CHOICE {
    nr-RLF-Report-r16                    SEQUENCE {
        measResultLastServCell-r16           MeasResultRLFNR-r16,
        measResultNeighCells-r16             SEQUENCE {
            measResultListNR-r16                 MeasResultList2NR-r16       OPTIONAL,
            measResultListEUTRA-r16              MeasResultList2EUTRA-r16    OPTIONAL
        }                                                OPTIONAL,
        c-RNTI-r16                           RNTI-Value,
        previousPCellId-r16                  CHOICE {
            nrPreviousCell-r16                   CGI-Info-Logging-r16,
            eutraPreviousCell-r16                CGI-InfoEUTRALogging
        }                                                                    OPTIONAL,
[bookmark: _Hlk23945796]        failedPCellId-r16                    CHOICE {
            nrFailedPCellId-r16                  CHOICE {
                cellGlobalId-r16                     CGI-Info-Logging-r16,
                pci-arfcn-r16                        SEQUENCE {
                    physCellId-r16                       PhysCellId,
                    carrierFreq-r16                      ARFCN-ValueNR
                }
            },
            eutraFailedPCellId-r16           CHOICE {
                cellGlobalId-r16                 CGI-InfoEUTRALogging,
                pci-arfcn-r16                    SEQUENCE {
                    physCellId-r16                   EUTRA-PhysCellId,
                    carrierFreq-r16                  ARFCN-ValueEUTRA
                }
            }
        },
        reconnectCellId-r16                  CHOICE {
            nrReconnectCellId-r16                CGI-Info-Logging-r16,
            eutraReconnectCellId-r16             CGI-InfoEUTRALogging
        }                                                                                        OPTIONAL,
        timeUntilReconnection-16             TimeUntilReconnection-16                            OPTIONAL,
        reestablishmentCellId-r16            CGI-Info-Logging-r16                                OPTIONAL,
        timeConnFailure-r16                  INTEGER (0..1023)                                   OPTIONAL,
        timeSinceFailure-r16                 TimeSinceFailure-r16,
        connectionFailureType-r16            ENUMERATED {rlf, hof},
        rlf-Cause-r16                        ENUMERATED {t310-Expiry, randomAccessProblem, rlc-MaxNumRetx,
                                                         beamFailureRecoveryFailure, lbtFailure-r16,
                                                         bh-rlfRecoveryFailure, spare2, spare1},
        locationInfo-r16                     LocationInfo-r16                                    OPTIONAL,
        noSuitableCellFound-r16              ENUMERATED {true}                                   OPTIONAL,
        ra-InformationCommon-r16             RA-InformationCommon-r16                            OPTIONAL,
        ...,
	[[
	timeSinceCHOReconfig-r17				INTEGER (0..1023)			OPTIONAL,
	reestablishmentCHOCellId-r17            CGI-Info-Logging-r16		OPTIONAL,                                
    ra-InformationCommonSecond-r17          RA-InformationCommon-r16                            OPTIONAL,
	]]


    },
    eutra-RLF-Report-r16                 SEQUENCE {
        failedPCellId-EUTRA                  CGI-InfoEUTRALogging,
        measResult-RLF-Report-EUTRA-r16      OCTET STRING,
        ...
    }
}

[bookmark: _Toc60777267][bookmark: _Toc68015207]–	MeasResults
The IE MeasResults covers measured results for intra-frequency, inter-frequency, inter-RAT mobility and measured results for sidelink.
MeasResults information element
-- ASN1START
-- TAG-MEASRESULTS-START

MeasResults ::=                         SEQUENCE {
    measId                                  MeasId,
    measResultServingMOList                 MeasResultServMOList,
    measResultNeighCells                    CHOICE {
        measResultListNR                        MeasResultListNR,
        ...,
        measResultListEUTRA                     MeasResultListEUTRA,
        measResultListUTRA-FDD-r16              MeasResultListUTRA-FDD-r16
    }                                                                                                                   OPTIONAL,
    ...,
    [[
    measResultServFreqListEUTRA-SCG         MeasResultServFreqListEUTRA-SCG                                             OPTIONAL,
    measResultServFreqListNR-SCG            MeasResultServFreqListNR-SCG                                                OPTIONAL,
    measResultSFTD-EUTRA                    MeasResultSFTD-EUTRA                                                        OPTIONAL,
    measResultSFTD-NR                       MeasResultCellSFTD-NR                                                       OPTIONAL
     ]],
     [[
    measResultCellListSFTD-NR               MeasResultCellListSFTD-NR                                                   OPTIONAL
    ]],
    [[
    measResultForRSSI-r16                   MeasResultForRSSI-r16                                                       OPTIONAL,
    locationInfo-r16                        LocationInfo-r16                                                            OPTIONAL,
    ul-PDCP-DelayValueResultList-r16        UL-PDCP-DelayValueResultList-r16                                            OPTIONAL,
    measResultsSL-r16                       MeasResultsSL-r16                                                           OPTIONAL,
    measResultCLI-r16                       MeasResultCLI-r16                                                           OPTIONAL
    ]]


}

MeasResultServMOList ::=                SEQUENCE (SIZE (1..maxNrofServingCells)) OF MeasResultServMO

MeasResultServMO ::=                    SEQUENCE {
    servCellId                              ServCellIndex,
    measResultServingCell                   MeasResultNR,
    measResultBestNeighCell                 MeasResultNR                                                                OPTIONAL,
    ...
}

MeasResultListNR ::=                    SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultNR

MeasResultNR ::=                        SEQUENCE {
    physCellId                              PhysCellId                                                                  OPTIONAL,
    measResult                              SEQUENCE {
        cellResults                             SEQUENCE{
            resultsSSB-Cell                         MeasQuantityResults                                                 OPTIONAL,
            resultsCSI-RS-Cell                      MeasQuantityResults                                                 OPTIONAL
        },
        rsIndexResults                          SEQUENCE{
            resultsSSB-Indexes                      ResultsPerSSB-IndexList                                             OPTIONAL,
            resultsCSI-RS-Indexes                   ResultsPerCSI-RS-IndexList                                          OPTIONAL
        }                                                                                                               OPTIONAL
    },
    ...,
    [[
    cgi-Info                                CGI-InfoNR                                                                    OPTIONAL
    ]],
    [[
    cho-Candidate				            ENUMERATED {true}   OPTIONAL                                                                             
    ]]

}

MeasResultListEUTRA ::=                 SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA

MeasResultEUTRA ::=                     SEQUENCE {
    eutra-PhysCellId                        PhysCellId,
    measResult                              MeasQuantityResultsEUTRA,

    cgi-Info                                CGI-InfoEUTRA                                                               OPTIONAL,
    ...,
	[[
    cho-Candidate				            ENUMERATED {true}     OPTIONAL                                                                             
    ]]

}

MultiBandInfoListEUTRA ::=              SEQUENCE (SIZE (1..maxMultiBands)) OF FreqBandIndicatorEUTRA

MeasQuantityResults ::=                 SEQUENCE {
    rsrp                                    RSRP-Range                                                                  OPTIONAL,
    rsrq                                    RSRQ-Range                                                                  OPTIONAL,
    sinr                                    SINR-Range                                                                  OPTIONAL
}

MeasQuantityResultsEUTRA ::=            SEQUENCE {
    rsrp                                    RSRP-RangeEUTRA                                                             OPTIONAL,
    rsrq                                    RSRQ-RangeEUTRA                                                             OPTIONAL,
    sinr                                    SINR-RangeEUTRA                                                             OPTIONAL
}

ResultsPerSSB-IndexList::=              SEQUENCE (SIZE (1..maxNrofIndexesToReport2)) OF ResultsPerSSB-Index

ResultsPerSSB-Index ::=                 SEQUENCE {
    ssb-Index                               SSB-Index,
    ssb-Results                             MeasQuantityResults                                                         OPTIONAL
}

ResultsPerCSI-RS-IndexList::=           SEQUENCE (SIZE (1..maxNrofIndexesToReport2)) OF ResultsPerCSI-RS-Index

ResultsPerCSI-RS-Index ::=              SEQUENCE {
    csi-RS-Index                            CSI-RS-Index,
    csi-RS-Results                          MeasQuantityResults                                                         OPTIONAL
}
MeasResultServFreqListEUTRA-SCG ::= SEQUENCE (SIZE (1..maxNrofServingCellsEUTRA)) OF MeasResult2EUTRA

MeasResultServFreqListNR-SCG ::= SEQUENCE (SIZE (1..maxNrofServingCells)) OF MeasResult2NR

MeasResultListUTRA-FDD-r16 ::=          SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultUTRA-FDD-r16

MeasResultUTRA-FDD-r16 ::=              SEQUENCE {
    physCellId-r16                          PhysCellIdUTRA-FDD-r16,
    measResult-r16                          SEQUENCE {
        utra-FDD-RSCP-r16                       INTEGER (-5..91)          OPTIONAL,
        utra-FDD-EcN0-r16                       INTEGER (0..49)           OPTIONAL
    }
}

MeasResultForRSSI-r16 ::=        SEQUENCE {
    rssi-Result-r16                  RSSI-Range-r16,
    channelOccupancy-r16             INTEGER (0..100)
}

MeasResultCLI-r16 ::=            SEQUENCE {
    measResultListSRS-RSRP-r16       MeasResultListSRS-RSRP-r16                                                         OPTIONAL,
    measResultListCLI-RSSI-r16       MeasResultListCLI-RSSI-r16                                                         OPTIONAL
}

MeasResultListSRS-RSRP-r16 ::=   SEQUENCE (SIZE (1.. maxCLI-Report-r16)) OF MeasResultSRS-RSRP-r16

MeasResultSRS-RSRP-r16 ::=       SEQUENCE {
    srs-ResourceId-r16               SRS-ResourceId,
    srs-RSRP-Result-r16              SRS-RSRP-Range-r16
}

MeasResultListCLI-RSSI-r16 ::=   SEQUENCE (SIZE (1.. maxCLI-Report-r16)) OF MeasResultCLI-RSSI-r16

MeasResultCLI-RSSI-r16 ::=       SEQUENCE {
    rssi-ResourceId-r16              RSSI-ResourceId-r16,
    cli-RSSI-Result-r16              CLI-RSSI-Range-r16
}

UL-PDCP-DelayValueResultList-r16 ::= SEQUENCE (SIZE (1..maxDRB)) OF UL-PDCP-DelayValueResult-r16

UL-PDCP-DelayValueResult-r16 ::= SEQUENCE {
    drb-Id-r16                       DRB-Identity,
    averageDelay-r16                 INTEGER (0..10000),
    ...
}

-- TAG-MEASRESULTS-STOP
-- ASN1STOP
