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1. Introduction

In this TDoc we are first trying to summarise the current status, aiming to provide clarification when required and to resolve the remaining FFS.

A second part of the paper concerns an analysis of the agreements reached so far to determine how they can be supported in stage 3 a.o. by re-use/ extension of existing fields.We that capturing of agreements in stage 3 should cover:

· Discussion about whether to have a report per failure/ per reporting event

· Review of agreements across the different cases (CHOF/ DAPS/ succesfull HO) i.e. to avoid introducing multiple similar fields

We think that before concluding whether to have a report per failure/ event, we should carefully review the information reported in different cases. Moreover, we should also consider future extensibility and aim for a framework that is sound and general purpose rather deciding the approach only considering a limited number of parameters as agreed so far. 

In brief, the paper includes following proposals and observations:

· Introduce a single flag indicating whether all CHO conditions were met. 
· Do not introduce a seperage flag indicating whether UE attempted recovery (given large overlap)

· Succesful HO report includes results of best neighbouring cells (alike in case of HO failure)

· Indicate whether failure of DAPS handover occurred in source or target by means of failedPCellId

· Do not report results of poor CHO candidates (can consider extending size of existing field measResultNeighCells)

· Reporting poor CHO candidates introduces additional complexities i.e. involves introducing separate field for poor CHO candidates (while good candidates are included in existing field measResultNeighCells)

· In case UE experiences multiple report triggers/ events, the UE stores multiple reports that network can retreive

· Adopt generic solution approaches as much as possible e.g. extend existing fields rather than creating new specific fields with similar contents

· Discuss and conclude for which time instances UE should provide available measurement results to facilitate SON for the CHO config and support measurements at least for each failure event

· Further observations

· No further changes are required to capture agreements concerning DAPS failure in DAPS.3

· In case UE provides a report for each failure and a flag indicating whether CHO conditions are met, this is sufficient to capture agreements CHO.3. I.e. no further changes are requited

· Network can infer that HOF concerned CHO from presence of timer covering elaborated time from CHO config until CHO exec. I.e. no further changes are requited

2.
Discussion
We think it’s beneficial if we can agree some abbreviations for the different failure/ sucdess events, particular when discussing scenario’s. In the remainder of this contribution we use the following conventions.

	HOF/ CHOF
	HO/ CHO Failure
	CHORF
	CHO candidate Recovery attempt Failure 

	HOS/ CHOS
	HO/ CHO Succes
	CHORS
	CHO candidate Recovery attempt Succes


Clarification and progress of agreements 

We think that the agreement regarding fulfillment of CHO conditions is not entirely clear

· It is unclear whether UE provides a single flag indicating whether all conditions were met during TTT (meaning CHO execution was triggered). We think that a single flag is sufficient because CHO is executed only when all configured events are fulfilled (please see the captured from TS38.331 below):
	5.3.5.13.4
Conditional reconfiguration evaluation

The UE shall:

1>
for each condReconfigId within the VarConditionalReconfig:

2>
consider the cell which has a physical cell identity matching the value indicated in the ServingCellConfigCommon included in the reconfigurationWithSync in the received condRRCReconfig to be applicable cell;

2>
for each measId included in the measIdList within VarMeasConfig indicated in the condExecutionCond associated to condReconfigId:

3>
if the entry condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:

4>
consider the event associated to that measId to be fulfilled;

3>
if the leaving condition(s) applicable for this event associated with the condReconfigId, i.e. the event corresponding with the condEventId(s) of the corresponding condTriggerConfig within VarConditionalReconfig, is fulfilled for the applicable cells for all measurements after layer 3 filtering taken during the corresponding timeToTrigger defined for this event within the VarConditionalReconfig:

4>
consider the event associated to that measId to be not fulfilled;

2>
if event(s) associated to all measId(s) within condTriggerConfig for a target candidate cell within the stored condRRCReconfig are fulfilled:
3>
consider the target candidate cell within the stored condRRCReconfig, associated to that condReconfigId, as a triggered cell;

3>
initiate the conditional reconfiguration execution, as specified in 5.3.5.13.5;



· These conditions would typically not be met when UE initiates CHO when attempting recovery after a failure. It is however not entirely impossible that conditions are met upon a recovery attempt. However, given the large overlap a separate flag to indicate recovery attempt seems not useful

Hence we propose:

Proposal 1
Introduce a single flag indicating whether all CHO conditions were met. 
Proposal 2
Do not introduce a seperage flag indicating whether UE attempted recovery (given large overlap)

RAN2 made the following related agreements during R2#113bis, see below.
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Regarding measurement results, we think it is more useful for UE to report results of good neighbouring cells than to report results of poor CHO candidates for following reasons:

· It is sufficient for network to know a CHO candidate is poor i.e. no real benefit to know further details

· If is beneficial to know results of good neighbours, as these may indicate network has configured the wrong cells as CHO candidate

Hence we propose:

Proposal 3
Succesful HO report includes results of best neighbouring cells (alike in case of HO failure)

How to support agreements in stage 3, including multiple reports

Review of previous agreements

In this section we summarise the information to signal and address aspects related to how to support this in stage 3 e.g. by re-use of existing fields, options to capture several agreements bu single new field, use of multiple reports e.g. entry per individual event.

DAPS timers and successful DAPS HO (DAPS HOS)

For DAPS, RAN2 agreed the following regarding timers
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We understand we can have following cases:

a)
HO success, but source RLF happened

b)
HO fails, UE performs fallback and succeeds.

c)
HO fails, UE detects RLF in source before target failure i.e. no fallback.

d)
HO failed, UE performs fallback and source RLF happened afterwards.

We think re-use of field timeConnFailure should be considered. In cases c & d there are 2 failures. In case we have multiple failure reports, eadh entry will include the field to indicate time of the concerned failure.

Observation 1
In case UE provides a report for each failure, agreements concerning DAPS times can be supported by re-use of field timeConnFailure i.e. no need for additional signaling

Although timeConnFailure can be re-used, there still seems be a need to indicate the type of DAPS failure. For this a field may be introduced to indicate whether failure happened in the source e.g. field sourceRLF (with absence indicating failure was in target). However, the information can also be conveyed by the FailedPCellId

Observation 2
Indicate whether failure of DAPS handover occurred in source or target by means of failedPCellId

For DAPS, RAN2 furthermore agreed the following:
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The network would in principle know whether DAPS was configured for the HO that failed. Moreover, if we have a field indicating whether failure occurred in source, it seems nothing more is really needed.

Observation 3
When report includes way to indicate whether failure of DAPS handover occurred in source or target, no further changes are required to capture agreements concerning DAPS failure

Measurements

RAN2 made following relevant agreements during R2#113bis, see below.
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For now we prefer to focus on the latest measurement results of candidate cells, as these are not dependant on RAN3 feedback. The existing field measResultNeighCells includes the best cells, listed in order.  We think the meaning of this field should not be changed and hence it should include good CHO candidates. The main remaining issue is what to do regading poor CHO candidates. Some remarks:

· We think the poor CHO candidates should not be added to the existing field, as it would change the meaning of the field i.e. it would not anymore list the cells in order of radio quality i.e. as poor non CHO candidate are not included. I.e. the only reasonable way forward is to introduce a separate field

· We think the separate field should only include the poor CHO candidate i.e. the ones included in existing field measResultNeighCells should not be duplicated

· We still think that for network it is sufficient to know a CHO candidate is poor i.e. knowing the actual result is not so relevant. It actually seems more important for network to know measurement results of neighbours that are better than these poor CHO candidates. I.e. for network it seems sufficient to just have results of the best neighbouring cells

Observation 4
Reporting poor CHO candidates introduces additional complexities i.e. involves introducing separate field for poor CHO candidates (while good candidates are included in existing field measResultNeighCells)

Given the additional complexity related to the split of CHO candidates and the little additional value, we propose RAN2 to re-condiser the agreement:

Proposal 4
Do not report results of poor CHO candidates (can consider extending size of existing field measResultNeighCells)

Other

RAN2 made the following related agreements during R2#112, see below.
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In case of CHO, UE will provide a timer covering elaborated time from CHO config until CHO exec. Presence of this this field is one means by which network can infer failure concerned CHO i.e. no need for furher signaling

Observation 5
Network can infer that HOF concerned CHO from presence of timer covering elaborated time from CHO config until CHO exec. I.e. no further changes are requited

Some further remarks:

· In this section we have not included agreements that we think are rather straightworard regarding how to support e.g:

· HOS.4 (Time elapsed between the CHO execution towards the target cell and the corresponding latest CHO configuration)

· In this section we showed for several agreements there are no/ limited changes when having a report per failure/ event. Given the relation, we think the further details of how to capture such agreements in stage 3 should not be concluded in isolation

· In this section we furthermore showed it is preferable to consider different failure cases, including successful HO, when concluding the actually stage 3 changes. I.e. there are several cases in which the same field can be used in a number of different cases, thereby limiting specification changes/ UE complexity

Failure report information, summary

The following table attempts to provide an overview of fields in R16 NR RLF-Report, as well as field (proposed to be) agreed for R17 (green) or proposed to be discussed/ concluded (blue, TBD). We used TBC for cases for which we think there is a mistake in current status, and for which we like our undrstanding to be confirmed

	Timers
	Use cases
	Remarks

	timeUntilReconnection (from failure until entering connected)
	RLF, HOF, CHOF
	113: Agreed to be re-used for CHO

	timeConnFailure (from last HO to failure)
	RLF, HOF, DAPS
	Can cover agreement concerning DAPS timers to be supported (O1)
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 when having report per failure

	timeSinceFailure (from failure to report)
	RLF, HOF, CHOF
	113: Agreed to be re-used for CHO

	Time from CHO config until CHO exec
	CHOF , CHOS
	Same option for CHOF and CHOS is preferable, see P1

Network can use presence of this time to infer that HOF concerned CHO i.e. no explicit indication required (O6)

	
	
	

	Cells
	Use cases
	Remarks

	PreviousPCellId
	HOF, CHOF, HOS?
	

	FailedPCellId
	RLF, DAPS (O2)
	In case of DAPS, the field can indicate whether failure occurred in source or target (O2)

	ReconnectCellId
	RLF, HOF, CHOF
	

	ReestablishmentCellId
	CHORF
	For CHO, the reestablishmentCellID in the RLF-Report is used to represent the CellID in which the UE attempted the second reestablishment after failure of the CHO recovery failure following an HOF/RLF.

For CHO, the reestablishmentCellID is also used to represent in the RLF-report the cellID of the cell in which the UE attempted the (first) reestablishment if such cell is a non-CHO candidate cell.

	CHOCellID
	CHOF
	introduced in the RLF-Report to represent the CHO candidate cell selected after the first connection failure and before the reestablishment.

	Measurement related
	Use cases
	Remarks

	measResultLastServCell
	RLF, HOF, HOS, DAPS
	Qx: how to use field in case of DAPS

	measResultNeighCells
	HOF, CHOS (P3), DAPS
	Also report best cells at CHOS (P3)

	Flag indicating if CHO conditions (A3, A5) were fulfilled for cells in which CHO execution was triggered
	
	Single flag indicating whether all conditions are met (P1)

	Latest results of CHO candidates (e.g. poor ones not in legacy nCell field)
	CHOF, CHOS
	Do not introduce but rather extend size of existing field measResultNeighCells (P4)

	
	
	

	Config (R3 dependent)
	
	

	Configured execution conditions (e.g. event, TTT) of CHO candidates
	(C)HOF, (C)HOS
	TBD for HOS/ CHOS

	Indication of CHO candidates either by

· Flag for candidates in measResultNeighCells

· Full list of CHO candidates
	
	

	
	
	

	Other
	
	

	CRNTI
	HOF, HOS?
	

	connectionFailureType
	
	

	rlf-Cause
	HOF, DAPS
	No further changes required for DAPS i.e. network knows if DAPS is configured while failedPCellId indicates whether failure occurred in source or target (O3)

	locationInfo
	HOF, HOS
	

	noSuitableCellFound (T311 exp)
	
	

	ra-InformationCommon
	
	

	
	
	


Tab 1: Overview of failure/ success information to be reported

We think it is important to establish a proper overview i.e. to ensure properly use of existing fields and to ensure our agreements result in a consistent approach. This is particularly relevant when discussing scenari’s involving multiple events, see next section.

Scenario’s involving multiple events (failure, success)

[Post113-e][851] proposes to conclude the scenario’s to focus on. These include cases involving multiple events, covering following types:

· (F,) F,F: i.e. dual or triple failure

· (F,) F,S: i.e success after single or dual failure

· (F,) F,F/S: fail/ success after single or dual failure

· HOS/ CHOS, RLF, Restablishment on non CHO candidate

Failure can concern:

· RLF in source, HOF/ CHOF (T304), RLF in target shortly after HOS/ CHOS (CHO config cleared during HOS/ CHOS no, so no subsequent recovery on CHO candidate)

Succesful case can concern:

· HOS, CHOS, CHORS (Restablishment/ recovery Attempt on CHO candidate), Reestablishment on other candidate?

We understand intention is to cover all these successful cases, depending on final conclusion regarding actual information to be reported.

Now let’s evaluate at the relevance of parameters in case of scenario’s involving multiple events. Some initial remarks:

· In many cases, there is some time between 1st and 2nd event. I.e. in many cases 2nd event concerns recovery and it may take some time to find a cell suitable for this. Moreover, in several cases the 2nd event concerns a failure which takes some time to determine/ declare.

· In case a subsequent event concerns a failure, this typically concerns a radio problem meaning the measurement situation is different from when starting the recovery resulting in subsequent failure. Measurement results upon detecting the subsequent event can help network in determining whether configuration needs adjustment, in particular for failure cases

· This particularly seem interesting for recovery on a CHO candidate (CHORF/CHORS), an event that’s part of in many of the primary scenario’s 

· Measurement provide indication whether other good NCells were available that network missed to configure as CHO candidate (or other way around)

Now let’s have a closer look at some of the scenario’s the eMail proposes to focus on. Note that 1, 2 in column 1b means that the concerned parameter seems relevant for both 1st and 2nd event of scenario 1b.

	Parameter
	1b
	3e
	Remarks

	timeUntilReconnection
	1, 2
	
	

	timeConnFailure
	
	
	

	timeSinceFailure
	1, 2
	
	

	timeCHO-ExeToCfg
	
	
	

	previousPCellId
	2?
	
	

	failedPCellId
	1
	
	Same for both

	reconnectCellId
	
	
	

	reestablishmentCellId
	
	
	

	CHOCellID
	
	
	

	measResultLastServCell
	1, 2
	
	

	measResultNeighCells
	1, 2
	
	

	c-RNTI
	1, 2
	
	In case of successive failures, value is same

	connectionFailureType
	1, 2
	
	

	rlf-Cause
	1, 2
	
	

	locationInfo
	1, 2
	
	

	noSuitableCellFound
	1, 2
	
	

	ra-InformationCommon
	1, 2
	
	


Some observations from considering these cases:

· For most of the parameters, it seems useful to have a value for each of the event involved in the scenario and typically the value is different. Some parameters are of course not applicable for a given event, but these are simply omitted largely in accordance with current specification

· If UE does not provide a report per event, additional fields would need to be defined for each event. E.g. for each failure event we may need to introduce separate time fields e.g. timeSinceFailure or timeUntilReconnection and separate failureType and possibly rlf-Cause for each failure event.

· Different cellID fields may apply for different (failure) events. The field in a single report may accidentally be sufficient to cover 2 failure events, but it may not be obvious which field applies for 1st or 2nd failure event. I.e. this may require additional rules/  complexity

· Assuming (serving and neighbouring cell) measurements are useful for several successive events, as indicated in the previous, a single report approach would require additional fields for these measurements also

· An approach with a single report and several additional fields requires furher rules to clarify which fields belong together i.e. which fields concern the 2nd event, a 3rd event, ..

· An approach with a single report seems difficult to extend in future i.e. will soon become overly complex. Moreover, when quite some paramers are required per event(as shown above), a multiple report approach seems most sensible/ natural

We think RAN2 has so far not really performed this exercise, but given the previous analysis and also taking into account the general design considerations in the following section, we propose:

Proposal 5
In case UE experiences multiple report triggers/ events, the UE stores multiple reports that network can retreive

General design considerations a.o. on measurements

General

We think there somewhat seems to be a tendency to introduce quite specific fields in on a case by case basis, and decision is taken not so much based on technical consideration but based on popularity. We however think that in general radio protocols should preferably aim to design and adopt general purpose mechanisms. E.g. we have an RRM mechanism that network can use for a variety of purposes, and this is mostly left up to network implementation. It seems that for measurement related information, we have a similar choice:

· Should UE provide specific indications for CHO candidates, or should UE provide results of best neighbours leaving it up to network to infer that apparently some of the CHO candidates were quite poor

· If there is a sequence of events, as in the primary scenario’s to focus on, should UE provide measurement results at occurrence of the first event, of each event or should we consider other generic means e.g. reporting results a certain conditions or periodically

· E.g. if UE would provide results periodically, network can infer a lot of information including whether TTT may have been met

· If we introduce reporting of additional information, we should use existing generic information as baseline. I.e. we should avoid introducing new fields specifically to provide results for CHO candidates. I.e. if there is need to convey that CHO contition is met, we should just extend the existing field listing results of neibhour cells by a field indicating this cell concerns a CHO candidate which execution condition was fulfilled

· E.g. if we introduce reporting for succesfull HO, we can take information reported in case of failure as baseline

· In accordance with general priciples, we should try to avoid creating new ASN.1 information structures if there is large overlap in content (i.e. rather use optionality)

Although initially introducing specific solutions/ signalling may look simpler, we think they will increase UE complexity especially when standards evolve. This is because the number of specific indications tends to grow significantly over the years while we may also run into some difficult combinations. Hence, we suggest:

Proposal 6
RAN2 is requested to adopt generic solution approaches as much as possible e.g. re-use or extend existing fields rather than creating new specific fields with similar contents

Measurements to assist SON for setting CHO configuration

We think the UE should provide information enabling network to tune CHO configurations a.o. covering:

· Which of the configured candidates were not needed/ useful and merely resulted in waste of reserved network resources and increase of the measurement burden on the UE

· Which neighbouing cells would have been good candidates, that would have improved CHO robustness and/ or avoided failure of CHO (CHOF)

· Which conditions result in optimal balance between mobility robustness while limiting resource wastage due to early preparation at configuration of a CHO candidate

In the previous section we indicated that in scenarios involving multiple event, it seems useful to provide results applicable at each such event so network has proper understanding of the measurement conditions at the time of each event, in particular for failure events. It actually seems beneficial for network to have measurements not just at the particular (failure) event times. We note that for normal HO, network has the option to configure event triggered periodic measurement reporting i.e. network can make UE trigger MR upon entering HO region and periodically after that. Network can use this feature not just to for tuning actual HO also for IMM MDT purposes. It may be beneficial to have somewhat similar functionality to self-optimise the CHO configurations.

Several companies indicated they want UE to provide measurement results of cells that are really bad, just because they are CHO candidate. We think it is sufficient if UE reports the best cells and are open to discuss increasing the number of cells UE reports. However, think there is no value in introducing separate fields for really bad CHO candidates. We actually think that reporting of measurement results at more time instances is definitely more useful to the network’s SON purposes.

Proposal 7
RAN2 is requested to discuss and conclude for which time instances UE should provide available measurement results to facilitate SON for the CHO config and support measurements at least for each failure event

3. Conclusion

It is suggested that 
Proposal 1
Introduce a single flag indicating whether all CHO conditions were met. 
Proposal 2
Do not introduce a seperage flag indicating whether UE attempted recovery (given large overlap)

Proposal 3
Succesful HO report includes results of best neighbouring cells (alike in case of HO failure)

Proposal 4
Do not report results of poor CHO candidates (can consider extending size of existing field measResultNeighCells)

Proposal 5
In case UE experiences multiple report triggers/ events, the UE stores multiple reports that network can retreive

Proposal 6
RAN2 is requested to adopt generic solution approaches as much as possible e.g. re-use or extend existing fields rather than creating new specific fields with similar contents

Proposal 7
RAN2 is requested to discuss and conclude for which time instances UE should provide available measurement results to facilitate SON for the CHO config and support measurements at least for each failure event

HOS.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





DAPS.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.





DAPS.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





CHO.1: Include in the RLF report for CHO the following information:


c.	Latest radio measurement results of the candidate target cells


CHO.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


DAPS.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





CHOF.x The RLF report for CHO includes some indication that HOF concerned CHO (explicit/ implicit)
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