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1	Introduction
This document captures the outcome of this email discussion:
[Post112-e][853][NR/R16 SON/MDT] R17 Information needed in UE report for CHO cases (Ericsson)
	Scope: Based on agreed scenarios, figure out what information is needed in UE report and how to log and report these needed information. Based on R2-2010896.
	Intended outcome: Report to next meeting.
	Deadline: Long

Companies inputs to this email discussion are appreciated by the 11th January 2021.

Related to CHO, the following agreements have been reached so far in RAN2:

	From RAN2#111-e agreements:
[bookmark: _Toc48718836]=>	The following scenarios are considered:
[bookmark: _Toc48718837]1) Successful CHO and HO (i.e. no failure happens). FFS consideration in RAN2/3
[bookmark: _Toc48718838]2) Unsuccessful CHO due to late CHO execution.
[bookmark: _Toc48718839][bookmark: _Hlk47954680]3) Unsuccessful CHO after CHO execution.
4) 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. 
=>	RAN 2 to discuss the method for distinguishing between different handover types in RLF report. FFS the details, e.g., explicitly way or not.




From RAN2#112 agreements:

The following time information is as part of the UE RLF report: 
	Time between the first CHO execution and the corresponding CHO command received at UE at least in the CHO failure case.

Focused scenarios:
In case of successive CHO related failures, the UE stores and reports both RLF related information in the RLF report. The successive failure referred above, includes at least the following scenarios.
	a.	A UE that has CHO configuration declares RLF in the source cell. The UE selects for connection re-establishment a configured candidate CHO target cell. The UE fails to re-establish to the selected CHO candidate cell.
	b.	A UE that has CHO configuration executes the CHO towards the target cell upon fulfilling the configured condition and experiences a HO failure. The UE selects for connection re-establishment a configured candidate CHO target cell. The UE fails to re-establish to the selected CHO candidate cell.
	c.	A UE that has CHO configuration executes the normal HO towards the target cell and experiences a HO failure. The UE selects for connection re-establishment a configured candidate CHO target cell. The UE fails to re-establish to the selected CHO candidate cell using CHO procedure.
Note: other scenarios still can be discussed.
FFS: Further clarification on the successful reestablishment.’

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.

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 the email discussion R2-2010896, the following measurements were considered:
	A
	Timeline relationship between two consecutive RLF reports for cases of successful or unsuccessful CHO after unsuccessful CHO or handover failure

	B
	Time between the UE receiving the CHO command and RLF 

	C
	UE reports the time elapsed since CHO execution until connection failure 

	D
	In case of multiple failures case, UE includes the time elapsed since CHO execution until connection failure (TimeConnFailure) and time elapsed since the last radio link or handover failure (TimeSinceFailure) in each RLF-Report

	E
	The time between CHO execution and successful reestablishment to a third cell after CHO failure towards the candidate target cell selected at CHO execution

	F
	The time elapsed since CHO configuration until the immediate HO reception or execution

	G
	The related cell and beam measurements of candidate target cells as configured in the CHO configuration



And, related to the above measurement the following agreement was reached:
=>	Regarding the CHO-related timers, Option D, E, F will not be included in the RLF report and other options will continue discussion through email mail after this meeting.

[bookmark: _Ref178064866]2	Discussion
2.1 Timer-related measurements for RLF report
Related to CHO-timers, the only agreement taken is the following:
· Time between the first CHO execution and the corresponding CHO command received at UE at least in the CHO failure case.

The following list includes other CHO-related timers identified so far, excluding the options D, E, F discussed in R2-2010896 for which RAN2 has already agreed to do not include in the RLF report.
Companies are invited to review the start/stop conditions of the timer and include any other additional CHO-related timer if missing.
	#
	Measurement 
	Start time (for time related measurements)
	End time (for time related measurements)
	Comments on the definition

	A
	Timeline relationship between two consecutive RLF reports for cases of successful or unsuccessful CHO after unsuccessful CHO or handover failure
	Time of declaring first RLF / HOF
	Time of declaring second RLF/HOF
	[Huawei, HiSilicon]: Suggest to change “RLF reports” into “RLF”, because the timing we are interested in is the RLF event timing rather than the report timing.


	B
	Time between the UE receiving the CHO command and RLF 
	Time of receiving the CHO configuration
	Time of declaring RLF in the source cell.
	[Huawei, HiSilicon]: We wonder what the difference is between this timer and the legacy timer timeConnFailure.

	C
	Time elapsed since CHO execution until connection failure 
	Time of execution of the CHO
	Time of declaring HOF/RLF
	

	D
	Time elapsed between CHO failure and the next time the UE comes to RRC CONNECTED
	Time of declaring first HOF
	Next time the UE comes to RRC CONNECTED in an NR or EUTRA cell
	[Rapporteur]: This is same as timeUntilReconnection


	E
	Time elapsed between CHO failure and reestablishment RLF/CEF report request
	Time of declaring first HOF
	Reception of RLF/CEF report request
	[Rapporteur]: This is same as timeSinceFailure

[Huawei, HiSilicon]: Suggest to remove “reestablishement” and “CEF”. This is only used to indicate the time that elapsed since the CHO failure. It is not related to reestablishment or CEF.

	F........
	CHO related interruption time 
	Conditional execution triggers (and the UE performs conditional configuration execution for the selected cell)
	When the UE sends RRC reconfiguration complete (or when it synchronize with target PDSCH/PUSCH)
	[Nokia]: suggest to have CHO specific timer

	....
	
	
	
	



Companies are now invited to provide their support on the inclusion of the above timer-related measurements.
Q1: Which of the above time-related measurements need to be included in the RLF report?
	Company 
	Preferred option
	Comments

	OPPO
	C,D
	C is needed for network to classify the CHO failure to too early, too late or handover to wrong cell three categories, similar with the timeConnFailure-r16 defined in 38.331.
D is needed for network to judge the if the accessed cell should be considered for optimization of the HO.
Regarding A, the reason to include it in the RLF report is not obvious, further clarification is needed if any company would like to pursue it.


	Qualcomm
	A
	Our position here is that if an issue can be resolved by changing the description of IEs instead of creating new IEs then we should change the description of the IEs. For example, 
1. In the current RLF report description of IE “timeConnFailure” is defined as: “This field is used to indicate the time elapsed since the last HO initialization until connection failure. Actual value = field value * 100ms. The maximum value 1023 means 102.3s or longer.” In the legacy handover handover is initialized when the UE receives the RRCReconfiguration. In CHO, HO is initialized on the execution of RRCReconfiguration. Thus, instead of introducing “C”, we can modify the description of timeConnFailure to capture every HO.
2. Furthermore, in the last meeting, we agreed on time difference between the execution and reception of RRCReconfiguration. Thus, there is no need of introducing “B”. As, B can be computed as the sum of timeConnFailure, and time difference between the execution and reception of RRCReconfiguration.
3. As pointed out by the Rapporteur, there is no need of introducing D and E.
4. Thus, A is sufficient to capture the required information.

An analysis can be seen as the following:
· T0: UE receives HO cmd
· T1: UE executes the HO
· T2: HOF1
· T3: HOF2
· T4: RRC reestablishment success, UE enters RRC_CONNECTED
· T5: UE Information Request
· timeConnFailure = T2-T0
· timeSinceFailure = T5-T2
   -   timeUntilReconnection = T4-T2
As discussed previously, In the last meeting, we defined that X = T1-T2. Now, if we consider point 1, then we define time since connection failure for CHO as T2-T1. Then, the network can compute T2-T0 as sime of X+ timeConnFailure. Thus, C is not needed. Only, A is sufficient to compute all information. 

	vivo
	C
	We think A should be excluded, in our understanding, the successive RLF reports are not closely related in terms of the elapsed time. The NW can do nothing to improve/optimize the gap between two RLFs but can only focus on how to avoid the RLF events.
C is needed for the purpose of identifying the configuration issues for CHO, whether to use a new IE or not can be discussed separately. 


	Ericsson
	B, C, D, E
	Regarding A, we agree with Vivo analysis. It is not clear what is the added value of including it.
B is needed because if RLF occurs before the UE executes the CHO, the NW 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, it seems natural to have it also for the case of RLF with no CHO execution.
C 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. 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.
D, E seem the same as in legacy and they can be reused also in the case of CHO.

	Intel
	C
	C is useful to understand from CHO execution and fail. If the time is long, that may be due to mobility or network signaling variation. If it is short, that may be due to CHO configuration.

	Samsung
	Nothing
	From our observation, nothing is needed. 
Since we have assumed a separate failure report for each failure instance, there would be separate timeConnFailure and timeSinceFailure for each failure.
Under such assumption, we can derive important time points from existing timers and the new timer agreed in RAN2#112e. 

	Sharp
	B, C
	For A, the benefit to include it is still not clear.
For B, agree with Ericsson’s comment.
D, E are legacy parameters that are already supported by the spec, and can be reused if needed.

	Huawei, HiSilicon
	A, C
	C is the same as the timer mentioned in R3-207229.

For timer B, if we introduce timer A as above, we prefer to reuse the legacy timeConnFailure instead of introducing a new timer. It can be applied to the case that the RLF occurs in the source cell.
timeConnFailure
This field is used to indicate the time elapsed since the last HO initialization until connection failure.

	Nokia
	A,B,C, F
	

	ZTE
	A
	D,E is existing timer which can be reused for CHO. 
C can be included by updating the start point of timeConnFailure to the time CHO is executed.
If existing timers (D/C/E) in R16 RLF are used, only introduce additional timer A is sufficient to derive all the time information needed with different combination of the timers.

	CATT
	C
	For C, as RAN3 has agreed the timer in last meeting, we can follow it.

For A, we also think the added value not very obvious. This can be discussed further. 
For B, we agree with comments from Huawei that this reuse exsiting field.
For D and E, we can simply reuse the existing fields and explain the fields also apply to CHO in the corresponding field descriptions.

	CMCC
	A C 
	C has been agreed by R3
B, D and E is existing timer which can be reused for CHO. 
F needs more clarification.  

	Lenovo
	C
	For A, discuss it later since if RAN2 argees that two reports are used for two failures, each RLF report can include the necessary time information for the corresponding failure, timeline relationship between two consecutive RLF reports seems unnecessary.
For B, the existing timeConnFailure can be reused.
For C, it is agreed in RAN3#110e meeting.
For D and E, the existing IEs can be reused with necessary updates for field descriptions.

	Apple
	Nothing
	For A, we also don't see the exact benefit. For B, we don’t quite see how it helps the NW.
For C, we see that RAN3 already agreed it and our preference is to reuse the legacy timeConnFailure.
D/E are legacy timers and can be re-used in CHO.



Rapporteur´s summary:
Option A: 5/14 companies
Option B: 3/14 companies explicitly indicated support for it. Further, 4/14 companies believe that the legacy timeConnFailure can be reused for it. So in total 7/14 companies indicated benefit of it.
Option C: 10/14 companies
Option D: 2/14 companies explicitly indicated support for it. Further, 6/14 companies believe that the legacy timeUntilReconnection can be reused for it. So in total 8/14 companies indicated benefit of it.
Option E 1/14 companies explicitly indicated support for it. Further, 6/14 companies that the legacy timeSinceFailure can be reused for it. So in total 8/14 companies indicated benefit of it.
Option F: 1/14 companies
Nothing: 2/14 companies
Given the above results, the only option that gets majority support is Option C. Therefore Rapporteur proposes to agree on the following:
[bookmark: _Toc61431631]RAN2 to include in the RLF report the “Time elapsed since CHO execution until connection failure”.
Related to Option D, E, around half of the companies indicate benefit of them. Since it seems that for those options legacy timers can be reused, Rapporteur proposal is to simply agree to reuse them also for CHO purposes:
[bookmark: _Toc61431632]Reuse the following legacy timers in the RLF report also for CHO: timeUntilReconnection, timeSinceFailure.
Related to Option B, it is claimed by some companies that the legacy timeConnFailure can be reused. Rapporteur´s view is that the timeConnFailure was specified to capture “too early HO” scenarios, i.e. the UE performs an HO to a target cell, it succeeds, but after a while it gets an RLF in the target. On the other hand, the intention of Option B is to capture the scenario in which the UE received a CHO configuration, but before executing the CHO, the UE experienced an RLF in the source. Hence the intention of option B is to capture “too late CHO” scenarios.
Therefore, if the same timeConnFailure is reused, it will be ambiguous for the network to know whether this timer is associated to a “too early HO” (i.e. in legacy HO) or “too late CHO” (i.e. in CHO case).
For convenience, it is reported here the excerpt from TS 38.331:
	From TS 38.331:
1>	else if the failure is detected due to radio link failure as described in 5.3.10.3, set the fields in VarRLF-report as follows:
……
2>	if an RRCReconfiguration message including the reconfigurationWithSync was received before the connection failure:
…..
4>	set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;




Given that this aspect does not seem to be clear, Rapporteur proposes to further discuss it.
[bookmark: _Toc61431633]RAN2 to discuss whether the timeConnFailure can be reused to represent the “Time between the UE receiving the CHO command and RLF experienced in source”.
For the other options, there is no enough majority for the moment to support them.
[bookmark: _Ref58355831]2.2 Radio-related measurements for RLF report
Related to radio-related measurements, the following has been already agreed in RAN2#112-e:
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.

On top of what already agreed, in this section it is collected a list of possible radio-related measurements to be included in the RLF report, as proposed by different companies in RAN2#112-e. 
Companies are invited to review the description of the below radio-measurements and include any other additional radio-measurement, if missing
	#
	Measurement 
	Comments on the definition

	A
	Configured CHO execution condition(s), e.g. A3 and/or A5 event configuration, of the candidate target cells 
	[Huawei, HiSilicon]: A should include the candidate target cell ID.
Lenovo: the corresponding candidate cell ID and TTT are needed.

	B
	Fulfilled CHO execution condition(s), e.g. A3 and/or A5 event configuration, for the cell(s) in which CHO execution was triggered.
	

	C
	Latest radio measurement results of the candidate target cells
	

	D....
	Configured TTT value for the CHO execution condition.
	

	....
	
	



Companies are now invited to provide their support on the inclusion of the above radio-related measurements.
Q2: Which of the above radio-related measurements need to be included in the RLF report?

	Company
	Preferred option
	Comments

	OPPO
	A,C
	AS context of UE may be deleted at the source gNB after UE performs CHO. Therefore, to help the source gNB retrieve and optimize the previously configured CHO execution condition(s), configured CHO execution condition(s), especially for the candidate cells for which measurement results are available in the RLF report, should be recorded in the RLF report. 
B is not needed since the network could derive the information of which condition (s) was satisfied from the knowledge of option A and candidate cell measurement results.  
The reason why C needs to be recorded is similar with Option A: AS context of UE including the memory of the allocation of the candidate cell (corresponding carrier frequency) per UE may be deleted at the source gNB after UE performs CHO. Only with the knowledge of the option A, network could not optimize the CHO execution condition, even with the neighbor cell measurement results in hand because network does not know which cell was allocated as the candidate cell.

Note that if only neighbor cell measurement results are available in the RLF report for CHO case, the network will never know if the previously configured candidate cells are proper or not.


	Qualcomm
	
	CHO configuration should be know by the network. A network-based soltion should be adopted to handle this. Furthermore, using the neighboring cell measurements the network should figure out RRM measurements over candidate cells. 

	vivo
	C with the understanding that the option is associated with candidate cells
	We wonder what the candidate target cells refers to? In our understanding, the candidate cells are configured to the UE to perform CHO execution, once the measurement of one candidate cell satisfied the requirement, UE will perform CHO towards that cell which refers to the target cell. 
So firstly we’d like to confirm the understanding, if the so-called candidate target cells refers to the candidate cells (all configured cells) instead of the one UE executed the CHO, then we think:
· Option A is not necessary. The configured CHO execution condition(s) is actually not configured per UE but depends on gNB, thus the source gNB still knows such execution configuration even if the UE context is released. As a consequence, UE does not need to report Option A again.
· Option C involves part of Option B, where Option B only includes the relevant measurements of the cells satisfying CHO-executed requirements, but Option C consists of the measurements of all the configured cells. Thus Option C is preferred.
· Once the target gNB receives the RLF report from UE, it can deliver the RLF report to source gNB via the message Failure Indication as specified in TS 38.423, the NW will be able to derive Option B with the received info (Option C) and the Option A (stored in source gNB).
Besides, option C implies that the candidate cell IDs should be included.
But if the “latest radio measurement results of the candidate target cells” is included in “the neighboring cell measurements”, then Option C is also not needed.

	Ericsson
	C
	C is needed because it allows the network to figure out the radio qualities of the various candidate target cells. By knowing that, the network can for example exclude some cells from the list of candidate target cells, thereby reducing the resource wastage due to CHO. As already pointed by Oppo, the RLF report might received much after the CHO has been performed, and by that the time the network may have already deleted the concerned UE context.
Regarding Vivo´s comment, we note that the terminology used in TS 38.331 is “The network configures the UE with one or more candidate target SpCells in the conditional reconfiguration”, hence the formulation used in this question seems aligned with the spec.

	Intel
	C
	Configuration should be known by the network.
If C is known, network should be able to compare and derive B.

	Samsung
	C
	UE can report measurement results, and network has already identified the configured event(s). also, based on the reported results, the network can evaluate which event was fulfilled.
We would like to clarify C i.e. we assume this does not involve changes i.e. we assume to keep current procedure, i.e. UE reports best cells (i.e. regardless whether candidate) and UE provides results reflecting status at time of failure (no additional results for CHO execution time).

	Sharp
	C
	For A, we also think the actual condition configuration may not be UE-specific, it is known to the network even if the UE context has been released by the network, so no need for UE to report.
For C, we understand the candidate target cells refer to all configured candidate cells. It is benefitial for the network to know which cells are configured as candidates and the related measurement results at failure. It can be used to optimize the candidate cell configuration. 

	Huawei, HiSilicon
	No
	A can be obtained by the source cell storing the related CHO configuration. 
For B, it is enough for the UE to report E defined in section 2.3. The source can get B based on A and E.
C can be deduced based on A and the measurement results in the RLF report from the UE. 

	Nokia
	C, maybe B
	Typically, the source would have the UE configuration context and knows the CHO execution condition. Thus, B would task UE to memorize only the ones that fulfilled the events. May have more usability than A

	ZTE
	A,C(if not included in neighboring cell measurements)
	In our understanding NW will configure different measurement configuration to UE and based on the measurements reported to decide the CHO configuration (e.g., candidate target cells, execution condition) to be used for certain UE. Therefore the CHO configuration (e.g., CHO execution condition) is UE-speific, and is stored in UE AS context. After completion of CHO, source gNB might delete the CHO AS context , while the RLF report will be fetched afterwords, therefore it is preferred to include the CHO configuration in RLF report. 
The radio measurements of candidate target cell shall be included for NW to optimize the candidate target cell configurations. One thing we want to clarify is that for consecutive failure cases, UE shall includes the neighboring cell measurements twice (e.g., each time UE detects RLF/HOF/CHOF). But if the candidate target cell can be derived based on neighboring cell measurements then there is no need to include the same measurements twice.

	CATT
	C with comments
	We share the comments from vivo that the source gNB still knows such execution configuration even if the UE context is released, so A is not needed. 
For C, we can consider two ways, i.e., one is to report the latest radio measurement results of all the candidate target cells (C), while another way is to add an indicator for the measured neighbour cell which is a CHO candidate cell if all the CHO candidate cells are included in the neighboring cell measurements. In the latter case C is not needed. 
B can be deduced from A and C.

	CMCC
	A, C
	Agree with OPPO.

	Lenovo
	A, D
	A:
To enable the source gNB decide whether the failure is due to improper CHO execution condition(s) or unsuitable target candidate cell(s), the CHO execution condition(s) is needed. If the UE context in the source node is already released, e.g. an RLF occurs shortly after the successful handover, the UE can report the CHO execution condition(s) to the network.
D: the TTT will be configured for each CHO execution condition. if the TTT is not suitable, it will result in that the condition cannot be met.

	Apple
	No
(at most C only)
	For A, we tend to agree CHO configuration is not UE specific.
For C, we wonder what’s the difference between this one and neighbor cell measurement results report.



Rapporteur summary
Option A: 4/14 companies
Option B: 1/14 companies
Option C: 10/14 companies
Option D: 1/14 companies
Nothing: 3/14 companies
The above outcome shows that the only option that gets the majority support is option C. 
It is also important to note that for option C at least 4 companies indicated that neighbouring cell results may already contain information related to the candidate target cells. 
The rapporteur would like to clarify that currently in the specification the UE can store up to 8 frequencies in MeasResultList2NR, and there is no requirement for the UE to include in measResultNeighCells the candidate target cells. Hence, the intention of Option C is that in case the UE has measurements results available for more than 8 frequencies, the UE should prioritize the inclusion of measurement results related to the candidate target cells.
Hence, the following is proposed:
[bookmark: _Toc61431634]In the RLF report for CHO, the UE prioritizes inclusion of the latest radio measurement results related the candidate target cells.
For the other options, there is no enough majority for the moment to support them.
2.3 Other CHO-related parameters for RLF report
Related to other parameters to include, the only agreement reached so far is the following:
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.

Related to the above agreement, Rapporteur believes that further progress is needed in RAN2 to figure out whether implicit or explicit indication is needed. Therefore, it is proposed for the time being to focus on whether there are any other parameters that should be considered for inclusion in the RLF report.
In this section, it is collected a list of other CHO-related parameters that can be included in the RLF report, as proposed by different companies in RAN2#112-e. 
Rapporteur notes that some of the below listed parameter may be redundant depending on the radio-related parameters agreed in Section 2.2, and viceversa.
Companies are invited to review the description of the below parameters and include any other additional parameter, if missing
	[bookmark: _Hlk61024995]#
	Parameter
	Comments on the definition

	A
	Indication of whether a measured neighbour cell included in the existing measResultNeighCells was a CHO candidate cell or not.
	

	B
	Indication of whether the cell in which the UE re-established after CHO failure was a CHO candidate cell
	

	C
	Indication of whether the target cell in which the UE experienced a CHO failure was a CHO candidate cell
	[Rapporteur]: This is for the case in which the UE executed a normal HO, while it was configured with CHO

	D
	List of candidate cells IDs
	

	E
	List of candidate cell IDs satisfying the CHO execution trigger condition and the execution condition used
	

	...F
	Indication/differentiation on what kind of HO this was by means of (e.g) a flag. This would also be helful in case the UE was configured with two HO types at the same time (e.g. CHO and HO)
	

	...G
	Indication of whether the cell in which the UE performs CHO recovery meets the CHO execution condition.
	



Companies are now invited to provide their support on the inclusion of the above CHO-related parameters.
Q3: Which other CHO-related parameters need to be included in the RLF report?
	Company
	Preferred option
	Comments

	OPPO
	Too early to decide on this stage
	Prefer postpone the discussion of this topic (explicit indication vs implicit indication on CHO for RLF report) until the contents to be included in the RLF report for CHO become stable later.
For example, combining the presence of the Time between the first CHO execution and the corresponding CHO command received at UE at least in the CHO failure case and the presence of the list of candidate cell could indicate 2 scenarios already :
· When the timer and the list of candidate cell are present in the RLF report, it implies that UE did a CHO.

· When only the list of candidate cells is present in the RLF report or none of the two IEs is included in the RLF report, it implies that UE did a legacy HO. 

· In addition, to judge if the re-established cell after CHO was a candidate cell, the network could investigate any of the candidate cell given in the C in section 2.2 matches with the re-established cell after CHO. 

In all, if information shown in the table in this section is needed or not depend on the discussion and further agreements on section 2.2.

	Qualcomm 
	
	A network-based solution can resolve this without an indications.

	vivo
	D
	Option A is pointless if candidate cells IDs are provided, because candidate cells IDs already indicated which cell is the CHO candidate cell.
This also applies to Option B and C with the assumption that candidate cells IDs are included. The legacy RLF report will include the re-establishment cell ID and failed cell ID, even though the indications described in option B and C are not offered, the NW can still figure out whether the cell belonged to the CHO candidate cells. E.g., the candidate cells IDs are 1,2,3,4,5, the UE reports the re-establishment cell ID=3, then it should be quite easy for the NW to derive that this cell is a CHO candidate cell, even without any additional indications. 
As we commented in 2.2, Option D, the candidate cell IDs, should be included.
Option E is actually covered by Q2. This parameter is not needed if we include the candidate cell IDs.

	Ericsson
	D and E (if option C in Q2 is not agreed)
	We agree with Vivo analysis. If the list of candidate target cell IDs is provided, then the NW can figure out:
· Which of the cells in measResultNeighCells were candidate target cells
· Whether the reestablished cell was a CHO cell
· Whether the target cell was a CHO cell

However if C in Q2 is included, then D seems redundant.
Regarding E, we agree with Vivo that if option C in Q2 is selected we do not need it. However, if option C in Q2 is not selected it would be beneficial to know at least which of the candidate target cells satisfied the CHO triggering conditions. That would be needed to limit the number of configured CHO cells.

	Intel
	C
	This seems to be the simplest.

	Samsung
	Nothing
	On A, B, C and D, the network has already identified.
On E, the network can evaluate which event was fulfilled based on the measurement results reported by UE.

	Sharp
	D and E (if option C in Q2 is not agreed)
	Share the same view with Ericsson

	Huawei, HiSilicon
	B, C
Slightly prefer E
	Both B and C can include one CHO cell related ID to indicate the selected CHO candidate cell after the CHO failure or HO failure.
For E, when there are several CHO candidate cells satisfying the CHO execution trigger condition and the execution condition used, UE  will select one, and the network cannot know the above info.
For A and D, the source can store the CHO configurations of the candidate cells. The source can know A and D based on the stored info.

	Nokia
	F
	Some explicit indication with known on the network side configuration would achieve the necessary conclusion on candidate cells

	ZTE
	D,E
	In our understanding D shall be included together with the corresponding execution condition configured. As for E, since based on current UE behavior specified NW cannot know all the target cell satisfying the execution condition when UE execute CHO, it is useful for NW to know this info so that NW can reduce the target cell configured. 

	CATT
	A or D (if option C in Q2 is not agreed)
	If option C in Q2 is agreed, A and D seem to be redundant.
If option C in Q2 is not agreed, A or D can be part of the RLF report.
B, C and E can be derived via A or D, or via option C in Q2.

	CMCC
	B,D,E
	Needs to discuss together with Q2.

	Lenovo
	D, F, G
	D: 
Similarly as CHO execution condition(s), the UE can report the candidate cell list to the network. If D is agreed, A,B,C can be skip. 
F: explicit indication is better.
G:
For CHO recovery, the UE is allowed to perform CHO for recovery if the cell meets the S-criteria rather than the CHO execution condition. That means CHO is performed even the execution condition is not met. It could be helpful for network to be aware whether the execution condition is met or not in the case that UE successfully performs CHO recovery. Therefore, whether the execution condition associated with CHO recovery cell is met or not should be reported in the case that UE successfully performs CHO recovery.

	Apple
	Nothing
	If the CHO configuration not UE specific, we agree with Samsung all the info can be derived by NW.



Rapporteur summary
Option A: 1/14 companies (of which 1 vote if option-C in Q2 is not agreed))
Option B: 2/14 companies
Option C: 4/14 companies
Option D: 7/14 companies (of which 3 vote if option-C in Q2 is not agreed)
Option E: 5/14 companies (of which 2 vote if option-C in Q2 is not agreed)
Option F: 2/14 companies
Option G: 1/14 companies
Too early: 1/14 companies
Nothing: 3/14 companies
Most companies have expressed that the outcome of this question is dependent on the outcome of the previous question. For example, although half (7/14) of the companies agree that option-D is needed, three of those companies indicate that if option-C is agreed in Q2, then this is not required. The same applies for option-E. Considering there is no clear support for any proposal independent of the outcome of the previous question, the rapporteur proposes to postpone the discussion on this question.
[bookmark: _Toc61431635]Postpone the discussions on additional CHO related contents in the RLF report until the basic CHO related contents are agreed to be included in the RLF report.

2.4 Signalling model for RLF report
According to the scope of this email discussion, another issue to be addressed is “how to log and report these needed information”.
This is a topic that can be investigated more thoroughly later during the WI, however it can be beneficial to discuss already now how to represent signalling-wise the potential multiple RLFs that a CHO-configured UE can experience.
The existing signalling implies that the UE can store and send at most one RLF-report. Considering that the UE can experience at most two RLFs (if configured with at least two candidate target cells), some companies propose that multiple RLF reports/entries should be introduced. However, some other companies believe that just introducing some new IEs would be enough to represent such multiple RLFs.
Below there is a list of some possible signalling models to represent the potential “multiple RLFs” that can occur to a CHO-configured UE.
	#
	Signalling model for CHO-related RLF
	Comments on the definition

	A
	Two separate entries in the RLF report are used, i.e. one entry is used to represent measurements/parameters related to the first HOF, the second one is used to represent measurements/parameters related to the second HOF.
	

	B
	Separate IEs within the existing RLF-report are used to represent the second HOF. The first HOF can be represented by reusing as much as possible existing IEs.
	

	C
	Two separate RLF reports are introduced, one containing IEs related to the first HOF, the other one containing IEs related to the second HOF
	

	D
	Too early to decide
	

	….
	
	



Companies are now invited to provide their support on the above signaling model for CHO-related RLF and also to comment on the pros and cons of the various options.
Q4: Which signaling model for CHO-related RLF report should be selected?
	Company
	Preferred option (e.g., A,B,C, etc.)
	Comments

	OPPO
	C
	The network might be not interested in RLF related information in both scenarios. Storing the RLF related information for successive RLF in two separate RLF report could alleviate the signaling overhead and bring retrieving flexibility for network.


	Qualcomm
	B
	In our understanding, the wastage of UE memory and unnecessary signaling between UE and Network should be avoided. Thus, the existing RLF report should be optimized to provide useful information to the network. Also, many of the existing parameters are common for both first and second HoF. For example, for both first and second HoF, the failedPCellID, reestablishPCellID, and/or ReconnectPCellID are the same. For first and second failures only failedPCellID changes, thus we should only introduce what is necessary instead of creating duplications and wastage of resources at the UE. 

	vivo
	B
	Basically A and C are the same, we prefer Option B as B has less impact to UE.


	Ericsson
	B
	We agree with QC analysis. Most of the existing RLF parameters can be reused for CHO as well. Hence, creating separate entries in the RLF report, or even a separate RLF report just for CHO may just be redundant. RAN2 should aim at minimum ASN.1 changes.

	Intel
	B
	

	Samsung
	A
	It’s a stage-3 detail that can be concluded later
We prefer that UEInformationResponse is extended with a field for the additional RLF report entry/ies, see the following ASN.1 extract, as may be covered by option A:
UEInformationResponse-r17-IEs ::=    SEQUENCE {
    rlf-ReportListExt-r17                       RLF-ReportListExt-r17                      OPTIONAL
}

RLF-ReportListExt-r17 ::= SEQUENCE (SIZE (1.. maxRLF-ReportExt-r17)) OF RLF-Report-r16


	Sharp
	B
	Introducing multiple entries or multiple report has more impact to the spec.

	Huawei, HiSilicon
	B
	Seems that B is better than others.
Our view is that the existing R16 RLF report IEs should correspond to legacy handover failure. In other words, the meaning of the existing IEs should not be different between R16 and R17. Otherwise we  may have a backwards compatibility issue due to enhancements.
If more failure reports are to be introduced, the legacy IEs are used for legacy purposes.

	Nokia
	D
	Some separation may be necessary, but also too much duplication in information should be avoided

	ZTE
	B
	For consecutive failure cases, the second failure is based on CHO candidate cell selected during the reestablishment procedure following the first failure, which is actually part of first failure event. Therefore it is more useful for NW to obtain the complete information from one RLF report. 
To have multiple RLF report entries could introduce extra complexity in RLF report design. For example additional information is required for NW to decide whether the adjacent RLF entries stored are related or not.. How to overwrite the RLF report in case there is only one entry left while there are consecutive failure information needs to be stored and etc.. 
Considering there is no sufficient motivation to have multiple RLF entries and to avoid extra complexity in RLF report design, we prefer to include consecutive failure event in one RLF report with different IEs to store the failure info, also targeting to avoid information duplication.

	CATT
	B
	We agree with most of the arguments for B above.

	Lenovo
	B
	B has less spec impact, but we can make the final decision when the state for CHO specific parameters to be reported are stable. 

	Apple
	B
	We agree with QC and ZTE.



Rapporteur summary
Option A: 1/13 companies 
Option B: 10/13 companies
Option C: 1/13 companies
Option D: 1/13 companies 
There is a clear majority support for the option-B i.e., to include separate IEs within the existing RLF-report to represent the second HOF. 
Hence, the following is proposed:
[bookmark: _Toc61431636]Separate IEs/fields within the existing RLF-report are used to represent the second HOF.

2.5 CHO Parameters for the HO success report
A number of contributions submitted at RAN2#112 identified various CHO-related parameter that could be included in the HO success report.
This is also a topic that can be investigated more thoroughly later during the WI, once the HO success report framework is in place. However, it can be beneficial to discuss already now which CHO-related parameters could be included in the HO success report, when that is generated.
In the following, there is a list of possible CHO-related parameters that could be included in the HO success report. Companies are invited to review the description of the below parameters and include any other additional parameter, if missing.
	#
	Parameter
	Comments on the definition

	A
	Indication of whether an HO success report is referring to a normal HO or a CHO.
	

	B
	Time between the reception of the CHO command and the corresponding CHO execution
	

	C
	List of candidate cells IDs
	

	D
	List of candidate cell IDs satisfying the CHO execution trigger condition and the execution condition used
	

	E
	Configured CHO execution condition(s), e.g. A3 and/or A5 event configuration, of the candidate target cells 
	

	F
	Fullfilled CHO execution condition(s), e.g. A3 and/or A5 event configuration, for the cell(s) in which CHO execution was triggered.
	

	G
	Latest radio measurement results of the candidate target cells
	

	HE
	To be discussed together with the normal HO success report
	

	I
	List of candidate cell IDs not satisfying the CHO execution trigger condition and the execution condition used
	

	J
	- T310 state/value
- last serving beam on source
- in case of CHO recovery : rlf report
	

	K
	Configured TTT value for the CHO execution condition.
	



Q5: Which CHO parameter should be included in the HO success report when it is generated?
	Company
	Preferred option (e.g., A,B,C, etc.)
	Comments

	OPPO
	I or C, G
	For successful handover report, the main purpose should be helping network delete unnecessary configured list of candidate cell IDs or optimize the execution condition for future UEs with similar moving trajectory. Therefore, we think, in the successful handover report, such information should be highlighted. With the knowledge of the list of candidate cell IDs not satisfying the CHO execution trigger condition, corresponding measurement results and the CHO execution trigger condition set per candidate cell not satisfying the CHO execution trigger condition, the network could serve for the purpose.
Another choice is to let network derive such information from C and G, but this choice attaches with lots of redundancy.

	Qualcomm
	B, G
	The successful handover reporting is proposed to enhance the configuration, if lower layer issues are deected. Thus, the UE should obtain the information for optimizing the configuration paramters. A, C, D, E or F can be handled by the network. 

	vivo
	C, G
	As we commented in 2.2, C and G are needed. 
Option A and B are not useful for NW’s optimization.
The rest of the options are either known by the NW or can be derived via option C and G.

	Ericsson
	B, G
C and D (if G is not selected)
	B is needed in order to allow the network to figure out 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, it seems natural to have it also for the case of HO success report.
G is needed because, as already pointed out in Q2, it allows the network to figure out the radio qualities of the various candidate target cells. By knowing that, the network can for example, exclude some cells from the list of candidate target cells, thereby reducing the resource wastage due to CHO.
If G is selected, C and D are not needed because the list of candidate target cells as well as whether the CHO conditions were fullfilled or not, can be retrieved from G. However if G is not agreed, we believe that the network should at least know the list of candidate target cells and whether the CHO conditions were fullfilled or not.

	Intel
	B, G
	B can determine how long the CHO candidate cell resource is reserved. G can help network to determine the target cell condition and fine tune configuration.

	Samsung
	-
	It seems pre-matured to consider CHO for successful HO report.
We would like to focus on normal HO case first.

	Sharp
	G or 
C and D (if G is not selected)
	Share the same view with Ericsson for G,C,D.
For A,B,E,F, it is already known by the network.
For I, it can be deduced from G.

	Huawei, HiSilicon
	G
	For G, it is OK.

For A, C, E and F, the network can know this info.
For B, we couldn’t see the benefit.
For D, Same as option E in section 2.3
For H, we can firstly discuss the normal HO success report.
For I, it can be derived based C and D if C and D are agreeable. I is not needed.

	Nokia
	A,B,J
	

	ZTE
	
	Seems to be out of scope of this email discussion. Scenarios shall be confirmed first before discussion on required content.

	CATT
	C or G
	As we mentioned in Q3, C or G are needed.
For B, the benefit is not clear.
For H, it can be discussed after the normal HO success report.
The rest of the options are either known by the NW or can be derived via option C and G, so they are not needed.

	CMCC
	--
	Agree with Samsung. Too early to consider CHO for successful HO report. We would like to focus on normal HO case first.

	Lenovo
	A, C, E, K
	A. CHO success and HO success should be differentiated.
C: see above comments.
E: the corresponding cell ID should also be added.
K: the ‘E’ is not sufficient. The TTT will be configured for each CHO execution condition. If the TTT is not suitable, it will result in that the condition cannot be met.

	Apple
	B, G
	B can be used for NW to decide if the CHO execucation condition is too conservative. G is to help NW figure out the inappropriate target cells.



Rapporteur summary
Option A: 2/14 companies 
Option B: 5/14 companies
Option C: 6/14 companies
Option D: 2/14 companies 
Option E: 1/14 companies
Option F: /14 companies
Option G: 9/14 companies
Option H: /14 companies
Option I: 2/14 companies
Option J: 1/14 companies
Option K: 1/14 companies
Too early to discuss CHO in successful HO report: 3/14 companies
Based on the compnies’ views, there is a clear majority support for option-G (9/14) i.e., the inclusion of latest radio measurement results of the candidate target cells in the successful HO report associated to a CHO.
Hence, the following is proposed:
[bookmark: _Toc61431637]The latest radio measurement results of the candidate target cells is included in the successful HO report associated to a CHO.
The rest of the options could be discussed further in the future meetings.

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to include in the RLF report the “Time elapsed since CHO execution until connection failure”.
Proposal 2	Reuse the following legacy timers in the RLF report also for CHO: timeUntilReconnection, timeSinceFailure.
Proposal 3	RAN2 to discuss whether the timeConnFailure can be reused to represent the “Time between the UE receiving the CHO command and RLF experienced in source”.
Proposal 4	In the RLF report for CHO, the UE prioritizes inclusion of the latest radio measurement results related the candidate target cells.
Proposal 5	Postpone the discussions on additional CHO related contents in the RLF report until the basic CHO related contents are agreed to be included in the RLF report.
Proposal 6	Separate IEs/fields within the existing RLF-report are used to represent the second HOF.
Proposal 7	The latest radio measurement results of the candidate target cells is included in the successful HO report associated to a CHO.

	17/17	
