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Introduction
[bookmark: _Toc242573354]In the work item for NR Mobility Enhancements [1], one objective is to improve the robustness at handover. In RAN2#105bis CHO has been agreed to be introduced. In RAN2#106, after the meeting, the following email discussion was agreed [2]:
[bookmark: _Hlk16166635] [106#xx][NR and LTE CHO] CHO execution details (Vivo)
	UE actions related to CHO execution
	Intended outcome: Report to next meeting
	Deadline:  Thursday 2019-08-08 
	
In this contribution we discuss some topics related to the CHO execution that did not seem to reach consensus in the email discussion e.g. UE actions when multiple cells fulfill a CHO triggering condition. For the topics where reasonable consensus seemed to exist, we discuss some follow up issues. 
Discussion
UE actions upon fulfilment of triggering conditions of CHO 
In RAN2#105bis it has also been agreed that one or more candidate cells may be CHO target candidates. As cells needs to be prepared in CHO, the UE needs to be provided with a list of cells in a given frequency. Hence, CHO triggering conditions may be fulfilled for multiple cells at the same measurement period. As the UE should not be able to execute a HO towards multiple target cell candidates, a cell selection process is needed.

One alternative listed in the email discussion [106#xx][NR and LTE CHO] CHO execution details (Vivo) [2], supported by most companies, is to leave this selection process in CHO execution to UE implementation. In our view that alternative has several issues, hence it is not acceptable. 

First, letting different UEs define different criteria for cell selection upon CHO execution will lead performance differences for different UEs in CONNECTED state, which is not desirable for network-controlled mobility. That could create issues for mobile network operators. 
 
Letting different UEs define different criteria for cell selection upon CHO execution will lead performance discrepancies for UEs in CONNECTED state.


Second, the only companies providing arguments for a UE implementation solution stated in [2] that this was difficult to specify, or that it would be rare that multiple cells fulfil a condition at the same time. We do not agree with these two arguments. First of all, it is probably common that the network would configure the same measId pointing to possibly different target candidate configurations, just as a measurement report is configured per frequency without the source indicating a single target. And, if there is a time-to-trigger configuration for the trigger conditions in CHO, it is more likely that multiple cells fulfil the same condition, just as multiple triggered cells may be included in a measurement report. Second, a similar solution for a similar problem has been easily specified: cell sorting to include triggering cells in a measurement report. When an event like A3/A5 (same to be used as CHO trigger conditions) is configured, multiple cells may fulfil the triggering conditions and, as there may be more triggering cells than the maximum number of cells to be included in a measurement report, so the UE performs a cell selection, sort of a cell ranking/sorting procedure. In LTE, that is defined by a triggering quantity where the UE uses that configured quantity as the sort criterion i.e. the cells are sorted according to the highest RSRP (for trigger quantity configured as RSRP). In NR, the same holds for event triggered measurement reports, while for other reports a simple rule is defined where RSRP is used if configured, otherwise RSRQ or SINR.

It is not difficult to specific a cell selection criterion if multiple cells fulfil a CHO condition. It has been done for example in Rel-15 for cell sorting in measurement reporting and cell reselection.

Third, leaving the cell selection upon CHO execution to UE implementation, would be somewhat equivalent to specifying UE-based mobility in CONNECTED state, breaking a holy principle in RAN2 since 1G (and 2G, 3G, 4G, 5G and probably XG).

Letting different UEs define different criteria for cell selection upon CHO execution breaks a holy principle in RAN2: mobility in CONNECTED is network-controlled. 
[bookmark: _Hlk1023792]Specify a cell selection mechanism for CHO execution in the case of multiple triggering cells. FFS Exact criteria e.g. beam measurement information. 


As highlighted in [2], another email discussion addresses the beam related issues to CHO procedures [3]:

 [106#40][NR/Mob enh] Beam specific aspects of CHO (Qualcomm)
	Intended outcome: Reporting to next meeting
	Deadline:  Thursday 2019-08-08

In [3], rapporteur highlights that this cell selection process in CHO execution is somewhat similar to Idle mode, where the final selection of the cell is done by the UE as in cell reselection. Then, when asking the question whether beam information in the selection of the cell for CHO completion improve handover robustness and interruption, almost all the companies responded positively, as shown below:

************************************************************************************************************************

Question 4: Can incorporating the latest beam information in selection of the cell for CHO completion improve  handover robustness and interruption?

	Company
	Response
	Additional Comments

	MediaTek
	Yes
	Based on latest beam information, UE should be allowed to select a target cell from multiple CHO candidate cells configured by the network.

	CATT
	Yes
	In our view there is a tradeoff between performance and complexity.  We support to also include beam quality as an input for CHO decisions, but we tend to prefer a simple framework that well balances the performance and complexity. Beam quality can be considered on top of cell level results as sort of supplementary, and we believe it provides gains in certain scenarios, but this does not mean that we should put too much effort here considering the use case and the already heavy load in Rel-16 work. 

	OPPO
	Yes
	We agree that latest beam information is useful and can be used by the UE to select among multiple CHO candidate cells for CHO execution.

	Spreadtrum
	Yes
	For the candidate target cells satisfied with CHO condition, the UE can use the latest beam information in selection of target cell. We think it can be done by UE implementation.

	Samsung 
	No
	Since cell quality derivation formulation already has the beam condition factores. i.e., number of beams considered and its threshold. At least, cell quality metric should be first considered. And we don’t know how much gain is obtained by making additional beam related condition further. And regarding the latest beam information, there is no need to specify the “latest beam information” since always UE will evaluate the latest condition of beam or cell. 

	DOCOMO
	Yes
	Since the execution is done by UE, incorporating the latest beam information could help UE to select the most optimal target cell from multiple CHO candidate cells. 

	ITRI
	Yes
	Yes, we agree that the latest beam information is useful in selection of the cell for CHO.

	Huawei, HiSilicon
	Yes
	The UE can select one suitable target cell (one suitable beam in the cell) for accessing based on the latest measurements.

	Intel
	
	We assume the scenario is when multiple candidate cells satisfy the execution condition, and then we can leave it to UE implementation on how to select the cell among these good candidate cells. 
Regarding how to identify good candidate cells, cell level quality should be sufficient. 

	ZTE
	No
	The selection of CHO candidate cells is somehow different from the reporting of beam info in CONNECTED and the cell reselection ranking in IDLE. 
For reporting measurement results in CONNECTED state, the reported cells in a MR are on a single carrier. The RS type and trigger quantity on a single carrier are the same. In this way, it’s possible for the network to compare the different cells taking the reported beam info into consideration.
In IDLE state, the UE performs measurement only on SSB. And the R criterion for cell ranking is based on RSRP only. So in this way, the UE can compare different cells taking the beam number into consideration.
However, the multiple CHO candidate cells that satisfy the corresponding CHO execution conditions may be from different frequencies. The beamwidth on different carriers (e.g. FR1 and FR2) can then be quite different. Given that, a cell on carrier 1 with a higher number of qualified beams doesn't necessary mean that it is better than a cell on carrier 2 with fewer qualified beams (assuming the two cells have the same cell level quality). Furthermore, the trigger condition for different CHO candidate cells may be configured with different RS types and/or trigger quantities. Considering for instance different RS types, the beamwidth of SSB and CSI-RS can be quite different. For example, the beamwidth of CSI-RS is typically narrower than the beamwidth of SSB. Given that, a cell measured via CSI-RS with more qualified beams doesn't necessary mean that it is better than a cell measured via SSB with fewer qualified beams (again assuming the two cells have the same cell level quality). 
Given the above, in our opinion, it’s almost impossible to incorporate the beam info as an input for CHO candidate cell selection.

	Ericsson
	Yes
	It is obvious that beam information may improve robustness; this was one of the reasons we agreed in Rel-15 to have beam reporting. Considering beam information in the CHO execution has two possible impacts that needs further discussion:
- How trigger condition relies on beam information;
- How beam information may be used in cell selection (in case multiple cells fulfill the CHO trigger condition).


************************************************************************************************************************

In email discussion [106#40][NR/Mob enh] Beam specific aspects of CHO (Qualcomm) [3], most companies acknowledged the benefits of a cell selection mechanism based on beam measurement information. 

In [3], rapporteur suggests a discussion on potential solutions on how cell selection upon CHO execution could be specified based on beam measurement information. The solutions listed by companies were the following ones:
· A) number of good beams;
· B) The number of good beams if cell qualities are similar, e.g. as in the Idle/Inactive rule;
· C) The beams where CFRA are configured
· D) UE implementation

It seems only A, B, C could be acceptable for all companies, with B) and C) having most support out the acceptable solutions. Solution C) is already supported for a given cell, where CFRA beams are prioritized over CBRA beams. Extending that to multiple cells might require further discussions and a totally new rule. However, solution B) is to some extent like the rule defined for cell reselection. As something like B) has already been specified for idle mode, we cannot understand any argument referring the specification of a cell selection rule as something complex. Hence, in our view we could assume that as the baseline solution.

It should be specified that cell selection for CHO execution can be based on the number of good beams if cell qualities are similar, e.g. as in the Idle/Inactive rule.



Compliance verification of a target candidate RRCReconfiguration upon execution
After the UE selects a target candidate, the UE should apply the dedicated RRC reconfiguration associated to the selected target cell candidate. However, that can only be done if the UE is able to comply with that message, as in the case of legacy handover. 
The timing that the compliance of the CHO configuration is performed has been discussed in section 2.6 of the email discussion [106#xx][NR and LTE CHO] CHO execution details (Vivo) [2]. The following alternatives were listed:
· Option 1: Upon receiving CHO command.
· Option 2: When CHO execution.
· Option 3: UE implementation, i.e. any time.
· Option 4: Others. Please specify. 
Rapporteur was not very clear when it asked about the CHO configuration since that should include both the i) trigger conditions for CHO prepared by source; and ii) RRCReconfiguration prepared by target candidate. It makes sense that the UE verifies the compliance of the trigger conditions configuration upon the CHO configuration, since it needs to act on it upon reception of the message. However, the UE shall not be required to verify the compliance of the RRCReconfiguration message prepared by a target candidate upon reception, but only before it shall apply the message. The reasoning here is that the network may configure multiple CHO target candidates (e.g. N=8), and in best case scenario, UE only accesses one of them. Hence, requiring the UE to verify the compliance of these N-1 messages that will never be useful seems an inefficient usage of UE processing. 
In terms of specifications, only requiring the UE to perform the verification step of the stored RRCReconfiguration when an associated triggering condition is fulfilled, means that CHO execution includes the step of verifying the compliance of the stored RRCReconfiguration message, before applying the message. Notice that this does not prevent UE implementations to opportunistically perform this step upon reception of the message.
The case where the compliance cannot be verified will be treated in another contribution focusing on error cases and UE behaviour upon [4], but the same behaviour as legacy seems to be reasonable as baseline i.e. UE performs re-establishment (which seems to be the view of most companies). Based on that, it makes even more sense that a verification is only done upon CHO execution, since that is the time where an autonomous UE action is required if things go wrong (since this is the timing where radio conditions may be closer to RLF). During CHO configuration, on the other hand, radio conditions should be reasonably good, so triggering re-establishment due to the lack of compliance of an RRCReconfiguration that is not even certain to be executed does not seem an efficient solution. 
The UE is required to verify the compliance of an RRCReconfiguration for a target candidate when performing CHO execution. The exact timing is left to UE implementation.




UE actions upon cell selection of a compliant CHO target candidate
After the UE selects a target candidate, the UE applies the dedicated RRC reconfiguration associated to the selected target cell candidate. That dedicated configuration should possibly have the same content of an RRCReconfiguration with reconfigurationWithSync, and from that point onwards the procedure should follow at least the same steps as the reconfiguration with sync procedure, as specified in TS 38.331, 5.3.5.5.2 Reconfiguration with sync. In the email discussion [106#xx][NR and LTE CHO] CHO execution details (Vivo) [2], the rapporteur asks if the UE can receive a configuration from the source cell during CHO execution. 
In our view, this is not an issue if the UE applies the stored RRCReconfiguration associated to the target candidate to model the CHO execution in the specifications. The reasoning is that upon applying the stored message, any received message from the source would be treated as a subsequent RRC message. And, according to the RRC principles this subsequent message should only be handled after a previous message is processed. And, part of the processing of the stored RRCReconfiguration associated to a target candidate from which the trigger condition is fulfilled is the release of resources in source and the access to target, so the UE will not process anything received from source once it starts the CHO execution and that is completed successfully. This is shown below: 
************************************************************************************************************************
[bookmark: _Toc5284976]5.1.2	General requirements
The UE shall:
1>	process the received messages in order of reception by RRC, i.e. the processing of a message shall be completed before starting the processing of a subsequent message;
NOTE:	Network may initiate a subsequent procedure prior to receiving the UE's response of a previously initiated procedure.
1>	within a sub-clause execute the steps according to the order specified in the procedural description;
************************************************************************************************************************
Upon applying a stored RRCReconfiguration of a target candidate in CHO execution, according to existing RRC principles the UE does not process any subsequent messages. 
Upon selecting a target candidate cell, the UE applies the stored RRCReconfiguration and performs a reconfiguration with sync procedure.

Handling of remaining target candidates RRCReconfiguration(s) after CHO execution
If the UE has been configured with a CHO configuration for a single target cell candidate, there is only a single triggering cell. In that case, the UE has its current RRC configuration and one stored RRCReconfiguration for the target cell candidate for CHO. That is the RRC configuration to be applied when the condition is fulfilled, and procedure is very similar to the legacy reconfiguration with sync.
However, if the UE has been configured with multiple target cell candidates, upon CHO execution the UE would in principle have stored the remaining RRCReconfiguration(s) associated to other candidate cells (triggering and non-triggering cells). 
Hence, one question raised in the email discussion [2] was whether these remaining RRCReconfiguration(s) associated to other candidate cells are considered as part of the UE AS Context (i.e. remain stored when the UE moves to the target cell) or if they are to be deleted. Most companies seemed to agree that the UE shall delete at least the stored RRCReconfiguration(s) for each target candidate that is not the selected target. The reasoning is simple: That would avoid the source to inform each target candidate the whole CHO configuration(s) associated to other target’s candidates. 
Upon successful CHO execution, the UE releases the stored RRCReconfiguration(s) for target candidates that are not applied.

However, a valid concern from some companies in the email discussion is that the CHO configurations also include measurement related configuration, i.e., a measurement identifier for the trigger condition configuration that is associated to a measurement object and a reporting configuration (or something else equivalent to a ReportConfigNR). In our view, it is also not obvious that these measurement configurations were informed to the target candidates and that each target candidate has prepared its delta configuration taking these into account. For example, the network may have configured a measurement object (measObject-X) that is referred to a measId used in CHO trigger configuration, but also in a measurement reporting configuration. Hence, it seems reasonable to assume that this measObject-X configuration is part of UE’s current configuration that is provided to target candidate upon CHO preparation procedure. Hence, it seems reasonable to revisit this issue once the measurement configuration for CHO has progress further. 
FFS Upon successful CHO execution, the UE releases the stored trigger condition configuration associated to RRCReconfiguration(s) for target candidates that are not applied.

Cancelling of target candidate resource after CHO execution 
Once the CHO is executed, the CHO configurations associated to the non-selected target candidates should be cancelled. One question raised in the email discussion [2] related to that was after the HO complete, when or how should other candidate cells discard UE context. We agreed with most companies that upon CHO execution in the selected target, the source is contacted and, as the source is the one who requested the CHO configuration, it should also be the one that cancels the non-selected target candidates upon execution. While we agreed that details are to be set by RAN3, a stage-2 agreement should anyway be captured by RAN2 and informed to RAN3.
Upon completion of CHO execution, the target informs the source and the source cancels the CHO with non-selected target candidates. Inform RAN3 so details may be defined.

[bookmark: _Toc242573360]A companion DRAFT LS to RAN3 is available in [5].
Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss the following proposals:
1. [bookmark: _Hlk528334907]Specify a cell selection mechanism for CHO execution in the case of multiple triggering cells. FFS Exact criteria e.g. beam measurement information. 
1. It should be specified that cell selection for CHO execution can be based on the number of good beams if cell qualities are similar, e.g. as in the Idle/Inactive rule.
1. The UE is required to verify the compliance of an RRCReconfiguration for a target candidate when performing CHO execution. The exact timing is left to UE implementation.
1. Upon selecting a target candidate cell, the UE applies the stored RRCReconfiguration and performs a reconfiguration with sync procedure.
1. Upon successful CHO execution, the UE releases the stored RRCReconfiguration(s) for target candidates that are not applied.
1. FFS Upon successful CHO execution, the UE releases the stored trigger condition configuration associated to RRCReconfiguration(s) for target candidates that are not applied.
1. Upon completion of CHO execution, the target informs the source and the source cancels the CHO with non-selected target candidates. Inform RAN3 so details may be defined.
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