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Introduction
In RAN2#107 meeting, we made some further progress about conditional handover (CHO) for handover robustness improvement in LTE and NR. Agreements that are applicable to both LTE and NR are listed as follows.
	Agreements
1 For FR1, we will leave it up to UE implementation to select the target cell if more than one candidate cell meets the triggering condition (same as for FR2).
2 Do not introduce “bye” message from UE to the source cell for CHO.
3 If UE receives conventional handover command, it will execute the handover command regardless of stored (configured) conditional handover command. This applies if the HO cmd is received before any CHO triggering condition is satisfied. FFS how HO failure is handled.
4 The UE can’t receive and perform RRC configuration from source cell while executing CHO command (which means from the time when the UE starts synchronization with target cell).
FFS whether simultaneous connectivity and CHO can work simultaneously.
5 UE is not required to continue evaluating the triggering condition of other candidate cell(s) during CHO execution.
6 We will not change cell selection procedure due to CHO (T310 expiry, T304(-like) expiry, etc.) 
7 CHO is optional feature for UEs and networks.


Moreover, we could not make conclusion on the working assumptions about failure handling made in RAN2#106 meeting, and thus the following RAN2#106 WAs remain working assumptions.
	Working assumption:
8	At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
9	At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.


In this contribution, we further discuss mobility failure handling with conditional handover candidate cells. The discussion apply to both NR and LTE.
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Interpretation of the working assumptions
In previous meetings, most companies agreed that other CHO candidates are useful. The working assumptions about CHO candidates for RLF/HoF recovery eventually remained working assumptions mainly because companies had concerns on the interpretation and operation details. The statement of “UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed” can be interpreted in the following ways:
	Interpretation
	Comments

	(1) Upon T304/T310 expiry, UE declares RLF/HoF and then performs cell selection. If UE selects to another CHO candidate cell, it performs CHO execution towards that cell. Otherwise, UE performs RRC connection reestablishment.
	This is the most straightforward interpretation to the working assumption. One question is, if the second CHO execution attempt also fails, should the UE try another CHO candidate, or should the number of CHO execution attempts be limited? Our suggestion is that we allow one CHO execution reattempt. If the reattempt fails, UE releases its CHO configurations and performs RRC connection reestablishment.

	(2) Upon T304/T310 expiry, UE declares HOF/RLF, selects a cell and then performs RRC connection re-establishment. However, RRC configurations about CHO is not discarded at this stage. UE may select a CHO candidate cell, but it sends RRC connection reestablishment request instead of executing CHO.
	By keeping CHO configurations, the UE is able to select a CHO candidate cell if available, and thus avoid UE context fetch. However, this results in confusing UE behaviour, since the UE sometimes needs to release CHO configurations before RRC connection reestablishment but sometimes not.

	(3) Upon T304/T310 expiry, UE declares HOF/RLF and then performs RRC re-establishment. RRC configurations are discarded during RRC re-establishment.
	This interpretation requires minimum specification changes. However, it also means that the UE cannot prioritize CHO candidates since RRC configurations are discarded (i.e. UE no longer knows who the CHO candidate cells are). If UE luckily selects a CHO candidate for re-establishment, the target cell is prepared and no context fetch is needed, otherwise it’s a RRC connection re-establishment on un-prepared cell.



The UE behaviour upon T304 expiry (i.e., handover failure, HOF) in current specification is shown as follows:
	[bookmark: _Toc12718015]5.3.5.8.3	T304 expiry (Reconfiguration with sync Failure)
The UE shall:
1>	if T304 of the MCG expires:
2>	release dedicated preambles provided in rach-ConfigDedicated if configured;
2>	revert back to the UE configuration used in the source PCell;
2>	initiate the connection re-establishment procedure as specified in subclause 5.3.7.
NOTE 1:	In the context above, "the UE configuration" includes state variables and parameters of each radio bearer.



In the above procedure, upon HOF, UE reverts its configuration before initiating RRC connection re-establishment procedure. Although CHO is not yet added into RRC specifications, CHO candidate cell configuration should be a part of UE configurations (to be reverted), unless otherwise specified. According to the analysis above, we suggest confirming the working assumption, and modify the UE behaviour upon T304 expiry (TS38.331, 5.3.5.8.3) and declaration of RLF (TS38.331, 5.3.10.3). We have the following proposals:
Proposal 1:	Confirm the following working assumptions as RAN2 agreements:
· At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
· At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
Procedural details
If the above working assumptions are agreed, we have the following details to be discussed:
Can a CHO candidate be used for failure if it does not meet the CHO execution condition?
The working assumptions do not prohibit UE from using a CHO candidate that does not meet the CHO execution condition for mobility failure recovery. Now we discuss the feasibility to execute CHO towards a candidate cell that does not meet the CHO execution condition.
· If UE experiences RLF, it is likely that the selected CHO candidate is much better than the serving cell, and thus the UE should try the selected CHO candidate cell even if the cell does not meet CHO execution condition. Notice that if an A3-like CHO execution condition (neighbour becomes offset better than PCell) is configured, CHO should have been executed before RLF. However, if an A5-like CHO execution condition (PCell becomes worse than threshold1 and neighbour becomes better than threshold2) is configured, it is possible that CHO execution condition is no stratified when UE experience RLF (e.g., threshold2 is set too high).
· On the other hand, if UE experiences HOF (legacy or conditional), it means that there exists a good target cell but for some reason (e.g., sudden channel fluctuation) the UE fails to access the target cell. Then if both the source cell and the original HO target cell remain in poor channel condition, a CHO candidate, even not yet satisfying the CHO execution condition, is still a good choice for failure recovery.
Therefore, we have the following proposals:
Proposal 2:	A CHO candidate cell can be used for RLF and HOF recovery even if it does not meet CHO execution conditions. 
What if the failure recovery with CHO candidate also fails?
If UE executes CHO for RLF or HOF recovery CHO also fails, it implies that the channel condition may be very different from that when the CHO candidates were configured, and thus other CHO candidates may also be not useful anymore. Then it would be easier for the UE to release its CHO configurations, and initiate RRC connection re-establishment procedure. Therefore, we have the following proposals. 
Proposal 3:	After RLF, at most one attempt of CHO execution is allowed. If this CHO attempt fails, UE should release its CHO configurations, and initiate the connection re-establishment procedure.
Proposal 4:	After legacy handover failure or failure to access a CHO candidate cell, at most one attempt of CHO execution is allowed. If this CHO attempt fails, UE should release its CHO configurations, and initiate the connection re-establishment procedure. 
Examples of modified UE behaviour upon T304 expiry and UE behaviour upon T304-like (T3xx) expiry are shown in the Annex. Similar modifications can be made for UE behaviour upon RLF.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 3:	Confirm the following working assumptions as RAN2 agreements:
· At RLF the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
· At legacy handover failure (T304 expiry) or failure to access a CHO candidate cell (T304-like expiry), the UE performs cell selection and if the selected cell is a CHO candidate then the UE attempts CHO execution, otherwise re-establishment is performed.
Proposal 2:	A CHO candidate cell can be used for RLF and HOF recovery even if it does not meet CHO execution conditions. 
Proposal 3:	After RLF, at most one attempt of CHO execution is allowed. If this CHO attempt fails, UE should release its CHO configurations, and initiate the connection re-establishment procedure.
Proposal 4:	After legacy handover failure or failure to access a CHO candidate cell, only one attempt of CHO execution is allowed. If this CHO attempt fails, UE should release its CHO configurations, and initiate the connection re-establishment procedure. 
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Annex
An example of modified UE behavior upon T304 expiry (legacy handover failure) is shown below:
	5.3.5.8.3	T304 expiry (Reconfiguration with sync Failure)
The UE shall:
1>	if T304 of the MCG expires:
2>	release dedicated preambles provided in rach-ConfigDedicated if configured;
2>	revert back to the UE configuration used in the source PCell;
2> perform cell selection;
2> if the selected cell is a CHO candidate:
3>  attempt CHO execution to the selected cell;
2> else:
3>  release CHO candidate cell configurations, if exist;
32>	initiate the connection re-establishment procedure as specified in subclause 5.3.7.
NOTE 1:	In the context above, "the UE configuration" includes state variables and parameters of each radio bearer, but does not include any CHO candidate cell configurations..



Then we show an example of the UE behaviour upon T304-like timer expiry (i.e., CHO failure). We call the T304-like timer T3xx in this example.
	5.3.5.8.3x	T3xx expiry (Conditional handover Failure)
The UE shall:
1>	if T3xx expires:
2>	release dedicated preambles if configured;
2> if the associated CHO is a re-attempt:
3> release CHO candidate cell configurations if exist;
3>	revert back to the UE configuration used in the source PCell;
3>	initiate the connection re-establishment procedure as specified in subclause 5.3.7;
2> else:
3> perform cell selection;
3> if the selected cell is a CHO candidate:
4>  attempt CHO execution to the selected cell;
3> else:
4>  release CHO candidate cell configurations, if exist;
4> revert back to the UE configuration used in the source PCell;
4>	initiate the connection re-establishment procedure as specified in subclause 5.3.7.
NOTE 1:	In the context above, "the UE configuration" includes state variables and parameters of each radio bearer.
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