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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 it has been agreed to support Conditional handover (CHO) in NR. In RAN2#106, after the meeting, the following email discussions were agreed [2], [3]:
 		[106#42][NR/LTE/mob enh] CHO configuration (OPPO) [2]
	How to define the CHO configuration, how to update the configuration, how to configure the execution condition
	Intended outcome: Report to the next meeting
	Deadline:  Thursday 2019-08-08

[106#xx][NR and LTE CHO] CHO execution details (Vivo) [3]
	UE actions related to CHO execution
	Intended outcome: Report to next meeting
	Deadline:  Thursday 2019-08-08 

This contribution addresses some follow issues related to the failure handling when a failure occurs upon the CHO configuration procedure [2], while CHO conditions are being monitored, and upon CHO execution [3].
Discussion
UE is unable to comply with trigger configuration within CHO configuration(s)
In NR, a reconfiguration failure is declared in case the UE is unable to comply with (part of) an RRC configuration. In the NR standalone case, the UE perform different actions depending whether security has been activated or not, as shown below:
************************************************************************************************************************
[bookmark: _Toc5285047]5.3.5.8.2	Inability to comply with RRCReconfiguration
The UE shall:
. . .
1>	else if RRCReconfiguration is received via NR (i.e., NR standalone, NE-DC, or NR-DC):
. . .
2>	else if the UE is unable to comply with (part of) the configuration included in the RRCReconfiguration message received over the SRB1;
. . .
3>	continue using the configuration used prior to the reception of RRCReconfiguration message;
3>	if AS security has not been activated:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other'
3>	else if AS security has been activated but SRB2 and at least one DRB have not been setup:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure';
3>	else:
4>	initiate the connection re-establishment procedure as specified in 5.3.7, upon which the reconfiguration procedure ends;
. . .
[bookmark: _Toc5285058]5.3.7	RRC connection re-establishment
. . .
5.3.7.2	Initiation
The UE initiates the procedure when one of the following conditions is met:
. . . 
1>	upon an RRC connection reconfiguration failure, in accordance with sub-clause 5.3.5.8.2.
************************************************************************************************************************
CHO configuration contains per candidate target cell a triggering conditions configuration associated measurement configuration (e.g. measurement object reporting configuration, measurement identifier) to be applied upon reception of the message, and another part that is only stored upon the reception of the message (and shall only be applied if the associated triggering condition is fulfilled).
In both email discussions [2][3] there seems to be consensus that at least the compliance of the triggering conditions and/or associated source’s measurement configuration possibly included in the same message that needs to be applied upon reception of a CHO configuration shall be verified.
In [106#42][NR/LTE/mob enh] CHO configuration (OPPO) [2], companies seemed to agree that upon receiving a CHO configuration, the UE verifies if it complies with the trigger configurations.
If the CHO configuration only contains one triggering condition in the CHO configuration (including measurement configuration associated, like a measurement object), and the UE is not able to comply with it, the UE declares a reconfiguration failure, similarly to the inability to comply with a measurement configuration in Rel-15. Then, it continues using the configuration used prior to the reception of the CHO configuration and initiates an autonomous action such as re-establishment or NAS recovery. If the CHO configuration contains multiple triggering condition in the CHO configuration, and the UE is able to comply with at least one of them, the UE would in principle not have to declare a failure and could simply indicate to the network which triggering configurations the UE was not able to comply with e.g. in a reconfiguration complete message sent from the UE to the network to acknowledge that CHO was configured. However, a simpler solution at least for Rel-15 would be to follow the same principle as in the case of a single failed configuration and take autonomous actions such as RRC re-establishment or NAS recovery (upon entering IDLE and informing higher layers of a failure), as specified in 5.3.5.8.2, shown above.
The CHO configurations contain dedicated RRC configurations prepared by target, with content equivalent to an RRCReconfiguration including reconfigurationWithSync. In both NR and LTE, this is considered sensitive information which is only provided after security is activated. A paper discussing the security aspects of CHO configurations has been provided in [4] where the same principle is proposed i.e. CHO configuration is only provided after security is activated. If that security requirement is agreed, the simplest solution is to define that the UE initiates connection re-establishment if it is not able to comply with trigger condition configurations.
If the UE is not able to comply with at least one triggering conditions in CHO configuration the UE declares a CHO failure and initiates RRC re-establishment.
The impact in the specifications could depend on the outcome of the discussion of the message to configure CHO. If the message configuring CHO is an enhanced version of the RRCReconfiguration, the behaviour when the message is not compliant is already captured at least for the parts that are required to be applied.

UE is unable to comply with RRCReconfiguration(s) (single candidate)
CHO configuration also contains an RRCReconfiguration (with a reconfigurationWithSync) for each target cell candidate, associated to a triggering condition. The RRCReconfiguration per target is only applied when the associated triggering condition is fulfilled.
Both email discussions summarized in [2] and [3] touched upon the timing when the UE verifies the compliance of the RRCReconfiguration from target candidate. A first alternative is if the UE verifies the compliance of each RRCReconfiguration upon reception of the CHO configuration. A second alternative is if UE only verifies the compliance of the RRCReconfiguration(s) in CHO upon the fulfilment of an associated triggering conditions i.e. when one of these are to be applied, as in the case of a legacy handover.
In our view, the failure handling if the dedicated RRCReconfiguration is non-compliant depends very much on which alternative RAN2 selects for the exact timing when the UE verifies the RRCReconfiguration from target candidates.
In case RAN2 selects the first alternative (verification upon reception), it does not make sense to trigger a UE autonomous action like re-establishment. The reason is that the non-compliance with the RRCReconfiguration from target candidate does not affect at all the UE’s operation with source, so the UE could simply report to the network which target did not comply e.g. in the complete message. Hence, UE autonomous action is completely unnecessary and not very wise. 
In case RAN2 selects the second alternative (verification upon execution), it seems reasonable to assume, at least as baseline, some UE autonomous actions such as initiate re-establishment.
In [5] we analyse the pros and cons of both alternatives concerning the exact timing to verify the RRCReconfiguration from target candidates. We propose to only require the UE to verify the RRCReconfiguration when that needs to be applied. In that case, we also think it makes sense that the UE performs an autonomous action when the UE cannot comply with the message it is trying to apply. 
If the UE is not able to comply with an RRCReconfiguration from target candidate during CHO execution, the UE declares a CHO failure and initiates RRC re-establishment (if there is no other stored CHO configuration). 
[bookmark: _Hlk1023792]
Timer T304 expires upon CHO execution
In NR reconfiguration with sync, the RRCReconfiguration with reconfigurationWithSync contains a value for timer T304, that is started upon the reception of the message. Then, if the timer expires before the UE can access the target and send the RRCReconfigurationComplete according to target’s configuration, the UE declares a handover failure.
When the CHO trigger condition is fulfilled, and the UE executes CHO, the UE applies the stored RRCReconfiguration for the selected target candidate. Hence, upon applying the message the UE starts an equivalent timer T304, configured in the stored reconfigurationWithSync associated to the selected target cell candidate. As in reconfiguration with sync procedure, before the UE can access the target candidate cell fulfilling the CHO trigger condition and being selected by the UE (in case multiple triggering cells), the timer T304 may expire. 
Upon CHO execution, timer T304 may expire before the UE can access the selected target cell candidate.

RLF declaration while CHO is being monitored
In NR, RLF is declared e.g. upon the timer T310 expires. That timer is started when the upper layers detect that the downlink quality is going below acceptable levels, which is controlled by indications provided by lower layers.
While the UE is monitoring CHO triggering conditions, as the network would likely configure the trigger conditions to be close to when the radio conditions of the PCell may not be so good any longer, RLF may be declared while the UE is monitoring CHO triggering conditions. 
Timer T310 may expire while UE is monitoring CHO trigger conditions.

Confirmation of the Working Assumptions
In NR, as in LTE, these different cases would lead respectively to a reconfiguration failure (in case the UE would not comply with a dedicated configuration issued by a target cell candidate), handover failure (in case the timer T304 expires after the UE tries to access a target cell candidate) and RLF declaration (in case timer T310 expires while the UE is monitoring CHO triggering conditions). And, upon declaration of any of these failures, the UE would first select a suitable cell to only then transmit an RRCReestablishmentRequest. 
But then, in the case of CHO, if the UE selects a cell for which it has a stored RRCReconfiguration with reconfigurationWithSync, which is possible in the cases above, it would be much simpler, faster and efficient to apply the stored RRCReconfiguration with reconfigurationWithSync and complete the CHO compared to reverting the configuration and transmit an RRCReestablishment request. 
In RAN2#106, this was discussed, and the following working assumption were made: 
Working assumption (to be confirmed next meeting after checking further details)
3	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
4	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 our view the working assumption works. As usual, when that happens in RAN2, the WA should be converted into agreement. It seems this is also the understanding of most companies in the email discussion [106#xx][NR and LTE CHO] CHO execution [3].
Confirm the working assumption: 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.
Confirm the working assumption: 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.

Once WA is confirmed one remaining aspect is how that is modelled in the RRC specifications, as raised in [3]. The reasoning is that in legacy reconfiguration failures, e.g. upon RLF declaration, HOF or inability to comply with an RRCReconfiguration, the UE initiates re-establishment procedure, starts timer T311 and as part of that performs cell selection. In our view, the WA could be implemented by adding a step within the re-establishment initiation procedure i.e. while timer T311 is running. These details may be discussed after WA is confirmed.

UE is unable to comply with RRCReconfiguration(s) (multiple candidates)
In P2 we have argued that the UE shall only be required to verify the compliance of an RRCReconfiguration for a target cell candidate when it needs to apply the message i.e. upon CHO execution. And, we proposed that in the case of a single cell CHO configuration, if the UE is not able to comply with the message, the UE shall initiate re-establishment.
However, if the UE has multiple stored RRCReconfiguration(s), the fact that the UE is not able to comply with the RRCReconfiguration for the selected cell, does not affect at all the possible compliance with other stored RRCReconfiguration(s) for other cells, which may even be possibly triggered cells (that were not the selected one). In that case, we see no reason to deviated from the previous working assumption for a reconfiguration failure. 
At non-compliance of an RRCReconfiguration from a target candidate, 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.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361][bookmark: _Hlk528334907]RAN2 is kindly asked to discuss the following proposals:
1. If the UE is not able to comply with at least one triggering conditions in CHO configuration the UE declares a CHO failure and initiates RRC re-establishment.
1. If the UE is not able to comply with an RRCReconfiguration from target candidate during CHO execution, the UE declares a CHO failure and initiates RRC re-establishment (if there is no other stored CHO configuration). 
1. Confirm the working assumption: 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.
1. Confirm the working assumption: 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.
1. At non-compliance of an RRCReconfiguration from a target candidate during CHO execution, 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.
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