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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.
Upon reception of a CHO configuration the UE starts monitoring CHO trigger conditions. Meanwhile, the network may want to suspend the UE to INACTIVE state. This contribution addresses this scenario.
Discussion
Conditional Handover
In conditional handover the network configures the UE with triggering conditions for when a handover should be executed. When the conditions are fulfilled, the UE executes the handover without any further order from the network. The advantage of the procedure is that the HO Command may be provided to the UE at an earlier stage before the radio conditions have become poor, which increases the chance of a successful transmission of the message. The basic signalling flow for conditional handover is shown in Figure 1.
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[bookmark: _Ref463051822]Figure 1: Conditional handover
CHO Configuration to the UE
In reconfiguration with sync in NR (handovers), the source gNodeB receives the configuration prepared by target and provides to the UE in an RRCReconfiguration message containing a reconfigurationWithSync field in spCellConfig. That contains instructions for the UE to access the target cell e.g. RACH parameters, cell identity, frequency, SMTC configuration, etc. It has been agreed in RAN2#105bis in Xi’an that for CHO, similar information needs to be provided to the UE for a target candidate. In addition, the UE also needs the triggering condition associated to it e.g. an A3/A5 event like configuration, so that the provided configuration is only applied if/when the condition is fulfilled.
The CHO configuration for a given target cell candidate consists of an RRC Reconfiguration (with reconfiguration With Sync) and associated trigger condition configuration (e.g. A3/A5 event) for a target cell candidate. 

Then, upon receiving the HO triggering condition(s) and dedicated RRC configuration(s), the UE starts to perform the monitoring of the trigger conditions (which involves the UE performing measurements) and, when at least one condition is fulfilled the UE performs a CHO handover execution.
Upon receiving CHO configuration(s) the UE monitors the configured CHO trigger conditions for one or multiple cells.

Source decides to suspend UE while UE monitors CHO conditions
In RAN2#105, the following has also been agreed for CHO in NR:
Agreements
. . . 
e/ The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 
. . .


In CHO the UE only sends the RRC Reconfiguration Complete to the target RAN upon applying the stored RRCReconfiguration associated to a triggering condition being fulfilled i.e. while the UE is monitoring a CHO triggering condition the UE is still under the control of the source RAN. 
Hence, while the UE is monitoring CHO triggering conditions, the source gNB may decide to suspend the UE (i.e. transition the UE to INACTIVE state) for example, due to data inactivity. So the UE may receive an RRCRelease message with a suspend configuration.
Upon the reception of an RRCRelease message (with a suspend configuration) while the UE is monitoring CHO trigger conditions, it seems reasoaneble that the should UE stop/suspend the actions related to CHO monitoring, such as stopping performing associated measurements and the monitoring of triggering conditions associated to CHO configuration(s).
UE stops the actions related to CHO monitoring upon transitioning to INACTIVE.

One remaining question is what the UE does with the CHO configuration(s) upon the reception of an RRCRelease with suspend configuration. That needs to be handled to avoid any sort of state/configuration mismatch between the UE and the network e.g. if the network stores the CHO configurations as part of the UE context, while the UE deletes it (or vice versa).
One solution is specifying in RRC that the UE suspends the actions associated to the monitoring of the CHO trigger conditions (e.g. suspend measurements) and stores CHO related configurations (e.g. in the AS context) upon transitioning to INACTIVE. The advantage here is that these CHO configurations may be resumed in the RRC resume procedure, possibly relying on delta signalling. CHO configurations may be large, since there may be an RRCReconfiguration per target candidate. An alternative solution is to stop/suspend the actions associated to the monitoring of the CHO trigger conditions (e.g. suspend measurements) and release the CHO related configurations.
Discuss the alternatives for the transition to INACTIVE while the UE monitors CHO conditions:
i. UE stores the CHO configurations (so they can be resumed);
ii. UE deletes the CHO configurations; 
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In both alternatives the network could still configure the UE with CHO configurations in RRC Resume procedure (e.g. with CHO configurations within RRCResume). If the first alternative is agreed (suspend CHO and store configurations), delta signalling could be supported e.g. network could possibly add, remove or modify CHO target cell candidates and/or triggering conditions. If the second alternative is agreed a whole new CHO configuration could be provided with RRCResume.
It is possible to configure CHO during resume procedure.
Source decides to release UE while UE monitors CHO conditions
[bookmark: _Hlk2955672]While the UE is monitoring CHO triggering conditions, the source gNB may instead decide to release the UE (i.e. transition the UE to IDLE state). So, the UE may receive an RRCRelease message without a suspend configuration.
As in the case of moving to INACTIVE, the UE should also stop monitoring the CHO trigger conditions and perform clean up actions (e.g. stop timers, release measurements, etc.). And, since the network has no means to restore the context anyway, the first alternative of deleting the CHO configurations seems to be the most reasonable. 
UE stops the actions related to CHO monitoring upon transitioning to IDLE.
UE deletes CHO configurations (if any) upon transition to IDLE.

In the same way we have discussed the possibility to provide CHO configurations in RRCResume, we could also discuss the possibility to provide CHO configurations in RRCSetup. However, the gNB will not yet have the UE capabilities at the point of sending RRCSetup hence it is not aware of if the UE supports conditional handover or not. Hence, differently from the Resume case it seems reasonable to not allow the inclusion of CHO configuration within RRCSetup message.
CHO configurations cannot be included in RRCSetup.

Source decides to release/suspend with redirect UE while UE monitors CHO conditions
In the previous cases the UE was being suspend/released to INACTIVE or IDLE and CHO configurations were not supposed to be used in IDLE or INACTIVE state, at least not until the UE tries to resume. An exception is when the UE is released/suspended with redirect information (e.g. with a carrier frequency information). Upon reception the UE performs cell selection in the cell of the associated carrier and initiates resume or setup.  
If the UE is configured with CHO configuration (for cells in a given frequency Fx) and receives an RRCRelease message with redirection information associated to a target frequency Fx for which the UE has stored an RRCReconfiguration in an OCTET STRING for a target cell candidate in that frequency Fx, the UE may select a target cell for which it has stored CHO configuration (i.e. an RRCReconfiguration). In our view, if the UE selects a cell for which it has a stored RRCReconfiguration it would be a waste not to simply apply the stored RRCReconfiguration instead of entering Idle or Inactive and performing resume or setup procedure, as the target cell is already prepared for an incoming UE. That would speed up service access in the target cell upon release with redirect which may occur during overload control in a source cell. This may be useful specially in the case the network does not have measurements available concerning the latest best cells.
In Release with Redirect, if the UE selects a cell for which it has stored CHO configuration, the UE applies the stored RRCReconfiguration and accesses the target cell. 
Upon accessing the target cell according to the configuration in the RRCReconfiguration the target cell identifies that as an incoming UE via CHO and notifies the source which can consequently discard a possibly assigned I-RNTI and further inactive state parameters (provided in suspendConfig) as the UE is anyway entering Connected again via Conditional handover. The UE, upon applying the stored RRCReconfiguration performs random access and transmits an RRCReconfigurationComplete in the target cell, upon which it deletes the suspendConfig and further AS Inactive context information. If upon cell selection the UE selects a cell for which it does not have a stored RRCReconfiguration, the UE enters INACTIVE or IDLE and performs resume or setup procedures (while the handling of stored CHO configurations would depend on whether P2 is agreed or not).
[bookmark: _Toc242573360]Summary
[bookmark: _Hlk528334907][bookmark: _Toc242573361]Based on the discussions above, the following is proposed:
1. UE stops the actions related to CHO monitoring upon transitioning to INACTIVE.
1. Discuss the alternatives for the transition to INACTIVE while the UE monitors CHO conditions:
1. UE stores the CHO configurations (so they can be resumed);
1. UE deletes the CHO configurations; 
1. It is possible to configure CHO during resume procedure.
1. UE stops the actions related to CHO monitoring upon transitioning to IDLE.
1. UE deletes CHO configurations (if any) upon transition to IDLE.
1. CHO configurations cannot be included in RRCSetup.
1. In Release with Redirect, if the UE selects a cell for which it has stored CHO configuration, the UE applies the stored RRCReconfiguration and accesses the target cell. 
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