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1 Introduction

In RAN2 #105, following agreements were made regarding conditional handover for NR mobility enhancements:
Agreements

1
We will study at least conditional handover as one solution for handover robustness improvements. 

2
We should consider how solutions work in FR2.
And following baseline agreements were made for LTE conditional handover.

Agreements

1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.

3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 

4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.

5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).

There is also one post-meeting email discussion [105#58][NR/MOB] which tries to identify differences between LTE and NR Conditional handover [1]. Since the baseline approach for NR conditional handover was already covered in this email discussion, in this contribution, we would like to discuss further details of conditional handover for NR mobility enhancements.
2 Discussion 
2.1 CHO deconfiguration
During offline discussion in the last meeting, to remove CHO command in the UE side, explicit deconfiguration and timer-based deconfiguration were proposed, but no agreements were reached. Instead of choosing one option and ruling out the other one, we think both options should be supported. That is, explicit deconfiguration can be used when radio link is still good, and timer-based deconfiguration can be used in case where radio link is not good and RRC signalling cannot reach the UE. Compared to explicit deconfiguration, timer-based deconfiguration has another benefit of saving RRC signalling, similar to the case of dataInactivityTimer introduced for UE-based connection release.

Proposal 1 Both explicit deconfiguration and timer-based CHO deconfiguration are supported for CHO deconfiguration
2.2 CHO preparation
For the timer-based CHO deconfiguration approach, the timer is mainly used by the target cell to reserve configurations and resources in the CHO command. Therefore, it would be straightforward that the target cell should configure the timer value and include it in the handover command, which would eventually reach the UE via source cell’s forwarding. When UE receives the CHO command, it starts the timer and removes the CHO command when the timer expires.
Proposal 2 Timer value is configured by the target cell and included in the HO command.
Proposal 3 UE starts the timer upon receiving CHO command and removes the CHO command when the timer expires.
Note that the new timer was not included in the existing HO command generated by the target cell. Therefore, the target cell should be aware whether the ongoing HO preparation is for legacy HO or CHO so that it can decide whether to include the timer value in the HO command. To achieve this, a CHO indication would be needed in the HO preparation phase for CHO awareness of the target cell.
Proposal 4 CHO indication is included in HO preparation when source cell does not plan immediate HO.
2.3 CHO execution
In RAN2#104, multiple target cells were already agreed for LTE conditional handover. See below meeting agreements.
Agreements

1
Support configuration of one or more candidate cells for conditional handover.

=>
FFS how many candidate cells (UE and network impacts should be clarified).
We think for NR conditional handover, this agreement still holds. Then one issue to study is: how should the UE select the target cell when multiple candidate cells meet the condition? In general, we think there are following options to handle the UE behaviour.

· Option 1 (only one target can be tried): UE selects only one cell as the HO target, e.g. UE selects the strongest cell. Once this cell fails, UE declares HO failure;

· Option 2 (multiple targets can be tried): UE selects one cell as the HO target at a time. Once this cell fails, UE tries another cell;

Option 1 is simple, but it does not fully explore the benefit of multiple candidate cells. Option 2 can be more robust as it can improve HO success rate with more tries on multiple cells, but the complexity and HO latency need also be considered.
Proposal 5 RAN2 to discuss how to handle target cell selection when multiple candidate cells meet condition.
2.4 Data forwarding
For LTE conditional handover, RAN2 already assumed late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. We think the same assumption holds for NR conditional handover.
We understand the main concern here for not applying early data forwarding is that this would cause more network overhead when multiple candidate cells are configured since source cell has no clue which target cell would be selected by the UE at the time point of configuring multiple candidate cells. However, if late forwarding is adopted, e.g. as late as when UE accesses to the target cell, we are also concerned about the mobility performance in terms of HO interruption time, since this will be longer than normal handover. It would be preferable to find a time point for data forwarding to balance the trade-off between network overhead and HO interruption time. As a compromise between too-early forwarding and too-late forwarding, we think source cell can start data forwarding based on some indication from UE, and such indication is triggered in a network-controlled manner. For example, network can configure a condition (e.g. some measurement event) for UE to report the indication that it is about to handover to some candidate cell(s) and this condition would also imply adequate serving cell link quality for the indication to be received by the network. In this way, source cell does not need to forward data to every candidate cell and data can be already buffered in the target cell for transmission immediately after RA completes in the target cell.
Proposal 6 Source cell starts data forwarding to some candidate cell(s) based on UE indication of moving towards those candidate cell(s). UE sends indication based on condition configured by the network.
3 Conclusion
Based on the discussion in section 2 we have following proposals:
Proposal 1
Both explicit deconfiguration and timer-based CHO deconfiguration are supported for CHO deconfiguration
Proposal 2
Timer value is configured by the target cell and included in the HO command.
Proposal 3
UE starts the timer upon receiving CHO command and removes the CHO command when the timer expires.
Proposal 4
CHO indication is included in HO preparation when source cell does not plan immediate HO.
Proposal 5
RAN2 to discuss how to handle target cell selection when multiple candidate cells meet condition.
Proposal 6
Source cell starts data forwarding to some candidate cell(s) based on UE indication of moving towards those candidate cell(s). UE sends indication based on condition configured by the network.
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