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Introduction
In RAN #80, a new Work Item on NR mobility enhancements [1] was approved, and one of the objectives is:
	· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 


In this contribution, we would like to discuss the benefits and basic procedures of conditional handover for NR mobility enhancements.
Discussion
As mentioned in the WID, high frequency band with beamforming operation raises new challenges to handover control in NR system, and handover reliability may suffer due to beamforming characteristics providing smaller coverage, e.g., fast signal degradation in some cases may cause measurement report or handover command cannot be received correctly and thus UE may miss the right timing for handover to a suitable target cell. The consequence would be that UE will eventually declare radio link failure and trigger connection re-establishment procedure, which causes bad user experience. If measurement report and handover command can be transmitted earlier than the exact handover region, the signaling loss can be alleviated and handover at a later time, when some pre-configured condition is met, may have a better chance to be successfully completed.
Note that in the Rel-16 WI of LTE_feMoB [2], conditional handover has been agreed to be considered for LTE mobility enhancement and RAN2#104 has made following agreements:
Agreements
1	RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
2	Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
=>	FFS on the exact details of the procedures

We think compared to LTE, it is even more motivated for NR to support conditional handover to improve handover reliability, especially for operating in high frequency band.
Proposal 1: Conditional handover is supported for NR mobility enhancement.
To support conditional handover, we think at least below procedures need to be involved.

(1) Handover preparation
Source gNB can trigger, e.g. based on UE’s measurement report, the handover preparation procedure to the target gNB. We think this procedure is very similar as the legacy handover. With acknowledge received from the target gNB after passing admission control, source gNB acquires the handover command and completes the handover preparation. Note that source gNB can prepare handover towards multiple target cells/gNBs.

Observation 1: Conditional handover can follow the legacy handover preparation procedure.

(2) Handover command configuration
After receiving handover command from the target gNB, it is the source gNB’s responsibility to configure the handover command to the UE. For conditional handover, source gNB also needs to provide a condition associated to that handover command (e.g. called as CHO command). At a later point of time, the source gNB can reconfigure the CHO command and/or condition, or even remove the CHO command and condition if it’s not valid anymore. This network-control reconfiguration approach can be the baseline. Meanwhile, we think UE-based approach also have some benefits, e.g. timer-based CHO deconfiguration can save signaling and can be used in the case where serving cell’s signaling cannot reach the UE correctly. 

Proposal 2: Explicit CHO reconfiguration/deconfiguraiton is taken as baseline. Meanwhile, keep open to the implicit CHO deconfiguration approach.

As source gNB can perform multiple cell preparation, it should be straightforward for the source gNB to provide multiple target cell’s CHO commands to the UE, which can further help to improve handover robustness comparing to configuring only a single one. Therefore, stage-3 signaling design should allow configuring CHO command for multiple target cells. These multiple target cells can be associated with different conditions or they share the same conditions.

Proposal 3: Source gNB is allowed to configure multiple target cell’s CHO commands to the UE, associated with the same or different conditions.

(3) Handover execution   

At the UE side, once UE evaluates that certain target cell’s condition is met, UE can start to execute handover to the target cell as it does in the legacy handover procedure. One issue due to multi-cell CHO configuration is that: how should the UE select the target cell when multiple target cells meet the conditions? In general, we think there are following options to handle the UE behavior.

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

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

Option 1 is simpler, but it does not fully explore the benefits of multi-cell pre-configuration. 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 4: RAN2 to discuss how to handle target cell selection when multiple cells meet conditions. 

At the network side, data forwarding is required for service continuity. For conditional handover, there are following options to handle data forwarding:

· Option 1: source gNB starts forwarding data when configuring CHO;

· Option 2: source gNB starts forwarding data when UE successfully accesses the target cell;

Option 1 means early forwarding and in some cases it could be too early forwarding since it may take quite some time between UE receiving CHO and the exact CHO execution upon condition being met. Considering the case of multiple cell CHO configuration, this also means data forwarding to all configured target cells as at the time of CHO configuration, source cell has no idea which target cell UE is about to access. This kind of proactive forwarding may cause the overload concern. Option 2 can be interpreted as late forwarding and this only involves data forwarding to the successfully accessed target cell. Compared to option 1, option 2 may have a bit longer data interruption but it does not cause unnecessary forwarding. We understand that the main benefit of conditional handover is for mobility robustness and data interruption time might not be a top-priority concern here, so we think option 2 can be taken as the baseline.

Proposal 5: Adopt late data forwarding as the baseline for CHO.    

It is noted that above analysis and proposals are made for NR mobility enhancements, but we think they are also applicable to the WI of LTE_feMoB as we don’t see much difference in the design of conditional handover in two systems.

Conclusions
In this contribution, we discussed discuss the benefits and basic procedures of conditional handover, and proposed following proposals:
Proposal 1: Conditional handover is supported for NR mobility enhancement.
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