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1	Introduction
[bookmark: _Ref178064866]Conditional HO in LTE as an improvement of mobility robustness was discussed in RAN2#104 and the following agreements were made.
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).

Exact procedure for conditional HO is yet to be discussed. There are many different aspects which should be analysed in support of conditional HO. In this contribution, we discuss FFS point on how many candidate cells should be supported for conditional HO. 
2. Discussion
Conditional HO is under discussion in RAN2 as a way to improve HO robustness. Basic steps of conditional HO is shown in Figure 1. The UE is provided with early HO configuration. The condition for HO is also provided to the UE by the network. The network also prepares the target node for the possible UE arrival. When the HO condition is met, the UE performs the HO towards the prepared target cell. The UE access the target node, where the target node signals the source node of HO completion. Many aspects of the conditional HO are yet to be discussed. 
 


Figure 1: Basic conditional HO procedure
Multiple candidate cells for conditional HO inevitably increases the signalling overhead for the transmission of conditional HO configuration (including HO command) in step 5. With multiple candidate cells, how to generate the conditional HO configuration should be discussed. In the conventional HO, the prepared node generates the HO command and the source forwards the HO command to the UE without modifying it. If multiple candidate cells are used, would the same principle as in legacy HO be maintained?
Observation 1: Multiple candidate cells for conditional HO increases the signalling overhead and requires discussion on HO command generation compared to legacy HO.
Delta signalling is proposed to be used to reduce the signalling overhead. In legacy HO, the HO command is formatted with reference to the source cell configuration. If multiple candidate cells are to be used, the source cell configuration is used in multiple times as reference. When the source cell configuration is updated, the conditional HO command also needs updating. The signalling overhead for updates also increases with multiple candidate cells.
Conditional HO command is provided in advanced and it is stored at the UE until the condition is met for the HO execution. Because of the time gap between the conditional HO configuration and HO execution, there is possible need for update of the conditional HO command. For example new cell becomes a candidate cell. Updated conditional HO command should be provided to the UE. If delta signalling is used for the updated conditional HO command, what reference is to be used; source cell configuration or the previous conditional HO command? Amount of signalling reductions achieved with delta signalling depends on the reference used.

Observation 2: Use of multiple candidate cells requires discussion on how to use delta signalling for HO command generation and update of conditional HO configuration.
Another question is how many cells to be configured as multiple candidate cells. Even though it seems simple enough to configure N number of candidate cells, the discussion on N would take a significant RAN2 discussion time as seen in previous RAN2 discussions.  

Observation 3: Discussion on number of maximum candidate cells may take reasonable RAN2 discussion time.
When multiple candidate cells are to be configured, another question is whether conditional HO trigger condition is common for all candidate cells or not. Consideration of cell individual HO condition may be beneficial; however this would result in extra signalling and UE effort in execution of the HO. On the other hand, a common trigger condition could be used, however it arises the question on how to coordinate the trigger condition for multiple candidate cells. 

Observation 4: It needs to discuss whether conditional HO trigger condition is common for all candidate cells or not if multiple candidate cells are used.
If multiple cells are prepared and multiple cells fulfil the trigger condition, it is required to enable the UE for prioritising the best candidate cell for HO execution. As agreed, the network has the control of HO, even when conditional HO is used. The candidate cell prioritisation mechanism should be provided by the network in order to guarantee the UE action and to maintain the network control. If a single cell is considered as candidate cell, there is no such prioritisation procedure required.

Observation 5: It needs to discuss how to prioritise best candidate cell if multiple cells fulfil the trigger condition. 
Even with legacy HO, there is mechanism for avoiding or minimising ping pong. When using multiple candidate cells possibility of ping pong increases. A mechanism should be discussed to avoid such ping pong situation.

Observation 6: Multiple candidate cells increases possibility of ping pong. A method should be discussed to avoid ping pong among multiple candidate cells. 
Another aspect of conditional HO is the allocation of dedicated radio resources, such as RACH preamble or pre-configured UL grant to be used in access to prepared candidate cell. Multiple candidate cells increase the reservation of dedicated resources. Dedicated resources are limited and hence should be handle carefully.

Observation 7: Multiple candidate cells increase the reservation of dedicated resources. 
While preparing for candidate cells, the target cell needs to preform admission control, commit to satisfying the requested QoS, and maintain the UE context at the network side. The complexity of these procedures increases with multiple candidate cells allocation. If delta signalling is used for HO command generation, the target may require generating updated conditional HO command whenever the source is reconfigured. Another point to discuss is that how to enable data forwarding in order to mitigate/avoid data interruption. Legacy HO relies on network implementation on data forwarding. If similar mechanism is envisaged for conditional HO, the support of multiple candidate cells requires data forwarding to multiple cells. Considering all above points, the impact on the network side should be carefully evaluated prior to introducing multiple candidate cells for conditional HO.

Observation 8: The impact on the network side should be carefully evaluated prior to introducing multiple candidate cells for conditional HO.
Even though there are simulation results for performance of conditional HO, there are not many simulation results available for multiple candidate cells. [1] shows HO performance gain vs number of prepared cells. The results show that the most performance gain is achieved with a single candidate cells. For example HO failure is reduced from 0.5 (legacy HO) to 0.06 (conditional HO) with 1 candidate cell. With 2 candidate cells, the failure is reduced to 0.03 while with 3 candidate cells, the performance reduced to 0.02. Even though the simulation results for multiple target cells has not been discussed yet, the simulation shows that increase number of candidate cells reduces the HO failure, however with further failure reduction with increased number of cells decreases.

Observation 9: The simulation results for multiple target cells is yet be discussed. What additional robustness could be achieved with multiple candidate cells when compared to the use of single candidate cell should be analysed.
The improvement achieved with more than one candidate cell is yet to be discussed and verified. Even if there is improved robustness with use of multiple candidate cells, there are many aspects which requires the attention when decision on one or multiple candidate cells to be used. Mainly the complexity added from the use of multiple cells and amount of RAN2 discussion time require for resolving the aspects highlighted in observation 1 to 8 should be considered in the decision. 
When introducing a new feature, it is RAN2 practice to introduce the basic feature in the first release. This allows engineers to analysis the impact of the feature in real implementation. Thus, we think it should introduce conditional HO with single candidate cell in Rel-16. Further enhancement with multiple candidate cells can be discussed in future releases.
In first release of NR, one SN configuration at a time was considered. However, the signalling structure was designed to handle the introduction of multiple SN easily in future releases. Similar method can be taken for the introduction of conditional HO, where single candidate cell is considered for rel-16, but signalling structure to be designed to allow for multiple candidate cells in a future release.
Proposal 1: Conditional HO with single candidate cell should be introduced in Rel-16. Further enhancement to be considered in future releases.
Proposal 2: Signalling structure should be designed to allow for easy introduction of multiple candidate cells in a future release. 
 
[bookmark: _Ref189046994]3	Conclusion
In this contribution, we have discussed aspects to be considered in deciding whether to have one or multiple candidate cells for conditional HO in Rel-16. The following observations and proposals were made.
Observation 1: Multiple candidate cells for conditional HO increases the signalling overhead and requires discussion on HO command generation compared to legacy HO.
Observation 2: Use of multiple candidate cells requires discussion on how to use delta signalling for HO command generation and update of conditional HO configuration.
Observation 3: Discussion on number of maximum candidate cells may take reasonable RAN2 discussion time.
Observation 4: It needs to discuss whether conditional HO trigger condition is common for all candidate cells or not if multiple candidate cells are used.
Observation 5: It needs to discuss how to prioritise best candidate cell if multiple cells fulfil the trigger condition. 
Observation 6: Multiple candidate cells increases possibility of ping pong. A method should be discussed to avoid ping pong among multiple candidate cells. 
Observation 7: Multiple candidate cells increase the reservation of dedicated resources. 
Observation 8: The impact on the network side should be carefully evaluated prior to introducing multiple candidate cells for conditional HO.
Observation 9: The simulation results for multiple target cells is yet be discussed. What additional robustness could be achieved with multiple candidate cells when compared to the use of single candidate cell should be analysed.
Proposal 1: Conditional HO with single candidate cell should be introduced in Rel-16. Further enhancement to be considered in future releases.
Proposal 2: Signalling structure should be designed to allow for easy introduction of multiple candidate cells in a future release. 
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