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1 Introduction
In RAN2#105b meeting, some baseline operations are agreed for conditional handover in NR that were already agreed for conditional handover in LTE in RAN2#105 meeting [1]:
Agreements

0:
CHO is introduced in NR to solve robustness/reliability issue.

1:The LTE agreements below are applicable for NR: 

a/ CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

b/ Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

c/ Support configuration of one or more candidate cells for conditional handover;

=>
FFS how many candidate cells (UE and network impacts should be clarified).

=>
FFS how to include the CHO conditions in UE configuration

d/ The baseline operation for 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.

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. 
f/ 
RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be suitable for CHO when there are multiple candidate target cells. Early packet forwarding can also be considered. Detailed decisions require RAN3 study.
For LTE conditional handover, RAN2 agreed the following [2]:
Agreements

1: 
The CHO command contains at least the configuration information of target cell(s) and triggering conditions. 

=> FFS who decides the triggering conditions (source, target or source+target)

=> FFS on transparent containers.

=> FFS on the Stage-3 details

Agreements

1  Existing Ax measurement events can be used for executing CHO. FFS which Ax events can be used.

2  Conventional handover overrides any configured conditional handover command

3  The network can inform the UE to release CHO configurations (e.g. candidate cells) by RRC signaling.

=> FFS how “CHO cmd” is formulated in Stage-3 signalling 

=> FFS whether UE continues to receive source cell while executing CHO cmd. 

=> FFS what UE does if it receives HO cmd while executing CHO cmd. 

=> FFS what UE does if NW removes CHO cmd while executing the same CHO cmd. 

=> FFS whether UE stores CHO commands in failure cases

=> FFS whether CHO candidates can be released via other means.
We assume the above agreements are also applicable to NR conditional handover. This contribution discusses some issues for conditional handover based on the agreement and gives our proposals.
2 Discussion
2.1 Configuration of CHO condition
There were some discussion on how to configure the CHO condition in the RRC message sent to UE. In our view, who decides the CHO condition (decides the value) is actually somewhat different from who configure the CHO condition (put the value in the final RRC message sent to UE). There are 4 possible ways.
· Option 1: source decides the CHO condition + source configures the CHO condition.
· Option 2: source decides the CHO condition + target configures the CHO condition.
· Option 3: target decides the CHO condition + target configures the CHO condition.
· Option 4: target decides the CHO condition + source configures the CHO condition.
In our understanding, source gNB should decides the CHO condition. That is because it is the source who decides a handover in legacy handover. Even if in CHO, it is the source to make the decision whether to start a CHO preparation procedure to the target gNB. Thus, we propose the source decides the CHO condition. Option 3 and 4 are not preferred. 

Proposal 1: source gNB decides the CHO condition.

In option1, source gNB may need to reconstruct the HandoverCommand from target gNB to include the CHO condition in it, which is not aligned with the transparent delivery of HandoverCommand to UE in current system. Depending on the stage 3 RRC message details who carries the CHO command, there may be other ways without reconstruct the HandoverCommand from target gNB, e.g. Figure 2 in [3], that the CHO condition is not contained in the HandoverCommand. So that the target gNB configured HandoverCommand is also can be seen as transparent to the source. 
In option2, target gNB can get the CHO condition from source gNB during the handover preparation phase. Then the target gNB encapsulates the CHO condition in the HandoverCommand, which can be delivered to UE transparently by the source gNB. Thus option2 follows the legacy way that the HandoverCommand is transparent to the source gNB and cannot modified by the source gNB. 
The details of configuration of the CHO command RRC message can be a stage3 issue. However, we see less specification work for option2, therefore option2 is preferred. 
Proposal 2: Target gNB gets the CHO condition from source gNB in handover preparation then constructs the CHO condition in the HandoverCommand.
2.2 Implicit release of conditional handover

RAN2 has agreed to allow the gNB to release a CHO configuration by RRC signalling explicitly in LTE CHO condition. We assume this is also agreeable for NR CHO.
For the FFS whether to allow implicit CHO configuration release, there was some debate for the implicit release way, i.e. timer based release. The said timer can be acted as a validity timer defined for each candidate cell or can be defined common for all candidate cells. Some companies think explicit RRC release is enough then no need for timer based release. Some companies think timer based release is a good way and should be supported. Moreover, some others think timer based release can be a supplement to explicit RRC release in case of UE missing the explicit release RRC signalling. 
Based on the discussion, we see some benefits of timer based release. In one aspect, it can reduce the signalling overhead caused by explicit release RRC messages. In another aspect, it is a simple workable scheme in some cases that the explicit release may not be that useful. For example, when a CHO configuration for a candidate cell has been delivered to a UE for a long time, the candidate target cell may not want to keep reserving resource for this UE, but the explicit release message cannot reach the UE, there should be something it can do to release the CHO configuration. With the timer method, the candidate target cell can configure a validity timer in the HandoverCommand for a conditional handover, both UE and network can release the corresponding CHO upon timer expiry.
Regarding implicit release, there are also some other consideration, e.g. exit condition, in which UE can release the corresponding CHO if the configured exit condition fulfilled [4]. We think this can be considered as additional scheme for CHO configuration cancel. However, if there are proved to be beneficial, we are open to discuss all other methods in RAN2
Proposal 3: CHO configuration can be released using implicit ways, e.g. based on a validity timer.
2.3 How to select the final target cell by UE?

In case of multiple candidate cells configuration for a conditional handover, the condition(s) may be fulfilled at the same time for more than one candidate cells. A UE has to determine the final target cell to access for handover. There are several options for this issue on table:
· Option 1: the network configures an explicit priorities to a UE, the UE can select the target cell according to the configured priorities.
· Option 2: the network configures a criteria to a UE for target determination. Such criteria can be reconfigured by network.
· Option 3: UE selects the target cell based on the measured channel qualities, e.g. select a cell with the best channel quality
· Option 4: leave it to UE implementation
For option 1 and 2, one concern is that it may be not easy for the source gNB to configure precise priorities/criteria which may be impacted by many factors, e.g. the latest channel quality of each candidate cell, the load situation. Besides, if there are more than one candidate cells belong to the same priority, then there should be also additional way defined to choose the final target.
For option 3, it may not be enough to consider only the channel quality. As mentioned in [5], we also believe it can be a rare case that the conditions fulfils for more than one candidate cells. Therefore it can leave to UE implementation.
Proposal 4: It is up to UE implementation to determine the target cell when the conditions fulfils for more than one candidate cells.
2.4 When to perform data forwarding

RAN2 has concluded that 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 theory, it is the matter of the network to decide when to start data forwarding. Having said that, it is also meaningful if there is something we can do to achieve timely data forwarding. As minimizing the interruption time for conditional handover is also the aim.
Source gNB does not know when the UE triggers handover in CHO case and which cell is the final target cell. So it is not wise to forward data to all possible candidates at an uncertain time. Apparently it can get information to decide when to start data forwarding from target gNB or from the UE.

· Option 1: the source gNB starts data forwarding to the target gNB upon receiving a data forwarding request from target gNB. 

In this option, the target sends the data forwarding request when it receives the very first uplink transmission (i.e. the preamble in case of CFRA and the msg3 in case of CBRA) from the UE. It is obvious that data interruption happens due to this late data forwarding. 
· Option 2: the source gNB starts data forwarding to the target gNB upon receiving the indication from the UE.

In option 2, upon triggering handover when the condition is fulfilled, UE notifies the source gNB that the actual handover starts. It is also named “bye” information in some contributions. One main concern for this option is that, due to the bad quality of the link with source gNB during handover execution phase, such indication may not reach the source gNB. It is not a reliable solution. This is true, thus we can consider such solution as a best effort manner. That means, it is not a requirement for the source gNB to start data forwarding at that time. In case that the source gNB receives the handover indication, it can rely on this indication to start data forwarding immediately. On the other hand, the source gNB does not necessarily to wait for this indication, it can start data forwarding to potential target cells if it cannot find UE for a while or upon receiving data forwarding request in option 1.
In a word, though option 2 may not help in all cases, it has some benefits.

Proposal 5: RAN2 is requested to study that the source gNB starts data forwarding to the target gNB upon receiving the indication from the UE.

3 Conclusion 

In this contribution, we discuss some open issues when multiple candidate cells are considered for conditional handover and provide the following proposals: 
Proposal 1: source gNB decides the CHO condition.

Proposal 2: Target gNB gets the CHO condition from source gNB in handover preparation then constructs the CHO condition in the HandoverCommand.
Proposal 3: CHO configuration can be released using implicit ways, e.g. based on a validity timer.
Proposal 4: It is UE implementation to determine the target cell when the conditions fulfils for more than one candidate cells.
Proposal 5: RAN2 is requested to study that the source gNB starts data forwarding to the target gNB upon receiving the indication from the UE.
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