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Discussion and Decision
1      Introduction
New WI “NR mobility enhancements” was approved in [1]. Conditional HO is one of solution to improve the robustness of handover. 
At RAN2#104, following agreements are made for LTE:

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.

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).

The agreements above can be applicable for NR as well. In this contribution, we discuss the details of the conditional handover. 
2      Discussion

Figure 2 shows conditional handover signaling flow where multiple potential target cells may trigger the UE to send measurement report. In conditional handover, a low threshold is configured to the UE to trigger early measurement reporting. After the source cell reserves the resource (prepares the target cell), the HO command will be sent to the UE along with a higher threshold configuration (this may be configured together with the low threshold). Multiple HO commands may be sent to the UE due to multiple potential target cell satisfying the low threshold. This results in multiple target cells preparation. Therefore, more signaling overhead in the air interface and X2 is incurred due to multiple measurement reports, target cells preparation and HO commands.
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Figure 2: Conditional handover with more than one potential target cells 
Conditional handover indeed enhances the handover failure by providing more reliable HO command delivery. The basic steps of the conditional HO can be as follows:

· Network configures a low threshold in measurement configuration along with the measurement event to the UE. (this is supported in legacy HO)

· The UE sends measurement report when the event is triggered. i.e. one or more cells satisfies the low threshold configuration. (this is supported in legacy HO)

· Serving cell sends early HO request to target to reserve resource to this UE. Signaling may include conditional HO request to see if target cell supports conditional HO. (this is currently not supported in legacy HO)

· Target cell sends either HO ack or reject to serving cell’s HO request based on support of conditional HO. In case of HO ack, signaling may include the following:

· HO command including RACH resource (contention free RACH premable)

· A timer to indicate how long the RACH resource can be vaild

· An offset to indicate when the UE should exit this conditional HO

· A HO execution threshold for conditional handover to excute

· TTT for this condition where the measurement has to satisfy the high threshold for TTT amount of time

· Serving cell forwards the HO command to the UE. 

· Some of the configuration may be configured by serving cell. This can be done either forwarding the configuration to target and having target generate the final HO command. (same as legacy HO)

· Alternatively, part of the HO command can be generated by serving cell .

· Once the UE receives the conditional HO command, the UE maintains connection with serving cell. 

· If the high threshold is satisfied with the configured target cell, the UE disconnects with serving cell. Then it performs RACH to target cell to complete the HO.

· If the timer expires in the HO command, the UE discards the HO command. Target cell releases the reserved resources for the UE. 

· If the exit condition satifies, the UE sends exit indication to the serving cell for the configured target cell, and serving cell indicates this to target. .  

· Target cell sends HO complete message to serving cell to indicate HO is completed. The serving cell sends resources release message to all other configured target cells so that they can release the resources holding for this UE. 

Proposal 1: RAN2 agree the above steps as baseline conditional handover procedure.
We list some key aspects of discussion for conditional handover as below:

Issue 1: The definition and signaling of HO execution threshold: can the threshold be pre-configured by source cell or can it be configured later either by source cell or by candidate target cell? 

For legacy handover, the HO execution threshold is network implementation, i.e. the network configures measurement events, and based on measurement results and handover algorithm, the source RAN decides whether HO is performed, and to which target cell. The same way can be used for conditional handover. For different frequency, cells, the threshold may be different. Therefore it would be good to configure it as per candidate cell configuration, and within the candidate cell configuration.

Proposal 2: HO execution threshold is decided by source cell as one of candidate cell configuration;

Issue 2 When does the UE exit the conditional handover? How can the network abort the conditional handover?

As discussed in [2], the network can abort the conditional handover by explict release or autonomous release by the UE based on pre-configured condition, e.g. timer based on channel condition based. Since these parameters are related to how long the candidate cell reserves the resources, it should be decided by candidate cell, or at least candidate cell should be able to change it’s mind, i.e. cancel the pre-configured resources.   

Proposal 3: The exit condition is decided by candidate cell itself. The candidate cell can cancel the pre-configued resources at any time. 
Issue 3: What resource can be reserved for conditional HO in the target cell?

The candicate cell has to reserve resources at least to allow the UE access the cell. Resources configured in legacy HO command can be used as baseline. 

Proposal 4: Resources configured in legacy HO command is used as baseline for reserved resources in candicate cell for conditional handover. 
Issue 4: Who generate conditional HO command? It could be same as traditional HO (target generate HO command), or source could generates HO command based on information from target.
Issue 5: When multiple HO commands are triggered, do they remain vaild or does the latest one override the previous one?

Issue 4 and 5 are related to how to support multiple HO commands, i.e. what structure is used for conditional handover command. We list some options as below:

Option 1: add/mod list + release list;

This option provides the full flexibility, i.e. the network can add/modify/release any candicate cell. In the lists, it could consist of:

· Reserved resources (as legacy handover command) generated by target;

· HO execution threshold (new) generated by source;

· Exit condition (new : timer or channel condition decided by candicate cell);

Note: FFS on whether all parameters are forwarded by target as container, or partially by source, partially by target; 

Option 2: only one list, and late one overides the previous configuration;
There is limitation on this, i.e. the network has to provide all candidate cells in the same configuration. And the network has to provide all cells, even if the network only wants to add a new cell. 

Proposal 5: add/mod list + release list are used to configure multiple candicate cells. FFS on whether all parameters are forwarded by target as container, or partially by source, partially by target; 

Issue 6: When should the data forwarding start?

For legacy handover, “As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated.”. However it is not applicable for conditional handover since the source cell has no idea when the UE will execute conditional handover and to which candicate cell. 

Observation: the data forwarding condition for legacy handover is not applicable for conditional handover.
The source node could start data forwarding once the target cell is accessed by the UE, e.g. reception of HO complete message from UE. It can be decided in RAN3 since data forwarding is under RAN3 scope.  

Proposal 6: Send LS to RAN3 to inform baseline conditional handover procedure, and ask them to study the necessary signaling exchange of Xn to support conditional HO and data forwarding.

3       Conclusion
Proposal 1: RAN2 agree the below steps as baseline conditional handover procedure.
· Network configures a low threshold in measurement configuration along with the measurement event to the UE. (this is supported in legacy HO)

· The UE sends measurement report when the event is triggered. i.e. one or more cells satisfies the low threshold configuration. (this is supported in legacy HO)

· Serving cell sends early HO request to target to reserve resource to this UE. Signaling may include conditional HO request to see if target cell support conditional HO. (this is currently not supported in legacy HO)

· Target cell sends either HO ack or reject to serving cell’s HO request based on support of conditional HO. In case of HO ack, signaling may include the following:

· HO command including RACH resource (contention free RACH premable)

· A timer to indicate how long the RACH resource can be vaild

· An offset to indicate when the UE should exit this conditional HO

· A high threshold for conditional handover to excute

· TTT for this condition where the measurement has to satisfy the high threshold for TTT amount of time

· Serving cell forwards the HO command to the UE. (this is supported in legacy HO)

· Once the UE receives the conditional HO command, the UE maintains connection with serving cell. 

· If the high threshold is satisfied with the configured target cell, the UE disconnects with serving cell. Perform RACH to target cell to complete the HO.

· If the timer expires in the HO command, the UE discards the HO command. Target cell releases the resources. 

· If the exit condition satifies, the UE sends exit indication to the serving cell for the configured target cell.  

· Target cell sends HO complete message to serving cell to indicate HO is completed. The serving cell sends resources release message to all other configured target cells so that they can release the resources holding for this UE. 

Proposal 2: HO execution threshold is decided by source cell as one of candidate cell configuration;

Proposal 3: The exit condition is decided by candidate cell itself. The candidate cell can cancel the pre-configued resources at any time. 
Proposal 4: Resources configured in legacy HO command is used as baseline for reserved resources in candicate cell for conditional handover. 
Proposal 5: add/mod list + release list are used to configure multiple candicate cells. FFS on whether all parameters are forwarded by target as container, or partially by source, partially by target; 

Observation: the data forwarding condition for legacy handover is not applicable for conditional handover.
Proposal 6: Send LS to RAN3 to inform baseline conditional handover procedure, and ask them to study the necessary signaling exchange of Xn to support conditional HO and data forwarding.
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