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Discussion and Decision
1      Introduction
New WI “Even further Mobility enhancement in E-UTRAN” was approved in [1]. The objective of the WI are:

· Specify further enhancements to achieve following targets, [RAN2/3]

1. reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

2. improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]

The work is split into two phases:

1. Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.

2. Work Phase, to specify the chosen solution(s)

In contribution [2], we provide the performance analysis on the conditional handover. In this contribution, we would like to provide key aspects of introducing condition handover based on the finding in [2]. 
2      Discussion

Figure 2 shows conditional handover signaling flow where multiple potential target cells may trigger the UE to send measruement report. In conditional handover, a low threshold is configured to the UE to trigger early measurement reporting. After the source cell reserve the resource (prepare the target cell), the HO command will be sent to the UE along with a highe 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.

In [2], a performance evaluation was done via simulation and comparsion of legacy handover and conditional handover are provided. During the evaluation, the following observations were concluded:

· Conditional HO increases the reliability of HO command delivery by early event triggering. 

· Conditional HO increases both air interface and X2 signaling overhead due to multiple measurement reports, preparation (HO request and ACK) and HO commands. 

· Conditional HO tends to have a longer handover duration than legacy HO. 

· Conditional HO reduces HOF rate in tradeoff of air interface and X2 signaling overhead.
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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 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 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 forward the configuration to target and have target general 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. 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 1: RAN2 agree the above steps as baseline conditional handover procedure.
Therefore some key aspects of discussion for conditional handover are:

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

2. When multiple HO commands are triggered, do they remain vaild or does the latest one override the previous one?

3. What resource can be reserved for conditional HO in the target cell?

4. How long is the conditional HO command vaild for (i.e. how long the target cell reserve the resources)?
5. When does the UE exit the conditional handover?

6. How can the network abort the conditional handover?

7. When should the data forwarding start?

8. 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.
Proposal 2: RAN2 discuss the above key aspects for conditional handover procedure.
Proposal 3: Send LS to RAN3 to inform baseline conditional handover procedure, and ask them to study the necessary signaling exchange of X2 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: RAN2 discuss the below key aspects for conditional handover procedure:

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

2. When multiple HO commands are triggered, do they remain vaild or does the latest one override the previous one?

3. What resource can be reserved for conditional HO in the target cell?

4. How long is the conditional HO command vaild for (i.e. how long the target cell reserve the resources)?

5. When does the UE exit the conditional handover?

6. How can the network abort the conditional handover?

7. When should the data forwarding start?

8. 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.

Proposal 3: Send LS to RAN3 to inform baseline conditional handover procedure, and ask them to study the necessary signaling exchange of X2 to support conditional HO and data forwarding.
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