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Introduction
In the WID of NR mobility enhancement [1], objective about improve the robustness as following:
	· 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


The conditional handover in LTE has been discussed. This contribution will discuss the conditional handover in NR.
Discussion
1.1. Conditional handover in LTE
In the RAN2#104 meeting, the agreements about conditional handover in LTE were made as following:
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
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).
Conditional handover is supported in LTE to improve the handover robustness, and above basic principles of conditional handover have been agreed in RAN2#104. As higher frequency range is used in NR with smaller coverage, the deployment of cell is denser than that in LTE. The reliability of handover is reduced compared with LTE, so the effect of conditional handover in NR is more remarkable.  Hence the conditional handover should be supported in NR. Considering the agreements made for LTE are basic principles, so the agreements can apply to NR.
Proposal 1: The conditional handover should be supported in NR. The agreements made in RAN2#104 meeting for conditional handover should be applied for NR.
1.2. Conditional handover Procedure in NR 
In our anther contribution [2], we discuss the procedure of conditional handover in LTE. The procedure can be reused in NR. The following figure can take as baseline procedure for conditional handover in control plane between the gNB and UE:


Figure 1 Conditional handover procedure in NR
As the above procedure shows, the conditional handover procedure can be divided into 2 phases: 
· Phase 1: Conditional Handover Preparation phase
· Phase 2: Conditional Handover Execution phase
In phase 1, the UE reports the neighbor cells that met the event 1 to serving cell and the serving cell prepares the candidate cells for the UE according to the measurement report from the UE or any other available information at the network. In phase 2, the UE initiates the handover execution to the target candidate cell when this cell meets the condition of event 2. Upon the handover complete, the target candidate cell indicates the source serving cell, then the source serving cell release the UE context and sends UE context release message to other candidate cells to release the UE context.
Proposal 2: The signalling procedure in figure1 can be taken as baseline procedure for control plane:
· Phase 1: Conditional Handover Preparation phase
· Phase 2: Conditional Handover Execution phase
Step 1: measurement configuration 
· Serving cell configures measurement configuration to the UE, which includes the configuration for event1 used to report candidate cells for conditional handover. Considering the prepared cell meeting event 1 may not be valid all the time due to the mobility of the UE, a leaving condition should be configured in measurement configuration. If the leaving condition is met, the measurement should be reported, and the configuration of this prepared cell in the UE needs to be released. Meanwhile, the serving cell should inform the prepared cell to release the configuration according to the measurement report.
Proposal 3: Event 1 which is used to report potential prepared candidate cells is configured by serving cell, and a leaving condition should be included in the event 1 configuration.
Step 2: measurement report
· The UE reports the measurement results to the serving cell upon the quality of the neighbor cells meet event1.
Step 3: conditional handover request
· The serving cell chooses candidate cells taking into account the measurement reports from the UE, and sends the handover request message to the candidate cells respectively. It is straightforward and simple to reuse the current handover request message for conditional handover request. In contrast to conventional handover, the UE doesn’t perform handover immediately upon reception of conditional handover command. The candidate cell will save the configuration and reserve the resources for the UE until UE initiation handover execution. The target cell should distinguish the handover request for conditional handover from request for conventional handover.  An indication of conditional handover should be introduced in X2 message of handover request message or in HandoverPreparationInformation.
Proposal 4: Current handover request message should be reused for conditional handover at step 3. A conditional handover indication should be introduced.
Step4: conditional handover request Ack
· The candidate cells will respond the serving cell with the conditional handover command if the candidate cell accepts the handover request. For conventional handover, the RRCReconfiguration with ReconfigurationWithSync is used as handover command. It is straightforward and simple to use the same message as the command for conditional handover. 
Proposal 5: RRCReconfiguration with ReconfigurationWithSync is reused as the conditional handover command from candidate cell.
Step 5: conditional handover configuration
· Upon reception of the responses from the prepared cells, the serving cell will send the conditional handover configuration to UE including the handover commands from each candidate cells. The conditional handover configuration message is used to assemble the handover commands from candidate cells into one message to send to the UE. This configuration message can reuse RRCReconfiguration. 
Proposal 6: RRCReconfiguration is used as conditional handover configuration message, and it is generated by the serving cell to assemble the handover commands from candidate cells.
Step 6: conditional handover configuration ACK
·  The UE will send the conditional handover configuration acknowledgement message to the serving cell when the UE receives the conditional handover configuration. An RRCReconfigurationComplete message is sent to serving cell. 
Step 7-8: initiation of handover
· The UE will initiate handover to the target candidate cell when this cell meets the condition of event 2. The UE sends conditional handover complete message to the target candidate cell. The handover execution in UE is completed. Event 2 which is used as the condition of handover execution can be configured by the source cell or can be configured by candidate cells. The node which makes the configuration of condition of handover is in charge of the handover execution condition. It seems the serving cell is more suitable to be in charge, considering the serving cell better aware of the UE information and channel quality variation of the serving cell.
Proposal 7: The configuration for event 2 which is used as the condition of handover execution should be configured by serving cell in conditional handover configuration message in step 5.
Step 9: conditional handover complete indication
· When the target cell receives the conditional handover complete message, the UE have accessed the target cell successfully. The target cell will send handover complete indication to the source serving cell.
Step 10: UE context release
· Upon the source cell receives the indication from the target cell about the handover complete, the source cell will release the context of the UE, and send message to other candidate cells to release the UE context. 
Proposal 8: The above signalling procedure in figure 1 should be adopted in 38.300.
Conclusion
In this contribution, we propose:
Proposal 1: The conditional handover should be supported in NR. The agreements made in RAN2#104 meeting for conditional handover should be applied for NR.
Proposal 2: The signalling procedure in figure1 can be taken as baseline procedure for control plane:
· Phase 1: Conditional Handover Preparation phase
· Phase 2: Conditional Handover Execution phase
Proposal 3: Event 1 which is used to report potential prepared candidate cells is configured by serving cell, a leaving condition should be included in the event 1 configuration.
Proposal 4: Current handover request message should be reused for conditional handover at step 3. A conditional handover indication should be introduced.
Proposal 5: RRCReconfiguration with ReconfigurationWithSync is reused as the conditional handover command from candidate cell.
Proposal 6: RRCReconfiguration is used as conditional handover configuration message, and it is generated by the serving cell to assemble the handover commands from each candidate cells.
Proposal 7: The configuration for event 2 which is used as the condition of handover execution should be configured by serving cell in conditional handover configuration message in step 5.
Proposal 8: The above signalling procedure in figure 1 should be adopted in 38.300.
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