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To improve mobility robustness, the following objective has been approved [1].
	· 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 this paper, we further discuss the RAN2 details of conditional handover (CHO) procedures. Performance evaluation of CHO is provided in our accompanying paper [2].
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Key enabling factors
We see the following key enabling factors for conditional handover.
Measurement configuration and report
· Measurement events for conditional handover
· In order to support conditional handover, measurement events similar to those for normal handover, but with lower thresholds, can be configured.
Proposal 1:	In order to support conditional handover, measurement events similar to those for normal handover, but with lower thresholds, can be configured.
Conditional handover request/response
· Content of conditional handover request
· As a baseline, current information in handover request message should be carried in conditional handover request message. But some information not related to access can be delivered to the target eNB later to reduce signalling overhead. 
· The content of conditional handover request/response message should be determined by RAN3. 
Proposal 2:	RAN2 to study the necessary information in HO request and HO request ACK to trigger condition HO command.
Validity for conditional handover preparation in target cell
· The validity timer can be configured per cell or per conditional handover command
· If validity timer is configured per cell, (1) a measurement report carries a single cell that triggers the report, the conditional handover command is associated to that specific cell, (2) UE needs to maintain multiple validity timers for multiple potential target cells, and (3) a condition handover command does not override previous ones.
· If validity timer is configured per condition handover command, (1) a measurement report carries all potential target cells which meet the event-triggering condition (not only the cell that triggers the report), (2) UE maintains only one validity timer, and (3) the latest conditional handover command overrides previous ones.
· For simper UE behaviour and to align with legacy measurement reporting method, we suggest that the validity timer be configured per conditional handover command.
· Candidate eNBs not selected as target
· [bookmark: _GoBack]For each candidate eNB, UE contexts are kept and dedicated resources are reserved. Considering only one cell will be accessed later, other candidate eNBs will eventually release those resources and UE contexts. This can be done either (1) upon expiry of validity timer, (2) by an explicit signalling.
· The need of explicit signalling to release resource and UE context in candidate eNBs can be further studied.
Proposal 3:	The validity timer for candidate eNBs is configured per condition handover command, and thus (1) a measurement report carries all potential target cells which meet the event-triggering condition, (2) UE maintains only one validity timer, and (3) the latest conditional handover command overrides previous ones.
Conditional handover command
· Who generates the conditional HO command?
· For normal handover, the handover command (i.e., RRCConnectionReconfiguration with MobilityControlInfo) is generated by target eNB. For conditional handover, the source gNB generates the final conditional HO command, but may include information provided by target eNB. The reason is, the handover condition is determined by the source eNB. Also, in conditional handover, multiple candidate cells will be prepared and the source gNB needs to consider the responses from multiple candidate cells. 
· What information is carried in the conditional HO command?
· Parameters in current LTE (i.e. new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.) can be baseline. RAN2 can further study if there is any other parameter needed. In addition, a CHO command should include the associated condition for handover and length of validity timer.
Proposal 4:	Conditional handover command is generated by the source eNB.
Proposal 5:	In addition to parameters in current LTE handover command, a conditional handover command should include the associated condition for handover and length of validity timer.
Initiation of conditional handover
· What are the conditions for initiation of conditional handover? 
· Baseline can be similar to the measurement events defined for normal handover. Other conditions may be further studied.
· How does UE indicate to network the initiation of conditional handover?
· Indication message from UE can be sent to either source eNB or target gNB.
· Notice that in LTE, upon reception of handover command, the UE detaches from old cell and perform synchronization to new cell, and then sends RRCConnectionReconfigurationComplete message to target eNB. Following LTE principle, we suggest that the indication message be sent to target eNB.
· Then there should be some way to inform source eNB the initiation of conditional handover. For example, target eNB may send SN status transfer request message to source eNB. See discussion below.
Proposal 6: 	Conditions similar to the measurement events defined for normal handover can be considered as the baseline for initiation of conditional handover. RAN2 studies other conditions.
Proposal 7:	Upon initiation of conditional handover, UE sends indication to source eNB, and then performs synchronization and random access towards target eNB, and then sends an indication message to target eNB.
SN Status Transfer
· When to perform SN STATUS TRANSFER?
· In normal HO, SN status transfer is performed upon delivery of the HO command. However, in conditional HO, UE still performs data transmission with the source eNB after the conditional HO command is received. Also, the source eNB does not know to which target eNB data should be forwarded. Therefore SN STATUS TRANSFER may be performed after UE performs RA procedure.
· Upon reception of the conditional handover indication message, which also carries the source cell ID, the target eNB sends SN status transfer request message to source eNB, and then source eNB can perform SN status transfer and data forwarding.
Proposal 8:	Upon reception of the conditional handover indication message, the source eNB can perform SN status transfer and data forwarding.
Completion of conditional handover
As in normal handover, the completion phase of the handover procedure starts when UE sends. Since the procedures afterwards are not related to the “conditions”, the competition phase of normal handover can be reused for conditional handover.
Proposal 9:	The competition phase of normal handover can be reused for conditional handover.
Coexistence with normal handover
· According to the measurement configuration, UE configured with conditional handover may send measurement report for measurement events in normal handover procedure, and then receives normal handover command. The details about coexistence of normal and conditional handover procedures in one system can be further studied.
Proposal 10:	The co-existence of normal and conditional handover procedures in one system should be supported. 
Steps
Based on the discussions above, we have the message sequence chart for conditional handover illustrated in Figure 1.


Figure 1.	Conditional handover procedure
Steps for conditional handover:
1. Network sends measurement configuration, including measurement events (e.g., an A3-like event with lower threshold), to the UE.
2. UE sends measurement report when the configured event is triggered
3. Source eNB decides that a conditional handover is needed.
4. Source eNB sends CONDITIONAL HANDOVER REQUEST message to target eNB. 
5. Target eNB performs admission control.
6. Target eNB sends conditional handover response to serving cell, indicating the request is accepted or rejected. If request is accepted (ACK), the target eNB prepares HO and the response message includes a transparent container to be sent to the UE, carrying information including new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc. 
7. Source eNB sends the conditional HO command to the UE, which includes
· Information obtained from target cell.
· Conditions for handover execution, e.g., threshold and corresponding time-to-trigger (TTT) timer.
· Conditions for UE to exit this conditional HO, e.g., some offset
· Value of validity timer.
8. When the UE receives the conditional HO command, the UE maintains connection with source eNB. Once the preconfigured conditions are satisfied, conditional handover is initiated.
9. UE sends conditional handover indication to source eNB. The source eNB stops sending data to the UE.
10. UE performs synchronization and random access towards target eNB.
11. UE sends RRCConnectionReconfigurationComplete message to target eNB.
12. Source eNB sends SN STATUS TRANSFER message to target eNB.
13. The target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell.
14. The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway.
15. The Serving Gateway switches the downlink data path to the target side. The Serving gateway sends one or more "end marker" packets on the old path to the source eNB.
16. The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME.
17. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
18. By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB.
19. The source eNB releases radio and C-plane related resources associated to the UE context.
Proposal 11:	The message flow in Figure 1 is considered as baseline for conditional handover procedure.
Conclusion
We have the following observation:
It is proposed to discuss and decide on the following proposals:
Proposal 1:	In order to support conditional handover, measurement events similar to those for normal handover, but with lower threshold, can be configured.
Proposal 2:	RAN2 to study the necessary information in HO request and HO request ACK to trigger condition HO command.
Proposal 3:	The validity timer for candidate eNBs is configured per condition handover command, and thus (1) a measurement report carries all potential target cells which meet the event-triggering condition, (2) UE maintains only one validity timer, and (3) the latest conditional handover command overrides previous ones.
Proposal 4:	Conditional handover command is generated by the source eNB.
Proposal 5:	In addition to parameters in current LTE handover command, a conditional handover command should include the associated condition for handover and length of validity timer.
Proposal 6: 	Conditions similar to the measurement events defined for normal handover can be considered as the baseline for initiation of conditional handover. RAN2 studies other conditions.
Proposal 7:	Upon initiation of conditional handover, UE sends indication to source eNB, and then performs synchronization and random access towards target eNB, and then sends an indication message to target eNB.
Proposal 8:	Upon reception of the conditional handover indication message, the source eNB can perform SN status transfer and data forwarding.
Proposal 9:	The competition phase of normal handover can be reused for conditional handover.
Proposal 10:	The co-existence of normal and conditional handover procedures in one system should be supported. 
Proposal 11:	The message flow in Figure 1 is considered as baseline for conditional handover procedure.
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