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Introduction
At previous RAN2 meeting, CHO is agreed to be supported in LTE to solve robustness/reliability issue, and based on the LS send by RAN2, some agreements were achieved by RAN2 and may be with RAN3 impact (highlighted in yellow below):
“As a part of Rel-16 LTE_feMob-Core and NR_Mob_enh-Core work items, RAN2 works on the details of Conditional Handover (CHO). CHO is the solution, wherein the UE does not immediately execute the HO command (i.e. RRC Connection Reconfiguration with mobilityControlInfo in case of E-UTRAN) but stores it until a triggering condition is met which has been configured along with the HO command. When the condition is met, the UE immediately executes the HO command and accesses the target cell. It has been agreed there could be a single or multiple candidate target cells for CHO and it is up to network’s decision how many cells to prepare.
RAN2#105 has additionally agreed that late packet forwarding (i.e. not done immediately when CHO target candidate cells become prepared) could be more suitable for CHO, especially when there are multiple candidate target cells. However, early packet forwarding can be also considered as an option.
RAN2 still discusses the details of HO command and triggering conditions (e.g. whether it is the source eNB/gNB, target eNB/gNB or source + target eNB/gNB that decide on such condition, and as a result, whether the condition is included in HO command or included directly by the source eNB/gNB in the reconfiguration message). This may impact the HO Preparation phase. Additionally, RAN2 already agreed the network can inform the UE to release the CHO configurations after CHO command. This may happen also due to target eNB’s/gNB’s decision to cancel the preparation. Thus, the impact on X2/Xn interface is foreseen.
Based on the CHO details described above, RAN3 is kindly asked to study and potentially define suitable mechanisms for E-UTRAN’s and NR’s CHO, at least in the following areas: 
· Data forwarding
· HO preparation ”
In this paper, we would discuss on the Control Plane signalling design for conditional handover based on RAN2 progress.
Discussion
General procedure of CHO
For the legacy LTE HO, the C-plane handling is captured in 10.1.2.1.1 in TS 36.300. Basically there are three phases:
· Handover preparation
· Handover execution
· Handover completion
For CHO, we see there are lots of differences compared to the legacy LTE HO, but it is still possible to use three phases for signalling aspect:
· Handover preparation: the UE may reports measurement results based on the network measurement configuration to assist the network to decide the candidate CHO target cell(s); the network sends one or multiple CHO request to the target eNB; the target eNB generates CHO command, and sends CHO request ack to the source eNB with the CHO command; the source eNB sends the RRCConnectionReconfiguration message contained the HO command(s) to the UE.
· Handover execution: the UE selects the target cell according to CHO triggering condition, and directly accesses to that cell; after complete the RACH procedure towards the target eNB, the UE sends the CHO complete message to the target eNB.
· Handover completion: the target eNB sends CHO competition message to the source eNB to inform the CHO is successful, and trigger the path switch and data forwarding.
Here we provide figure 1 to illustrate basic signalling flow of CHO. It is noted that data forwarding part will be discussed in another paper, and RAN3 needs to further check this part.


Figure 1. Stage 2 procedure for LTE CHO
As discussed above, the HO preparation stage for CHO is not exactly the same with the legacy HO, since the source eNB may choose multiple target cells which maybe belongs to the same target eNB or not, and only one cell may be the final target cell chosen by the UE. RAN3 work is needed to study how to design HO preparation procedure for CHO. Besides, RAN2 also agreed that both of the source eNB and the target eNB can decide to inform the UE to release the CHO configurations after CHO command. New X2 procedure and messages maybe needed. In addition, since the UE will not trigger finial HO immediately after receiving CHO command contained target cell configuration, the network may need to update the target cell configuration or CHO HO condition, triggered by source eNB and the target eNB. In this case, the impact on X2 interface is foreseen. Therefore, next we will discuss the detailed signalling design for CHO preparation, CHO cancel triggered by the source eNB and the target eNB, and CHO modification initiated by the source eNB and the target eNB.
CHO preparation procedure 
For CHO request and response, considering the main intention and the content are quite similar with the legacy HO, the legacy HO Request and HO Request ACK messages should be reused to reduce extra standardization work. Obviously, a CHO indicator should be added in the HO Request to indicate the target eNB that this is a CHO. Based on that, some extension to the legacy messages may be needed based on the RAN2’s agreements. One thing is RAN2 has agreed that the UE will receive HO command and triggering conditions to trigger a CHO, but RAN2 has still to study the details e.g. whether it is the source eNB, target eNB or source + target eNB that decide on such condition, and as a result, whether the condition is included in HO command or included directly by the source eNB in the RRC connection reconfiguration message. However, the above alternatives seems to only impact HO command generated by the target cell and the RRC connection reconfiguration message generated by the source eNB, and neither of them has RAN3 impact. The other thing is RAN2 has there could be a single or multiple candidate target cells for CHO and it is up to network’s decision how many cells to prepare. And in case of multiple candidates target cells belong to the same target eNB, the target eNB needs to include multiple HO commands generated for multiple candidate target cells in the HO Request ACK message. This means the legacy HO Request message needs to be extended to include multiple target cell ID, and the legacy HO Request ACK message needs to be extended to include multiple RRC containers. In case that the target eNB cannot accept the UE in some dedicated cells, a failure cell list with failure cause should be added in the legacy HO Request ACK message.
Proposal 1	To reuse legacy HO Request and HO Request ACK messages to cover CHO preparation case.
Observation 1	There is no RAN3 impact which node to decide and generate the triggering conditions, i.e. source node or target node.
Proposal 2	To extend the legacy HO Request message to include a CHO indicator, and an optional cell list of multiple target cell ID.
Proposal 3	To extend the legacy HO Request ACK message to include an optional failure cell list and an optional HO command list.
CHO cancel procedure
This CHO cancel procedure is needed for two scenarios. One scenario is when the UE successfully HO to one candidate target eNB, the source eNB needs to inform other candidate target eNB to release the resources reserved for the UE. In this case, the legacy HO Cancel message can be reused. Another scenario is RAN2 agreed that both of the source eNB and the target eNB can decide to inform the UE to release the CHO configurations after CHO command. For the CHO cancel initiated by the source eNB, the legacy HO Cancel message can be reused. But for the CHO cancel initiated by the target eNB, new X2 message is needed.
Proposal 4	To reuse HO Cancel message to cover the case of CHO cancel initiated by the source eNB, and introduce a new message to cover the case of CHO cancel initiated by the target eNB.
CHO modification procedure
Since the UE will not trigger finial HO immediately after receiving CHO command contained target cell configuration, the network may need to update the target cell configuration or CHO triggering conditions, triggered by source eNB and the target eNB. In this case, the new X2AP procedure should be introduced. For CHO modification initiated by the source eNB, a CHO Modification Request message can be used to request the preparation to modify target cell resources for a specific UE, e.g. change target cell(s). And correspondingly the target eNB can send CHO Modification Request ACK message to confirm the source eNB’s request and provide new CHO command if needed. If the target eNB cannot accept the modification, it needs to send a CHO Modification Request Reject message to inform the source eNB the CHO modification has failed. For CHO modification initiated by the target eNB, the target eNB can send a CHO Modification Required message to request the modification of CHO to the source eNB for a specific UE. Accordingly, the source eNB can confirm or refuse the modification.
Proposal 5	To introduce a new CHO modification procedure including CHO Modification Request, CHO Modification Request ACK, CHO Modification Reject, CHO Modification Required, CHO Modification Confirm, and CHO Modification Refuse messages, in order to cover the cases of CHO modification initiated by source eNB or target eNB.
Based on the above discussion, we try to provide the draft CR to 36.423 in [2] to show the stage 3 detailed design.
Conclusion
[bookmark: OLE_LINK3]This paper mainly discusses on Control Plane signalling design for conditional handover. Based on the above discussion, we have the following proposals:
Observation 1	There is no RAN3 impact which node to decide and generate the triggering conditions, i.e. source node or target node.
Proposal 1	To reuse legacy HO Request and HO Request ACK messages to cover CHO preparation case.
Proposal 2	To extend the legacy HO Request message to include a CHO indicator, and an optional cell list of multiple target cell ID.
Proposal 3	To extend the legacy HO Request ACK message to include an optional failure cell list and an optional HO command list.
Proposal 4	To reuse HO Cancel message to cover the case of CHO cancel initiated by the source eNB, and introduce a new message to cover the case of CHO cancel initiated by the target eNB.
Proposal 5	To introduce a new CHO modification procedure including CHO Modification Request, CHO Modification Request ACK, CHO Modification Reject, CHO Modification Required, CHO Modification Confirm, and CHO Modification Refuse messages, in order to cover the cases of CHO modification initiated by source eNB or target eNB.
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