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1. Introduction 
In this contribution, we discuss the dual connectivity (DC) signaling procedure enhancements required to support Dual Connectivity Role Switch (DCRS) based HO.
2. Discussion
2.1 DCRS based HO applicable scenarios
New WI “NR mobility enhancements” [1] specifies in the objectives to study solutions for “Handover/SCG change with simultaneous connectivity with source cell and target cell.” Multiple companies have proposed during the email discussions for [1] to consider using dual connectivity feature, which already supports simultaneous connectivity with MCG and SCG, for supporting 0ms HO. We agree that using the dual connectivity feature to connect to the target cell while keeping the source cell connection as the MCG, and performing role switch of SCG to MCG is a possible solution for supporting minimal interruption during HO. However, we would like to point out that in NR Rel.15 DC is supported only for dual connectivity with cells corresponding to different frequencies. 
[bookmark: _Ref536803009]Observation 1. One possible solution to support simultaneous connectivity during handover is to use the Dual Connectivity feature with Role Switch (i.e. MN change via role switch of SCG to MCG) during handover (DCRS based HO).
[bookmark: _Ref536803010]Observation 2. In NR Rel.15, NR-DC is supported only for Inter-Freq DC. 
New WI “NR mobility enhancements” [1] also specifies in the objectives to study solutions that can support both intra-Freq and Inter-Freq HO. If we have to support Intra-Freq HO using the DCRS based HO solution, then it should be discussed whether NR-DC should be extended to support Intra-Freq DC sync and async cases as well. We think that as Make-Before-Break (MBB) HO solution is also being studied for 0ms HO support for different types of HO scenarios, enhancing DC to support Intra-Freq HO is not necessary.   
[bookmark: _Ref536803014]Proposal 1. Support DCRS based HO only to perform Inter-Freq HO.
2.2 Role switch necessity 
Based on our understanding of the MR-DC procedures defined under section 10 of [2], it seems like the only way SCG can be made the MCG is by releasing the SCG first, then performing an Inter-Master node handover to the previous SCG to make it the Master node. This Inter-Master node handover based role switch without supporting MBB HO between the current MN and the target MN would result in mobility interruption. Thus, it is necessary to define an optimized role switch procedure to make the current SN as target MN without performing handover.
[bookmark: _Ref536803011]Observation 3. Switching the role of SCG to MCG using the Rel.15 MR-DC procedures requires releasing the SCG and then performing an Inter-Master node handover to the target cell, which results in mobility interruption. 
[bookmark: _Ref536803012]Observation 4. Optimizing the role switch procedure is necessary to eliminate interruption due to role switch during the DCRS based HO. 
2.3 DCRS based HO procedures
Figure 1 illustrates the signaling procedures to support optimized role switch during Inter-CU DCRS based HO scenario. Intra-CU DCRS based HO signaling procedures are less complex as the source cell and target cell are controlled by the same CU and hence not covered in this document. However, it should be noted that the signaling messages sent to the UE during an Intra-CU HO would be similar to the messages described in this document, except for the security key change would not happen during Intra-CU DCRS based HO. Other than that, the key observations and proposals made in this contribution apply for Intra-CU DCRS based HO scenario as well. 


Below are the key enhancements to support DCRS based HO:
DCRS based HO indication support
· At step 3, the RRC Reconfiguration message includes the ‘dcrs-based-HO’ indication to request the UE to perform DCRS based HO procedures. 
· On receiving the ‘dcrs-based-HO’ indication, UE supports the user plane enhancements to minimize mobility interruption due to security key change as proposed in our contribution on user plane handling for DCRS based HO[3].
[bookmark: _Ref536803015]Proposal 2. When the condition for handover preparation is met, Source cell requests the UE to add target cell as SCG and indicates the UE to support ‘dcrs-based-HO’ via the RRC reconfiguration sent to the UE  
Role switch handling
· In NR-DC, MCG handles the control signaling. We propose to follow the same behaviour and thus the source cell controls when the role switch procedure has to be initiated. On receiving the RRC Reconfiguration complete message indicating the successful SCG addition of the UE, the source cell initiates the SN modification procedure (step 6) to change the bearer termination point from source cell to target cell, and, then performs the role switch procedure (steps 7,8) with the target cell to transfer the UE RRC context to the target cell. At this point, the HO execution is successful and thus the source cell can even consider stopping data tx to the UE. The source cell sends SN Status Transfer message (step 9) to assist the target cell with the DL PDCP SN to use and the PDCP Status for the PDUs that have not been acknowledged. Once the target cell receives the SN Status Transfer message, it knows that source cell has stopped data tx on the source cell connection. Thus, the target cell can indicate the UE to release the source cell connection. The target cell sends an RRC Reconfiguration message (step 10) to indicate the UE to switch the Master Cell Group to the target cell Group by including the master cell group ID IE in the RRC reconfiguration message. The target cell can also request the UE to release the source cell group connection in the same RRC Reconfiguration message
[bookmark: _Ref536803016]Proposal 3. Support the below procedures as part of the role switch procedure during DCRS based HO:
· On receiving the RRC Reconfiguration complete message (in response to configuration of target cell as SCG) from UE, source cell coordinates with target cell on bearer termination point change, Role Switch support and initiate data forwarding/PDCP SN status transfer.
· On completion of Role Switch coordination, source cell indicates the UE to perform role switch of SCG (target cell) to MCG via the RRC Reconfiguration message.

[bookmark: _Ref536803018]Proposal 4. On receiving RRC Reconfiguration complete message in response to the Role Switch related RRC Reconfiguration message during DCRS based HO, target cell indicates the release of source cell connection to the UE.
Below is the definition of CellGroupId IE in [4], which restricts master cell group id to be ‘0’ always. 
               CellGroupId
The IE CellGroupId is used to identify a cell group. 0 identifies the master cell group. Other values identify secondary cell groups. In this version of the specification only values 0 and 1 are supported.
This would require the target cell group id to be changed to 0 during the role switch procedure. However, it is not possible to change the cell group id to 0 without releasing the target cell (SCG) first and then performing an Inter-Master node handover to the target cell, which results in mobility interruption. To provide flexibility and seamless role switch procedure, standards should remove restriction on the master cell group to be 0 always and allow any cell group id to be assigned as the master cell group Id. 
[bookmark: _Ref536803017]Proposal 5. Remove restrictions on the Master Cell Group Id to be 0 always and allow flexibility to configure any Cell Group Id to be the Master Cell Group.

2.3 SRB/DRB handling during DCRS based HO
NR-DC supports different bearer types and bearer type change. It also provides the flexibility to duplicate or selectively transmit on either link. We think the existing NR-DC bearer handling is sufficient and no special handling is necessary to support DCRS based HO. 
[bookmark: _Ref536803013]Observation 5. RRC Configuration/SRB/DRB handling when more than one connection is active is already defined as part of MR-DC, and, can be applied for DCRS based HO.
3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. One possible solution to support simultaneous connectivity during handover is to use the Dual Connectivity feature with Role Switch (i.e. MN change via role switch of SCG to MCG) during handover (DCRS based HO).
Observation 2. In NR Rel.15, NR-DC is supported only for Inter-Freq DC.
Observation 3. Switching the role of SCG to MCG using the Rel.15 MR-DC procedures requires releasing the SCG and then performing an Inter-Master node handover to the target cell, which results in mobility interruption.
Observation 4. Optimizing the role switch procedure is necessary to eliminate interruption due to role switch during the DCRS based HO.
Observation 5. RRC Configuration/SRB/DRB handling when more than one connection is active is already defined as part of MR-DC, and, can be applied for DCRS based HO.
Proposal 1. Support DCRS based HO only to perform Inter-Freq HO.
Proposal 2. When the condition for handover preparation is met, Source cell requests the UE to add target cell as SCG and indicates the UE to support ‘dcrs-based-HO’ via the RRC reconfiguration sent to the UE.
Proposal 3. Support the below procedures as part of the role switch procedure during DCRS based HO:
· On receiving the RRC Reconfiguration complete message (in response to configuration of target cell as SCG) from UE, source cell coordinates with target cell on Role Switch support and initiate data forwarding/PDCP SN status transfer.
· On completion of Role Switch coordination, source cell indicates the UE to perform role switch of SCG (target cell) to MCG via the RRC Reconfiguration message.
Proposal 4. On receiving RRC Reconfiguration complete message in response to the Role Switch related RRC Reconfiguration message during DCRS based HO, target cell indicates the release of source cell connection to the UE.
Proposal 5. Remove restrictions on the Master Cell Group Id to be 0 always and allow flexibility to configure any Cell Group Id to be the Master Cell Group. 
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