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1 Background 
In this contribution, we discuss the Dual connectivity (DC) user plane enhancements required to support Dual Connectivity Role Switch (DCRS) based HO.
2 Discussion
In NR Rel.15 MR-DC, a bearer termination point change always results in PDCP Re-establishment. Below is the text from Section 8.3 of [1].
when the security key is changed for a bearer, the associated PDCP and RLC entities are re-established, while MAC behavior might depend on the solution selected by the network, e.g. MAC reset, change of LCID, etc. (see Annex A);Thus, in Rel.15 HO, UE must reset MAC/RLC entity for any handover and re-establish the PDCP entity for Inter-CU handover. 
[bookmark: _Ref535308770][bookmark: _Ref535492087][bookmark: _Ref968699]Observation 1. PDCP entity is re-established during a bearer termination point change in Rel.15 MR-DC
As discussed in our companion paper “Control Plane handling and procedures to support Dual Connectivity Role Switch (DCRS) based HO” [2], role switch procedure is required to make the target cell as MCG and the source cell as SCG and then release the source cell (SCG) during the DCRS based HO completion phase. Thus, the UE bearers that were terminated at the MN, i.e. source cell, have to be switched to the target cell after the role switch. This results in a bearer termination point change and following the Rel.15 MR-DC PDCP entity re-establishment due to the bearer termination point change would result in interruption to data tx/rx during DCRS based HO.
[bookmark: _Ref968706]Observation 2. Re-establishing the PDCP entity according to the Rel-15 procedures results in >0ms mobility interruption during DCRS based HO.
Data flow during DCRS based HO
Figure 1 shows the user data flow during the different steps of an Inter-CU DCRS based HO, to minimize the mobility interruption during DCRS based HO. Intra-CU DCRS based HO does not have the issues of bearer termination point change and PDCP Re-establishment, as the source cell and target cell are controlled by the same CU and hence not covered in this document. 


[bookmark: _Ref535307661]Figure 2 User data flow during Inter-CU DCRS based HO
Below is a brief summary of the bearer handling during a DCRS based HO.
· Step 1: Target cell (SCG) addition complete 
· During a DCRS based HO, source cell adds the target cell as SCG. At that point, the source cell can switch the MN terminated MCG bearers to MN terminated split bearers to provide additional reliability. 
Thus, the RLC entity in the target cell could receive DL data from the Source cell (MN) over the split bearer which it transmits to the UE.
· Assuming, all the bearers for the UE are MN terminated, UE PDCP has to use source security key information.
· Step 2: Role Switch procedure complete
· On receiving the RRC Reconfiguration complete message indicating the successful SCG addition by the UE, the source cell changes all the bearers from MN terminated to SN terminated as part of the HO completion procedure. This results in the PDCP Anchor to change from MN(source cell) to the SN(target cell) and thus the security key changes. 
· [bookmark: _Ref536368659]As the bearer termination point is changed, source cell informs the UE of the security key change and following Rel.15 MR-DC source cell can request the UE to reestablish the PDCP entity. This would cause some data interruption. In order to support 0ms during DCRS based HO, the PDCP reestablishment should be avoided. One solution to address this is to not reestablish the PDCP entity and instead use the same PDCP entity (which exists for source connection) for data tx/rx with the target cell during bearer termination point change. 
[bookmark: _Ref968714]Proposal 1. UE supports bearer termination point change without re-establishing the PDCP entity during DCRS based HO, by supporting a common PDCP entity to handle the data tx/rx on the source and target connection during DCRS based HO.
There could be a transient time during which UE common PDCP entity may receive different DL data packets ciphered with source cell security key and target cell security key information. This could happen when the RLC entity on the target cell retransmits the PDUs associated with the previous MN terminated Split bearers in step 1.
[bookmark: _Ref968710]Observation 3. Common PDCP entity has to handle the reception of PDCP PDUs ciphered with different keys simultaneously for a transient time during Inter-CU DCRS based HO.
Supporting a common PDCP entity rather than two separate PDCP entities active simultaneously is beneficial due to the below aspects:
· Reordering and duplicate discarding has to be common for each DRB across the source and target cell connections to deliver a single set of PDCP SDUs to the upper layers. Thus, having two separate PDCP entities and coordinating across these entities through another layer would be complex compared to a common entity handling this. 
Considering that a common PDCP reordering and duplicate discarding entity is beneficial, having a common PDCP entity for deciphering/integrity verification is simpler. This would eliminate the need for additional changes to the PDCP layer to separate the security handling and then define interactions between the separate PDCP security entities and the common reordering/duplicate discarding entity.
To support delivery of these packets to upper layers, the common PDCP entity has to maintain both source gNB and target gNB security key information and apply different security key information (source cell keys or target cell keys respectively) for deciphering/integrity verification of data received on the different logical channels associated with the bearers on the source cell group and target cell group.
[bookmark: _Ref535317532][bookmark: _Ref535492139]Proposal 2. Common PDCP entity in the UE maintains both source cell security key information and target cell security key information during an Inter-CU DCRS based HO.
[bookmark: _Ref968727]Proposal 3. Common PDCP entity in the UE applies different security key information (source cell keys or target cell keys respectively) for data received on the different logical channels associated with the source cell group and the target cell group bearers during an Inter-CU DCRS based HO.
3. Conclusion
[bookmark: _Hlk512894710]Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. PDCP entity is re-established during a bearer termination point change in Rel.15 MR-DC.
Observation 2. Re-establishing the PDCP entity according to the Rel-15 procedures results in >0ms mobility interruption during DCRS based HO.
Observation 3. Common PDCP entity has to handle the reception of PDCP PDUs ciphered with different keys simultaneously for a transient time during Inter-CU DCRS based HO.
Proposal 1. UE supports bearer termination point change without re-establishing the PDCP entity during DCRS based HO, by supporting a common PDCP entity to handle the data tx/rx on the source and target connection during DCRS based HO.
Proposal 2. Common PDCP entity in the UE maintains both source cell security key information and target cell security key information during an Inter-CU DCRS based HO.
Proposal 3. Common PDCP entity in the UE applies different security key information (source cell keys or target cell keys respectively) for data received on the different logical channels associated with the source cell group and the target cell group bearers during an Inter-CU DCRS based HO.
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