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1 Introduction

In previous RAN2 meetings, there have been some discussions on handover optimization and the following agreements are achieved.
· RAN2#96 Agreements for Make-Before-Break and DC-based Handover[1]
· The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR. 
· For DC (NR-NR), study how to reconfigure the UE from an MeNB to an SeNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR. 
· RAN2#97 Agreements on zero or close zero interruption[2]
· We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO
· RAN2#97bis[3]
· RAN2 will progress the basic HO mechanism for NR (not including LTE Rel-14-like mobility enhancements) and when stable we can discuss potential optimizations to target close to 0ms or 0ms interruption.
· RAN2 will progress handover with 0ms interruption with dual tx/rx targeting to define a single solution. Discussion of this can start when basic DC operation is more stable.
In this contribution, we discuss the procedure to reconfigure the UE from an MeNB to an SeNB in NR-NR DC case.  We also discuss the applicability of such solution to LTE-NR case.
2 Discussions on NR-NR DC architecture
In previous RAN2 meetings, RAN2 has not discussed the NR-NR DC radio protocol architecture and procedures.  To discuss DC-based handover procedure, RAN2 need to have a clear assumption at least on radio protocol architecture for both C-plane and U-plane for NR-NR DC because this is the basis for DC-based handover.

For C-plane, RAN2 to need to clarify how RRC is maintained and terminated in MgNB and SgNB.  In our view, there can be two options.  One option is to take LTE DC as baseline which means there is only one RRC connection between UE and MgNB and SRB0, SRB1 and SRB2 are terminated by MeNB.  There is no need to introduce SRB3 in SgNB.  SRBs can be transmitted in either MgNB and SgNB for diversity purpose but the PDCP layer termination for RRC connection is MeNB and UE.  This option is simple and all the configurations for either MCG and SCG are performed by MgNB. The other option is to take EN-DC as baseline which means SRB0, SRB1 and SRB2 are terminated by MgNB and SRB3 are terminated by SgNB.  This option can give some freedom for SgNB but require additional SRB i.e. SRB3.  However, this has been discussed in EN-DC already and thus NR-NR DC can reuse though there is only NR-RRC in both MgNB and SgNB.
Observation 1 To discuss DC-based HO for NR mobility optimization, RAN2 need to clarify the assumptions on C-plane radio protocol architecture e.g. how SRBs are established with MgNB/SgNB.

In the following discussions, we consider both two C-plane architecture options.  However, we think it is better for RAN2 to decide which option to take.
Proposal 1 RAN2 to discuss and decide the C-plane architecture for NR-NR DC.
For U-plane, we think that in NR-NR DC case, RAN2 agreements on EN-DC case can be applied.  For MCG bearers, in NR-NR DC case, there is only radio bearers based on NR-PDCP.  For SCG bearers and split bearers, there is of course only radio bearers using NR-PDCP.
Observation 2  To discuss DC-based HO for NR mobility optimization, RAN2 need to confirm the assumptions MCG bearers, SCG bearers and split bearers are supported for NR-NR DC and all these bearers are using NR-PDCP.
In the following discussions, we take the observation 2 as assumption.
3 Signaling procedure for DC-based Handover
For DC-based handover, there are three stages for DC-based handover. One example is that for inter node handover case is as follows.  Firstly, target gNB is added as SgNB for the UE.  Secondly, the added SgNB is configured as MgNB and the original serving gNB is configured as SgNB.  Thirdly, the original SgNB is released.  In general, the first and third stages can be seamless because there is at least the MCG bearers.  To achieve 0 ms interruption, the key stage for optimization is the second stage, i.e. to configure the newly added SgNB as MgNB.  For the first stage, i.e, SgNB addition, this should be common with SgNB addition procedure for NR-NR DC.  For the third stage, i.e., SgNB removal, this should be common with SgNB removal procedure for NR-NR DC.  For NR-NR DC, SgNB addition and removal would anyway be discussed and agreed and then these procedures can be taken as baseline for DC-based handover.

Observation 3 SgNB addition and SgNB removal during DC-based handover should take the SgNB addition and removal procedure for NR-NR DC (which has not been discussed and agreed in RAN2) as baseline.
Proposal 2 RAN2 to agree that SgNB addition and removal procedure for DC-based handover should take the SgNB addition and removal for NR-NR DC as baseline.  These two procedures can be left for NR-NR DC discussion.
Therefore, for DC-based HO, the major stage to optimize is the second stage, i.e., how to configure one of serving cells as PCell.  There can be different cases for this.  
· Case A: The first case is that the target cell for handover and current serving PCell is in the same gNB.  
· Case B: The second case is that the target cell for handover and current serving PCell is not in the same gNB.  

In case A, intra-gNB handover is performed and no PATH SWITCH is needed.  In case B, inter-gNB handover is performed, and PATH SWITCH is needed.  Path switch signaling may not cause data transmission interruption in air interface but may impact cause latency jitter due to the data forwarding process.
During the intra-node or inter-node handover, in order to minimize interruption, in DC-based handover, we think one essential enhancement is that UE can maintain signaling and data radio bearers with dual L2 protocol stacks with source and target sides with two security keys i.e. one is the old key and the other is new key.  For one UE with dual RX/TX, one set of RF chain is used for source and target sides. 
Proposal 3 For DC-based handover, UE can maintain signaling and radio bearers with dual L2 protocol stacks with source and target with two security keys i.e. one is the old key and the other is the new key derived during handover.
From C-plane perspectives, UE needs to reconfigure the SRB1/2 in the new PCell and still keep SRB0/1/2 in previous PCell during transit state.  Whether SRB3 is configured to the new SgNB depends on whether for NR-NR DC SRB3 is supported or not.

Proposal 4 UE needs to reconfigure the SRB1/2 in the new PCell and still keep SRB1/2 in previous PCell during transit state.

Proposal 5 Whether SRB3 is configured to the new SgNB depends on whether for NR-NR DC SRB3 is supported or not.
4 Conclusions

In this contribution, we discuss DC-based HO for NR and we have the following observations and proposals:
Observation 1 To discuss DC-based HO for NR mobility optimization, RAN2 need to clarify the assumptions on C-plane radio protocol architecture e.g. how SRBs are established with MgNB/SgNB.

Observation 2 To discuss DC-based HO for NR mobility optimization, RAN2 need to confirm the assumptions MCG bearers, SCG bearers and split bearers are supported for NR-NR DC and all these bearers are using NR-PDCP.
Observation 3 SgNB addition and SgNB removal during DC-based handover should take the SgNB addition and removal procedure for NR-NR DC (which has not been discussed and agreed in RAN2) as baseline.
Proposal 1 RAN2 to discuss and decide the C-plane architecture for NR-NR DC.
Proposal 2 RAN2 to agree that SgNB addition and removal procedure for DC-based handover should take the SgNB addition and removal for NR-NR DC as baseline.  These two procedures can be left for NR-NR DC discussion.
Proposal 3 For DC-based handover, UE can maintain signaling and radio bearers with dual L2 protocol stacks with source and target with two security keys i.e. one is the old key and the other is the new key derived during handover.
Proposal 4 UE needs to reconfigure the SRB1/2 in the new PCell and still keep SRB1/2 in previous PCell during transit state.

Proposal 5 Whether SRB3 is configured to the new SgNB depends on whether for NR-NR DC SRB3 is supported or not.
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