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1 Introduction

In RAN #80, a new Work Item on NR mobility enhancements [1] was approved, and one of the objectives is:

	· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 

· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 

· RACH-less handover 


In the WI of LTE even further mobility enhancements [2], for the similar objective of reducing interruption time during handover, split bearer (DC-based) and non-split bearer (eMBB-based) solutions have been proposed as candidate solutions for further discussion. In this contribution, we focus on the control plane’s impact of DC-based HO solution in NR system.
2 Discussion  
2.1 Protocol Stack Establishment / Release
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Figure 1 DC-based handover protocol stack for CP

DC-based handover is aiming to reuse the dual connectivity architecture to achieve the simultaneous transmission between UE and gNB. The protocol stack for DC-based handover procedure can be split into two phases, as shown in Figure 1: 
· The first phase is that UE is connected with the target gNB as a SgNB. At this stage, the PDCP and RRC anchor is at source gNB side.

· Once the handover procedure is successfully completed, the role of MN and SN is exchanged. The PDCP and RRC anchor is at the target gNB side.

Observation 1 The anchor point of RRC switches from source gNB to target gNB during the role change procedure.

The first issue is: when does the UE establish the stack w.r.t. the target gNB and when to release the stack w.r.t. the source gNB. For this, one straightforward solution is to rely on legacy DC procedure for SN addition (the former one), and legacy DC procedure for SN removal (the latter one).

Proposal 1 UE establishes the protocol stack w.r.t the target node following legacy SN addition procedure.

Proposal 2 UE releases the protocol stack w.r.t. the source node following the legacy SN release procedure.
2.2 Single-RRC vs. Dual-RRC
As shown in Figure 1, the spirit of DC-based HO is to “have one PDCP anchor at a time”, therefore, there is no reason for the UE to handle RRC message w.r.t. source and target nodes at the same time. In another word, since the UE gets the HO-command from the source node, the role switching procedure would be triggered, and all the subsequent RRC message exchange would be towards the target node.
Proposal 3 UE only maintains a single RRC entity for DC-based HO.
2.3 An example of the whole procedure
For DC-based handover, the target gNB needs to be added as SN first and then the MN and SN change the role. Once the target gNB becomes the new MN, the source gNB (i.e. the new SN) can be released. The whole procedure can be summarized as a “Role change between MN and SN” procedure. 
Observation 2 The legacy DC HO procedure does not support the “Role change between MN and SN” procedure.
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Figure 2 Example of signalling flow for “Role change between MN and SN”
Figure 2 shows an example signalling flow for DC-based handover:

Phase-1: SN addition procedure. Step 1-6 follows the legacy SN addition procedure. 

Phase-2: Role change procedure. Step 7-10 gives an example of “Role change between MN and SN”.
· Step 7: The MN starts the role change procedure by transmitting the Role Change Request message to the target SN. This message needs to be defined by RAN3.
· Step 8: The SN sends Role Change Request ACK to the MN.
· Step 9: The MN sends RRCReconfiguration message to the UE. In this procedure, considering the source MN becomes the target SN and UE has already synchronized with source MN before role change, random access procedure can be skipped here. On the other hand, since UE has synchronized to the target SN during the SN addition procedure, random access procedure for UE to synchronize to the target MN can also be saved.

Proposal 4 For DC-based handover, UE can skip the random access procedure towards the source MN after role change procedure.

Proposal 5 For DC-based handover, UE can skip the random access procedure towards the target MN after role change procedure, if target MN has been added as SN of the source MN before role change. 

Phase-3: Handover complete. This phase is similar as legacy handover, including data forwarding, path switch, and etc.

Note that DC-based HO has also been discussed in LTE’s Rel-16 even further mobility enhancements and so far we haven’t seen any major difference between NR and LTE design.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
The anchor point of RRC switches from source gNB to target gNB during the role change procedure.
Observation 2
The legacy DC HO procedure does not support the “Role change between MN and SN” procedure.


Based on the observations, we propose:
Proposal 1
UE establishes the protocol stack w.r.t the target node following legacy SN addition procedure.
Proposal 2
UE releases the protocol stack w.r.t. the source node following the legacy SN release procedure.
Proposal 3
UE only maintains a single RRC entity for DC-based HO.
Proposal 4
For DC-based handover, UE can skip the random access procedure towards the source MN after role change procedure.
Proposal 5
For DC-based handover, UE can skip the random access procedure towards the target MN after role change procedure, if target MN has been added as SN of the source MN before role change.
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