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1 Introduction

According to the WID [1] of even further mobility enhancement in E-UTRAN, one of the objectives is:

=>
reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
During RAN2#103bis meeting, two protocol stacks aiming to reduce the handover interruption time has been briefly discussed. As a baseline, the split bearer (DC-based) and non-split bearer (eMBB-based) solutions will be studied as candidate solution for further discussion. And some guidance has been made during the meeting:
=>
Use the protocol stack comparison in this contribution as baseline for further discussions between the split bearer and non-split bearer solutions.

=>
We should discuss the security key aspects more when we discuss the details of the solutions.

=>
Consider how to do reordering in non-split case

=>
FFS whether single or dual RRC (and e.g. whether we have 1 or 2 S1-C connections) is considered (S1-C would affect also RAN3)

=>
FFS how duplication is considered (depending on solution details)

In this contribution, we focus on the impact of control plane for DC-based HO solution.
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 eNB. 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 eNB as a SeNB. At this stage, the PDCP and RRC anchor is at source eNB side.

· Once the handover procedure is successfully completed, the role of MeNB and SeNB is exchanged. The PDCP and RRC anchor is at the target eNB side.

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

The first issue when for the UE to establish the stack w.r.t. the target eNB and when to release the stack w.r.t. the source eNB. 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 node at the same time. In other word, since the UE gets the HO-command from source node, the role switching procedure would be triggered, and all the subsequent RRC message exchange would be w.r.t. the target node.
Proposal 3 UE only maintain a single RRC entity for DC-based HO.
2.3 An example of the whole procedure
In legacy DC mobility operation, the following procedures are supported in 36.300:
· MeNB to eNB Change

· eNB to MeNB change

· Inter-MeNB handover without SeNB change
For DC-based handover, the common understanding is that the target eNB will be added as SeNB first. Then the MeNB and SeNB change the role, once the target eNB become the MeNB, the source eNB (SeNB) can be released. The whole procedure can be summarized as a “Role change between MeNB and SeNB” procedure. 
Observation 2 The legacy DC HO procedure does not support the “Role change between MeNB and SeNB” procedure.

The “Role change between MeNB and SeNB” procedure can be realized step by step by reusing the legacy X2 signalling. Here gives an example of signalling flow for “Role change between MeNB and SeNB”.
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Figure 2 Example of signalling flow for “Role change between MeNB and SeNB”
Figure 2 shows an example signalling flow for DC-based handover:

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

Phase-2: Role change procedure (as a combination of legacy handover preparation and handover execution procedure). Step 7-14 gives an example of “Role change between MeNB and SeNB”

7. The source eNB starts the handover procedure by initiating the X2 Handover Preparation procedure.

8. The target eNB sends SeNB Addition Request to the source SeNB.

9. The target eNB replies with SeNB Addition Request Acknowledge. 
10. The target eNB response the Handover Request Acknowledge message to source eNB.

11. The source eNB sends SeNB Release Request to the target eNB.

12. The source eNB triggers the UE to apply the new configuration. In this procedure, considering the source eNB equals to the target SeNB and UE has already synchronized with source eNB before handover, the random access procedure can be omitted for SN addition of source node as the SN of target node. On the other hand, UE has synchronized to the target eNB during the SeNB addition procedure. Therefore, the random access procedure for UE to synchronize to the target eNB can be saved.

Proposal 4 For DC-based handover, the random access procedure is omitted for source node when it is added as SN of target node.

Proposal 5 For DC-based handover, the random access procedure is omitted for target node after handover command is received by UE, if target node has been added as SN of source node before role change. 

13. The UE synchronizes to the target eNB and replies with RRCConnectionReconfigurationComplete message
14. If the RRC connection reconfiguration procedure was successful, the target eNB informs the Source eNB.
Phase-3: Handover complete. This phase is similar as legacy handover, including data forwarding, path switch, and etc.
We can see form Figure 2 above, the signalling interaction split the handover preparation procedure into two phases, i.e., SN addition and handover preparation for role change, which consist of 14 steps. Compared to legacy handover which only require a single HO preparation procedure between source and target node, extra signalling overhead and latency will be caused. 
Observation 3 The SeNB to eNB change procedure brings extra signalling overhead

Since the source MN equals to the target SN and the source SN equals to the target MN in DC-based handover. Some X2 signalling can be omitted naturally, e.g. combination of the handover request and SN addition request ACK.
Proposal 6 If RAN2 select DC-based HO, how to reduce signalling overhead for the SN addition and role change procedure should be studied.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
The anchor point of RRC switches from source eNB to target eNB during the role change procedure.
Observation 2
The legacy DC HO procedure does not support the “Role change between MeNB and SeNB” procedure.
Observation 3
The SeNB to eNB change procedure brings extra signalling overhead


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 maintain a single RRC entity for DC-based HO.
Proposal 4
For DC-based handover, the random access procedure is omitted for source node when it is added as SN of target node.
Proposal 5
For DC-based handover, the random access procedure is omitted for target node after handover command is received by UE, if target node has been added as SN of source node before role change.
Proposal 6
If RAN2 select DC-based HO, how to reduce signalling overhead for the SN addition and role change procedure should be studied.
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