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Discussion
1 Introduction

In RAN2#103bis, following agreements are achieved for multiple connectivity during HO [1].
Agreements

=>
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 discuss a DC based handover with conditional role change for 0ms interruption handover.
2 Discussion
To reduce user data interruption during HO, dual connectivity based handover using split bearer can be considered. The sequence of DC based handover using split bearer is regarded as following steps.

Step1: UE sends measurement report to the source eNB.

Step2: UE receives reconfiguration for adding target cell as SCG PSCell and set up the split bearer.

Step3 (Optional): UE sends measurement report to the master eNB.

Step4: UE receives role change request via reconfiguration message. The source cell becomes secondary eNB and the target cell becomes master eNB.
Step5: UE sends role change complete message via reconfiguration complete message

Step6: (Optional): UE may receive a message to release SeNB.

From the above sequence, the security key should be changed from old master eNB (PCell) key to new master eNB (PSCell) key. PDCP end marker in control PDU was discussed in REL-14 LWA. We may apply the same method to change the security key. At first, UE receives new MeNB (SeNB) security key when UE receives role change request message (Step4). UE keeps the security key and does not apply. UE sends role change complete message to the target cell (SeNB). After the target cell (SeNB) sends role change complete message to the source cell (MeNB), SeNB becomes new MeNB and the new MeNB sends PDCP packet with control PDU including end-marker (The last PDCP SN using old MeNB security key). UE receives the PDCP packet with control PDU including end-marker. Then, the UE can distinguish when UE need to apply the new MeNB security key. 
Proposal 1: RAN2 considers applying PDCP packet with control PDU including end-marker for security key change.
In addition, the role change is performed after UE reported MR. According to the timing of MR, several issues can be considered.
At the first, if UE reports the MR when serving cell is lower than target cell or a threshold, MeNB is likely to be dropped before the role change. Therefore, the target cell needs to be added earlier and role change should be performed quickly. 

On the other hand, if UE reports the MR when target cell is higher than a threshold, role change can be performed even the channel quality of PCell is better than PSCell. It may cause ping-pong and waste resources for signalling.

Observation 1: The channel quality is likely to be dropped dramatically in high frequency. If DC based handover is used, the target cell may need to be added earlier and role change should be performed quickly.

In legacy handover, UE reports MR and receives HO command when source cell decides to HO. However, in DC based handover, UE receives SCG addition at first and UE receives role change request via the next RRC connection reconfiguration message. Likewise, the MeNB sends/receives SeNB addition/ack to/from the target cell and MeNB sends/receives Role Change Request to/from SeNB. Therefore, the DC based handover can cause delayed handover due to multiple handshakes between the source eNB and target eNB.
Observation 2: 'DC based handover' can lead to delayed handover due to multiple handshakes between the source eNB and target eNB.

The conditional handover is considered to reduce the latency during the handover. If DC based handover is combined with conditional handover, the number of handshakes between the eNBs can be reduced and HOF could be reduced. For example, UE reports MR when the target cell is better than a threshold. The source cell adds the target cell as the SeNB and prepares the role change simultaneously when channel quality of the source cell is still in good condition. After that UE receives role change trigger condition (e.g. PSCell is better than PCell) with SeNB(new MeNB) security key and triggers the role change when it is satisfied. The eNBs can change the role immediately because eNBs prepared the role change in advanced. It could reduce the role change latency and handover/role change failure could be reduced.
Observation 3: If DC based handover is combined with conditional handover, the number of handshakes between the eNBs can be reduced and HOF could be reduced. 

Therefore, we propose to consider using conditional role change with DC based handover to reducing data interruption time and signalling overhead.
Proposal 2: RAN2 considers using conditional role change with DC based handover to reducing data interruption time and signalling overhead.
3 Conclusion
In this contribution, we discussed 
Proposal 1: RAN2 considers applying PDCP packet with control PDU including end-marker for security key change.
Observation 1: The channel quality is likely to be dropped dramatically in high frequency. If DC based handover is used, the target cell may need to be added earlier and role change should be performed quickly.

Observation 2: 'DC based handover' can lead to delayed handover due to multiple handshakes between the source eNB and target eNB.

Observation 3: If DC based handover is combined with conditional handover, the number of handshakes between the eNBs can be reduced and HOF could be reduced. 

Proposal 2: RAN2 considers using conditional role change with DC based handover to reducing data interruption time and signalling overhead.
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