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Discussion
1 Introduction

In RAN2#96, following agreements are achieved for 0ms interruption handover [1].
Agreements

1
The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.

2
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

In RAN2#97, some agreements for intra-frequency dual connectivity handover are made as follows [2]. 
“RAN2 protocols for NR should be flexible to allow the possibility of intra-freq DC/multi-connectivity”. 

In RAN2#97bis, below agreements are achieved. 
“We 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 about a DC based handover with conditional role change for 0ms interruption handover.
2 Discussion
The make-before-break (MBB) and RACH-less HO are considered to reduce HO interruption in LTE. For example, MBB retains the link of source cell during HO procedure. The source cell transmits data to UE continuously until the handover is completed, so the interruption may be reduced. However, the channel quality of source cell is getting worse quickly specially in high frequency and the stopping point of data transmission between source cell and UE is not cleared, so the UE may not receive the data from the source cell or source cell may stop transmitting data early to UE when MBB is used. It can cause loss of data and HO interruption. In addition, The RACH-less HO contains UL grant for HO complete message in mobility control information via RRC Connection Reconfiguration message. It can help to skip the RACH procedure and reduce the interruption. However, RACH-less HO is only used for time aligned target cell that UE reuse the TA value. Moreover, in NR, the UL grant for target cell is required to consider beam forming. The received UL grant for target cell would not be suitable when the actual HO is performed. Therefore, it is hard to achieve 0ms interruption with only applying MBB and RACH-less HO.
Observation 1: MBB and RACH-less HO may reduce HO interruption and however cannot achieve 0ms interruption.

To achieve the 0ms interruption handover, dual connectivity based handover is considered [3]~[9]. The sequence of 0ms interruption handover with single cell is regarded as following steps.

Step1: UE sends measurement report to the source gNB.

Step2: UE receives reconfiguration for adding target cell as SCG PSCell.

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

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

Step5: UE may receive a message to release SgNB.

From the above sequence, 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, MgNB is likely to be dropped before the role change. Especially, NR considers high frequency and beam forming. The channel quality of high frequency cell is attenuated quickly. When gNB of high frequency cell sends role change request message and receives role change acknowledge message, RLF would be already occurred. So, the target cell may need to be added earlier and role change should be performed quickly. However, sending role change request and receiving role change acknowledge message is required for the role change. 

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.

Moreover, there is no event which can compare the PCell and PSCell. So, if once the target cell is added as PSCell, it would be hard to compare the channel quality of source cell (i.e. PCell) and target cell (i.e. PSCell).
Observation 2: 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 MgNB sends/receives SgNB addition/ack to/from the target cell and MgNB sends/receives Role Change Request to/from SgNB. Therefore, the DC based handover can cause delayed handover due to multiple handshakes between the source gNB and target gNB.
Observation 3: 'DC based handover' can lead to delayed handover due to multiple handshakes between the source gNB and target gNB.

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 gNBs 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 SgNB 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) and triggers the role change when it is satisfied. The gNBs can change the role immediately because gNBs prepared the role change in advanced. It could reduce the role change latency and handover/role change failure could be reduced.
Observation 4: If DC based handover is combined with conditional handover, the number of handshakes between the gNBs can be reduced and HOF could be reduced. 

Therefore, we propose to consider using conditional handover with DC based handover to support 0ms interruption.
Proposal 1: RAN2 considers using conditional handover with DC based handover to support 0ms interruption.
3 Conclusion
In this contribution, we discussed 
Observation 1: MBB and RACH-less HO may reduce HO interruption and however cannot achieve 0ms interruption.

Observation 2: 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 3: 'DC based handover' can lead to delayed handover due to multiple handshakes between the source gNB and target gNB.

Observation 4: If DC based handover is combined with conditional handover, the number of handshakes between the gNBs can be reduced and HOF could be reduced. 

Proposal 1: RAN2 considers using conditional handover with DC based handover to support 0ms interruption.
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