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1 Introduction

In RAN Plenary meeting #80, following objectives are made for mobility enhancement in NR [1].
•
To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 


o
Handover/SCG change with simultaneous connectivity with source cell and target cell. 


o
Make-before-break 


o
RACH-less handover 

•
To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 


o
Conditional handover 


o
Fast handover failure recovery 

RAN2 should avoid increasing signalling overhead. 

Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 

•
To specify the solutions and agreements agreed during the above study phase. [RAN2/RAN1/RAN3/RAN4]

Note: The following aspects should be considered in above objectives.


- Inter and intra frequency handover/SCG change


- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change


- Synchronous and asynchronous deployments as assumed in Rel-15 NR


- UE capability on the number of Tx/Rx chains


- Low and high velocity


- FR1 and FR2 frequencies
In this contribution, we discuss about a DC based handover with conditional role change for 0ms interruption handover.
2 Discussion
In LTE, the make-before-break (MBB) and RACH-less HO are developed for HO interruption reduction. Firstly, the MBB makes UE to maintain the link of source cell during HO procedure so that the source cell continuously transmits/receives data between UE and the source cell until the handover complete. However, these legacy solution cannot achieve 0ms interruption in a lot of mobility scenarios. For example, if the channel quality of source cell is getting worse quickly in certain condition such as using high frequency e.g. FR2, then the stop point of data transmission between the source cell and the UE may not be less clear than ideal case. As the result, the UE may not successfully receive/transmit the data between the source cell and the UE or source cell may stop transmitting data early to UE even though MBB is used for handover. It may cause loss of data and HO interruption. 
Secondly, the RACH-less HO provide UL grant information to send HO complete message via RRC signalling. It helps to save processing time by skipping the RACH procedure. However, the RACH-less HO is only used for time aligned target cell that UE reuse the TA value. Especially in NR, the UL grant for target cell is required to beam forming related information. The received UL grant for target cell may not be much efficient when the actual mobility is performed without any NR specific considerations. Therefore, it is hard to achieve 0ms interruption with only applying the legacy MBB and the RACH-less HO solutions.
 For NR, we think that there should be a better mechanism than the previous solutions which were proposed in legacy LTE to achieve the 0ms interruption. Many companies are considered some solutions about split based HO i.e. dual connectivity based handover (DC-based handover) as the one of the enhanced mechanism in [2] ~ [8]. The split based HO requires keeping two connectivity i.e. dual connectivity. Based on the measurement report, the source cell decides a target cell and the target cell may be already one of cells in SCG or neighbour cell. The source cell request a role change for handover to the target cell. If the target cell accepts the role change, the UE is configured the target cell as a PSCell when the target cell isn’t the current PSCell. While the UE is performing data transmission to the both of the source cell and the target cell, the UE sends role change complete message to the target cell. Then, the target cell sends role change complete message to the source cell, and the target cell is regarded to new PCell. In our view, this split based solution is able to be naturally implemented in NR since the NR has been designed with dual connectivity from the beginning. We think that the split based HO solution is the easiest way to achieve the 0ms interruption time in NR.
Proposal 1:
RAN2 supports split based handover i.e. role change handover to achieve the 0ms interruption.
 If the split based handover is supportive, several issues can be further considered to be better solution. At the first, if UE reports the measurement report when target cell is offset better than the serving cell or the serving cell is getting lower than a threshold, MgNB may be likely to be dropped before the role change. Especially in the case of FR2 or beam forming in NR, the situation may be occurred more frequently since the cell quality of the cases is more attenuated quickly than LTE. It may additionally cause radio link failure while gNB of high frequency cell is sending role change request message or receiving role change acknowledge message. In this case, we think that the target cell may better to be added earlier if not configured and role change would be better performed earlier. However this cannot be general solution since it also may cause ping-pong handover or waste network resources for handover if the role change would be performed too early e.g. PCell is still good. It may be another discussion point to support the split based handover that there is no event which can compare the PCell and PSCell. Thus, 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 1:
Considering the channel quality of high frequency or beam forming in NR, it is more important that UE is configured the target cell in a timely manner.

Secondly, comparing with the legacy handover that the UE receives HO command directly after measurement reporting, in the split based handover, the UE needs to receive SCG addition at first if the selected target cell is not PSCell. Then the UE receives role change request via the next RRC 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. It means that the split based handover may cause some delay due to multiple handshakes in some scenarios if the target cell was configured late. In our view, applying the conditional mobility mechanism to the split based handover can be one of better solutions. Because, using mobility condition like conditional handover (CHO), the split based handover is conditionally performed by UE, the number of handshakes between the gNBs become reduced. For example, the UE sends measurement report when the target cell is offset 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 with the condition. The UE can change the role between the PCell and the PSCell immediately because the source and target gNBs prepared the mobility in advanced.
Observation 2:
If the split based handover is combined with conditional mobility mechanism, the number of handshakes for mobility are reduced.
Therefore, we propose to consider using conditional handover with DC based handover to support 0ms interruption.
Proposal 2:
RAN2 supports conditional split based handover to support not only interruption reduction but robustness.
3 Conclusion
In this contribution, we discussed 
Proposal 1:

RAN2 supports split based handover i.e. role change handover to achieve the 0ms interruption.
Observation 1:
Considering the channel quality of high frequency or beam forming in NR, it is more important that UE is configured the target cell in a timely manner.
Observation 2:
If the split based handover is combined with conditional mobility mechanism, the number of handshakes for mobility are reduced.
Proposal 2:

RAN2 supports conditional split based handover to support not only interruption reduction but robustness.
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