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Introduction
In RAN#80, a new WI was approved to reduce the interruption time during HO/SCG change and improve HO reliability[1]. In this contribution, we discuss some general issues on enhanced mobility management in physical layer. We mainly put focus on the discussion on the following three solutions described in the WID[1] for interruption time reduction during HO/SCG change.
· 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 
· Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 
Discussion
[bookmark: OLE_LINK1]It is proposed that one of baseline solutions for NR mobility enhancement is RACH-less handover in LTE. In RACH-less handover, after receiving HO command, UE can transmit UL data to target cell based on the blind scheduling of target cell or UL grant carried in the HO command without transmitting preamble first. It can save the time for waiting for available PRACH resource and for initial access procedure such that the interruption time can be reduced. The other prominent merit for RACH-less handover is it can be supported by UE without much extra complexity. Therefore, RACH-less handover should be supported in NR.
[bookmark: OLE_LINK2]The TA of target cell is configured by source cell and open loop power control is used for initial PUSCH transmission due to lack of RACH. Thus, the RACH-less handover can only be used when source cell can know the TA of target cell or when the target cell is small cell where TA is negligible. In most case, the source cell cannot know the TA of target cell, especially in asynchronous deployment. It can be seen that the applicable scenario of RACH-less handover in LTE is limited. Therefore, whether to extend the applicable scenario for RACH-less handover in NR should be carefully studied. For example, if RACH-less handover is used in asynchronous deployment, how to get the target cell TA should be studied. 
Proposal 1: RACH-less handover should be supported in Rel-16 NR at least for the scenarios in which TA is known in the network.
Another method to reduce interruption time during HO/SCG change is make before break (MBB) which has already been supported in LTE and its enhanced version, i.e. enhanced make before break which is discussed in RAN2 at the same time for Rel-16 LTE. For the enhanced version, the common understanding is that a UE needs to be equipped with at least two Tx/Rx chains and maintain two protocol stack. When UE receives the HO command from source cell it can continue to keep communication with source cell and use another Tx/Rx chain to perform random access and following data transmission/reception with target cell. That is to say that UE will keep the connections with both source cell and target cell simultaneously during handover procedure. UE will release the connection with source cell only after receiving the indication from network. From the perspective of physical layer, it can achieve 0ms interruption in theory, which is the most important objective of the WI.  
In RAN2 discussion, another possible method is DC-based handover. At the beginning, source cell configures the UE to add the target cell as a SCG(SeNB) after receiving the admission from target cell. Then dual connection is established and source cell can be seen as MCG(MeNB). Based on the measurement reports from UE, source cell initiates a role change procedure to switch the role of source cell and target cell. After the role change, target cell becomes MCG(MeNB) and source cell becomes SCG(SeNB). Finally, the target cell informs UE to release SCG (source cell) and the HO procedure is finished. Similarly, 0ms interruption can be achieved in DC-based handover. 
Observation 1: Both DC-based handover and MBB with multiple Tx/Rx chains at UE can achieve 0ms interruption.
To achieve 0ms interruption, UE should maintain simultaneous connections with source and target cell over a period of time during handover for both MBB and DC based handover. It is RAN2’s task to select which one is used as the final solution. How to maintain simultaneous connection with source cell and target cell in physical layer perspective can be studied in RAN1. For example, how to transmit uplink signal for UE during the period of dual connection under the condition that uplink power is limited in most cases. In addition, for intra-frequency handover or when the bandwidth of source cell and target cell are overlapping, interference is existed between the source link and target link, which will affect the communication in both source cell and target cell. How to handle the interference should be carefully studied. 
Proposal 2: RAN1 to study how to perform reliable DL/UL communication with source cell and target cell during the period of dual connection.
Conclusions
According to the discussion above, we have the following observation and proposals:
Observation 1: Both DC-based handover and MBB with multiple Tx/Rx chains at UE can achieve 0ms interruption.
Proposal 1: RACH-less handover should be supported in Rel-16 NR at least for the scenarios in which TA is known in the network.
Proposal 2: RAN1 to study how to perform reliable DL/UL communication with source cell and target cell during the period of dual connection.
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