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1
Introduction
The target of “0ms” mobility interruption was discussed at RAN2#97, with the following agreement [1]:

We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO.
In this contribution, handover for UE with only one single Tx/Rx (single connected handover) will be further discussed.
2
Discussion
During the discussion in SI phase, the following agreement was reached at RAN2 #96 meeting [2]:
The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.
In the Rel-14 LTE eMob work item, two solution categories, RACH-less and MBB (Make-Before-Break) are discussed to reduce the mobility interruption time for LTE. And due to the limited time in Rel-14, the final standardized solutions from both categories are only for single connected solution, and used only in restricted scenarios (i.e. RACH-less for small cell/intra-site scenarios; MBB for intra-frequency).
Regarding the RACH-less solution, first, it is restricted only for small cell/intra-site scenarios. While for other scenarios, the random access procedure should be performed to acquire the correct TA. Second, as agreed in the WI [3], frequency ranges up to 52.6 GHz will be supported in NR. The random access procedure may need to be supported not only for the TA acquisition but also for beam management.  So from these points of view, the random access procedure should be considered as a baseline in the NR.
Proposal1. The random access procedure should be considered as a baseline in the NR.
Regarding the LTE MBB solution, the UE can only maintain one connection to either the source eNB or the target eNB, and release the source connection after the downlink synchronization to the target cell and before the uplink transmission to the target cell. The exact timing on when the UE releases the source connection is left to the UE implementation. To achieve the handover interruption time as close as zero in NR, further enhancements (e.g. configured timing for connection release) may also be considered.
Proposal2. To achieve the handover interruption time as close as zero, further enhancements (e.g. configured timing for connection release) may also be considered if to reuse MBB in NR.
Besides the above agreement, another agreement was agreed during SI study [1] [2]:
Study the possibility of handover where a condition configured by the gNB is used by the UE to determine when it executes the handover.
'Conditional' handover can continue to be discussed within the WI phase.
During Hetnet mobility WI, it is confirmed that one of the major reasons causing HOF is the delivery failure of the HO command. Consider the tendency that cells will be deployed denser e.g. for hot spot scenarios and the cell coverage may be much smaller, especially with the use of high frequency bands, mobility in NR will occur much more frequently. And due to the vulnerable failure of measurement report and/or handover command, HOF rate may be much higher especially on high frequency bands [4]
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[5]. When HOF occurs, the UE will initiate the RRC Connection Re-establishment procedure to resume the connection, which will results in quite a large interruption time. To tackle the issue and guarantee the handover reliability, it’s reasonable to introduce the ‘conditional’ mobility.  
Proposal3. To achieve the handover interruption time as close as zero, it’s beneficial to introduce the ‘conditional’ mobility.
A potential solution for ‘conditional’ mobility is given in the following. Within the solution, the UE sends a first measurement report (measurement report 1) to the source gNB in advance before the actual handover/mobility occurs. With the reception of the measurement report 1, the source gNB initiates a handover procedure to the target gNB and provides the ‘conditional mobility information’ (target cell(s) and resource configuration for the UE on the target cell(s)) to the UE. With the reception of the ‘conditional mobility information’, the UE starts a timer (Timer1), keeps staying in the source gNB and continues the measurement on the target gNB. After that, if the second measurement report (measurement report 2) which reveals the condition that the actual handover occurs is triggered before or after the expiry of Timer1, the UE performs handover depends on whether the handover command from the source gNB is received or not within a timer (Timer2). The Timer2 is started in UE when the measurement report2 is triggered. If the handover command is received within Timer2, the UE performs handover according the handover command, or else, the UE performs handover according to the stored ‘conditional mobility information’. Otherwise, if the measurement report 2 is not triggered until the expiry of Timer1, the UE discards the stored ‘conditional mobility information’.
The solution is further discussed below per three different mobility cases as illustrated in Figure 1.
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Figure 1 Mobility cases
Mobility case1: Measurement report 2 is triggered but either the transmission of the measurement report2 or handover command is failure. 
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Figure 2 The ‘conditional’ mobility procedure for mobility case1
The ‘conditional’ mobility procedure for case1 is illustrated in Figure 2. The measurement report 2 is triggered in UE in this case. However, due to the blockage of the building illustrated in Figure 1, either the measurement report 2 or the RRCConnectionReconfiguration with MobilityControlInfor (i.e. handover command) is lost on the air interface. Then when Timer2 expires, the UE initiates handover to the target gNB based on the stored ‘Conditional mobility information’
Mobility case2: Measurement report 2 is triggered and the transferring of the measurement report 2 and handover command is successful.
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Figure 3 The ‘conditional’ mobility procedure for mobility case2
The ‘conditional’ mobility procedure for case2 is illustrated in Figure 3. The measurement report 2 is also triggered in UE in this case. And it’s very lucky that both the measurement report 2 and the handover command are successfully transferred on the air interface. So the UE initiates handover to the target gNB based on the received Mobility Control Information.
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Figure 4 The ‘conditional’ mobility procedure for mobility case3
Mobility case3: Measurement report 2 is not triggered within Timer1
The ‘conditional’ mobility procedure for case3 is illustrated in Figure 4. As illustrated in Figure 1, due to the UE’s turn around back to the source gNB, the measurement report 2 is not triggered in this case. So with the expiry of Timer1, the UE discards the stored ‘Conditional mobility information’ and keeps staying in the source gNB.
It should be noted that the ‘conditional’ mobility discussed above applies also to the case of mobility between Scells, including the mobility between MCG Scells and mobility between SCG Scells.
Proposal 4: Discuss and consider the ‘conditional’ mobility above.

4
Conclusion
In this contribution, handover for UE with only one single Tx/Rx (single connected handover) is further discussed with the following proposals:
Proposal1. The random access procedure should be considered as a baseline in the NR.
Proposal2. To achieve the handover interruption time as close as zero, further enhancements (e.g. configured timing for connection release) may also be considered if to reuse MBB in NR.
Proposal3. To achieve the handover interruption time as close as zero, it’s beneficial to introduce the ‘conditional’ mobility.
Proposal 4: Discuss and consider the ‘conditional’ mobility above.
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