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In RAN#80 meeting, the Rel-16 work item of ‘NR mobility enhancement’ was approved with following objectives:
	· 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 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusiwwng on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 
RAN2 should avoid increasing signalling overhead. 
· To specify the solutions and agreements agreed during the above study phase. [RAN2/RAN1/RAN3/RAN4]


In Rel-15, MR-DC operations with various deployment scenarios and use cases are specified, where a multiple Rx/Tx UE may be configured to utilise resources provided by two different nodes connected via non-ideal backhaul. In this contribution, we considers different types of HO and MR-DC operations and discuss the feasibility to reduce mobility interruption in those cases. 
[bookmark: _Ref178064866]Discussion
In Rel-15, MR-DC is supported and the UE can be configured to utilize radio resources provided by two different nodes, i.e. MN and SN. One provides NR access and the other provides either E-UTRA or NR access. It requires that the UE is capable of supporting dual Rx/Tx, which is a prerequisite for inter-frequency DC.  
In NR mobility enhancement, HO/ SCG change interruption time should be reduced. 0ms interruption HO requires UE has the capability to support simultaneous Tx/Rx with the source cell and target cell during HO. It’s a general requirement no matter whether UE is performing HO or SCG change. 
Considering the complexity at UE implementation to support multiple Tx/Rx, UE capability in Rel-15 of supporting single Tx/Rx or dual Tx/Rx should be assumed. UE is not required to perform simultaneous Tx/Rx with more than two nodes to achieved 0ms interruption during HO and SCG change, especially when various MR-DC operations are considered. 
Proposal 1: UE capability same as Rel-15 of supporting simultaneous Tx/Rx with at most two nodes is assumed. UE is not required to perform simultaneous Tx/Rx with more than two nodes to achieve 0ms interruption HO/SCG change. 
2.1 Inter-system HO and Inter-RAT HO
In Rel-15, inter-system HO is supported by AMF, i.e. HO involving CN change between EPC and 5GC. For inter-system HO, data forwarding not only involves the RAN nodes, but also the CN. For HO from EPC to 5GC, the source eNB forwards data to the SGW and then the SGW forwards the received data to the UPF. For HO from 5GC to EPC, NG-RAN node initiates data forwarding to the UPF, and then the UPF forwards the received data to SGW. Mobility enhancement in Rel-16 is not intended to reduce the interruption for inter-system HO. 
Observation 1: Inter-system HO involves data forwarding between UPF and 5GC in CN. The HO interruption can’t be reduced by RAN. 
Proposal 2: Inter-system HO is not considered in the WI for NR mobility enhancement.
If inter-system HO is excluded from the WI, the next question is whether to optimize the interruption for inter-RAT HO. In Rel-15, inter-RAT HO between LTE and NR in 5GC is supported, and the procedure is similar as basic intra-RAT HO.  The source RAT can configure target RAT measurement and reporting and provides necessary information to the target RAT for HO preparation. Furthermore, the in-sequence and lossless handover is also supported in inter-RAT HO, where the SDAP and PDCP configurations are kept. 
Observation 2: The procedure of inter-RAT HO is similar as the basic intra-RAT HO. The in-sequence and lossless handover is also supported for inter-RAT HO in Rel-15. 
In the WI of LTE mobility enhancement, it was agreed that solutions for LTE/EPC is prioritized and support of LTE/5GC can be discussed based on stage-3 details. HO interruption reduction for Inter-RAT HO will have impact on both LTE and NR side, which can also be discussed based on stage-3 details when the studies on intra-RAT HO in both LTE and NR are completed. 
Proposal 3: Prioritize solutions for intra-RAT HO. Consider to support intra-5GC inter-RAT HO later when the studies on interruption reduction for intra-RAT HO in both LTE and NR are completed. 
 2.2 HO in MR-DC
In Rel-15, following MR-DC operations are specified in response of UE mobility. Besides the basic HO procedure from one eNB/gNB to another eNB/gNB, inter MN change with/without SN change, MN to eNB/gNB change and eNB/gNB to MN change are supported. Those procedures combine HO procedure together with DC operation to reduce the signaling overhead and latency to setup or remove the SN. In MR-DC, where the DRB is terminated is transparent to UE (MN terminated bearer or SN terminated bearer). Only the configuration of MCG and SCG is visible to UE, requiring single or dual Tx/Rx respectively. 
Observation 3: In MR-DC, where the DRB terminated is transparent to UE. The MCG and/or SCG configuration needs to be considered during HO/SCG change. 
If 0ms interruption HO is targeted during UE mobility for certain services, the simplest way is to remove the SCG bearer and SCG configuration first, perform HO and add SCG bear and SCG configuration after HO. In this way, UE can performs simultaneous Tx/Rx with the source cell and target cell without concerning the data transmission/reception with the SN. The drawback is the additional signaling overhead and latency to setup SN after each HO procedure. Considering 0ms interruption HO together with MR-DC operation is a further enhancement, HO operation without SCG configuration can be considered as basic scenario to reduce mobility interruption. 
Proposal 4: HO without SCG is considered as the basic scenario to achieve 0ms interruption HO. 
If only intra-RAT HO is considered, RAN2 should clarify whether 0ms interruption HO should be supported for the following MR-DC operations (e.g. in NR-NR DC): Inter MN change with/without SN change, MN to gNB change and gNB to MN change in the WI of NR mobility enhancement, just as illustrated in Fig. 1. 
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Figure 1 HO procedures with MR-DC operations
Case 1: MN to gNB change
Since the SN is released when UE performs HO, 0ms interruption HO can be achieved if UE performs simultaneous Tx/Rx with the source cell and the target cell. 
Observation 4: For the case of MN to gNB MN change, SCG is released first and 0ms interruption HO can be achieved by simultaneous Tx/Rx with the source cell and the target cell. 
Case 2: gNB to MN change
In the source cell, only MCG is configured. 0ms interruption HO can be supported when UE performs simultaneous Tx/Rx with the source gNB and the target gNB. If SCG is required to be configured, UE needs to perform RA towards the SN after connection with the target MN is established, i.e. upon transmission of RRCReconfigurationComplete message. So UE needs to release the connection with the source gNB first and then perform RA towards the SN. 
Observation 5: For the case of gNB to MN change, 0ms interruption HO can be achieved by simultaneous Tx/Rx with the source cell and the target cell. After connection with the target cell is established, UE release the connection with the source cell first and then perform RA towards the SN. 
Case 3: MN change without SN change
If only MCG bearer is configured without SCG, 0ms interruption HO can be achieved if UE performs simultaneous Tx/Rx with the source cell and the target cell. Since SN is kept, data transmission/reception for the SN terminated MCG bearer can continue during HO. 
If only SCG bearer is configured without MCG DRB, UE is not required to perform simultaneous Tx/Rx with the source cell and target cell during HO. Normal HO procedure can be performed. Meanwhile, data transmission/reception for the SCG bearer can continue without interruption during HO. 
If both MCG DRB and SCG DRB are configured, 0ms interruptions can’t be guaranteed for both of those DRBs. Network can decide whether to suspend the data transmission/reception for MCG DRB or SCG DRB when UE performs RA procedure towards the target cell. After connection with the target cell is established, the suspended DRB can be resumed. 
Case 4: MN change with SN change
If only MCG bearer is configured without SCG, 0ms interruption HO can be achieved if UE performs simultaneous Tx/Rx with the source cell and the target cell. 
If only SCG bearer is configured without MCG DRB, UE is not required to perform simultaneous Tx/Rx with the source MN and target MN during HO. However, UE is required to perform simultaneous Tx/Rx with the source SN and the target SN during HO. 
If both MCG DRB and SCG DRB are configured, 0ms interruptions can’t be guaranteed for both of those DRBs. Network can decide whether to suspend the data transmission/reception for MCG DRB or SCG DRB when UE performs RA procedure towards the target cell. After connection with the target cell is established, the suspended DRB can be resumed. 
Observation 6: For the case of MN change with/without SN change, how to achieve 0ms interruption HO depending on whether MCG DRB or SCG DRB or both of them are configured. 
Observation 7: For the case of MN change with/without SN change, if both MCG DRB and SCG DRB are configured, 0ms interruption HO can’t be guaranteed for both of them. Network can decide whether to suspend MCG DRB or SCG DRB during HO. 
The solutions and procedure for the above different cases to achieve 0ms interruption HO may be different. However, a single solution is still preferred if different MR-DC operations are considered. 
Proposal 5: RAN2 discuss whether 0ms interruption HO should be supported in the following MR-DC operations: MN to gNB change, gNB to MN change, MN change without SN change and MN change with SN change. 
2.3 SCG change
In the WI of NR mobility enhancement, the interruption in SCG change should also be reduced through simultaneous connectivity with the source SN and the target SN, just as illustrated in Figure 2. 
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                       Figure 2 SN change
If UE is required to perform simultaneous Tx/Rx with the source SN and the target SN, UE is not able to perform data transmission/reception with the MN during the SCG change procedure. In other words, the MCG bearer should be suspended. In order to achieve 0ms interruption during SCG change, one solution is to reconfigure the MCG bearer to SCG bearer before initiating SN change. 

Observation 8: For the case of SN change, 0ms interruption can be achieved for the SCG bearer by simultaneous connectivity with the source SN and the target SN during SCG change. 
Proposal 6: 0ms interruption during SCG change can only be targeted for the SCG bearers instead of the MCG bearer. 


Conclusion
In this contribution, we discuss the feasibility to support 0ms interruption HO/SCG change with various MR-DC operations. We have following observations: 
Observation 1: Inter-system HO involves data forwarding between UPF and 5GC in CN. The HO interruption can’t be reduced by RAN. 
Observation 2: The procedure of inter-RAT HO is similar as the basic intra-RAT HO. The in-sequence and lossless handover is also supported for inter-RAT HO in Rel-15. 
Observation 3: In MR-DC, where the DRB terminated is transparent to UE. The MCG and/or SCG configuration needs to be considered during HO/SCG change. 
Observation 4: For the case of MN to gNB MN change, SCG is released first and 0ms interruption HO can be achieved by simultaneous Tx/Rx with the source cell and the target cell. 
[bookmark: _GoBack]Observation 5: For the case of gNB to MN change, 0ms interruption HO can be achieved by simultaneous Tx/Rx with the source cell and the target cell. After connection with the target cell is established, UE release the connection with the source cell first and then perform RA towards the SN. 
Observation 6: For the case of MN change with/without SN change, how to achieve 0ms interruption HO depending on whether MCG DRB or SCG DRB or both of them are configured. 
Observation 7: For the case of MN change with/without SN change, if both MCG DRB and SCG DRB are configured, 0ms interruption HO can’t be guaranteed for both of them. Network can decide whether to suspend MCG DRB or SCG DRB during HO. 
Observation 8: For the case of SN change, 0ms interruption can be achieved for the SCG bearer by simultaneous connectivity with the source SN and the target SN during SCG change. 
Based on the observations, we propose: 
Proposal 1: UE capability same as Rel-15 of supporting simultaneous Tx/Rx with at most two nodes is assumed. UE is not required to perform simultaneous Tx/Rx with more than two nodes to achieve 0ms interruption HO/SCG change. 
Proposal 2: Inter-system HO is not considered in the WI for NR mobility enhancement.
Proposal 3: Prioritize solutions for intra-RAT HO. Consider to support intra-5GC inter-RAT HO later when the studies on interruption reduction for intra-RAT HO in both LTE and NR are completed. 
Proposal 4: HO without SCG is considered as the basic scenario to achieve 0ms interruption HO. 
Proposal 5: RAN2 discuss whether 0ms interruption HO should be supported in the following MR-DC operations: MN to gNB change, gNB to MN change, MN change without SN change and MN change with SN change. 
Proposal 6: 0ms interruption during SCG change can only be targeted for the SCG bearers instead of the MCG bearer. 
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