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In RAN#80 meeting, the Rel-16 work item of ‘NR mobility enhancement’ was approved and one objective is to minimize the interruption time 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 


In RAN2#105 meeting, the scenario and scope for the WI were clarified with following agreements:
Agreements

1	The UE ability to simultaneously receive and transmit to/from the source and target cells is to be considered in the study on NR mobility enhancements. 
2	We prioritize on intra-NR handovers in this WID. 
In this contribution, we analyse the interruption in basic HO procedure, provide the definition for HO interruption, recall the agreements made in the study item of Rel-15, and share our views on some general aspects to reduce the interruption during HO and SCG change. 
[bookmark: _Ref178064866]Discussion
2.1 HO Latency
In LTE (Rel-8/9), the latency during handover execution is defined as the interruption from reception of RRCConnectionReconfiguration(HO command) to the transmission of RRCConectionReconfigurationComplete to the target cell, which is nearly 50 ms. In Rel-15 NR, only basic HO similar as LTE Rel-8/9 was supported. The overall HO latency can also be estimated with the same steps in LTE, just as illustrated in table1. 
In step 9.2, UE processing for RF/baseband re-tuning is 20ms for intra-frequency and inter-frequency handovers from cells in the same FR. Otherwise, 40ms is required for the HO from one NR FR1 cell to a NR FR2 cell, and vice versa. Compared with the HO latency in LTE, although the RRC processing time is reduced in NR, the overall HO latency is increased due to the longer delay of acquiring first available PRACH and fine time tracking. The minimum interruption time reaches 55ms. The interruption time is even longer considering the typical periodicity of SMTC and potential retransmissions during HO. 
	Component/ Step
	Description
	Time (ms)

	7
	RRC Reconfiguration Incl. ReconfigurationwithSync
	10

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20/40

	9.3
	Delay to acquire first available PRACH in target eNB
	10+10*x

	9.4
	PRACH preamble transmission
	1

	9.5
	Fine time tracking and acquiring full timing information
	5/SMTC periodicity

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	55ms/82ms


Table 1: Minimum/Typical radio access latency components during handover in NR
Observation 1: The NR HO latency, which is defined as the interruption from reception of RRCReconfigation (with reconfigurationWithSync) to the transmission of RRCReconfigationComplete to the target cell, is longer than the HO latency in LTE (Rel-8/9). 
Since 0ms interruption is one important requirement to provide seamless UE experience during HO, how to support 0ms interruption HO was discussed at the very beginning of the study phase in Rel-15 and some agreements were achieved. 
During RAN2#96 meeting, how to realize ‘0ms’ UP interruption in NR was discussed, and following solution directions were identified.
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 meeting, following agreements were made considering UE capability of supporting simultaneous Tx/Rx with both source cell and target cell:
Agreements
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
Observation 2: ‘0ms’ interruption requires simultaneous Tx/Rx operation with the source cell and target NR cell during HO/SCG change. 
In RAN2#97bis meeting, RAN2 confirms that 0ms interruption HO will be progressed with dual Tx/Rx targeting to define a single solution. The above agreements achieved in Rel-15 were targeting the same problem and providing the same optimization as the WI of ‘NR mobility enhancement’. In order to avoid duplicating the discussion, those agreements should be confirmed.
Proposal 1: RAN2 confirms the following agreements made in the study phase in Rel-15 for NR mobility enhancement:
· RAN2 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. 
· RAN2 progress HO with 0ms interruption with dual Tx/Rx targeting to define a single solution. 
2.2 Simultaneous Connectivity during HO 
In WI of LTE mobility enhancement, different solutions classified into the groups of split-bearer and non-split bearer are being discussed and studied intensively. Those solutions in LTE are also intended to support simultaneous connectivity during HO to achieve 0ms interruption HO.  From protocol stack point of view, the solutions being discussed are agnostic to different RATs and different CNs and can be applicable to NR. 
Observation 3: From protocol point of view, the solutions being discussed in LTE mobility enhancement to support simultaneous connectivity during HO are applicable for NR HO procedure to achieve 0ms interruption. 
In order to minimize both the standardization and implementation efforts, as well as the potential efforts on testing, it would be benefit to have common solutions in both LTE and NR to minimize the HO interruption. But there may be differences between LTE and NR in some details to realize the 0ms interruption even with the same solution.  
Proposal 2: Common solution is used in both NR and LTE to minimize the HO interruption. 
When evaluating the applicability of LTE solutions in NR, the different NR operations from LTE should be considered. First, UP processing is not exactly the same as LTE. For example, there is only one layer of reordering, i.e. PDCP reordering. Different from LTE, there is no reordering in RLC to guarantee the in-sequence delivery of packets to PDCP layer. In NR, there is a new layer, i.e. SDAP layer. The impact to SDAP to support simultaneous connectivity during HO together with QoS flow remapping also need to be studied. 
In Rel-15, MR-DC is supported and various MR-DC operations are specified. For HO procedure, eNB/gNB to MN change, MN to eNB/gNB change and MN change with/without SN change are supported to reduce the signalling overhead and latency to set up DC operation during HO procedure. The applicability of LTE solutions in those HO operations need to be evaluated. 
In DC-like operation, the target gNB is first added as SN and then role change is performed between MN (source gNB) and SN (target gNB). Current MR-DC procedures need to be enhanced to support more than two SNs. Taking eNB/gNB to MN change for example, at first step, the target gNB is added as SN, called as SN1. Then the other SN called SN2 need to be added when performing MN/SN role change between the source gNB and the target gNB. At that point of time, there is one MN and two SNs (source gNB and the new SN). 
In enhanced make-before break operation, the modelling, procedures and signallings in both Uu and Xn interface are similar as current MR-DC operations, since the target gNB is always considered as target MN instead of another SN. The enhanced make-before-break is more compatible with the MR-DC operation. 
Observation 4: The enhanced make-before-break is more compatible with the MR-DC operation than the DC-like operation to support 0ms interruption HO. 
Proposal 3: The applicability and compatibility of DC-based/non-DC based solutions in MR-DC operations should be studied. 
2.3 SCG change
In the WI of NR mobility enhancement, the interruption in SCG change should also be reduced.
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.  
In another solution, all the SCG bearers are configured to MCG bearers before initiating SN change. In this case, UE is not required to perform simultaneous Tx/Rx with the source SN and the target SN. 
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 4: UE is not required to perform simultaneous Tx/Rx with more than two nodes to achieve 0ms interruption for SCG change. 
2.4 Single RRC vs. Dual RRC
In LTE, the question is raised whether single RRC or dual RRC is supported during HO with simultaneous connectivity with both the source cell and the target cell. The question is also valid in NR. In LTE, only single RRC connection with single RRC entity at the network side is supported. 
In MR-DC, the UE has a single RRC state, based on the MN RRC and a single C-plane connection towards the Core Network. Furthermore, each radio node has its own RRC entity. In other words, two RRC entities are supported at the network side.  From UE side, SRB1/SRB2 and SRB3 are used to support the RRC procedures/signallings between the MN and SN respectively. 
Observation 5: Dual RRC has already been supported in MR-DC.  
In NR with simultaneous connectivity during HO, UE has a single RRC state and a single C-plane connection. However, it’s possible that two RRC entities at the source gNB and the target gNB can be used during HO. The applicability of dual RRC in MR-DC operation should be studied to support simultaneous connectivity during HO. 
Proposal 5: The applicability of dual RRC in MR-DC operations should be studied to support simultaneous connectivity during HO. 
Conclusion
In this contribution, we provide the definition of mobility interruption and share our views on some general aspects to reduce the mobility interruption. We have following observations: 
Observation 1: The NR HO latency, which is defined as the interruption from reception of Observation 1: The NR HO latency, which is defined as the interruption from reception of RRCReconfigation (with reconfigurationWithSync) to the transmission of RRCReconfigationComplete to the target cell, is longer than the HO latency in LTE (Rel-8/9). 
Observation 2: ‘0ms’ interruption requires simultaneous Tx/Rx operation with the source cell and target NR cell during HO/SCG change. 
Observation 3: From protocol point of view, the solutions being discussed in LTE mobility enhancement to support simultaneous connectivity during HO are applicable for NR HO procedure to achieve 0ms interruption. 
Observation 4: The enhanced make-before-break is more compatible with the MR-DC operation than the DC-like operation to support 0ms interruption HO. 
Observation 5: Dual RRC has already been supported in MR-DC.  
Based on those observations, we propose: 
Proposal 1: RAN2 confirms the following agreements made in the study phase in Rel-15 for NR mobility enhancement:
· RAN2 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. 
· RAN2 progress HO with 0ms interruption with dual Tx/Rx targeting to define a single solution. 
Proposal 2: Common solution is used in both NR and LTE to minimize the HO interruption. 
Proposal 3: The applicability and compatibility of DC-based/non-DC based solutions in MR-DC operations should be studied. 
Proposal 4: UE is not required to perform simultaneous Tx/Rx with more than two nodes to achieve 0ms interruption for SCG change. 
Proposal 5: The applicability of dual RRC in MR-DC operations should be studied to support simultaneous connectivity during HO. 

