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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 focusing 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 this contribution, we recall the agreements made in the study item of Rel-15, analyse the interruption in basic HO procedure, and discuss the solutions to reduce the interruption during HO and SCG change. 
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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. 
The physical layer processing for step 9.4, 10 and 11 in NR is very short, which counts in number of OFDM symbols. The processing time is several ms, which is shorter than LTE. Although both RRC and PHY processing time is reduced in NR, the overall HO latency may be increased due to the longer delay of acquiring first available PRACH and fine time tracking, which depends on the SMTC periodicity. The minimum HO latency can reach to 46ms. The interruption time is even longer if the periodicity of SMTC is longer and HO occurs between FR1 and FR2. 
	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
	2 OFDM symbols/1ms

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

	10
	UL Allocation + TA for UE
	0/1

	11
	UE sends RRC Connection Reconfiguration Complete
	1/3

	
	Minimum/Typical Total delay [ms] 
	46ms/65ms


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, can be longer than the HO latency in LTE (Rel-8/9). 
2.2 0ms Interruption Mobility
In NR Rel-15, 0ms mobility interruption time can be achieved through intra-cell beam management and CA operation with addition/release of an SCell in response to mobility no change to PCell). It is observes that mobility interruption time is defined from physical layer point of view and 0ms interruption HO/SCG change is not supported. 
Observation 2: In Rel-15, mobility interruption time is defined from physical layer point of view. 0ms interruption HO/SCG change is not supported. 
In the WI of NR mobility enhancement, the target is to reduce the interruption time during HO/SCG change. However, the definition on ‘interruption time’ should be clarified. 
According to NR requirements, the mobility interruption time is defined as the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transition. 
It is unclear on which layer the user plane packets are concerned. The interruption time can be defined in physical layer or in PDCP layer or even upper layers, e.g. SDAP. If the interruption time is defined from SDAP point of view, it needs to take the latency of PDCP reordering into account. It means that the number of PDCP SDUs in the reception buffer subject to reordering should be minimized.  Considering potential processing delay in different layers as well as the impact of retransmissions, it’s hard to evaluate the interruption in PDCP and SDAP layer. It’s more feasible to evaluate the interruption in PHY layer in terms of TTIs. 
Proposal 1: The mobility interruption time is defined as the time duration over the physical layer from UE stopping data transmission/reception with the source gNB to UE resuming data transmission/reception with the target gNB. 
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 3: ‘0ms’ interruption requires simultaneous Tx/Rx operation with the source cell and target 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 targeted the same problem and provided the same optimization as the WI of ‘NR mobility enhancement’. In order to avoid duplicating the discussion, those agreements should be confirmed.
Proposal 2: 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. 
2.3 RACH-less HO
In this solution, RACH procedure can be skipped during handover and the interruption can be reduced. From RAN2 aspect, RACH-less HO can help to reduce the mobility interruption if the UE only has single Tx/Rx. For UE capable of supporting simultaneous Tx/Rx with two nodes, just like DC-operation, RACH-less HO is not necessarily needed. 
Observation 4: RACH-less HO is not necessarily needed if UE is capable of supporting simultaneous Tx/Rx with different nodes. 
However, RACH-less HO is not always feasible considering the restricted requirement on the realistic deployment.  It requires that TA needs to be obtained in advance without RACH. Or the target cell size is so small that time alignment between different UEs is not needed. Furthermore, addition interruption is expected before the preconfigured periodical UL resource is available. In HF with multiple-beam operation, random access procedure is needed not only for TA acquisition, but also for UL beam alignment. Therefore, the feasibility of RACH-less HO should be evaluated by RAN1. 
Proposal 3: Study RACH-less HO for UE having only single Tx/Rx. Send LS to RAN1 to ask the feasibility to skip RACH during HO and SCG change. 
2.4 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 can be applicable to NR. 
Observation 5: 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 avoid the duplication discussion in LTE and NR addressing the same issue, the solutions of simultaneous connectivity during HO either through enhanced make-before-break or dual-like operation in NR can be started when the study on various solutions in LTE is done. Then we can discuss which solutions are suitable for NR. 
Proposal 4: Progress 0ms interruption HO/SCG change when the study on the LTE solutions to support simultaneous connectivity during HO is complete.
2.5 Applicability of LTE solutions in HO with DC operations
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 HO with DC operations need to be evaluated. 
In DC-like operation (split-bearer solutions being discussed in LTE), 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 the time being, there is on MN and two SNs (source gNB and the new SN). 
In enhanced make-before break operation (non-split-bearer solutions being discussed in LTE), the modelling, procedures and signalling’s in both Uu and Xn interface between source gNB, target gNB and SN are similar as current MR-DC operations. So the enhanced make-before-break is more compatible with the MR-DC operation. The applicability of simulations connectivity during HO in various MR-DC operations are analysed in our accompanied Tdoc [1]. 
Observation 6: The enhanced make-before-break is more compatible with the MR-DC operations in NR than the DC-like operation to support 0ms interruption HO/SCG change. 
Proposal 5: The applicability of LTE solutions in MR-DC operations should be studied. 
2.6 Single RRC vs. Dual RRC
In LTE, the question is raised whether single RRC or dual RRC is supported with simultaneous connectivity with both the source cell and the target cell during HO. 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/signalings between the MN and SN respectively. 
Observation 7: Dual RRC has already been supported in MR-DC.  
In NR with simultaneous connectivity during HO, it’s possible that two RRC entities at the source gNB and the target gNB can be used. The applicability of current CP procedures in MR-DC operation can be evaluated.   
Proposal 6: The applicability of dual RRC in simultaneous connectivity during HO should be studied.


Conclusion
In this contribution, we evaluated the HO latency, provide the definition of mobility interruption and share our views on different solutions to reduce the mobility interruption. We have following observations: 
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, can be longer than the HO latency in LTE (Rel-8/9). 
Observation 2: In Rel-15, mobility interruption time is defined from physical layer point of view. 0ms interruption HO/SCG change is not supported. 
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Observation 4: RACH-less HO is not necessarily needed if UE is capable of supporting simultaneous Tx/Rx with different nodes. 
Observation 5: 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 6: The enhanced make-before-break is more compatible with the MR-DC operations in NR than the DC-like operation to support 0ms interruption HO/SCG change. 
Observation 7: Dual RRC has already been supported in MR-DC.  
Based on those observations, we propose: 
Proposal 1: The mobility interruption time is defined as the time duration over the physical layer from UE stopping data transmission/reception with the source gNB to UE resuming data transmission/reception with the target gNB. 
Proposal 2: 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 3: Study RACH-less HO for UE having only single Tx/Rx. Send LS to RAN1 to ask the feasibility to skip RACH during HO and SCG change. 
Proposal 4: Progress 0ms interruption HO/SCG change when the study on the LTE solutions to support simultaneous connectivity during HO is complete.
Proposal 5: The applicability of LTE solutions in MR-DC operations should be studied. 
Proposal 6: The applicability of dual RRC in simultaneous connectivity during HO should be studied.
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