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1. Introduction
In RAN4 #90 meeting, RAN4 had some initial discussion on NR mobility enhancements, and the following HO schemes were discussed:
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break
· RACH-less handover
In this contribution, we discuss RRM requirements related to above HO schemes and provide our proposals. 
2. Discussion
Handover/SCG change with simultaneous connectivity with source cell and target cell
Simultaneous connectivity with source cell and target cell had extensive discussion in R16 LTE FeMobility WI, and the outcome can be used as starting point as agreed in [1]:
	· RAN4 to study the feasibility of simultaneous connectivity to both serving and target NR cells in different scenarios.
· the RAN4 response in LS (R4-1902030) in R16 LTE FeMobility WI can be used as starting point.
· On top of response in LS (R4-1902030) at least the following additional aspects shall be considered:
· Same or different SCS between the source and target cells.
· Handover involving cell(s) in FR2, where Tx/Rx beamforming is used.



Here, we would like to summary the similar analysis as we discussed in the LS based on NR specific scenarios.
Table 1: Conditions for supporting simultaneous connectivity with source cell and target cell
	Configuration (source/target)
	Simultaneous Rx
	Simultaneous Tx

	Frequency
	Time
	SCS
	
	

	Intra-freq FR1
	Sync
	Same
	Feasible with single or dual Rx chains
	Feasible with single or dual Tx chains with limitations on the physical resource between source/target cells is TDMed or FDMed

	
	Async
	[bookmark: _GoBack]Same
	Feasible with dual FFT
	FFS

	Intra-freq FR2
	Sync
	Same
	Feasible if source/target cells are co-located and QCL’ed
	Feasible if source/target cells are co-located and QCL’ed

	Inter-freq intra-band FR1
	Sync
	Same
	Feasible with 1Rx chain in some scenarios. 
	Feasible with 1Tx chain in some scenarios as long as source/target cells are in the same TAG

	
	Async
	Same
	Feasible with 1Rx chain in some scenarios. FFS for UE’s with separate Rx chains
	FFS 

	Inter-freq Intra-band FR2
	Sync
	Same
	Feasible if source/target cells are co-located and QCL’ed
	Feasible if source/target cells are co-located and QCL’ed

	Inter-freq inter-band FR1
	Sync
	Same/
Different
	Feasible with DLCA capable UE’s
	Feasible with ULCA capable UE’s

	
	Async
	Same/
Different
	Feasible with DLCA capable UE’s
	Feasible with ULCA capable UE’s



Proposal 1: The conditions for supporting simultaneous connectivity with source cell and target cell are defined in Table 1.

Make before break
Make-before-break is introduced to reduce interruption time during HO. In normal HO procedure, UE needs to synchronize to the target cell and wait for PRACH occasion on the target cell. However, in make-before-break HO procedure, UE can continue uplink and downlink scheduling with the source serving cell until UE can transmit PRACH on the target cell.
In last meeting, RAN4 confirmed in [1] that the feasibility of make-before-break handover in at least FR1 intra-frequency synchronous deployment when source and target cells have the same BW and SCS. And in RAN4 response LS [2] in LTE FeMobility WI, when the bandwidth of the source and target cell are different,
· If the bandwidth of the source cell is larger than that of the target cell, simultaneous reception and transmission are feasible.
· If the bandwidth of the source cell is smaller than that of the target cell, simultaneous reception and transmission are feasible if some interruption time is allowed for reconfiguring RF before the initial simultaneous reception/transmission takes place. 
Combining the agreements in the WF and the response LS, we can conclude that make-before-break handover is feasible for FR1 intra-NR handover with additional RF reconfiguration interruption.
Proposal 2: Make-before-break handover is feasible for FR1 intra-frequency synchronous handover with additional RF reconfiguration interruption.
For FR2 NR, Rx beamforming should be considered in handover procedure and UE cannot support multiple Rx/Tx beams in different directions simultaneously. Since in Rel-15, all FR2 bands are assumed collocated, thus, if the source serving cell and the target cell are collocated and QCL’ed, make-before-break handover is feasible for FR2 intra-NR handover.
Proposal 3: Make-before-break handover is feasible for FR2 intra-frequency synchronous handover provided that the source cell and the target cell are collocated and QCL’ed.

RACH-less handover
For RACH-less handover, UE does not have to RACH at the target cell during HO. The source cell can provide the pre-configured UL resources for the target cell to UE, and UE can monitor PDCCH of the target cell to obtain UL grant. RAN4 had the following agreement in the WF for RACH-less handover:
· RAN4 confirms the feasibility of RACH-less handover in FR1 for at least 
· intra-frequency synchronous case with same SCS between source and target cells
· same TA or zero TA between source and target cells.
· Single BS Tx beam deployment
RACH-less handover is restricted to the case where the source and target cells are synchronous with zero TA difference (same TA or zero TA in target cell) and single BS Tx beam deployment. If we reuse the same RACH-less handover solution as we defined in LTE, the restriction of single BS Tx beam will make it useless and unpractical in real network deployment. Since in NR the handover command with PRACH resource are associated with different SSB beams. If the preconfigured UL grant information includes UL resource for multiples beams, UE can select a suitable beam among the candidate beams for monitoring PDCCH on the target cell. Overall, it depends on RAN2’s decision on whether support the pre-allocated UL grant including pre-configured UL resource for multiples beams. Since RAN2 had limit progress on RACH-less handover in NR, RAN4 should wait for the additional agreement from RAN2.
3. Conclusion
In this contribution, we discuss RRM requirements related to above HO schemes, and provide the proposals as follows:
Proposal 1: The conditions for supporting simultaneous connectivity with source cell and target cell are defined in Table 1.
Table 1: Conditions for supporting simultaneous connectivity with source cell and target cell
	Configuration (source/target)
	Simultaneous Rx
	Simultaneous Tx

	Frequency
	Time
	SCS
	
	

	Intra-freq FR1
	Sync
	Same
	Feasible with single or dual Rx chains
	Feasible with single or dual Tx chains with limitations on the physical resource between source/target cells is TDMed or FDMed

	
	Async
	Same
	Feasible with dual FFT
	FFS

	Intra-freq FR2
	Sync
	Same
	Feasible if source/target cells are co-located and QCL’ed
	Feasible if source/target cells are co-located and QCL’ed

	Inter-freq intra-band FR1
	Sync
	Same
	Feasible with 1Rx chain in some scenarios. 
	Feasible with 1Tx chain in some scenarios as long as source/target cells are in the same TAG

	
	Async
	Same
	Feasible with 1Rx chain in some scenarios. FFS for UE’s with separate Rx chains
	FFS 

	Inter-freq Intra-band FR2
	Sync
	Same
	Feasible if source/target cells are co-located and QCL’ed
	Feasible if source/target cells are co-located and QCL’ed

	Inter-freq inter-band FR1
	Sync
	Same/
Different
	Feasible with DLCA capable UE’s
	Feasible with ULCA capable UE’s

	
	Async
	Same/
Different
	Feasible with DLCA capable UE’s
	Feasible with ULCA capable UE’s



Proposal 2: Make-before-break handover is feasible for FR1 intra-frequency synchronous handover with additional RF reconfiguration interruption.
Proposal 3: Make-before-break handover is feasible for FR2 intra-frequency synchronous handover provided that the source cell and the target cell are collocated and QCL’ed.
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