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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#96 [1], the following conclusion was reached for NR mobility enhancements:

Conclusion:
The following physical layer aspects for mobility enhancements have been identified in RAN1#96 and are to be further studied (but not limited to):
· Potential physical layer aspects of RACH-less HO
· TA for target cell (if applicable)
· Power control for PUSCH for the target cell
· UL grants configuration 
· Tx/Rx beam related aspects
· PUSCH transmission aspects (e.g. repetition, etc.)
· Potential physical layer aspects of dual connectivity (DC) based HO
· Feasibility/applicability (with respect to various Tx/Rx RF capability and carrier frequencies of source/target cell)
· PDCCH monitoring for source and target cells.
· Procedures related to DL/UL operation
· Power control for PUSCH/PUCCH/SRS 
· Tx/Rx beam related aspects 
· Note: this may interact with multi-TRP discussion in Rel-16 eMIMO
· Potential physical layer aspects of Make-before-break (MBB) related to 0ms HO interruption latency (if supported)
· If supported, whether or not PHY impacts are similar/the same to those under dual connectivity (DC) based HO
· Potential physical layer aspects of solutions/enhancements that are not explicitly mentioned in the WID
· Measurement procedure to provide low latency reports (e.g. L1 based measurements)
· Methods of conveying QCL information for target cell (e.g. MAC CE based indication of QCL information for target cell)
· Link recovery on non-serving cells

[bookmark: _Ref129681832]In this contribution, we provide our views on MBB-based HO.
MBB-based HO
The Make-Before-Break (MBB) based HO solutions are enhancements to the traditional HO procedure in which the UE keeps the link to the source cell, even after receiving the HO command from the source cell, rather than releasing the link as in the traditional HO procedure. 
Multiple MBB solutions have been considered in LTE mobility enhancements [2], the main differences between the solutions are when to release the source link and the amount of interruption time saved as the source link being kept longer. At the end as agreed in RAN2#95 for LTE mobility enhancements, the “make before break handover solution” means the UE continues downlink reception and uplink transmission with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB (correspoding to RACH-less or RACH-based HO, respectively) to minimize/avoid impacts on RAN1 and RAN4. The signaling flow for the LTE MBB as shown in Figure 1 is from [2]. 
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[bookmark: _Ref1081625]Figure 1: Signaling flow for LTE MBB [2]
The physical channels and signals associated with links from UE to source and target eNBs at different phases are given in Table 1. These channels and signals actually show that there is no RAN1 impact for LTE MBB as there is no simultaneous DL/UL connections between a UE and source/target eNBs, other than detection of synchronization signals from target eNB. However, as analyzed in [2], the LTE MBB cannot achieve 0ms interruption time.
[bookmark: _Ref1082021]Table 1: Summary of DL/UL transmission from/to a particular eNB in LTE MBB
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Option 1
	Source eNB
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
	-
	-

	
	Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH/PDSCH
UL: PRACH
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH



Since NR mobility enhancements target 0ms mobility interruption time, if going on this line, further modification to MBB needs to be considered, i.e., by keeping the source link longer than that of LTE MBB. Various flavors of MBB schemes were analyzed in [2], with different levels of interruption time saving and RAN1 impacts. One proposal of enhanced MBB where 0ms interruption time can be achieved was discussed in [2] and a similar scheme which may also be considered in NR is shown in Figure 2.       
[image: ]
[bookmark: _Ref1082944]Figure 2: Signaling flow for eMBB-based HO
Table 2 presents physical channels and signals associated with links from UE to source and target gNBs at different phases of enhanced MBB-based HO that can achieve 0ms interruption time. Note that this enhanced MBB scheme has the same channels and signals at different phases as DC-based solution [3]. Since these channels and signals are used to identify RAN1 impacts, we can conclude that this enhanced MBB as illustrated in Figure 2 and DC-based HO have the same RAN1 impacts. 
[bookmark: _Ref1083212]Table 2: DL/UL transmission between UE and source/target gNB in eMBB-based HO that can achieve 0ms interruption time
	Scenario
	DL/UL channels
	Phase

	
	
	Phase 1
	Phase 2
	Phase 3
	Phase 4
	Phase 5

	Make-Before-Break
HO 
	Source gNB
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	-

	
	Target gNB
	-
	DL: SS/PBCH
	DL:PDCCH/PDSCH
UL: RACH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH


Observation 1: Enhanced MBB that keeps the source link until a UE can receive control/data from target cell can achieve 0ms interruption time and have the same RAN1 impacts as DC-based HO.

Given that DC-based [3] and enhanced MBB based HO solutions both require UE to support simultaneous connectivity to source/target gNBs, there is no point in designing enhanced MBB solutions, while DC-based solution has already been adopted in Rel-15 for inter-frequency case (intra-frequency case is under discussions in Rel-16) and provides more flexibilities. UE complexities and power consumption on DC-based solutions can be addressed by proper gNB implementation (e.g., to limit the usage of simultaneous connectivity to within the interval of time covered by the actual HO procedure, for instance where the start of the HO is the UE sending the Preamble transmission to the target gNB and the end of the HO is the UE receiving a message from the target gNB to release its link to the source gNB) and/or further introduction of UE-assisted HO solution selection (e.g., to report the preference between traditional or DC-based HO) if needed, assuming this UE is capable of simultaneous connectivity but has some concern of power consumption. 
Observation 2: Given that DC-based and enhanced MBB based HO solutions both require UE to support simultaneous connectivity to source/target gNBs and that DC has been adopted in Rel-15, there is not much value in designing enhanced MBB solutions on top of DC-based solutions from RAN1 perspective. 

Conclusion
In this contribution, we presented our views on MBB-based HO solutions and made the following observations:
Observation 1: Enhanced MBB that keeps the source link until a UE can receive control/data from target cell can achieve 0ms interruption time and have the same RAN1 impacts as DC-based HO.
Observation 2: Given that DC-based and enhanced MBB based HO solutions both require UE to support simultaneous connectivity to source/target gNBs and that DC has been adopted in Rel-15, there is not much value in designing enhanced MBB solutions on top of DC-based solutions from RAN1 perspective. 
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