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1	Introduction
This contribution discuss the RAN4 requirements on make-before-break handover. The aim is to evaluate how much additional work would be required for RAN4 to support make-before-break to help RAN2 making decision on whether to support make-before-break handover in Release 16.
2	Discussion
When we talk about RAN4 requirements for handover, it is handover delay defined in 38.133 clause 6.1.1. Handover delay is denoted as Dhandover and is the time distance between “UE receives a RRC message implying handover” to “ready to start the transmission of the new uplink PRACH channel”.
Dhandover is the sum of RRC procedure delay and the interruption time. Interruption time would be different for the normal handover (already specified in 6.1.1.2.2 for FR1-FR1 handover and in 6.1.1.4.2 for FR2-FR2 handover) and for the make-before-break handover. Hence, if make-before-break is introduced in NR, RAN4 need to define additional interruption time for it.
Observation 1: To support make-before-break handover in NR, RAN4 needs to define the interruption time for make-before-break handover.
Interruption time currently defined in 36.133 and 38.133 as below. 
	
	Interruption Time

	LTE
	Normal handover
	For FDD-FDD, TDD-FDD handover (36.133 clause 5.1.2)
Tinterrupt = Tsearch + TIU + 20 ms

For TDD-TDD, FDD-TDD handover (36.133 clause 5.1.2)
Tinterrupt = Tsearch + TIU + 20 ms

	
	Make-before-break handover
	For FDD-FDD, TDD-FDD, FDD-TDD, TDD-TDD handover (38.133 clause 5.1.2)
Tinterrupt = 5 ms

	NR
	Normal
	For FR1-FR1 handover (38.133 clause 6.1.1.2.2)
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ ms + Tmargin 

For FR2-FR2 handover (38.133 clause 6.1.1.4.2)
Tinterrupt = Tsearch + TIU + Tprocessing+ T∆ ms + Tmargin

	
	Make-before-break handover
	Not defined



In LTE, interruption time is defined for combinations of duplex modes. For all combinations, a single constant interruption time is defined for make-before-break. The biggest uncertainty is TIU which depends on PRACH periodicity. In make-before-break by the nature of it, we can remove TIU. Tsearch is 0 if the target cell is known. Taking the assumption that make-before-handover will be commanded only toward known cells, we can remove the Tsearch as well. To simplify the complex factors like different channel bandwidth between serving and neighboring cells, RAN4 decide that a single constant Tinterruption is defined for make-before-break handover. The same logic may hold for NR make-before-break handover, except that different values could be defined for FR1 and FR2. Given that interruption time for normal handover is already specified for NR, one can expect interruption time for make-before-break can easily be determined from it.
Observation 2: Interruption time for make-before-break handover can be deduced from interruption time for normal handover by removing useless factors. 
Observation 3: Interruption time for normal handover is already defined in 38.133
Observation 4: Interruption time for make-before-break can be defined in 38.133 based on interruption time for normal handover 
Observation 4: Interruption time for make-before-break can be defined in 38.133 based on interruption time for normal handover
3	Conclusion
In the discussion section, we have discussed what kind of requirement should be defined in RAN4 to support make-before-break handover. The additional RAN4 work would be marginal thanks to already specified interruption time for normal handover. It is proposed to send LS to RAN4 to ask them to perform necessary work to support make-before-break handover.
Annex. Draft LS to RAN4
Title: LS to RAN4 on make-before-break NR handover
1. Overall Description:
RAN2 would like to inform RAN4 RAN2 decide to specify make-before-break handover in NR release 16 as the solution to reduce the interruption time. It is basically same functionality of LTE make-before-break handover introduced in Release 14. As like in LTE, RAN2 intend to support the feature only for intra-frequency handover. The main target scenario is FR2-FR2 intra-frequency handover but FR1-FR1 intra-frequency handover is not excluded. RAN2 respectfully asks RAN4 to specify necessary requirements for make-before-break handover in release 16.   
2. Actions:
To RAN4
RAN2 asks RAN4 to specify necessary requirements for make-before-break handover in Release 16.

