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1	Introduction
This contribution propose to discuss whether and how to reduce the mobility interruption time in NR. From the decision of the last RAN2 meeting that DAPS is not applicable to FR2, make-before-break is the only solution to reduce the handover interruption in FR2 mobility where interruption is much severer.
2	Discussion
2.1 Why Make-Before-Break should be supported in Release 16?
NR Mobility Enhancements WI targets two objectives; interruption reduction and improved reliability. 
RAN2#107 decided to introduce dual active protocol stack for interruption reduction based on the understanding that DAPS reduces the interruption both in FR1 and in FR2. The assumption was turned out incorrect because RAN4 decided not to work on the core requirements on DAPS for FR2. Consequently, RAN2 #108 decided that DAPS HO for FR2 to FR2 case is not supported in Rel-16. 
Observation 1: There is no solution for handover interruption time reduction applicable to FR2 HO in Rel-16 
Intensive discussion on Release 17 package was taken place in RAN #86. Due to heavy congestion, considerable down-scoping was done for almost all work item proposals. FR2 mobility enhancement which was intended to be part of DC enhancement WI was taken out during the down-scoping discussion. The consequence is that handover interruption reduction will not be improved in Released 17.  
Observation 2: There will be no solution for handover interruption time reduction applicable to FR2 HO in Rel-17
One of the main components of the mobility interruption time is the RACH occasion periodicity during which UE needs to wait until the first RACH preamble transmission is possible. The maximum value of the periodicity is 160 ms. In FR2, due to multi-beam characteristics, PRACH resource should be reserved for each direction. It makes the probability for longer PRACH periodicity higher in FR2. We expect the typical periodicity could be 80/160 ms in FR2 while 10/20 ms in FR1.    
Observation 3: Handover interruption time is likely to be longer in FR2 than in FR1 due to longer PRACH periodicity.
Observation 4: The additional handover interruption time in FR2 can be up to 150 ms.
Make-before-break is a simple solution introduced in release 14 LTE and bears no hardware impact. During the study phase of NR Mobility Enhancement WI, Make-Before-Break was on the table but based on the wrong assumption that DAPS can solve FR2 handover interruption it was not progressed during working phase. Due to similarity on mobility handling between LTE and NR, LTE make-before-break solution can be imported to NR almost as it is as shown in the CRs submitted over meetings [1][2][3][4].  
Observation 5: LTE make-before-break can be reused for NR mobility
There are two possible approaches in introducing make-before-break behaviour in NR. In the section below, each of them are discussed one by one.
2.2. Approach 1: Stand-alone Make-Before-Break for NR
Make-before-break is a simple solution without any hardware impact. The main point of the solution is to delay the MAC reset until the first PRACH preamble transmission in the target cell so that UE can continue the data transmission/reception with source cell until then. There are several issues that may lead to slightly different designs. Table below summarize how those are handled in LTE Make-Before-Break. 
	Issue
	LTE design

	Whether to support make-before-break only for intra-frequency mobility or also for inter-frequency mobility?
	Make-before-break is supported only for intra-frequency mobility

	Whether to allow TDD/FDD differentiation for UE capability
	No TDD/FDD differentiation

	The granularity of capability (per UE, per Band or per BC)
	Per UE 

	Whether to extend it to PSCell change?
	Make-before-break is supported both for handover and for PSCell change



We don’t see any motivation to deviate from LTE.
Proposal 1: For Release 16, NR make-before-break is supported only for intra-frequency mobility (as in LTE)
Proposal 2: For Release 16, NR make-before-break is an optional feature and 1 bit per UE capability is introduced (as in LTE) 
Proposal 3: For Release 16, TDD/FDD differentiation is not allowed for NR make-before-break capability (as in LTE)
Proposal 4: NR make-before-break is supported for intra-frequency PSCell change (as in LTE)
One additional point on UE capability is FR1/FR2 differentiation. Considering different IIOT testability across FR1 and FR2, one additional bit would be an acceptable cost. 
Proposal 5: FR1/FR2 differentiation is allowed for NR make-before-break capability
If RAN2 agree to support make-before-break in Release 16 NR, RAN4 needs to specify core requirements. As discussed in [5], core requirement on make-before-break would be relatively straightforward comparing to the requirements on other solutions like DAPS and condition handover. RAN2 may need to ask RAN4 to specify the core requirements for make-before-break.
The contents of the CRs can be written based on LTE CRs. 38.331 CR is found in [6], 38.306 CR in [7], 38.300 CR in [8] and 37.340 CR in [9]. 38.133 CR can be discussed in RAN4 during the next quarter together with other mobility enhancement topics.
2.3 Approach 2: Reducing interruption time only in conditional mobility
Conditional mobility (conditional handover and conditional PSCell change) are being finalized as part of NR Mobility Enhancement Work Item. In the running CR, UE behaviour is specified such that UE stops Tx/Rx with source PCell when execution condition is met, which is a direct extension of normal handover. By the nature of conditional mobility however, it is the UE that make decision on when to stop the communication with the source cell. If UE continues tx/rx with the source until the first PRACH opportunity in the target candidate for which CHO execution is fulfilled, the interruption due to long PRACH periodicity can be removed without any additional complexity. 


Only thing needed is small update on the procedure in the 38.331 CR for example as highlighted with yellow in the table below 
	5.3.5.x.5	Conditional handover execution
The UE shall:
1>	if more than one triggered cell exists:
2>	select one of the triggered cells as the selected cell for conditional handover;
1>	for the selected cell of conditional handover:
2>	apply the stored cho-RRCReconfig of the selected cell and perform the actions as specified in 5.3.5.3 when the first transmission through PRACH to the selected cell is performed;
NOTE:	If multiple NR cells are triggered in conditional handover execution, it is up to UE implementation which one to select, e.g.  the UE considers beams and beam quality to select one of the triggered cells for execution.


All other aspects like UE capability etc can be discussed as part of conditional mobility and RAN4 can continue their ongoing work on conditional handover requirements taking this aspect into account, which mean no additional work is required.
Observation 6: Interruption time in conditional mobility can be reduced without additional work by make-before-break behaviour embedded. 
Even though our preference is to define stand-alone make-before-break operation, it could be an acceptable compromise to reduce the interruption time only in conditional mobility. 
Proposal 6: If proposal 1 ~ proposal 5 are not agreeable, make-before-break like behaviour is merged into conditional mobility such that UE execute the mobility procedure to the target candidate cell upon the first PRACH opportunities in the target candidate cell. 
3	Conclusion
In the discussion, we presents two possible ways to reduce the mobility interruption based on Make-Before-Break like behaviour.
In the first approach as in proposal 1 ~ 5, make-before-break solution is introduced in Release 16. Draft CRs and LS are submitted as companion papers. It is in our view cleaner and more future proof.
In the second approach as in proposal 6, make-before-break like behaviour is embedded in the conditional mobility. No CR is needed and small update on the running CR would be sufficient. It has limitation that normal mobility will suffer from the interruption time. However, if it is more acceptable solution for other companies, it is a nice compromise.
It is proposed to discuss the proposals for each approach and agree on one of two approaches.
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