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1	Introduction
The following was agreed at RAN2#105Bis meeting [1]:
Agreements
1	The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)
2	We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.
3	We will define an interruption time definition that we can use in our evaluation of different solutions (starting point is to use one of the definitions that is already available in 3GPP, e.g. 38.913, RAN4, etc).

Further agreements were achieved at RAN2#106 [2] as follows:
Agreements
1:	Mobility interruption time means the shortest time duration supported by the system during which a user terminal is not able to exchange user plane packets with any base station during transitions.   
2:	RAN2 common understanding is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.
3: 	RAN2 aim to develop protocol design to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.
4: 	For achieving the aim of agreement 3, RAN2 targets a single solution
5: 	Interruption time reduction in DL to be prioritized, but UL will still be considered. 


Agreements
1	PDCP packet duplication does not need to be supported in combination with the HO interruption solution (but doesn't preclude that it might be possible to support it and it may be beneficial in some cases)
2	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
3	There is a point in time where the UL PUSCH switches from source to target.


In this contribution we provide our views on the solution direction for NR eMOB (dual Rx and single Rx NR UEs) considering the yellow highlighted agreements from RAN2#105Bis and RAN2#106 meeting. 
2	Discussion 
2.1 	Overview of LTE MBB solutions 
Make-before-break (MBB) is a feature from Rel-14 LTE. It is a simpler solution based on a single protocol stack, where a UE maintains a logical connection with one cell at a time. The only fundamental difference when compared to the legacy handover is that a UE keeps exchanging data with its source node until it is ready to connect to the target node (and the exact moment of time when a UE actually switches is up to the UE hardware capabilities and limitations). Specification wise, MBB feature involving RAN2 and RAN3 impact, the overall specification impact was not high as we managed to leverage most of the existing mobility procedures. 
It is worth noting that Rel-14 LTE MBB feature has the formal assumption of 1 Rx/1 TX UE architecture, which also governed further performance requirements and scenarios in which it can be applied. In other words, the basic UE architecture assumption does not allow to realize the 0ms interruption time, neither it is possible to assume that MBB is used for the inter-frequency/inter-band handover. To overcome some of these limitations and restrictions, enhanced MBB solutions was extensively discussed in the corresponding Rel-16 LTE WI with the assumption of dual Rx UE capability. At RAN2#106 meeting it was agreed to specify dual active solution with specified capability coordination that does not have to be utilized by the network [3]. 
Observation 1a: Due to 1TX/1RX UE architecture assumption for LTE Rel-14, it was not possible to reach 0ms interruption time and there are restrictions on scenarios where MBB can be applied. 
Observation 1b: For enhanced MBB (i.e. LTE feMOB)) RAN2 agreed dual active protocol solution with specified capability coordination that does not have to be utilized by the network. 
2.2 	eMOB solution in NR for dual Rx capable UEs
We believe the interruption time reduction on radio level of the non-DC based solution is comparable to the DC-based solution, which may result in similar performance in user perceived quality at application level.
Observation 2: The interruption time reduction on radio level of the non-DC solution is comparable to DC solution, which may result in similar performance in user perceived quality at application level.
Further both LTE and NR RATs are positioned as candidate IMT-2020 technology in ITU which need to qualify the requirements set by ITU for IMT-2020 [4]. From an UE/NW implementation criteria perspective we believe the solutions selected for NR eMOB and LTE feMOB should be aligned and harmonized as much as possible to ease the development efforts and specification impacts. Adopting aligned NR eMOB and LTE feMOB solutions result in similar outcome at the application layer for both LTE and NR RATs from an IMT-2020 requirement perspective.
Observation 3: NR eMOB and LTE feMOB should be aligned and harmonized as much as possible to ease the development efforts and specification impacts.
Observation 4: Adopting aligned NR eMOB and LTE feMOB solutions from a radio level interruption time perspective result in similar outcome at the application layer for both LTE and NR RATs.
The multi company joint paper [5] analyzed the user plane impacts for the non-DC solution based on dual active protocol stack. As observed in [5], the PDCP impacts i.e. separate security key handling, separate RoHC handling and reordering of packets handling is same for the dual active protocol stack solution and DC based solution. Further, both the DC solution and non-DC solution based dual active protocol stack suffers from the key confusion issue and there are several options proposed to solve the key confusion issue but it adds to specification complexity [5].
The major difference is in the signaling overhead and RRC/Xn specification impacts especially the role switch procedure for DC based solution. The non-DC based solution incurs less signalling on Uu and Xn interfaces compared to the DC solution i.e. for Role switch and SN release procedures. Even if the role switch is combined with SN addition new Xn procedure need to be specified [6]. 
Observation 5: User plane impacts are of the same order for DC solution and non-DC solution based on dual active protocol stack.
Observation 6: Additional RRC and Xn procedures need to be specified for DC solution.
2.3 	eMOB solution in NR for single Rx capable UEs 
The NR UEs which are single Rx capable cannot benefit from the DC solution or from the dual active protocol stack solution to reduce the interruption time. The performance of such NR UEs will be based on Rel-15 mobility procedure. It is desirable that performance of such UEs is enhanced both in terms of interruption reduction and mobility robustness. The conditional handover (CHO) solution brings mobility robustness regardless of the UE capability. However, interruption time reduction can be leveraged relying on the non-DC solution i.e. single stack solution wherein the UE continuous Tx/Rx with source after reception of reconfiguration with sync. In our companion paper [7], we proposed RAN2 to adopt the RACH-less HO in NR. When the RACH-less HO is combined with the single stack solution the interruption time can be reduced to 0ms or close to 0 ms. In scenarios where RACH-less is not possible, the NW implementation ensures CFRA is configured during handover to reduce the interruption time. In our companion paper [8], the specification impacts to TS 38.331 and TS 38.323 are analyzed to specify the single stack solution.
Observation 7: Single Rx UEs cannot benefit from the DC solution or the dual active protocol solution, whereas single stack solution can be applied.
Observation 8: For single RX UEs, when single stack solution is combined with RACH-less or CFRA is configured the interruption time can be reduced to 0ms or close to 0ms.
Therefore, based on the above observations we propose RAN2 to adopt the non-DC solution for NR eMOB.
Proposal 1a: RAN2 to adopt a single non-DC solution for both single Rx and dual Rx NR UEs in Rel-16. 
Proposal 1b: Dual active protocol stack is specified for dual Rx NR UEs.
Proposal 1c: Single protocol stack is specified for single Rx NR UEs.
3	Conclusion
We conclude the paper with following observations and proposals:
Observation 1a: Due to 1TX/1RX UE architecture assumption for LTE Rel-14, it was not possible to reach 0ms interruption time and there are restrictions on scenarios where MBB can be applied. 
Observation 1b: For enhanced MBB (i.e. LTE feMOB)) RAN2 agreed dual active protocol solution with specified capability coordination that does not have to be utilized by the network. 
Observation 2: The interruption time reduction on radio level of the non-DC solution is comparable to DC solution, which may result in similar performance in user perceived quality at application level.
Observation 3: NR eMOB and LTE feMOB should be aligned and harmonized as much as possible to ease the development efforts and specification impacts.
Observation 4: Adopting aligned NR eMOB and LTE feMOB solutions from a radio level interruption time perspective result in similar outcome at the application layer for both LTE and NR RATs.
Observation 5: User plane impacts are of the same order for DC solution and non-DC solution based on dual active protocol stack.
Observation 6: Additional RRC and Xn procedures need to be specified for DC solution.
Observation 7: Single Rx UEs cannot benefit from the DC solution or the dual active protocol solution, whereas single stack solution can be applied.
Observation 8: For single RX UEs, when single stack solution is combined with RACH-less or CFRA is configured the interruption time can be reduced to 0ms or close to 0ms.
Proposal 1a: RAN2 to adopt a single non-DC solution for both single Rx and dual Rx NR UEs in Rel-16. 
Proposal 1b: Dual active protocol stack is specified for dual Rx NR UEs.
Proposal 1c: Single protocol stack is specified for single Rx NR UEs.
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