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1	Introduction
The following was agreed at RAN2#107 meeting [1]:
Agreements
1	Introduce a solution for HO interruption time reduction based on dual active protocol stack.

The dual active protocol stack (DAPS) solution agreed above is applicable to 2Rx NR UEs and not applicable to 1Rx NR UEs. The remaining issue is if interruption time is not reduced for 1Rx NR UEs then Rel-15 normal HO applies which does not meet ~0 ms interruption time requirement.
2	Discussion 
2.1 	Overview of LTE MBB/eMBB solutions 
Make-before-break (MBB) is a simple solution from Rel-14 LTE based on single protocol stack, where the UE maintains a logical connection with one cell at a time. The only fundamental difference when compared to the legacy handover is that the 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 in TS 36.300. It is worth noting that Rel-14 LTE MBB feature has the formal assumption of 1 Rx1 TX UE architecture, which is further governed by performance requirements and scenarios in which it can be applied. In other words, the 1Rx 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 architecture. At RAN2#106 meeting it was agreed to specify dual active protocol stack (DAPS) solution with specified capability coordination that does not have to be utilized by the network [2] for LTE eMBB. The single stack solution for LTE eMBB was ruled out. Therefore, in LTE the 1Rx UEs still can benefit from the Rel-14 MBB solution and the Rel-16 LTE eMBB solution based on DAPS applies to 2Rx UEs. 
Observation#1: For enhanced MBB (i.e. LTE eMBB in Rel-16) RAN2 agreed dual active protocol solution with specified capability coordination to benefit the 2Rx LTE UEs. 
Observation#2: For the 1RX LTE UEs the Rel-14 MBB solution applies with which it is still possible to achieve ~0ms interruption time and there are restrictions on scenarios where MBB can be applied. 


2.2 	NR MBB solutions 
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 [3]. From an UE/NW implementation criteria perspective we believe the solutions selected for LTE and NR mobility enhancements should be aligned and harmonized as much as possible to ease the development efforts and specification impacts. Adopting aligned LTE and NR mobility enhancement solutions result in similar outcome at the application layer for both LTE and NR RATs from an IMT-2020 requirement perspective. With this principle at RAN2#107 meeting RAN2 agreed to adopt the DAPS solution for the NR UE architecture based on 2Rx, however there is no enhancement for the 1Rx NR UEs. 
Observation#3: For NR in Rel-16 RAN2 agreed dual active protocol solution with specified capability coordination to benefit the 2Rx NR UEs but there is no solution to benefit the 1Rx NR UEs. 
The NR UEs which are 1Rx capable cannot benefit from the DAPS solution to reduce the interruption time. The performance of such 1Rx 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 single stack solution wherein the UE continuous Tx/Rx with source after reception of reconfiguration with sync. When CFRA or 2-step RACH is configured during handover, the single stack solution can be reduce the interruption time to close to 0 ms. 
Observation#4: Single Rx NR UEs cannot benefit from the DAPS solution.
Observation#5: For single RX NR UEs, when single stack solution is combined with CFRA or 2-step RACH the interruption time can be reduced to close to 0ms.
Therefore, based on the above observations we propose RAN2 to adopt the single stack solution for NR 1Rx UEs. The specification impacts are shown in the Annex. In our companion paper [5], the draft CR to TS 38.331 is provided.
Proposal: Single protocol stack is specified for single Rx NR UEs.
3	Conclusion
We conclude the paper with following observations and proposals:
Observation#1: For enhanced MBB (i.e. LTE eMBB in Rel-16) RAN2 agreed dual active protocol solution with specified capability coordination to benefit the 2Rx LTE UEs. 
Observation#2: For the 1RX LTE UEs the Rel-14 MBB solution applies with which it is still possible to achieve ~0ms interruption time and there are restrictions on scenarios where MBB can be applied. 
Observation#3: For NR in Rel-16 RAN2 agreed dual active protocol solution with specified capability coordination to benefit the 2Rx NR UEs but there is no solution to benefit the 1Rx NR UEs. 
Observation#4: Single Rx NR UEs cannot benefit from the DAPS solution.
Observation#5: For single RX NR UEs, when single stack solution is combined with CFRA or 2-step RACH the interruption time can be reduced to close to 0ms.
Proposal: Single protocol stack is specified for single Rx NR UEs.
4	Annex
Here we analyse the specification impacts to TS 38.331 and TS 38.323 to specify the single stack solution in comparison to Rel-15 HO.
The Rel-14 LTE MBB solution from TS 36.331 can be reused for NR. While comparing with the Rel-14 LTE MBB solution only the UE detachment from the source cell need to be additionally specified to support single stack solution in NR. The source gNB performs data forwarding of DL PDCP SDUs after sending the RRCReconfiguration message (i.e. reconfigWithSync) while continuing transmission/reception with the UE. The source gNB sends the SN Status Transfer to the target gNB to ensure DL PDCP SN and HFN continues during the HO execution. The source gNB forwards the UL packets received from the UE to the UPF. To stop the transmission/reception by the source gNB to the UE there is no need of explicit indication either from the target gNB or from the UE to the source gNB. This can be based on either some other internal gNB timer which allows the UE to complete RACH or upon reception of UE context release whichever is earlier or can be left to gNB implementation. There may be some wastage of transmission resources of source gNB if the UE has detached from the source cell, this negligible wastage is acceptable to meet the interruption time requirement. The source gNB keeps forwarding of DL PDCP SDUs to the target gNB until the end marker packet is received from the UPF. When the source gNB detects the UE has stopped its UL transmission, there is need to send another SN Status Transfer message to the target gNB to ensure UL PDCP SN and HFN continues. This is different compared to Rel-15 HO where only one SN Status Transfer message is sent to target gNB which includes the information for both DL and UL SN continuation. The RRCReconfiguration message configures the UE to send the PDCP status report for RLC AM DRBs based on which the target gNB can avoid duplicate transmission of the buffered packets when the UE resumes in the target. The overall procedure is depicted in Figure 1.
Stage-3 Impacts
Impacts to TS 38.331
According to TS 36.331, the UE detachment from the source cell is left to UE implementation for Rel-14 MBB. With the NR eMOB solution based on single stack this aspect need to be standardized when the UE switches reception/transmission from source cell to target cell to ensure the interruption time is either 0ms or close to 0ms for most scenarios i.e. intra-freq/inter-freq HOs regardless of whether the deployment is sync or async. The single stack option can achieve 0ms interruption if CFRA or 2-step step RACH is configured. Upon specifying the detachment point either upon RAR reception or upon transmission of RRCReconfigurationComplete, the existing RRC procedure in TS 38.331 applies. For simultaneously accessing the target cell the other protocol stack is created while continuing transmission/reception with source cell. If CFRA is mandated or if 2-step RACH is applied, then the single stack solution does not add any further procedure to be specified in RRC while meeting 0ms interruption time. Even for CBRA there is no additional procedure but the interruption time is close to 0 ms. 
Impacts to TS 38.323
In the single stack solution only one complete protocol stack (i.e. PDCP/RLC/MAC/PHY) is active for the DRB before the detachment point i.e. w.r.t the source cell and the protocol stack is re-established after the detachment point when the UE resumes with the target. Therefore, there is no impact to the PDCP operations for DRBs specified in TS 38.323. 

Figure 1 Update needed to Rel-15 HO procedure to support single stack solution
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