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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution discusses key aspects in the reduction of handover interruption time: single/dual transmitters and single/dual protocol stacks, and their relations.
Discussions
The Work Item Description of NR mobility enhancements [1] has been approved with the justification that “in NR, 0ms interruption is one of the requirement to provide seamless handover UE experience. Mobility performance is one of the most important performance metric for NR. Therefore, it is important to identify handover solution to achieve high handover performance with 0ms interruption, low latency and high reliability.” It further emphasizes the targeted use cases as “there is demand to achieve 0ms interruption time in more scenarios especially in URLLC type of service which requires 1ms of end-to-end delay in some scenarios.”
[bookmark: Observation1]Observation 1: Solution for 0ms interruption time is required to fulfill 5G requirements, such as the support of URLLC type of service.
[bookmark: Observation1bis]Observation 1bis: 0ms interruption time doesn’t have to be supported for all services, or by all classes of UE, or in all deployment scenarios.
[bookmark: Proposal1]Proposal 1: RAN2 should observe the work item’s intention to have solution for 0ms interruption time for targeted use cases, and not to be distracted by discussions of “optimization” solutions not achieving 0m interruption time but claiming applicable to more UEs.
In RAN2#106 meeting, the following agreements have been reached on the meaning of interruption time:
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. 

The “interruption time at radio (i.e., air interface)” can be caused by physical layer operation, such as RF chain switching, and by L2/L3 protocol operations, such as re-ordering at PDCP layer or reset/reestablishment of MAC/RLC/PDCP entities. Interruption time incurred in RF chain switching is in the sub-ms range, and RAN1 and RAN4 have confirmed that dual Rx/Tx is feasible in a wide range of deployment scenarios [2] [3] to remove the need of RF chain switching. 
It has been pointed out that having single protocol stack (i.e., UE is connected only to either the source or target cell during handover process) would not achieve 0ms interruption time [4]. And RAN2 has already agreed that “We will not specify single active protocol stack solution (option 0/1/2)” to achieve 0ms interruption time for handover in LTE.
[bookmark: Observation2]Observation 2: The feasibility of dual Rx/Tx in a range of deployment scenarios calls for proper L2 protocol structure to make 0ms interruption time achievable. 
Having simultaneous connections to both the source and target cells is not the same as and doesn’t require simultaneous transmission to both the source and target cells. That is, dual Tx isn’t required in simultaneous connections to both the source and target cells. Even if dual Tx is not available, simultaneous connections to both the source and target cells can still improve the reliability of the communication and reduce the interruption time significantly during handover process [5]. As the L2/L3 interruption time would anyway be larger than the RF chain switching time by an order of magnitude, even when dual Rx/Tx is not available, reduction of L2/L3 interruption time is still needed, given that “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.”
[bookmark: Observation3]Observation 3: Dual TX is not required for simultaneous connections to both the source and target cells to be effective in reducing interruption time. 
Furthermore, it has been agreed in RAN2#106 meeting that “RAN2 targets a single solution” “to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.”
[bookmark: Proposal2]Proposal 2: Interruption time reduction is supported by having simultaneous connections to both the source and target cells during handover process. 
During simultaneous connections to the source and target cells, however, there shouldn’t be “a point in time where the UL PUSCH switches from source to target”. That is, there may be a period of time when transmissions can occur either on the source cell’s PUSCH or the target cell’s PUSCH. As agreed in RAN2#105bis meeting, “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 ...” That is, the solution needs to support simultaneous DL transmissions from both the source and target cells. Hence, PUSCH transmissions to both the source and target cells need to be available to send status reports to the source and target cells for DL transmissions. 
[bookmark: Observation4]Observation 4: It is problematic to not allow PUSCH transmission to the source cell after PUSCH transmission to the target cell starts, as it’d cripple PDCP/RLC retransmission and ROHC operation on DL.
UE capability and the source cell’s configuration are anyway forwarded to the target cell in handover request message. As discussed in [6], no additional steps are needed in handover preparation phase for enhancement of interruption time reduction. And given that the target use case is URLLC, refined capability coordination is not needed to maximize the throughput. This is especially true as far as handover is concerned, as throughput is anyway less demanding at cell boundary. After all, proper network planning should already be done to make sure there is sufficient network resource for URLLC service, e.g., there should be sufficient UL coverage.
There is no distinction in PHY and MAC layer between transmitting PDCP/RLC control PDUs and transmitting their data PDUs. And PDCP duplication has already been specified in Rel. 15 for URLLC service with simultaneous transmission of data to MN and SN in DC.
[bookmark: Observation5]Observation 5: Capability coordination is less of an issue for URLLC service, especially when handover is concerned, as the focus is not on maximizing the utilization of UE resource for the highest possible throughput.
Therefore, it is necessary to revert the decision made in RAN2#106 that “There is a point in time where the UL PUSCH switches from source to target.”
[bookmark: Proposal3][bookmark: _Ref129681832]Proposal 3: Simultaneous connections to both the source and target cells allow transmissions on either the source cell’s PUSCH or the target cell’s PUSCH.
Conclusions
This contribution analyses the aspects of single Tx vs. dual Tx, and single protocol stack vs. dual protocol stacks (i.e., simultaneous connections to both the source and target cells), which leads to the observations and proposals as follows:
Observation 1: Solution for 0ms interruption time is required to fulfill 5G requirements, such as the support of URLLC type of service.
Observation 1bis: 0ms interruption time doesn’t have to be supported for all services, or by all classes of UE, or in all deployment scenarios. 
Proposal 1: RAN2 should observe the work item’s intention to have solution for 0ms interruption time for targeted use cases, and not to be distracted by discussions of “optimization” solutions not achieving 0m interruption time but claiming applicable to more UEs.
Observation 2: The feasibility of dual Rx/Tx in a range of deployment scenarios calls for proper L2 protocol structure to make 0ms interruption time achievable.
Observation 3: Dual TX is not required for simultaneous connections to both the source and target cells to be effective in reducing interruption time. 
[bookmark: _GoBack]Proposal 2: Interruption time reduction is supported by having simultaneous connections to both the source and target cells during handover process.
Observation 4: It is problematic to not allow PUSCH transmission to the source cell after PUSCH transmission to the target cell starts, as it’d cripple PDCP/RLC retransmission and ROHC operation on DL.
Observation 5: Capability coordination is less of an issue for URLLC service, especially when handover is concerned, as the focus is not on maximizing the utilization of UE resource for the highest possible throughput.
Proposal 3: Simultaneous connections to both the source and target cells allow transmissions on either the source cell’s PUSCH or the target cell’s PUSCH.
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