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Introduction
[bookmark: _Hlk361014]At the RAN#80 meeting in June 2018, a new Rel-16 work item was approved [1] with the purpose to further enhance NR mobility by reducing handover interruption time and improve mobility robustness.
RAN2#105 was the first meeting where the NR mobility enhancement work item was discussed.
Following agreements were reached that affects reduced handover interruption time:
Agreements

1	The UE ability to simultaneously receive and transmit to/from the source and target cells is to be considered in the study on NR mobility enhancements. 
2	We prioritize on intra-NR handovers in this WID. 

In this contribution we discuss some general aspects of a potential Make-Before-Break (MBB) handover solution in NR as a mean to reduce interruption time.
Discussion
Mobility interruption enhancements in Rel-16
In the NR mobility enhancements Work Item Description [1], Make-Before-Break (MBB) is identified as one of the potential solutions to reduce handover interruption time at an inter-node handover. The WID also states that “LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover”.
It is obvious that the MBB solution as defined in Rel-14 does not meet the handover interruption time in all scenarios as required in the LTE Rel-16 Work Item “Even further Mobility enhancement in E-UTRAN” [2], and certainly not the handover interruption time as required in the corresponding NR WID “NR Mobility enhancements” [1].
This implies that the current work for an enhanced MBB solution in LTE Rel-16 should rather be the base for a potential MBB solution in NR.
Considering RAN2 now has agreed to proceed on the enhanced MBB solution for LTE (a.k.a. “non-split bearer” solution), it seems reasonable to start a similar study for an MBB solution in NR, based on the work done in LTE so far.
[bookmark: _Toc523822][bookmark: _Toc769172][bookmark: _Toc770842][bookmark: _Toc784529][bookmark: _Toc947621][bookmark: _Toc952283][bookmark: _Toc1042404][bookmark: _Toc4157851][bookmark: _Toc4160140][bookmark: _Toc4665297]The study phase for reduced handover interruption time in NR should include a solution based on the enhanced MBB solution currently discussed for LTE.
[bookmark: _Hlk4083144]Make-Before-Break solution in NR vs LTE
One of the most obvious differences between the two work items in NR and LTE on mobility enhancements [1] and [2], is the requirement on reduced handover interruption time.
In LTE, the target for reduced user data interruption time during handover is to come as close as possible to 0ms, while for NR, 0ms interruption time is one of the requirements to provide seamless handover UE experience.
Mobility performance is one of the most important performance metrics for NR and there is also a demand to achieve 0ms handover interruption time in many scenarios, especially in URLLC type of services which also requires 1ms of end-to-end delay in some scenarios.
[bookmark: _Toc1042401][bookmark: _Toc4157844][bookmark: _Toc4160133][bookmark: _Toc4665290]The requirement on reduced handover interruption time is stricter in NR compared to LTE.
Another difference between the two work items is that the NR WID also defines SCG change as part of the objective to reduce interruption time and improve reliability. I.e. apart from a regular inter-gNB handover, solutions shall be studied to reduce interruption time during SCG change with simultaneous connectivity with source and target cell.
[bookmark: _Toc1042402][bookmark: _Toc4157845][bookmark: _Toc4160134][bookmark: _Toc4665291]Solutions to reduce interruption time during SCG change is part of the objectives in the NR WID.
In Rel-14, the change of SeNB procedure was improved with a Make-Before-Break solution similar to the MBB solution introduced for a regular inter-eNB handover. For instance, when MBB SeNB change is configured, the UE maintains the connection to the source SeNB after receiving the RRCConnectionReconfiguration message and until the UE executes initial uplink transmission to the target SeNB. This means that the MBB solution for SeNB change in Rel-14 suffers from the same shortcomings as the MBB solution for a regular inter-eNB handover in Rel-14.
[bookmark: _Toc1042403][bookmark: _Toc4157846][bookmark: _Toc4160135][bookmark: _Toc4665292]The MBB solution for SeNB change in Rel-14 suffers from the same shortcomings as the MBB solution for a regular inter-eNB handover in Rel-14.
In our view it is more important to reduce interruption time for a regular handover, since at an SCG change the UE can continue to transmit and receive data via the MCG. However, if the additional work to specify a solution to reduce interruption time at an SCG change is limited, then we are open to consider this in Rel-16.
If so, a potential solution to reduce the interruption time during SCG change in MR-DC can be based on the MBB solution for SeNB change in Rel-14. But similar to the study of reduced handover time in NR, the currently studied MBB improvements in Rel-16 for a regular inter-eNB handover should also be considered.
[bookmark: _Toc769173][bookmark: _Toc770843][bookmark: _Toc784530][bookmark: _Toc947622][bookmark: _Toc952284][bookmark: _Toc1042405][bookmark: _Toc4157852][bookmark: _Toc4160141][bookmark: _Toc4665298]If reduced handover interruption time for SCG change is to be supported in NR, a solution based on the enhanced MBB solution currently discussed in LTE Rel-16 should be considered.
Make-Before-Break solution for NR mobility
As in LTE, the UE ability to simultaneously receive and transmit packets to/from the source cell and the target cell is crucial to achieve seamless mobility, i.e. to reach true 0ms handover interruption time. The target of 0ms handover interruption time requires the UE to maintain the connection with the source gNB after receiving the RRCReconfiguration message. The connection to the source gNB needs to be kept active until the connection to the target gNB is successfully established, i.e. at the point when the UE can receive and transmit packets in the target cell.
Similar to the eMBB solution currently discussed for LTE, the UE need to maintain two user plane protocol stacks and two security contexts throughout the Handover execution phase.
· [bookmark: _Hlk4052069]For transmission/reception of packets to/from the source gNB, the UE need to keep the complete source user plane protocol stack and security context active (i.e. as before the RRCReconfiguration message was received) at least until the switch to the target protocol stack is triggered.
· For the random-access procedure (while sending and receiving packets to/from the source gNB) and for the following transmission/reception of packets in the target cell, the UE need to establish a complete target protocol stack in parallel to the source protocol stack. As proposed for the eMBB solution in LTE, the target protocol stack can be setup at the reception of the RRCReconfiguration message.
[bookmark: _Toc4157847][bookmark: _Toc4160136][bookmark: _Toc4665293]Similar to the eMBB solution currently discussed in LTE, the UE need to maintain two user plane protocol stacks and two security contexts throughout the Handover execution phase.
One of the issues currently discussed in LTE, is whether the UE shall keep a single active user plane protocol stack or dual active protocol stacks throughout the Handover execution phase (agreement from RAN2#105 below).
[bookmark: _Hlk4146819]Agreements
	Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.

An agreement is expected at the upcoming meeting, which will also serve as a guidance for a later decision in NR. However, although similar solutions in LTE and NR are preferable, it is not exclusively prevailing.
For instance, considering the requirement on reduced handover interruption time is stricter in NR compared to LTE, the user plane protocol stack solutions (e.g. single or dual active protocol stacks, switching point between source and target protocol stacks etc.) may not be identical in the two systems.
[bookmark: _Toc4157848][bookmark: _Toc4160137][bookmark: _Toc4665294]Due to stricter handover interruption requirements in NR, the UE user plane protocol stack solutions (e.g. single or dual active protocol stacks, switching point between source and target protocol stacks etc.) do not need to be identical in LTE and NR, although this is preferable.
Another agreement to the eMBB solution currently discussed in LTE concerns PDCP SN assignment and forwarding of PDCP SDUs, including the assigned SN, to the target node, see below.
Agreements
	PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.

Since NR has similar requirements for in-sequence delivery and duplication avoidance (PDCP SN is maintained on a per DRB basis for RLC-AM bearers), it seems reasonable to adopt the same agreement for NR, i.e. PDCP SN assignment for DL SDUs is done in the source gNB and then forwarded to the target gNB.
[bookmark: _Toc4157849][bookmark: _Toc4160138][bookmark: _Toc4665295]NR can adopt the LTE eMBB agreement on PDCP SN assignment of DL SDUs in the source node. PDCP SDUs and the SN assigned to each SDU are then forwarded to the target gNB.
In LTE it is still discussed how to transfer PDCP SN information to the target node and when to start data forwarding from the source node to the target node. As discussed in LTE, data forwarding can either be triggered at an early stage as in a legacy handover (i.e. after sending the Handover Command to the UE), or at a later stage in the Handover execution phase, e.g. when the UE performs random-access in the target cell.
The decision whether to apply early or late data forwarding is somewhat linked to the discussion on the different user plane protocol stack solutions. For the single active protocol stack solution, the target gNB need to start DL transmission immediately when the UE has completed the handover to the target cell, thus a late start of data forwarding may not be suitable, while for the dual active protocol stack solution, the start of data forwarding is a bit more flexible.
[bookmark: _Toc4157850][bookmark: _Toc4160139][bookmark: _Toc4665296]The decision whether to apply early or late data forwarding to the target gNB is linked to the discussion on user plane protocol stack solution.
Conclusion
In section 2 we made the following observations:
Observation 1	The requirement on reduced handover interruption time is stricter in NR compared to LTE.
Observation 2	Solutions to reduce interruption time during SCG change is part of the objectives in the NR WID.
Observation 3	The MBB solution for SeNB change in Rel-14 suffers from the same shortcomings as the MBB solution for a regular inter-eNB handover in Rel-14.
Observation 4	Similar to the eMBB solution currently discussed in LTE, the UE need to maintain two user plane protocol stacks and two security contexts throughout the Handover execution phase.
Observation 5	Due to stricter handover interruption requirements in NR, the UE user plane protocol stack solutions (e.g. single or dual active protocol stacks, switching point between source and target protocol stacks etc.) do not need to be identical in LTE and NR, although this is preferable.
Observation 6	NR can adopt the LTE eMBB agreement on PDCP SN assignment of DL SDUs in the source node. PDCP SDUs and the SN assigned to each SDU are then forwarded to the target gNB.
Observation 7	The decision whether to apply early or late data forwarding to the target gNB is linked to the discussion on user plane protocol stack solution.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The study phase for reduced handover interruption time in NR should include a solution based on the enhanced MBB solution currently discussed for LTE.
Proposal 2	If reduced handover interruption time for SCG change is to be supported in NR, a solution based on the enhanced MBB solution currently discussed in LTE Rel-16 should be considered.
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