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Introduction
At the RAN#80 meeting in June 2018, a new Rel-16 WI was approved [1] with the purpose to further enhance NR mobility by reducing handover interruption time and improve mobility robustness.
In the ongoing LTE Rel-16 WI on mobility enhancements, it was agreed to specify the “non-split bearer” candidate solution (a.k.a. the enhanced Make-Before-Break (MBB) solution) for minimizing the interruption time during mobility. One of the issues still discussed for enhanced MBB is how to transfer PDCP SN information to the target node and when to start DL data forwarding from the source to the target node.
In LTE, two alternative data forwarding solutions are currently discussed - early start of data forwarding and late start of data forwarding.
Early start of data forwarding refers to the network behavior at a legacy handover when data forwarding is started at sending of the RRCConnectionReconfiguration message (Handover Command) to the UE.
When late start of data forwarding is applied, data forwarding is started by the source node on e.g reception of an Xn message from the target node or reception of an RRC message from the UE after a successful random-access in the target cell.
In this contribution we discuss the data forwarding issue in a potential MBB solution for NR.
Early or late start of DL data forwarding
To achieve true 0ms HO interruption time, the UE need to keep its connection with the source cell at least until the UE is ready to receive (and transmit) user data in the target cell.
In principle, this means that the source gNB, after sending the RRCReconfiguration message to the UE (Handover Command), continues to send DL packets to the UE until the UE is able to receive DL packets from the target gNB. In other words, the network needs to provide the UE with a seamless DL data flow throughout the handover execution phase.
[bookmark: _Toc3455909][bookmark: _Toc3456400][bookmark: _Toc3456626][bookmark: _Toc3967369][bookmark: _Toc3968533][bookmark: _Toc4573436][bookmark: _Toc4672964][bookmark: _Toc4673423][bookmark: _Toc7002679][bookmark: _Toc7439606][bookmark: _Toc7439743][bookmark: _Toc7439750][bookmark: _Toc7621733][bookmark: _Toc7623917][bookmark: _Toc7697022][bookmark: _Toc12953507][bookmark: _Toc12958741][bookmark: _Toc12961377][bookmark: _Toc16696070][bookmark: _Toc16696076][bookmark: _Toc16696137]To achieve seamless handover, the network needs to provide the UE with a continuous DL data flow throughout the handover execution phase.
[bookmark: _Hlk12883955]Important to consider when discussing data forwarding and 0ms handover interruption time is that the target gNB is given the possibility to start DL transmission immediately when the UE has completed the handover in the target cell. Even if a UE with dual active protocol stacks is potentially able to continuously receive DL data from the source gNB after completing the handover in the target cell, the UE may be on the cell edge of the source cell, thus the radio conditions to/from the source cell would not be ideal, causing unnecessary delays/interruptions in the DL data flow (due to transmission repetitions) to the UE.
[bookmark: _Toc3455910][bookmark: _Toc3456401][bookmark: _Toc3456627][bookmark: _Toc3967370][bookmark: _Toc3968534][bookmark: _Toc4573437][bookmark: _Toc4672965][bookmark: _Toc4673424][bookmark: _Toc7002680][bookmark: _Toc7439607][bookmark: _Toc7439744][bookmark: _Toc7439751][bookmark: _Toc7621734][bookmark: _Toc7623918][bookmark: _Toc7697023][bookmark: _Toc12953508][bookmark: _Toc12958742][bookmark: _Toc12961378][bookmark: _Toc16696071][bookmark: _Toc16696077][bookmark: _Toc16696138]Ideally, the UE starts receiving DL data from the target gNB immediately after completing the handover.
[bookmark: _Hlk3376023]Starting data forwarding late in the handover execution phase, e.g. when the UE performs random-access in the target cell, benefits from the fact that a smaller amount of DL PDCP duplications will be forwarded from the source gNB and buffered in the target gNB compared to an early start of data forwarding. On the other hand, if the data forwarding mechanism is based on some trigger sent from the target gNB e.g. when the UE performs random-access, there will be a short delay before the first DL user data packet is received in the target gNB due to the Xn round-trip latency.
As an alternative solution, if data forwarding is triggered by the UE sending a Uu message or an in-band indication to the source gNB during the random-access procedure, weak radio conditions to/from the source cell may force the UE to re-send the message/indication multiple times before it is successfully received in the source node, thus delaying the start of data forwarding. 
In even worse radio conditions, the message/indication from the UE may not be received by the source gNB.
[bookmark: _Toc3455911][bookmark: _Toc3456402][bookmark: _Toc3456628][bookmark: _Toc3967371][bookmark: _Toc3968535][bookmark: _Toc4573438][bookmark: _Toc4672966][bookmark: _Toc4673425][bookmark: _Toc7002681][bookmark: _Toc7439608][bookmark: _Toc7439745][bookmark: _Toc7439752][bookmark: _Toc7621735][bookmark: _Toc7623919][bookmark: _Toc7697024][bookmark: _Toc12953509][bookmark: _Toc12958743][bookmark: _Toc12961379][bookmark: _Toc16696072][bookmark: _Toc16696078][bookmark: _Toc16696139]A late start of data forwarding implies less DL PDCP duplications sent to the target node. On the other hand, a late start of data forwarding need to take the Xn transmission latency into account.
With an early start of data forwarding the target node can always start DL transmission immediately when the UE has completed the handover in the target cell. A drawback with this method is that the number of DL PDCP duplications buffered in the target node will increase (compared to a late start of data forwarding) and sending of duplicated packets on the radio interface will have a bad impact to user experience and to the target of 0ms handover interruption time, thus it should be avoided.
However, we think this can be resolved with a DL PDCP duplication check performed in the target gNB based on a PDCP Status Report sent by the UE.
[bookmark: _Toc3455912][bookmark: _Toc3456403][bookmark: _Toc3456629][bookmark: _Toc3967372][bookmark: _Toc3968536][bookmark: _Toc4573439][bookmark: _Toc4672967][bookmark: _Toc4673426][bookmark: _Toc7002682][bookmark: _Toc7439609][bookmark: _Toc7439746][bookmark: _Toc7439753][bookmark: _Toc7621736][bookmark: _Toc7623920][bookmark: _Toc7697025][bookmark: _Toc12953510][bookmark: _Toc12958744][bookmark: _Toc12961380][bookmark: _Toc16696073][bookmark: _Toc16696079][bookmark: _Toc16696140]With an early start of data forwarding the target node can always start DL transmission immediately when the UE has completed the handover to the target cell.
Given the above we think that an early start of data forwarding is more reliable compared to a late start of data forwarding. The gain from a late start of data forwarding (less DL PDCP duplications forwarded from source gNB and buffered in the target gNB) is overshadowed by the Xn latency and the obvious risk of an interruption in the DL data flow to the UE.
[bookmark: _Toc3448074][bookmark: _Toc3448089][bookmark: _Toc3455313][bookmark: _Toc3456642][bookmark: _Toc3967375][bookmark: _Toc3968539][bookmark: _Toc4573443][bookmark: _Toc4672969][bookmark: _Toc4673428][bookmark: _Toc7002684][bookmark: _Toc7439601][bookmark: _Toc7439757][bookmark: _Toc7621740][bookmark: _Toc7623925][bookmark: _Toc7697030][bookmark: _Toc12953519][bookmark: _Toc12958747][bookmark: _Toc12961383][bookmark: _Toc12961651][bookmark: _Toc16696082][bookmark: _Toc16696143]RAN2 assumes early start of data forwarding is used in Make-Before-Break (MBB) handover. Early data forwarding means that the source node will start forwarding user-plane packets right after sending the RRCReconfiguration message to the UE, as in legacy HO. 
If the above proposal is agreed, an LS should be sent to RAN3 to inform them about this assumption.
[bookmark: _Toc16696083][bookmark: _Toc16696144]Send LS to RAN3 to inform them about the assumption in Proposal 1.

Forwarding of SN and HFN
[bookmark: _Hlk12964789]In a legacy handover, the source gNB sends the SN STATUS TRANSFER message to the target gNB to convey DL PDCP Sequence Number (SN) transmitter status and UL PDCP SN receiver status for each bearer for which PDCP status preservation applies. The XnAP message is sent when transmitting the RRCReconfiguration message to the UE, i.e. at the time when the source node stops sending/receiving DL/UL data to/from the UE (the source gNB freezes the transmitter and receiver status).
When MBB is configured in the network and if early start of data forwarding is applied, data forwarding of DL data to the target gNB is started while the connection to the UE is still active in the source gNB, i.e. at the time when the source gNB continues to transmit DL data to the UE via the source connection.
[bookmark: _Toc12958745][bookmark: _Toc12961381][bookmark: _Toc16696074][bookmark: _Toc16696080][bookmark: _Toc16696141]When early start of data forwarding is applied, DL data is forwarded to the target gNB while the source gNB is still transmitting data to the UE.
[bookmark: _Hlk12964997]Obviously, since the purpose with early start of data forwarding is to provide the target gNB with DL data before the UE is ready to receive DL data in the target cell, the PDCP SN and HFN transmitter status cannot be transferred to the target gNB at the time when the source gNB stops transmitting DL data to the UE. Instead the PDCP SN and HFN transmitter status need to be sent to the target gNB at the time when data forwarding is started.
[bookmark: _Toc12958746][bookmark: _Toc12961382][bookmark: _Toc16696075][bookmark: _Toc16696081][bookmark: _Toc16696142]When early start of data forwarding is applied, PDCP SN and HFN transmitter status need to be sent to the target gNB before DL data transmission is started in the target cell.
[bookmark: _Hlk536781275]A simple way for the source gNB to apply data forwarding is to forward all DL PDCP SDUs received from the User Plane Function (UPF) in sequence to the target gNB, i.e. the source gNB does not apply any form of selective data forwarding. The benefit of this method is that the source gNB only need to indicate the PDCP SN of the first forwarded DL PDCP SDU since the SNs of the subsequent SDUs will be implicitly known by the target gNB.
[bookmark: _Hlk12965423]The most obvious solution to convey PDCP SN and HFN transmitter status to the target gNB when early data forwarding is applied, is to make use of the SN STATUS TRANSFER message. But since the condition for sending the SN STATUS TRANSFER is clearly different compared to a legacy handover, the potential adaption of the SN STATUS TRANSFER message needs to be discussed in RAN3.
[bookmark: _Toc3448075][bookmark: _Toc3448090][bookmark: _Toc3455314][bookmark: _Toc3456643][bookmark: _Toc3967376][bookmark: _Toc3968540][bookmark: _Toc4573444][bookmark: _Toc4672970][bookmark: _Toc4673429][bookmark: _Toc7002685][bookmark: _Toc7439602][bookmark: _Toc7439758][bookmark: _Toc7621741][bookmark: _Toc7623926][bookmark: _Toc7697031][bookmark: _Toc12953520][bookmark: _Toc12958748][bookmark: _Toc12961384][bookmark: _Toc12961652][bookmark: _Toc16696084][bookmark: _Toc16696145]RAN2 to consider making use of SN STATUS TRANSFER message to transfer DL PDCP SN and HFN transmitter status to the target gNB when MBB is configured. Final decision is up to RAN3.
[bookmark: _Hlk12965510][bookmark: _Hlk12961587]Forwarding of DL PDCP SDUs to the target gNB will continue until the “end marker” packet is received from the UPF on the old path as a result of the DL path switch request triggered by the target gNB. As in legacy, another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source gNB.
[bookmark: _Toc7002686][bookmark: _Toc7439603][bookmark: _Toc7439759][bookmark: _Toc7621742][bookmark: _Toc7623927][bookmark: _Toc7697032][bookmark: _Toc12953521][bookmark: _Toc12958749][bookmark: _Toc12961385][bookmark: _Toc12961653][bookmark: _Toc16696085][bookmark: _Toc16696146][bookmark: _Hlk12965542]As in a legacy handover, DL data forwarding proceeds until the “end marker” packet is received from the UPF on the old path. Another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source gNB. Final decision is up to RAN3.
Conclusion
In this paper we made the following observations:
Observation 1	To achieve seamless handover, the network needs to provide the UE with a continuous DL data flow throughout the handover execution phase.
Observation 2	Ideally, the UE starts receiving DL data from the target gNB immediately after completing the handover.
Observation 3	A late start of data forwarding implies less DL PDCP duplications sent to the target node. On the other hand, a late start of data forwarding need to take the Xn transmission latency into account.
Observation 4	With an early start of data forwarding the target node can always start DL transmission immediately when the UE has completed the handover to the target cell.
Observation 5	When early start of data forwarding is applied, DL data is forwarded to the target gNB while the source gNB is still transmitting data to the UE.
Observation 6	When early start of data forwarding is applied, PDCP SN and HFN transmitter status need to be sent to the target gNB well in time before DL data is sent to the UE in the target cell.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 assumes early start of data forwarding is used in Make-Before-Break (MBB) handover. Early data forwarding means that the source node will start forwarding user-plane packets right after sending the RRCReconfiguration message to the UE, as in legacy HO. 
Proposal 2	Send LS to RAN3 to inform them about the assumption in Proposal 1.
Proposal 3	RAN2 to consider making use of SN STATUS TRANSFER message to transfer DL PDCP SN and HFN transmitter status to the target gNB when MBB is configured. Final decision is up to RAN3.
Proposal 4	As in a legacy handover, DL data forwarding proceeds until the “end marker” packet is received from the UPF on the old path. Another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source gNB. Final decision is up to RAN3.
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