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1	Introduction
This paper discusses the handling of end marker packets in three main scenarios:  intra-system handovers, inter-system handovers and MR DC dual connectivity.
It then derives general principles for handling of the end marker packet and user plane in general. It also proposes some Text Proposal for TS 38.300.

2	Description
To make the solution generic, one should consider the case where the I-UPF is different than the A-UPF (e.g. home routed scenario). More generally the following terminology is introduced in this paper:
· UPF-G is the UPF which receives the path switch order from the SMF and Generates the end marker towards source RAN (e.g. I-UPF in VPLMN or HPLMN UPF in inter-system handover)
· UPF-F is the UPF which is involved in the Forwarding of the packets.
In this paper we will compare two possible options which can be used to implement end markers in 5G system:
· Option 1: UPF can only send end marker packets without the QFI-tag (i.e. QFI GTP extension header” = 5GS container from RAN3) over a PDU session tunnel
· Option 2: UPF may send end marker packets with QFI-tag (i.e. QFI GTP extension header) over a PDU session tunnel.
IMPORTANT NOTE: option 2 does not necessarily mean that UPF-G sends one end marker per QoS flow of the PDU session as it will be detailed below.
End markers for Intra-System Handover
All flows are switched at the same time. UPF-G does not need to know about individual ongoing flows.
Option 1
In option 1, UPF-G has a PDU session-level switching rule and generates only one end marker per PDU session as well. 
When this end marker packet reaches the NG-RAN, the source NG-RAN may have setup either only DRB tunnels (for the lossless), or DRB tunnels and one PDU session tunnel, or only the PDU session tunnel, as described in tdoc [3]. The source NG-RAN node behaviour can then be described as two-folds: 
· If there is a forwarding PDU session tunnel, the source NG-RAN just needs to forward the received end marker packet over that tunnel as last packet;
· If there is no forwarding PDU session tunnel, the source NG-RAN needs to generate as many end marker packets as there are DRBs.
Option 2
In option 2, even in direct forwarding case, target NG-RAN node could indicate to SMF either one QFI per PDU session in case of there is a forwarding PDU session tunnel or a list of QFIs (one per DRB) in case of no forwarding PDU session tunnel. SMF could relay this (these) QFI values to UPF. UPF-G needs to generate multiple end marker packets instead of one per PDU session and also add the QFI tag. Source NG-RAN just need to forward the received end marker packets as per relevant mapping to their DRB.
Obviously, option 2 is more complex for UPF-G and has lots of signalling impacts. However, it is simpler for source NG-RAN which doesn’t need to duplicate and generate end marker packets itself. In total, option 1 seems preferable for this case.
Proposal 1: for intra-system handover, option 1 seems preferable: the source NG-RAN node receives one end marker packet per PDU session which it relays over the forwarding PDU session tunnel. If there is no PDU session forwarding tunnel, the source NG-RAN node duplicates as many end marker packets as forwarding DRB tunnels.

End markers for 5g to 4g handovers
Option 1
UPF-G generates one end marker per PDU session. The source RAN relays that end marker together with forwarded packets of eligible PDU sessions towards the UPF-F. The UPF-F has been configured with QoS flow-level PDR in order to route to appropriate E-RABs (likely one PDR per E-RAB). When receiving the PDU session end marker, the UPF-F needs a special additional handling (e.g. one more PDR matching all traffic with lower precedence) because that packet has no QFI-tag, it also needs to duplicate and generate as many end marker packets as E-RABs (using multiple FARs for the PDR (new) or alternatively the SMF would have to include multiple end markers in the configuration commend to UPF-F (new as well)).
Option 2
The SMF is aware of the E-RABs/QoS flows subject to forwarding because it needs to configure UPF-F. It can inform UPF-G to generate as many end marker packets as E-RABs, and tag these end marker packets with appropriate QFI. Source RAN and UPF-F just need to treat this end marker packet as any other forwarded packet: the end marker packet is naturally routed to the target RAN. 
Obviously, option 2 is simpler from UPF side while both options are same for RAN.
Proposal 2: for 5g to 4g handover, option 2 seems preferable.

End markers for 4g to 5g handovers
Option 1
[bookmark: _GoBack]The UPF-G generates one end marker per E-RAB. The source eNB will forward this end marker per E-RAB towards the UPF-F. Assuming two E-RABS are mapped to one PDU session, the UPF-F will need to have a PDR per E-RAB to generate a QFI-tag for each packet to be forwarded to target gNB. However, for the two end markers, the UPF-F needs to wait for the two end markers to arrive, eliminate the first one to send only second one, and finally forward that second end marker without adding a QFI-tag which requires a special treatment, different from regular forwarded packets (e.g. special enforcement rule).
Option 2
Compared to above option 1, for each of the two end marker packets received over the E-RABs the UPF-F adds a QFI-tag before forwarding to target gNB, like for any other forwarded packet. The end marker handling is transparent for the UPF-F.
NOTE: Please note that for both options 1 & 2, if two flows 1, 2 map to E-RAB1, the UPF-F cannot discriminate which forwarded packets correspond to flow 1 or flow 2: it is assumed that it will tag them with same QFI e.g. all forwarded packets will arrive at target gNB with QFI1. For the target NG-RAN node, receiving end marker packet tagged QFI1 should be understood as delivery of fresh packets is now open for both QoS flows 1 and 2. This should not be a problem given that target NG-RAN node is aware of the mapping E-RAB to QoS Flows (received in the SMF container of the HO Request message).
Obviously, option 2 overperforms option 1.
Proposal 3: for 4g to g handovers, option 2 must be used. 
End markers for dual connectivity
The per-QoS flow offloading has been agreed for the MR-DC. This means that one PDU session could support 4 QoS flows 1, 2 ,3,4 and only QoS flows 1,2 are offloaded towards the SN. In this split PDU session feature, the UPF-G will be informed by the SMF by a control plane command that QoS flows 1, 2 only are to be offloaded and therefore the UPF-G will necessarily have a flow-based PDR and FAR (Forwarding Action Rule) for flow 1 and 2. Therefore, at the time when the PDR is created/modified, it seems a bit simpler for UPF-G to generate one PDU session tunnel end marker (option 1) compared to creating two end marker packets respectively tagged QFI1, QFI2.  
Option 1
Option 1 has one drawback: imagine the MN decides to offload QoS flows 1, 2 by a first command to 5GC then QoS flow 3 by a second command to 5GC: receiving one PDU session level end marker packet would be confusing when determining if it applies to the first command or the second command. Same issue would apply for the SN if it receives two successive Xn SN Addition Request messages and then a non-QFI-tagged end marker packet arrives over user plane (forwarded by MN).
Option 2
Option 2 eliminates the two problems above. The MN delivers the packets of QoS flows 1, 2 over the radio of MN and forwards per QFI fresh incoming packets over the PDU session tunnel towards the SN. The QFI-tagged end markers packets are then automatically forwarded by MN like any other forwarded packet.
Proposal 4: for MR-DC, option 2 seems preferable: the UPF-G generates one (QFI-tagged) end marker packet for each QoS Flow to be offloaded which has been indicated in the control plane command received from the SMF.

2	Conclusion and Proposal
The conclusion of this paper is that:
· The choice between option 1 / option 2 is not straightforward and has system wide implication involving CN nodes. 
· The choice between option 1 or 2 leads to different handling/expectation/behaviour in the source/target NG-RAN node.
· It seems that overall option 2 is inevitable considering all the scenarios meaning that RAN3 should prepare to enable sending an end marker packet over N3 which has the QFI GTP extension header.  
Based on the analysis above we make the following proposal as a summary:
Proposal 1: select option 1 for the intra-system handover and agree the TP below.
Proposal 2: select option 2 for the inter-system handover and the MR-DC
Proposal 3: inform SA2 and CT4 of our analysis and decision and ask them for feedback. An LS out has been provided at this meeting in tdoc [4]. 



3	Text Proposal for TS 38.300

9.2.3.2.3	Data Forwarding
The following description depicts the data forwarding principles for intra-system handover (applicability to be confirmed for the indirect forwarding case).  
When “Lossless handover” is required the source NG-RAN node may include DRBs information for which PDCP SN status need to be preserved. The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the forwarding. One tunnel per PDU session may be setup for the forwarding of the new incoming packets of the PDU session. 
In case of no lossless data forwarding, the target NG-RAN node may send back to the source NG-RAN node one tunnel address for the PDU session to enable the source NG-RAN node to forward all the new incoming packets of the PDU session.
Handling of end markers
For intra-system handover, the source NG-RAN node receives one end marker packet per PDU session which it relays over the forwarding PDU session tunnel. If there is no PDU session forwarding tunnel, the source NG-RAN node duplicates as many end marker packets as forwarding DRB tunnels.
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