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1	Background
We have in the past meetings discussed handover, data forward aspects.
This paper the user plane End Marker aspect is discussed.
2	Discussion
During handover, the End Marker has been used to indicate in the user plan the end of the old data path.  In GTP-U, (ref [1]), the End Marker message indicates the end of the payload stream on a given tunnel.
Observation 1: The End marker is to mark the end of the old path, i.e. the given Tunnel.
In 5G system, handover can be classified as Inter system handover (between 5G and 4G) and Intra system handover (with in 5G). Dual connectivity can be classified as En-DC for optional 3 and DC in 5G system.
2.1	Inter system handover
As only indirect data forwarding is supported in inter system handover, e.g. in handover from 5GC to EPS, the data forwarding would be via CN. The end marker is sent from source UPF to source NG-RAN by the old path, and then from source NG-RAN node to UPF. Further from UPF to target SGW, and from the target SGW to target E-UTRAN.
Follow the end marker is per GTP-U tunnel principle, we could consider that UPF sends the end marker per GTP-U tunnel, i.e. per PDU session. The 5GC will do the 5G QoS flow to EPS bearer mapping, so in the phase that UPF forwards the data to target SGW, we could assume that UPF would be able to send one or more End marker per EPS bearer, just like specified in 4G system.
Observation 2: in inter system handover, the end marker can be sent per tunnel/PDU session by UPF to NG-RAN node.
2.2	Intra system handover in 5G
For Intra system handover in 5G, lossless data forward map be supported, but the precondition is that the target NG-RAN node keeps the same QoS flow to DRB mapping as in the source NG-RAN. RAN decides if it would be a direct or indirect data forwarding during handover.
Observation 3: it is NG-RAN to decide whether re-ordering is needed for a QoS flow, or whether lossless mobility is supported.
There is no one to one QoS flow to DRB mapping and the function to map the QoS flow to DRB resides in SDAP in RAN. When lossless is supported, the PDCP PDU SN and HFN needs to be preserved to achieve reordering and in sequence. For direct data forwarding over Xn, RAN has been discussing to have one forward data GTP-U tunnel per DRB for the data already has PDCP PDU SN assigned, and eventually one tunnel for the fresh data.  Even the details is subject to further discussion, for re-ordering and lossless purpose, PDCP PDU SN for DRB is the focus.
Observation 4: the lossless is achieved by preserving the PDCP PDU SN and HFN for DRBs. There is no one-one QoS flow to DRB mapping.
During intra system handover, if direct forwarding is determined by NG-RAN, the end marker is sent from UPF to source NG-RAN node by the old data path, and then from source NG-RAN node to the target NG-RAN node via Xn interface. When GTP-U tunnel is supposed to be setup for forwarded DRBs, end marker per DRB would be ideal. However DRB is a NG-RAN concept, not known in UPF.
Follow the end marker is per GTP-U tunnel principle, we could consider that UPF sends the end marker per GTP-U tunnel, i.e. per PDU session. The source NG-RAN needs to forward the end marker per DRB/GTP-U tunnel to the target NG-RAN node.
Observation 5: during intra system direct data forwarding, the end markers is sent to source RAN per PDU session, and the source NG-RAN nodes forward end-marker per DRB/GTP-u tunnel to the target NG-RAN node.
During intra system handover, if indirect forwarding is determined by NG-RAN, the end marker is sent from UPF to source NG-RAN node by the old data path, and then from source NG-RAN node to the source UPF. With UPF relocation, the end marker is then forward to the target UPF, which is further forwarded to target NG-RAN. Lossless data forwarding cannot be achieved, end marker per GTP-U tunnel works the same and follows the GTP principle.
Observation 6: during intra system indirect data forwarding, the end marker is sent to the source RAN per PDU session.
End marker per QoS flow is said to save the time so when one QoS flow has marked by end marker, the fresh data ( from the new path) from the same QoS flow can be transmitted on the new DRB. There is incorrectness in this thinking, as the PDCP PDU SN is assigned per DRB not per QoS flow. When multiple QoS flows are mapped to the same DRB, we have to finish the data forwarding for the whole DRB (in the old path) to ensure the lossless and in-sequence. On the other hand, end marker per QoS flow makes it difficult for RAN to implement, as when multiple QoS flows are mapped to one DRB, RAN has to wait for the end marker for the all the QoS flows before it could determine the end marker for the DRB.
Observation 7: End marker per QoS flow makes lossless and in-sequence data forwarding difficult in NG-RAN node.
Upon receiving the "end marker" packets, the source NG-RAN shall, if forwarding is activated for that DRB, forward the packet toward the target NG-RAN.
On detection of an "end marker" the target NG-RAN node shall discard the end marker packet and initiate any necessary processing to maintain in sequence delivery.
2.3	PDU session splitting in UPF
Follow the end marker is per GTP-U tunnel principle, we could assume the end marker is sent per GTP-U tunnel for each splitted PDU session, for the data path that has been switched.

Proposal 1: During handover the UPF sends one or more "end marker" per PDU sessions/tunnel on the old path to the source NG-RAN node before it releases the user plane towards the source NG-RAN.
Proposal 2: For direct data forward, the source NG-RAN node forwards the end marker per forwarded DRB /tunnel to the target NG-RAN node.
3	Proposals
Observation 1: The End marker is to mark the end of the old path, i.e. the given Tunnel.
Observation 2: in inter system handover, the end marker can be sent per tunnel/PDU session by UPF to NG-RAN node.
Observation 3: it is NG-RAN to decide whether re-ordering is needed for a QoS flow, or whether lossless mobility is supported.
Observation 4: the lossless is achieved by preserving the PDCP PDU SN and HFN for DRBs. There is no one-one QoS flow to DRB mapping.
Observation 5: during intra system direct data forwarding, the end markers is sent to source RAN per PDU session, and the source NG-RAN nodes forward end-marker per DRB/GTP-u tunnel to the target NG-RAN node.
Observation 6: during intra system indirect data forwarding, the end marker is sent to the source RAN per PDU session.
Observation 7: End marker per QoS flow makes lossless and in-sequence data forwarding difficult in NG-RAN node.

Proposal 1: During handover the UPF sends one or more "end marker" per PDU sessions/tunnel on the old path to the source NG-RAN node before it releases the user plane towards the source NG-RAN.
Proposal 2: For direct data forward, the source NG-RAN node forwards the end marker per forwarded DRB /tunnel to the target NG-RAN node.
The draft CR is submitted in [1].
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