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1. Introduction
The End Marker Handling between MN and SN was discussed during last meeting]. In [1], some agreements were achieved for the DL end marker handling between UPF and NG-RAN node, but no consensus on the end marker handling between MN and SN. The following clarification was captured in Chairman Notes:
	Common understanding that after receiving the DL end marker from 5GC at step 7a (in 10.14.3 of 37.340), the MN may generate at step 7b DL End Marker packets without QFI tag for each of the QoS Flows involved in the same procedure
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To be continued w.r.t. proposals in 7086, 7087...


In this document we further discuss the end marker handling between MN and SN. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3. Discussion
In TS 38.300 and TS 37.340, the following descriptions could be found:
	TS 38.300
	Handling of end marker packets:
-	The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF and replicates the end marker packets into each data forwarding tunnel when no more user data packets are to be forwarded over that tunnel.
-	End marker packets sent via a data forwarding tunnel are applicable to all QoS flows forwarded via that tunnel. After end marker packets have been received over a forwarding tunnel, the target NG-RAN node can start taking into account the packets of QoS flows associated with that forwarding tunnel received at the target NG-RAN node from the NG-U PDU session tunnel.

	TS 37.340
	[bookmark: _Toc29246495][bookmark: _Toc46523954][bookmark: _Toc52568775]8.4	User data forwarding
…
For MR-DC with 5GC, user data forwarding may be performed between NG-RAN nodes whenever the logical node hosting the PDCP entity changes. The behaviour of the node from which data is forwarded is the same as specified for the "source NG-RAN node" for handover, the behaviour of the node to which data is forwarded is the same as specified for the "target NG-RAN node" for handover.
…
For MR-DC with 5GC, offloading of QoS flows within one PDU session may be performed between NG-RAN nodes. The handling of End Marker packets in case of NG-RAN initiated PDU session split is described in clause 10.14.3 and 10.14.4.


Observation 1: During Handover, the end marker from Source NG-RAN node to the Target NG-RAN node is applicable to all QoS flows forwarded via that tunnel.
Observation 2: During MR-DC, when the logical node hosting the PDCP entity changes, the user data forwarding behaviour of the MN and SN are the same as "source NG-RAN node and "target NG-RAN node" for handover.
Take RAN initiated QoS flows offloading from MN to SN as the example, the handling is updated to the steps as below after introduction of [2].
	

Figure 10.14.3-1: PDU Session Split at UPF during RAN initiated PDU session resource modify (QoS flows offloading from MN to SN)

	1-2.	If the MN decides to split a PDU session, it uses the SN Addition procedure or the MN-initiated SN Modification procedure, including current UPF UL NG-U tunnel used at the MN. If in-order delivery is required for some QoS flows, an UL forwarding tunnel may be setup for the PDU session at this stage.
NOTE 1:	In case the MN offloads some QoS flows to the SN within a PDU session already split between the MN and the SN, the MN initiated SN Modification procedure is used.
3-6d.	If in-order delivery is required, the SN buffers the first packets received from the UE for a certain QoS flow until it receives an GTP-U end marker packet over the UL forwarding tunnel indicating that the MN has delivered all UL packets from the source side to UPF for that QoS flow. Then the SN starts delivering UL packets to UPF for that QoS flow using the UPF UL TEID address used at the MN received at step 1.
7-8.	The MN uses the PDU Session Resource Modify Indication message to inform 5GC that the PDU session is split into two tunnels and indicate which QoS flows are associated with which DL tunnel. The 5GC triggers the sending of DL End Marker packets without QFI tag and confirms with the PDU Session Resource Modify Confirm message and allocates corresponding uplink tunnels.
After receiving the End Marker packet(s) from UPF, the MN determines that the End Marker packets only work on the offloaded QoS flows, and may stop delivering and discard DL packets of the offloaded QoS flows, and the MN shall continue transmiting DL packets for the not offloaded QoS flows, if any.
9-10.	If the MN receives a new UL TEID in the PDU Session Resource Modify Confirm message for itself, the MN will use it to deliver UL packets to UPF. If the MN receives a new UL TEID for the SN, then the MN-initiated SN Modification procedure (i.e., step 9 and step 10) is used to provide the new UL TEID to the SN and then the SN switches to use the new UL TEID to deliver UL packets.


Observation 3: the DL data forwarding from MN to SN for the offloaded QoS flows could start after Step 2.
Observation 4: the MN will receive the DL End marker without QFI tag after step 7, therefore the end marker from MN to the SN can only be sent after step 7.
In [3], one example was mentioned as below:
	In our example, the buffer of QoS flow 1 packets in MN could be large compared to the buffer of QoS flow 2 packets. If DL End Markers are generated without QFI (i.e. common end markers for both QoS flows 1 & 2) the target gNB will have to uselessly block fresh packets of QoS flow 2 because waiting for forwarded packets of QoS flow 1. This is quite inefficient.
If instead MN generates DL End Marker packets with QFI1 after forwarding the packets of QoS flow 1 and generates separate DL End Marker packets with QFI2 after forwarding the packets of QoS flow 2, then the latency of QoS flow 2 is not impaired in our example.
For latency reasons, it is better that MN generates DL End Marker packets with QFI tag over the Xn-U forwarding tunnel.


Considering of the current status of observation 1 and 2, and based on the observation 3 and 4, the mentioned inefficient issue above maybe not exist/serious, as most of the buffered data may have already been forwarded to the peer node during the time period between step 2 and 7, therefore there seems no need to introduce per flow end marker between MN and SN in such scenario.
Proposal 1: use end marker without QFI for the data forwarding of the offloaded QoS flows between MN and SN.
After some discussion in last meeting, in the updated CR [4], it was proposed to use DL End Marker packets without QFI tag between MN and SN, and the CR tries to update the Figure 10.14.3-1 and Figure 10.14.4-1 and the descriptions by adding the steps 7a/7b, but it is noticed that the changes need to be further updated.
Proposal 2: endorse the draftCRs provided in [5] and [6] to TS 37.340.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Proposals
Based on the discussion in this paper, we get the following observations and proposals:
[bookmark: _Toc423020280]Observation 1: During Handover, the end marker from Source NG-RAN node to the Target NG-RAN node is applicable to all QoS flows forwarded via that tunnel.
Observation 2: During MR-DC, when the logical node hosting the PDCP entity changes, the user data forwarding behaviour of the MN and SN are the same as "source NG-RAN node and "target NG-RAN node" for handover.
Observation 3: the DL data forwarding from MN to SN for the offloaded QoS flows could start after Step 2.
Observation 4: the MN will receive the DL End marker without QFI tag after step 7, therefore the end marker from MN to the SN can only be sent after step 7.
Proposal 1: use end marker without QFI for the data forwarding of the offloaded QoS flows between MN and SN.
Proposal 2: endorse the draftCRs provided in [5] and [6] to TS 37.340.
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