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1. Introduction
CT4 sends an LS to RAN3 on End Marker in NG-RAN initiated QoS Flow mobility (C4-204340). CT4 thinks that it is not clear how NG-RAN handle the subsequent user plane packets pertaining to the QoS flows kept in the old N3 tunnel after it receives the End Marker, and asks RAN3 for the suggestion on their provided three alternatives.
In this contribution, we analyse the problem and the alternative solutions, propose to clarify the end marker handling in RAN specification.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Problem
As mentioned in the LS, the specified text in step 6 of clause 4.14.1 of 3GPP TS 23.502 gives the following descriptions:


Figure 4.14.1-1: NG-RAN initiated QoS Flow mobility procedure
[bookmark: OLE_LINK3]"Step6. In order to assist the reordering function in the Master RAN node and/or Secondary RAN node, for each affected N3 tunnel the UPF sends one or more "end marker" packets on the old tunnel immediately after switching the tunnel for the QFI. The UPF starts sending downlink packets to the Target NG-RAN."
It only defines the UPF handling of End Marker for the affected N3 tunnel whose QoS Flows are switched between M-RAN and S-RAN. But it is not clear how the End Marker works end-to-end, as the N3 tunnel is per GTP-U and the end marker is used per GTP-U currently, thus the End Maker works on all the QoS Flows in the N3 tunnel. 
Observation 1: currently End marker handling is defined per GTP-U tunnel, works on all the QoS Flows in the same tunnel.
[bookmark: _Toc20213237][bookmark: _Toc27752146][bookmark: _Toc27752781]Reference to the handling of End Marker in clause 7.3.2 of 3GPP TS 29.281, as highlighted in yellow, after the receiver receives the End Marker for the GTP-U tunnel, it would discard the following arrived G-PDUs. In other words, if a PDU session has 3 QoS Flows and the QoS Flow1 need to be switched from M-RAN to S-RAN, then the M-RAN would discard the received data of QoS Flow2 and QoS Flow3. Consequently, for the NG-RAN initiated QoS Flow mobility procedure, the existing handling of End Marker by the receiver (e.g. NG-RAN) is not correct. 
7.3.2	End Marker
The End Marker message(s) shall be sent after sending the last G-PDU that needs to be sent on a GTP-U tunnel as specified in 3GPP TS 23.401 [5] or after receiving an End Marker Indication as specified in clause 5.7.1 of 3GPP TS 23.402 [23]. 
The End Marker message(s) shall also be sent after sending the last G-PDU that needs to be sent on a GTP-U tunnel or after receiving an End Marker Indication as specified in 3GPP TS 23.501 [28] and 3GPP TS 23.502 [29]. End marker packets sent over data forward tunnels in 5GS, for data forwarding between 5GS and EPS, shall be sent with the PDU Session Container extension header including the Qos Flow Identifier of one of the QoS flows mapped to the same E-RAB.
The End Marker message(s) shall be sent for each GTP-U tunnel, except for the case of an E-UTRAN Initiated E-RAB modification procedure. During an E-UTRAN Initiated E-RAB modification procedure, the SGW shall send End marker message(s) to the eNodeB on the old S1-U tunnel for the tunnel(s) that are switched, i.e. if the S1 eNodeB F-TEID of the GTP-U tunnel provided by the MME in a Modify Bearer Request or Modify Access Bearer Request is not the same as the one previously stored in the SGW. Each GTP-U tunnel is identified with a respective TEID value in the GTP-U header. The End Marker message indicates the end of the payload stream on a given tunnel, i.e. a G-PDU that arrives after an End Marker message on this tunnel may be silently discarded. Table 7.3.2-1 specifies the information element included in the End Marker message.
Observation 2: in current end marker message handling defined in TS29.281, a G-PDU that arrives after an End Marker message on this tunnel may be silently discarded.
In case of MR-DC with 5GC, it is defined in TS37.340 that 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.
In TS38.300 handover procedure, it is defined that the UPF sends one or more "end marker" packets on the old path to the source gNB per PDU session/tunnel and then can release any U-plane/TNL resources towards the source gNB.
Observation 3: In case of MR-DC with 5GC, the behaviour of the node from which data is forwarded is the same as specified for the "source NG-RAN node" for handover, but the end marker handling defined for handover procedure can not satisfy the case of NG-RAN initiated QoS Flow mobility.
3. Solution
As mentioned in CT4 LS, CT4 discussed the following several alternatives to send the End Marker messages on the old tunnel in a NG-RAN initiated QoS Flow mobility procedure:
1.	UPF sends one or more End Marker messages without any QFI included;
2.	UPF sends one or more End Marker messages including one QFI of those QoS flows be switched to the new N3 tunnel; 
3.	UPF sends one or more End marker messages including the QFI for each of those QoS flows be switched to the new N3 tunnel;
From NG-RAN point of view, the NG-RAN nodes are clear of which QoS Flows are requested to be switched, it is able to handling the end marker only applies to the switched QoS Flows by an enhanced logic, regardless of receiving end marker without QFI, or receiving end marker with one QFI for the QoS flows to be switched, or end markers with QFI for each QoS flows to be switched.
Therefore, it is preferred to enhance the NG-RAN logic, and select the alternative 1 from CT4: UPF sends one or more End Marker messages without any QFI included.
For RAN specification, it is needed to clarify that for QoS Flows transferred to and from Secondary NG-RAN Node, the source NG-RAN Node knows the successfully transferred QoS Flows, based on which it determines the impacted QoS Flows for the End Marker, so the End Marker message indicates the end of the payload stream for the transferred QoS flows on a given tunnel. Consequently, upon receiving the End Marker message for the GTP-U tunnel, the Source NG-RAN silently discarded the following G-PDU packets for the switched QoS flows, but still receives the following G-PDU packets for the other QoS flows and sent them to UE.
Proposal 1: clarify in RAN specification about the ender marker handling in case of MR-DC NG-RAN initiated QoS Flow offloading.
[bookmark: _GoBack]Proposal 2: reply to CT4 that alternative 1 from CT4 is preferred, i.e. UPF sends one or more End Marker messages without any QFI included.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Proposals
Based on the discussion in this paper, we propose the following:
Proposal 1: clarify in RAN specification about the ender marker handling in case of MR-DC NG-RAN initiated QoS Flow offloading.
Proposal 2: reply to CT4 that alternative 1 from CT4 is preferred.
The corresponding CR is provided in [2] and [3], the draft Reply LS is provided in [4].
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