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1
Introduction

CT4 has discussed in CT4#99-e meeting about the contents of End Marker message on the old tunnel in a NG-RAN initiated QoS Flow mobility procedure in [1] as follows.
"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."

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;

After receiving the End Marker message, NG-RAN considers the user plane packets will be received in the new N3 tunnel, it is not clear how NG-RAN handle the subsequent user plane packets pertaining to the QoS flows kept in the old N3 tunnel.

Question: CT4 would like to ask RAN3 to clarify which alternative is the expected solution?

In this contribution we would provide the corresponding answers to the above questions.
2
Discussion

A proposal was given in CT4 to clarify in TS 29.281 to explicitly say that QFI needs to be included in the GTP-U End Marker message when one or several flow(s) are offloaded from MN/SN to SN/MN in dual connectivity. CT4 would ask RAN3 to confirm which of the above alternatives is the understanding of RAN node.
2.1
Existing mechanism

The procedure of RAN initiated QoS Flow Mobility is depicted in TS 23.502 as follows.
4.14.1
RAN Initiated QoS Flow Mobility

This procedure is used to transfer QoS Flows to and from Secondary RAN Node. During this procedure, the SMF and UPF are never re-allocated. The UPF referred in this clause 4.14.1 is the UPF which terminates N3 interface in the 5GC. The presence of IP connectivity between the UPF and the Master RAN node, as well as between the UPF and the Secondary RAN node is assumed.

If QoS Flows for multiple PDU Sessions need to be transferred to or from Secondary RAN Node, the procedure shown in the Figure 4.14.1-1 below is repeated for each PDU Session.
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Figure 4.14.1-1: NG-RAN initiated QoS Flow mobility procedure

1.
The Master RAN node sends a N2 QoS Flow mobility Indication (PDU Session ID, QFI(s), AN Tunnel Info, User Location Information) message to the AMF. AN Tunnel Info includes the new RAN tunnel endpoint for the QFI(s) for which the AN Tunnel Info shall be modified. The User Location Information shall include the serving cell's ID and, if Dual Connectivity is activated for the UE, the PSCell ID.

2.
AMF to SMF: Nsmf_PDUSession_UpdateSMContext reques (N2 QoS Flow mobility Indication message PDU Session ID).

3.
The SMF sends an N4 Session Modification Request (PDU Session ID(s), QFI(s), AN Tunnel Info for downlink user plane) message to the UPF.

4.
The UPF returns an N4 Session Modification Response (CN Tunnel Info for uplink traffic) message to the SMF after requested QFIs are switched.

NOTE:
Step 7 can occur any time after receipt of N4 Session Modification Response at the SMF.

5.
SMF to AMF: Nsmf_PDUSession_UpdateSMContext response (N2 SM information (CN Tunnel Info for uplink traffic)) for QFIs of the PDU Session which have been switched successfully. If none of the requested QFIs have been switched successfully, the SMF shall send an N2 QoS Flow mobility Failure message.

6.
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.
7.
The AMF relays message 5 to the Master RAN node.

Correspondingly, when a PDU Session whose QoS Flows are served by more than one SDAP entities in the NG-RAN, RAN specficcation named it as PDU session split. In TS 37.340, in-order delivery for uplink is described in section 10.14.3 step 3-6d during the procedure for RAN initiated QoS flows offloading from MN to SN as follows.
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.

Similarly, for downlink the target RAN forwards the packets received from the source RAN until it receives the End Marker message from UPF, then it starts to forward packets from the UPF in the new tunnel in order to keep DL in-order delivery. Since the bearer context is modified, the related info, e.g., flow mapping, will be contained in the DRB to be modified list to be transferred to UP about the corresponding QFI(s) and then NG-RAN node remembers accordingly. The UPF shall not forward the packets pertaining to a QoS flow which is not supposed to be transferred. If the old RAN node still receives packets afterward, this will be considered as abnormal case, and thus it is implementation specific.
In summary, we don’t see the need to introduce any flow info to the GTP-U packets to configure with a set of QoS flows. This protocol is not supposed to control which QoS flows it transport. The GTP-U packet should act based on protocol information contained in the protocol data. 
Furthermore, we would suggest TS 29.281 not to capture any stage-2 description on the behaviour of NG-RAN node. In case companies agree that current RAN specification can be enhanced, we propose to add description on handling of End Marker messages in stage-2 [3][4] to avoid future confusion.

Proposal 1 Send the reply LS [2] to CT4 and clarify that no QFI is required in the End Marker message during RAN initiated QoS flow mobility.

Proposal 2 Agree CR [3][4] by adding description of End Marker handling in stage-2.
3
Conclusion and Proposals
Based on the above, we gave the following proposals.
Proposal 3 Send the reply LS [2] to CT4 and clarify that no QFI is required in the End Marker message during RAN initiated QoS flow mobility.

Proposal 4 Agree CR [3][4] by adding description of End Marker handling in stage-2.
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