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1. Introduction
In RAN3#99bis, the end marker issue was discussed but not concluded. The issues are summarized in [1]:

· For data forwarding over PDU session tunnels, should end marker packets be sent per tunnel or per QoS flow?

In this contribution, we will further discuss the end marker issue and provide relevant proposals.

2. Discussion
Issue to be addressed: For data forwarding over PDU session tunnels, should end marker packets be sent per tunnel or per QoS flow?
Currently, SA2 has specified the PDU session end marker is to be used for intra and inter system HO, the following texts are copied from TS 23.502 [3]:
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Observation 1: In SA2’s spec, per PDU Session End marker is to be used for intra NR handover and inter system handover from 5GS to EPS.

For intra NR HO:

If per PDU session forwarding tunnels have been built and suppose the end marker granularity for data forwarding is per PDU session tunnel, the QoS flows with few or no data left at source NG-RAN node to be forwarded to the target NG-RAN node may suffer from the transmission delay seriously, even if there is only one QoS flow belonging to the same PDU session leaving lots of SDAP SDUs to be forwarded at source NG-RAN node. Considering one PDU session may have a number of QoS flows, such issue may occur with a high probability. Therefore, to avoid such issue, some companies have proposed to adopt per QoS flow granularly of the end marker for NR intra-system HO. 

There’re similar discussions for inter system HO, and the same view with intra NR HO that per QoS flow end marker has the benefit on latency reduction for UE traffics.

Proposal 1: Per QoS flow end marker over PDU session tunnels could be considered for intra NR HO and inter system HO between 5GS and 4GS.

How to support per QoS flow end marker via PDU session tunneling? Here gives two possible solutions:

· Sol1: RAN generate per QoS flow end marker

· Sol2: 5GC provide per QoS flow end marker

For the solution 1, details could be referred to [4]. For intra NR HO and inter system HO from 5GS to EPS, UPF will provide per PDU session end marker via PDU session tunneling, then the NG-RAN to set the per QoS flow end marker in case the data of a QoS flow is emptied. For the inter system HO from EPS to 5GS, forwarding tunnel between S-GW and UPF is per E-RAB and UPF should do the job of mapping E-RAB to the QoS flow. The UPF should set the per QoS flow end marker when there’s no further data to be forwarded to the target NG-RAN node for the corresponding QoS flow.
For the solution 2, the things are easy, per QoS flow end markers are generated in UPF and provided to NG-RAN node in PDU session tunneling. The source NG-RAN node just needs to forward the end makers via PDU session level data forwarding tunneling directly.  The further benefit compared to the solution 1 is CN could provide an end marker for a QoS flow when there’s no further data to be transferred for this QoS flow, therefore the transmission delay could be further reduced.  Take an example, there’s one PDU session with 3 QoS flows, in solution 1, UPF could only send the PDU session end marker to NG-RAN in case all of the 3 QoS flows have no data to be transferred. But in Solution 2, UPF could directly send the end marker for one of the QoS flow if no further data comes for that QoS flow. However, the solution 2 will impact the 5GC, which need to involve SA2 in.

Base on the analysis above, it’s suggested to further discuss the solutions for per QoS flow end marker.

Proposal 2: In case of UPF provides per PDU session end marker, the source NG-RAN may forward it directly or generate per QoS flow end marker(s) and send it over PDU session tunnel.

Proposal 3: For inter system HO from EPS to 5GS, UPF may generate per PDU session end marker(s) or per QoS flow end marker(s) and send it towards the target NG-RAN node over PDU session tunnel(s).

Proposal 4: Further discuss UPF generated per QoS flow end marker, it looks more efficient but have some impact to the specification of SA2.

Proposal 5: Discuss the TPs for 38.300 for the solutions “NG-RAN generated per QoS flow end marker” and “UPF generated per QoS flow end marker” in [5][6].

3. Conclusion 

This paper discussed the end marker to be used for intra NR and inter system HO. Base on the discussion above we have the following observations and proposals:
Observation 1: In SA2’s spec, per PDU Session End marker is to be used for intra NR handover and inter system handover from 5GS to EPS.

Proposal 1: Per QoS flow end marker over PDU session tunnels could be considered for intra NR HO and inter system HO between 5GS and 4GS.

Proposal 2: In case of UPF provides per PDU session end marker, the source NG-RAN may forward it directly or generate per QoS flow end marker(s) and send it over PDU session tunnel.

Proposal 3: For inter system HO from EPS to 5GS, UPF may generate per PDU session end marker(s) or per QoS flow end marker(s) and send it towards the target NG-RAN node over PDU session tunnel(s).

Proposal 4: Further discuss UPF generated per QoS flow end marker, it looks more efficient but have some impact to the specification of SA2.

Proposal 5: Discuss the TPs for 38.300 for the solutions “NG-RAN generated per QoS flow end marker” and “UPF generated per QoS flow end marker” in [5] [6].
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In order to assist the reordering function in the T-RAN, the UPF (PSA) sends one or more "end marker" packets for each N3 tunnel on the old path immediately after switching the path, the source NG-RAN shall forward the "end marker" packets to the target NG-RAN.
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