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1
Introduction

At last meeting, handling of end marker and data forwarding tunnel was discussed but no agreements were reached. A summary of offline discussion has been given in [1]. Questions to be addressed for the next meeting are quoted as below,

Data forwarding tunnels
· For Case 1, i.e. intra-system handover
· No questions to address (views are aligned)
· For Case 2, i.e. inter-system handover (5G => 4G)
· Should tunnel from Src-RAN to UPF be per PDU session (i.e. keep status quo) or per E-RAB (i.e. allows E2E E-RAB forwarding tunnel)?
· For Case 3, i.e. inter-system handover (4G => 5G)
· Should tunnel from UPF to Tgt-RAN be per PDU session (i.e. keep status quo) or per E-RAB (i.e. allows E2E E-RAB forwarding tunnel)?
· NOTE: For both solutions, UPF needs to add NG-U header
End marker handling (for data forwarding tunnels)
· For data forwarding over PDU session tunnels, should end marker packets be sent per tunnel or per QoS flow?
In this contribution, we aim to further analysis the related issues and make corresponding proposals.
2
Discussion
2.1 Data forwarding tunnels

Regarding the data forwarding tunnel for inter-system handover, in the previous several meetings, we have already made agreements to use PDU session tunnels between NG-RAN node and UPF. The corresponding TPs have been captured into the related TS also. Specifically, for inter-system HO from EPS to 5GS and vice versa, we find that there should be no problem for the 5GS to implement E-RAB to PDU session tunnel mapping and vice versa. Also, note that, in this way, it is more align with the tunnel treatment for intra-system handover. As a result, we propose to keep the status quo.
Proposal 1: Regarding the data forwarding tunnel during HO, we propose to keep the status quo.
The following analysis on end marker handling is based on the forwarding tunnel agreement in the current specification.
2.2 End marker handling
Based on the offline discussion at last meeting, it seems a common understanding that the end marker indication from UPF/GW to the source RAN node is per tunnel, i.e., for intra-system handover and inter-system handover from 5GS to 4GS it is per PDU-session, while for inter-system handover from 4GS to 5GS, the end marker is per E-RAB.
Observation 1: There is a common understanding that end marker indication from UPF/GW to the source RAN node is per tunnel (i.e., per PDU session or per E-RAB) depending on handover type. 
The key discrepancy is whether end marker packets are sent per tunnel or per QoS flow for data forwarding over PDU session tunnels. It is found that additional transmission delay may be introduced due to the potentially sub-optimal end marker handling mechanism between source and target RAN node, e.g., in case the data belongs to the same QoS flow sent directly from the core network to the target RAN node is prevented from transmitting to the UE although the data from source RAN node for this QoS flow have been completely forwarded. Considering data transmission delay during handover is a key performance indicator for network, in the following, we would like to further discuss the end marker handling mechanism in each scenario including 5G intra-system HO, EPS to 5GS HO and 5GS to EPS HO, taking the delay issue into account.
2.2.1 NR intra-system HO
If DRB-level forwarding tunnels have been setup, adopting per DRB end marker seems straightforward. 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 emerge with a high probability. Therefore, to avoid such issue, we propose the granularly of the end marker for NR intra-system HO should be per QoS flow.
Proposal 2: It is proposed that the end marker for data forwarding over PDU session tunnel is per QoS flow for NR intra-system handover.
2.2.2 5GS to EPS inter-system HO
For 5GS to EPS inter-system HO, it is a common understanding that the E-RAB tunnel between UPF and S-GW should be built for forwarding the data stored in the NG-RAN node to the target eNB, according to [1]. Note that UPF will take the task of mapping QoS flow to E-RAB, three options are available for source NG-RAN node to send end marker: per PDU session end marker, per QoS flow end marker and per E-RAB end marker [2].
Among three options, we think per PDU session end marker can be first ruled out, due to the transmission delay issue caused, similar with the case shown in section 2.2.1. Hence, the comparison should be made by focusing on the other two options: per QoS flow end marker and per E-RAB end marker.
If end marker per QoS flow is used, when the data of the corresponding QoS flow stored in the source NG-RAN node have been fully forwarded to the UPF, the source NG-RAN node will send the end marker per QoS flow to the UPF. In this way, after the end markers of all QoS flows mapped to that E-RAB have been received by the UPF, UPF should send the end marker to the E-RAB tunnel to the EPC (SGW) notifying the EPC of the ending of the forwarding of the E-RAB. For achieving this, UPF is required to identify whether or not end markers of all QoS flows mapped to the same E-RAB have been received during HO. 
On the other hand, when end marker per E-RAB is applied, source NG-RAN node will send the end marker to the UPF, after all data of QoS flows mapped to the same E-RAB stored in the source NG-RAN node has been forwarded to the UPF. In this way, it is the NG-RAN node taking the responsibility of figuring out the end marker of which E-RAB should be sent out.
Considering the source NG-RAN node behaviour for per-flow end marker is the same as intra-system HO and it does not need to consider the mapping of Qos flow and E-RAB for end marker handling, per-flow end marker is preferred.
Proposal 3: It is proposed that RAN3 to agree to adopt per QoS flow end marker for 5GS to EPS inter-system HO 
2.2.3 EPS to 5GS inter-system HO
Similar with the case of 5GS to EPS inter-system HO, forwarding tunnel between S-GW and UPF is per E-RAB. UPF should do the job of mapping E-RAB to the QoS flow. If end marker per PDU session tunnel is applied, similar with the analysis presented in section 2.2.1, it implies that the QoS flows (E-RAB) with few or no forwarding data left at the source eNB would suffer from the transmission delay issue. On the other hand, the option of end marker per QoS flow could avoid such problem. Therefore, we propose to adopt per QoS flow end marker for EPS to 5GS inter-system HO.
Proposal 4: It is proposed that RAN3 to agree to adopt per QoS flow end marker for EPS to 5GS inter-system HO 

For all per-QoS flow end marker solutions, QFI are required to be added in the extension header. It can re-use the existing 5GS RAN container. Considering we have sent a LS to SA2 and CT4 asking their views on the end marker, waiting for their reply is also beneficial.
3. Conclusion

In this contribution, we further analysis the granularity of the end marker required to be applied for the HO. Following observation and proposals are made as follows,
Observation 1: There is a common understanding that end marker indication from UPF/GW to the source RAN node is per tunnel (i.e., per PDU session or per E-RAB) depending on handover type. 
Proposal 1: Regarding the data forwarding tunnel during HO, we propose to keep the status quo.
Proposal 2: It is proposed that the end marker for data forwarding over PDU session tunnel is per QoS flow for NR intra-system handover.
Proposal 3: It is proposed that RAN3 to agree to adopt per QoS flow end marker for 5GS to EPS inter-system HO 

Proposal 4: It is proposed that RAN3 to agree to adopt per QoS flow end marker for EPS to 5GS inter-system HO 
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