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1 Introduction

In RAN3#97 meeting, RAN3 agreed to have per-PDU session tunnel between gNB and UPF for data forwarding in case of inter-system handover. This agreement was reflected in RAN3 TS38.413 and SA2 spec TS23.502.

Tunnel granularity between gNB and UPF is per-PDU-session-tunnel 

The only open issue left is how to handle End marker for inter-system HO.

During the end marker discussion in RAN3#99bis/RAN3#100 meeting, a new proposal is to have per E-RAB tunnel (i.e. per E-RAB tunnel between gNB and UPF) for inter-system HO data forwarding between 5GS and EPS. 
In R3-181507, the detail analysis and comparison of the two solutions on tunnel granularity (i.e. per PDU session tunnel vs. per E-RAB tunnel) were given. It justified that the previous agreement of per PDU session tunnel has more benefits.
In last RAN3 meeting, the original 2 solutions were reformulated into 5(.  This contribution compared the solutions based on these options.

- Option 1: PDU Session tunnel between UPF and NG-RAN (compatible current SA2)
- Option 1bis: PDU Session tunnel between UPF and NG-RAN (compatible current SA2) 
Nokia interpretation of Samsung Option 1 (solution 2): UPF can operate either on per flow tagging (mode a) or per E-RAB tagging (mode b) depending if it has the DL TFT.
- Option 2: PDU Session tunnel between UPF and NG-RAN (compatible current SA2) 
Possible compromise proposed by Samsung, CATT during offline
- Option 2bis: PDU Session tunnel between UPF and NG-RAN (compatible current SA2) 
Possible Simplification of option 1 (solution 2) proposed by Nokia on monday: UPF always operates in solution 2 mode b (at least in release 15). It is claimed (by further check needed) that this leads to same specification impact i.e. option 2 and option 2bis are equivalent from our 3GPP specification perspective.
- Option 3: Nokia/Ericsson interpretation/proposal of end to end E-RAB tunnels (needs SA2 update)
2 Discussion

Currently, the data packets received in GTP-U tunnel over NG interface will be directly sent to SDAP layer. There is no adaption layer between GTP-U and SDAP. The SDAP layer does QoS flow to DRB mapping based on QFI in the header of the received data packet.

For inter-system HO from EPS to 5GS, option 3 works as shown in Figure 1.
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Figure 1: Data forwarding of Solution 3 for inter-system HO from EPS to 5GS

For option 3, there is no QFI in the received data packets from the per E-RAB tunnel. SDAP layer does QoS flow to DRB mapping based on the mapping of E-RAB ID and the PDU session/QoS flow. This will impact SDAP layer to have special handing for the forwarded packets. 

In control plane, the target NG-RAN node decides the mapping of QoS flow to DRB when receiving Handover Request message. The target NG-RAN node informs the mapping to the UE. In current mechanism, the NG-RAN node decides the mapping by considering the QoS profile of each QoS flow. For option 3, the NG-RAN node should consider E-RAB ID when deciding QoS flow to DRB mapping. This needs new function in the NG-RAN node when receiving Handover Request message. The detail was clarified as below:
When the target NG-RAN node receives the forwarded data in E-RAB tunnel, it can’t differentiate data packets of different QoS flows mapped to one E-RAB tunnel. The target transmits all the QoS flows to one DRB. If the NG-RAN node decides QoS flow to DRB mapping without considering E-RAB ID, it is possible that the forwarded data packets of one QoS flow is mapped to one DRB and the data packets of the same QoS flow received from new NG-U are mapped to the other DRB, the NG-RAN node informs the UE the configuration of QoS flow to DRB mapping based on the mapping decision from existing mechanism (no E-RAB ID is considered). The UE may get wrong information because the forwarded packets of one QoS flow are not transmitted in the indicated DRB. 
For end marker handling, in order to decide for which QoS flow data packets received from new NG-U can be transmitted, NG-RAN needs to check the mapping of E-RAB ID and QFI/PDU Session ID again. This additional handling will increase the delay.

Furthermore, NG-RAN and UPF should support per E-RAB tunnel. 

Considering the above technical drawbacks, it is proposed to rule out option 3.

Proposal 1: It is proposed to rule out option 3.
In option 2bis, the key point is that the UPF shall add the same QFI to all QoS flows mapped to one EPS bearer for the forwarded data. It is not reasonable because:

1) NG-RAN behaviour is the same i.e. do QoS flow to DRB mapping based on QFI in the GTP-U extension header. No matter UPF adds QFI based on TFT or adds the same QFI.
2) Since NG-RAN behaviour is the same, how to add QFI is in SA2 scope. SA2 already agreed the text. It is not reasonable for RAN3 to restrict the UPF behaviour.
Proposal 2: It is proposed to rule out option 2bis.
Option 1bis is one company interpretation of option 1. Therefore, it will not be compared.
The difference of option 1 and option 2 is end marker handling. Option 1 is per QoS flow end marker. UPF does this based on the mapping of EPS bearer ID and QoS flow/PDU session. TFT function is not needed.
Option 2 is a compromised solution. From end marker handling point of view, the behaviour of UPF and NG-RAN is the same as option 2bis.
During discussion in SA2, SA2 was assuming per QoS flow end marker or per PDU session end marker. Option 2 was not discussed. However, in order to move forward, option 2 is also acceptable for the co-souring companies.
Proposal 3: It is proposed to select one solution between option 1 and option 2. 

3 Conclusion
This contribution discussed the tunnel granularity between NG-RAN and UPF for inter-system data forwarding and had the following proposals:

Proposal 1: It is proposed to rule out solution 3.
Proposal 2: It is proposed to rule out solution 2bis.
Proposal 3: It is proposed to select one solution between solution 1 and solution 2. 

The corresponding TP for the comprised option 2 is provided in [3].
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