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1	Introduction
This paper summarizes the outcome of the offline discussions on the iRAT forwarding solutions.
2	Description

Option 1: PDU Session tunnel between UPF and NG-RAN (compatible current SA2) 
[bookmark: OLE_LINK6]SA2 agreed that UPF will add QFI as abstracted as follow:
[bookmark: OLE_LINK7]-	UPF transmits the PDUs of the PDU Session in a single tunnel between 5GC and (R)AN, the UPF includes the QFI in the encapsulation header. In addition, UPF may include an indication for Reflective QoS activation in the encapsulation header.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]	Forwarding, and the v-UPF forwards the PDUs to the NG-RAN using the N3 Tunnel Info for PDU Forwarding, adding the QFI information. The target NG-RAN prioritizes the forwarded packets over the fresh packets for those QoS flows for which it had accepted data forwarding.
Regarding how the UPF to add the QFI for data forwarding, it is left unspecified, because the target NG-RAN node behaviour is the same i.e. do Qos flow to DRB mapping based on QFI in the header.
[bookmark: OLE_LINK8]Note: For data forwarding, the classification of mode a/mode b from Nokia is only for handover from 4G->5G. For handover from 5G->4G, the UPF just remove the QFI in the header and sends the received packets to the SGW.
Source NG-RAN: 
· Forwarded packets: forwards data packets per Qos flow to the PDU session forwarding tunnel.
· End markers: replicates and generates end markers per QoS flow.
UPF 5Gto->4G:
· UPF remove QFI and forwards the data packets to the E-RAB tunnel.
· UPF forwards the end marker of the last flow mapped to E-RAB to the SGW and discards the end markers of the other QoS flows (TBC).
UPF 4Gto->5G:
· Forwarded packets: UPF transmits the PDUs of the PDU Session in a single tunnel between 5GC and the target NG-RAN, the UPF includes the QFI in the encapsulation header.
· End markers: UPF Replicates the received end marker into end markers per QoS flow and sends it to the target NG-RAN.
Target NG-RAN: 
· Forwarded packets: does QoS flow to DRB mapping based on the QFI in the header.
· End markers: to be completed.
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.
NOTE: whether UPF would operate in mode a only in non-roaming case or also additionally in roaming case is being checked by LS to SA2.
Source NG-RAN: 
· Needs to learn whether involved in mode a or mode b forwarding.
· Mode a:  source NGRAN replicates and generates end markers per QoS flow. 
· Mode b: source NG-RAN replicates and generates end markers for one QoS flow per expected E-RAB
UPF 5Gto4G operates in mode a or mode b:
· Mode a forwarded packets: remove QFI tag and insert packet into mapped E-RAB tunnel.
· Mode a end markers: UPF needs to discriminate end marker packets from the other forwarded packets. Then discard these end marker packets except for the last flow per E-RAB end marker packets which is only mapped to E-RAB tunnel.
· Mode b forwarded packets: remove QFI and insert packet into mapped E-RAB tunnel.
· Mode b end markers: transparent: same handling as other forwarded packets.
UPF 4Gto5G operates in mode a or mode b:
· Mode a forwarded packets: insert proper QFI tag per flow based on TFT. 
· Mode a end markers: identify end marker. Replicate this end marker into end markers per qos flow by new PDR/FAR in UPF and multiple FAR(s) associated to same PDR. 
· Mode b forwarded packets: insert same QFI for all flows sharing an E-RAB. 
· Mode b: end markers: transparent: same handling as other forwarded packets 
Target NG-RAN node:
· Needs to learn whether to operate in mode a or mode b
· Mode a: target NGRAN maps incoming forwarded packets to DRBs based on QFI like normal packets (flow level granularity).
· Mode b: target NGRAN maps incoming forwarded packets to DRBs based on QFI like normal packets (E-RAB level granularity). 

Option 2: PDU Session tunnel between UPF and NG-RAN (compatible current SA2) 
Possible compromisation proposed by Samsung, CATT during offline
For data forwarding from 5G->4G, there is no difference for mode a and mode b.
For data forwarding from 4G->5G, SA2 agreed that UPF include the QFI. No matter how the UPF add it, the NG-RAN behaviour will be the same. There is no reason for RAN3 to restrict the UPF behaviour. 
For the end marker handling, the solution for both direction works as follow (i.e. mode b in Nokia terminology): 
4G->5G:
· When UPF receives an end marker in an E-RAB tunnel, the UPF add a QFI of the Qos flows mapped to the E-RAB and sends it to the NG-RAN.
· NG-RAN node knows data forwarding for the all flows mapped to the same E-RAB are finished.

5G->4G:
· Source NG-RAN generates end marker by adding a QFI of the Qos flows mapped to the E-RAB if data packets of all flows mapped to the E-RAB are forwarded.
· UPF removes the QFI and forwards the end marker to the SGW.

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.
Source NG-RAN: replicates and generates end markers for one qos flow per expected E-RAB
UPF 5Gto4G:
· forwarded packets: remove QFI and insert packets into E-RAB tunnel.
· end markers: transparent: same handling as other forwarded packets.
UPF 4Gto5G:
· forwarded packets: insert same QFI for all flows sharing an E-RAB. 
· end markers: transparent: same handling as other forwarded packets 
Target NG-RAN node: 
· forwarded packets: maps incoming forwarded packets to DRBs based on QFI like normal packets (E-RAB level granularity only).
· End markers: unblocks fresh data of all flows sharing an E-RAB upon receiving end marker.

Option 3: Nokia/Ericsson interpretation/proposal of end to end E-RAB tunnels (needs SA2 update)
Source NG-RAN: 
· select QoS flows to be forwarded in E-RAB tunnels (existing situation from intra-system HO)
· forwarded packets: remove qfi and insert into E-RAB tunnel (could be seen similar to insertion into DRB tunnels in intra-system). 
· End markers: replicates and generates end markers per E-RAB tunnel (could be seen similar to insertion to DRB tunnels in intra-system).
· all those functions exist already from intra-system HO, no need to define another option.
UPF 5Gto4G:
· forwarded packets: maps output TEID of E-RAB tunnel into input TEID of EPS bearer tunnel (already supported for indirect DRB tunnel forwarding) = no QFI handling.
· end markers: transparent: same handling as other forwarded packets.
· "transparent" UPF function exists for indirect data forwarding at intra-system HO.
UPF 4Gto5G:
· forwarded packets: maps output TEID of EPS bearer tunnel into input TEID of E-RAB tunnel (already supported for indirect DRB tunnel forwarding) = no qfi handling.
· end markers: transparent: same handling as other forwarded packets 
· "transparent" UPF function exists for indirect data forwarding at intra-system HO.
Target NG-RAN node: 
· forwarded packets: maps incoming forwarded packets to DRBs based on incoming E-RAB TEID (could be seen as new function, by-pass SDAP, but could be also seen as existing function from intra-system where PDCP SDUs are forwarded in DRB level tunnels).
· End markers: unblocks fresh data of all flows sharing an E-RAB upon receiving E-RAB end marker (same function as for intra-system DRB level tunnels).
· all those functions exist already from intra-system HO, no need to define another option.

3	Conclusion
For Nokia, leading the offline, the analysis of the specification and product impacts of option 1 are severe and seen by Nokia in reality as described in option 1bis. Therefore, Nokia would like to suggest the following proposal to RAN3 to progress:
Proposal 1: eliminate option 1/1bis.    
If proposal 1 is accepted, then there are two possibilities:
· RAN3 makes a hard selection at this RAN3 meeting and selects between option 2/ 2bis (would still need further refinement between 2 and 2bis) and option 3.
· RAN3 enables itself one more RAN3 meeting to finalize the comparison between 2/2bis and 3 to make sure we take the best. 
Nokia would recommend the second approach given that during the latest offline on Thursday:
· some clarification on target NG-RAN behaviour was requested,
· exact difference 2 / 2bis need to be checked.
· [bookmark: _GoBack]Need to re-structure description of option 2 is same format of the other options.
Proposal 2: if possible allow one more meeting to down-select between option 2/2bis and option 3.  
If proposal 2 is accepted, we could take advantage of the one-more-meeting to fetch last minute answers to the unclarities of UPF support of TFT in home routed case by sending questions to SA2. If RAN3 goes this way, Nokia has worked on a possible LS in R3-185213.
Proposal 3: discuss if worth sending the LS in R3-185213 as an opportunity to lift any remaining divergence related to our understanding of the behaviour of 5GC nodes.
