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1	Introduction
The handling of end marker packets has been addressed in previous RAN3 meetings.
This paper focusses on the remaining inter-system scenario. It tries to build the best solution taking into account both the NG-RAN impacts and the UPF impacts. 
2	Description
At last RAN3#101 meeting, solution 2 and solution 3 were compared. Tdoc [3] explained how solution 2 could actually be interpreted according to several variants which have been further captured in the way forward paper [4] as options 1, 1bis, 2 and 2 bis.
The option 1bis correspond to the description by Nokia of solution 2 if applied at flow level granularity. Option 1bis lists the numerous impacts to the products. This impact can be described in the template format proposed by [3] which describes the impacts involved in forwarding organized around 4 key functions:
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). 

Due to these impacts we make the following proposal to move forward:
Proposal 1: eliminate option 1/1bis.
In what follows, assuming proposal 1 is agreed, we compare options 2/2bis with option 3 using the same template format. Option 2bis was proposed by Nokia on Monday of RAN3#101 in which all nodes are standardized assuming visited UPF does not perform any flow classification. Along the same line, similar option 2 was further proposed at the end of RAN3#101 in which all nodes are also standardized as if visited UPF does not perform flow classification but UPF behaviour remains implementation dependent.
The product impact of option 2/2bis is therefore as follows (in an attempt to merge both options):
Source NG-RAN: 
· Forwarded packets: transparent
· End markers: 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 (option 2bis) or insert per flow QFI when doable (option 2)
· end markers: transparent: same handling as forwarded packets option 2bis (i.e. insert the same QFI for the end marker packets as for the other forwarded packets). 

Target NG-RAN node: 
· forwarded packets: maps incoming forwarded packets to DRBs based on QFI like normal packets.
· End markers: unblocks fresh data of all flows sharing an E-RAB upon receiving end marker.

The challenge of this merged option 2/2bis is the yellow part above where end marker remains per E-RAB as initially proposed by Nokia in option 2bis. 
Observation 1: option 2 and 2bis can be merged from standardization perspective if proponents of option 2 accept the yellow part above.
Proposal 2: agree to merge option 2/2Bis as described above.

In comparison the option 3 has the following impacts:
Source NG-RAN: 
· forwarded packets: select QoS flows to be forwarded into E-RAB tunnels (based on QFI of SDAP SDUs and received flow-E-RAB mapping) and insert SDAP SDUs into E-RAB tunnel (above SDAP layer, new function).
· End markers: replicates and generates end markers per E-RAB tunnel (similar intra-system).
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.

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 

Target NG-RAN node: 
· forwarded packets: maps incoming forwarded packets to DRBs based on incoming E-RAB TEID (could be seen as new function generating QFI and entering SDAP).
· End markers: unblocks fresh data of all flows sharing an E-RAB upon receiving E-RAB end marker.

The analysis above shows that the advantages of option 3 are:
· Less impact to UPF (no QFI handling for forwarded packets)
· Possibility to do direct forwarding and bypass UPF,
The advantages of option 2:
· No need to change SA2/5GC current specification,
· less impact to NG-RAN nodes. 
We therefore make the following proposal:
Proposal 3: agree either the merged option2/2bis as described above or option 3.
We provide below the TP for the merged option 2/2bis. Tdocs [5],[6] contain the TP for option 3.

3	Conclusion and Proposal
This paper has compared the 5 options reported in the way forward of RAN3#101 [4] and made the following proposal to converge: 
Proposal 1: eliminate option 1/1bis.
Proposal 2: agree to merge option 2/2Bis as described above.
Proposal 2: agree either the merged option2/2bis as described in the TP below or option 3 as specified in tdocs [5],[6].

4	Text Proposal for TS 38.300
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[Unchanged text skipped]
9.3.2	From 5GC to EPC
[Unchanged text skipped]
[bookmark: _Toc517229166]9.3.2.4	Data Forwarding control plane
The control plane support for inter-System data forwarding follows the following key principles:
-	Only indirect data forwarding is supported.
-	PDU session information at the serving NG-RAN node contains mapping information per QoS Flow to a corresponding E-RAB.
-	At handover preparation, the source NG-RAN node shall decide which mapped E-RABs are proposed to be subject to data forwarding and provide this information in the source-to-target container to the target eNB.
-	The target eNB assigns forwarding TEID/TNL address(es) for the E-RAB(s) for which it accepts data forwarding.
-	A single data forwarding tunnel is established between the source NG-RAN node and UPF per PDU session for which at least data for a single QoS Flow is subject to data forwarding. For the QoS flow(s) accepted for data forwarding, the NG-RAN node initiates data forwarding to the UPF by the corresponding PDU session data forwarding tunnel(s). Then the UPF maps data received from the per PDU session data forwarding tunnel(s) to the mapped EPS bearer(s). 
9.3.2.5	Data Forwarding user plane
The inter-System data forwarding user plane from 5GS to EPS follows the following key principles:
-	A single data forwarding tunnel is established between the source NG-RAN node and UPF per PDU session for which at least data for a single QoS Flow is subject to data forwarding. 
-	For the QoS flows accepted for data forwarding, the NG-RAN node initiates data forwarding to the UPF by the corresponding PDU session data forwarding tunnel(s). For each E-RAB involved, upon receiving the end marker packets from NG-U the source NG-RAN node replicates and generates end marker packets for one of the QoS flows mapped to that E-RAB.  
-	The UPF maps forwarded data received from the per PDU session data forwarding tunnel(s) to the mapped EPS bearer(s). End marker packets are handled the same.
[bookmark: _Toc500714438][bookmark: _Toc500758838][bookmark: _Hlk523344815]9.3.3	From EPC to 5GC
[bookmark: _Toc500714442][bookmark: _Toc500758842]9.3.3.1	Data Forwarding control plane
The control plane support for inter-System data forwarding from EPS to 5GS follows the following key principles:
-	Only indirect data forwarding is supported.
-	The target NG-RAN node receives in the Handover Request message the mapping between E-RAB ID(s) and QoS Flow ID(s). It decides whether to accept the data forwarding for E-RAB IDs proposed for forwarding within the source to target container. It assigns a TEID/TNL address for each PDU session for which at least one QoS flow is involved in the accepted forwarding.
-	The target NG-RAN node sends the Handover Request Acknowledge message in which it indicates the list of PDU sessions and QoS flows for which it has accepted the forwarding.
-	The source eNB receives in the Handover Command message the list of E-RAB IDs for which the target NG-RAN node has accepted the forwarding of corresponding PDU sessions and QoS flows.
-	For each E-RAB accepted for data forwarding, the source eNB forwards data to the SGW in the corresponding E-RAB tunnel and the SGW forwards the received data to the UPF in the E-RAB tunnel. Then the UPF maps the data received from an E-RAB tunnel to the corresponding mapped PDU session tunnel. The target NG-RAN node prioritizes the forwarded packets over the fresh packets for those QoS flows which are involved in the accepted forwarding.
9.3.3.2	Data Forwarding user plane
The inter-System data forwarding user plane from EPS to 5GS follows the following key principles:
-	A single data forwarding tunnel is established between the UPF and the target NG-RAN node per PDU session for which at least data for a single QoS Flow is subject to data forwarding. 
-	For each E-RAB accepted for data forwarding, the source eNB forwards data to the SGW in the corresponding E-RAB tunnel and the SGW forwards the received data to the UPF in the E-RAB tunnel. 
-	The UPF maps the forwarded data received from an E-RAB tunnel to the corresponding mapped PDU session tunnel, adding a QFI value. 
[bookmark: _GoBack]NOTE: the QFI value added here corresponds to the flow of the packet or to one of the QoS flows mapped to the same E-RAB depending on information available at the UPF and on UPF implementation choice. 
-	The UPF also maps the end marker packets received from an E-RAB tunnel to the corresponding mapped PDU session tunnel, adding the QFI of one of the QoS flows mapped to that E-RAB. 

-	The target NG-RAN node maps the forwarded packets onto the DRBs based on the received QFI value. It prioritizes the forwarded packets over the fresh packets for those QoS flows which are involved in the accepted forwarding. Upon receiving the end marker packets for one QoS flow, it considers that no more forwarded packets are to be expected for all the QoS flows which are mapped to the same E-RAB.
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