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1	Introduction
The handling of end marker packets has been addressed in previous RAN3 meetings in three main scenarios:  intra-system handovers, inter-system handovers and MR DC dual connectivity.
This paper focusses on the inter-system scenario. It tries to build the best solution taking into account the commonalities with intra-system which make sense.
2	Description
To make the solution generic, one should consider the case where the I-UPF is different than the A-UPF (e.g. home routed scenario). More generally the following terminology is introduced in this paper:
· UPF-G is the UPF which receives the path switch order from the SMF and Generates the end marker towards source RAN (e.g. I-UPF in VPLMN or HPLMN UPF in inter-system handover)
· UPF-F is the UPF which is involved in the Forwarding of the packets.
In this paper we assume that the UPF-G always generates end marker packets without QFI tags i.e. UPF-G always generates end marker packets per tunnel:
· One or several end marker packets for the PDU session tunnel towards the source NG-RAN node (intra-system and 5g to 4g handover)
· One or several end marker packets for the E-RAB to source eNB (for 4g to 5g handover).
End markers for 4g to 5g Handover
Three solutions have been presented so far to solve the inter-system end marker issue on the target side:
· Solution 1: end markers per PDU session without QFI tag.
· Solution 2: QFI-tagged end markers per QoS flow.
· Solution 3: end markers per E-RAB.
Solution 1 could appear appealing at first sight because it looks like same for target NG-RAN node as for intra-system.
But, in reality, solution 1 is the worse because it puts all complexity to the UPF, because the UPF-F needs:
· A different treatment for the incoming end marker packet compared to other packets: for other packets UPF-F forwards with adding a QFI-tag, but for the end marker it needs not add a QFI tag and it also needs to buffer until all end markers (of the different incoming E-RAB tunnels) are received.
· Once all end markers are received and buffered, UPF-F needs to discard all except the end marker(s) for last E-RAB received, then send it (them) to target NG-RAN.
· CT4 will need to define specific PDR (Packet detection rules) and FAR (Forward Action Rules) which do not exist today and would be different than PDR and FAR defined for regular packets.
Solution 2 is a bit better because it removes some of the drawbacks of solution 1 for UPF-F:
· End markers have same treatments as any other incoming packets because UPF-F adds a QFI tag before forwarding them over the PDU session tunnel. 
· The target NG-RAN understands when receiving the QFI-tagged end marker that this is the last packets for all QoS flows mapped to that E-RAB and target NG-RAN node can start delivering new NG-U packets.
In solution 3 there is no forwarding PDU session tunnel towards the target NG-RAN node but as many tunnels as forwarded E-RABs. Of course, the logic may appear even more different for the target NG-RAN node if the comparison point taken is “intra-system forwarding over the PDU session tunnel”, but it could be seen as similar if the comparison point taken is “intra-system forwarding over the DRB tunnels, each with its own end markers.
Moreover, solution 3 is the one that has almost zero impact on the UPF-F:
· UPF-F just needs to relay all forwarded packets from one endpoint to another i.e. no special treatment for all forwarded packets, and no special treatment for the end marker packets.
· When the target NG-RAN node receives the end marker packets of one E-RAB, it infers that it can start considering all new NG-U packets for the QoS flows which are mapped to that E-RAB (same logic as solution 2).
Conclusion: solution 1 should be eliminated because it has severe impacts on the UPF. Between solution 2 and solution 3 impact to target NG-RAN node are similar but solution 3 is even simpler for the UPF-F.
End markers for 5g to 4g Handover
Similarly, we have the same 3 solutions to solve the inter-system end marker issue on the source side:
· Solution 1: end markers per PDU session without QFI tag.
· Solution 2: QFI-tagged end markers per QoS flow.
· Solution 3: end marker per E-RAB.
In solution1, the source NG-RAN node forwards the PDU session end marker packets to the UPF-F. At first sight this could appear an appealing solution because the source NG-RAN node behaves same as in intra-system. However, it puts severe complexity to the UPF-F:
· The UPF-F treats the end marker packet differently than other incoming packets because other incoming packets are QFI-tagged (new and different PDR),
· When receiving the end marker packet, the UPF-F needs to duplicate into as many end marker packets as E-RABs (new and different FAR). 
In solution 2, proponents of this solution claim that one advantage is that it has same treatment for the source NG-RAN as in intra-system case. However, this argument falls if one considers that intra-system should use end marker per PDU session (see tdoc [3]). 
Solution 2 is easier than solution 1 for the UPF-F because:
· The UPF-F treats the incoming end markers like the other forwarded packets i.e. it removes the QFI-tag and forwards over the E-RAB tunnel.
Solution 3 has same impact as solution 2 for the source NG-RAN node: when receiving the PDU session end marker packets from the UPF-G, the source NG-RAN node needs to generate as many end marker packets as E-RABs like for solution 2 the source NG-RAN node needs to generate as many QFI-tagged end marker packets as E-RABs.  
NOTE: in details, solution 2 cannot simply generate end markers per QoS flow because multiple QoS flows are potentially mapped to one E-RAB, so UPF-F would have to buffer/eliminate end markers; this caveat would eliminate solution 2. Therefore solution 2 needs to use the flow/E-RAB mapping to generate QFI-tagged end marker packets for one QoS among those mapped to same E-RAB. To that respect, solution 2 is at least as complicated for the source NG-RAN node as solution 3.
Moreover, solution 3 is the one that again has almost zero impact on the UPF-F:
· UPF-F just needs to relay all forwarded packets of an E-RAB from one endpoint to another i.e. no special treatment for all forwarded packets, and no special treatment for the end marker packets.
Conclusion: once again solution 1 should be eliminated because it has the most severe impacts on UPF. Solutions 2 and 3 are quite equivalent for source NG-RAN node viewpoint but solution 3 is even simpler than solution 2 because it avoids addition (by source NG-RAN node)/removal (by UPF-F) of a QFI-tag.



3	Conclusion and Proposal
This paper has shown has compared the following 3 solutions for inter-system handover on the 5G side:
· Solution 1: end markers per PDU session without QFI tag.
· Solution 2: QFI-tagged end markers per QoS flow.
· Solution 3: end markers per E-RAB.
It has shown that solution 1 should be eliminated because it has severe impacts to the UPF-F. Solution 2 and 3 have similar impact to NG-RAN but solution 3 has less impact to UPF-F.
Proposal: select solution 3.

4	Text Proposal for TS 38.300

9.3.2	From 5GC to EPC
[Unchanged text skipped]
[bookmark: _Toc502484392]9.3.2.4	Data Forwarding
The 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 E-RABPDU 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 over the corresponding E-RAB tunnelby the corresponding PDU session data forwarding tunnel(s). Then the UPF maps data received from the E-RAB tunnel per PDU session data forwarding tunnel(s) to the mapped EPS bearer(s).
[bookmark: _Toc500714438][bookmark: _Toc500758838]9.3.x	From EPC to 5GC
[bookmark: _Toc500714442][bookmark: _Toc500758842]9.3.x.y	Data Forwarding
The 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 E-RABPDU 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.
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