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1	Introduction
At the last RAN3 meeting, tdoc R3-186180 summarized the various solutions available for PDU session split.
This paper provides more detailed insight on the solutions, comparison and conclusion.

2	Description
The following solutions were clarified and need to be compared. They mostly differ from the handling of UL packets of which the following description can be made following the offline and online discussions:
Solution 2:
When the MN receives the PDU session resource request including two UL TEID, it keeps them for the lifetime of the PDU session even though the PDU session is not split at PDU session setup. This solution was eliminated at RAN3#101bis.
Solution 3
When MN decides to split the PDU session the MN sends the SN Addition Request message to SN including an MN TEID. The first packets received from the UE by SN are forwarded back to MN using the received MN TEID. These packets are buffered in the MN until MN finishes to deliver UL packets from the source side to UPF then MN forwards packets which have been received at MN TEID towards the UPF. Later on, when MN receives the new UL TEID in the PDU Session Modification Confirm message it provides it to SN in a subsequent SN Modification Request message. The SN sends end marker packets towards the MN TEID and switches to use the new UL TEID to deliver UL packets. The MN sends end marker packets to the UPF which needs to buffer UL packets from SN until end markers from MN are received.
The corresponding call flow is shown below:


Figure 1: call flow for solution 3
This solutions actually leads to tromboning of the forwarded packets as shown in the figure below:


Solution 3 in our view cumulates the following drawbacks:
· Tromboning: assuming that the transport of the Xn-U interface goes via a central gateway near the UPF, the forwarded packets would traverse three time the equivalent of NG interface;
· Buffering: The solution somehow looks like avoiding the temporary buffering in the SN by buffering in the MN. Considering that MN could offload to multiple SN this should not be the direction to go.
· Xn-U end markers: End markers need to be generated by SN on the backwards tunnel to MN,
· NG-U end markers: End markers handling in UPF: as shown in the diagram UL end markers are sent towards UPF and our understanding is that UPF would newly need to handle incoming end markers i.e. buffer traffic from SN as long as end markers from MN have come,
· Need step 14 to provide new UL TEI to SN even when 5GC decides to use nw TEID = old TEID (could even be the majority case).
Proposal 1: Eliminate solution 3.
Solution 4
When MN decides to split the PDU session the MN sends the SN Addition Request message to SN and also a new UL TEID Request message to the 5GC. The 5GC provides a new UL TEID in reply message which MN propagates to SN in the SN Reconfiguration complete message. The SN buffers the first UL packets received by the UE until it receives the SN Reconfiguration Complete message. At this point in time the SN starts delivering the UL packets towards the received new UL TEID.


Figure 2: call flow for solution 4
Observation 1: The solution 4 has the following drawbacks:
· because the call flow dissociates the DL switch and the UL switch, between step 2bis and step 11 each offloaded QoS flow has two associated NG-U bearers instead of one. It is new and impacting UPF. It is not supported by N4 protocol.

Solution 1 or 1*:
When MN decides to split the PDU session the MN sends the SN Addition Request message. The SN buffers the first packets received from the UE until it receives the SN reconfiguration complete message (indicating also that the MN has delivered all UL packets from the source side to UPF).
Then SN starts delivering UL packets to UPF old UL TEID received during the SN Addition Request. Later on, when MN receives the new UL TEID in the PDU Session Modification Confirm message it provides it to SN in a subsequent SN Modification Request message but only if UL TEID has changed (optional). The SN then switches to use the new UL TEID to deliver UL packets.
The scheme inherits from solution 3 the clear switch which happens simultaneously for DL and UL at PDU SESSION MODIFICATION INDICATION time and the good of solution 2 to avoid the tromboning during the interim forwarding period.
Solution 1 was challenged last time. However, checking latest TS29.281v15.4.0 section 4.3.0 having a second source port is supported:
The TEID in the GTP-U header is used to de-multiplex traffic incoming from remote tunnel endpoints so that it is delivered to the User plane entities in a way that allows multiplexing of different users, different packet protocols and different QoS levels. GTP-U protocol supports the possibility for one GTP-U tunnel endpoint to receive packets from multiple remote GTP-U endpoints if this is supported by the receiving entity





Observation 1: Solution 1 is supported by GTP and avoids the drawbacks of solution 3 and solution 4.
The only possible drawback which could be said against solution 1 is that UPF may implement source access filtering for security reason. However, to cover this case optional steps 2bis/2ter could be added (class 2 message) to inform the 5GC after step 2 about the new access source. These messages are different than option 4 because they don’t switch the UL: the UL switch remain synchronized with DL switch at step 10.
Observation 2: Solution 1 can be complemented if needed by an OPTIONAL procedure to cope with UPF implementing source access filtering (solution 1*).




Proposal 2: select solution 1 or 1* for the forwarding of RAN triggered PDU session split.
TP for option 1* is presented in [3] and [4] for the changes to TS 37.340 and TS 38.413. 
For TS 38.423 no change is needed since the following text in section 8.3.3.2 covers already the update of the NG-U uplink transport layer information.
If the S-NODE MODIFICATION REQUEST message contains for an PDU session resource to be modified which is configured with the SCG bearer option, the NG UL UP Address IE the S-NG-RAN node shall use it as the new UL NG-U address.

3	Conclusion and Proposal
This paper has reviewed the different solutions for the PDU session split and concluded according to following proposals:
Proposal 1: Eliminate solution 3.
Observation 1: Solution 1 is supported by GTP and avoids the drawbacks of solution 3 and solution 4.
Observation 2: Solution 1 can be complemented if needed by an optional procedure to cope with UPF implementing source access filtering (solution 1*).
[bookmark: _GoBack]Proposal 2: select solution 1 or 1* for the forwarding of RAN triggered PDU Session split according to the TP in [3] and [4]. 
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