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Abstract: This discussion paper discusses the implementation issue of packet re-ordering on I-UPF during SR procedure and potential options to solve the problem. 
1. Introduction
According to current description in clause 4.2.3.3 of TS 23.502 (NW triggered SR procedure with I-UPF change or removal), the (new I-)UPF reorders the DL packets based on end marker packets received from forwarding tunnel, i.e. the new I-UPF buffers DL packets from PSA UPF until it receives end marker from the old I-UPF. In the case of I-UPF removal, the PSA UPF buffers DL packets from N6 interface until it receives end marker from the old I-UPF.
The behaviour is described in step 9 of clause 4.2.3.2 in TS 23.502:
The new UPF should not send the buffered downlink packet(s) received from the UPF (PSA) until end marker packets were received from the old I-UPF or the timer started at step 6c is expired.
If the above step is done by the new I-UPF itself, the new I-UPF need to detect “end marker” from one tunnel (i.e. the forwarding tunnel), and based on the detection, changes the forwarding action for another tunnel (i.e. the DL tunnel from PSA) from buffering to forwarding packets. To implement this logic based on N4 PDR+FAR mechanism, PDR of N4 rule on forwarding tunnel need to automatically modify the FAR of another N4 rule for DL tunnel. This introduce the interaction and correlation between two N4 rules, which currently are independent of each other
One argument can be whether we can completely remove the re-ordering mechanism in SR procedure to avoid the issue. Usually, when a DL packet triggers NW triggered SR procedure, many applications will not continue DL packets to UE before it receive UL response from UE. In this case, the disordering will not happen naturally. However, this assumption depends on application behaviours. If an application keeps sending DL packets before it receives UE response, then the re-ordering is needed. So it seems providing such re-ordering mechanism in 5GS is safer for all cases.
This discussion paper proposes 3 potential options to avoid the correlated N4 rules.
Option1: SMF based option

In this option, the new I-UPF reports to SMF when it detects end marker on forwarding tunnel. Then SMF initiates N4 Session modification procedure with the new I-UPF to indicate the new I-UPF to send the buffered DL packets from PSA to AN. 

Option1 introduces additional N4 interactions, but can avoid the correlation of N4 rules since the correlation is done by SMF internal logics.

Option 2: N3 based option

Another option is perform the re-ordering on Target RAN node. In Handover procedure, RAN have already supported re-ordering based on “end marker” as shown in step 5 of clause 4.9.1.2.2 in TS 23.502.
In this option, the SMF need to extend current forwarding tunnel between two I-UPFs to the AN. I.e. during the SR procedure, the SMF request the AN to allocate a second AN Tunnel Info for buffered DL data from the old I-UPF to the new I-UPF. The AN should not send DL packets received via N3 tunnel until end marker packets were received from the N3 forwarding tunnel.
This option moves the re-ordering functionality from I-UPF to RAN, so that N4 rules need not to consider how to handle “end marker”. However, this impacts RAN behaviour in SR procedure. Considering current Rel-16 timeline, it seems difficult to adapt such a change.
 
Figure 1: N3 based option
Option 3: Timer based option

In this option, the SMF or the new I-UPF starts a timer. When the timer expires, based on the SMF instruction or internal timer, the new I-UPF starts to send the buffered DL data from PSA to AN. The timer should be long enough to ensure the forwarded DL data from the old I-UPF have already been transferred to UE. 
This option can avoid packet disordering and end maker can be removed from SR procedure. However, since the exact time used for forwarding packets cannot be calculated accurately, the timer has to be set to a safe/longer value, which causes the whole SR procedure become slower than it should be. 
Based on the above discussion, we proposes to adopt option 1(SMF based option). Also an LS to CT4 is proposed to inform this change and get potential feedback from CT4.
3. Conclusion and proposal(s)
Proposal: This discussion proposes the changes to NW triggered SR procedure: The new I-UPF reports to SMF when it detects end marker. Then the SMF initiates N4 Session modification procedure to indicate the new I-UPF to send the buffered DL packets from PSA to AN. Corresponding CRs are submitted in S2-2003094 and S2-2003095. An LS (S2-2003096) to CT4 is proposed to inform this change and get potential feedback from CT4.
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