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Discussion

Problem description
The following architectures have been introduced, in Rel-16, for the support of ATSSS:
-	Non-roaming and Roaming with Local Breakout;
-	Roaming with Home-routed architecture, with UE registered to the same VPLMN for the two different accesses; and
-	Roaming with Home-routed architecture, with UE registered to different PLMNs for the two different accesses.
As illustrated in the figures below from TS 23.501, the H-UPF is hosting the ATSSS functionality in case of Roaming with Home-routed architecture, i.e. the H-UPF is the network function responsible for applying traffic switching, steering and splitting, based on the N4 rules provided by the H-SMF. In roaming with Home-routed architecture for ATSSS support with UE registered to the same VPLMN, the V-UPF just relays the DL packets received over each N9 interface towards the corresponding N3 tunnel, i.e. whatever the H-UPF decides to send on 3GPP access (resp. non-3GPP access) will be forwarded by V-UPF on 3GPP access (resp. non-3GPP access).
"Figure 4.2.10-2 shows the 5G System Architecture for ATSSS support in a roaming case with home-routed traffic and when the UE is registered to the same VPLMN over 3GPP and non-3GPP accesses. In this case, the MPTCP Proxy functionality and the PMF are located in the H-UPF.


Figure 4.2.10-2: Roaming with Home-routed architecture for ATSSS support (UE registered to the same VPLMN)
Figure 4.2.10-3 shows the 5G System Architecture for ATSSS support in a roaming case with home-routed traffic and when the UE is registered to a VPLMN over 3GPP access and to HPLMN over non-3GPP access (i.e. the UE is registered to different PLMNs). In this case, the MPTCP Proxy functionality and the PMF are located in the H-UPF.


Figure 4.2.10-3: Roaming with Home-routed architecture for ATSSS support (UE registered to different PLMNs)"

There is however no knowledge in the H-UPF about the user plane status at VPLMN side, i.e. for roaming with Home-routed architecture for ATSSS with UE registered to the same VPLMN, the H-UPF does not know when the UE has entered IDLE mode on one of the access, thus leading to user plane being inactive on one of the access of the MA PDU session. In the example scenario where the UE experiences a loss of coverage and the 3GPP access is lost (the UE becomes IDLE because e.g. the user is going deep inside a building), the H-UPF may then, based on N4 rules derived from ATSSS rules, still be sending DL packets to the V-UPF on the N9 tunnel associated with the 3GPP access. The V-UPF is however unable to send these packets to the UE, it can just possibly trigger Data Notification procedure towards V-SMF which can then trigger paging procedure towards the UE. However, in this case, the UE (e.g. if in a basement) is unlikely to answer paging, so all DL packets coming at the V-UPF from the H-UPF will be lost until the UE possibly find 3GPP coverage again and paging succeeds. 
[bookmark: _Hlk20761773]

Potential solutions
One solution to the problem could be to allow the V-UPF to switch the DL traffic for the access for which user plane is inactive to the other access, i.e. somehow introduce ATSSS functionality in the V-UPF with switching of traffic, e.g. allow V-UPF to switch traffic received on the N9 tunnel targeting 3GPP access to the N3 tunnel for non-3GPP access if 3GPP access is inactive. This however brings further issues:
-	this traffic switching may not be allowed for some type of traffic per subscription, 
-	even if this traffic redirection would be allowed, switching the DL traffic at V-UPF side would imply wrong charging: charging records (and on line charging) are built by the H-SMF based on reporting from the H-UPF which considers that the traffic has been sent on 3GPP access. Asking V-UPF to report charging information to H-SMF (via V-SMF) could be envisaged but would imply a totally new charging architecture where HPLMN relies on real time information from VPLMN for user charging purpose. This would bring too much complexity and basically ruin ATSSS support in Roaming with Home Routed case.
For Roaming with Home-routed and with UE registered to different PLMNs, traffic redirection is even not possible as each V-UPF sees only one access.
In any case, moving ATSSS rules knowledge into the V-UPF (via N4 rules from V-SMF possibly derived from rules provided by H-SMF) should be avoided in order to allow HPLMN to deploy traffic switching/splitting/steering rules without relying on the VPLMN to know and to support these rules.

In the remainder of this contribution we assume that a solution is needed to allow the H-UPF to know the status of the user plane (UP) of a PDU Session over an access (3GPP access or non-3GPP access) at Visited PLMN (VPLMN) side and to do the DL traffic switching based on the status of the user plane at the VPLMN side, i.e. the H-UPF would switch the DL traffic to the non-3GPP access if it knows that the 3GPP access at the VPLMN side is inactive and if traffic switching is allowed as per ATSSS rules, and would switch the traffic back to both 3GPP access and non-3GPP access, as per instructions from H-SMF derived from ATSSS rules, when it knows that the 3GPP access at the VPLMN side is active again. The reactivation of user plane for the inactive access can be triggered by the H-UPF.

We consider two different options for handling such scenario:
-	Option 1: "User plane" based approach (see figure 1)
When N3 resources for a PDU Session have been released (resp. established) for the UE on one access, the V-UPF notifies, using data exchange over N9, the H-UPF that the access becomes inactive (resp. active) for the corresponding PDU Session. 
For the handling of DL packets arriving at the H-UPF side, if the ATSSS rules instruct the H-UPF to use the access which happens to be inactive as per indication from V-UPF, the H-UPF can decide to send one packet to V-UPF to trigger Data Notification procedure from V-UPF to V-SMF in order to trigger paging the UE in the access which is inactive. The H-UPF could trigger such paging on a periodic basis.
Until the inactive access is active again, the H-UPF can send all DL traffic on the other access, if allowed by ATSSS rules.
When the user plane is again established on the previously inactive access, i.e. when N3 resources are established for the access, the V-SMF instructs the V-UPF to send an indication to H-UPF that the access is active. This then triggers the H-UPF to apply ATSSS using both accesses, if allowed by ATSSS rules. 
The indication of access inactive or access active on N9 can be a PMF level notification.









Figure 1: "User plane" based approach

NOTE: an example of packet sent by the H-UPF in step 6 can be an IPV6 neighbour discovery request or an IPV4 ping. For ethernet PDU Session type it can be an empty Ethernet Frame.  For any type of PDU session (IP or Ethernet) it can be a G-PDU message without a T-PDU (see TS 29.281).

-	Option 2: "Control plane" based approach (see figure 2)
V-SMF can inform H-SMF when N3 resources have been released for the PDU Session on one access, and H-SMF subsequently can instruct the H-UPF to buffer downlink packets for this access and notify the H-SMF when downlink data packets are received (instead of forwarding them) in order to reuse existing UPF mechanisms to trigger paging than the mechanism in non-roaming case.
For the handling of subsequent DL packets arriving at the H-UPF side, if the ATSSS rules instruct the H-UPF to use the access which happens to be inactive the H-UPF can send a Downlink Data Report towards H-SMF, and H-SMF can then send Data Notification to V-SMF, with necessary changes on N16 (V-SMF/H-SMF) interface. The V-SMF would then apply same behaviour as if V-SMF received a Data Notification report from V-UPF, i.e. V-SMF will send a N2 SM PDU Session Resource Setup to 5G-AN using N1N2MessageTransfer Request (that will result in AMF paging the UE). Such Data Notification procedure would be performed by H-UPF on a periodic basis.
Until the inactive access is active again, the H-UPF can send all DL traffic on the other access, if allowed by ATSSS rules.
If paging fails, the H-SMF can inform the H-UPF for how long no new downlink data report should be sent for the 3GPP access, in a similar way as extended buffering is instructed for UEs using Power saving, where Downlink Data Response can convey a delay during which DL data should be buffered without notifying the SMF.
When N3 resources have been established again for the PDU Session on the access which was previously inactive, the V-SMF informs the H-SMF, and the H-SMF can then instruct the H-UPF to forward DL traffic for the access.




Figure 2: "Control plane" based approach
Proposal
It is proposed that SA2 discuss the issue highlighted in this contribution, together with proposed solutions, and endorse a way forward to solve the problem.
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