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Abstract of the contribution: This contribution discusses how to handle NBIFOM under different scenarios when UE goes out of WLAN coverage. It is proposed to add a solution description to the TR 23.861.
Overview
If there is a multi-access PDN connection (NBIFOM case) with active flows on WLAN access and if the UE loses WLAN connectivity (for any reason), it is extremely important to detect this situation as quickly as possible. This is so that the P-GW can be informed about this in a timely manner so that it can stop sending downlink packets to the UE over S2a and cause loss of packets leading to degradation of service and user experience. The flows over WLAN access can then be rerouted over to the 3GPP access. 
Detecting and handling loss of WLAN connectivity
The loss of WLAN connectivity can be due to various reasons such as UE moving out of WLAN coverage area, poor radio conditions in unlicensed bands, interference, etc. The loss of WLAN connectivity can be detected either by the UE or the TWAN or both. The UE can monitor the radio conditions on the WLAN and detect loss of WLAN connectivity through various means. However in case of WLAN the situation is not necessarily symmetric across the UE and WLAN AP/AC. The (signal to noise ratio) SINR at the WLAN AP may quite be different than at the UE. So arguably the UE (WLAN STA) may be able to hear the AP beacons but the AP may not be able to hear the STA and thus not receive any packets from the UE. So in certain situations the TWAN may be able to detect the loss of WLAN connectivity, even before the UE. In such situations it’s quite important that the TWAN informs about the P-GW about this loss of WLAN connectivity, instead of causing delay and waiting for the UE to eventually inform the P-GW.
The TWAN (AP/AC) can inform the TWAG about loss of WLAN connectivity based on link indications (L2 triggers) via the TWAN-TWAG interface (which is out of 3GPP standardization scope). Please see IETF RFC 4907: <draft-iab-link-indications-10.txt>. The definition of these triggers and how they are sent to TWAG is outside the scope of 3GPP specifications.
Once the TWAG determines that the UE has lost WLAN connectivity, the TWAG informs the PGW about this so that the PGW does not send downlink packets to UE on S2a. Further, the TWAG may not delete the PDN connection context immediately. Instead, it informs the PGW to suspend sending data over S2a by using a Modify Bearer Request message containing an indication that transmission over the S2a leg of the PDN connection should be suspended since the UE has lost WLAN connectivity. The PDN-GW can in turn reroute existing flows over WLAN to 3GPP access based on already defined mechanisms. Note this mechanism is not in lieu of the case when UE informs PDN-GW about loss of WLAN connectivity but in addition to it, so as to enable the quick detection of loss of WLAN connectivity in different scenarios. 

Resuming flows on WLAN after UE regains WLAN connectivity
UEs that support multi-access PDN connections can easily move in and out of coverage of the same WLAN Access Point (AP). Often such UEs can also transition across different WLAN APs while in the coverage of the same WLAN (Extended Service Set) ESS. The UE can move out of the coverage of the WLAN AP and then re-connect through the same AP. In another scenario the UE may move out of coverage of the WLAN AP and then connect using a different AP. It is assumed that the UE is connected to the same TWAG as before. If the UE re-emerges under another AP, it may have a new IP address. In this case, if the UE context is maintained in the network then the UE should not have to go through full authentication again.
Note: From 3GPP TS 23.402 subclause 16.1.4A.3.1:

The UE uses the IPv6 link local address configured on the WLAN interface or the IPv4 address assigned via DHCPv4 by the network as the source IP address for WLCP.
When the UE re-enters the WLAN coverage especially under another AP of the same WLAN ESS the UE<>TWAG leg of the connection needs to be refreshed/resumed. The WLCP procedures that will refresh/resume this connection need to be defined. Inter-AP mobility when UE is connected to the same TWAG can be handled by new WLCP messages. If the UE re-emerges under another AP, it may have a new IP address. So, at WLCP level there has to be some identifier that notifies the TWAG to disregard the previous WLCP connection and create a new connection. The UE assists the TWAG in retrieving the established PDN context. The UE does this by sending a new WLCP message to the TWAG (WLCP PDN Connection Resume Request). The UE can include its previously allocated IP address in the request along with the user plane connection ID. The TWAG in turn informs the PGW that the WLAN connectivity has been restored and that it can now resume sending data over S2a by using a Modify Bearer Request message containing an indication that transmission over the S2a leg of the PDN connection may be resumed. The TWAG then responds back to UE with an appropriate response in (WLCP PDN Connection Resume Response) message. The UE and the PDN-GW can thereafter independently route requests over different accesses based on appropriate routing rules.
Analysis
Using both the UE and the TWAN in conjunction to detect the loss of WLAN connectivity can lead to earliest possible detection of loss of WLAN connectivity in different scenarios and this can help maintain user experience. If both the UE and the TWAN detect loss of WLAN connectivity at the same time or in close proximity, then both the PGW and UE may try to reroute flows at the same time. But then this can happen even otherwise and there are co-existence mechanisms in place to handle such scenarios already.

When WLAN connectivity is regained, the proposed solution allows the UE to take advantage of previously established UE context and resume PDN connections efficiently instead of re-establishing them again thereby reducing system churn and improving user experience. This is similar to how the MME stores UE context for 3GPP accesses. The Modify Bearer Request messages containing an indication that transmission over the S2a leg of the PDN connection should be suspended due to loss of WLAN connectivity can also be used to avoid dealing with any user plane packets that the PGW might send in the downlink.
Conclusion and Proposal

It is proposed to update TR 23.861 as follows:
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Figure 7.X.2-1 Handling PDN connections over WLAN during loss of coverage
The UE has established a multi-access PDN connection over 3GPP access and WLAN. Steps 2-12 indicate how the TWAG can maintain UE context when the UE goes out of WLAN coverage and how the PDN connections over WLAN can be suspended and resumed.
-
Step1. The UE has established a multi-access PDN connection over 3GPP access and WLAN
-
Step 2. The UE goes out of WLAN coverage and abruptly loses connectivity with the AP

-
Step 3. The WLAN AP/AC (TWAN) detects this and sends a link indication message to the TWAG. In the message the WLAN AP/AC (TWAN) can include the IP Address of the UE, the BSSID (MAC Address) of the UE and the reason for trigger (abrupt loss of connection as opposed to explicit disassociation). The definition of this trigger message and how it is sent to TWAG is outside the scope of 3GPP specifications.

-
Step 4. Once the TWAG becomes aware that the UE has abruptly lost WLAN connectivity, the TWAG sends a Modify Bearer Request message to the PGW over the S2a interface with an indication informing the PDN GW to suspend the current set of PDN connections routed over WLAN for this UE. The PDN GW starts steering all incoming downlink packets for this UE over the 3GPP leg and does not send any downlink packets over S2a to the TWAG. The TWAG does not delete the UE context.

-
Step 5. The UE comes back in WLAN coverage. The UE may be connected to the same AP as before or to a different AP in the same ESS. It is assumed that the UE is connected to the same TWAG as before.

-
Step 6. The UE sends a new WLCP PDN Connection Resume Request message to the TWAG. The UE includes its previous IP Address in the message along with the previously allocated user plane connection identifier of the PDN connections that it wants to re-establish.

-
Step 7. Once the TWAG receives the above message it retrieves the UE context and sends a Modify Bearer Request message over the S2a interface with an indication informing the PDN GW to resume the current set of suspended PDN connections routed over the WLAN link for this UE. 

-
Step 8. The TWAG then sends a WLCP PDN Connection Resume Response to the UE indicating if the PDN connections could be restored successfully or not with any updated connection parameters. If the PDN connections are restored communication resumes as before.
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