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1 Introduction

It was discussed at RAN2#90 whether or not the UE shall report to the network if it fails to perform traffic steering for WLAN/3GPP radio interworking enhancements, for similar reasons as to why S-RLF was added in Dual Connectivity. We believe that such reporting would be useful not only for the interworking solution but also for the aggregation and in this document we propose a common reporting framework which can be applied both to interworking and to aggregation.
2 Discussion
A UE’s WLAN connection may fail either at establishment, or it may fail later while the UE is connected to WLAN. In both cases it is beneficial for the eNB to receive a failure indication from the UE so that the eNB can take appropriate actions in a timely manner (as further discussed below).
Network based alternatives to this UE-based failure indication seem complex to be provided a timely indication. For example: In order for the WT to find out and report to the eNB that a UE has not established a connection to WLAN or a WLAN connection has failed, then all WLAN APs associated with the WT would need to monitor e.g. if the UE did not establish the WLAN connection during a certain time and afterwards whether the UE lost the connection to one of the APs. We believe that such a network-based solution is not feasible.

Proposal 1 The UE sends a failure indication to the eNB if the UE fails to establish a WLAN connection or an already established connection is lost.

A success indication on the other hand would only be applicable to indicate establishment success, but this would lead to unnecessary radio overhead, as the success is regarded as the normal case, and absence of a failure indication implies a successful establishment. Thus we believe the success indication should not be considered.

Observation 1 Absence of a failure indication can be interpreted as the UE succeeded in connecting to WLAN.

It should be noted that when we say success indication here, we are not referring to the RRCConnectionReconfigurationComplete message, that message should of course still be sent by the UE as an indication that the UE has successfully applied the RRC configuration provided by the eNB (also in the case of WLAN aggregation/interworking).
Proposal 2 A success indication from the UE when WLAN connectivity has been established by the UE is not introduced.
2.1 Usages for indication
If the UE fails to establish a connection with a WLAN then the eNB may need to take some action and which action to take depends on what is the reason for the failure. For example, if the UE fails to establish a connection due to that the WLAN chipset is busy because the UE is connected to a user-selected WLAN (e.g. home WLAN) then the UE will not be able to connect to another WLAN either. So in that case the eNB should probably deconfigure interworking or aggregation for this UE.

On the other hand if the UE fails to connect to a particular WLAN AP because there is some problem with this particular AP, e.g. UE fails to authenticate to the WLAN, then the eNB could configure the UE to perform interworking or aggregation using another WLAN AP.

Observation 2 Depending on the failure reason the eNB may take different reactions towards a UE’s failed WLAN connection.

Another use for a failure indication is for the operator to monitor and detect problems in its network, for example if a certain WLAN AP is never admitting any UEs then this AP may need to be reconfigured. We therefore propose:
Proposal 3 The UE shall indicate a reason code for the failed connection in the failure indication.

Below are some example causes for a failed connection which we foresee together with possible eNB actions:

· WLAN chipset is turned off – eNB deconfigures interworking/aggregation

· UE connected to user preferred WLAN – eNB deconfigures interworking/aggregation

· UE fails authentication – eNB  removes this WLAN from the mobility set

· UE fails to get admitted – eNB removes this WLAN from the mobility set. 

· WLAN drops an (established) connection to the UE– eNB removes this WLAN from the mobility set

We will probably not be able to identify all possible failure reasons for a failed connection to WLAN but it seems that there are two main types of failures; those due to problems in the UE (e.g. user preference) or problems in the WLAN (e.g. admission problems). The eNB’s action for the UE-specific problems seem to most likely be to deconfigure interworking/aggregation, while the eNB’s action for WLAN specific reasons is to remove that WLAN from the UE’s mobility set. Hence it would suffice if the UE indicates whether the connection failed due to UE problems or WLAN problems.
Proposal 4 The reason code can indicate whether the connection failed due to problems in the UE (e.g. user preference) or problems in the WLAN (e.g. failed authentication).
2.2 BSSID indication in report
As has already been agreed; the UE may be configured with a set of WLAN identifiers, which we refer to as “mobility set”, and the UE may connect to any WLAN matching these identifiers. The UE could for example be configured with a mobility set of BSSID A and BSSID B and the UE should connect to any of WLAN with BSSID A or BSSID B.

If the UE attempts but fails to connect to e.g. BSSID A the eNB would, to be able to deconfigure BSSID A from the mobility set, need to know that it was BSSID A that the UE failed to connect to. Therefore the UE would need to indicate in the failure indication not only the reason for the failure, but also the BSSID for the WLAN.

This is of course not applicable if the UE failed to connect to WLAN because a UE-based problem (e.g. WLAN is turned off) hence the BSSID should only be included if the UE fails to connect to a WLAN due to problems in the WLAN.

Proposal 5 For WLAN-based problems; the UE indicates the BSSID of the WLAN which the connection failed to.
2.3 When to send the report

In case the UE has multiple WLANs in the mobility set (e.g. multiple BSSIDs, and/or SSIDs/HESSIDs) then the UE should attempt to connect to multiple WLANs. If the UE tries but fails to connect to one WLAN in the mobility set then the UE shall attempt to connect to another WLAN in the mobility set until either the UE has attempted to connect to all WLANs in the mobility set, or the UE has succeeded to connect to a WLAN in the mobility set.
Of course if the UE fails to connect to a WLAN due to UE-problems, e.g. WLAN chipset is turned off, then the UE will fail to connect to any WLAN in the mobility set. Hence the UE can send the failure report directly (without actually performing any connection attempts). Furthermore, when the UE-based problem occurs during aggregation/interworking operation, (e.g. WLAN chipset is turned off, switched to home-WiFi), the failure report should also be sent immediately.
Proposal 6 For the UE-based problems; the UE sends the failure indication immediately when the problem occurs. That may also be in response to getting the steering/aggregation command.
In contrast to that, if the UE fails to connect to a WLAN due to WLAN based problems, then the UE shall attempt to connect to another WLAN in the mobility set, until that either the UE has attempted but failed to connect to all WLANs in the mobility set, or until the UE has succeeded to connect to a WLAN in the mobility set. The question is then when the UE shall send a failure report, we foresee two options:

1. UE sends a failure report each time it fails to connect to an AP in the mobility set.

2. UE sends the failure report indicating all previously failed attempts when either:

· UE succeeds to connect to a WLAN
, or
· UE has attempted to connect to all WLANs in the mobility set but they all failed.

The difference between the two options is when the report is sent but the same information will eventually be provided to the eNB in both options. I.e. with both options the UE informs the eNB of each failed connections and the eNB can remove problem WLANs from the mobility set. This ensures that the mobility set is kept clean from WLANs to which the UE has failed to connect to and hence subsequent failures can be avoided. Also the eNB can avoid using problem WLANs for other UEs. Furthermore, this information could be useful for an operator as it provides information about the behaviour of their WLAN deployment.

So since the same info is eventually reaching the eNB, the only difference is whether trigger the report per AP, or per mobility set. We prefer option 2 as it gives less signalling:
Proposal 7 UE sends the failure report indicating all previously failed attempts (if any) when:

· UE succeeds to connect to a WLAN, or

· UE has attempted to connect to all WLANs in the mobility set but they all failed.
In case the UE's connection to a WLAN suddenly is suddenly lost the UE should attempt to connect to another WLAN in the mobility set (if other WLANs exist). We assume the same principle described above can be applied, i.e. that the UE should first attempt to connect to other WLANs and if those also fails then the UE shall trigger the failure report.

What is “all WLANs” is apparent if the UE is configured with a set of BSSIDs as each BSSID refers to one particular WLAN AP. However if the UE is configured with HESSIDs/SSIDs then it is not straightforward because these identifiers refers in general to multiple WLANs and the UE may not be able to detect all of them. Therefore we assume that the UE should consider a failed connection to a HESSID/SSID if it fails to connect to all detected WLANs with the HESSID/SSID.
Proposal 8 A UE considers a failed connection to a HESSID/SSID when it fails to connect to all detected WLAN APs of that HESSID/SSID.
2.4 Operating in IDLE mode
In case the UE is operating in WLAN interworking more, the UE may be in IDLE mode when attempting to connect to WLAN (based on the broadcast parameters). If the UE should send a failure indication in that case the UE would need to go to RRC CONNECTED just to send the report. This would create unnecessary IDLE<->CONNECTED transitions and hence creates signalling overhead and hence we propose that the UE shall only send the failure indication if the UE applied a dedicated traffic steering command (e.g. dedicated thresholds).

Proposal 9 The UE shall only send the failure report while in RRC CONNECTED.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The UE sends a failure indication to the eNB if the UE fails to establish a WLAN connection or an already established connection is lost.
Proposal 2
A success indication from the UE when WLAN connectivity has been established by the UE is not introduced.
Proposal 3
The UE shall indicate a reason code for the failed connection in the failure indication.
Proposal 4
The reason code can indicate whether the connection failed due to problems in the UE (e.g. user preference) or problems in the WLAN (e.g. failed authentication).
Proposal 5
For WLAN-based problems; the UE indicates the BSSID of the WLAN which the connection failed to.
Proposal 6
For the UE-based problems; the UE sends the failure indication immediately when the problem occurs. That may also be in response to getting the steering/aggregation command.
Proposal 7
UE sends the failure report indicating all previously failed attempts (if any) when:

-
UE succeeds to connect to a WLAN, or

-
UE has attempted to connect to all WLANs in the mobility set but they all failed.
Proposal 8
A UE considers a failed connection to a HESSID/SSID when it fails to connect to all detected WLAN APs of that HESSID/SSID.
Proposal 9
The UE shall only send the failure report while in RRC CONNECTED.


� Note that with WLAN the UE would send the report when "UE succeeds to connect to a WLAN ", this is however not the same thing as a report indicating successful connection, e.g. the UE would not send the report unless there was preceding failures.
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