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1. Introduction
As discussed in previous RAN2 meetings, UE supporting LWA may also be configured by the user to connect to home/enterprise WLAN, which should be allowed even if LWA is active. 
Rel-13 LWA defined WLAN connection status reporting procedure, using which the UE may indicate to the network that WLAN is no longer available As we explain in more detail below, this can be useful in certain mobility scenarios as well as in some other cases, e.g. when the user decided to connect to his home WLAN. 
2. Discussion
There can be use cases where the UE needs to move out of a WLAN mobility set temporarily. As one example, the UE may be able to know based on the mobility pattern that the dead-spot where WLAN is unavailable is only temporary. In such case the LWA connection would be torn down altogether only to find out that another LWA connection needs to be initiated immediately.

As another example, certain applications require UEs to make micro transactions with home WLAN or peer-to-peer networks periodically or sporadically, or perform network, device or service discovery. If LWA is active, unless the UE supports concurrent operation with multiple WLAN networks (which not all implementations do), the LWA connection will need to be torn down for the UE to do those micro transactions, and then brought up again after the connection to the home WLAN is not needed anymore. Even though the UE can indicate to the network that WLAN is no longer available and the network shall respond by performing the WT Release procedure (i.e. terminating LWA), since micro transactions are short in nature, terminating LWA entirely would be inefficient, as when the micro transaction is completed, the UE will have to indicate to the network that WLAN is available and the network would have to re-initiate LWA by WT Addition procedure.
Additionally, the UE may need to suspend WLAN transmission and reception temporary during mobility events such as WT change.
To summarize, if the UE has only the WLAN connection status reporting procedure at its disposal and if the UE is going out of WLAN coverage only temporarily or UE is required to perform WLAN micro transactions, it will have to inform the network that WLAN is not available, triggering WT Release/WT Addition procedures with potentially a number of undesirable side effects:

1. WT Release/WT Addition procedures take time including additional delay due to WLAN connection establishment and security configuration, which may result in performance degradation.
2. WT Release/WT Addition procedures results in additional overhead as it consume network and UE resources.
3. Multiple WLAN connection status reporting messages indicating WLAN on and off may confuse the eNB, which in its turn may decide not to enable LWA altogether.
4. Unexpected WLAN connection interruptions resulting in bursts of packet loss may impact the WLAN channel PER assessment by the eNB, which may cause it to decide not to enable LWA altogether.
Observation 1: eNB completely tearing down the LWA connection for temporary unavailability of WLAN may result in performance degradation and additional issues.
The WLAN connection status reporting procedure is currently only used to indicate failure cases were the WLAN link cannot be maintained. So this procedure cannot be used to indicate to the eNB that the UE can resume LWA service in the near future again.
It might be possible to reuse the WLAN measurement framework (i.e. to resume measurement reporting) as an indication that LWA can be resumed, but that cannot be guaranteed in all cases. In some cases the UE might have no measurements configured, or the event criteria might not be met. Apart from this, in Rel-13 LWA specifications, there is no other easy way for the UE to indicate that WLAN is back on, after it has been indicated as turned off.
Observation 2: the UE does not have a method to indicate to the eNB that LWA can be resumed.

One potential solution that can improve the UE efficiency in these scenarios is to define a method through which the UE may inform the eNB that WLAN is temporarily not available for LWA. This indication may be used to temporarily schedule all PDUs through LTE, without terminating LWA (i.e. without initiating the WT Release procedure). When WLAN becomes available for LWA, the UE may inform the eNB that LWA can be resumed, so that the eNB resumes sending PDUs over WLAN. We refer to this method as “WLAN suspend-resume” procedure.

Observation 3: WLAN suspend-resume procedure may improve UE efficiency.
The WLAN suspend-resume procedure, if defined, can be also beneficial for other scenarios. For example, in certain scenarios when the UE performs AP change within the WLAN mobility set, this may result in packet loss (e.g. when APs within the mobility set are not controlled by the AC and possibly in other scenarios). This can be mitigated to some extent with LWA PDCP status reporting, however WLAN suspend-resume procedure would be more efficient to mitigate packet loss during intra WLAN mobility set AP change.

Observation 4: WLAN suspend-resume procedure may also be beneficial in other scenarios, e.g. intra WLAN mobility set AP change.
Therefore, we propose to discuss the introduction of WLAN suspend-resume procedure for LWA.

Proposal 1. Discuss the introduction of WLAN suspend-resume procedure for LWA.

If agreed, the procedure can be implemented using either RRC or “in-band” PDCP signalling. The former has the benefit of smaller standardization and implementation impact, as the WLAN connection status reporting procedure can be easily enhanced to support suspend-resume indication. However, this method has the disadvantage of somewhat larger latency, compared to the in-band signalling. Alternatively, as mentioned above, in-band PDCP signalling can be used to indicate WLAN suspend/resume. If agreed, this can be implemented e.g. using LWA PDCP status reporting mechanism. 
Therefore, if RAN2 agrees that WLAN suspend-resume indication is beneficial, it is proposed to discuss whether to implement it using RRC or PDCP signalling.

Proposal 2. If RAN2 agrees that WLAN suspend-resume indication is beneficial, discuss whether to implement it using RRC or PDCP signalling.
It should be noted that if PDCP signalling is used, it is essential to make sure that such signalling is done over LTE only since WLAN may be unavailable. If RAN2 agrees to adopt RRC based signalling, WLANConnectionStatusReport which already indicates the WLAN association failure causes may be used. 
An example messaging format is described in Appendix A. These are provided mostly for illustration. Once RAN2 agree on the concept, further details of the actual signalling may need to be discussed. The goal should include avoiding frequent suspend/resume operation as it can introduce signaling overhead. This can be done by defining for example minimum time duration between two suspend intervals, and/or simple counters at the UE and/or eNB to ensure that more than X suspends do not happen in time Y. If handled by UE counter/timer, UE should not make such request. If implemented at eNB, then in this can, eNB can reject suspend/resume request and release LWA as LWA is not appropriate to the current user’s usage.
3. Summary

In this contribution, we discussed about suspend/resume functionality for LWA. We observer that:

Observation 1: eNB completely tearing down the LWA connection for temporary unavailability of WLAN may result in performance degradation and additional issues.
Observation 2: the UE does not have a method to indicate to the eNB that LWA can be resumed.

Observation 3: WLAN suspend-resume procedure may improve UE efficiency.
Observation 4: WLAN suspend-resume procedure may also be beneficial in other scenarios, e.g. intra WLAN mobility set AP change.
Based on the observations above we propose the following:

Proposal 1.
Discuss the introduction of WLAN suspend-resume procedure for LWA.
Proposal 2.
If RAN2 agrees that WLAN suspend-resume indication is beneficial, discuss whether to implement it using RRC or PDCP signalling.


Appendix A
If RAN 2 agrees to adopt RRC signaling for the WLAN suspend-resume indication, the WLANConnectionStatusReport, which already indicates WLAN association failure causes, may be used.  The message format is described in the following.
WLANConnectionStatusReport message
-- ASN1START

WLANConnectionStatusReport-r13 ::= SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




wlanConnectionStatusReport-r13



WLANConnectionStatusReport-r13-IEs,




spare3 NULL, spare2 NULL, spare1 NULL




},



criticalExtensionsFuture


SEQUENCE {}


},

...
}

WLANConnectionStatusReport-r13-IEs ::= SEQUENCE {


wlan-Status-r13




WLAN-Status-r13,


...,
    [[ wlan-Status-v14xy         WLAN-Status-v14xy OPTIONAL

    ]]
}

WLAN-Status-r13 ::=

ENUMERATED {successfulAssociation, failureWlanRadioLink, failureWlanUnavailable, failureTimeout}

WLAN-Status-v14xy ::= ENUMERATED {suspended, resumed, spare2, spare1}
-- ASN1STOP
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