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1 Introduction
1.1
Background
RAN-assisted WLAN interworking based on the RAN rules specified in TS 36.304 and TS 25.304. The RAN rules defined in sub-clause 5.6.2 of TS 36.304 specify that the UE shall constantly evaluate the rules and whenever the conditions are met send an indication to the upper layers:

The upper layers in the UE shall be notified (see TS 24.302 [28]) when and for which WLAN(s), that matches all the provided identifiers (in subclause 5.6.3) for a specific entry in the list, the following conditions 1 and 2 for steering traffic from E-UTRAN to WLAN are satisfied for a time interval TsteeringWLAN
Specifically, TS 24.302 with respect to RAN rules (see section 5 of this document) specifies that, upon receiving the indication to move traffic to WLAN the upper layers, shall select and authenticate with WLAN (if it has not already done it) and shall handover all offloadable PDN connections to WLAN, which triggers associated control plane signalling. It is worth noting that this applies both when there is traffic and when there is no traffic (i.e. idle mode). 
Observation 1: When the RAN rules conditions for access network selection and traffic steering to WLAN are met, the UE shall authenticate with WLAN (if it has not already done it) and shall handover all offloadable PDN connections to WLAN.

The same applies for mobility from WLAN to LTE.

1.2
The Local Operating Environment
Since at least Rel. 10, 3GPP has introduced the concept of Local Operating Environment. 
TS 23.261 defines the Local Operating Environment as: 

The actual Local Operating Environment Information is implementation dependent and may comprise of such items as, radio environment information, quality of IP connection, application specific requirements, power considerations, etc.
Observation 2: LOE has included radio environment information since its inception.

It is worth noting that when ANDSF functionality for WLAN selection and traffic steering was introduced, 3GPP has made it clear that decisions in the UE based on LOE take precedence over ANDSF rules provided by the operator (see TS 24.302). This was introduced because there are several conditions that the UE is aware of and should impact the decision, that are not visible to the network. 

Observation 3: The UE can override ANDSF rules based on user preferences and its Local Operating Environment. 
RAN rules and thresholds were introduced with the intention of introducing a RAN- assisted functional equivalence of ANDSF, to provide more dynamic steering to and from WLAN. TS 24.302 specifies (see clause 5) that the UE shall take actions upon an indication to move traffic to WLAN, if the indication is allowed by user preferences. However, it does not make any reference to the LOE in relation to the RAN rules. 
Observation 4: Based on the current specs, the UE can override the RAN rules based on user preferences but it is not clear if the UE can override the RAN rules based on its Local Operating Environment.
2
UE Behaviour when Applying RAN Rules
2.1
General

The RAN solution for WLAN interworking was designed to assist the UE in performing interworking between 3GPP and WLAN accesses, thus the name “RAN-assisted WLAN interworking”.  The UE uses RAN assistance information to determine when offloadable traffic may be moved from one access to another. This solution is different from a “RAN-controlled WLAN interworking” (as part of the Release13 LTE-WLAN Radio Level Integration and Interworking Enhancement) in which the network sends some sort of explicit traffic steering commands to indicate the UE that some traffic should be moved between LTE and WLAN. In the “RAN-assisted WLAN interworking” the network only assists the UE in determining when  to move traffic to/from WLAN based also on E-UTRAN/UTRAN and WLAN conditions. This is very similar to the ANDSF rules which assist the UE in determining when the operator prefers the UE to move traffic to/from WLAN.

When the UE supports “RAN-assisted WLAN interworking” and determines that  both the underlying E-UTRAN/UTRAN and WLAN conditions indicate the need  to move traffic to WLAN, the UE should attempt to move all offloadable traffic to WLAN. However, based on local conditions and/or preconfigured user preferences, the UE may not be able to move traffic to WLAN, as preferred by the underlying radio network. Such local conditions may be non-radio related conditions or radio-related conditions, as discussed in the following two sections. 

Observation 5: The “RAN-assisted WLAN interworking” solution specified in Rel-12 assists the UE in determining under which E-UTRAN/UTRAN and WLAN conditions the 3GPP radio network prefers the UE to steer traffic to/from WLAN. The UE should attempt to steer traffic to/from WLAN in compliance with the radio network preferences. However, it should not be assumed that the UE will always be able to steer traffic based on the preferences of the 3GPP radio network.
2.2
Non-Radio Related Conditions
When RAN rules are implemented and deployed, there can be a series of non-radio related conditions in which, upon receiving an indication from the lower layers to move to WLAN, the UE should not move the offloadable traffic to WLAN. For example, the UE may not have credentials to access any of the WLANs that meet the RAN rules, or the UE may have a preconfigured rule that prohibits WLAN traffic under low-battery conditions, or the user may prefer to use a WLAN other than those which meet the RAN rules, etc.
In general, the UE needs to make additional considerations based on LOE, similarly to when the UE implements ANDSF, to determine the usability of WLAN than what is covered by the RAN mechanism. RAN does e.g. not know if the UE can authenticate, get an IP address, get connectivity to ePDG etc., so it would make sense for the UE to be able to deviate from the RAN indications in such cases.
Observation 6: The UE shall be allowed to override RAN rules when, based on LOE and/or user preferences, the UE determines for non-radio related reasons that the WLAN access cannot be used.

2.3
Radio Related Conditions
The RAN- assisted solution defined for steering traffic to/from WLAN is based on RAN providing thresholds parameters for WLAN and 3GPP access. However, the standard does not mandate the eNB/RNC to always send radio related thresholds for WLAN (e.g. the RSSI thresholds). 

An eNB/RNC that does not send all specified thresholds is fully standards compliant and is not a misbehaving eNB/RNC. Not sending values for all thresholds is not an erroneous behavior. 

Therefore scenarios such as the following may arise:

· The eNB is not mandated to provide all WLAN thresholds (e.g. Beacon RSSI, available backhaul bandwidth, etc.). For example, the eNB may only provide a threshold for Backhaul Bandwidth. When the lower-layers send an indication to upper-layers for steering traffic to WLAN because the condition “available Backhaul Bandwidth > threshold” became true, based on current specs the UE shall move the offloadable PDN connections to WLAN. However, the signal strength of the selected AP may be too low for the UE to meaningfully move traffic to WLAN, and trying to offload the offloadable PDNs may lead to traffic interruption due to the bad signal quality.

· In addition, even when the eNB provides all the thresholds, including the "Beacon RSSI" threshold, it may provide a very small "Beacon RSSI high" threshold in order to trigger UEs to offload much traffic to WLAN. This means that even when the lower layers indicate to the UE to move the traffic to WLAN because the RAN rules became true, the actual signal strength available from the selected AP may be too low for the UE to meaningfully move traffic to WLAN, and trying to offload the offloadable PDNs may lead to traffic interruption due to the bad signal quality.

· Furthermore, some UE implementations today refrain from using a WLAN when the measured “frame error rate” on this WLAN exceeds a certain implementation-specific threshold. The “frame error rate” may become high e.g. when many WLAN devices contend for channel access and the collision rate increases. So, even when the measured Beacon RSSI is well above the high threshold provided by the eNB, the UE may still consider the WLAN as unsuitable due to high “frame error rate”.

NOTE 1:
One may argue that when the “frame error rate” on a WLAN is high, then the Channel Utilization would also be high and thus the RAN rules would not attempt to move traffic to this WLAN (assuming the Channel Utilization threshold is provided). However, this may not be true when the WLAN supports multiple channels (e.g. in 2.4GHz and 5GHz bands). As specified in IEEE 802.11, “When more than one channel is in use for the BSS, the Channel Utilization field value is calculated only for the primary channel.” So, the UE may experience high “frame error rate” on the secondary channel while the Channel Utilization of the primary channel is small.
From the above scenarios, it becomes clear that, when the UE is requested by RAN rules to move traffic to WLAN, the UE should verify autonomously (based on LOE) that the WLAN radio conditions are suitable for offloading traffic. This way, the UE would guarantee that moving traffic to WLAN would not cause bad user experience
Observation 7: The UE shall be allowed to override RAN rules when, based on LOE, the UE determines for radio related reasons that the WLAN access cannot be used.

3
Conclusion and Proposal
The proposal in this document is that:
1. We align TS 23.402 to TS 24.302 in terms of LOE capability to override ANDSF rules
2. Since it is clear that with the current rel. 12 solutions as documented in RAN, SA2 and CT1 specifications, there can be scenarios where the UE is forced to move offloadable traffic to WLAN even when WLAN is not suitable, and this can happen even if the RAN behaves according to the standard, we propose clarifying in SA2 specifications that LOE can override RAN rules to address the observations above with the following proposal.
Proposal 1: SA2 modifies the specifications to indicate that “the UE shall be allowed to override RAN rules that instruct the UE to move traffic to WLAN when, based on LOE, the UE determines that the WLAN access cannot be used”
5
Background
The TS 24.302 specifies sub-clause 6.10.4 the corresponding actions as follows:

Upon:

-
receiving move-traffic-to-WLAN indication, along with the list of the WLAN identifiers, if the user preferences are not present; or

-
establishment of a new PDN connection in 3GPP access, if the PDN connection is an offloadable PDN connection, the access stratum indicated move-traffic-to-WLAN, the access stratum has not indicated the move-traffic-from-WLAN indication after indicating of the move-traffic-to-WLAN indication and the user preferences are not present;
and:

-
the UE is capable to simultaneously route IP traffic to both 3GPP access and WLAN; or

-
the UE is not capable to simultaneously route IP traffic to both 3GPP access and WLAN, and all the PDN connections of the UE in 3GPP access are offloadable PDN connections;

the UE:

a)
shall perform the procedure in subclause 5.1.3.2.3 and in subclause 5.2.3.2 to select the selected WLAN and the NAI for authentication;

b)
if not authenticated yet with the selected WLAN using the NAI for authentication in subclause 6.4, shall authenticate with the selected WLAN using the NAI for authentication in subclause 6.4. During authentication, if the selected WLAN is a trusted WLAN, SCM is supported by both UE and network, MCM is not supported by UE, network or both, and if:

-
the UE is capable to simultaneously route IP traffic to both 3GPP access and WLAN; or

-
the UE is not capable to simultaneously route IP traffic to both 3GPP access and WLAN, and the UE has only one PDN connection;


shall handover one offloadable PDN connection from 3GPP access to the WLAN access using procedures in subclause 6.4.2.6.2;

NOTE:
When the UE already has one PDN connection established via WLAN in SCM, and if move-traffic-to-WLAN indication is received, it is up to the UE implementation to determine whether to offload a PDN connection from 3GPP access to WLAN. In that case, it is also up to the UE implementation to determine which one of the offloadable PDN connections will be offloaded.

c)
if the selected WLAN is a trusted WLAN, and MCM is supported by both UE and network, shall handover all the offloadable PDN connections from 3GPP access to the WLAN access using procedures of 3GPP TS 24.244 [56];
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