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1
Introduction
RAN2 has discussed 3 alternatives for WLAN/3GPP radio interworking where the evaluation of the alternatives is provided in TR37.834. There latest version is contained in R2-132249 [2]. However, as each of the solutions seems to focus on only one certain case, therefore this contribution tries to suggest a compromise solution which work for the UEs supporting/having ANDSF MO as well as for UEs not supporting/having ANDSF MO. Specific focus on fulfilling the operator requirements was also given.
2
Motivation
As can be seen in email discussion [82#11] [Joint/WiFi] Requirement fulfilment of WiFi integration solutions, quite similar arguments are repeated in each solution per requirement. For solution 1, the biggest question is how the solution works if UE does not support or does not have ANDSF MO. However the solution is well defined in case UE has ANDSF MO. Contrary, solution2 is well defined in case UE does not support/have ANDSF MO but is not clear how it should work in case UE has ANDSF MO. In case of solution3, it has a better network / operator control over WLAN interworking than the other solutions, but the solution has too much impact on the UEs and is complicated as network is fully responsible for this interworking. (i.e, measurement based mobility). Therefore, in this contribution, co-signing companies are trying to combine the strongest part of each solution to maximize the benefit for WLAN/3GPP radio interworking while avoiding too complex solutions unlikely to be implemented in a cost effective way. 
3
Solution proposal for UEs with and without ANDSF
3.1
Solution description
3.1.1
Introduction and overview
RAN level assistance for WLAN interworking is studied for the situation where typical WLAN selections are not enough (i.e. legacy device behavior is not sufficient) to achieve sufficient load balancing between cellular and WLAN, ensuring the Quality of Experience of the user, etc.. The reason for load balancing or traffic steering may be due to dynamic load situation in both WLAN and 3GPP radio access networks. With todays solutions, load is not considered as part of the WLAN selection process. The intention of load balancing is to steer by the eNB/RNC initiative the UE traffic to use either the operator controlled WLAN or the RAN, depending on the dynamic needs. Only RAN has a comprehensive overview of its load situations and resource allocation strategies.
This solution proposed here is applicable to UEs in RRC IDLE and RRC CONNECTED states for E-UTRAN. Similarly, this solution is applicable to CELL_DCH, CELL_FACH, CELL_PCH and URA_PCH states for UTRAN.

3.1.2
RAN provided information
RAN provided information is expected to consist of bi-directional WLAN traffic steering information (from 3GPP to WLAN and vice versa) where the baseline content is an indication, whether the (e)NB prefers steering UE traffic to WLAN or not. 
The figure below shows the basic information flow for solution “X”.
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Figure 1: Solution “X”: Traffic steering
The contents of the RAN information could consist of the following information (potentially not all information needed in some use cases):
WLAN Identifications
A list of WLAN identifiers for the potential WLAN AP for traffic streering. Such an identifier could be the SSID of the WLAN network or in case of HS2.0 is supported, other identifiers, such as operator realm, listed in the HS2.0 container could also be used. The WLAN identification may contain one or more WLAN networks favoured by the controlling RAN for traffic steering. This may include operator’s own provided WLANs and roaming partners’ WLANs. It is noteworthy that the user settings and preferences stored in the UE may not allow the UE to select one of the WLANs as indicated by the operator. 

WTSI(WLAN Traffic Steering Indication)
The WTSI set to “steer to WLAN” is an indication from RAN to steer traffic to WLAN. The WTSI set to “no-steer to WLAN” is an indication by RAN to steer traffic back to 3GPP.
Multiple WTSIs could be used in case of differentiated ANDSF policies and WTSI can be valid for all users or for individual fraction of users.

The WTSI can also optionally been combined with a timer for the WTSI duration.

RAN Thresholds
Steering the traffic to WLAN or steering back to 3GPP is triggered according to thresholds provided by the controlling RAT. Examples of such RAN metrics could be RSRP and/or RSRQ of the serving cell, e.g. a UE is steered to WLAN if RSRP<RSRP_thr_offload while a UE is steered back to 3GPP if RSRP>RSRP_thr_onload. 

WLAN Thresholds
WLAN thresholds could consist of WLAN metrics to indicate, whether steering to WLAN or back to cellular should be triggered. We propose not to use UE WLAN measurements for this purpose, because their value would differ largely due to the non-standardized scaling and due to vendor-specific functions. Instead, it could be considered, whether eNB/RNC could signal threshold values that the UE could compare to the respective values signalled in the AP beacon, or to the values available from the AP by the HS enquiry (ANQP) protocol or by another request-response protocol. This comparison would then happen by the UE between the eNB/RNC signalled threshold and the retrieved WLAN information. Example of such WLAN metrics could be the BSS Load information available in the H2.0 beacon:Traffic of a UE is steered to WLAN if BSS Load < BSS Load_thr_offload.
Depending on the measurements the UE can either autonomously return back to (E-)UTRAN or send an indication to the controlling RAN if the measurements fall below a defined threshold. Such an approach would allow for more selective handling for UE and also could avoid mass toggeling.
The proposed “RAN information” are shown in the following table.
Table n.n.n.n-1: Candidate RAN information parameters provided to UE
	Parameter
	Description

	WTSI
	Indication from RAN to the UEs to steer traffic to WLAN or to 3GPP + optionally a timer

	WLAN Identifications
	WLAN identifiers provided from RAN to the UEs 

	RAN Threshold(s)
	RAN thresholds for the UE to be considered when steering traffic from 3GPP to WLAN and vice versa

	WLAN Thresholds
	WLAN threshold(s) for the UE to be considered when steering traffic from 3GPP to WLAN and vice versa


3.1.3
UE procedures
In the following, we will investigate which method to use for passing the RAN information described in the previous section to the UEs in the coverage area of a given RAN node. It is assumed that the RAN node has at least the following information pre-provisioned e.g. by Operations and Maintenance (OaM).

1) Traffic steering between WLAN and 3GPP is possible

2) Information about WLAN networks (WLAN Identifications)
3) Information about RAN Thresholds
4) Information about WLAN Thresholds
In the following subsections the procedures of the UE depending on the status in WLAN and 3GPP networks are described. The following situations are found to need consideration.

3.1.3.1 UE in 3GPP IDLE mode, not associated with a WLAN AP (no traffic in WLAN)
Both broadcast and/or dedicated signalling can be used to inform a UE about relevant RAN information. 
Broadcast signalling via SIB can be used to provide WTSI, WLAN Identifications, RAN and WLAN Thresholds to the UEs in IDLE. In case mass toggling is an issue randomisation or partitioning of users could be used. With the broadcasted RAN information the IDLE UE would be able to select the most appropriate access network for data transfer from the beginning i.e. without the need to establish connection to 3GPP network first. This would enable traffic steering for the IDLE UEs. 

Also dedicated signalling for UEs in idle mode would be possible similar to the “dedicated cell reselection priorities” of Rel-8. Dedicated signalling via RRCConnectionRelease could be used to individually pass actual values for WTSI, WLAN Identifications, RAN and WLAN Thresholds to the UE when transiting from CONNECTED to IDLE. IdleModeMobilityControl might be considered to also include WLAN related selection parameters like WLAN Identifications in addition to the legacy RAT selection parameters. Care has to be taken, as using this method, RAN information might be outdated at the time the UE needs to enter again in CONNECTED mode. 
Observation1: RAN information (WTSI, WLAN Identifications, RAN and WLAN thresholds) broadcasted via SIB allows IDLE UEs to connect to the appropriate access network without the need to first establish connection with 3GPP. 
3.1.3.2 UE in 3GPP CONNECTED mode

Both broadcast and/or dedicated signalling can be used to inform a UE about relevant RAN information.

WTSI, WLAN Identifications, RAN and WLAN Thresholds broadcasted via SIB for IDLE UEs could be also used by CONNECTED UEs. If RAN broadcasts ”steer to WLAN” in the WTSI, all UEs in the cell might start actions to offload traffic to WLAN at around the same time after having performed SIB reading. Randomization or partitioning of users could be a solution to limit massive toggling for CONNECTED UEs. Randomisation could be used to select different CONNECTED UEs to be offloaded to WLAN. Partitioning of users could be used also taking their subscription status and ongoing services into account.
Observation2: For CONNECTED UEs also broadcast signaling could be used and mass toggling could be handled with randomization or partitioning of users.
Dedicated signalling via RRCConnectionSetup, RRCReconfiguration and RRCConnectionReestablishment could be used to provide WTSI, WLAN Identifications and WLAN Thresholds individually per UE. There is no need to signal RAN Threshold because RAN can select UEs to be steered to WLAN also according to RSRP value reported from UEs and send the WTSI only to the selected UEs. RAN can avoid massive toggling for CONNECTED UEs by selecting only few UEs (possibly 1 or 2) to be steered and determine the new RAN load situation before selecting the next set of UEs. If WLAN Identifications and WLAN Thresholds are already broadcasted for IDLE UEs, there is no need to send them also via dedicated signalling. CONNECTED UEs can hence use the WLAN Identifications and WLAN Thresholds sent in broadcast, but have to ignore the WTSI sent in broadcast, because it is sent individually to the selected UEs to be steered using dedicate signalling.
Observation3: Dedicated signaling could be used to send WTSI to the CONNECTED UEs, since it is sent only to the selected UEs massive toggling is avoided. The WTSI is also contained in the RAN information sent in broadcast for IDLE UEs, this information will also be read by CONNECTED UEs, but these UEs should ignore the broadcasted WTSI as the selected UEs to be steered receive this information individually via dedicated signaling. CONNECTED UEs can use WLAN Identifications and WLAN Thresholds sent in broadcast.
3.1.3.3 UE associated with WLAN AP, 3GPP IDLE or CONNECTED mode

In case the UE has no data traffic in 3GPP and has PDN connection over 3GPP RAN, it is left to network to decide whether the UE should be in IDLE or in CONNECTED with DRX. 
Both broadcast and/or dedicated signalling can be used to inform a UE about relevant RAN information. 
Broadcast signalling via SIB could be used to provide WTSI, WLAN Identifications, RAN and WLAN Thresholds to UEs in IDLE. These UEs are treated as described in 3.1.3.1. The difference is that in case RAN broadcasts “no-steer to WLAN” in the WTSI, all UEs currently connected to WLAN might possibly start coming back to 3GPP at around the same time, resulting in massive toggling. Randomization or partitioning of users could be used to impose a UEs specific delay before coming back to 3GPP. 

Dedicated signalling could be used to provide WTSI to the UEs in CONNECTED. These UEs are treated as described in 3.1.3.2.
Observation4: In case UEs have only active traffic in WLAN and it is connected to 3GPP RAN, it is the network that decides whether it sends the UE in IDLE or keeps the UE in CONNECTED. Massive toggling is a problem for those UEs being in IDLE, randomization or partitioning of users could be used to limit the massive toggling.
3.1.4
UE behaviour without ANDSF

Based on the setting of the WTSI and the fulfilment of the conditions on RAN and WLAN Thresholds the UE might steer traffic to WLAN, bring back traffic from WLAN to 3GPP, or remain in the network currently used.

3.1.4.1 UE receives “steer to WLAN”

In case the UE receives an the indication “steer to WLAN”, the UE should attempt to associate with one of the WLANs indicated by RAN, depending on the following preferences and conditions
· Local settings, e.g. WLAN interface on/off;

· Subscriber preferences, e.g. use  enterprise/home WLAN only, if available;
· Other information (e.g. battery issues, user interaction etc.) which should be left up to UE implementation

· WLAN thresholds, e.g. BSS Load < BSS Load_thr_offload
· RAN threshold, e.g. RSRP < RSRP_thr_offload
In case the UE is already associated with one of the WLANs identified by the RAN or in CONNECTED or IDLE mode, some of the above conditions might not be needed. 

3.1.4.2 UE receives indication “non-steer to WLAN”

In case the UE receives an indication “Non-steer to WLAN”, the UE should attempt to attach to 3GPP RAN, depending on the following conditions.

· RAN threshold, e.g. RSRP > RSRP_thr_onload
In case the UE is associated with a WLAN or in CONNECTED or IDLE mode, the above condition might not be needed. 
3.1.5
UE behaviour with ANDSF and HS2.0
The information passed by RAN to UEs regarding WLAN Identifications could be a subset or full set of the WLAN identifications contained in the ANDSF MO provided to the UE. The WTSI influences the 3GPP and WLAN selection applying the same criteria as described in section 3.1.4 for an UE without ANDSF MO. 
HS2.0 makes friendly WLAN networks available to the UEs and WTSI influences the 3GPP and WLAN selection applying the same criteria as described in section 3.1.4 for an UE without HS2.0.
Alternatively this solution can also reuse the policies defined via ANDSF completely. In this case the “steer to WLAN” is received, UE uses WLAN list as defined in ANDSF policies. If RAN2 agree on multiple values of WTSI, each value can point to ANDSF policy. If UE receives “non-steer to WLAN”, UE does not follow the priority list in ANDSF policy but traffics in UE will come back to cellular. 
4
Conclusion
This contribution highlighted the benefit and drawback of each WLAN IW solutions available at the moment and suggested a possible compromise solution.
The compromise solution took the advantages of the currently available solutions and thus works in case UE has ANDSF MO or does not have ANDSF MO. Also the solution gives the better control to operator on WLAN/3GPP radio interworking by providing further offload preference as well as further criteria.

Therefore, it is proposed to consider the above compromise solution and use it as the baseline solution for WI phase.
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