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1 Introduction 
The WLAN/3GPP Radio Interworking SID [1] has identified, during the last RAN2#81 meeting, the following key issues that should to be addressed by candidate solutions:
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In this contribution we discuss some potential signalling approaches to facilitate message exchanges between (e)NB and UEs in the WLAN/3GPP radio interworking system:

·  Dedicated RAN mobility procedures enhancements to achieve the offload to and from WLAN for a connected mode UE.
·  Broadcast signaling (SIB) based approach for both idle and connected mode UE.
·  Alternative Procedures for (e)NBs to obtain WLAN AP information 
2 WLAN/3GPP Scenarios

The report of the email discussion 81#30 [1] captures two operator deployment scenarios as focus scenarios and proposes to be considered for WLAN/3GPP radio interworking. 

Scenario 1 – Standalone Deployment

Standalone (e)NBs and WLAN APs deployment. There is no RAN level information exchange between (e)NBs and APs via standardized interface. 

Scenario 2 – Collocated Deployment

Collocated (e)NBs and WLAN APs deployment. RAN level information exchange between (e)NBs and APs may be possible via non-standardized internal interface. 

In this contribution we propose generic solutions that support both deployment scenarios with and without non-standardized interface between (e)NBs and APs. Additional optimizations are proposed for deployment with non-standardized interface.

3  RAN Mobility Procedure Enhancements for Connected Mode WLAN UEs
In this section, we propose and discuss WLAN/3GPP Radio Interworking enhancements related to four key issues have been identified as common problems in WLAN/3GPP interworking scenarios.
3.1 Enhancement #1: Radio Capability Extension with WLAN support
UE’s WLAN capability should be indicated to the E-UTRAN/UTRAN network. Also the network shall also be able to indicate this support too.
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UE’s WLAN capabilities should be indicated to the network so that the (e)UTRAN is able to customize the interworking assistance information for the UE.

For example, if a WLAN UE’s supported rates do not match at least the mandatory supported rates of an AP, the WLAN UE is not allowed to join the AP. As a result, if RAN knows the supported rate capability of a UE beforehand, RAN can customize the RAN interworking enhancements described below so that UE can avoid scanning/connecting to those AP(s) that it is not allowed to connect to save power.

3.2 Enhancement #2: RRC Measurements Control
RRC measurements control/config message is sent by the NW to the UE in order to indicate which measurements to perform that may include for example the list of access points, WLAN channels, etc . This message should be used to enable/disable WLAN measurements. 

The UE can use this indication to power up WLAN chipset and start WLAN scan/report procedures.
3.3 Enhancement #3: Measurement Report
The Measurements report message from the UE to the NW shall be enhanced to support WLAN measurements, enabled by measurements control message:

The following information could be included in this message:
· WLAN Layer2 identifier (SSID: Service Set Identifier, BSSID: Basic Service Set Identifier, HESSID: Homogenous Extended Service Set ID);
· Signal strength (RSSI:  Contains measured WLAN RSSI level);
· Authentication parameters;
· BSS Load information: Contains the current mobile device population and channel utilization;  

· WAN Metrics ANQP Element: Contains information about the WAN link of a WLAN access network;
· Service Provider ID : Indicates to which provider the WLAN AP belongs to;
· Access Network Type: identifies a WLAN network as a private, public, free, personal, emergency, etc. network;
· Venue Information.

3.4 Enhancement #4: Offload Request
This message is sent from the NW to the UE in order to request the UE to perform offloading to/from WLAN technologies or specific WLAN/AP.

The NW can make this decision based on 3GPP core network load and the parameters sent by the UE in measurements reports.
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Figure 1 RAN Mobility Procedures enhancement in Connected Mode
Observation1: In summary, dedicated signalling based approach similar to current 3GPP mobility framework can be used for WLAN/3GPP radio interworking scenarios. Mainly the steps involving measurement and mobility command can be extended to cover WLAN/3GPP radio interworking use cases.
Observation2: A set of parameters can be provided by the UE to the 3GPP network through the reporting messages. These parameters can be used by network to control the load and improve user experience.
Proposal 1: RAN2 is requested to discuss extending 3GPP Mobility Procedure in connected mode to support WLAN/3GPP interworking use cases.

Proposal 2: RAN2 is requested to discuss the generic categories of parameters to be used in the 3GPP/WLAN offloading, and for each category detail the list of possible parameters that can be used. 
4 RAN Broadcast Procedure Enhancements
In current 3GPP inter-frequency and inter-RAT mobility framework, broadcast signaling is used to broadcast frequencies and priorities so that RRC_IDLE mode UEs can search and measure neighboring cells, and eventually “camp on” a cell when the reselection criteria are met. The same concept might be extended to WLAN/3GPP interworking use cases. (e)NBs can broadcast certain WLAN access information so that UEs in RRC_IDLE and RRC_CONNECTED mode that consider performing WLAN/3GPP interworking can take advantage from the broadcasted information. Here are a few example use cases for both Connected and Idle mode UEs.

Use case 1: While UE is in RRC_IDLE mode, it may decide to establish a WLAN connection. As opposed to try WLAN “blindly”, UE refers to the WLAN access information (e.g. list of APs, list of WLAN channels used by near-by APs) contained in the serving (e)NB SIB information and connect to the WLAN. (in order to fulfill the SI objective 3: reduce battery consumption)
Use case 2: When (e)NB experiences an increase of its load, it starts broadcasting a list of near-by acceptable WLAN APs (with a light load, or ones which can provide a minimum achievable throughput). This information may be used as a triggering event by RRC_IDLE UEs for offloading any new traffic to WLAN. (in order to fulfill the SI objective 2: load balancing).
Use case 3: For certain hotspot areas, the operator may configure (e)NBs to broadcast WLAN access information for the APs in that area to encourage UE to turn on WLAN radio and establish its connection to WLAN and further route traffic through WLAN. (in order to fulfill SI objective 1: underutilization)

Enhancement #5: Broadcast (SIB) Enhancements for WLAN/3GPP Interworking
Current SIB structure for both UMTS and LTE can be easily extended to support the use cases above. Here is an example list of WLAN parameters which can be considered to be added to SIB for interworking purposes.

· list of preferred APs 
· list of WLAN channels used by operator deployed APs

· load (air-interface and/or backhaul) of near-by APs

Depending on how and what kind of WLAN information an (e)NB is able to obtain, the WLAN information (e)NB broadcasts may vary with different interworking use cases. 
We note that the broadcast signaling based approach may not work well in all deployment scenarios. For example, for macrocell (e)NBs, there are likely hundreds of APs existing under the coverage of a macro (e)NB. The list of WLAN access information may be too large for broadcast messages, from signaling overhead point of view. In addition, for some use cases, establishing WLAN connection while an UE is in RRC_IDLE may not make sense unless UE has pending UL traffic. For some UE implementations, establishing WLAN connection may take some time in the order of 3-10 seconds. For RRC_IDLE UEs with pending UL traffic, checking the broadcast from 3GPP side before deciding to establish connections to 3GPP or WLAN may not always be practical for all traffic type, e.g. voice traffic.
In summary, broadcast signaling based mechanism currently employed for 3GPP inter-frequency and inter-RAT IDLE mode mobility can be extended to support WLAN/3GPP interworking use cases. Current SIB can be extended to broadcast certain WLAN access information to assist UE in RRC_IDLE and RRC_CONNECTED who consider performing WLAN/3GPP interworking.
Observation 3: Broadcast signaling based mechanism currently employed for 3GPP inter-frequency and inter-RAT IDLE mode mobility can be extended to support WLAN/3GPP interworking use cases.

Proposal 3: RAN2 is requested to discuss extending 3GPP SIB framework to support WLAN/3GPP interworking use cases.

5 Obtaining AP information at the (e)NBs
There are different potential mechanisms for (e)NBs to obtain WLAN AP information, when interworking with WLAN APs deployed and controlled by cellular operators. Based on the obtained WLAN information, RAN uses air-interface procedures to signal relevant access information to assist UE for WLAN interworking purposes as we discussed in the previous sections. The ability to obtain AP information at the (e)NBs adds value to RAN enhancements to improve performance and user experience in WLAN interworking scenarios.
Note that, we do not mean to discuss/compare the details on how these various mechanisms are implemented in the system, but rather discuss from a high-level point of view how they can be taken into account for WLAN/3GPP radio interworking use cases. Some of the mechanisms described below may not require standardization change for 3GPP RAN.

Via (semi)-static configurations

For cellular operator deployed and controlled WLAN APs, operator may provide some basic WLAN information to the cellular network side. For example, locations of the APs in the proximity/coverage of a (e)NB can be made known to (e)NBs via OAM or proprietary configuration mechanisms. Some static and/or rarely changing WLAN AP information such as radio capability of the APs (WLAN channels used, supported WLAN data rate sets etc.) can be made known to (e)NBs via this route. However, some WLAN AP information of a dynamic nature, such as WLAN AP/backhaul load, may not be provided to (e)NBs via this route.

Via proprietary interface between (e)NBs and APs

In RAN2-#81 meeting, various contributions [2]

 REF _Ref349235345 \r \h 
[3]

 REF _Ref352848374 \r \h 
[4]observed that co-located H(e)NB/APs are common in operator deployments and RAN level information exchanged between (e)NBs and APs may be possible via non-standardized interfaces in this deployment. Additionally, in the email discussion [81#30] after RAN2-#81, some companies further indicated that even if (e)NBs and WLAN APs are not co-located, some non-standardized interfaces may still be employed by the operator in order to facilitate exchange of information between (e)NBs and APs. 

Through this type of interfaces, a wider variety of WLAN AP information can be exchanged between (e)NB and AP, including those of a dynamic nature, such as WLAN AP/backhaul load. The ability to get these additional WLAN AP information compared to (semi)-static configurations adds value to RAN enhancements for WLAN/3GPP radio interworking. For example, RAN is able to make offloading decisions based on real-time AP load situation which is not possible by (semi)-static configurations. 
Via UE measurements
(e)NBs may get the WLAN AP information in a similar fashion as the 3GPP measurement framework specified in today’s (e)UTRA spec. For example, (e)NBs may configure UE for “WLAN measurement objects” and gather neighboring WLAN AP information from UE reports. The (e)NBs can make use of the WLAN AP information gathered from UE reports for the same UE or other UEs for interworking purposes. 

WLAN AP information obtained through this route can be static or dynamic in nature. In addition, there might be a “validity period” for dynamic WLAN AP information obtained. For example, a WLAN AP load obtained 5 minutes ago from one UE may not be true any more for UEs attempting to connect to that WLAN AP 5 minutes later. As part of air-interface enhancements considered in this SI, we should also investigate scenarios and benefits/challenges where (e)NBs obtain WLAN information via UE measurements.

In summary, we identify three potential mechanisms for (e)NBs to obtain WLAN AP information, when interworking with WLAN APs deployed and controlled by cellular operators. The type of information that can be carried via different mechanisms may vary as some mechanisms can carry only static and/or rarely changing WLAN AP information, while some mechanisms can support exchanging more dynamic type of WLAN AP information. Depending on (e)NB capability and operator deployments, some (e)NBs may employ multiple options discussed above. 

Observation 4: When interworking with WLAN APs deployed and controlled by cellular operators, (e)NBs are likely to have several means to acquire information about the APs in their vicinity. The WLAN AP information known by (e)NBs can be beneficial in enhancing WLAN/3GPP interworking. 

Proposal 4: RAN2 is requested to discuss the means to obtain WLAN AP information at the (e)NBs in enhancing WLAN/3GPP interworking. It is proposed to capture the described mechanisms to obtain AP information at the eNBs in the TR.
6 Conclusion 
RAN 2 is requested to take into consideration Proposal 1-4 and capture the results in the TR.
Proposal 1: RAN2 is requested to discuss extending 3GPP Mobility Procedure in connected mode to support WLAN/3GPP interworking use cases.

Proposal 2: RAN2 is requested to discuss the generic categories of parameters to be used in the 3GPP/WLAN offloading, and for each category detail the list of possible parameters that can be used. 

Proposal 3: RAN2 is requested to discuss extending 3GPP SIB framework to support WLAN/3GPP interworking use cases.

Proposal 4: RAN2 is requested to discuss the means to obtain WLAN AP information at the (e)NBs in enhancing WLAN/3GPP interworking. It is proposed to capture the described mechanisms to obtain AP information at the eNBs in the TR.
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Solutions should provide improved load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity.  


Solutions should improve performance (WLAN interworking should not result in decreased but preferable in better user experience). 


Solutions should improve the utilization of WLAN when it is available and not congested.


Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).
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