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1
Introduction
R2-140842 captures the proposed way forward on WLAN/3GPP radio interworking agreed during the RAN2#85 meeting [1]. Details on the RAN assistance information which may be signalled to the UE and be used in RAN rules and/or the ANDSF and, in addition, examples illustrating the usage of those parameters are provided. However it is rather challenging to achieve the intended objective of the interworking functionality, i.e. increased overall system performance and user satisfaction [2], by means of configuring and optimising assistance parameters in realistic heterogeneous networks including  diverse WLAN deployments. 
This contribution discusses about candidate mechanisms which could be beneficial for tuning the interworking functionality.  
2
Discussion
 This paper proposes two schemes for the radio interworking as described in the following sections. First, a self-configuring function is proposed targeting at the automatic update of the list of preferred WLAN IDs, which can be found under the coverage area of the serving cell. The request is to be signaled by the RAN and the UE is expected to report the detected WLAN networks.  Based on these reports, the RAN can update its list of WLAN IDs so that the RAN can use a relevant and optimized list in its common signalling to the UEs. Second, a self-optimizing function for automatic adjustment of the RSRP/RSRQ thresholds according to the dynamic load and interference conditions experienced at the RAN is described.
2.1 ANR for WLAN/3GPP Radio Interworking
It has been agreed in R2-140842 [1] that there is a need for the RAN to indicate to the UE which WLANs should be considered for radio interworking. This indication is necessary at least for UEs without ANDSF. However it is not trivial to maintain in RAN the relevant list of the available WLAN networks. On one side, a list which misses available WLAN networks, i.e. a too short list, results in missing offloading opportunities. On the other side, RAN signaling a too long list including WLAN networks which are not available in the coverage area of the cell results e.g. in signaling overhead and unnecessarily consuming UE battery for the WLAN search. In addition, a considerable amount of 3GPP cells which do not have any approved WLAN networks under their coverage area could benefit from not broadcasting the unavailable WLAN network identities. Therefore it is proposed that RAN2 supports an ANR mechanism, which lets the RAN tune its WLAN list based on the UE reports of detected WLAN networks. In this proposal selected UEs would detect WLAN IDs and report those with rather relaxed constraints in the reporting time. 

Observation 1: It is beneficial for efficient WLAN interworking mechanism that the UEs report the detected WLAN IDs to be used for tuning the list of WLAN networks maintained in the RAN.
Proposal 1.1: The network may request a UE to report the WLAN IDs that the UE is able to detect.

 The mechanisms for configuring and reporting the detected WLAN IDs are described as follows.

The RAN could configure selected UEs in its coverage area to find out which of the RAN indicated WLAN networks are available, and request the UEs to report the found WLAN network identities from the given RAN list. I.e. UE reporting should be restricted not to include all found WLAN network identities but only those indicated  by RAN for the purpose of offloading. 
For WLAN ANR, the RAN could configure the UE with a list of WLAN network identities that the UE is expected to scan and report. The RAN configures selected UEs to report the WLAN network identities that can be found out of pre-configured set of WLAN network identities. The WLAN scan and search happens fully according to the specific UE implementation and is not impacted by WLAN ANR functionality. The UE will store the detected WLAN network identities found under the serving cell coverage area and at the later point in time, report them to the RAN that originated the request.
If RAN2 sees that this proposal is beneficial, the exact formats of which WLAN network identities can be used in this mechanism needs to be further defined.  Also the reporting format needs to be further defined. Further details can be discussed but the reported WLAN network identities should not be any arbitrary found WLAN networks but include those WLAN network identities preferred by the PLMN.

The usage of the reported WLAN network identities by the RAN is described as follows.

The actual list of WLAN network identities found and reported by the UEs would then be available for the needs of RAN. During the learning phase, the RAN configures selected UEs with a lengthy list of WLAN network identities. After sufficient construction of the detected WLAN networks, the RAN could use the reported WLAN network identities for the actual WLAN interworking. (i.e, broadcasting in the SIB) RAN can configure the reporting times to times to learn about possible changes in the WLAN deployment under the cell coverage area.
The proposed WLAN ANR mechanism allows the RAN to automatically update the list of network signaled WLAN network identities, which can be found under the coverage area of the serving cell so that the cell can use a relevant and optimized list in its common signalling to the UEs. 
Proposal 1.2: It is proposed that RAN2 considers defining an RRC procedure for UE to report the list of WLAN networks available in the coverage area of a cell. The UE reported list can be used to update the WLAN list maintained in the RAN and signalled as RAN assistance information to the UEs. 

Proposal 1.3: RAN2 to define signalling that allows eNB to configure which WLAN network identities the UE should search and report.
2.2 How to adjust RSRP/RSRQ thresholds dynamically
According to the current agreements in R2-140842 [1], the UE may offload its offloadable traffic to WLAN if the following conditions, given as an example, are fulfilled and if  corresponding parameters are broadcast:
- Rsrp < threshRsrpLow or Rsrq < threshRsrqLow
- bssLoad < threshBssLoadLow
- dlBackhaulRate > threshDlBackhaulRateHigh
- ulBackhaulRate > threshUlBackhaulRateHigh
While the thresholds related to the WLAN load are possibly semi-static, the RAN is expected to provide updated values for the RSRP/RSRQ thresholds dynamically, i.e. timely adjusting those according to the experienced changes in load and interference conditions. The baseline behavior should be to increase the threshRsrpLow (or threshRsrpLow) in case high(er) load is experienced, in order to trigger offloading to WLAN. The optimization of the RSRP/RSRQ thresholds is not too trivial. In detail, assuming that the RSRP/RSRQ thresholds inherit the same resolution and range from the RSRP/RSRQ measurements, this would mean the following (according to TS 36.331 / TS 36.133): 
· The RSRP threshold can be announced by RSRP-Range from RSRP < -140 dBm to RSRP > -44 dBm with 1 dB resolution which is given by INTEGER(0..97). 
· The RSRQ threshold can be announced by RSRQ-Range from RSRQ < -19.5 dB to RSRQ > -3 dB with 0.5 dB resolution which is given by INTEGER(0..34).
For the use as of a RSRP/RSRQ threshold, the RSRP/RSRQ integer could refer to the corresponding value given in the table by the equality. Value “0” i.e. < minimum can announce that the threshold is set lower than any observable RSRP/RSRQ value in the cell. Value RSRP “97” or RSRQ “34” i.e. > maximum can announce that the threshold is higher than any observable value in the cell.  

At any given time, the eNB would need to map properly its current load level to one of the possible threshold values such to trigger the desired target population of UEs  for offloading in that serving 3GPP cell. This is a considerable issue especially in heterogeneous networks with different cell sizes and interference characteristics and including diverse WLAN deployments. For instance the threshold values depend on the deployment of the 3GPP RAN, e.g. whether macro and / or micro cells are deployed, and on the deployment of the WLAN APs, whether they are located at the cell center vs. at the cell edge of a 3GPP cell and whether they are inside buildings. The simulation results for LTE-WLAN radio interworking presented in [3] show some of the challenges of tuning the RSRP threshold in realistic scenarios.
Therefore a SON function responsible for tuning the RSRP/RSRQ thresholds dynamically is foreseen beneficial. The SON function may have cell size dependent pre-configured default values for the thresholds.  Observing the effects when applying these thresholds, may lead to the need of updating the actual thresholds in use. The effect of thresholds can be  determined by  monitoring Key Performance Indicators (KPI) of interest, e.g. related to the average cell load and by comparing those KPI(s) with the default  thresholds, e.g. at low load vs. target load vs. high load levels. Then  adjustment of the thresholds can occur based on the selected KPI comparison.
Observation 2.1: Configuring and optimizing the RSRP/RSRQ thresholds is not trivial in heterogeneous networks including diverse WLAN deployments and having large inaccuracies in the related UE measurements. 
Observation 2.2: The configuration and optimization of the RSRP/RSRQ thresholds would benefit from a self-optimizing mechanism.

Observation 2.3: The self-optimizing mechanisms for configuring and optimizing the RSRP/RSRQ threshold values can be done without standard impact, i.e. based on local RAN information.

In addition to the RSRP/RSRQ based conditions, the offloading depends on the WLAN availability. This means that the RAN which is setting certain threshold(s) is unaware of whether a UE has performed offloading or not on the basis of the received RAN assistance parameters. Therefore [4] proposes the UE reporting of whether offloading is possible or not. This report could be used to further tune the RSRP/RSRQ thresholds in order to achieve more quickly the desired level of offloading and more efficient load balancing.
Proposal 2 UE report of successful offloading should be adopted to allow network to tune RSRP/RSRQ threshold levels.

It is to be noted that similar considerations apply to the optimization of the RSRP/RSRQ thresholds used for the onload direction as well.  Similar thresholds are agreed for the UTRAN system, i.e. UMTS CPICH RSCP/ UMTS CPICH Ec/No, which can be tuned according to similar principles as RSRP/RSRQ for LTE.
3
Conclusion
Based on the above discussion it is proposed the following:

Observation 1: It is beneficial for efficient WLAN interworking mechanism that the UEs report the detected WLAN IDs to be used for tuning the list of WLAN networks maintained in the RAN.

Proposal 1.1: The network may request a UE to report the WLAN IDs that the UE is able to detect.

Proposal 1.2: It is proposed that RAN2 considers defining an RRC procedure for UE to report the list of WLAN networks available in the coverage area of a cell. The UE reported list can be used to update the WLAN list maintained in the RAN and signalled as RAN assistance information to the UEs. 

Proposal 1.3: RAN2 to define signalling that allows eNB to configure which WLAN network identities the UE should search and report.
Observation 2.1: Configuring and optimizing the RSRP/RSRQ thresholds is not trivial in heterogeneous networks including diverse WLAN deployments and having large inaccuracies in the related UE measurements. 

Observation 2.2: The configuration and optimization of the RSRP/RSRQ thresholds would benefit from a self-optimizing mechanism.

Observation 2.3: The self-optimizing mechanisms for configuring and optimizing the RSRP/RSRQ threshold values can be done without standard impact, i.e. based on local RAN information.

Proposal 2 UE report of successful offloading should be adopted to allow network to tune RSRP/RSRQ threshold levels.
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