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1. Introduction
A new WI on WLAN/3GPP Radio Interworking was approved in the RAN#62 meeting, and the approved WID specifies that the solution supports both ‘with ANDSF’ and ‘without ANDSF’ [1]. However, in any case (i.e. with/without ANDSF), RAN should provide the parameters for the routing criteria. Also, RAN2 should determine the RAN parameter as soon as possible, so that other WGs (e.g. SA2 and CT1) can start the change/addition of their relevant specifications.
In this contribution, we try to list the candidate RAN parameters for the routing, and discuss which one would be the most appropriate parameter.
2. Discussion
2.1 List of candidate RAN parameters for the routing
During the study item phase, following parameters were discussed.
· RAN load information

· Example rule: 
If ANDSF/RAN rule specifies the condition (e.g. offload to WLAN when RAN load > 70%), and the RAN says the RAN load exceeds the condition; UE tries to perform steering to WLAN.

· RSRP/RSRQ thresholds

· Example rule: 
If RAN says the RSRP/RSRQ thresholds, UE which has less RSRP/RSRQ than the thresholds, UE tries to perform steering to WLAN. If ANDSF/RAN rule provides the thresholds, UE may replace it with the one from the RAN.
· Offload Preference Indicator (OPI)
· Example rule: 
If ANDSF/RAN rule specifies the condition (e.g. offload to WLAN when OPI > x), and the RAN says the RAN load exceeds the condition; UE tries to perform steering to WLAN.
· Example of OPI values

· One bit (e.g. true/false)

· Two bits (e.g. 0, 1, 2, 3 to indicate the level of offload preference threshold)

· Offload percentage value (similar to ac-BarringFactor)
During the discussion in the study item phase, some operators and network vendors expressed their concerns to expose the network condition directly, so the RAN load information would hardly be accepted by RAN2. Hence we will focus and discuss on two parameters: RSRP/RSRQ thresholds and OPIs.

2.2 Comparison between RSRP/RSRQ and OPI
To compare between RSRP/RSRQ thresholds and OPIs, we try to list pros and cons of each parameter.
2.2.1 Utilization of WLAN APs
First, we try to make a comparison in terms of utilization of WLAN APs. Figure 1 shows an example of WLAN AP utilization when different parameters are utilized. In the example, we assume that offloadable UEs are deployed over the cell uniformly.
In case that RSRP/RSRQ thresholds is used (Figure 1(a) below), the UEs which has lower RSRP/RSRQ than the threshold will try to offload to WLAN APs, and therefore WLAN APs located in the cell edge can be utilized. However, as UE which has higher RSRP/RSRQ than the thresholds cannot apply the rule, the WLAN APs located in the cell center may not have a chance to utilize it. To prevent the situation, operator may take into account the location/RSRP/RSRQ of the eNB to deploy the WLAN APs, or configure the high RSRP/RSRQ thresholds. Also, if we consider an eNB integrated with WLAN APs (i.e. eNB and WLAN AP are collocated), the eNB can only set the high RSRP/RSRQ thresholds.
On the contrary, in case that OPI is used (Figure 1(b) below), the operator does not have to consider the location of the eNB to deploy the WLAN APs. However, depending on the type of OPI, and especially in the dense population scenario, there would be a possibility of massive toggling (e.g. all/too many 3GPP UEs moves to WLAN, and vice versa), so another mechanism (e.g. like access class barring factor) may need to be considered.
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(a) RSRP/RSRQ used
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(b) OPI used
Figure 1 Example of WLAN AP utilization

Observation 1a: If RSRP/RSRQ thresholds are used, the WLAN APs in the cell center may not have a chance to be utilized.
Observation 1b: If OPI is used, additional mechanism to prevent massive toggling may need to be introduced.
2.2.2 Achievable throughput in WLAN AP
In 3GPP, UEs in cell edge normally achieves lower throughput than UEs in cell center. Hence, someone may think that cell edge UE can achieve higher throughput by offloading to WLAN. Unfortunately, it cannot be guaranteed, as the offload target is WLAN which operates in the ISM band. If target WLAN AP operates in very busy channel, the UE may experience much worse throughput than it is in the 3GPP networks.
Furthermore, even UEs in the cell center may also have a chance to achieve much more throughput if it moves to the latest WLAN AP. The IEEE 802.111ac which is the latest WLAN specification provides, in theory, maximum ~0.87/3.5Gbps with 2/8 spatial streams and 80 MHz bandwidth, and 7 Gbps with 8 spatial streams and 160 MHz bandwidth [2].
Hence, it may be undesirable to try offloading UEs only in cell edge for the better user experience and throughput.
Observation 2: In the user experience and throughput perspective, it would be desirable that all UEs which are located near (idle) WLAN APs should move to WLAN APs regardless of its 3GPP location.
From the above observation, we can conclude that OPI-type RAN parameter would be feasible for the routing criteria. However, as mentioned above, some additional mechanism should also be considered to prevent the massive toggling.
Proposal 1: It is proposed to use offload preference indicator (OPI) for the routing criteria.
Proposal 1a: For the format of the OPI, a percentage value (like ac-BarringFactor) should be considered to prevent massive toggling.
3. Conclusion
Observation 1a: If RSRP/RSRQ thresholds are used, the WLAN APs in the cell center may not have a chance to be utilized.

Observation 1b: If OPI is used, additional mechanism to prevent massive toggling may need to be introduced.

Observation 2: In the user experience and throughput perspective, it would be desirable that all UEs which are located near (idle) WLAN APs should move to WLAN APs regardless of its 3GPP location.

Proposal 1: It is proposed to use offload preference indicator (OPI) for the routing criteria.

Proposal 1a: For the format of the OPI, a percentage value (like ac-BarringFactor) should be considered to prevent massive toggling.
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