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Discussion and Decision
1 Introduction 
In RAN2 #85 meeting [1], the feasibility and usefulness of WLAN RF measurement metrics, i.e. WLAN RCPI and RSNI, for WLAN/3GPP Radio Interworking were left FFS. In this paper, we reiterate our position and provide a list of technical reasons why WLAN RF measurement metrics are not practical to be used for WLAN/3GPP Radio Interworking purposes. We look at this issue from multiple view points, including performance calibration and requirements point of view, WFA/IEEE specification point of view, and real-world deployment point of view.
2 Issues related to WLAN signal measurement calibration and performance requirements
In [2], we provided detailed discussion and pointed out issues that would make it impractical to use UE WLAN RF measurements for WLAN/3GPP Radio Interworking. We looked at this issue from performance calibration and requirement points of view, and our conclusions can be summarized as follows. 

Issue #1: Lack of calibration in WLAN signal measurement across WLAN vendors.
For LTE/UMTS radios RAN4 specifies detailed measurement requirements ensuring that signal strength measurements across LTE/UMTS vendors are consistent with each other. This is not true for WLAN systems. So a report of WLAN measurement from UE vendor A, of say “-75dbm”, is NOT the same as UE vendor B’s measurement of “-75dbm”. This argument was further validated with an empirical study, where we showed that, for the 3 well-known chipset vendors that we considered, their signal strength readings can deviate up to 5dbm even when they were all placed in identical wireless conditions.
Note that, some companies have misunderstood the results from our empirical study and argued that 5dbm discrepancy doesn’t look too bad [3]. We should stress that this experiment was conducted with only 3 WLAN chipset vendors and the intention was to show that the discrepancy really exists. With dozens of other WLAN chipset vendors in the world, there is no reasonable way to definitively quantify the worst case measurement discrepancy between any pair of WLAN chipsets that exist in the ecosystem. It is expected that the worst case number can be much larger than the 5db that we observed.
Issue #2: Lack of specification on WLAN measurement requirement.
We also pointed out that WLAN measurement performance requirement is not defined by 3GPP. As a result, requesting WLAN UEs to report the measurements in certain report interval is not always guaranteed. In other words, this will cause problems if WLAN RF measurement metrics are used when evaluating the RAN rules. For example, there are already papers discussing whether UE shall apply a timer (like Treselection or Time-to-trigger) when evaluating the RAN rules [4]. In the absence of an industry-wide common performance requirement that guarantees that any WLAN chipset can report back WLAN RF measurement results after a request from the 3GPP side in a certain period of time, it is difficult to design RAN rules with WLAN RF measurement metrics.
We should note that such concerns also apply to other WLAN parameters e.g., BSS load and WAN load.
Observation 1: There is no calibration and performance requirement for WLAN RF measurement metrics.
3 RCPI and RSNI in WFA certification program and IEEE 802.11 specification
In this section, we look at issues from IEEE 802.11 specification and WFA certification program point of view.
Issue #3: Lack of WFA certification program which tests RCPI and RSNI.
To the best of our knowledge, there is currently no WFA certification program which tests RCPI and RSNI. In other words, there is no way to estimate the relative accuracy of RCPI and RSNI from WLAN chipsets today.
Issue #4: RCPI and RSNI are optional features in IEEE 802.11 specification.
According to IEEE 802.11 specification [5] Annex B, Protocol Implementation Conformance Statement (PICS) Proforma, RCPI and RSNI belong to “Radio Management extensions” which is an optional feature. Therefore, it can be expected that RCPI and RSNI are not supported in many devices today.
Observation 2: RCPI and RSNI are optional features in IEEE 802.11 specification and there is currently no WFA certification program which tests RCPI and RSNI. Therefore, it can be expected that RCPI and RSNI are not supported in many devices today.
4 Issues from deployment point of view 
In this section, we discuss issues from real-world deployment point of view.
Issue #5: Relation between measured WLAN RF value and obtained QoE
In real-world deployments, it is expected that UEs have very diverse WLAN capabilities For example, in terms of supported channel bandwidth, some UEs may only support 802.11a/b/g legacy 20MHz channel bandwidth, some UEs support 802.11n 40MHz channel bandwidth, and other UEs support 802.11ac 80MHz or 160 MHz channel bandwidth. Note that, all these UEs could simultaneously operate in the same WLAN network with diverse supported WLAN bandwidth capabilities. 

As a result, providing all UEs with the same WLAN RF threshold to offload UEs to WLAN coverage does not  translate to providing guaranteed QoE in WLAN. For example, for UEs that support wider channel bandwidths (i.e. 802.11n 40MHz or 802.11ac 80/160MHz), detecting one “good” WLAN channel prior to association does not mean the UE will be able to operate efficiently in higher bandwidth mode later to achieve maximum throughput.
Another example of diverse UE WLAN capabilities is in the supported bands, i.e. 2.4GHz and 5GHz bands. In today’s WLAN networks, it is expected that some UEs support only one of the bands and others support both bands. It should be noted that 2.4GHz and 5GHz radios generally have different RF sensitivity, as specified in commercial WLAN chipset datasheets. As a result, different WLAN bands require different WLAN RF thresholds to represent the different expected QoE once the UE connects to the corresponding WLAN.
Issue #6: IDC issues on WLAN RF measurement
In [6], we identified two scenarios where IDC interference issues can happen when UE WLAN measurement is performed and the adverse effects resulting from these scenarios. In particular, depending on the operating LTE band/channel and WLAN band/channel the UE intends to scan, LTE UL transmission may colour UE WLAN measurements conducted at the same time. As a result, by giving UEs WLAN RF threshold to direct UEs to detected WLAN coverage for interworking purpose does not always guarantee the same result. Some UEs may still miss detecting WLAN coverage when concurrent LTE UE transmissions colour the WLAN measurement. 
Observation 3: Due to diverse UE WLAN capabilities and potential IDC problems, using UEs WLAN RF threshold for interworking purpose may not always translate to expected obtainable QoE or detected WLAN coverage.
In summary, from observations 1~3, we can see that using RCPI and RSNI as WLAN RF threshold to direct UEs to detect WLAN coverage for interworking purpose have many limitations. In addition, RCPI and RSNI are not supported in many devices today. However, we should note that, all WLAN chipsets have their own coverage availability detection mechanism. We can definitely rely on those mechanisms for WLAN coverage detection in WLAN/3GPP radio interwork use cases, as opposed to introducing WLAN RF thresholds as WLAN availability evaluation criterion at the 3GPP side. 
Proposal 1: WLAN RF thresholds, i.e. RSSI, RCPI, and RSNI are excluded as WLAN availability evaluation criterion for RAN rules.
5 Conclusion 
In this paper, we discuss various issues in using RCPI and RSNI as WLAN RF threshold to direct UEs to detect WLAN coverage for interworking purpose. We prefer to use existing coverage availability detection mechanism in WLAN chipset implementations for WLAN coverage detection in WLAN/3GPP radio interwork use cases. As a result, we have the following proposal.
Proposal 1: WLAN RF thresholds, i.e. RSSI, RCPI, and RSNI are excluded as WLAN availability evaluation criterion for RAN rules.
6 Reference
[1] RAN2 #85 Chairman notes.
[2] R2-133157, “Limitations on WLAN RF measurements for WLAN/3GPP Radio Interworking,” Broadcom Corporation.
[3] R2-140459, “Considerations around WLAN signal measurements,” Ericsson.

[4] R2-140451, “WLAN availability evaluation criterion and handling of thresholds,” Ericsson.
[5] IEEE 802.11-2012, “IEEE Standard for Information technology--Telecommunications and information exchange between systems Local and metropolitan area networks--Specific requirements Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications.”

[6] R2-133158, “IDC issues on WLAN measurements for WLAN/3GPP Radio Interworking,” Broadcom Corporation.

