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Discussion and Decision
1 Introduction 
In the last RAN2-#82 meeting, WLAN measurement accuracy issues were raised by [1] and identified as one of the FFS areas for Solution 3 in the TR of WLAN/3GPP Radio Interworking SI [2].
In this paper, we further discuss the issues of using WLAN measurements and signal strength information for WLAN/3GPP Radio Interworking use cases. We discuss these issues from UE measurement requirement and IEEE standardization point of view. Moreover, we provide some experimental results to show the extent of the problem of WLAN measurement accuracy in real-world scenarios. 
In this paper, we also discuss some IDC related issues with WLAN measurements.
2 Issues on Using UE WLAN Measurement for WLAN/3GPP Radio Interworking
In this section, we discuss some UE WLAN measurement issues from UE measurement requirement point of view. These issues are commonly applicable to all solutions identified in the TR.

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. In other words, the reporting of WLAN measurement from UE-vendorA, say “-75dBm”, is NOT the same as UE-vendorB’s “-75dBm”. As we show in Section 3, the discrepancies in WLAN measurement reporting can be as high as ±5 dB. 

As a result, using the measured WLAN signal in WLAN measurement reports for mobility management or traffic steering purpose such as “solution 3” may result in some unexpected behaviours or even incorrect decisions. For example, a network may decide to steer all UEs with WLAN measurement reports above -75dBm to WLAN as it thinks -75dBm is a reasonable signal strength level to connect to WLAN. However, there is no guarantee that all the UEs reporting -75dBm in WLAN measurement is in fact in the same signal strength level. Some UEs may be in a much weaker signal level but still reports at -75dBm. As a result, these UEs may have difficulties to connect to WLAN and complete the traffic steering command as instructed by the network. Such UEs may experience degraded performance. Similarly, defining a WLAN signal strength level for “WLAN signal threshold” in WLAN measurement control is also not a useful option. In Section 3.1, we provide detailed empirical results measured from real-world scenarios that confirm this issue.
Issue #2: Lack of specification on WLAN signal measurement requirement.
It should be also noted that WLAN measurement performance requirement is also 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, in WLAN measurement control, defining periodic report and/or events with periodic reporting intervals may not be a feasible option.
In summary, since WLAN signal measurement sensitivity and performance requirement is outside the scope of 3GPP, including WLAN signal strength in the WLAN measurement control and reports needs to be carefully designed. Namely, RAN2 should take into account the lack of control over WLAN radio sensitivity calibration and WLAN measurement performance requirements. We can consider the following principles to design WLAN measurement mechanisms:

1. Define WLAN measurement triggers and reports as “WLAN detected”. This approach leaves it for UE implementation to decide at what signal level it can declare a WLAN AP is detected, which is something all WLAN UE radio has already defined today. Another alternative is to report as “WLAN signal levels, e.g. low, medium, high.

2. Do not define WLAN measurement report intervals. Recall that for the purpose of using UE measurements and reporting to collect the WLAN configurations and other AP information for eNBs/RNCs, there is no need for the UE to report the detected WLAN APs repeatedly. Only one report at the point WLAN AP is detect will suffice.

Proposal 1: RAN2 is requested to agree that, when developing solutions using WLAN measurements, RAN2 should take into account the lack of control over WLAN radio sensitivity calibration and WLAN measurement performance requirements.

3 UE WLAN measurement metrics 
In this section, we discuss some UE WLAN measurement metrics defined in IEEE 802.11 standard [3], including RSSI, RCPI, and RSNI, that may be used for WLAN measurement reporting for WLAN/3GPP Radio Interworking use cases.
3.1 RSSI
RSSI, Receive Signal Strength Indicator, is a parameter for OFDM PHY Specific Service as specified below in [3].
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It is noted that the 8-bit value of RSSI is in the range of 0 to RSSI maximum, which is not specified and subject to vendor specific maximum value limited by the RF front end. As a result, the maximum value of RSSI from different chipsets can be different. In addition, as we discussed in the previous section, the accuracy of WLAN RSSI measurement is not calibrated and specified by WLAN standards.

Meanwhile, since RSSI is specified as a mandatory parameter to be supported for OFDM PHY, it is widely available in various off-the-shelve WLAN STAs (stations) and its reading is usually exposed to user via Connection Manager (CM). As a result, we think that it would be beneficial by conducting an empirical study to show how different WLAN chipsets report the RSSI and understand the impacts of using WLAN RSSI measurement for WLAN/3GPP radio interworking use cases.
As shown in Figure 1, we connect an off-the-shelve WLAN AP with RF cable to three WLAN STAs by three different well-known chipset vendors, A, B, and C. between the AP and STAs, we use a programmable attenuator so that each WLAN STA is experiencing from very strong signal to very weak signal, with 5dB steps. It is noted that, in this setup, each WLAN STA is experiencing exactly the same wireless signal level as the wireless environment is commonly connected by RF cables.

We use the same Connection Manager (CM) in all three WLAN STAs to read the RSSI reporting in each attenuator step at the same time. The readings are averaged from 1 minute-long logs, with 2-second sampling frequency.
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Figure 1. Experiment setup for WLAN RSSI measurement from different chipset

We plot the results of this experiment in Figure 2. We can see two notable observations. First, at high signal area (-30 ~ -45 dBm), due to different chipsets have different “RSSI maximum” as allowed by 802.11 standard, the RSSI readings at this region are highly unreliable. However, we note that, in practical scenarios, the signal strength experienced by WLAN STA won’t be this high unless the STA is physically very close to the WLAN AP, say within few centimetres to 1 meter range. Therefore, this problem won’t be observed too often in real-world scenarios.
Second, at medium to low signal areas (-60 ~ -90dBm), which is very common in real-world scenarios, different chipsets can have RSSI reading discrepancies up to 5 dB. As shown in the zoomed-in plot in Figure 3, for example, at attenuation step 50dB, the RSSI reading from chipset vendor B is -79.7dBm while the RSSI reading from chipset vendor C is -74.7dBm. Similar ~5db discrepancy can be observed at attenuation step 45dB and 60dB as well.
This observation validates our discussions regarding the issues due to lack of calibration in WLAN signal measurement across WLAN vendors. With up to 5dB discrepancy, the network cannot rely on RSSI readings in the raw numeric form to make traffic steering commands such as designed in “solution 3”. In other words, it may result in some unexpected behaviours or even incorrect traffic steering decisions as discussed in previous section.
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Figure 2. RSSI reading from different WLAN chipsets
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Figure 3. RSSI reading from different WLAN chipsets (zoom in -60 ~ -90dBm)

As a result, due to the problems observed above, we think that RSSI is not a suitable metric to be used in WLAN measurement reports for WLAN/3GPP radio interworking use cases. In addition, we should note that these results are collected in a relatively controlled wireless environment with RF cables. In real-world scenarios with fading and UE mobility (even with low-speed pedestrian type of mobility for WLAN UE users), the variations of RSSI readings are expected to be much higher, which in turn would translate to even higher discrepancies between UEs. 

Proposal 2: RAN2 is requested to agree that RSSI in the raw numeric form is not a suitable metric to be used in WLAN measurement reports for WLAN/3GPP radio interworking use cases.

3.2 RCPI and RSNI
RCPI (Received Channel Power Indicator) and RSNI (Received signal to noise indicator) are parameters adopted by 802.11k amendment [4] to IEEE 802.11 standard. The RCPI is a measure of the received RF power in the selected channel for a received frame. RSNI is an indication of the signal to noise plus interference ratio of a received IEEE 802.11 frame, which is derived from RCPI with a formula specified by [3].

Regarding the accuracy of RCPI, it is specified in the text below in [3]:
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It can be seen that the IEEE 802.11 standard has allowed the accuracy of RCPI to be of ±5 dB (95% confidence interval) within the specified dynamic range of the receiver. Since RSNI is derived from RCPI, RSNI is also subject to the same accuracy margin. Since this ±5 dB accuracy margin is allowed by the IEEE 802.11 standard, we expect that most WLAN chipset implementations today may still at least subject to a few dB discrepancy for RCPI and RSNI. As a result, for similar reasons we argued before, we believe the RCPI and RSNI in the raw form are also not a suitable metrics to be used in WLAN measurement reports for WLAN/3GPP radio interworking use cases.
On the other hand, it should be noted that, RCPI and RSNI are exclusively used in radio management and spectrum management services, which are optional features according to Annex B in [3]. For this reason, RCPI and RSNI are not widely supported by today’s WLAN chipsets. In other words, in order to support WLAN/3GPP radio interworking, WLAN chipset vendors likely have to upgrade their support for RCPI and RSNI, which will be an added burden for the adoption of RAN2 WLAN/3GPP radio interworking solutions.
In addition, even radio management and spectrum management services are supported by a WLAN STA, these services are controlled/initiated by management request commands from WLAN AP. In other words, a sensible WLAN chipset implementation today will not autonomously generate RCPI and RSNI reports unless instructed by management request commands from WLAN AP. As a result, in order to produce RCPI and RSNI report for WLAN/3GPP radio interworking use case, WLAN chipset vendors likely have to drastically change the implementation, which again can be added burden for the adoption of RAN2 WLAN/3GPP radio interworking solutions. 
Therefore, due to the inherent ±5 dB accuracy margin allowed by IEEE 802.11 standard, we think that RCPI and RSNI in the raw form are not suitable metrics to be used in WLAN measurement reports for WLAN/3GPP radio interworking use cases. In addition, from technology adoption point of view, RCPI and RSNI are currently not widely used in today’s WLAN systems. This aspect should also be taken into account when evaluating solution candidates for WLAN/3GPP radio interworking SI.
Proposal 3: RAN2 is requested to agree that RCPI and RSNI in the raw form are not suitable metrics to be used in WLAN measurement reports for WLAN/3GPP radio interworking use cases.

In summary, in this section, we discuss the suitability of using various UE WLAN measurement metrics available in IEEE 802.11 standard, including RSSI, RCPI, and RSNI, for WLAN measurement reporting for WLAN/3GPP Radio Interworking use cases. We found that all of them in the raw form are subject to significant variations in terms of the readings from different chipsets, which can cause issues identified in this section. 

As discussed in Section 2, we can consider alternative forms to be used as WLAN measurement metric. For example, we can define WLAN measurement triggers and reports as “WLAN detected” or as “WLAN signal levels, e.g. low, medium, and high.  
Proposal 4: RAN2 is requested to agree to define WLAN measurement triggers and reports as “WLAN detected” or as “WLAN signal levels, e.g. low, medium, and high, instead of RSSI, RCPI, and RSNI in the raw numeric form.

4 UE WLAN measurement and IDC issues 
As the studies in TR 36.816 [5] have shown, UEs equipped with multiple and collocated radio transceivers are subject to IDC (In-device Coexistence) Interference problems, where transmitting in one frequency band interferes with receiving in another, within the same UE. In WLAN/3GPP Radio Interworking use cases, it should be reasonable to assume that the UE architectures considered in this SI are equipped with multiple and collocated radio transceivers, and thus also subject to IDC interference problems. However, since UE WLAN measurement control and reporting is new to 3GPP, the IDC interference problems for such operations may need further study.
In particular, when UE WLAN measurement is performed, we think the IDC interference issues can happen in the following two scenarios:

Scenario 1: LTE UL transmission may colour UE WLAN measurements conducted at the same time
As UE WLAN measurements are conducted through measuring DL WLAN Beacon frames or Probe Response frames, the quality of WLAN measurement will be affected by LTE UE transmitter in the bands identified in [5]. When LTE UL transmission occur at the same time UE WLAN measurement is conducted, UE WLAN measurement will be “coloured” and resulted in signal strength reading worse than that without colouring. Note that both coloured and non-coloured reports will be sent to the network. 
Coloured WLAN measurement reports may cause inefficient traffic steering decisions as the network may think the UE still does not have WLAN APs with good enough signal strength in the range, while in fact there are. This situation will result in less than expected utilization to steer traffic to WLAN.
Scenario 2: LTE DL reception may be affected by UE WLAN probe requests when conducting WLAN “active scan” at the same time.

This scenario happens when UE uses “active scan” for UE WLAN measurements. As specified in [3] and widely used in many WLAN chipset implementations, when discovering or measuring WiFi APs, a WLAN STA may perform active scanning by generating Probe request frame with wildcard SSID and the subsequently processing the received Probe Response frames by the APs operating at the WLAN channel. This operation can also be used to measure the signal quality of the discovered WLAN APs.
When LTE DL transmission occur at the same time the WLAN Probe Request is sent for UE WLAN measurement purpose, the LTE DL transmission will be affected and may result in degraded LTE DL performance.
In [6], we provide more detailed discussions on IDC signalling procedures and solutions for WLAN measurement use cases. Here we want to highlight that IDC issues could be one of the limitations on using WLAN measurements for WLAN/3GPP Radio Interworking use cases, and may require further studies to identify the impact of the problem and potential solutions.
Proposal 5: RAN2 is requested to agree that the IDC interference issues can happen when UE WLAN measurement is performed. In addition, RAN2 is requested to agree that the impact of IDC interference issues to WLAN measurement needs to be further studied.
5 Conclusion 
-  Regarding the WLAN measurement accuracy issues, we make the following proposals:
Proposal 1: RAN2 is requested to agree that, if RAN2 decides to develop WLAN measurement solutions, RAN2 should take into account the lack of control over WLAN radio sensitivity calibration and WLAN measurement performance requirements.

Proposal 2: RAN2 is requested to agree that RSSI in the raw numeric form is not a suitable metric to be used in WLAN measurement reports for WLAN/3GPP radio interworking use cases.

Proposal 3: RAN2 is requested to agree that RCPI and RSNI are not suitable metrics to be used in WLAN measurement reports for WLAN/3GPP radio interworking use cases.

Proposal 4: RAN2 is requested to agree to define WLAN measurement triggers and reports as “WLAN detected” or as “WLAN signal levels, e.g. low, medium, and high, instead of RSSI, RCPI, and RSNI in the raw numeric form.

-  Regarding IDC issues in WLAN measurement use cases, we make the following proposal:
Proposal 5: RAN2 is requested to agree that the IDC interference issues can happen when UE WLAN measurement is performed. In addition, RAN2 is requested to agree that the impact of IDC interference issues to WLAN measurement needs to be further studied.
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The allowed values for the RSSI parameter are in the range from 0 to RSSI maximum. This parameter is a measure by the PHY of the energy observed at the antenna used to receive the current PPDU. RSSI shall be measured during the reception of the PLCP preamble. RSSI is intended to be used in a relative manner, and it shall be a monotonically increasing function of the received power.





RCPI shall equal the received RF power within an accuracy of ±5 dB (95% confidence interval) within the specified dynamic range of the receiver. The received RF power shall be determined assuming a receiver noise equivalent bandwidth equal to the channel bandwidth multiplied by 1.1.
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