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Introduction
Contribution [1] reports the distributions of RSSI values reported by Wi-Fi APs in outdoor cable operator networks. It was further observed in [1] that the median Wi-Fi reported RSSI values is -85 and 85% of the Wi-Fi reported RSSI values is below -72. It was purported in [1] that these report values can be interpreted as the received signal power in unit of dBm and are hence relevant input to the determination of energy detection threshold.
In this contribution, we investigate the IEEE specs, research literature and actual controlled lab measurement to draw the following three observations:
· The Wi-Fi RSSI value is a unit-less, relative and implementation-dependent indicator per IEEE specs [2]. It is never intended or useable as an absolute value.
· Different Wi-Fi devices report widely different RSSI values under the same controlled environment [4].
· Based on controlled lab measurement at Ericsson Labs, the RSSI value reported by Wi-Fi devices is verified to be indicator of SNR quality: every 1 dB increase in AP measured noise floor
caused the AP reported client RSSI to drop by 1 dB.
· This observed behavior contributes to low reported RSSI values in noisy environments such as outdoor networks.
From the investigation, we arrive at the following conclusion:
· The RSSI value reported by Wi-Fi devices is NOT an absolute or reliable value that can be compared to the energy detection threshold (in absolute units of dBm) under discussion in RAN1.
Wi-Fi reported RSSI value as unit-less, relative, implementation-dependent indicator 
IEEE 802-11 specifications [2]
IEEE 802.11 RSSI is defined in Clause 14.3.3.3 RXVECTOR RSSI:
The RSSI is an optional parameter that has a value of 0 to RSSI Max. 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 between the beginning of the SFD and the end of the PLCP HEC. RSSI is intended to be used in a relative manner. Absolute accuracy of the RSSI reading is not specified.
The RSSI definition for the OFDM PHY is provided in Clause 18.2.3.3 RXVECTOR RSSI:
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.
It is further clarified in Table 19-11—List of parameters for the PMD primitives that:
The RSSI is a measure of the RF energy received. Mapping of the RSSI values to actual received power is implementation dependent.
For the HT mode, RSSI is defined in Table 20-1—TXVECTOR and RXVECTOR parameters:
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 power observed at the antennas used to receive the current PPDU. RSSI shall be measured during the reception of the PLCP preamble. In HT-mixed format, the reported RSSI shall be measured during the reception of the HT-LTFs. RSSI is intended to be used in a relative manner, and it shall be a monotonically increasing function of the received power.
If one performs a Google search with “wifi rssi“, the top result links to a clear and unambiguious “Understanding RSSI“ article by MetaGeek [3]:
RSSI is a term used to measure the relative quality of a received signal to a client device, but has no absolute value. The IEEE 802.11 standard (a big book of documentation for manufacturing WiFi equipment) specifies that RSSI can be on a scale of 0 to up to 255 and that each chipset manufacturer can define their own “RSSI_Max” value. Cisco, for example, uses a 0-100 scale, while Atheros uses 0-60. It’s all up to the manufacturer (which is why RSSI is a relative index).
Similar emphasis that Wi-Fi RSSI is an relative indicator rather than an absolute measure can be found in other sources, including AP vendors‘ own operating instructions.
Based on the above checking of the IEEE 802.11 specifiations, we can draw the following observation:

Observation 1
The Wi-Fi RSSI value is a unit-less, relative and implementation-dependent indicator per IEEE specs. It is never intended to be or useable as an absolute value.

Literature report on reported RSSI 
Since the IEEE 802.11 specifications defines the reported RSSI to be a relative indicator that is implementation-depedent, it is of importance to understand the spectrum of actual implementations. In fact, such uncertainty has been reported by indoor positioning researchers. In [4], the researchers performed an extensive controlled test with 17 Wi-Fi devices from Diamond, Netgear, D-Link, Billion, Belkin, HP, BenQ, Asus, Nokia, HTC and Roving Networks. The devices are based on a diverse sources of chipsets from Envara, Realtek, Atheros, Ralink, Atmel, Zydas, Broadcom, Intel and TI. The tests were performed for both indoor and outdoor environments.
A representative set of results from [4] is reproduced in Figure 1. It was observed by the researchers that:
· “It can clearly be seen that there are big differences between the values reported by the individual cards at the same points. Differences of as much as 30dBm can be observed in averaged RSSI at the same point. The same order of differences was observed for both indoor and outdoor environments.“
· Devices based on the same chipset or family (even those based on the three major suppliers) report RSSI value differences in the range of 15—20 at the location.
· For some devices, the reported RSSI values are uncorrelated to the distance between TX and RX. That is, these devices are not compliant wth the IEEE specs: their reported RSSI values are not “monotonically increasing function of the received power.“
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[bookmark: _Ref458507801]Figure 1 Reported RSSI values as a function of distance between TX and RX. Reproduced from [4].

Observation 2
Different Wi-Fi devices report widely different RSSI values under the same controlled environment.

Controlled lab measurement comparison
To further investigate the actual behavior of Wi-Fi RSSI reporting, we performed tests on actual Wi-Fi devices in carefully controlled lab environment. More specifically, we used an Agilent E4438C VSG to inject controlled Guassian noise in order to collect the RSSI reports under different interference levels. 
In a first test, the actual received signal power at the AP is fixed at -54 dBm. 
· If the Wi-Fi AP reports RSSI value as the received power of the desired link, one can expect the reported RSSI value to be a flat function of the noise level. 
· If the Wi-Fi AP reports the RSSI value as the total received power, one can expect the reported RSSI value to be an increasing function of the noise level.
The actual RSSI values reported by the AP under different noise levels are plotted in Figure 2. It can be observed that the reported RSSI value goes down with the increase of the noise level. Note again that the actual received signal power at the AP is fixed. The plot clearly illustrates that the RSSI values reported by the AP is an indicator of SNR and not a direct measure of the received power.
In the second test, the actual received signal power at the AP is set to a lower level at -71 dBm. We can again observe in Figure 3 that the reported RSSI value is an indicator of SNR and not a direct measure of the received power. 
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[bookmark: _Ref458518956][bookmark: _Ref458518938]Figure 2 Reported RSSI values as a function of noise floor. The actual received power at the AP is -54 dBm.
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[bookmark: _Ref458519842]Figure 3 Reported RSSI values as a function of noise floor. The actual received power at the AP is -71 dBm.

In the third test, the actual received signal power is still fixed but time-varying noise is injected to further investigate the reported RSSI value distribution. As shown in Figure 4, the report RSSI values are inversely related to the noise level: a 5 dB increase in mean interference causes the AP to report 6 dB lower mean RSSI values.
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[bookmark: _Ref458520027]Figure 4 Reported RSSI values as a function of time-varying noise floor.

Observation 3
· Based on controlled lab measurement at Ericsson Labs, the RSSI value reported by Wi-Fi devices is verified to be an indicator of SNR quality: every 1 dB increase in AP measured noise floor caused the AP reported client RSSI to drop by 1 dB.
· This observed behavior contributes to low reported RSSI values in noisy environments such as outdoor networks.

Conclusion
In this contribution, we investigate the IEEE specs, research literature and actual controlled lab measurement to draw the following three observations:
· The Wi-Fi RSSI value is a unit-less, relative and implementation-dependent indicator per IEEE specs [2]. It is never intended to be or useable as an absolute value.
· Different Wi-Fi devices report widely different RSSI values under the same controlled environment [4].
· Based on controlled lab measurement at Ericsson Labs, the RSSI value reported by Wi-Fi devices is verified to be an indicator of SNR quality: every 1 dB increase in AP measured noise floor caused the AP reported client RSSI to drop by 1 dB.
· This observed behavior contributes to low reported RSSI values in noisy environments such as outdoor networks.
From the investigation, we arrive at the following conclusion:
· The RSSI value reported by Wi-Fi devices is not an absolute or reliable value that can be compared to the energy detection threshold (in absolute units of dBm) under discussion in RAN1.
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