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Discussion and decision
1. Introduction
As part of the Rel-12 3GPP/WLAN Interworking, RAN2 has agreed in previous meetings to adopt RAN assistance parameters for determining WLAN channel quality. In particular, UE measurements for RCPI and RSNI were captured in the current running CRs for 25.304 and 36.304. 
In this contribution, we discuss few relevant issues with the adoption and usage of RCPI and RSNI, and propose to, instead, use RSSI as a better metric. 
The proposal is in-line with recent agreements in SA2 [1] and IEEE [2]. In particular, SA2 agreed not to include RCPI and RSNI in ANDSF. The response letter from IEEE states that RSNI is not considered to be a “suitable metric signal quality” and RSSI and RCPI “provide the same information”. IEEE also introduced clarifications on the unit and accuracy of RSSI and considers beacon as a better “metric for signal strength”.
2. Discussion
The selection of RCPI and RSNI for RAN assistance parameters was based on the assumption that they provide similar information as RSRP and RSRQ for E-UTRAN (or RSCP and Ec/No for UTRAN). 
Two major points are highlighted, and should be considered thoroughly. First point is that commercial products are based on WFA certifications, which usually use a subset of the IEEE features. In order for the 3GPP/WLAN interworking to support current and future WLAN implementations, the solutions adopted by 3GPP should be more compliant with the WFA procedures and requirements. In this regard, even though RCPI and RSNI are part of the IEEE 802.11 WLAN standards, they are optional features and have not been adopted by the WFA for Wi-Fi. Thus their commercial availability, as well as interoperability between vendors, is not guaranteed. Secondly, as elaborated technically below, RSNI cannot be interpreted and used as an equivalent metric to RSRQ or Ec/No, due to the CSMA operation in WLAN. 
2.1 RSNI
RSNI is described in IEEE specification [3] as an optional element to be reported from the STA to the AP. The frame format and the calculation of the element are defined. The part of the specification defining STA reporting is not actually relevant for the 3GPP/WLAN interworking since the UE will not report these measurements to the AP or RAN.
One important point is that RSNI does not reflect the actual SINR of individual data packets. The “interference” considered in the RSNI computation, called ANPI (average noise power indicator), is measured when the channel is idle (STA is not transmitting or receiving and Virtual Carrier Sense reports idle channel). Therefore, the calculated metric is not the interference observed by a data packet (unlike RSRQ/RSCP) but is practically the noise floor during that calculation. That interference may or may not be present in the packets received by the STA. Therefore, RSNI does not provide any additional useful information above the received signal strength (RCPI or RSSI), other than the noise figure of the device.

There are also several cases where the definition of RSNI is ambiguous. For example, the specification allows the calculation of ANPI over any period and bandwidth. Therefore, as shown in the Appendix, the calculation can vary across implementations and even yield arbitrary or completely wrong results. We note that the examples here are not corner cases and can happen during most of the WLAN operation.
Based on this discussion, we propose:
Proposal 1:
RSNI should not be used for RAN assistance parameters
2.2 RCPI vs RSSI

RSSI and RCPI both measure the received signal strength. RSSI is measured during the preamble portion and RCPI is measured over the data portion of the packet. Since the transmit power is same across the preamble and data portions, RSSI and RCPI essentially convey the same information. Their accuracies are also similarly equivalent in an implementation.
One important advantage of RSSI, regarding its usage for 3GPP/WLAN interworking, is that it is a mandatory feature for Wi-Fi UEs (needed for few core WiFi operations, including CCA). On the other hand, RCPI is optional and may not be supported by all, if any, commercial products.
One disadvantage of RSSI, as previously noted in RAN2, is that its unit is an integer value in the current IEEE standard. However, since CCA requirement is based on dBm, all Wi-Fi implementations should support mapping RSSI to absolute dBm. Based on this reality, IEEE recently agreed to introduce the dBm unit and accuracy requirements which are same as for RCPI [4]. In particular, the agreed text in [4] states:

The Beacon RSSI is reported in dBm.  When operating in frequency bands below 6 GHz, the Beacon RSSI has an accuracy of ± 5 dB (95% confidence interval) within the specified dynamic range of the receive.
Based on these observations, we propose that:

Proposal 2:
RCPI should not be used in RAN assistance parameters

Proposal 3:
RSSI, as described in the IEEE LS, should be adopted into RAN assistance parameters

3. Conclusion
In this document we discussed few major issues for UE measurements of RCPI and RSNI for 3GPP/WLAN Interworking. Based on those concerns, regarding both their technical value/usability and implementation/interoperability aspects, we propose to remove them from the RAN Assistance Parameters and instead use RSSI, whose accuracy and unit requirements were recently clarified by the IEEE. These decisions will also provide alignment between RAN2 and SA2 for the usage of these parameters since SA2 agreed not to use RCPI and RSNI in the ANDSF. In summary, the proposals are: 
Proposal 1:
RSNI should not be used for RAN assistance parameters
Proposal 2:
RCPI should not be used in RAN assistance parameters

Proposal 3:
RSSI, as described in the IEEE LS, should be adopted into RAN assistance parameters
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Appendix

RSNI Definition from IEEE P802.11-REVmc/D3.0: P852
[image: image1.png]8.4.2.40 RSNI element

‘The RSNT element contains an RSNI value, as shown in Figure 8-300 (RSNT element format).

Element D Length RSNI

octets: 1 1 1

Figure 8-300—RSNI element format
‘The Element ID and Length fields are defined in 8.4.2.1 (General).

RSNLis in steps of 0.5 dB. RSNI is calculated by the ratio of the received signal power (RCPI-ANPI) to the
noise plus interference power (ANP) using the expression:

RSNT= (10 x 10g10((RCPLyopyer ~ ANPLgye) | ANPL g1 )+10) x 2

where RCPToyer and ANPLygyer indicate power domain values for RCPT and ANPI and not dB domain
values. RSNT in dB is scaled in steps of 0.5 B to obtain 8-bit RSNT values, which cover the range from
10 dB to +117 dB. The value 255 indicates that RSN is not available. See 10.11.9.4 (Noise Histogram
seport) for details and procedures for measuring ANPL




Example illustrating where RSNI calculation is problematic
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We consider two APs, AP1 and AP2, which serve STA1 and STA2, respectively and RSNI calculation at STA:

· By definition, RSNI  is equal to (RCPI – ANPI)/ANPI
· Assume noise floor of -96dBm/20Mhz at STA1 Receiver
1. If ANPI is measured between second and third packets, since ANPI will be based on the noise floor, the RSNI for the last packet will be equal to 30dB (RCPI = -60dBm, ANPI = -90dBm over 80Mhz)
2. If ANPI is measured during the second packet duration, the definition of RSNI for the last packet will yield a negative value in linear domain (since ANPI is greater than RCPI).
3. For the first packet, the specification does not specify what bandwidth should be used for ANPI. Since this packet is transmitted in 20 Mhz, that would be the reasonable usage. However, since CCA is being performed over the 80 MHz, an implementation can use this bandwidth as well.

4. The specification also does not specify how RSNI should be calculated with multiple receive antennas. 
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