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1 Introduction

Initial discussion was held for the WLAN/3GPP Radio interworking WI at RAN2#85. One topic which was discussed was whether WLAN signal measurements such as RSSI, RCPI and RSNI should be considered in the WLAN/3GPP Radio interworking feature. However, no conclusion has been reached and in this contribution, we look further into this topic.
2 Discussion

2.1 Motivation for WLAN signal related thresholds
The motivation behind the introduction of WLAN parameters was to solve, at least, the following two problems: 
Problem A. UEs connect to an overloaded WLAN AP.
Problem B. UEs connect to a WLAN AP with poor signal conditions.

To solve Problem A, RAN2 agreed that the WLAN BSS load metric should be considered in the mechanism developed by RAN2 and threshold provisioning for BSS load was introduced to ensure that the UE does not connect to overloaded WLANs.

Problem B is a common occurrence in today’s systems where it is seen that UEs are applying a “WLAN if coverage”-mobility strategy where the UE connects to and steers all data traffic to WLAN as soon as it detects the WLAN AP. Similarly, the UE stays connected to WLAN even if the signal strength has dropped to a very poor level. While this behaviour may be justified or preferred when accessing a home- or company WLAN AP, we consider it highly undesirable for an operator deployed WLAN in particular when LTE or UTRAN can offer significantly better performance. To avoid these issues, the UE should only connect to WLAN if the WLAN signal level fulfils certain criteria – controllable by the network.
Observation 1 UE implementation based signal strength thresholds are not suitable for selection of operator deployed WLAN since they bear the risk of selecting WLAN despite poor signal quality.
Therefore, we propose the following:

Proposal 1 Consider WLAN signal level measurements for the WLAN/3GPP Radio interworking mechanism. 
2.2 Potential WLAN signal metrics

In the study item phase, discussions were held regarding which WLAN signal metrics should be considered. Three candidate metrics where discussed; RCPI, RSSI and RSNI. Below we further discuss these different metrics.
2.2.1 RCPI
WLAN RCPI is, similar to LTE RSRP and UMTS RSCP, a metric of received signal strength. Received signal strength is used in today’s networks for inter-frequency and inter-RAT mobility. For example, for inter-RAT cell reselection from LTE to CDMA2000, the UE can be configured to select a CDMA2000 cell if LTE RSRP falls below a threshold1 and CDMA2000 pilot signal strength is above a threshold2. The UE then performs “absolute measurements” of LTE RSRP and CDMA2000 pilot signal strength and if these meet their respective threshold, the UE performs cell reselection to CDMA2000. Inter-frequency cell reselection is done in a similar way.

Observation 2 In current networks, inter-frequency and inter-RAT mobility procedures are done based on signal strength measurements.

It has been discussed in RAN2 if the accuracy requirements for WLAN RCPI are sufficient to be considered in the WLAN-3GPP mobility mechanisms such as the one developed in RAN2. However, no conclusion regarding RCPI has been reached yet. WLAN RCPI is a measure of the received WLAN signal power measured over the data part of a received frame. According to IEEE specification, the RCPI has an accuracy requirement of ± 5 dB (see [1]):
	From IEEE MAC/PHY specification [1]:

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.



Some companies in RAN2 seemed concerned that this accuracy requirement is not sufficient to be used for mobility between 3GPP and WLAN. However, in section 9.1.1.1 in TS 25.133 and section 9.1.3.1 in TS 36.133 the accuracy requirements for absolute measurements on RSCP and RSRP are ± 6 dB (this is the strictest requirements, and in some scenarios the requirements are less strict). While, as we identified above, the accuracy requirement for WLAN RCPI is ± 5 dB.
Considering the accuracy requirement for RCPI is similar to those for RSRP and RSCP, and these metrics are today used for inter-RAT mobility, we assume that the accuracy requirement for RCPI is sufficient to be considered for mobility between WLAN and 3GPP.
Observation 3 The accuracy requirement for WLAN RCPI is similar to those for LTE RSRP and UMTS RSCP, and hence sufficient for controlling mobility between WLAN and 3GPP.

2.2.2 RSSI

RSSI is another metric which has been discussed in RAN2. RSSI is also, like RCPI, a measure of received WLAN signal strength but measured in a slightly different way compared to RCPI. There is no measurement accuracies specified in IEEE specifications for RSSI. However, in [2] it was shown that RSSI measurements from three major WLAN chipset vendors had a deviation of ± 2.5 dB for RSSI values below - 40 dBm. A spread of ± 2.5 dB can be considered more than accurate enough for the purposes of this feature.
2.2.3 RSNI

Another candidate WLAN signal metric is the channel quality metric RSNI. RSNI is calculated as useful signal (RCPI) minus the noise and interference (ANPI). The accuracy requirement of the ANPI is the same as for RCPI, i.e ± 5 dB.
	From IEEE MAC/PHY specification [1]:

ANPI power is defined in dBm using the same accuracy as defined for RCPI.



RSNI is similar to LTE RSRQ in that it is a calculated metric. RSNI is (in logarithmic values) useful signal minus the total received power (i.e. including the interference). Regarding the accuracy for these “calculated” metrics; the accuracy actually becomes better than the accuracy of the metrics they are calculated from. That is, the accuracy of RSRQ is higher than the accuracy of the useful signal or total received power. The reason for the increased accuracy is that the errors (at least partially) cancel each other out in the subtraction.
Consider an example of where due to inaccuracies in the UE receiver the UE makes a + 2 dB error when doing measurements;

A
=  Measured “useful signal” 

= Actual “useful signal” +  2 dB
B
=  Measured “total received power”
= Actual “total received power” + 2 dB
And when calculating the difference between A and B, the errors cancel each other out:
A – B = (actual useful signal +  2 dB) – (actual total received power + 2 dB) = actual useful signal - actual total received power.
Thus, the accuracy of RSNI will be higher than that of RCPI and ANPI, even though there is no explicit accuracy requirement for RSNI.
Observation 4 RSNI has an implicit accuracy requirement which is stricter than ± 5 dB.
3 Conclusion

In this contribution we have looked at three WLAN signal related measurements which could be considered in the WLAN/3GPP Radio interworking mechanism, namely RCPI, RSSI and RSNI.

WLAN RCPI and WLAN RSSI are both measurements of signal strength measured in slightly different ways. Since RCPI has a specified measurement accuracy requirement we suggest that RCPI should be considered in the WLAN/3GPP Radio interworking mechanism, i.e. the RAN should signal to the UE thresholds for RCPI which should be considered when evaluating whether or not to offload to WLAN. We therefore propose:
Proposal 2 RAN provided RCPI thresholds should be supported in the WLAN/3GPP Radio interworking mechanism.
In some scenarios it may be beneficial to consider RSNI measurements to determine whether or not to connect to a WLAN in those scenarios the RAN would signal RSNI thresholds. We propose:
Proposal 3 RAN provided RSNI thresholds should be supported in the WLAN/3GPP Radio interworking mechanism.
The accuracy requirements for CDMA2000 has been adopted in 3GPP specifications, see for example paragraph 9.5.1 in TS 36.133. Because testable and predicable UE behaviour is a requirement for this WI we suggest that, similar to what has been done for CDMA2000, the accuracy requirements from IEEE specifications for RCPI and RSNI should be adopted in 3GPP specifications.
Proposal 4 The IEEE accuracy requirements for RCPI and RSNI should be adopted in 3GPP specifications.
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