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1 Introduction
In RAN1#86, RSSI measurements for the serving AP from outdoor WiFi networks were used  to claim that the ED threshold for eLAA should be lower than -72dBm since a majority of the measured serving AP RSSI values are lower than this threshold value [3]. First and most importantly, the RSSI measurements reported by Wi-Fi APs are not absolute RSSI measurements, but are known to be relative indicators, rather than absolute numbers, as supported by published papers, the IEEE 802.11 standard, enterprise documentation, and lab test results [5]. Secondly, during an extensive discussion on this issue in a subsequent email discussion [85-5-6], it was pointed out that  even if the serving RSSI link distribution has a median that is lower than -72dBm, this does not automatically mean that there  is a coexistence issue when LAA uses an ED threshold of -72dBm, since the effect of the ED threshold on performance generally involves many other factors. These include the RSSI of the link between the interfering transmitters and the desired receiver which influences the SINR as well as the RSSI of the link between interfering transmitters and the desired transmitter in the network. In this contribution, we evaluate the system performance of an outdoor network with serving cell RSSI statistics that have low values, as cited in the supposed measured data, by reusing the existing 3GPP outdoor scenario with some modifications. In addition, performance is also evaluated for the well-known IEEE 802.11ax office scenario. Even though the measured data cited in the arguments against the use of an ED threshold of -72 dBm has been grossly misinterpreted and misrepresented, the evaluations in this document show that even networks where the serving link RSSI values are low can coexist well with an LAA network using an ED threshold of -72 dBm.


2 Non-3GPP Scenarios
Evaluations for non-3GPP scenarios have been performed in the past for LAA [6]. We consider some more scenarios in this contribution and these scenarios are described in this section.
2.1 Modified 3GPP outdoor scenario

There were two main observations from the measurements presented in [3]:

· Observation 1: The in-field UL RSSI measurements show that median RSSI is -85dBm. Setting the ED threshold level to -72dBm will ignore 85% of Wi-Fi users. 

· Observation 2: The in-field noise floor measurements for the same data collection sessions show that median noise floor is at -94dBm, 9 dB below the UL RSSI median
As shown in [5], the above observations misunderstand and misinterpret the RSSI measurements reported by the Wi-Fi APs. In any case, we present evaluations for a hypothetical Wi-Fi network that may operate with the RSSI values cited. In order to evaluate coexistence performance for such a hypothetical network, we created two modified 3GPP outdoor scenarios with serving link RSSI distribution functions as shown in Figure 1. In order to create these distributions, we used the 3GPP outdoor deployment assumptions and add an extra constant path loss for all links which can be above RSSI -95dBm after the modification. The first modified scenario has a median serving link RSSI of -85dBm whereas the second modified scenario has 85% of serving links below an RSSI value of -72dBm. Compared to the 3GPP outdoor scenario, these two modified scenarios have far lower serving link RSSI. 

2.2 IEEE 802.11ax office scenario

In addition to the modified 3GPP outdoor scenario, the IEEE 802.11ax office scenario is also considered in order to verify coexistence aspects with an ED threshold of -72dBm. Figure 2 shows CDF of RSSI of IEEE and 3GPP indoor scenarios. As identified in [4], the propagation loss is more rapidly decreasing in the IEEE scenario than in the 3GPP indoor scenario so that RSSI of serving links in the IEEE scenario is lower than the RSSI of serving links in the 3GPP indoor scenario. Aside from the propagation models which include the effect of walls, the IEEE 802.11ax scenario has a higher node density than the 3GPP indoor scenario. The IEEE scenario has 8 offices as shown below. For each office, there are 4 APs and 64 cubicles with 4 STAs in each cubicle although only two STAs per cubicle are typically simulated. 
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Figure 1 RSSI CDF of modified 3GPP outdoor scenarios
[image: image2.emf]-120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20

0

10

20

30

40

50

60

70

80

90

100

 

 

X: -63.93

Y: 50.59

CDF [%]

RSSI (dBm)

X: -42.74

Y: 50

X: -72.4

Y: 38.48

IEEE

3GPP indoor


Figure 2 RSSI CDF of IEEE and 3GPP indoor scenario

3 Coexistence Evaluation Results

For the system-level coexistence evaluations, we focus on the DL+UL scenario with self-carrier scheduling in LAA networks where the DL to UL traffic ratio is 50%. 
3.1 Modified 3GPP outdoor scenario
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Figure 3 Modified 3GPP outdoor scenarios –downlink and uplink FTP user performance when using -72dBm ED threshold in LAA networks.

Figure 3 presents downlink and uplink FTP coexistence performance in the modified 3GPP outdoor scenarios. The results show that LAA can coexist well with Wi-Fi when an energy detection threshold of -72 dBm is used in an outdoor environment where a majority of the serving link RSSI values are lower than the energy detection threshold. 
3.2 IEEE 802.11ax scenario
In Figure 4, we present results in the IEEE scenario which lead to similar conclusions as for the modified 3GPP outdoor scenario. The results show that LAA can coexist well with WiFi when an energy detection threshold of -72 dBm is used. No coexistence issues were observed in the presence of VoIP users as well.
[image: image5.emf]0 2 4 6 8 10 12 14

0

50

100

150

200

250

300

Total served traffic per operator per AP [Mbps]

Mean Object Data Rate Per User [Mbps]

 

 

Op.A WiFi ieee DL

Op.B WiFi ieee DL

Op.A LAA ieee DL

Op.B WiFi ieee DL

[image: image6.emf]0 2 4 6 8 10 12 14

0

50

100

150

200

250

300

Total served traffic per operator per AP [Mbps]

Mean Object Data Rate Per User [Mbps]

 

 

Op.A WiFi ieee UL

Op.B WiFi ieee UL

Op.A LAA ieee UL

Op.B WiFi ieee UL


Figure 4 IEEE 802.11ax scenario –downlink and uplink FTP user performance when using -72dBm ED threshold in LAA networks. 


4 Conclusion
In this contribution we provide coexistence evaluation results in non-3GPP scenarios where median RSSI is far below -72dBm and demonstrate that fair coexistence between Wi-Fi and LAA networks can be achieved. The presented results lead to the following observation and conclusion:

Observation:

· Wi-Fi and LAA networks can coexist in both the IEEE 802.11ax scenario and a modified 3GPP outdoor scenario where median RSSI is -85dBm or 85% of RSSI is below -72dBm when the LAA network uses an energy detection threshold of -72 dBm.
Conclusion:

A majority of the serving link RSSI values in a Wi-Fi network being below the energy detection threshold used in a coexisting LAA network does not imply that fair coexistence between the two networks cannot be achieved. 
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