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1	Introduction

In RAN1#93, the following agreement regarding to evaluation methodology for NR-U outdoor scenario have been reached [1]:
Agreement:
· For sub7 GHz outdoor scenario, adopting the following
· Macro deployment with ISD=200×A meters
· Each operator randomly drops 1 micro-layer TRP within each macro cell sector with minimum distance between micro-layer TRPs equals 57.9×A meters
· Independent dropping between two operators
· Use 10 meters as the inter-operator micro-layer TRP minimum distance
· For the inter-operator micro-layer TRP maximum distance
· Outdoor scenario 1: 30
· Outdoor scenario 2: No limit as long as the TRP is within the macro cell
· UE randomly dropped within macro cell sector with a minimum serving cell RSSI of -82dBm
· All UEs dropped outdoor
· Try A>=1 and find the A that satisfies serving cell received power distribution satisfies (10+X)% to (15+X)%] UEs below -72dBm
· Other parameters follow the table below

In this contribution, we consider the remaining issues for outdoor scenario determination.
[bookmark: _Ref178064866]2	Discussions
2.1	RSSI definitions and measurement results
Contribution [2] reports the distributions of RSSI values reported by Wi-Fi APs in outdoor cable operator networks. It was further observed in [2] that the median Wi-Fi reported RSSI values is 60% of the Wi-Fi reported RSSI values is below -72. It was purported in [2] that these report values can be interpreted as the received signal power in unit of dBm and are hence relevant to determine weak link ratios below -72dBm. However, this is not valid according to the following reasons (more details could be found in [4]):
First, the RSSI definition in IEEE is not an absolute value as we understand. According to IEEE 802.11 spec [2], the following definitions could be found:
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.
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 and Google search.
Based on the above checking of the IEEE 802.11 specifiations, we can draw the following observation:
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc509923396][bookmark: _Toc521707125]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.

Secondly, it shows in [5] that measurement RSSI values differs much even in the same environment. 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. A representative set of results from [4] is reproduced in Figure 1.
[image: ][image: ]
[bookmark: _Ref458507801]Figure 1 Reported RSSI values as a function of distance between TX and RX. Reproduced from [5].
From the above figure, it is easy to draw the following observation:
[bookmark: _Toc521707126]Different Wi-Fi devices report widely different RSSI values under the same controlled environment.

Thirdly, 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. Several test cases are conducted and the details could be found in [4]. Here only one simple test is provided below:
In this 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 2, 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.
[image: ]
[bookmark: _Ref458520027]Figure 2 Reported RSSI values as a function of time-varying noise floor.
From the real test results, the following observation could be made:
[bookmark: _Toc521707127]Reported RSSI by Wi-Fi devices is verified to be not one absolute value but a relative value to at least noise floor/interference level.


2.2	Proposal for NRU outdoor simulation 
For NRU outdoor simulation, the ratio of serving cell receiving power below -72dBm should be determined. However, according to discussion in section 2.1, the serving cell receiving power we used in calibration is definitely not the measured RSSI values at Wi-Fi device:
· The serving cell receiving power is an absolute value, i.e. Pr=Pt*pathloss, which has nothing to do with interference/noise figure. However, the measured RSSI from Wi-Fi device is a relative value and varying with interference/noise figure;
· The serving cell receiving power we use in calibration is not implementation based while RSSI measurement is, which means the accuracy of RSSI is not reliable;

[bookmark: _Toc521707128]RSSI measurement results at WiFi device should not be the reference to determine the ratio of serving cell receiving power below -72dBm.

Dense urban deployment is the typical use case for NR-U as we agreed in previous meetings, where the ISD is 200m. If using much larger ISD value, the deployment scenario is not dense urban anymore. Thus the channel model we agreed to use is not applicable anymore. Therefore, employing small ISD with small A value is more reasonable and could provide more insight for future real deployment.
[bookmark: _GoBack]Besides, larger ISD value will result in worse coverage in the simulation area. Figure 3 shows one deployment example for Scenario 2 with A=1.2 (left) and A=1.5 (right). Here one operator deployment is illustrated to show coverage in Figure 3, where dark dot denotes the UEs in outage that cannot be associated to any gNB (circle in the figure). Our statistics show that around (~12%) UEs distributed in the simulation area lacks the coverage for each operator in A=1.5 case than A=1.2 case (~3%). Thus A=1.5 is not a good case as a reference scenario for NR-U design since NR-U is aiming to design an optimized network with good performance including both coverage and throughput. 
One of the main motivation for removing the inter-gNB dropping dependency and including scenario 2 was to realize a standalone deployment with full area coverage instead of a hotspot scenario. Given such an unrealistically large A, and the lack of full area coverage in the proposed deployment, neither scenario 1 or 2 relates to standalone deployments with full area coverage. 
[bookmark: _Ref521314263][image: ]  [image: ]
Figure 3 Illustration of one deployment example (Scenario 2, Op1, left: A=1.2; right: A=1.5).

Based on the discussions above, the following proposal is made:
[bookmark: _Toc513840269][bookmark: _Toc521678770]A=1.2 (ISD=240m) is adopted as NRU outdoor scenario.


Conclusion
In the previous sections we made the following observations for outdoor scenario: 
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.
Observation 2	Different Wi-Fi devices report widely different RSSI values under the same controlled environment.
Observation 3	Reported RSSI by Wi-Fi devices is verified to be not one absolute value but a relative value to at least noise floor/interference level.
Observation 4	RSSI measurement results at WiFi device should not be the reference to determine the ratio of serving cell receiving power below -72dBm.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A=1.2 (ISD=240m) is adopted as NRU outdoor scenario.
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