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1 Introduction
In RAN1 #92bis, the following agreements were made regarding the network topology for sub-7 GHz Outdoor evaluations ([1]):
Agreement:
· For sub7 outdoor simulation evaluation:

· Select one of the following for the Outdoor sub-7 GHz scenario

· Alt 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum dibstance between gNBs as in NR

· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)

· Independent dropping between two operators

· Use the NR current [57.9] meters intra-operator minimum distance

· Use [10] meters as the inter-operator minimum distance

· UE randomly dropped within [28.9] meters within the serving cell

· Alt 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1

· Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 

· The minimum inter-gNB distance is [10] meters

· Within each hot-spot, drop UE within [28.9] meters from the hot-spot center

· Parameters: Use the indoor sub7 table as baseline, with further fine tunes possible

This contribution discusses whether Alternative 1 and/or Alternative 2 of the Outdoor sub-7 GHz network topology are suitable for evaluating coexistence in 5 GHz between NR-Unlicensed and Wi-Fi. 
The RSSI CDF of the serving and interfering links of a network is an important metric to compare network topologies. The RSSI CDF of the serving links characterize the distribution of the active data bearing links in the network. The RSSI CDF of the interfering links characterize the distribution of the interferers which would be the nodes that perform Clear Channel Assessment (CCA).

The contribution first evaluates the RSSI CDF of the serving and interfering links in Alternative 1 and Alternative 2. It then presents the RSSI CDFs of outdoor enterprise Wi-Fi networks deployed in 5 GHz. The network data have been collected by Cisco and HPE. 

It is observed that the RSSI CDFs of Alternative 1 and Alternative 2 with the initial baseline parameters as discussed in RAN1#92bis are very different from than the RSSI CDFs of the enterprise Wi-Fi networks presented in this contribution.

So, it is concluded that Alternative 1 and Alternative 2 with the initial baseline parameters are not sufficient for evaluating coexistence between NR-Unlicensed and Wi-Fi and that the outdoor sub-7 GHz network topologies must include at least one topology that has a an RSSI CDF which matches typical deployed enterprise Wi-Fi networks.
The contribution also evaluates modifications to some of the parameters in Alternative 1 and Alternative 2. However, the serving RSSI levels in both the alternatives still remain very different from those seen in the deployed outdoor Wi-Fi networks presented in this contribution.  
Observation 1: The RSSI CDF of the serving links characterize the distribution of the active data bearing links in the network. The RSSI CDF of the interfering links characterize the distribution of the interferers which would be the nodes that perform Clear Channel Assessment (CCA). For these reasons, the RSSI CDFs are an important metric for comparing network topologies.
2 Discussion

2.1 RSSI distribution of links in Alternative 1 and Alternative 2 of Outdoor sub-7 GHz
The common parameters used for the evaluations are as below:

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz

	Number of carriers
	1

	Number of users per operator
	10 per gNB

	gNB/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	gNB/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	Minimum received power from serving cell for UE dropping
	-82dBm

	gNB/AP height
	10m

	UE height
	1.5m

	gNB/AP to UE pathloss model
gNB/AP to gNB/AP pathloss model
	3D-UMi


2.1.1 Alternative 1 with initial baseline distance parameters
Salient parameters are as follows:

· Number of micro cells per operator per macro cell = 1 

· Inter-operator minimum distance for micro cells = 10m
· Intra-operator minimum distance for micro cells = 57.9m
· UE dropping radius around the serving micro cell = 28.9m
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2.1.2 Alternative 2 with initial baseline distance parameters

Salient parameters are as follows:

· Number of hotspots per macro cell = 1 

· Number of micro cells per operator per hotspot = 1

· Micro cell dropping radius around hotspot centre = 10m

· Inter-operator minimum distance for micro cells = 5m

· Intra-operator minimum distance for micro cells = 57.9m

· UE dropping radius around hotspot centre = 28.9m
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2.1.3 Alternative 1 with modified parameters

The distance parameters in Alternative 1 were modified as follows:

· Inter-operator minimum distance for micro cells = 30m

· Intra-operator minimum distance for micro cells = 150m

· UE dropping radius around the serving micro cell = 100m
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2.1.4 Alternative 2 with modified parameters

The distance parameters in Alternative 2 were modified as follows:

· Inter-operator minimum distance for micro cells = 30m

· Intra-operator minimum distance for micro cells = 150m

· Micro cell dropping radius around hotspot centre = 50m

· UE dropping radius around hotspot centre = 100m
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Observation 2: The RSSI CDF for Alternative 1 or Alternative 2 with the initial baseline distance parameters is as follows:
1. Serving links: 2% of links are below -62dBm and 1% are below -72dBm.
2. Interfering links: 98% of links are below -62dBm, 92% are below -72dBm and 89% are below -82 dBm
Observation 3: The RSSI CDF for Alternative 1 or Alternative 2 with the modified distance parameters is as follows:
1. Serving links: 24% of links are below -62dBm and 13% are below -72dBm.
2. Interfering links: 96% of links are below -62dBm, 94% are below -72dBm and 90% are below -82 dBm

Observation 4: The RSSI CDFs for Alternative 1 and Alternative 2 are similar as long as the same dropping radius for UEs and intra/inter minimum distances are used. 
Observation 5: The serving links are extremely strong for both Alternative 1 and Alternative 2; with both initial baseline as well as modified distance parameters.
Observation 6: The strength of the serving links expectedly reduces as the UE dropping radius is increased. However, even with a UE dropping radius of 100m which is significant compared to the macro inter-site distance of 200m, the serving links are strong.
Observation 7: The interfering links are extremely poor for both Alternative 1 and Alternative 2; with both initial baseline as well as modified distance parameters. This means LBT is more or less irrelevant in the given configurations with the used parameters.
2.2 RSSI distribution of outdoor Wi-Fi networks deployed in 5 GHz
We present below the RSSI distributions for Wi-Fi networks deployed in 5 GHz from two different sources. The data has been collected by Cisco and Hewlett Packard Enterprise (HPE) respectively.

2.2.1 Cisco: Wi-Fi network data from a North American university

The following data was collected by Cisco from a Wi-Fi network of a North American university (identity confidential) with 500 APs and a maximum of 3000 clients. The data was measured over 6 weeks, by collecting the RSSI of all clients served by the APs i.e. the RSSI of only the serving links.  The diagram plots the percentage of serving links lower than -70dBm.
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Observation 8: In the Wi-Fi network of a North American university with 500 APs, over a 6 week measurement period, between 30% and 73% of serving links were below -70dBm with a median of 50% of serving links below -70dBm.
2.2.2 HPE: Outdoor Wi-Fi network data from Single Operator Stadium Network
This section contains Wi-Fi network data provided by HPE [3] from the Levi’s Stadium in Santa Clara, California during the USA vs. Colombia match of the Copa America Centenario soccer tournament on 3 June 2016.  The stadium has a seating capacity of 68,500 and was 98.5% full with attendance of 67,439.  Three sets of measurements were captured over periods of 10 to 17 minutes at midfield locations on three different levels from diagnostic tools located directly above and within 1m of underseat-mounted 802.11ac Wave 1 APs operating on 5GHz 20MHz channels 157, 161, and 149.
[image: image6.emf]
Observation 9: In the Wi-Fi network deployed and administered by a single entity in the Levi’s Stadium in Santa Clara, California which has a seating capacity of 68500 and was measured during an event when it was 98.5% full, 60% of serving links and 95% of interfering links have RSSI below -72dBm. 

2.3 Conclusion
This contribution presented the RSSI CDFs of outdoor deployed Wi-Fi networks collected by Cisco, and HPE. 

The data collected by Cisco and HPE show that between 30% and 73% of serving link RSSIs are below -72dBm. In all cases, the deployed Wi-Fi network data represent networks optimized and managed by a single entity which are relatively free from any external interference. These network configurations are highly favourable for Wi-Fi and are expected to have higher serving RSSI CDFs than the more challenging public or residential Wi-Fi deployments.
In view of the above, it is proposed that the RSSI CDF of the outdoor sub-7 GHz network topologies used to evaluate coexistence between NR-Unlicensed and Wi-Fi must include at least one topology that has an RSSI CDF which matches the deployed enterprise Wi-Fi networks.   

However, the serving RSSI CDFs of Alternative 1 and Alternative 2 of the Indoor sub-7 GHz network topology with two very different sets of distance parameters are much higher than the RSSI CDFs of both the Wi-Fi networks presented in this contribution. 
Hence, Alternative 1 or Alternative 2 need further investigation and modification before they can be used for evaluating coexistence between NR-Unlicensed and Wi-Fi, especially if these are the only topologies used for evaluating such coexistence. 
Observation 10: The serving RSSI CDFs of the Alternative 1 and Alternative 2 of the outdoor sub-7 GHz network topology adopted from the Dense Urban topology in 3GPP TR 38.802 are significantly higher than the serving RSSI CDFs of the deployed outdoor enterprise Wi-Fi networks presented in this contribution.

Proposal 1: The outdoor sub-7 GHz network topologies for evaluating coexistence between NR-Unlicensed and Wi-Fi must include at least one topology that has an RSSI CDF which matches typical outdoor deployed enterprise Wi-Fi networks.  
3 Observations and Conclusions
Observation 1: The RSSI CDF of the serving links characterize the distribution of the active data bearing links in the network. The RSSI CDF of the interfering links characterize the distribution of the interferers including the distribution of links that perform Clear Channel Assessment (CCA). For these reasons, the RSSI CDFs are an important metric for comparing network topologies.
Observation 2: The RSSI CDF for Alternative 1 or Alternative 2 with the initial baseline distance parameters is as follows:

1. Serving links: 2% of links are below -62dBm and 1% are below -72dBm.

2. Interfering links: 98% of links are below -62dBm, 92% are below -72dBm and 89% are below -82 dBm

Observation 3: The RSSI CDF for Alternative 1 or Alternative 2 with the modified distance parameters is as follows:

1. Serving links: 24% of links are below -62dBm and 13% are below -72dBm.

2. Interfering links: 96% of links are below -62dBm, 94% are below -72dBm and 90% are below -82 dBm
Observation 4: The RSSI CDFs for Alternative 1 and Alternative 2 are similar as long as the same dropping radius for UEs and intra/inter minimum distances are used. 

Observation 5: The serving links are extremely strong for both Alternative 1 and Alternative 2; with both initial baseline as well as modified distance parameters.

Observation 6: The strength of the serving links expectedly reduces as the UE dropping radius is increased. However, even with a UE dropping radius of 100m which is significant compared to the macro inter-site distance of 200m, the serving links are strong.
Observation 7: The interfering links are extremely poor for both Alternative 1 and Alternative 2; with both initial baseline as well as modified distance parameters. This means LBT is more or less irrelevant in the given configurations with the used parameters.
Observation 8: In the Wi-Fi network of a North American university with 500 APs, over a 6 week measurement period, between 30% and 73% of serving links were below -70dBm with a median of 50% of serving links below -70dBm.
Observation 9: In the Wi-Fi network deployed and administered by a single entity in the Levi’s Stadium in Santa Clara, California which has a seating capacity of 68500 and was measured during an event when it was 98.5% full, 60% of serving links and 95% of interfering links have RSSI below -72dBm. 

Observation 10: The serving RSSI CDFs of the Alternative 1 and Alternative 2 of the outdoor sub-7 GHz network topology adopted from the Dense Urban topology in 3GPP TR 38.802 are significantly higher than the serving RSSI CDFs of the deployed outdoor enterprise Wi-Fi networks presented in this contribution.

Proposal 1: The outdoor sub-7 GHz network topologies for evaluating coexistence between NR-Unlicensed and Wi-Fi must include at least one topology that has an RSSI CDF which matches typical deployed outdoor enterprise Wi-Fi networks.  
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