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1 Introduction
In RAN1 #92, the following agreements were made regarding the network topology for sub-7 GHz evaluations ([1]):
Agreement:
The following network topologies are included in the evaluations:

· Indoor sub7GHz, choose one of the following options

· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)

· Option 3: Based on IEEE indoor enterprise model with modifications

· Outdoor sub7GHz

· NR dense urban scenario with two layers, but only consider the micro layer

· Randomly drop one micro layer per operator

This contribution discusses whether Option 1 and Option 2 of the Indoor 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 Option 1 and Option 2. It then presents the RSSI CDFs of enterprise Wi-Fi networks deployed in 5 GHz. The network data have been collected by Cisco, Boingo Wireless, HPE, CableLabs and Ericsson. 

It is observed that the RSSI CDFs of Option 1 and Option 2 are much higher than the RSSI CDFs of a majority of enterprise Wi-Fi networks presented in this contribution.

So, it is concluded that Option 1 and Option 2 alone are not sufficient for evaluating coexistence between NR-Unlicensed and Wi-Fi and that the sub-7 GHz network topologies must include at least one topology that has a an RSSI CDF which matches the majority of the deployed enterprise Wi-Fi networks.
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 Option 1 and Option 2 of Indoor sub-7 GHz
Option 1 consists of one floor of a 120 m × 50 m building. The building contains 12 Base Stations (BSs), 6 each on two parallel rows as shown in the diagram below ([2]). This configuration is also denoted as 6+6. 
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Option 2 is created by halving the density of BSs, so that there are 3 BSs on each of the two parallel rows. This configuration is also denoted as 3+3.
In order to generate the RSSI distribution, we follow the evaluation methodology specified for Indoor Hotspot in Table 8-2 of [2] (Configuration A, with carrier frequency changed from 4 GHz to 5 GHz).  For both Option 1 and Option 2, 10 UEs are randomly dropped per BS. Each UE associates with its best BS. The RSSI for each link is calculated using the InH_B model (Table A3-1 of [2]). The above procedure is repeated over 1000 drops to generate the RSSI distribution.

We distinguish the RSSI based on the nature of the link: 
1. Serving links i.e. the links between a UE and its associated BS. These are the links that carry a data session. 

2. Interfering links i.e. the links from nodes that perform CCA and parallel transmissions from which lead to interference to the serving links.
3. All i.e. serving and interfering links. 
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Observation 2: The RSSI CDF for Option 1 (6+6) is as follows:
1. Serving links: 12% of links are below -62dBm and 7% are below -72dBm

2. Interfering links: 35% of links are below -62dBm and 23% are below -72dBm. 

3. The CDF of serving + interfering links is similar to the CDF of interfering links. 

Observation 3: The RSSI CDF for Option 2 (3+3) is as follows:

1. Serving links: 16% of links are below -62dBm and 9% are below -72dBm

2. Interfering links: 38% of links are below -62dBm and 25% are below -72dBm. 

3. The CDF of serving + interfering links is similar to the CDF of interfering links. 

Observation 4: The RSSI CDFs for Option 1 and Option 2 are similar.
2.2 RSSI distribution of Wi-Fi networks deployed in 5 GHz
We present below the RSSI distributions for Wi-Fi networks deployed in 5 GHz from 4 different sources. The data has been collected by Cisco, Hewlett Packard Enterprise (HPE), Boingo Wireless and CableLabs 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 5: 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 Boingo: Indoor Wi-Fi network data from major North American airports handling 600 million customers annually
The following data [5] was collected by Boingo Wireless from Wi-Fi networks of large North American airports handling nearly 600 million customers annually. The networks were owned and operated by Boingo. The RSSI was measured at Indoor APs at 5 GHz for clients being served by the AP (i.e. serving links only). The data was measured over more than 6 months.
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Observation 6: In the Wi-Fi networks operated by Boingo Wireless in major North American airports serving 600 million customers annually, 32.8% of serving links have RSSI below -72dBm. 

2.2.3 HPE: Indoor Wi-Fi network data from Single Operator Enterprise Network
This section contains Wi-Fi network data provided by HPE [3] from a facility in San Francisco Bay Area that covers 430,000 ft2 (37,680 m2) with 2,800 employees and 203 APs.  Five sets of measurements were captured over periods of approximately 15 minutes from diagnostic tools located directly beneath and within 2-3m of ceiling-mounted 802.11ac Wave 1 APs operating on 5GHz 40MHz channels 36+, 44+, 52+, 108+, and 157+.
The data presented here are from optimized enterprise-grade networks that are planned, deployed and administered by a single entity and are relatively isolated from external interference.  So, these configurations are highly favourable for Wi-Fi and may not be representative of more challenging public or residential Wi-Fi deployments.
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Observation 7: In the Indoor Wi-Fi network deployed and administered by a single enterprise in the San Francisco Bay area covering 430,000 ft2 (37,680 m2) with 2,800 employees and 203 APs, 20% of serving links and 60% of interfering links have RSSI below -72dBm. 

2.2.4 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 8: 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. 

2.2.5 CableLabs: Outdoor Wi-Fi network data from 13000 APs operated by multiple Cable service providers
This section contains data provided by CableLabs [4] that was collected from Wi-Fi networks at 5 GHz operated by multiple cable service providers. It consists of 1 million measurement samples collected from 13,000 outdoor APs over multiple days. The RSSI values were obtained for both DL and UL data transmissions, and not from control messages.
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Observation 9: In the outdoor Wi-Fi network data collected over 1 million samples and 13000 APs operated by multiple cable service providers, 80% of Downlink and 90% of Uplink serving + interfering links are below -72dBm.

2.2.6 Cisco: Wi-Fi network data from small enterprise deployments

The following data was collected by Cisco in January 2018 from snapshots of 995000 clients from 1700 small enterprise Wi-Fi networks. In the pie chart below, a bucket of type 5 GHz – 100 corresponds to serving link RSSIs between -100dBm and -92dBm.  
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Observation 10: In the small enterprise Wi-Fi network data collected by Cisco over approximately 1 million samples and 1700 small enterprises, 13% of serving links are below -72dBm and 37% of serving links are below -62dBm.
2.2.7 Ericsson: Indoor Wi-Fi network data from Single Operator Enterprise Network
The following data [6] was collected by Ericsson from an Indoor enterprise Wi-Fi network spanning 218,000 ft2 / 20,250 m2, consisting of a maximum of 500 concurrent associated clients. The data was measured over 7 days.
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Observation 11: In the Indoor enterprise Wi-Fi network data collected by Ericsson, 0% of DL RSSIs and 4-5% of UL RSSIs are below -72dBm.

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

The data collected by Cisco, Boingo Wireless and HPE show that between 13% 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 RSSI CDFs than the more challenging public or residential Wi-Fi deployments.
The data collected by CableLabs presents the CDF over both serving and interfering links and shows that 80% of Downlink and 90% of Uplink serving + interfering links are below -72dBm.
The data collected by Ericsson shows that 0% of DL and 4-5% of UL RSSI are below -72dBm. 

In view of the above, it is proposed that the RSSI CDF of the 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 majority of the deployed enterprise Wi-Fi networks.   

However, the RSSI CDFs of Option 1 and Option 2 of the Indoor sub-7 GHz network topology are much higher than the RSSI CDFs of a majority of deployed Wi-Fi networks presented in this contribution. Hence, Option 1 and Option 2 are not suitable for evaluating coexistence between NR-Unlicensed and Wi-Fi, especially if these are the only topologies used for evaluating such coexistence. 
Observation 12: The RSSI CDFs of Option 1 and Option 2 of the Indoor sub-7 GHz network topology adopted from the Indoor Hotspot topology in 3GPP TR 38.802 are much higher than the RSSI CDFs of a majority of deployed enterprise Wi-Fi networks presented in this contribution.

Conclusion 1: Option 1 and Option 2 are not suitable for evaluating coexistence between NR-Unlicensed and Wi-Fi, especially if these are the only topologies used for evaluating such coexistence. 
Proposal 1: The RSSI CDF of the 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 the majority of the 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 Option 1 (6+6) is as follows:

1.
Serving links: 12% of links are below -62dBm and 7% are below -72dBm

2.
Interfering links: 35% of links are below -62dBm and 23% are below -72dBm. 

3.
The CDF of serving + interfering links is similar to the CDF of interfering links. 

Observation 3: The RSSI CDF for Option 2 is as follows:

1.
Serving links: 16% of links are below -62dBm and 9% are below -72dBm

2.
Interfering links: 38% of links are below -62dBm and 25% are below -72dBm. 

3.
The CDF of serving + interfering links is similar to the CDF of interfering links. 

Observation 4: The RSSI CDF for Option 1 and Option 2 are similar.

Observation 5: 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 6: In the Wi-Fi networks operated by Boingo Wireless in major North American airports serving 600 million customers annually, 32.8% of serving links have RSSI below -72dBm. 

Observation 7: In the Indoor Wi-Fi network deployed and administered by a single enterprise in the San Francisco Bay area covering 430,000 ft2 (37,680 m2) with 2,800 employees and 203 APs, 20% of serving links and 60% of interfering links have RSSI below -72dBm. 

Observation 8: 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 9: In the outdoor Wi-Fi network data collected over 1 million samples and 13000 APs operated by multiple cable service providers, 80% of Downlink and 90% of Uplink serving + interfering links are below -72dBm.
Observation 10: In the small enterprise Wi-Fi network data collected by Cisco over approximately 1 million samples and 1700 small enterprises, 13% of serving links are below -72dBm and 37% of serving links are below -62dBm.

Observation 11: In the Indoor enterprise Wi-Fi network data collected by Ericsson, 0% of DL RSSIs and 4-5% of UL RSSIs are below -72dBm.

Observation 12: The RSSI CDFs of Option 1 and Option 2 of the Indoor sub-7 GHz network topology adopted from the Indoor Hotspot topology in 3GPP TR 38.802 are much higher than the RSSI CDFs of a majority of deployed enterprise Wi-Fi networks presented in this contribution.

Conclusion 1: Option 1 and Option 2 are not suitable for evaluating coexistence between NR-Unlicensed and Wi-Fi, especially if these are the only topologies used for evaluating such coexistence. 

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