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Introduction
[bookmark: _Hlk510705081]This contribution evaluates coexistence between different types of system and presents simulation results in an outdoor scenario with NR-U sharing the channel with a Fixed Wireless Access (FWA) system. This is based on contribution presented to ETSI BRAN in [1]. The evaluated coexistence mechanisms for the NR-U system are beamforming with quasi-omni and directional Listen-Before-Talk (LBT), and no-LBT and with different antenna and beamforming gains. 
Discussion
Scenario and parameter descriptions
The outdoor scenario definition is based on 3GPP Urban Micro Street Canyon as described in [2] while the FWA system is based on an example scenario as described in [3]. These two are overlaid on the same simulation dropping area.
The overview picture is shown in Figure 1, and the technical 3GPP UMi scenario in Figure 2.
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Figure 1. Illustration of the simulation scenario. The baseline fixed wireless access illustration is from [3] with additional elements showing the NR-U system.
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Figure 2: 3GPP Urban Micro Street Canyon scenario [2] with the simulation dropping area. The illustration is showing example beam configurations for the base station transmitters.
The simulation area represents a single street with both NR-U and FWA systems deployed (100m x 20m area). The NR-U gNB is mounted in the corner of the area x = y = 0m, at z = 10m height, and is serving 5 UEs on the street level z = 1.5m. The FWA AP is mounted on a light post in the middle of the street y = 10m at z = 5m, and is serving a single housing unit at balcony/window at z = 3, 6, or 9m. The housing units may be at either side of the street (y = 0 or 20m); the FWA AP antenna panel is pointed at the north or south side wall depending on the client position, and uses beam steering at both link ends. The positions of the FWA AP and housing units are randomized along the street (x = 0 to 100m). Otherwise the main simulation parameters are shown in Table 1.
Table 1: Main simulation parameters
	Parameter
	Value

	Simulation area
	100 x 20 meters

	gNB TX power at antenna ports
	20 and 27 dBm

	gNB antenna panel configuration
	1. 4x8 elements, 5 dBi element gain
20 dBi total antenna gain
1. 2x4 elements, 4 dBi element gain
13 dBi total antenna gain
Optimized mechanical downtilt and beam pattern

	gNB TX power EIRP
	40 dBm

	UE TX power at antenna ports
	14 dBm

	UE antenna panel configuration
	2x2 elements, 5 dBi element gain
Back-to-back panels, best panel selection 

	UE TX power EIRP
	25 dBm

	FWA AP and housing unit TX power at antenna ports
	20 dBm

	FWA AP and housing unit antenna panel configuration
	4x8 elements, 5 dBi element gain
20 dBi total antenna gain

	FWA AP and housing unit TX power EIRP
	40 dBm

	Traffic model
	FTP model 3, packet size 27 MB, varying arrival rate
50:50 DL:UL split

	LBT energy detection threshold
	-48 dBm at antenna ports

	LBT modes for NR-U system
	1) No LBT
2) Quasi-omni LBT at gNB, 5 ms COT (no UE LBT)
3) Directional LBT at gNB, 5 ms COT (no UE LBT)



The simulation campaign compares different LBT modes and two beamforming options (13 and 20 dBi gain) as the mechanism to coexist with the FWA system.
Simulation results
The FTP3 packet arrival rates are set to achieve low, medium, and high load points, which correspond to roughly ~20%, ~45%, and ~70% buffer occupancy. Different arrival rates are used for the NR-U system and the FWA systems. Median and 5th percentile point throughput per finished FTP3 packet are reported.
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Figure 3. FWA system DL (top) and UL (bottom) median (left) and 5th percentile (right) throughput 
with different NR-U gNB antenna panel configurations and LBT modes
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Figure 4. NR-U system DL (top) and UL (bottom) median (left) and 5th percentile (right) throughput 
with different NR-U gNB antenna panel configurations and LBT modes
The simulation results show that both systems achieve the best performance when the other system is not present at all.
Regarding the FWA system performance, there is almost no difference between the LBT mode and antenna gain that the NR-U system employs. Some more impact can be observed on the 13 dBi antenna gain case, compared to 20 dBi case, but even then it seems the use of LBT or no-LBT is irrelevant.
Regarding the NR-U system performance, using LBT results always in worse performance than no-LBT.
Observation: For outdoor deployments, 13 dBi antenna gain without additional LBT results in reasonable coexistence between systems.
Conclusion
[bookmark: _Hlk67402846]A mixed 3GPP outdoor / fixed wireless access scenario was simulated with NR-U and FWA systems sharing the same channel. The coexistence mechanism used by NR-U in the simulations was LBT in different forms, and beamforming with different gNB panel configurations (13 and 20 dBi gain).
Based on the results presented in this document, no-LBT would provide at least similar coexistence as typical LBT implementations, if the initiating device has at least 13 dBi antenna and beamforming gain.
Observation: For outdoor deployments, 13 dBi antenna gain without additional LBT results in reasonable coexistence between systems.
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Figure 30: Potential Interference Scenario
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