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1 Introduction

In RAN1 #94 meeting [1], the following agreements on simulation methodology for NR-U operation were made:

Agreement:

· The base metrics for NR-U evaluation are the same as in LTE-LAA in TR 36.889.
· For coexistence evaluations below 7GHz, for parameters not covered by previous agreements, the evaluations assumptions specified for LTE (e)LAA coexistence evaluations apply.

· For example, the minimum distance between a small cell and a UE, and between two UEs is three meters.
· For coexistence evaluation, Wi-Fi+Wi-Fi, Wi-Fi+NR-U and NR-U+NR-U evaluations are baseline with equal priority.

Based on the above agreements, in this document we provide the coexistence results between NRU and 802.11ac in indoor scenario assuming simultaneous DL and UL traffic and with different SCS. 
2 Coexistence performance for DL+UL NR-U and Wi-Fi in indoor scenarios
In this section, 2-operator scenario is assumed. It is regarded as fair coexistence if the UPT of Wi-Fi operator is not degraded when the coexisting operator is replaced with NRU.  The simulation assumptions for indoor scenarios conform to the agreements in the previous meetings, as listed in Appendix A. For Wi-Fi networks, we evaluate with 802.11ac system, the detail simulation assumption is listed in Appendix B. The coexistence are evaluated when two operators deploy Wi-Fi or NRU on the same 20MHz CC in SA mode. Buffer occupancy BO=10%, 30% and 65% represent light, medium, and high traffic load, respectively. Each STA/UE has 50% DL traffic and 50% UL traffic. Typical configurations for processing delay agreed in RAN4 are adopted, including HARQ-feedback delay and UL grant delay. The UL Buffer report latency is not taken into account.  For control and RS overhead, only the front-loaded DMRS is considered. CCA-ED for NRU is -72dBm, and CCA-ED=-62dBm, CCA-CS = -82dBm for Wi-Fi. For DL transmission, multiple starting point with 2OS mini-slot is used for 15 kHz SCS, and with 7OS mini-slot for 30 kHz and 60 kHz SCS.
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Figure 1. Average UPT(Mbps) performance for NR-U/Wi-Fi coexistence in indoor scenario
It is observed in figure 1 that when the coexisting operator is changed from Wi-Fi to NR-U, rather than being degraded, the DL and UL UPT of Wi-Fi operator is increased in all SCS assumptions. The major reasons that make NR-U system a good neighbor to Wi-Fi system are summarized as below:

· Wi-Fi transmitters uses packet detection with threshold of -82dbm for coexisting with ongoing Wi-Fi transmission while using  energy detection with threshold of -62dbm for coexisting with ongoing NR-U transmission which increases the probability of channel access for Wi-Fi nodes when coexisting with NRU nodes.

· NR-U has better spectrum efficiency than 802.11ac which will result in less time occupancy to transmit same amount of traffic than 802.11ac. It gives more opportunities for Wi-Fi system to access the medium.

· NR-U is a scheduled system as compared to Wi-Fi system which will reduce the number of contending nodes within the cell, while Wi-Fi uses DCF coordination to access the channel both in AP and STA nodes. 

From the above results, we found that the DL performance is poorer than UL for Wi-Fi system in indoor scenario, the reason is that the concurrent transmission probability of UL is higher than DL since AP nodes are located in the center of the room, while STA nodes are randomly dropped in the area of entire room and have 5dBm lower TX power. For NR-U system, the DL performance is better than UL is because UL transmission is scheduled by gNB in unlicensed band, and UE needs to do cat2/4 LBT for UL transmission which reduce the opportunities for NR-U UL transmission. 60 kHz SCS has better UL performance than 15 kHz and 30 kHz SCS due to shorter slot duration leading to more opportunities for UL transmission. 
Observation 1: In indoor scenario with symmetric DL+UL traffic at low, medium and high traffic loads in 20 MHz channel, evaluations of user perceived throughput show that NR-U ensures fair coexistence with 802.11ac when NR-U uses 15 kHz, 30 kHz or 60 kHz subcarrier spacing.

3 Conclusion
In this contribution, we made the following observation and proposals from the results of indoor/outdoor coexistence evaluation for NR-U and Wi-Fi: 
Observation 1: In indoor scenario with symmetric DL+UL traffic at low, medium and high traffic loads in 20 MHz channel, evaluations of user perceived throughput show that NR-U ensures fair coexistence with 802.11ac when NR-U uses 15 kHz, 30 kHz or 60 kHz subcarrier spacing.
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Appendix A
Table A: Summary of simulation assumptions for indoor Sub-7GHz
	Parameters
	Indoor Sub-7GHz

	Layout for nodes
	Layout dimensions: 120mx80m
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a=20 meters, b=40 meters, c=20 meters, and d=40 meters

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR InH Mixed Office model

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

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

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

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

	UE receiver
	MMSE-IRC as the baseline receiver

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability


Appendix B
Table c: Summary of simulation assumptions for 802.11ac
	Parameters
	Value

	MCS
	802.11ac MCS without 256QAM

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	MCOT
	4 ms

	Channel Model
	NR UMi street canyon

	AP Tx Power
	23dBm 

	STA Tx Power
	18dBm 

	MAC
	Coordination
	DCF

	
	SIFS/DIFS
	16us/34us

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	No

	
	Contention
	Per DCF

	CCA-CS
	-82dbm and preamble decoding

	CCA-ED
	-62dbm

	OFDM symbol length 
	4 us


