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1 Introduction
In RAN1 #95[1], the following agreements were made:
Agreement:
· Adopt the text proposals in R1-1814172
· Add the following to Section 8.3.1.4 in the TR:
· For the case where an NR-U network coexists with an 802.11ac network in the indoor scenario and a NR-U DL/UL switching gap less than 16 us, and NR-U UL data transmission after the gap with Category 1 channel access without any additional restrictions on duration other than the MCOT limits, one source has shown that there is a degradation to the throughput and VoIP outage performance of 802.11ac, while another source has shown that the throughput and VoIP outage performance of 802.11ac improves, when compared to the case where two 802.11ac networks coexist.
· Adopt the TP in R1-1814189









This contribution discusses the evaluation results of Wi-Fi/Wi-Fi, NR-U/Wi-Fi, and NR-U/NR-U coexistence performance in 5 GHz unlicensed spectrum with a standalone NR-U operation in the unlicensed band.
2 Coexisting Evaluation Results for Indoor
An important design objective for NR-U is to ensure fair coexistence within NR-based operations in the unlicensed band, and between NR-based operation in unlicensed and other incumbent RATs in the unlicensed band. This section provides the evaluation results for indoor, and demonstrates that standalone NR-U can provide fair coexistence with Wi-Fi, and that Wi-Fi performance can be improved under NR-U/Wi-Fi coexistence over the baseline Wi-Fi/Wi-Fi coexistence. 
Table 1 provides the indoor coexistence evaluation results with 20 MHz and FTP traffic type 3, wherein detailed simulation assumptions are provided in the additional comments of Table 1. Compared to our previous contribution [2] wherein NR-U operates in licensed-assisted mode, this paper investigates the performance of NR-U with standalone operation, wherein HARQ-ACK is reported by UE within a gNB-initiated channel occupancy time and is subject to a single-shot LBT for downlink transmission (vice versa for uplink transmission). In addition, Wi-Fi and NR-U consist both DL traffic and UL traffic with a 50/50 ratio, and the traffic arrival rate 𝜆 from Table 1 is in the unit of files per second. In addition, in order to achieve fairness in terms of channel access, both Wi-Fi and NR-U only perform omni-directional LBT regardless of the coexistence scenario when obtaining the results of Table 1.  
TABLE 1. Wi-Fi and NR-U coexistence evaluation with 20 MHz and FTP traffic for indoor scenario
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
WiFi+WiFi: 10%~25%
	Medium load
BO range for Wi-Fi in 
WiFi+WiFi: 35%~50%
	High load
BO range for Wi-Fi in 
WiFi+WiFi: above 55%

	
	
	Wi-Fi in
WiFi+
WiFi
	Wi-Fi in
WiFi+
NR-U
	NR-U in
WiFi+
NR-U
	NR-U in
NR-U+
NR-U
	Wi-Fi in
WiFi+
WiFi
	Wi-Fi in
WiFi+
NR-U
	NR-U in
WiFi+
NR-U
	NR-U in
NR-U+
NR-U
	Wi-Fi in
WiFi+
WiFi
	Wi-Fi in
WiFi+
NR-U
	NR-U in
WiFi+
NR-U
	NR-U in
NR-U+
NR-U

	
	DL: 
UPT CDF
[Mbps]
	5%
	2.077
	7.428
	3.913
	27.228
	0.103
	2.055
	3.618
	15.039
	0.04
	0.445
	0.489
	4.585

	
	
	50%
	30.508
	39.860
	57.480
	62.453
	12.735
	26.859
	30.833
	54.705
	1.62
	10.478
	19.738
	36.610

	
	
	95%
	52.927
	59.552
	73.986
	74.222
	49.774
	50.744
	73.890
	74.111
	33.656
	39.573
	64.428
	73.756

	
	
	Mean
	28.461
	35.759
	50.731
	58.430
	17.523
	26.134
	34.990
	51.536
	8.016
	14.519
	23.969
	37.710

	
	DL:
Delay CDF
[s]
	5%
	0.050
	0.050
	0.054
	0.054
	0.050
	0.050
	0.054
	0.054
	0.050
	0.050
	0.054
	0.054

	
	
	50%
	0.086
	0.051
	0.060
	0.055
	0.183
	0.103
	0.103
	0.067
	0.800
	0.238
	0.153
	0.117

	
	
	95%
	1.760
	0.787
	0.721
	0.231
	5.535
	1.416
	0.828
	0.295
	6.56
	3.855
	1.307
	0.755

	
	
	Mean
	0.362
	0.196
	0.152
	0.094
	1.060
	0.335
	0.204
	0.110
	1.809
	0.838
	0.345
	0.215

	
	UL:
UPT CDF
[Mbps]
	5%
	1.450
	2.653
	8.771
	25.772
	0.216
	0.691
	4.765
	10.176
	0.022
	0.456
	0.867
	6.928

	
	
	50%
	35.542
	39.872
	56.529
	61.682
	16.897
	21.304
	36.721
	49.928
	3.016
	9.430
	22.498
	30.962

	
	
	95%
	53.493
	53.380
	73.455
	73.376
	53.622
	53.191
	72.857
	73.449
	32.975
	39.982
	65.877
	73.422

	
	
	Mean
	30.904
	33.014
	50.577
	56.309
	20.958
	22.450
	37.671
	49.252
	9.049
	13.148
	26.109
	35.466

	
	UL:
Delay CDF
[s]
	5%
	0.050
	0.050
	0.054
	0.054
	0.050
	0.050
	0.054
	0.054
	0.050
	0.050
	0.054
	0.054

	
	
	50%
	0.070
	0.055
	0.068
	0.060
	0.132
	0.127
	0.103
	0.076
	0.805
	0.461
	0.164
	0.132

	
	
	95%
	2.165
	1.820
	0.448
	0.167
	5.584
	2.393
	0.734
	0.299
	5.748
	3.934
	1.50
	0.836

	
	
	Mean
	0.360
	0.300
	0.121
	0.096
	1.04
	0.530
	0.194
	0.124
	1.505
	0.965
	0.390
	0.237

	
	𝜌DL
	0.988
	0.976
	0.984
	1
	0.874
	0.952
	0.973
	0.991
	0.733
	0.856
	0.935
	0.995

	
	𝜌UL
	0.990
	0.992
	0.987
	1
	0.894
	0.951
	0.939
	0.99
	0.747
	0.885
	0.928
	0.989

	
	BO
	16.5%
	11.6%
	17.7%
	6.6%
	48.6%
	29.6%
	37.6%
	15.6%
	76%
	57.2%
	59.3%
	31.5%

	
	𝜆
	0.15
	0.22
	0.3

	
	
	Additional comments:
· TxOP assumption of Wi-Fi and NR-U:	4ms for both Wi-Fi and NR-U
· Is RTS/CTS enabled for Wi-Fi:	No
· PD/ED threshold assumptions:	For Wi-Fi, PDT = -82 dBm, EDT = -62 dBm; for NR-U EDT = -72 dBm
· Max modulation order supported in each technology:	256 QAM for both Wi-Fi and NR-U
· MIMO scheme and number of MIMO layers used for both technologies:	NR-U with array radiation pattern according to TR38.802 and max BF gain of 5 dBi; omni-directional for Wi-Fi
· WiFi MAC layer A-MPDU/A-MSDU aggregation level, MPDU size:	MPDU size = 3250 bytes by default, 1ms per MPDU 
· NR-U SCS:	30 kHz
· Wi-Fi guard interval:	0.8 us
· UE processing capability:	Capability #1
· NR PDSCH/PUSCH mapping type, PDCCH monitoring configuration:	Mapping type B in the starting slot of TxOP; per-symbol PDCCH monitoring for flexible starting position
· Link adaptation assumptions:	No fast link adaptation utilizing multiple switching points within COT for NR-U
· NR assumption on self-scheduling or cross carrier scheduling:	standalone operation with self-scheduling
· No Wi-Fi preamble enabled for NR-U




It can be observed from Table 1 that Wi-Fi will have better DL and UL throughput and delay performance when coexisting with a standalone NR-U network as opposed to coexisting with another Wi-Fi network, which can demonstrate that standalone NR-U is a friendly neighbor with Wi-Fi. In addition, Table 1 also demonstrates that the throughput and delay performance for standalone NR-U can be further improved under the NR-U/NR-U coexistence scenario compared to the Wi-Fi/NR-U coexistence scenario. 
Observation 1: Wi-Fi has better performance when coexisting with a standalone NR-U network as opposed to coexisting with another Wi-Fi network for indoor scenario. 
Observation 2: Standalone NR-U can coexist well with each other in unlicensed spectrum for indoor scenario.
3 Conclusions
This contribution considered the evaluation results for NR unlicensed system, and have made the following proposals and observations.
Observation 1: Wi-Fi has better performance when coexisting with a standalone NR-U network as opposed to coexisting with another Wi-Fi network for indoor scenario. 
Observation 2: Standalone NR-U can coexist well with each other in unlicensed spectrum for indoor scenario.
4 Appendix A
The additional simulation parameters for the evaluations in this contribution is provided by Table 2.

TABLE 2: Additional Default Simulation Parameters for FR1 NR-U
	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of users per operator
	5 per gNB/AP 

	SCS
	30 kHz 

	Channel Model
	NR InH Mixed Office model

	gNB Tx Power
	18 dBm (to compensate 5 dBi max BF gain for same EIRP as Wi-Fi) 

	AP Tx Power
	23 dBm 

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

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

	UE/STA antenna array configuration
	(M, N, P, Mg, Ng)  = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

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

	Energy detection threshold 
	-72 dBm for NR-U, -62 dBm for Wi-Fi

	UE receiver
	MMSE-IRC as the baseline receiver

	Traffic model
	[bookmark: _GoBack]FTP model 3 (36.889 Table A.1.1) 
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