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Introduction 
In RAN#77 a new SI [1] for NR based access to unlicensed spectrum was approved which was then revised in RAN#80 [2]. The objectives of the SI include the following:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands below 7GHz
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 6GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
In the previous RAN1 meetings, three different simulation scenarios for NR-U were agreed, namely indoor scenario, outdoor scenario 1, and outdoor scenario 2. The details of these simulation scenarios can be found in the chairman notes of the RAN1 meeting #92b, #93, #94, #94bis [3-6] as well as in [8]. In this contribution we present the coexistence evaluation results for all three scenarios. 
Coexistence evaluation Results for NR-Unlicensed
[bookmark: _Ref513817556]Parameter assumptions for indoor and outdoor scenarios with Sub-7GHz
It was agreed in RAN1#93 to have one indoor scenario and two scenarios for outdoor scenario simulations. The traffic model details of the indoor scenario are given at Table A.1.1 in [8], and for the outdoor scenario are given in Table A.1.2 in [8]. The performance metrics presented are User Perceived Throughput (UPT) CDF, Latency CDF, Average buffer occupancy (BO), and Ratio of mean served cell throughput and offered cell throughput independently for DL and for UL denoted by 𝜌. 
Coexistence evaluation is performed for low, medium and high input loads for DL+UL scenarios with the following parameters:
	Parameter
	Value

	MCOT
	5.5 ms for both Wi-Fi and NR-U

	NRU SCS
	30 KHz

	BW
	20 MHz (single carrier)

	Fc
	5 GHz

	Wi-Fi OP ED threshold
	-62 dBm. Also -72dBm for 6GHz.

	Wi-Fi Header decoding threshold
	-82 dBm (both OPs)

	NR-U OP ED threshold
	-72 dBm

	Tx x Rx
	2 x 2

	FTP file size 
	0.5 MB

	Wi-Fi RTS- CTS
	Enabled for 5GHz results. Disabled for 6GHz results. 

	DMRS overhead
	1 symbol

	PDCCH monitoring
	4 times per slot (0.5ms slot size)

	Num Symbols for Ack/CQI feedback 
	1 symbol (SCS of 30KHz)

	Wi-Fi GI
	short for indoor, long for outdoor

	Modulation
	256 QAM enabled

	NRU DRS model
	Duration 250us, Period 40ms

	Traffic Pattern
	50%DL and 50%UL

	Wi-Fi Version
	802.11ac



Additionally, we assume that no LBT is required for UL/DL switches for control transmission (ACK/CQI/PDCCH) in NR-U operation. DRS transmission for NRU/ beacon transmission for Wi-Fi has also been modelled. Additional simulation assumptions are provided in the results tables.
Co-Existence Evaluation Results
We provide the results for 2 types of TxOP structures. In the first type, we assume CSI exchange/ACK feedback happens periodically within a TxOP, once every 2ms. In the second type, periodic CSI exchange/ACK within the TxOP is disabled, but a CSI exchange happens at beginning of the TxOP as described in [7], and gets applied with a realistic delay. For the initial portion of the TxOP, CSI from the previous TXOP is used. Hence, the first type has multiple switching points for CSI exchange, ACK feedback/ UL grant update etc. The second type has two switching points. In DL centric TxOP, the first is for CSI exchange, and second for ACK. In case of UL centric TxOP the multiple switch points enable gNB to change the MCS for the allocated UEs.
TxOP with multiple switching points
In the Tables 1-3 below, we provide the coexistence evaluation results for the three agreed scenarios with multiple switching points within a TxOP enabled. We see from the results that in all three scenarios, for all the metrics, Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi.
Table 1: Indoor Scenario
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	31.00
	36.97
	67.65
	80.12
	3.56
	17.46
	42.46
	70.49
	0.12
	3.16
	28.4
	61.97

	
	
	50%
	70.47
	81.84
	129.98
	146.32
	42.25
	59.81
	96.86
	132.4
	30.03
	48.11
	75.5
	123.69

	
	
	95%
	109.34
	126.11
	160.27
	167.33
	81.53
	103.99
	144.27
	162.31
	67.07
	96.02
	135.97
	158.18

	
	
	Mean
	70.45
	80.54
	124.22
	138.4
	43.61
	61.02
	95.74
	126.42
	30.79
	49.75
	78.81
	119.78

	
	DL
Delay CDF
[s]
	5%
	0.028
	0.024
	0.02
	0.02
	0.031
	0.029
	0.021
	0.02
	0.04
	0.03
	0.022
	0.021

	
	
	50%
	0.061
	0.051
	0.028
	0.026
	0.123
	0.074
	0.043
	0.028
	0.198
	0.098
	0.058
	0.03

	
	
	95%
	0.25
	0.197
	0.117
	0.064
	2.287
	0.544
	0.263
	0.088
	54.959
	1.929
	0.54
	0.107

	
	
	Mean
	0.092
	0.074
	0.044
	0.032
	3.348
	0.819
	0.083
	0.039
	10.506
	5.201
	0.165
	0.044

	
	UL
UPT CDF
[Mbps]
	5%
	17.13
	20.95
	41.54
	50.06
	0.39
	9.6
	22.67
	38.81
	0.03
	0.1
	10.98
	33.44

	
	
	50%
	62.13
	69.72
	112.84
	131.13
	33.93
	49.09
	73.86
	112.6
	24.07
	37.17
	52.94
	100.38

	
	
	95%
	103.57
	117.82
	150.09
	160.99
	73.5
	95.04
	129.4
	148.55
	61.69
	88.23
	113.94
	140.78

	
	
	Mean
	61.52
	70.21
	107.6
	121.67
	36.78
	50.85
	73.52
	105.14
	26.02
	41.08
	56.19
	96.02

	
	UL
Delay CDF
[s]
	5%
	0.029
	0.026
	0.021
	0.021
	0.034
	0.03
	0.021
	0.021
	0.042
	0.032
	0.022
	0.021

	
	
	50%
	0.074
	0.063
	0.034
	0.029
	0.162
	0.1
	0.073
	0.036
	0.254
	0.13
	0.115
	0.043

	
	
	95%
	0.411
	0.307
	0.196
	0.108
	7.523
	1.026
	0.615
	0.179
	108.027
	3.7
	1.417
	0.24

	
	
	Mean
	0.131
	0.103
	0.063
	0.043
	7.214
	1.713
	0.169
	0.061
	16.787
	8.03
	0.378
	0.076

	
	𝜌DL
	1.00
	1.00
	1.00
	1.00
	0.99
	1.00
	1.00
	1.00
	0.97
	0.98
	1.00
	1.00

	
	𝜌UL
	1.00
	0.99
	1.00
	1.00
	0.98
	1.00
	1.00
	1.00
	0.94
	0.98
	1.00
	0.99

	
	BO
	0.17
	0.14
	0.09
	0.06
	0.50
	0.36
	0.26
	0.13
	0.70
	0.52
	0.41
	0.18

	
	𝜆
	1.5 Mbps
	2.5 Mbps
	3.0 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS enabled, ED/PD threshold -62/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval short, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. Switching points with no LBT every 2ms for CSI feedback, UL grant update. 



Table 2: Outdoor Scenario 1
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	22.15
	26.85
	65.59
	80.74
	10.8
	13.69
	39.89
	73.09
	1.48
	1.96
	25.17
	67.11

	
	
	50%
	58.38
	69.04
	119.83
	139.14
	42.64
	53.74
	97.39
	132.23
	28.99
	34.27
	69.27
	123.92

	
	
	95%
	92.06
	100.73
	146.38
	159.23
	71.86
	86.45
	135.37
	155.23
	55.1
	66.48
	113.51
	149.93

	
	
	Mean
	57.8
	67.65
	115.46
	133.23
	42.17
	52.03
	93.96
	126.75
	29
	35.01
	69.36
	119.08

	
	DL
Delay CDF
[s]
	5%
	0.03
	0.029
	0.021
	0.021
	0.036
	0.034
	0.022
	0.021
	0.043
	0.039
	0.024
	0.021

	
	
	50%
	0.079
	0.062
	0.031
	0.026
	0.126
	0.09
	0.043
	0.028
	0.213
	0.155
	0.067
	0.03

	
	
	95%
	0.414
	0.305
	0.135
	0.072
	1.049
	0.711
	0.25
	0.085
	16.009
	3.592
	0.504
	0.102

	
	
	Mean
	0.148
	0.103
	0.05
	0.034
	0.99
	0.928
	0.081
	0.038
	6.301
	5.514
	0.156
	0.042

	
	UL
UPT CDF
[Mbps]
	5%
	10.66
	15.32
	34.56
	45.84
	4.6
	6.85
	18.88
	40.08
	0.04
	0.1
	7.78
	34.84

	
	
	50%
	47.54
	53.83
	93.96
	116.77
	29.75
	35.74
	66.55
	105.77
	18.6
	20.98
	36.26
	94.6

	
	
	95%
	73.16
	84.02
	127.68
	146.13
	58.6
	69.19
	108.39
	138.23
	43.8
	49.61
	79.79
	129.62

	
	
	Mean
	45.26
	52.75
	90.12
	109.82
	30.93
	37.31
	65.42
	100.84
	19.92
	23.2
	39.65
	91

	
	UL
Delay CDF
[s]
	5%
	0.035
	0.035
	0.022
	0.022
	0.042
	0.037
	0.023
	0.022
	0.057
	0.052
	0.028
	0.022

	
	
	50%
	0.111
	0.087
	0.047
	0.033
	0.197
	0.147
	0.084
	0.038
	0.338
	0.263
	0.182
	0.046

	
	
	95%
	0.768
	0.544
	0.311
	0.132
	2.332
	1.638
	0.736
	0.168
	47.548
	7.623
	1.759
	0.224

	
	
	Mean
	0.241
	0.167
	0.093
	0.05
	2.098
	1.097
	0.212
	0.06
	12.036
	8.295
	0.608
	0.074

	
	𝜌DL
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.98
	0.97
	0.99
	1.00

	
	𝜌UL
	1.00
	1.00
	1.00
	1.00
	0.99
	1.00
	1.00
	1.00
	0.96
	0.96
	1.00
	1.00

	
	BO
	0.21
	0.17
	0.10
	0.06
	0.41
	0.33
	0.20
	0.08
	0.67
	0.58
	0.39
	0.12

	
	𝜆
	1.2Mbps
	1.5Mbps
	1.8Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS enabled, ED/PD threshold -62/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval long, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. Switching points with no LBT every 2ms for CSI feedback, UL grant update. 



Table 3: Outdoor Scenario 2
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	16.06
	19.62
	52.83
	62.56
	9.41
	14.19
	39.03
	59.09
	0.52
	3.1
	25.12
	53.42

	
	
	50%
	54.85
	62.45
	115.47
	132.3
	41.38
	46.29
	99.83
	126.88
	31.67
	34.31
	76.09
	119.36

	
	
	95%
	90.83
	93.26
	154.09
	163.9
	78.41
	85.02
	145.77
	160.43
	69.85
	77.01
	132.15
	157.06

	
	
	Mean
	53.99
	60.02
	111.99
	125.72
	42.24
	49.26
	97.24
	120.68
	32.62
	37.05
	77.82
	114.94

	
	DL
Delay CDF
[s]
	5%
	0.034
	0.034
	0.021
	0.021
	0.036
	0.035
	0.021
	0.021
	0.04
	0.037
	0.023
	0.021

	
	
	50%
	0.085
	0.072
	0.032
	0.028
	0.124
	0.095
	0.04
	0.03
	0.173
	0.143
	0.058
	0.032

	
	
	95%
	0.463
	0.341
	0.138
	0.08
	1.103
	0.613
	0.211
	0.092
	34.405
	2.524
	0.389
	0.108

	
	
	Mean
	0.16
	0.117
	0.051
	0.037
	1.469
	0.212
	0.072
	0.04
	9.289
	5.248
	0.123
	0.045

	
	UL
UPT CDF
[Mbps]
	5%
	7.17
	8.86
	28.49
	32.51
	3.18
	5.53
	17.09
	29.72
	0.05
	0.28
	9.6
	26.68

	
	
	50%
	36.71
	40.29
	86.67
	105.44
	26.09
	31.37
	65.57
	96.89
	18.49
	20.23
	45.02
	88.92

	
	
	95%
	77.26
	83.32
	138.06
	154.76
	64.74
	73.95
	125.2
	148.87
	55.13
	60.19
	106.54
	141.95

	
	
	Mean
	39.7
	44.24
	85.8
	100.69
	29.15
	34.06
	68.42
	94.05
	21.67
	24.36
	49.33
	86.96

	
	UL
Delay CDF
[s]
	5%
	0.036
	0.035
	0.022
	0.022
	0.042
	0.039
	0.022
	0.022
	0.05
	0.047
	0.025
	0.022

	
	
	50%
	0.136
	0.115
	0.05
	0.038
	0.212
	0.165
	0.076
	0.042
	0.302
	0.259
	0.13
	0.049

	
	
	95%
	0.962
	0.674
	0.302
	0.152
	2.602
	1.4
	0.559
	0.182
	84.716
	10.972
	1.158
	0.231

	
	
	Mean
	0.292
	0.207
	0.093
	0.057
	2.502
	0.462
	0.159
	0.065
	15.042
	8.563
	0.334
	0.078

	
	𝜌DL
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.99
	0.97
	0.98
	1.00
	1.00

	
	𝜌UL
	1.00
	1.00
	1.00
	1.00
	0.99
	0.99
	1.00
	1.00
	0.95
	0.96
	1.00
	0.99

	
	BO
	0.24
	0.20
	0.10
	0.07
	0.43
	0.34
	0.17
	0.09
	0.65
	0.57
	0.31
	0.12

	
	𝜆
	1.2 Mbps
	1.5Mbps
	1.8 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS enabled, ED/PD threshold -62/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval long, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. Switching points with no LBT every 2ms for CSI feedback, UL grant update. 



[bookmark: p1]Observation 1: For TxOP structure with multiple switching points that are used for ACK/CSI feedback/UL grant update, for all 3 scenarios (indoor, outdoor scenario 1, outdoor scenario 2) Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi.

TxOP with a preparation stage for CSI exchange
In Tables 4-6 below, we provide the coexistence evaluation results for the three agreed scenarios for a TxOP structure with two switching points where the first switching point is utilized for a preparation stage (for CSI exchange) and the second is used for DL to UL switch/ACK feedback/UL grant update etc. We see from the results that all metrics in the indoor scenario and outdoor scenario 2 and majority of the metrics in outdoor scenario 1 (45 out of 48), the Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi. 
Furthermore, on comparing the results with that for TxOP with multiple switching points, we clearly see that coexistence performance actually improves when we allow multiple switching points. We also see that the NR-U performance with periodic CSI exchange in TxOP is significantly better than without CSI exchange within TxOP even with the preparation stage for CSI feedback.
Table 4: Indoor Scenario
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	31.00
	34.36
	64.17
	77.4
	3.56
	16.93
	38.99
	65.54
	0.12
	1.74
	24.3
	59.97

	
	
	50%
	70.47
	79.89
	123.64
	142.29
	42.25
	58.61
	91.44
	128.66
	30.03
	45.96
	70.35
	119.53

	
	
	95%
	109.34
	124.51
	156.48
	163.03
	81.53
	101.14
	140.5
	156.6
	67.07
	96.64
	131.88
	153.45

	
	
	Mean
	70.45
	78.99
	119.81
	134.46
	43.61
	59.61
	90.96
	122.27
	30.79
	49.41
	74.28
	114.92

	
	DL
Delay CDF
[s]
	5%
	0.028
	0.025
	0.02
	0.02
	0.031
	0.029
	0.02
	0.02
	0.04
	0.03
	0.022
	0.02

	
	
	50%
	0.061
	0.053
	0.029
	0.027
	0.123
	0.075
	0.046
	0.029
	0.198
	0.099
	0.064
	0.032

	
	
	95%
	0.25
	0.203
	0.127
	0.068
	2.287
	0.58
	0.314
	0.095
	54.959
	2.206
	0.717
	0.12

	
	
	Mean
	0.092
	0.077
	0.047
	0.033
	3.348
	1.016
	0.096
	0.041
	10.506
	5.613
	0.249
	0.048

	
	UL
UPT CDF
[Mbps]
	5%
	17.13
	20.72
	42.8
	49.8
	0.39
	9.16
	22.29
	37.47
	0.03
	0.19
	10.82
	32.13

	
	
	50%
	62.13
	69.33
	112.77
	134.82
	33.93
	46.82
	73.23
	112.81
	24.07
	36.08
	51.95
	99.59

	
	
	95%
	103.57
	117.96
	154.06
	163.25
	73.5
	94.78
	126.26
	150.15
	61.69
	87.22
	115.27
	142.33

	
	
	Mean
	61.52
	69.52
	108.46
	123.47
	36.78
	49.32
	72.75
	105.91
	26.02
	40.47
	55.01
	95.84

	
	UL
Delay CDF
[s]
	5%
	0.029
	0.028
	0.02
	0.02
	0.034
	0.03
	0.021
	0.021
	0.042
	0.031
	0.022
	0.021

	
	
	50%
	0.074
	0.062
	0.034
	0.029
	0.162
	0.103
	0.075
	0.037
	0.254
	0.133
	0.125
	0.044

	
	
	95%
	0.411
	0.318
	0.211
	0.11
	7.523
	1.099
	0.716
	0.19
	108.027
	3.287
	1.904
	0.268

	
	
	Mean
	0.131
	0.104
	0.065
	0.043
	7.214
	1.806
	0.188
	0.063
	16.787
	9.138
	0.525
	0.083

	
	𝜌DL
	1.00
	0.99
	1.00
	1.00
	0.99
	1.00
	1.00
	1.00
	0.97
	0.98
	1.00
	1.00

	
	𝜌UL
	1.00
	1.00
	1.00
	1.00
	0.98
	1.00
	0.99
	1.00
	0.94
	0.96
	1.00
	1.00

	
	BO
	0.17
	0.14
	0.09
	0.07
	0.50
	0.37
	0.28
	0.14
	0.70
	0.53
	0.45
	0.19

	
	𝜆
	1.5 Mbps
	2.5 Mbps
	3.0 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS enabled, ED/PD threshold -62/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval short, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. TxOP structure includes a preparation stage for CSI exchange leading to total of 2 switching points. 



Table 5: Outdoor Scenario 1
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	22.15
	28.73
	61.1
	76.71
	10.8
	12.12
	37.04
	70.95
	1.48
	0.88
	17.93
	62.72

	
	
	50%
	58.38
	70.21
	114.44
	136
	42.64
	49.87
	91.36
	127.98
	28.99
	30.64
	58.8
	119.67

	
	
	95%
	92.06
	100.09
	140.99
	154.49
	71.86
	81.22
	126.52
	150.1
	55.1
	64.17
	104.12
	144.52

	
	
	Mean
	57.8
	66.75
	110.54
	129.38
	42.17
	49.54
	87.52
	122.4
	29
	32.19
	60.77
	114.67

	
	DL
Delay CDF
[s]
	5%
	0.03
	0.03
	0.02
	0.02
	0.036
	0.035
	0.021
	0.02
	0.043
	0.04
	0.026
	0.02

	
	
	50%
	0.079
	0.064
	0.033
	0.027
	0.126
	0.097
	0.048
	0.029
	0.213
	0.173
	0.082
	0.032

	
	
	95%
	0.414
	0.328
	0.151
	0.076
	1.049
	0.808
	0.308
	0.091
	16.009
	7.014
	0.769
	0.112

	
	
	Mean
	0.148
	0.109
	0.055
	0.036
	0.99
	1.031
	0.098
	0.04
	6.301
	7.385
	0.217
	0.045

	
	UL
UPT CDF
[Mbps]
	5%
	10.66
	14.93
	33.54
	45.52
	4.6
	5.43
	15.52
	39.28
	0.04
	0.05
	5.34
	33.67

	
	
	50%
	47.54
	51.75
	92.67
	117.9
	29.75
	34.28
	63.25
	107.57
	18.6
	18.99
	30.04
	94.92

	
	
	95%
	73.16
	82.6
	129.02
	148.02
	58.6
	66.25
	107.24
	139.89
	43.8
	49.21
	76.47
	132.16

	
	
	Mean
	45.26
	51.62
	89.82
	111.49
	30.93
	35.36
	62.66
	101.79
	19.92
	21.31
	35.19
	91.25

	
	UL
Delay CDF
[s]
	5%
	0.035
	0.035
	0.021
	0.021
	0.042
	0.038
	0.022
	0.021
	0.057
	0.057
	0.03
	0.022

	
	
	50%
	0.111
	0.089
	0.047
	0.033
	0.197
	0.155
	0.094
	0.038
	0.338
	0.293
	0.228
	0.046

	
	
	95%
	0.768
	0.601
	0.339
	0.136
	2.332
	1.721
	0.926
	0.178
	47.548
	20.827
	2.622
	0.239

	
	
	Mean
	0.241
	0.18
	0.1
	0.05
	2.098
	1.831
	0.266
	0.062
	12.036
	9.764
	1.198
	0.078

	
	𝜌DL
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.98
	0.97
	1.00
	1.00

	
	𝜌UL
	1.00
	1.00
	1.00
	1.00
	0.99
	1.00
	1.00
	1.00
	0.96
	0.95
	0.99
	1.00

	
	BO
	0.21
	0.17
	0.10
	0.06
	0.41
	0.36
	0.23
	0.09
	0.67
	0.63
	0.46
	0.12

	
	𝜆
	1.2 Mbps
	1.5 Mbps
	1.8 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS enabled, ED/PD threshold -62/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval long, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. TxOP structure includes a preparation stage for CSI exchange leading to total of 2 switching points. 



Table 6: Outdoor Scenario 2
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	16.06
	19.1
	49.88
	59.68
	9.41
	12.27
	35.44
	55.47
	0.52
	1.28
	23.03
	50.53

	
	
	50%
	54.85
	61.16
	113.38
	129.12
	41.38
	45.95
	93.74
	123.69
	31.67
	33.86
	71.75
	117.47

	
	
	95%
	90.83
	94.38
	150.83
	158.81
	78.41
	86.7
	140.54
	155.38
	69.85
	77.11
	128.07
	152.05

	
	
	Mean
	53.99
	59.32
	108.96
	122.14
	42.24
	47.7
	92.09
	116.97
	32.62
	35.58
	73.15
	111.64

	
	DL
Delay CDF
[s]
	5%
	0.034
	0.034
	0.02
	0.02
	0.036
	0.035
	0.021
	0.02
	0.04
	0.038
	0.024
	0.02

	
	
	50%
	0.085
	0.072
	0.033
	0.029
	0.124
	0.101
	0.044
	0.031
	0.173
	0.148
	0.063
	0.033

	
	
	95%
	0.463
	0.353
	0.146
	0.085
	1.103
	0.747
	0.248
	0.099
	34.405
	4.087
	0.457
	0.115

	
	
	Mean
	0.16
	0.12
	0.054
	0.039
	1.469
	0.335
	0.082
	0.043
	9.289
	6.583
	0.144
	0.047

	
	UL
UPT CDF
[Mbps]
	5%
	7.17
	8.86
	27.71
	34.11
	3.18
	5.27
	15.56
	30.2
	0.05
	0.11
	7.71
	26.19

	
	
	50%
	36.71
	40.32
	86.39
	106.33
	26.09
	29.54
	64.09
	98.62
	18.49
	19.43
	41.66
	89.33

	
	
	95%
	77.26
	83.14
	143.06
	156.57
	64.74
	73.01
	127.52
	150.31
	55.13
	58.78
	106.36
	143.48

	
	
	Mean
	39.7
	43.59
	86.29
	102.15
	29.15
	33.17
	67.07
	94.89
	21.67
	23.46
	47.69
	87.64

	
	UL
Delay CDF
[s]
	5%
	0.036
	0.035
	0.021
	0.021
	0.042
	0.04
	0.022
	0.021
	0.05
	0.048
	0.025
	0.022

	
	
	50%
	0.136
	0.117
	0.051
	0.037
	0.212
	0.173
	0.081
	0.043
	0.302
	0.27
	0.142
	0.049

	
	
	95%
	0.962
	0.697
	0.32
	0.156
	2.602
	1.702
	0.661
	0.193
	84.716
	36.709
	1.361
	0.242

	
	
	Mean
	0.292
	0.214
	0.097
	0.058
	2.502
	0.832
	0.184
	0.068
	15.042
	10.457
	0.383
	0.081

	
	𝜌DL
	1.00
	0.99
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.97
	0.96
	0.99
	1.00

	
	𝜌UL
	1.00
	1.00
	1.00
	1.00
	0.99
	1.00
	1.00
	1.00
	0.95
	0.96
	1.00
	1.00

	
	BO
	0.24
	0.20
	0.10
	0.07
	0.43
	0.36
	0.19
	0.09
	0.65
	0.59
	0.33
	0.13

	
	𝜆
	1.2 Mbps
	1.5 Mbps
	1.8 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS enabled, ED/PD threshold -62/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval long, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. TxOP structure includes a preparation stage for CSI exchange leading to total of 2 switching points. 



[bookmark: p2]Observation 2: For the TxOP structure with a preparation stage for CSI exchange
· For indoor scenario Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi in all metrics
· For outdoor scenario 1 Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi in 45 of the 48 metrics
· For outdoor scenario 2 Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi in all metrics

[bookmark: p3][bookmark: p6][bookmark: p4]Observation 3: Coexistence performance is improved when we allow multiple switching points with no LBT for the purposes of control feedback 

In the simulations above, for UEs scheduled in gNB acquired COT, cat-2 LBT was used by UE to determine if it can transmit in UL. The cat-2 LBT was done 10 times in 5ms. For DRS, cat-2 LBT was done every 0.25ms in DRS window of 6ms. Multiple switching points were modelled with no LBT gap for transmissions within 16us of previous transmission. With these assumptions on the channel access procedures, we do not see any coexistence issues with Wi-Fi and hence we make the following proposals:
[bookmark: p4to6]Proposal 4: Switches between DL and UL for exchange of control information during data transmission should be supported. The switching should not require any LBT when the gap is within the regulatory requirements. This includes
· UCI transmission such as for HARQ ACK/CSI feedback between DL slots carrying PDCCH/PDSCH
· DCI transmission such as for UL grants between UL slots carrying PUCCH/PUSCH
 
[bookmark: _Hlk528950705]Proposal 5: For scheduled UL in gNB acquired TxOP, cat-2 LBT with LBT granularity of 0.5ms should be supported.
Proposal 6: For DRS, cat-2 LBT with LBT granularity of 0.25ms should be supported within the DRS window.
Co-Existence Evaluation Results for 6GHz
Spectrum in 6GHz is likely to be made available for unlicensed access in the near future. NR-U target spectrum includes 6GHz. Wi-Fi 802.11ax is widely expected to be the candidate Wi-Fi technology for 6GHz band. However, the 6GHz band is currently a green field spectrum with no existing deployed technology.  The following agreement were thus made for coexistence evaluations for 6GHz bands.
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations
· Note: The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands.
· For the coexistence evaluation of sub-7GHz bands other than 5GHz band, previously agreed to use technology neutral assumptions. Companies are encouraged to provide simulation results together with assumption on the technology neutral channel access mechanism.
In light of the above agreements, we studied coexistence of Wi-Fi and NR-U with two channel access schemes
· Channel Access Scheme 1: Wi-Fi ED /PD of -62/-82 dBm, NR-U ED of -72 dBm
· Channel Access Scheme 2: Wi-Fi ED /PD of -72/-82 dBm, NR-U ED of -72 dBm
Scheme 2 we believe is a technology neutral since all technologies use the same ED threshold. The Wi-Fi technology may use additional mechanisms to control channel access such as preamble detection if it so desires. In tables 7 and 8 we provide the coexistence evaluation results for channel access schemes 1 and 2 for outdoor scenario 1, and in Tables 9 and 10, we provide the coexistence evaluation results for channel access schemes 1 and 2 for the indoor scenario. For outdoor scenario 1, we see that Wi-Fi performance with NR-U as neighbour is better for channel access scheme 2 where both technologies use the same ED threshold than for channel access scheme 1 where the two technologies use different ED thresholds. We also note that the NR-U performance with Wi-Fi as neighbour is better for scheme 2 than scheme 1. For indoor scenario too, the channel access scheme 2 is better than scheme 1 on most metrics and in the metrics where there is some degradation, the degradation is at most 4%.

[bookmark: ob5]Observation 7: For 6GHz band, the co-existence performance for both co-existing technologies is similar or better when they use the same ED threshold. When one technology uses a higher ED threshold than the other technology, co-existence performance of both technologies degrades. 

Table 7: Outdoor Scenario 1 (6GHz band); Channel Access Scheme 1
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	26.13
	38.54
	72.29
	84.56
	7.82
	25.52
	56.73
	76.19
	0.56
	17.81
	34.62
	69.39

	
	
	50%
	63.27
	81.48
	134.03
	147.14
	33.99
	63.43
	110.67
	137.91
	24.5
	52.16
	95.71
	133.27

	
	
	95%
	93.83
	113.44
	154.94
	163.63
	67.76
	95.79
	140.37
	158.94
	53.37
	86.73
	129.68
	154.86

	
	
	Mean
	62.52
	78.57
	127.32
	139.54
	35.67
	62.49
	106.23
	131.48
	25.15
	52.63
	90.34
	127.29

	
	DL
Delay CDF
[s]
	5%
	0.034
	0.029
	0.02
	0.02
	0.039
	0.034
	0.021
	0.021
	0.05
	0.035
	0.022
	0.021

	
	
	50%
	0.066
	0.047
	0.027
	0.025
	0.148
	0.066
	0.035
	0.027
	0.23
	0.082
	0.046
	0.028

	
	
	95%
	0.348
	0.208
	0.1
	0.062
	1.862
	0.359
	0.188
	0.075
	38.46
	0.622
	0.354
	0.083

	
	
	Mean
	0.117
	0.075
	0.041
	0.031
	2.353
	0.119
	0.066
	0.035
	9.439
	1.126
	0.132
	0.037

	
	UL
UPT CDF
[Mbps]
	5%
	14.34
	22.76
	44.74
	50.92
	2.36
	13.09
	30.95
	44.87
	0.03
	7.1
	15.92
	41.32

	
	
	50%
	46.55
	63.76
	112.64
	125.83
	21.72
	44.32
	85.68
	114.1
	14.03
	35.69
	67.15
	107.98

	
	
	95%
	80.98
	97.52
	141.37
	155.32
	54.88
	82.84
	118.07
	145.1
	40.71
	74.52
	103.97
	140.52

	
	
	Mean
	47.11
	63.05
	106.4
	118.3
	23.83
	46.4
	80.51
	106.99
	15.86
	37.49
	62.95
	101.59

	
	UL
Delay CDF
[s]
	5%
	0.035
	0.034
	0.022
	0.022
	0.058
	0.035
	0.022
	0.022
	0.072
	0.037
	0.023
	0.022

	
	
	50%
	0.096
	0.066
	0.033
	0.03
	0.258
	0.101
	0.056
	0.034
	0.391
	0.136
	0.091
	0.037

	
	
	95%
	0.633
	0.337
	0.199
	0.104
	5.15
	0.679
	0.495
	0.139
	78.754
	1.24
	1.192
	0.161

	
	
	Mean
	0.198
	0.109
	0.063
	0.042
	4.003
	0.21
	0.143
	0.052
	15.221
	1.649
	0.407
	0.058

	
	𝜌DL
	1.00
	1.00
	1.00
	1.01
	0.99
	1.00
	1.00
	1.00
	0.97
	1.00
	1.00
	0.99

	
	𝜌UL
	0.99
	1.00
	0.99
	1.01
	0.99
	1.00
	1.01
	1.00
	0.94
	1.00
	1.00
	1.00

	
	BO
	0.13
	0.08
	0.05
	0.04
	0.45
	0.19
	0.13
	0.06
	0.67
	0.30
	0.23
	0.08

	
	𝜆
	0.8 Mbps
	1.2 Mbps
	1.4 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS disabled, Preamble detection enabled, ED/PD threshold -62/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval long, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. Switching points with no LBT every 2ms for CSI feedback, UL grant update.



Table 8: Outdoor Scenario 1 (6GHz band); Channel Access Scheme 2
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	29.01
	41.01
	75.62
	84.56
	16.74
	29.07
	61.5
	76.19
	8.8
	20.1
	53.08
	69.39

	
	
	50%
	70.59
	81.96
	137.01
	147.14
	47.62
	65.55
	119.37
	137.91
	36.12
	58.72
	107.35
	133.27

	
	
	95%
	100.54
	113.27
	157.14
	163.63
	77.53
	97.46
	145.32
	158.94
	66.91
	90.32
	138.98
	154.86

	
	
	Mean
	68.46
	79.2
	129.9
	139.54
	48.3
	65.61
	112.96
	131.48
	37.13
	57.97
	102.71
	127.29

	
	DL
Delay CDF
[s]
	5%
	0.03
	0.029
	0.02
	0.02
	0.035
	0.031
	0.021
	0.021
	0.038
	0.034
	0.021
	0.021

	
	
	50%
	0.06
	0.047
	0.026
	0.025
	0.098
	0.064
	0.032
	0.027
	0.143
	0.074
	0.038
	0.028

	
	
	95%
	0.275
	0.196
	0.09
	0.062
	0.598
	0.303
	0.131
	0.075
	1.263
	0.424
	0.171
	0.083

	
	
	Mean
	0.095
	0.072
	0.038
	0.031
	0.226
	0.102
	0.05
	0.035
	1.625
	0.139
	0.061
	0.037

	
	UL
UPT CDF
[Mbps]
	5%
	16.17
	22.94
	46.12
	50.92
	7.28
	17.06
	33.21
	44.87
	3.69
	12.09
	27.53
	41.32

	
	
	50%
	55.57
	67.8
	115.86
	125.83
	34.08
	50.05
	91.38
	114.1
	24.5
	42.25
	77.04
	107.98

	
	
	95%
	87.93
	98.91
	144.01
	155.32
	68.23
	86.13
	124.17
	145.1
	56.53
	79.04
	112.83
	140.52

	
	
	Mean
	54.48
	65.38
	109.12
	118.3
	35.32
	50.67
	86.68
	106.99
	25.98
	43.14
	73.75
	101.59

	
	UL
Delay CDF
[s]
	5%
	0.035
	0.034
	0.022
	0.022
	0.04
	0.035
	0.022
	0.022
	0.048
	0.036
	0.023
	0.022

	
	
	50%
	0.08
	0.065
	0.032
	0.03
	0.152
	0.089
	0.049
	0.034
	0.235
	0.115
	0.067
	0.037

	
	
	95%
	0.458
	0.313
	0.171
	0.104
	1.233
	0.533
	0.327
	0.139
	2.91
	0.784
	0.496
	0.161

	
	
	Mean
	0.144
	0.102
	0.057
	0.042
	0.434
	0.162
	0.097
	0.052
	2.821
	0.238
	0.14
	0.058

	
	𝜌DL
	1.00
	0.99
	0.99
	1.01
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.99
	0.99

	
	𝜌UL
	1.00
	1.00
	0.99
	1.01
	1.00
	1.00
	1.00
	1.00
	0.99
	1.00
	1.00
	1.00

	
	BO
	0.11
	0.08
	0.05
	0.04
	0.27
	0.17
	0.10
	0.06
	0.44
	0.24
	0.15
	0.08

	
	𝜆
	0.8 Mbps
	1.2 Mbps
	1.4 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS disabled, Preamble detection enabled, ED/PD threshold -72/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval long, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. Switching points with no LBT every 2ms for CSI feedback, UL grant update.



Table 9: Indoor Scenario (6GHz); Channel Access Scheme 1
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	22.94
	28
	62.3
	70.69
	14.61
	24.45
	50.22
	67.02
	1.83
	17.69
	38.7
	59.74

	
	
	50%
	61.23
	71.65
	124.97
	142.3
	48.34
	62.44
	110.42
	135.79
	38.45
	54.9
	93.18
	127.03

	
	
	95%
	109.37
	124.11
	160.51
	167.97
	98.69
	117.26
	153.25
	165.12
	87.09
	108.19
	146.81
	162.44

	
	
	Mean
	63.36
	74.51
	119.86
	134.15
	51.71
	68.02
	106.8
	128.18
	40.64
	59.64
	92.17
	121.98

	
	DL
Delay CDF
[s]
	5%
	0.029
	0.028
	0.02
	0.02
	0.031
	0.029
	0.021
	0.02
	0.035
	0.029
	0.021
	0.021

	
	
	50%
	0.065
	0.058
	0.029
	0.026
	0.086
	0.062
	0.035
	0.028
	0.12
	0.071
	0.046
	0.029

	
	
	95%
	0.317
	0.217
	0.122
	0.071
	0.656
	0.294
	0.179
	0.083
	4.491
	0.494
	0.303
	0.1

	
	
	Mean
	0.11
	0.081
	0.047
	0.034
	0.315
	0.104
	0.061
	0.037
	5.567
	0.987
	0.099
	0.042

	
	UL
UPT CDF
[Mbps]
	5%
	13.07
	16.53
	40.04
	42.83
	7.03
	12.05
	31.51
	39.66
	0.08
	8.55
	22.51
	33.72

	
	
	50%
	49.41
	58.56
	105.98
	125.05
	38.4
	53.27
	91.8
	116.74
	30.41
	45.83
	67.52
	105.87

	
	
	95%
	102.22
	121.4
	147.19
	160.27
	93.14
	110.99
	138.3
	154.81
	83.44
	104.12
	123.81
	147.5

	
	
	Mean
	52.89
	64.21
	102.17
	116.19
	42.07
	57.13
	87.14
	108.72
	32.76
	49.37
	69.99
	100.33

	
	UL
Delay CDF
[s]
	5%
	0.03
	0.029
	0.021
	0.021
	0.033
	0.029
	0.021
	0.021
	0.037
	0.03
	0.022
	0.021

	
	
	50%
	0.088
	0.067
	0.038
	0.031
	0.123
	0.081
	0.052
	0.035
	0.167
	0.101
	0.079
	0.04

	
	
	95%
	0.556
	0.371
	0.231
	0.123
	1.301
	0.551
	0.409
	0.156
	19.42
	0.988
	0.792
	0.205

	
	
	Mean
	0.172
	0.12
	0.072
	0.047
	0.602
	0.172
	0.114
	0.055
	9.271
	1.706
	0.213
	0.068

	
	𝜌DL
	1.00
	0.99
	1.01
	1.00
	0.99
	1.00
	0.99
	1.00
	0.98
	1.00
	1.00
	1.00

	
	𝜌UL
	1.00
	1.01
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.97
	0.99
	1.00
	1.00

	
	BO
	0.20
	0.16
	0.10
	0.07
	0.35
	0.24
	0.17
	0.10
	0.56
	0.36
	0.28
	0.14

	
	𝜆
	1.5 Mbps
	2.0 Mbps
	2.5 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS disabled, Preamble detection enabled, ED/PD threshold -62/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval short, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. Switching points with no LBT every 2ms for CSI feedback, UL grant update.



Table 10: Indoor Scenario (6GHz); Channel Access Scheme 2
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 10%~25%
	Medium load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: 35%~50%
	High load
BO range for Wi-Fi in 
Wi-Fi+Wi-Fi: above 55%

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

	R1-1813409 / Source 1
	DL
UPT CDF
[Mbps]
	5%
	24.73
	28.8
	62.58
	70.69
	18.15
	23.54
	54.84
	67.02
	7.31
	18.07
	39.05
	59.74

	
	
	50%
	61.49
	71.51
	126.51
	142.3
	51.42
	63.13
	115.66
	135.79
	40.52
	55.96
	96.85
	127.03

	
	
	95%
	110.75
	124.67
	161.52
	167.97
	100.96
	119.1
	154.61
	165.12
	89.1
	109.07
	147.22
	162.44

	
	
	Mean
	65.1
	75.06
	121.21
	134.15
	54.95
	68.03
	110.2
	128.18
	43.76
	59.22
	96.14
	121.98

	
	DL
Delay CDF
[s]
	5%
	0.029
	0.027
	0.02
	0.02
	0.03
	0.029
	0.021
	0.02
	0.034
	0.029
	0.021
	0.021

	
	
	50%
	0.065
	0.058
	0.029
	0.026
	0.081
	0.063
	0.034
	0.028
	0.111
	0.073
	0.043
	0.029

	
	
	95%
	0.283
	0.216
	0.11
	0.071
	0.457
	0.29
	0.143
	0.083
	1.517
	0.482
	0.219
	0.1

	
	
	Mean
	0.102
	0.081
	0.044
	0.034
	0.206
	0.102
	0.055
	0.037
	2.555
	0.26
	0.075
	0.042

	
	UL
UPT CDF
[Mbps]
	5%
	12.54
	16.79
	40.72
	42.83
	8.47
	12.95
	31.14
	39.66
	2.11
	8.48
	22.2
	33.72

	
	
	50%
	50.29
	60.7
	107.17
	125.05
	41.76
	52.3
	92.76
	116.74
	32.35
	45.56
	72.5
	105.87

	
	
	95%
	104.61
	116.74
	148.37
	160.27
	94.54
	109.1
	137.83
	154.81
	83.02
	104.62
	127.41
	147.5

	
	
	Mean
	54.86
	64.54
	102.69
	116.19
	45.61
	57.58
	88.34
	108.72
	35.93
	50.09
	72.53
	100.33

	
	UL
Delay CDF
[s]
	5%
	0.029
	0.029
	0.021
	0.021
	0.03
	0.029
	0.021
	0.021
	0.035
	0.03
	0.021
	0.021

	
	
	50%
	0.084
	0.067
	0.037
	0.031
	0.112
	0.081
	0.051
	0.035
	0.154
	0.102
	0.073
	0.04

	
	
	95%
	0.501
	0.366
	0.221
	0.123
	0.879
	0.528
	0.343
	0.156
	4.109
	0.95
	0.599
	0.205

	
	
	Mean
	0.156
	0.118
	0.07
	0.047
	0.321
	0.162
	0.102
	0.055
	4.145
	0.889
	0.164
	0.068

	
	𝜌DL
	1.00
	1.00
	0.99
	1.00
	1.00
	1.01
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	
	𝜌UL
	1.00
	1.01
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.98
	1.00
	1.00
	1.00

	
	BO
	0.19
	0.16
	0.09
	0.07
	0.31
	0.24
	0.16
	0.10
	0.49
	0.36
	0.26
	0.14

	
	𝜆
	1.5 Mbps
	2.0 Mbps
	2.5 Mbps

	
	
	Additional comments: 
Common assumptions: 2Tx, 2Rx, Primary LBT : Cat-4 LBT with exponential CW backoff, MCOT duration: 5.5 ms, Max modulation supported 256 QAM, MIMO scheme with Tx BF upto rank 2.
Wi-Fi assumptions: RTS/CTS disabled, Preamble detection enabled, ED/PD threshold -72/-82 dBm, A-MPDU size is chosen to get MPDU duration of 1ms, Wi-Fi Guard Interval short, Wi-Fi beacons enabled (periodicity 100ms), Minstrel Algorithm for rate prediction
NRU assumptions: ED threshold  -72 dBm, SCS 30 KHz, UE processing time capability #1, NR PDCCH monitoring is 4 times per slot (slot size = 0.5ms), Link adaptation assumptions : Reciprocity based BF, realistic delays in CSI reports, stand-alone with self-scheduling, DRS enabled (250us, cat-2 LBT every 250us, 40ms periodicity), asynchronous nodes, UL LBT in gNB acquired TxOP: Cat-2 LBT with granularity of 0.5ms, 1 symbol DMRS overhead, 1 symbol for every ACK/CQI feedback, UL grant. Switching points with no LBT every 2ms for CSI feedback, UL grant update.



Since the regulatory requirements for channel access for 6GHz band are still being drafted, it is important for 3GPP to provide its recommendation for the same. Based on the coexistence evaluation results presented above, we make the following proposal:

[bookmark: pr6]Proposal 8: It is recommended to reuse the energy detection based channel access procedures from 5GHz band for 6GHz band with same ED threshold for all technologies independent of whether they use additional mechanisms to control channel access such as preamble detection.

Conclusion
The observations and proposals made in this contribution are summarized below:
[bookmark: _GoBack]Observation 1: For TxOP structure with multiple switching points that are used for ACK/CSI feedback/UL grant update, for all 3 scenarios (indoor, outdoor scenario 1, outdoor scenario 2) Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi.

Observation 2: For the TxOP structure with a preparation stage for CSI exchange
· For indoor scenario Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi in all metrics
· For outdoor scenario 1 Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi in 45 of the 48 metrics
· For outdoor scenario 2 Wi-Fi performance in Wi-Fi+NR-U is better than Wi-Fi performance in Wi-Fi+Wi-Fi in all metrics

Observation 3: Coexistence performance is improved when we allow multiple switching points with no LBT for the purposes of control feedback 
Proposal 4: Switches between DL and UL for exchange of control information during data transmission should be supported. The switching should not require any LBT when the gap is within the regulatory requirements. This includes
· UCI transmission such as for HARQ ACK/CSI feedback between DL slots carrying PDCCH/PDSCH
· DCI transmission such as for UL grants between UL slots carrying PUCCH/PUSCH
 
Proposal 5: For scheduled UL in gNB acquired TxOP, cat-2 LBT with LBT granularity of 0.5ms should be supported.
Proposal 6: For DRS, cat-2 LBT with LBT granularity of 0.25ms should be supported within the DRS window.
Observation 7: For 6GHz band, the co-existence performance for both co-existing technologies is similar or better when they use the same ED threshold. When one technology uses a higher ED threshold than the other technology, co-existence performance of both technologies degrades.
Proposal 8: It is recommended to reuse the energy detection based channel access procedures from 5GHz band for 6GHz band with same ED threshold for all technologies independent of whether they use additional mechanisms to control channel access such as preamble detection.
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