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1 Introduction
In RAN1 #94bis [1], the following agreements were made:
Agreement:
When submitting the evaluation result, the following has to be provided as well
· the TxOP assumptions of WiFi and NR-U 
· Is RTS/CTS enabled for WiFi
· PD/ED threshold assumptions
· Max modulation order supported in each technology
· MIMO scheme and number of MIMO layers used for both technologies
· WiFi MAC layer A-MPDU/A-MSDU aggregation level, MPDU size 
· NR-U SCS, 
· WiFi guard interval
· NR UE processing time capability (#1 or #2)
· NR PDSCH/PUSCH mapping type, PDCCH monitoring configuration
· Link adaptation assumptions
· NR assumption on self scheduling or using cross carrier scheduling

Agreement:
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.
Agreement:
The template in Annex B of TR 38.889 v0.1.1 is used to capture results in the TR at least for 5 GHz.
















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, and the coexistence performance impacts of energy detection thresholds and enabling preamble detection for NR-U. This contribution is a revision to R1-1812973 and R1-1813880.
2 Coexisting Evaluation Results for Indoor Sub-7 GHz NR-U 
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 sub-7 GHz NR-U, and demonstrates that 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. 
The coexistence performance evaluation has been performed by following the simulation assumptions from Table 1. The outdoor evaluations will use the same simulation assumptions unless otherwise mentioned. Additional simulation parameters have also been provided in the Appendix A. 

TABLE 1. Simulation assumptions
	Parameter
	Value

	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 (baseline)

	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 [2] 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
	Cross-carrier scheduling in UL



Table 2 provides the detailed Wi-Fi and NR-U indoor coexistence evaluation results with 20 MHz and FTP traffic type 3. In particular, 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 2 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 2.  
TABLE 2. 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

	R1-1814074 / Samsung
	DL: 
UPT CDF
[Mbps]
	5%
	2.077
	2.086
	3.529
	12.000
	0.103
	0.436
	4.184
	4.700
	0.04
	0.267
	0.057
	0.797

	
	
	50%
	30.508
	35.679
	63.412
	63.704
	12.735
	21.654
	38.000
	39.07
	1.62
	4.936
	14.045
	20.731

	
	
	95%
	52.927
	56.945
	74.133
	74.078
	49.774
	53.152
	73.624
	74.058
	33.656
	32.256
	42.991
	66.636

	
	
	Mean
	28.461
	31.821
	54.791
	55.576
	17.523
	22.865
	36.523
	39.550
	8.016
	9.708
	16.644
	23.482

	
	DL:
Delay CDF
[s]
	5%
	0.050
	0.05
	0.054
	0.054
	0.050
	0.050
	0.054
	0.054
	0.050
	0.05
	0.054
	0.054

	
	
	50%
	0.086
	0.056
	0.058
	0.058
	0.183
	0.100
	0.100
	0.106
	0.800
	0.624
	0.333
	0.219

	
	
	95%
	1.760
	1.121
	0.308
	0.378
	5.535
	1.913
	0.801
	0.698
	6.56
	5.244
	1.787
	1.403

	
	
	Mean
	0.362
	0.289
	0.131
	0.112
	1.060
	0.418
	0.206
	0.194
	1.809
	1.301
	0.516
	0.392

	
	UL:
UPT CDF
[Mbps]
	5%
	1.450
	1.895
	8.945
	19.057
	0.216
	0.396
	2.490
	5.646
	0.022
	0.018
	1.738
	2.071

	
	
	50%
	35.542
	39.754
	57.249
	57.542
	16.897
	23.044
	31.288
	38.075
	3.016
	4.215
	14.792
	21.480

	
	
	95%
	53.493
	53.399
	73.471
	73.5533
	53.622
	48.525
	72.538
	73.230
	32.975
	40.011
	43.120
	59.95

	
	
	Mean
	30.904
	33.153
	51.827
	54.91
	20.958
	23.444
	33.162
	39.735
	9.049
	10.498
	18.290
	24.595

	
	UL:
Delay CDF
[s]
	5%
	0.050
	0.050
	0.054
	0.054
	0.050
	0.050
	0.054
	0.054
	0.050
	0.05
	0.055
	0.054

	
	
	50%
	0.070
	0.059
	0.070
	0.064
	0.132
	0.111
	0.130
	0.103
	0.805
	0.754
	0.279
	0.209

	
	
	95%
	2.165
	1.334
	0.434
	0.204
	5.584
	3.672
	1.309
	0.739
	5.748
	5.106
	1.563
	1.388

	
	
	Mean
	0.360
	0.295
	0.128
	0.092
	1.04
	0.647
	0.299
	0.203
	1.505
	1.4
	0.474
	0.426

	
	𝜌DL
	0.988
	0.993
	0.992
	0.997
	0.874
	0.944
	0.945
	0.962
	0.733
	0.8385
	0.870
	0.932

	
	𝜌UL
	0.99
	0.99
	0.986
	0.988
	0.894
	0.940
	0.936
	0.977
	0.747
	0.771
	0.944
	0.969

	
	BO
	16.5%
	13.4%
	12.2%
	7.1%
	48.6%
	34.5%
	37%
	26.3%
	76%
	70.5%
	65.4%
	52.1%

	
	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 (baseline)
· 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:	Cross-carrier scheduling in UL




It can be observed from Table 2 that for both DL traffic and UL traffic, Wi-Fi will have better throughput performance and delay performance under the Wi-Fi/NR-U coexistence scenario as opposed to the Wi-Fi/Wi-Fi coexistence scenario, which can demonstrate that NR-U is a friendly neighbor with Wi-Fi similar as LTE-LAA. In addition, Table 2 also demonstrates that the throughput and delay performance for 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 under Wi-Fi/NR-U coexistence than Wi-Fi/Wi-Fi coexistence for indoor scenario. 
Observation 2: NR-U can coexist well with each other in unlicensed spectrum for indoor scenario.

3 Coexisting Evaluation Results for Outdoor Sub-7 GHz NR-U
In this section, we provide the evaluation results for outdoor sub-7 GHz with 15kHz SCS assumption. Table 3 and 4 provide the evaluation results for coexistence with outdoor scenario 1 and 2, respectively. Specifically, Wi-Fi and NR-U have only DL traffic, and the traffic arrival unit 𝜆 means the unit of files per second.
TABLE 3. Wi-Fi and NR-U with DL-only coexistence evaluation with 20 MHz and FTP traffic for outdoor scenario 1
	
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

	R1-1814074 / Samsung
	DL: 
UPT CDF
[Mbps]
	5%
	2.686
	3.225
	11.137
	27.422
	0.897
	1.313
	2.133
	12.965
	0.360
	0.525
	1.368
	3.483

	
	
	50%
	9.141
	10.743
	42.626
	56.850
	5.653
	7.154
	21.888
	45.770
	3.850
	4.780
	11.284
	23.963

	
	
	95%
	26.689
	29.385
	73.956
	75.709
	21.635
	24.113
	63.013
	74.355
	15.410
	19.642
	40.608
	62.633

	
	
	Mean
	11.335
	12.798
	43.159
	55.530
	7.480
	9.017
	25.785
	44.736
	5.380
	6.515
	14.891
	27.253

	
	DL:
Delay CDF
[s]
	5%
	0.077
	0.069
	0.053
	0.051
	0.116
	0.099
	0.056
	0.053
	0.145
	0.114
	0.076
	0.056

	
	
	50%
	0.267
	0.216
	0.094
	0.066
	0.490
	0.371
	0.186
	0.091
	0.640
	0.528
	0.346
	0.173

	
	
	95%
	0.876
	0.905
	0.451
	0.179
	2.692
	1.731
	1.039
	0.320
	3.647
	3.015
	1.426
	0.875

	
	
	Mean
	0.348
	0.323
	0.152
	0.090
	0.761
	0.586
	0.311
	0.133
	1.077
	0.899
	0.476
	0.273

	
	𝜌
	0.965
	0.982
	0.973
	0.988
	0.898
	0.910
	0.852
	0.982
	0.786
	0.859
	0.782
	0.918

	
	BO
	0.152
	0.127
	0.078
	0.042
	0.348
	0.299
	0.258
	0.092
	0.547
	0.497
	0.443
	0.260

	
	𝜆
	0.1
	0.15
	0.2

	
	
	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 (baseline)
· 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:	15 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:	Cross-carrier scheduling in UL




TABLE 4. Wi-Fi and NR-U with DL-only coexistence evaluation with 20 MHz and FTP traffic for outdoor scenario 2
	
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

	R1-1814074/ Samsung
	DL: 
UPT CDF
[Mbps]
	5%
	3.519
	4.356
	12.183
	19.404
	1.597
	2.191
	5.388
	5.999
	0.696
	0.663
	0.567
	1.845

	
	
	50%
	11.330
	13.595
	52.143
	57.899
	8.117
	9.779
	29.397
	31.273
	5.940
	6.412
	18.017
	19.871

	
	
	95%
	34.731
	36.983
	75.486
	75.607
	29.071
	31.368
	67.317
	69.602
	28.158
	27.612
	52.986
	62.053

	
	
	Mean
	14.302
	16.122
	49.356
	53.813
	10.426
	13.254
	31.864
	33.551
	8.857
	9.250
	20.917
	23.771

	
	DL:
Delay CDF
[s]
	5%
	0.066
	0.057
	0.053
	0.052
	0.080
	0.066
	0.055
	0.054
	0.088
	0.082
	0.063
	0.058

	
	
	50%
	0.187
	0.167
	0.076
	0.066
	0.334
	0.279
	0.136
	0.127
	0.454
	0.410
	0.204
	0.193

	
	
	95%
	0.641
	0.506
	0.377
	0.264
	1.590
	1.343
	0.628
	0.627
	2.497
	2.478
	1.174
	1.196

	
	
	Mean
	0.256
	0.217
	0.132
	0.108
	0.518
	0.443
	0.215
	0.206
	0.747
	0.709
	0.343
	0.342

	
	𝜌
	0.982
	0.986
	0.985
	0.971
	0.935
	0.966
	0.898
	0.890
	0.847
	0.877
	0.782
	0.836

	
	BO
	0.106
	0.096
	0.06
	0.06
	0.323
	0.265
	0.217
	0.223
	0.509
	0.470
	0.442
	0.389

	
	𝜆
	0.1
	0.175
	0.25

	
	
	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 (baseline)
· 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:	15 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:	Cross-carrier scheduling in UL




We can see from the results of Table 3 and 4 that Wi-Fi performance of Wi-Fi/NR-U coexistence scenario is better compared to that of the Wi-Fi/Wi-Fi coexistence scenario for both outdoor scenario 1 and scenario 2. This means that Wi-Fi can also enjoy the benefit from the coexistence with NR-U in outdoor scenario similar as LTE-LAA. Furthermore, Table 3 and 4 show that the NR-U performance in the NR-U/NR-U coexistence scenario is better compared to that in the Wi-Fi/NR-U coexistence scenario.
Observation 3: Wi-Fi has better performance under Wi-Fi/NR-U coexistence than Wi-Fi/Wi-Fi coexistence for outdoor scenario. 
Observation 4: NR-U can coexist well with each other in unlicensed spectrum for outdoor scenario.

4 Coexistence performance with variable ED threshold or preamble detection for NR-U
The Wi-Fi/NR-U and NR-U/NR-U coexistence performance in previous sections are obtained under the baseline channel access scheme that NR-U uses energy detection with a -72 dBm ED threshold for the 20 MHz channel. In this section, the coexistence performance under different NR-U energy detection thresholds or enabling preamble detection (PD) for NR-U is investigated for the indoor scenario. 
For Wi-Fi/NR-U coexistence, besides the baseline scheme with a -72dBm ED threshold for NR-U, two other coexistence schemes for NR-U are considered. The first one is for NR-U to use a lower and more conservative ED threshold of -82 dBm, and the other one is for NR-U to enable Wi-Fi preamble such that NR-U and Wi-Fi can detect each other through the preamble detection mechanism with -82 dBm threshold. Figure 1 provides the Wi-Fi DL/UL throughput performance under load/medium/high load scenarios, wherein different color represents the Wi-Fi mean throughput performance when it coexists with another Wi-Fi network, NR-U with -72dBm ED threshold, NR-U with -82 dBm ED threshold, and NR-U with preamble respectively. In addition, the actual detection performance for preamble is implemented when enabling the preamble for NR-U. For example, in order to achieve a detection accuracy of 90%, the preamble SINR shall be at least 2 dB. 
Figure 1 shows that Wi-Fi throughput performance can be increased under all the three considered Wi-Fi/NR-U coexistence scenarios over the baseline Wi-Fi/Wi-Fi coexistence scenario. For Wi-Fi/NR-U coexistence performance, compared to coexisting with an NR-U network that uses a -72 dBm ED threshold as in Section 2, the Wi-Fi DL/UL throughput can be further improved when it coexists with an NR-U network that uses either a -82 dBm ED threshold, or the preamble detection scheme. Furthermore, Wi-Fi can achieve comparable or even better DL/UL throughput performance when it coexists with NR-U that uses a -82 dBm ED threshold, compared to when Wi-Fi coexists with NR-U that enables Wi-Fi preamble. This demonstrates that for the considered indoor scenario wherein a significant fraction of weak serving links (e.g., serving link RSSI < =72 dBm) exists, it is sufficient for NR-U to use energy detection with a more conservative ED threshold (e.g., -82 dBm) to well coexist with Wi-Fi. In addition, since Wi-Fi detects the preamble enabled NR-U using the -82 dBm PD threshold as opposed to the -62 dBm ED threshold, Wi-Fi will have decreased channel access chance that can lead to lower throughput values when it coexists with preamble enabled NR-U rather than ED only NR-U with -82 dBm ED threshold. 
[image: ]
Figure 1. Wi-Fi mean throughput performance under Wi-Fi/NR-U coexistence scenario

In addition to the Wi-Fi throughput performance, the corresponding NR-U throughput performance under the three Wi-Fi/NR-U coexistence scenarios for the indoor setup are also provided in Figure 2. It can be validated from Figure 2 that depending on the energy detection threshold, NR-U with only energy detection can achieve comparable or even better mean throughput performance compared to enabling Wi-Fi preamble for NR-U. The detailed evaluation results for Wi-Fi/NR-U coexistence when NR-U uses -82 dBm EDT or NR-U enables preamble detection are provided in Table 6 of Appendix B.

[image: ]
Figure 2. NR-U mean throughput performance under Wi-Fi/NR-U coexistence scenario

Observation 5: Comparable Wi-Fi/NR-U coexistence performance can be achieved between when NR-U enables Wi-Fi preamble and when NR-U only uses energy detection.

For NR-U/NR-U coexistence scenario, the performance impacts of different ED threshold and enabling preamble for NR-U are also investigated for the indoor scenario. Compared to the baseline wherein NR-U uses -72 dBm ED threshold, Figure 3 illustrates that a lower ED threshold value of -82 dBm can provide better coexistence performance for the considered indoor deployment in medium and high load cases. In particular, the NR-U throughput gain of using -82 dBm ED threshold over the -72 dBm ED threshold increases as the traffic load increases. By contrast, when Wi-Fi preamble is enabled for NR-U, NR-U is only able to achieve similar throughput performance as ED-only NR-U with -72 dBm ED threshold, and lower throughput performance compared to when NR-U uses energy detection with the -82 dBm ED threshold. This demonstrates that enabling Wi-Fi preamble for NR-U would degrade the NR-U/NR-U coexistence performance. The detailed evaluation results for NR-U/NR-U coexistence when NR-U uses -82 dBm EDT or NR-U enables preamble detection are provided in Table 7 of Appendix B.

Observation 6: Enabling Wi-Fi preamble for NR-U would degrade NR-U/NR-U coexistence performance.

[image: ]
Figure 3. NR-U mean throughput performance under NR-U/NR-U coexistence scenario

Since comparable Wi-Fi performance can be achieved when Wi-Fi coexists with ED-only NR-U and when Wi-Fi coexists with preamble enabled NR-U, and that NR-U/NR-U coexistence performance would degrade when Wi-Fi preamble is enabled, it is sufficient for NR-U to support only energy detection for fair Wi-Fi/NR-U and NR-U/NR-U coexistence. The specific energy detection threshold can be up to network implementation subject to the unlicensed regulation allowance, which can be adjusted based on the network setup/utilization such that a fair coexistence performance can be achieved.

5 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 under Wi-Fi/NR-U coexistence than Wi-Fi/Wi-Fi coexistence for indoor scenario. 
Observation 2: NR-U can coexist well with each other in unlicensed spectrum for indoor scenario.
Observation 3: Wi-Fi has better performance under Wi-Fi/NR-U coexistence than Wi-Fi/Wi-Fi coexistence for outdoor scenario. 
Observation 4: NR-U can coexist well with each other in unlicensed spectrum for outdoor scenario.
Observation 5: Comparable Wi-Fi/NR-U coexistence performance can be achieved between when NR-U enables Wi-Fi preamble and when NR-U only uses energy detection.
Observation 6: Enabling Wi-Fi preamble for NR-U would degrade NR-U/NR-U coexistence performance.

6 Appendix A
The additional simulation parameters for the evaluations in this contribution is provided by Table 5.

TABLE 5: Additional Default Simulation Parameters for Sub-7 GHz NR-U
	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of users per operator
	5 per gNB/AP 

	SCS
	30 kHz (15kHz for outdoor)

	Channel Model
	NR InH Mixed Office model (NR UMi street canyon for outdoor)

	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
	FTP model 3 with traffic arrival rate of λ = 0.5 (36.889 Table A.1.1) 




7 Appendix B

TABLE 6: Wi-Fi/NR-U coexistence when NR-U uses -82 dBm EDT or NR-U enables preamble detection
	
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+
NR-U with -82 dBm EDT for NR-U
	NR-U in
WiFi+
NR-U with -82 dBm EDT for NR-U
	Wi-Fi in
WiFi+
NR-U with preamble for NR-U
	NR-U in
WiFi+
NR-U with preamble for NR-U
	Wi-Fi in
WiFi+
NR-U with -82 dBm EDT for NR-U
	NR-U in
WiFi+
NR-U with -82 dBm EDT for NR-U
	Wi-Fi in
WiFi+
NR-U with preamble for NR-U
	NR-U in
WiFi+
NR-U with preamble for NR-U
	Wi-Fi in
WiFi+
NR-U with -82 dBm EDT for NR-U
	NR-U in
WiFi+
NR-U with -82 dBm EDT for NR-U
	Wi-Fi in
WiFi+
NR-U with preamble for NR-U
	NR-U in
WiFi+
NR-U with preamble for NR-U

	R1-1814074 / Samsung
	DL: 
UPT CDF
[Mbps]
	5%
	11.844
	20.740
	6.704
	15.359
	3.058
	3.269
	4.072
	4.121
	0.459
	0.792
	0.417
	0.862

	
	
	50%
	39.777
	64.211
	39.299
	58.714
	27.595
	37.322
	26.132
	31.967
	12.037
	14.931
	6.926
	16.210

	
	
	95%
	54.888
	74.117
	59.415
	73.970
	53.332
	74.131
	50.016
	74.092
	43.630
	73.584
	40.343
	45.916

	
	
	Mean
	35.605
	58.521
	35.192
	54.882
	26.831
	36.968
	26.143
	36.561
	15.475
	21.909
	14.680
	18.319

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

	
	
	50%
	0.052
	0.056
	0.051
	0.057
	0.100
	0.093
	0.094
	0.110
	0.231
	0.227
	0.371
	0.273

	
	
	95%
	0.200
	0.196
	0.319
	0.179
	3.260
	0.925
	1.321
	0.900
	3.837
	1.757
	4.572
	1.541

	
	
	Mean
	0.153
	0.084
	0.133
	0.099
	0.413
	0.212
	0.348
	0.249
	0.832
	0.493
	1.007
	0.484

	
	UL:
UPT CDF
[Mbps]
	5%
	8.691
	24.543
	2.276
	23.232
	1.364
	5.109
	4.791
	4.106
	0.264
	1.971
	0.193
	3.017

	
	
	50%
	40.088
	59.708
	39.980
	58.156
	29.692
	31.916
	24.888
	30.161
	10.969
	17.435
	9.216
	16.412

	
	
	95%
	53.620
	73.467
	53.514
	73.455
	54.812
	73.199
	42.643
	73.054
	43.156
	56.293
	40.145
	51.652

	
	
	Mean
	39.350
	56.899
	35.535
	56.401
	27.623
	36.432
	25.310
	35.882
	17.170
	21.645
	14.194
	21.738

	
	UL:
Delay CDF
[s]
	5%
	0.050
	0.054
	0.050
	0.054
	0.050
	0.054
	0.050
	0.054
	0.050
	0.055
	0.050
	0.055

	
	
	50%
	0.050
	0.060
	0.053
	0.070
	0.094
	0.116
	0.125
	0.131
	0.243
	0.261
	0.391
	0.241

	
	
	95%
	0.265
	0.201
	2.338
	0.205
	2.458
	0.741
	1.499
	0.843
	4.341
	1.507
	4.090
	1.390

	
	
	Mean
	0.089
	0.088
	0.270
	0.091
	0.459
	0.198
	0.364
	0.251
	0.928
	0.430
	1.112
	0.415

	
	𝜌DL
	0.992
	0.992
	0.99
	1
	0.959
	0.973
	0.993
	0.976
	0.906
	0.967
	0.910
	0.905

	
	𝜌UL
	0.987
	0.996
	1
	0.995
	0.962
	0.956
	0.975
	0.942
	0.888
	0.915
	0.86
	0.921

	
	BO
	0.057
	0.061
	0.105
	0.096
	0.244
	0.32
	0.26
	0.321
	0.541
	0.566
	0.572
	0.550

	
	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, if preamble is enabled PDT = -82 dBm and EDT = -72 dBm; for NR-U with -82 dBm EDT, preamble detection is not enabled
· 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:	Cross-carrier scheduling in UL






TABLE 7: NR-U/NR-U coexistence when NR-U uses -82 dBm EDT or NR-U enables preamble detection
	
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%

	
	
	NR-U in
NR-U+
NR-U with -82 dBm EDT for NR-U
	NR-U in
NR-U+
NR-U with preamble for NR-U
	NR-U in
NR-U+
NR-U with -82 dBm EDT for NR-U
	NR-U in
NR-U+
NR-U with preamble for NR-U
	NR-U in
NR-U+
NR-U with -82 dBm EDT for NR-U
	NR-U in
NR-U+
NR-U with preamble for NR-U

	R1-1814074 / Samsung
	DL: 
UPT CDF
[Mbps]
	5%
	7.381
	7.145
	7.594
	5.92
	2.152
	0.838

	
	
	50%
	64.293
	64.227
	42.450
	41.796
	26.792
	19.590

	
	
	95%
	74.074
	74.017
	72.321
	73.868
	73.921
	73.523

	
	
	Mean
	55.454
	55.155
	41.821
	40.578
	30.035
	25.640

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

	
	
	50%
	0.056
	0.055
	0.113
	0.118
	0.160
	0.197

	
	
	95%
	0.300
	0.277
	0.441
	0.679
	1.233
	1.266

	
	
	Mean
	0.105
	0.107
	0.162
	0.203
	0.325
	0.344

	
	UL:
UPT CDF
[Mbps]
	5%
	21.794
	18.683
	12.913
	3.75
	3.052
	2.554

	
	
	50%
	55.064
	55.591
	41.878
	41.489
	30.016
	19.780

	
	
	95%
	73.547
	73.566
	72.849
	73.248
	72.988
	61.286

	
	
	Mean
	54.467
	53.842
	42.875
	40.371
	30.031
	26.182

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

	
	
	50%
	0.067
	0.064
	0.085
	0.106
	0.165
	0.164

	
	
	95%
	0.175
	0.205
	0.540
	0.910
	1.260
	1.089

	
	
	Mean
	0.088
	0.111
	0.149
	0.227
	0.320
	0.321

	
	𝜌DL
	1
	1
	0.988
	0.968
	0.985
	0.931

	
	𝜌UL
	1
	1
	0.991
	0.992
	0.984
	0.978

	
	BO
	0.075
	0.081
	0.199
	0.252
	0.395
	0.51

	
	𝜆
	0.15
	0.22
	0.3

	
	
	Additional comments:
· TxOP assumption of NR-U:	4ms 
· Is RTS/CTS enabled for Wi-Fi:	No
· PD/ED threshold assumptions:	for NR-U, if preamble is enabled PDT = -82 dBm and EDT = -72 dBm; for NR-U with -82 dBm EDT, preamble detection is not enabled
· Max modulation order supported in each technology:	256 QAM for 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
· NR-U SCS:	30 kHz
· [bookmark: _GoBack]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:	Cross-carrier scheduling in UL
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