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Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK1]Some conclusions on evaluations for NR-U were reached at RAN1#92bis and #94, which includes the following agreements [1][2][3]:
Agreement:
· For sub7 indoor simulation evaluation:
· Scenario: Option 2 (3+3) with indoor mixed office model
· Target to reach 10%-15% serving links below -72dBm
· Further layout parameter fine tuning may be needed. An example procedure for fine tuning is the following sequence.
· Currently a-b-a=15-20-15
· If not reaching target, try a-b-a=15-30-15 and a-b-a=20-40-20
· If not reaching target, apply a scaling factor to the layout with a-b-a=20-40-20
· Other parameters: Default is NR parameters in 38.901 and 38.802 with the exception of the following
The final result of the email discussion is(a,b,c,d)=(20,40,20,40) .
Agreements:
· 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.

Agreement:
· For coexistence evaluation, WiFi+WiFi, WiFi+NR-U and NR-U+NR-U evaluations are baseline with equal priority.

Agreement:
A=1.0 for scenario 1 and A=1.5 for scenario 2
Conclusion:
For evaluation purpose, the previous agreement on dropping 5 UEs per gNB is interpreted as exactly 5 UEs are associated with each cell.

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.
In this contribution, we present our simulation results for NR-U. 
Simulation Results for sub7 GHz NR-U Indoor Scenario 
In this contribution, we evaluated an indoor deployment scenario according to [5]. In this contribution, the following three cases are evaluated to investigate the impact of NR-U deployment toward WiFi deployment:
1. two operators of WiFi deployment;
2. one operator of NR-U deployment coexist with another operator of WiFi deployment;
3. two operators of NR-U deployment.
For each WiFi AP in both case 1 and 2, CCA-CS threshold and CCA-ED threshold are used respectively for intra-RAT and inter-RAT channel sensing. For NR-U gNB in case 2 and case 3, CCA-ED threshold is used as the LBT threshold. 
For a fair comparison, WiFi AP and STA placement is using the same parameters and layout of NR gNB and UE placement. In each case, different operators’ sites are chosen independently (i.e. without network planning) but they are fixed during the evaluation of a case for a fair comparison. 
The detailed simulation assumptions are listed in Appendix A. 
The following tables 1 to 4 are the simulation results for the co-existence scenarios of WiFi+WiFi, WiFi+NR-U and NR-U+NR-U. For NR-U, we have DL+UL/DL-only/UL-only traffic in each case.
[bookmark: OLE_LINK4]Table 1  Wi-Fi and NR-U with DL+UL coexistence evaluation with 20MHz and FTP traffic
	
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

	R1-1812431
	DL:   UPT CDF [Mbps]
	5%
	40.958
	50.921
	12.749
	20.9086
	19.582
	42.015
	6.059
	24.4146
	7.768
	42.348
	2.854
	24.2027

	
	
	50%
	51.341
	58.429
	44.530
	83.6427
	32.045
	51.229
	30.037
	78.1366
	22.447
	49.634
	15.259
	75.6554

	
	
	95%
	61.063
	64.120
	63.951
	114.0128
	40.058
	58.609
	47.489
	99.3320
	28.934
	55.007
	36.573
	100.7447

	
	
	Mean
	51.903
	59.083
	47.601
	76.3185
	32.107
	52.505
	32.781
	72.6793
	21.242
	49.544
	21.404
	70.5092

	
	DL:  Delay CDF [s]
	5%
	0.060
	0.060
	0.047
	0.034
	0.061
	0.060
	0.051
	0.035
	0.073
	0.060
	0.060
	0.035

	
	
	50%
	0.066
	0.062
	0.088
	0.047
	0.142
	0.065
	0.153
	0.052
	0.297
	0.072
	0.277
	0.053

	
	
	95%
	0.207
	0.112
	0.333
	0.153
	0.739
	0.163
	0.817
	0.252
	3.268
	0.211
	1.933
	0.307

	
	
	Mean
	0.096
	0.072
	0.130
	0.068
	0.232
	0.088
	0.276
	0.083
	0.817
	0.096
	0.527
	0.087

	
	UL:   UPT CDF [Mbps]
	5%
	40.245
	49.152
	12.083
	16.3911
	23.012
	48.127
	4.081
	15.4290
	13.400
	40.174
	3.018
	59.8555

	
	
	50%
	49.537
	58.413
	42.110
	74.4228
	34.770
	50.625
	29.733
	62.8715
	23.108
	49.411
	17.757
	16.4273

	
	
	95%
	60.993
	64.496
	76.645
	92.7418
	39.682
	54.735
	55.973
	90.0290
	36.185
	54.341
	42.229
	62.9272

	
	
	Mean
	50.859
	58.871
	49.220
	68.3392
	34.875
	51.439
	32.720
	62.3984
	23.966
	48.391
	22.963
	84.8273

	
	UL:  Delay CDF [s]
	5%
	0.060
	0.060
	0.042
	0.041
	0.062
	0.060
	0.042
	0.041
	0.065
	0.060
	0.047
	0.041

	
	
	50%
	0.068
	0.062
	0.082
	0.054
	0.127
	0.066
	0.162
	0.061
	0.211
	0.076
	0.248
	0.064

	
	
	95%
	0.192
	0.132
	0.363
	0.259
	0.454
	0.174
	0.792
	0.274
	0.864
	0.187
	1.392
	0.290

	
	
	Mean
	0.092
	0.074
	0.128
	0.097
	0.173
	0.089
	0.282
	0.106
	0.306
	0.096
	0.448
	0.113

	
	𝜌DL
	1.00
	1.00
	1.00
	1.00
	0.99
	0.93
	1.00
	99.8339
	0.96
	0.92
	0.97
	1.00

	
	𝜌UL
	1.00
	1.00
	1.00
	1.00
	1.00
	0.93
	0.98
	99.8333
	1.00
	0.92
	0.95
	1.00

	
	BO
	23.677
	36.875
	14.704
	5.260
	41.023
	40.448
	45.818
	11.154
	59.295
	45.374
	72.597
	15.094

	
	𝜆
	DL:1Mbps; 
UL:1Mbps
	DL:2Mbps;
UL:2Mbps
	DL:2.5Mbps; 
UL:2.5Mbps

	
	
	Additional comments:
Note: A fixed time slot ratio of downlink-uplink is used for NR-U, i.e. DL:UL = {5:5}.



Table 2 Wi-Fi and NR-U with DL-only coexistence evaluation with 20MHz and FTP traffic
	
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

	R1-1812431
	DL:   UPT CDF [Mbps]
	5%
	40.958
	50.315
	32.719
	62.8229 
	19.582
	44.334
	18.189
	54.2921
	7.768
	44.419
	11.733
	52.0858

	
	
	50%
	51.341
	61.638
	109.690
	179.0133 
	32.045
	54.118
	75.648
	164.9158
	22.447
	49.424
	62.421
	156.4768

	
	
	95%
	61.063
	64.916
	136.431
	207.9165 
	40.058
	59.754
	105.746
	202.6525
	28.934
	55.316
	93.050
	204.5259

	
	
	Mean
	51.903
	60.768
	96.879
	162.1622 
	32.107
	54.513
	66.707
	150.6907
	21.242
	50.293
	57.011
	145.9356

	
	DL:  Delay CDF [s]
	5%
	0.060
	0.060
	0.026
	0.019 
	0.061
	0.060
	0.026
	0.019
	0.073
	0.060
	0.026
	0.019

	
	
	50%
	0.066
	0.062
	0.047
	0.022 
	0.142
	0.063
	0.080
	0.024
	0.297
	0.069
	0.097
	0.024

	
	
	95%
	0.207
	0.110
	0.156
	0.077 
	0.739
	0.146
	0.457
	0.131
	3.268
	0.177
	0.662
	0.139

	
	
	Mean
	0.096
	0.069
	0.063
	0.034 
	0.232
	0.081
	0.137
	0.039
	0.817
	0.093
	0.197
	0.041

	
	UL:   UPT CDF [Mbps]
	5%
	40.245
	50.386
	-
	-
	23.012
	46.349
	-
	-
	13.400
	45.585
	-
	-

	
	
	50%
	49.537
	60.834
	-
	-
	34.770
	50.113
	-
	-
	23.108
	50.104
	-
	-

	
	
	95%
	60.993
	65.066
	-
	-
	39.682
	57.205
	-
	-
	36.185
	55.314
	-
	-

	
	
	Mean
	50.859
	60.523
	-
	-
	34.875
	52.000
	-
	-
	23.966
	51.155
	-
	-

	
	UL:  Delay CDF [s]
	5%
	0.060
	0.060
	-
	-
	0.062
	0.060
	-
	-
	0.065
	0.060
	-
	-

	
	
	50%
	0.068
	0.062
	-
	-
	0.127
	0.066
	-
	-
	0.211
	0.069
	-
	-

	
	
	95%
	0.192
	0.106
	-
	-
	0.454
	0.152
	-
	-
	0.864
	0.161
	-
	-

	
	
	Mean
	0.092
	0.069
	-
	-
	0.173
	0.086
	-
	-
	0.306
	0.089
	-
	-

	
	𝜌DL
	1.00
	0.95
	1.00
	1.00
	0.99
	0.96
	0.97
	1.00
	0.96
	91.821
	0.97
	1.00

	
	𝜌UL
	1.00
	0.96
	-
	-
	1.00
	0.95
	-
	-
	1.00
	93.255
	-
	

	
	BO
	23.677
	36.156
	6.923
	3.952
	41.023
	39.764
	26.174
	8.783
	59.295
	44.171
	41.198
	11.427

	
	𝜆
	DL:1Mbps; UL:1Mbps
	DL:2Mbps; 
	DL:2Mbps; UL:2Mbps
	DL:4Mbps; 
	DL:2.5Mbps; UL:2.5Mbps
	DL:5Mbps; 

	
	
	Additional comments:



Table 3 Wi-Fi and NR-U with UL-only coexistence evaluation with 20MHz and FTP traffic
	
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

	R1-1812431
	DL:   UPT CDF [Mbps]
	5%
	40.958
	47.276
	-
	-
	19.582
	44.392
	-
	-
	7.768
	41.229
	-
	-

	
	
	50%
	51.341
	60.190
	-
	-
	32.045
	51.535
	-
	-
	22.447
	48.156
	-
	-

	
	
	95%
	61.063
	64.231
	-
	-
	40.058
	57.314
	-
	-
	28.934
	50.807
	-
	-

	
	
	Mean
	51.903
	59.268
	-
	-
	32.107
	51.647
	-
	-
	21.242
	47.494
	-
	-

	
	DL:  Delay CDF [s]
	5%
	0.060
	0.060
	-
	-
	0.061
	0.060
	-
	-
	0.073
	0.060
	-
	-

	
	
	50%
	0.066
	0.062
	-
	-
	0.142
	0.066
	-
	-
	0.297
	0.077
	-
	-

	
	
	95%
	0.207
	0.130
	-
	-
	0.739
	0.170
	-
	-
	3.268
	0.250
	-
	-

	
	
	Mean
	0.096
	0.072
	-
	-
	0.232
	0.089
	-
	-
	0.817
	0.107
	-
	-

	
	UL:   UPT CDF [Mbps]
	5%
	40.245
	50.842
	26.834
	34.9247
	23.012
	42.962
	14.354
	33.1597
	13.400
	38.706
	9.914
	32.3721

	
	
	50%
	49.537
	61.343
	114.239
	141.0299
	34.770
	48.151
	72.546
	126.7055
	23.108
	48.265
	57.714
	126.1715

	
	
	95%
	60.993
	65.154
	157.121
	185.7409
	39.682
	55.809
	112.481
	178.2521
	36.185
	54.055
	98.468
	174.1342

	
	
	Mean
	50.859
	60.017
	102.352
	135.9199
	34.875
	49.242
	68.307
	126.5704
	23.966
	48.418
	53.314
	123.3722

	
	UL:  Delay CDF [s]
	5%
	0.060
	0.060
	0.022
	0.021
	0.062
	0.060
	0.022
	0.021
	0.065
	0.060
	0.022
	0.021

	
	
	50%
	0.068
	0.062
	0.040
	0.027
	0.127
	0.071
	0.089
	0.030
	0.211
	0.077
	0.128
	0.031

	
	
	95%
	0.192
	0.117
	0.193
	0.111
	0.454
	0.193
	0.474
	0.125
	0.864
	0.187
	0.738
	0.137

	
	
	Mean
	0.092
	0.071
	0.067
	0.045
	0.173
	0.095
	0.151
	0.052
	0.306
	0.098
	0.224
	0.056

	
	𝜌DL
	1.00
	95.070
	-
	-
	0.99
	0.96
	-
	-
	0.96
	0.93
	-
	-

	
	𝜌UL
	1.00
	95.620
	1.00
	1.00
	1.00
	0.95
	0.98
	1.00
	1.00
	0.92
	0.93
	1.00

	
	BO
	23.677
	36.196
	8.38
	5.280
	41.023
	40.487
	36.885
	11.545
	59.295
	44.734
	40.175
	14.749

	
	𝜆
	DL:1Mbps; UL:1Mbps
	UL:2Mbps;
	DL:2Mbps; UL:2Mbps
	UL:4Mbps;

	DL:2.5Mbps; UL;2.5Mbps
	UL:5Mbps;


	
	
	Additional comments:


[bookmark: OLE_LINK5]From the above simulation results, we observe that NR-U system (with suitable co-existence mechanisms such as LBT function) does not impact WiFi services more than an additional WiFi network on the same carrier. In fact, some performance improvements were observed when NR-U coexist with WiFi than two WiFi network coexistence case.
Observation 1: NR-U can coexist well with WiFi if LBT mechanism is adopted.
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0995]Conclusion 
In this contribution, some simulation results are provided. Based on these, we have the following observation:
Observation 1: NR-U can coexist well with WiFi if LBT mechanism is adopted.
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Appendix A: NR-U Indoor sub7 GHz Simulation Assumptions
Table A-1 NR-U evaluation assumptions
	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	Channel Model
	NR InH Mixed Office model

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

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

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5 dB

	UE/STA Receiver Noise Figure
	9 dB

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

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

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

	Traffic model
	Use 36.889 Table A.1.1

	TxOP
	4ms

	ED threshold assumptions
	-72 dBm

	Max modulation order 
	256QAM

	MIMO scheme and number of MIMO layers
	2 layers

	NR-U SCS,
	15kHz

	NR UE processing time capability (#1 or #2)
	Capability #1

	NR PDSCH/PUSCH mapping type, PDCCH monitoring configuration
	type A
monitoringSlotPeriodicityAndOffset：1slot;
coreset  duration： 2 symbol  ;
monitoringSymbolswithinSlot:[1 0 0 0 0 0 0 0 0 0 0 0 0 0]

	Link adaptation assumptions
	Enable

	NR assumption on self scheduling or using cross carrier scheduling
	cross carrier scheduling( feedback in licensed band)



Table A-2 WiFi system evaluation assumptions
	Parameter
	value

	TxOP
	4.096 ms

	RTS/CTS
	Not Enabled

	PD/ED threshold assumption
	ED detection 
CCA-CS:-82 dBm
[bookmark: _GoBack]CCA-ED:-62 dBm

	Max modulation order 
	256QAM

	MIMO scheme and number of MIMO layers
	STBC,2 layers

	MAC layer A-MPDU/A-MSDU aggregation level, MPDU size 
	Frame aggregation:A-MPDU, 10 frames aggregation
MPDU:Fixed 1500B MPDU size

	guard interval
	Normal guard interval: 0.8us

	TX Power
	23 dBm, same as NR-U
18 dBm TX power for WiFi STA

	MAC
	Coordination
	EDCA

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection

	
	Contention window
	Min : 16 slot, Max : 64 slot

	Rate control
	Proprietary algorithm
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