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1. Introduction

In RAN1#94bis meeting [1], the following agreements related to simulation methodology for NR unlicensed operation were made:
	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 provide our evaluation results and observations for indoor scenarios in sub 7GHz based on the agreed assumptions.
2. Evaluation results for sub7GHz indoor

In this section, we provide Wi-Fi and NR-U coexistence performance of DL/UL in indoor scenario for (1) NR-U with FTP traffic and Wi-Fi with FTP traffic and (2) NR-U with FTP traffic and Wi-Fi with mixed traffic.
2.1. Wi-Fi and NR-U coexistence evaluation with 20MHz and FTP traffic

Table 2.1-1: Wi-Fi and NR-U 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

	R1-1812556 / Source 1
	DL: 

UPT CDF

[Mbps]
	5%
	18.268
	28.927
	25.728
	54.975
	1.726
	17.915
	16.285
	50.416
	0.265
	9.445
	7.807
	46.640

	
	
	50%
	54.361
	58.016
	65.082
	69.197
	39.992
	51.877
	57.588
	64.352
	16.689
	48.522
	52.069
	62.491

	
	
	95%
	61.681
	61.704
	70.643
	70.686
	56.865
	59.919
	68.391
	70.239
	54.012
	58.880
	65.850
	68.941

	
	
	Mean
	49.522
	53.936
	60.081
	66.666
	34.027
	47.806
	52.259
	62.680
	22.774
	44.045
	46.999
	60.818

	
	DL:
Delay CDF

[s]
	5%
	0.068
	0.068
	0.059
	0.059
	0.077
	0.071
	0.062
	0.060
	0.084
	0.073
	0.067
	0.061

	
	
	50%
	0.082
	0.074
	0.068
	0.061
	0.170
	0.092
	0.092
	0.070
	1.274
	0.107
	0.133
	0.075

	
	
	95%
	1.028
	0.243
	2.193
	0.140
	20.978
	0.597
	2.855
	0.672
	50.726
	1.492
	5.518
	0.732

	
	
	Mean
	0.615
	0.177
	1.537
	0.145
	3.480
	0.268
	1.519
	0.173
	9.934
	0.516
	1.950
	0.179

	
	UL:
UPT CDF

[Mbps]
	5%
	3.249
	21.607
	5.012
	40.063
	0.148
	12.103
	2.399
	24.877
	0.003
	5.661
	0.030
	25.941

	
	
	50%
	53.859
	57.058
	50.527
	54.950
	37.878
	51.712
	40.200
	49.174
	16.032
	48.471
	34.614
	46.898

	
	
	95%
	61.790
	61.815
	58.788
	59.297
	57.646
	60.269
	54.446
	56.350
	54.671
	58.894
	51.578
	55.014

	
	
	Mean
	47.340
	52.428
	43.627
	53.066
	33.050
	46.962
	34.726
	46.746
	22.271
	43.239
	29.886
	44.700

	
	UL:
Delay CDF

[s]
	5%
	0.068
	0.068
	0.071
	0.071
	0.075
	0.070
	0.080
	0.075
	0.082
	0.073
	0.087
	0.078

	
	
	50%
	0.086
	0.077
	0.090
	0.079
	0.205
	0.098
	0.171
	0.097
	0.787
	0.115
	0.280
	0.109

	
	
	95%
	6.556
	0.350
	8.910
	0.866
	46.665
	1.200
	18.475
	2.292
	104.829
	12.454
	96.034
	2.234

	
	
	Mean
	7.374
	7.033
	5.254
	0.372
	11.062
	7.123
	6.520
	1.012
	16.938
	7.643
	12.172
	0.893

	
	𝜌DL
	1.00
	1.00
	0.99
	1.00
	1.00
	1.00
	0.98
	1.00
	0.88
	1.00
	0.97
	1.00

	
	𝜌UL
	0.96
	0.97
	0.94
	0.99
	0.90
	0.96
	0.92
	0.97
	0.81
	0.96
	0.87
	0.98

	
	BO
	0.17
	0.18
	0.20
	0.06
	0.39
	0.23
	0.35
	0.15
	0.58
	0.28
	0.44
	0.17

	
	𝜆
	0.07
	0.14
	0.174

	
	
	Additional comments:

- TxOP assumptions of WiFi and NR-U: Up to 4 msec TxOP for both DL/UL Wi-Fi and DL/UL NR-U transmission

- Is RTS/CTS enabled for WiFi: No

- PD/ED threshold assumptions: For Wi-Fi, -82/62 dBm PD/ED threshold and for NR-U, -72 dBm ED threshold

- Max modulation order supported in each technology: 64 QAM for both Wi-Fi and NR-U

- MIMO scheme and number of MIMO layers used for both technologies: 1Tx2Rx antenna configuration for both Wi-Fi and NR-U

- WiFi MAC layer A-MPDU/A-MSDU aggregation level, MPDU size: 802.11ac

- NR-U SCS: 15 kHz

- WiFi guard interval: 0.8 usec

- NR UE processing time capability (#1 or #2): Processing time capability #1

- NR PDSCH/PUSCH mapping type, PDCCH monitoring configuration: For PDSCH, PDSCH mapping type A and B (with 7 symbols), for PUSCH, PUSCH mapping type A with 14 symbols, for PDCCH, PDCCH monitoring every 7 symbols

- Link adaptation assumptions: For Wi-Fi, open loop rate adaptation, for NR-U, realistic closed loop link adaptation

- Cross-carrier scheduling for NR-U


Observation 1: For NR-U with FTP traffic and Wi-Fi with FTP traffic, it is observed that NR-U ensures fair coexistence with Wi-Fi in terms of user perceived throughput and delay and Wi-Fi FTP performance in coexistence scenario is better than Wi-Fi baseline.
2.2. Wi-Fi and NR-U coexistence evaluation with 20MHz, FTP traffic for NR-U and mixed traffic for Wi-Fi
Table 2.1-2: Wi-Fi and NR-U coexistence evaluation with 20MHz, FTP traffic for NR-U and mixed traffic for Wi-Fi
	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
	Wi-Fi in

WiFi+
WiFi
	Wi-Fi in

WiFi+
NR-U
	NR-U in

WiFi+

NR-U
	Wi-Fi in

WiFi+
WiFi
	Wi-Fi in

WiFi+
NR-U
	NR-U in

WiFi+

NR-U

	R1-1812556 / Source 1
	DL: 

UPT CDF

[Mbps]
	5%
	11.845
	17.576
	10.459
	1.504
	11.294
	6.872
	0.392
	8.180
	4.933

	
	
	50%
	48.261
	52.692
	56.665
	30.353
	46.675
	50.226
	14.451
	43.011
	44.292

	
	
	95%
	61.006
	61.163
	70.429
	56.713
	59.760
	67.631
	50.558
	57.934
	65.325

	
	
	Mean
	44.053
	48.2196
	50.420
	30.1075
	42.783
	44.870
	18.945
	39.168
	40.457

	
	DL:
Delay CDF

[s]
	5%
	0.069
	0.069
	0.060
	0.076
	0.070
	0.063
	0.094
	0.074
	0.067

	
	
	50%
	0.095
	0.083
	0.082
	0.253
	0.104
	0.116
	1.558
	0.129
	0.165

	
	
	95%
	1.615
	0.442
	8.361
	18.513
	0.782
	9.628
	37.181
	1.296
	9.323

	
	
	Mean
	0.559
	0.211
	2.812
	3.816
	0.321
	2.866
	7.723
	0.434
	3.028

	
	UL:
UPT CDF

[Mbps]
	5%
	4.112
	15.514
	0.224
	0.057
	10.791
	0.787
	0.003
	4.825
	0.027

	
	
	50%
	45.472
	49.085
	40.040
	31.349
	44.644
	32.840
	13.472
	40.906
	24.945

	
	
	95%
	60.703
	61.251
	57.964
	55.631
	59.234
	54.085
	49.442
	57.907
	50.253

	
	
	Mean
	41.35
	46.203
	35.636
	29.192
	41.656
	29.668
	18.145
	38.301
	24.805

	
	UL:
Delay CDF

[s]
	5%
	0.069
	0.068
	0.072
	0.079
	0.071
	0.080
	0.099
	0.074
	0.089

	
	
	50%
	0.106
	0.090
	0.121
	0.272
	0.117
	0.215
	1.170
	0.143
	0.406

	
	
	95%
	7.043
	0.655
	43.810
	52.377
	2.011
	30.033
	110.253
	6.593
	86.192

	
	
	Mean
	7.396
	7.060
	10.243
	11.316
	7.205
	8.287
	15.990
	7.411
	12.311

	
	VoIP outage
	0.06
	0.01
	
	0.2
	0.01
	
	0.39
	0.025
	

	
	VoIP outage(DL)
	0.03
	0
	
	0.07
	0
	
	0.14
	0.005
	

	
	VoIP outage(UL)
	0.05
	0.01
	
	0.2
	0.01
	
	0.39
	0.025
	

	
	𝜌DL
	1.00
	1.00
	0.98
	0.96
	1.00
	0.98
	0.90
	1.00
	0.97

	
	𝜌UL
	0.96
	0.97
	0.92
	0.91
	0.96
	0.90
	0.82
	0.96
	0.87

	
	BO
	0.17
	0.19
	0.32
	0.38
	0.25
	0.44
	0.61
	0.30
	0.54

	
	𝜆
	0.06
	0.11
	0.14

	
	
	Additional comments:

- TxOP assumptions of WiFi and NR-U: Up to 4 msec TxOP for both DL/UL Wi-Fi and DL/UL NR-U transmission

- Is RTS/CTS enabled for WiFi: No

- PD/ED threshold assumptions: For Wi-Fi, -82/62 dBm PD/ED threshold and for NR-U, -72 dBm ED threshold

- Max modulation order supported in each technology: 64 QAM for both Wi-Fi and NR-U

- MIMO scheme and number of MIMO layers used for both technologies: 1Tx2Rx antenna configuration for both Wi-Fi and NR-U

- WiFi MAC layer A-MPDU/A-MSDU aggregation level, MPDU size: 802.11ac

- NR-U SCS: 15 kHz

- WiFi guard interval: 0.8 usec

- NR UE processing time capability (#1 or #2): Processing time capability #1

- NR PDSCH/PUSCH mapping type, PDCCH monitoring configuration: For PDSCH, PDSCH mapping type A and B (with 7 symbols), for PUSCH, PUSCH mapping type A with 14 symbols, for PDCCH, PDCCH monitoring every 7 symbols

- Link adaptation assumptions: For Wi-Fi, open loop rate adaptation, for NR-U, realistic closed loop link adaptation

- Cross-carrier scheduling for NR-U


Observation 2: For NR-U with FTP traffic and Wi-Fi with mixed traffic, it is observed that NR-U guarantees better Wi-Fi VoIP performance as well as Wi-Fi FTP performance than the baseline Wi-Fi performance.

3. Conclusion
In this contribution, we provided coexistence performance of DL/UL in indoor scenario for cross carrier scheduling with/without VoIP traffic, and observations are as follows.
Observation 1: For NR-U with FTP traffic and Wi-Fi with FTP traffic, it is observed that NR-U ensures fair coexistence with Wi-Fi in terms of user perceived throughput and delay and Wi-Fi FTP performance in coexistence scenario is better than Wi-Fi baseline.
Observation 2: For NR-U with FTP traffic and Wi-Fi with mixed traffic, it is observed that NR-U guarantees better Wi-Fi VoIP performance as well as Wi-Fi FTP performance than the baseline Wi-Fi performance.
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