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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1]In RAN1 101 e-meeting and post meeting email discussion, the proposals in Tables 2, 3, 4, 5, 7, 8, 9, 10, 11, 12 of R1-2005185 are agreed, which includes the LLS and SLS simulation assumption and objectives. 
[bookmark: _GoBack]In this contribution, we provide some primary simulation results of LLS and SLS based on the agreed simulation assumption in R1-2005185 for above 52.6GHz. 
Link level simulation
PUSCH
TDL-A 5ns
· 16QAM
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Figure 2.1-1 TDL-A 16QAM
It is shown from Figure 2.1-1, for 16QAM TDL-A channel:
1) Without phase noise, different SCS shows similar performance.
2)  With phase noise and without PN compensation, phase noise will cause about 1 dB performance degradation on each SCS. Larger SCS shows better performance against PN, 120kHz is 0.5dB worse than 960kHz.
3) With phase noise and with PTRS PN compensation, the performance is almost the same as the performance without phase noise.
· 64QAM
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Figure 2.1-2 TDL-A 64QAM
It is shown from Figure 2.1-2, for 64QAM TDL-A channel:
1) Without phase noise, different SCS shows similar performance.
2)  With phase noise and without PN compensation, phase noise will cause significant performance degradation on each SCS, larger SCS shows better resistance against the impairment caused by PN.
3) With phase noise and with PTRS PN compensation, the performance is much better than without PN compensation. Although there is still some gap from the reference performance without PN, larger SCS shows better performance with PTRS PN compensation.
PDSCH
CDL-B 20ns
Considering 16QAM TDL-A performance of different SCS is similar, for DL evaluation, we only consider 64QAM in order to show the difference between different SCS.
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Figure 2.2-1 CDL-B 64QAM
Figure 2.2-1 shows the evaluation results for 64QAM and CDL-B channel model with 20ns delay spread. Generally, similar observation as UL can be found as follows:
1) Without phase noise, different SCS shows similar performance, 960kHz performance is slightly worse than others, probably due to the shortened CP length.
2)  With phase noise and if we do not do the PN compensation, significant performance loss can be observed on each curve with different SCS.
3) Larger SCS shows better performance with PTRS PN compensation.

Observation 1: Phase noise has limited impact on 16QAM modulation, and with PTRS PN compensation, different SCS (120kHz, 240kHz, 480kHz, 960kHz) shows similar performance.
Observation 2: Phase noise has significant impact on 64QAM modulation, and with PTRS PN compensation, larger SCS shows better performance. 
System level simulation

Coexistence interference analysis
In this section, some simulation is performed to study the interference of different LBT schemes. As we know, in 60 GHz frequency, omni-directional LBT is used in Wi-Fi system such as IEEE 802.11 ad/ay.  
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Figure 3.3-1 Indoor scenario C
In this part, we provide system-level simulations to evaluate the impact of LBT schemes on the coexistence between NR-U and Wi-Fi systems, where one operator using omni-directional LBT mimics the behavior of Wi-Fi system and the other operator is assumed as NR-U can choose between omni-directional LBT and directional LBT. The detailed simulation assumptions are listed in Appendix.
1) Case 1 corresponds to omni-directional LBT for Operator 1 (mimic an existed Wi-Fi operator) vs omni-directional LBT for Operator 2 (mimic a new NR-U operator) ;
2) Case 2 corresponds to omni-directional LBT for Operator 1(mimic an existed Wi-Fi operator) vs directional LBT for Operator 2 (mimic a new NR-U operator). 

In Case 1, gNBs are randomly dropped in a 10m*10m box, UEs are randomly dropped in the 120m*50m room. In Case 2, the randomization is totally the same with Case 1 in order to show a compatible performance between 2 cases. Simulation assumptions and detailed statistic can be found in Appendix.


Figure 3.1-2 Coexistence interference analysis
It can be shown in Figure 3.1-2:
· In mean and 5% and 95% UPT, it is shown from Case1 that Operator 1 has a relatively high throughput with omni-directional LBT compared to the same LBT mechanism used for Operator 2. The performance difference between the two operators is mainly due to the random distribution of the nodes in this simulation drop which is not friendly to operator 2. However, we can see from Case 2 that such phenomenon is mitigated when directional LBT is used for Operator 2 instead of omni-directional LBT.
· In 50% UPT, it can be observed that NR-U and Operator 1 show very similar performance and means that the performance of operator 1 will not be significantly affected even if directional LBT is used for Operator 2.

Observation 3: Compared to omni-directional LBT, directional LBT is beneficial to increase the probability of channel access and the spatial reuse efficiency for NR-U, and the impact on the performance of the existed Wi-Fi system is negligible. 

CCA threshold and LBT schemes
In this section, the deployment scenario is Indoor scenario A, 2 operators use the same LBT mechanism, directional LBT or Omnidirectional LBT. Different CCA threshold such as [-82dBm -62dBm -42dBm] are compared to evaluate the total performance of different LBT schemes.  Medium traffic load and high traffic load performance is shown in Figure 3.2-1~3.2-2. 
Simulation assumptions and detailed statistic can be found in Appendix.
· Medium traffic load

Figure 3.2-1 Medium traffic load mean UPT
· High traffic load


Figure 3.2-2 High traffic load mean UPT


Observation 4: As the CCA threshold increases, the LBT failure probability gradually decreases and different LBT schemes converge to a similar performance.
Observation 5: With appropriate CCA threshold, Directional LBT shows better performance than Omnidirectional LBT in NRU-NRU coexistence scheme.

Conclusion
Observation 1: Phase noise has limited impact on 16QAM modulation, and with PTRS PN compensation, different SCS (120kHz, 240kHz, 480kHz, 960kHz) shows similar performance.
Observation 2: Phase noise has significant impact on 64QAM modulation, and with PTRS PN compensation, larger SCS shows better performance. 
Observation 3: Compared to omni-directional LBT, directional LBT is beneficial to increase the probability of channel access and the spatial reuse efficiency for NR-U, and the impact on the performance of the existed Wi-Fi system is negligible. 
Observation 4: As the CCA threshold increases, the LBT failure probability gradually decreases and different LBT schemes converge to a similar performance.
Observation 5: With appropriate CCA threshold, Directional LBT shows better performance than Omnidirectional LBT in NRU-NRU coexistence scheme.
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Appendix
A1. LLS Simulation assumptions
Table A1-1 LLS simulation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Waveform
	CP-OFDM

	System Bandwidth
	400MHz

	Subcarrier spacing
	120kHz/240kHz/480kHz/960kHz

	RB number
	8/4/2/1

	CP type
	Normal CP

	Channel Model
	TDL-A 5ns
CDL-B 20ns

	PN model
	3GPP TR38.803 example 2

	DMRS Configuration
	2 DMRS symbols per slot at (2,11)

	PTRS Configuration
	(K = 2, L = 1)

	SLIV
	(S=0, L=14)

	Channel Estimation
	Realistic

	PN Estimation
	Realistic

	UE receiver
	MMSE-IRC

	BS antenna Array configuration
	For TDL model: 1*2 
For CDL model: 
(M, N, P, Mg, Ng) = (8, 16, 1, 1, 1), dH = dV = 0.5 λ 

	UE antenna Array configuration
	For TDL model: 1*2 
For CDL model: 
(M, N, P, Mg, Ng) = (4, 4, 1, 1, 1), dH = dV = 0.5 λ 



A2. LLS Simulation assumptions

Table A2-1 SLS simulation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Channel Bandwidth
	2GHz

	Subcarrier spacing
	960kHz

	Scenario
	Indoor A 

	LBT schemes
	Omnidirectional LBT 
Directional LBT

	CCA threshold
	[-92dBm -82dBm -62dBm -42dBm]

	Channel Model
	InH Open office model in TR 38.901 Chapter 7.4.1

	BS Tx Power
	14dBm

	UE Tx Power
	21dBm

	BS Antenna gain
	5dBi

	UE Antenna gain
	5dBi

	BS Noise Figure
	7dB

	UE Receiver Noise Figure
	10dB

	UE receiver
	MMSE-IRC

	BS antenna Array configuration
	 (M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ 

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

	Traffic model
	FTP Model 3 (27Mbyte file)


A3. SLS simulation results
Table A3-1 Coexistence interference analysis
	Reported parameter
	

	
	Case1:
Omni vs Omni 
	Case2:
Omni vs Directional 

	
	Operator1
	Operator2
	Operator1
（Omni）
	Operator2

	DL：
UPT CDF [Mbps]
	5%
	330.6076 
	145.3680 
	342.1996 
	213.1892 

	
	20%
	698.4680 
	718.9111 
	646.5258 
	812.3870 

	
	50%
	1899.3197 
	2012.3595 
	1864.7524 
	2303.1646 

	
	95%
	13254.0068 
	7434.4336 
	11698.5234 
	10241.9492 

	
	Mean
	3927.3369 
	2864.0049 
	3742.8137 
	3825.9131 

	DL：
Delay CDF [s]
	5%
	0.013 
	0.021 
	0.013 
	0.018 

	
	50%
	0.132 
	0.133 
	0.135 
	0.090 

	
	95%
	0.975 
	1.836 
	1.100 
	1.268 

	
	Mean
	0.266 
	0.403 
	0.318 
	0.267 

	BO（%）
	51.958  
	52.811  
	55.795  
	40.687  

	RU（%）
	28.716
	35.741
	30.941  
	27.287  

	lamuda
	1.25/4files/s




Table A3-2 High traffic load omnidirectional LBT
	Reported parameter
	NRU +NRU(omni)

	
	CCA=-82dBm
	CCA=-62dBm
	CCA=-42dBm

	DL：
UPT CDF [Mbps]
	5%
	11.5132
	258.4258
	300.1205

	
	10%
	20.0545
	406.6419
	517.3281

	
	50%
	714.9429
	2119.0698
	2273.7708

	
	95%
	6843.7842
	13586.9219
	14820.4902

	
	Mean
	1813.1741
	3828.8721
	4150.6094

	DL：
Delay CDF [s]
	5%
	0.019
	0.013
	0.013

	
	50%
	0.334
	0.116
	0.106

	
	95%
	27.013
	2.321
	1.191

	
	Mean
	4.346
	0.711
	0.461

	𝜌（%)
	65.2185
	95.0905
	98.5297

	BO（%）
	77.811
	57.496
	54.842

	RU（%）
	77.341
	57.139
	55.170

	lamuda
	1.25files/s



Table A3-3 High traffic load directional LBT
	Reported parameter
	NRU +NRU(direcional)

	
	CCA=-82dBm
	CCA=-62dBm
	CCA=-42dBm

	DL：
UPT CDF [Mbps]
	5%
	18.4151 
	322.0743 
	300.1205 

	
	10%
	26.1314
	506.8828
	517.3281 

	
	50%
	1398.0867 
	2259.9055 
	2273.7708 

	
	95%
	9657.4678 
	14573.1670 
	14820.4902 

	
	Mean
	2599.9751
	4128.9458
	4150.6094 

	DL：
Delay CDF [s]
	5%
	0.016 
	0.013 
	0.013 

	
	50%
	0.160 
	0.106 
	0.106 

	
	95%
	17.101 
	1.201 
	1.191 

	
	Mean
	2.800 
	0.453 
	0.461 

	𝜌（%)
	83.4192 
	 98.4964 
	98.5297 

	BO（%）
	64.738  
	55.493 
	55.170

	RU（%）
	64.343  
	55.167  
	54.842

	lamuda
	1.25files/s




Table A3-4 Medium traffic load omnidirectional LBT
	Reported parameter
	NRU +NRU(omni)

	
	CCA=-82dBm
	CCA=-62dBm
	CCA=-42dBm

	DL：
UPT CDF [Mbps]
	5%
	498.9044
	824.0012
	792.1085

	
	10%
	687.4977
	1246.5151
	1277.9742

	
	50%
	2560.2195
	3645.6738
	3650.9165

	
	95%
	13730.7559
	19198.8438
	19525.3438

	
	Mean
	4095.3210
	5635.7500
	5704.1040

	DL：
Delay CDF [s]
	5%
	0.015
	0.012
	0.012

	
	50%
	0.092
	0.059
	0.058

	
	95%
	0.660
	0.281
	0.269

	
	Mean
	0.194
	0.096
	0.096

	𝜌（%)
	98.8948
	98.0911
	98.3255

	BO（%）
	37.093
	50.142
	49.284

	RU（%）
	20.710
	13.147
	12.998

	lamuda
	1.25/4files/s















Table A3-5 Medium traffic load directional LBT
	Reported parameter
	NRU +NRU(direcional)

	
	CCA=-82dBm
	CCA=-62dBm
	CCA=-42dBm

	DL：
UPT CDF [Mbps]
	5%
	848.8726
	812.2195
	792.1085

	
	10%
	1237.0601
	1264.5615 
	1277.9742

	
	50%
	3329.4951
	3631.0200
	3650.9165

	
	95%
	16873.7363
	19125.8789
	19525.3438

	
	Mean
	5413.4297
	5691.3403
	5704.1040

	DL：
Delay CDF [s]
	5%
	0.012
	0.012
	0.012

	
	50%
	0.061
	0.058
	0.058

	
	95%
	0.312
	0.276
	0.269

	
	Mean
	0.103
	0.097
	0.096

	𝜌（%)
	98.0576 
	98.4260
	98.3255

	BO（%）
	53.080
	53.518
	49.284

	RU（%）
	13.932
	13.005
	12.998

	lamuda
	1.25/4files/s



Mean UPT

Operator 1	Case 1	Case 2	3927.3368999999998	3742.8137000000002	Operator 2	Case 1	Case 2	2864.0048999999999	3825.9131000000002	Total	Case 1	Case 2	6791.3418000000001	7568.7268000000004	



5% UPT

Operator 1	Case 1	Case 2	330.60759999999999	342.19959999999998	Operator 2	Case 1	Case 2	145.36799999999999	213.1892	Total	Case 1	Case 2	475.97559999999999	555.38879999999995	



50% UPT

Operator 1	Case 1	Case 2	1899.3197	1864.7524000000001	Operator 2	Case 1	Case 2	2012.3595	2303.1646000000001	Total	Case 1	Case 2	3911.6792	4167.9170000000004	



95% UPT

Operator 1	Case 1	Case 2	13254.006799999999	11698.5234	Operator 2	Case 1	Case 2	7434.4336000000003	10241.949199999999	Total	Case 1	Case 2	20688.440399999999	21940.472600000001	



Medium traffic load

directional LBT	-82dBm	-62dBm	-42dBm	5413.4296999999997	5691.3402999999998	5704.1040000000003	omnidirectional LBT	-82dBm	-62dBm	-42dBm	4095.3209999999999	5635.75	5704.1040000000003	



High traffic load

directional LBT	-82dBm	-62dBm	-42dBm	2599.9751000000001	4128.9458000000004	4150.6094000000003	omnidirectional LBT	-82dBm	-62dBm	-42dBm	1813.1741	3828.8721	4150.6094000000003	
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