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1 Introduction
This contribution evaluates different channel access procedures proposed for NR-U with respect to fair coexistence with Wi-Fi 802.11ac and the performance of NR-U. The evaluations consider the NR-U Sub 7GHz Indoor scenario as defined in [1]. For NR-U and Wi-Fi, the metrics used to evaluate performance are the mean DL and UL User Perceived Throughput (UPT). Additionally for Wi-Fi voice, the outage percentage is considered is a metric. These metrics are defined in Section A.1.1 of [2].
2 Discussion

The salient evaluation configurations are as follows:
· NR-U 

· Licensed Assisted NR-U.
· UL is always transmitted within a shared COT won by the gNB. 

· The gNB COT is won with CAT4 LBT and UL transmissions occur within 16us of the preceding DL transmission. 
· DRS is transmitted with CAT4 LBT with the access priority of Voice.
· Wi-Fi 802.11ac

· DL and UL transmissions use independent CAT4 LBT. There is no COT sharing between AP and Client since it is not allowed by 802.11ac.
· Only ACK is transmitted with no-LBT within 16us of the corresponding data transmission.

· Short guard interval, beam-forming and closed loop link adaptation are used.
· Common configuration

· A single 20MHz unlicensed carrier at 5GHz.  

· NR-U and Wi-Fi 802.11ac are DL + UL

· MCS table with up to 256QAM

· DL:UL traffic ratio is 50:50.

· High load: Buffer Occupancy varies between 0.61 and 0.73. 
The following channel access procedures are evaluated:

Configuration 1.  NR-U LBT is ED-only with ED = -72dBm and no LBT in the 16us gap before UL transmission within the gNB COT.

Configuration 2.  NR-U LBT is ED-only with ED = -72dBm and fixed duration LBT with ED = -72dBm in the 16us gap before UL transmission within the gNB COT.

Configuration 3. NR-U LBT is ED-only with ED = -62dBm and no LBT in the 16us gap before UL transmission within the gNB COT.

Configuration 4.  NR-U LBT is ED-only with ED = -62dBm and fixed duration LBT with ED = -62dBm in the 16us gap before UL transmission within the gNB COT.

Configuration 5.  NR-U LBT consists of ED = -62dBm and PD = -82dBm, no LBT in the 16us gap before UL transmission within the gNB COT.

Configuration 6.  NR-U LBT consists of ED = -62dBm and PD = -82dBm and fixed duration LBT with ED = -62dBm in the 16us gap before UL transmission within the gNB COT.
For Configurations 5 and 6, PD is implemented by NR-U transmitting and receiving the 20us 802.11a preamble.
3 Simulation Results
3.1 Wi-Fi mean DL and UL UPT

The following figure shows the percentage change in Wi-Fi DL and UL mean UPT in an NR-U + Wi-Fi network in presence of the six NR-U channel access schemes described above, relative to the Wi-Fi + Wi-Fi baseline.
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Observation 1:  The following three NR-U channel access schemes: ED = -72dBm and no LBT in DL-UL gap, ED = -62dBm and no-LBT in DL-UL gap and ED = -62dBm and fixed LBT with ED = -62dBm in the DL-UL gap are not fair to the mean DL UPT of co-channel Wi-Fi.

Observation 2:  The following four NR-U channel access schemes: ED = -72dBm and no-LBT in DL-UL gap, ED = -72dBm and fixed LBT with ED = -72dBm in DL-UL gap, ED = -62dBm and no-LBT in DL-UL gap and ED = -62dBm and fixed LBT with ED = -62dBm in DL-UL gap are not fair to the mean UL UPT of co-channel Wi-Fi.

Observation 3:  The following two NR-U channel access schemes: ED = -62dBm and PD = -82dBm and no-LBT in DL-UL gap, ED = -62dBm and PD -82dBm and fixed LBT with ED = -62dBm in DL-UL gap are fair to both mean DL and mean UL UPT of co-channel Wi-Fi.

Observation 4: The NR-U LBT scheme of ED = -62dBm and PD = -82dBm with fixed LBT at ED = -62dBm in the DL-UL gap achieves the best coexistence performance for Wi-Fi mean DL and UL UPT.
3.2 Wi-Fi VoIP Outage

The following figure shows the outage percentage for Wi-Fi voice for the Wi-Fi + Wi-Fi baseline as well as in presence of the six NR-U channel access schemes described above for the NR-U + Wi-Fi configuration.
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Observation 5: None of the evaluated NR-U channel access schemes coexist fairly with Wi-Fi voice.
Note: It can be seen that the NR-U channel access schemes with ED = -62dBm and PD = -82dBm do not coexist fairly with Wi-Fi voice even when these schemes are similar to that used by Wi-Fi. However, there is a crucial difference. All UL transmissions in Wi-Fi 802.11ac are preceded with a CAT4 LBT with essentially PD = -82dBm, while all UL transmissions in NR-U for these two channel access schemes are preceded with either no-LBT or fixed LBT with an ED threshold of -62dBm. So, NR-U UL transmissions either use no threshold or a 20dB higher threshold than Wi-Fi UL transmissions. The only UL transmission in 802.11ac without CAT4 LBT is the transmission of (B)ACK which is a short packet with duration < 100µs. 
3.3 NR-U mean DL and UL UPT

The following figure shows the percentage change in NR-U mean DL and UL UPT in an NR-U + Wi-Fi network for five NR-U channel access schemes Configuration 1 and Configuration 3 to 6, relative to Configuration 2. The configurations have been described above in Section 2. Configuration 2 i.e. NR-U ED-only at ED = -72dBm and fixed LBT at ED = -72dBm in the 16us DL-UL gap is chosen as the baseline since this is similar to the LAA LBT scheme. So, the goal of this exercise is to evaluate the performance of the five other potential NR-U LBT schemes relative to the LBT scheme chosen for LAA.
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Observation 6: NR-U mean DL and UL UPT are higher for the two channel access schemes where NR-U LBT consists of ED = -62dBm and PD = -82dBm with and without LBT in the 16us DL-UL gap, relative to the baseline LBT scheme of ED-only with ED =  -72dBm and fixed LBT with ED = -72dBm in the 16us DL-UL gap.
Observation 7: NR-U mean DL and UL UPT are lower for the three channel access schemes where NR-U LBT consists of ED = -62dBm with and without LBT in the 16us DL-UL gap and ED = -72dBm and without LBT in the 16us DL-UL gap, relative to the baseline LBT scheme of ED-only with ED = -72dBm and fixed LBT with ED = -72dBm in the 16us DL-UL gap.

Observation 8: The NR-U LBT scheme of ED = -62dBm and PD = -82dBm with fixed LBT at ED = -62dBm in the 16us DL-UL gap achieves the best performance for NR-U mean DL and UL UPT.
Observation 9: In the above evaluations Licensed Assisted NR-U is modelled i.e. most of the control messages are transmitted over the licensed spectrum, as in LAA. Also, DRS is modelled to be transmitted with CAT4 LBT with the access priority class of Voice. So, the coexistence performance of NR-U towards Wi-Fi is expected to be poorer, in Dual Connectivity and Standalone modes. 

Wi-Fi 802.11ac: DL and UL transmissions use independent CAT4 LBT. No COT sharing between AP and Client since it is not allowed by 802.11ac. Only ACK transmitted with no-LBT within 16us of the corresponding data transmission Short guard interval, beam-forming and closed loop link adaptation based on channel reciprocity, MCS and rank update based on measured and target error, spatial probing and Null Data Packets.
Licensed Assisted NR-U: UL always transmitted within a shared COT won by the gNB. The gNB COT won with CAT4 LBT and UL transmissions occur within 16us of the preceding DL transmission. DRS transmitted with CAT4 LBT with the access priority of Voice. 
· Wi-Fi 802.11ac

· DL and UL transmissions use independent CAT4 LBT. There is no COT sharing between AP and Client since it is not allowed by 802.11ac.

· Only ACK is transmitted with no-LBT within 16us of the corresponding data transmission.

· Short guard interval, beam-forming and closed loop link adaptation are used.
· Common configuration

· A single 20MHz unlicensed carrier at 5GHz.  

· NR-U and Wi-Fi 802.11ac are DL + UL

· MCS table with up to 256QAM

· DL:UL traffic ratio is 50:50.

4 Observations and Conclusions
Observation 1:  The following three NR-U channel access schemes: ED = -72dBm and no LBT in DL-UL gap, ED = -62dBm and no-LBT in DL-UL gap and ED = -62dBm and fixed LBT with ED = -62dBm in the DL-UL gap are not fair to the mean DL UPT of co-channel Wi-Fi.

Observation 2:  The following four NR-U channel access schemes: ED = -72dBm and no-LBT in DL-UL gap, ED = -72dBm and fixed LBT with ED = -72dBm in DL-UL gap, ED = -62dBm and no-LBT in DL-UL gap and ED = -62dBm and fixed LBT with ED = -62dBm in DL-UL gap are not fair to the mean UL UPT of co-channel Wi-Fi.

Observation 3:  The following two NR-U channel access schemes: ED = -62dBm and PD = -82dBm and no-LBT in DL-UL gap, ED = -62dBm and PD -82dBm and fixed LBT with ED = -62dBm in DL-UL gap are fair to both mean DL and mean UL UPT of co-channel Wi-Fi.

Observation 4: The NR-U LBT scheme of ED = -62dBm and PD = -82dBm with fixed LBT at ED = -62dBm in the DL-UL gap achieves the best coexistence performance for Wi-Fi mean DL and UL UPT.
Observation 5: None of the evaluated NR-U channel access schemes coexist fairly with Wi-Fi voice.

Observation 6: NR-U mean DL and UL UPT are higher for the two channel access schemes where NR-U LBT consists of ED = -62dBm and PD = -82dBm with and without LBT in the 16us DL-UL gap, relative to the baseline LBT scheme of ED-only with ED =  -72dBm and fixed LBT with ED = -72dBm in the 16us DL-UL gap.

Observation 7: NR-U mean DL and UL UPT are lower for the three channel access schemes where NR-U LBT consists of ED = -62dBm with and without LBT in the 16us DL-UL gap and ED = -72dBm and without LBT in the 16us DL-UL gap, relative to the baseline LBT scheme of ED-only with ED = -72dBm and fixed LBT with ED = -72dBm in the 16us DL-UL gap.

Observation 8: The NR-U LBT scheme of ED = -62dBm and PD = -82dBm with fixed LBT at ED = -62dBm in the 16us DL-UL gap achieves the best performance for NR-U mean DL and UL UPT.

Observation 9: In the above evaluations Licensed Assisted NR-U is modelled i.e. most of the control messages are transmitted over the licensed spectrum, as in LAA. Also, DRS is modelled to be transmitted with CAT4 LBT with the access priority class of Voice. So, the coexistence performance of NR-U towards Wi-Fi is expected to be poorer, in Dual Connectivity and Standalone modes. 
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6 Appendix

	Tdoc/Source
	Reported parameters
	High load  : 

BO range for Wi-Fi in Wi-Fi+Wi-Fi: above 55%

	
	 
	baseline
	Configuration 1
	Configuration 2
	Configuration 3

	
	 
	 
	Wi-Fi
	Wi-Fi
	Wi-Fi
	NR-U
	Wi-Fi
	NR-U
	Wi-Fi
	NR-U

	R1-1814195/ Broadcom


	DL: UPT CDF (Mbps)
	5%
	5.49
	6.15
	3.12
	9.15
	6.75
	12.98
	7.55
	21.21

	
	
	50%
	43.18
	45.81
	37.95
	47.11
	42.06
	48.27
	48.36
	60.21

	
	
	95%
	94.95
	93.69
	94.57
	116.18
	92.26
	112.36
	96.47
	125.65

	
	
	Mean
	49.41
	50.15
	43.02
	57.52
	51.01
	59.94
	57.02
	77.07

	
	DL: Latency CDF (s)
	5%
	0.05
	0.06
	0.06
	0.02
	0.05
	0.03
	0.04
	0.02

	
	
	50%
	0.72
	0.81
	0.82
	0.63
	0.71
	0.60
	0.61
	0.55

	
	
	95%
	1.35
	1.13
	1.74
	1.16
	1.13
	1.04
	0.78
	0.64

	
	
	Mean
	0.76
	0.72
	0.89
	0.64
	0.74
	0.61
	0.62
	0.50

	
	UL: UPT CDF (Mbps)
	5%
	4.06
	4.01
	2.14
	6.61
	4.62
	8.09
	6.65
	12.38

	
	
	50%
	42.43
	42.27
	25.43
	36.01
	37.17
	35.46
	42.74
	44.85

	
	
	95%
	106.45
	109.80
	94.42
	95.95
	94.10
	90.43
	92.41
	87.24

	
	
	Mean
	50.54
	50.99
	34.09
	42.26
	45.00
	43.23
	51.67
	52.72

	
	UL: Latency CDF (s)
	5%
	0.04
	0.04
	0.05
	0.04
	0.05
	0.03
	0.04
	0.02

	
	
	50%
	0.70
	0.70
	0.95
	0.90
	0.75
	0.92
	0.66
	0.70

	
	
	95%
	1.61
	1.69
	2.35
	1.21
	1.51
	1.27
	1.54
	1.32

	
	
	Mean
	0.76
	0.75
	0.97
	0.86
	0.86
	0.87
	0.72
	0.69

	
	VoIP outage
	9.09
	NA
	31.18
	NA
	27.27
	NA
	18.18
	NA

	
	ρ (DL)
	0.97
	0.97
	0.95
	0.97
	0.97
	0.97
	0.98
	0.99

	
	ρ (UL)
	0.97
	0.97
	0.94
	0.96
	0.96
	0.95
	0.98
	0.98

	
	BO
	0.56
	0.57
	0.67
	0.58
	0.59
	0.51
	0.48
	0.43

	
	               λ
	0.81

	
	Additional Comments

Common configuration: MCOT = 2ms for Voice and MCOT = 8ms in DL and 6ms in UL for Best Effort. Self carrier scheduling.
Wi-Fi 802.11ac: DL and UL transmissions use independent CAT4 LBT. No COT sharing between AP and Client, since it is not allowed by 802.11ac. Only ACK transmitted with no-LBT within 16us of the corresponding data transmission. Short guard interval, beam-forming and closed loop link adaptation based on channel reciprocity, MCS and rank update based on measured and target error, spatial probing and Null Data Packets.

Licensed Assisted NR-U: UL always transmitted within a shared COT won by the gNB. The gNB COT won with CAT4 LBT and UL transmissions occur within 16us of the preceding DL transmission. DRS transmitted with CAT4 LBT with the access priority of Voice. 30 KHz SCS. UE capability #1.
Configuration 7. NR-U LBT is ED-only with ED = -72dBm and no LBT in the 16us gap before UL transmission within the gNB COT.

Configuration 8.  NR-U LBT is ED-only with ED = -72dBm and fixed duration LBT with ED = -72dBm in the 16us gap before UL transmission within the gNB COT.

Configuration 9. NR-U LBT consists of ED = -62dBm and PD = -82dBm and fixed duration LBT with ED = -62dBm in the 16us gap before UL transmission within the gNB COT.




