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1 Introduction

In RAN1 #93 meeting [1], the following agreements on simulation methodology for NR-U operation were made:

Agreement:

· For sub7 GHz outdoor scenario, adopting the following

· Macro deployment with ISD=200×A meters

· Each operator randomly drops 1 micro-layer TRP within each macro cell sector with minimum distance between micro-layer TRPs equals 57.9×A meters

· Independent dropping between two operators

· Use 10 meters as the inter-operator micro-layer TRP minimum distance

· For the inter-operator micro-layer TRP maximum distance

· Outdoor scenario 1: 30

· Outdoor scenario 2: No limit as long as the TRP is within the macro cell

· UE randomly dropped within macro cell sector with a minimum serving cell RSSI of -82dBm

· All UEs dropped outdoor

· Try A>=1 and find the A that satisfies serving cell received power distribution satisfies (10+X)% to (15+X)% UEs below -72dBm

· Other parameters follow the table as shown in Appendix．
Based on the above agreements, this document discusses the remaining issues about simulation scenarios for NR-U, also provides the calibration results for outdoor scenarios. Besides, the preliminary coexistence results for DL+UL NR-U and Wi-Fi with different SCS are also provided. 
2 Calibration for sub-7GHz outdoor scenario
It has been agreed that, the layouts for sub-7GHz outdoor scenario is that each operator randomly drops 1 micro-layer TRP within each macro cell sector, macro cells are deployed with ISD=200×A meters, and the minimum distance between micro-layer TRPs equals 57.9×A meters. For scenario 1, the inter-operator micro-layer TRP maximum distance is 30 meters, and for scenario 2, there is no limit as long as the TRP is within the macro cell. To reflect the hidden node issues of real deployment scenario, (10+X)% to (15+X)% serving links should below -72dBm. We have evaluated serving cell RSSI distribution for scenario 1 and scenario 2 with swept A=1, 1.2, 1.4, 1.6, 1.8, and 2, and CDFs for received power at UE from serving gNB are provided in Figure 1. Besides, we also provide the RSSI distribution for Max gNB2gNB received power as shown in Figure 2. According to the offline discussion, it can be found that all of the results are well-matched with other companies.  
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Figure 1.  CDF of received signal power at UE from serving gNB
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Figure 2. RSSI distribution for Max gNB2gNB received power
The percentile at -72dBm for each layout options are summarized in the following tables. It is observed that for the UE serving cell received power CDF, the difference between scenario 1 and scenario 2 is not obvious, and the layout with A=1.2 could reach 10%-15% serving links below -72dBm. While for the gNB2gNB received power CDF, there is nearly no change for scenario 1 by increasing A, since the inter-operator micro-layer TRP maximum distance is 30m, and max gNB2gNB is always high, while in scenario 2, the percentage of RSSI<-72dBm increases significantly as the value of A increases.
Table 1. Percentile of -72dBm point for UE serving cell received power
	
	A=1.0
	A=1.2
	A=1.4
	A=1.6
	A=1.8
	A=2.0

	Scenario 1
	7.4%
	14.3%
	21.9%
	28.4%
	33.4%
	37.8%

	Scenario 2
	7.2%
	14.6%
	22.5%
	28.5%
	33.5%
	38.8%


Table 2. Percentile of -72dBm point for Max gNB2gNB received power
	
	A=1.0
	A=1.2
	A=1.4
	A=1.6
	A=1.8
	A=2.0

	Scenario 1
	0%
	0.1%
	0.2%
	0.4%
	0.5%
	0.6%

	Scenario 2
	0.35%
	1.8%
	5.5%
	12.2%
	20.4%
	28.9%


From the reality point of view, the deployment in NR-U should be aligned with NR in licensed band if possible, especially for CA/DC cases. Since the ISD for dense urban in NR has been agreed to be 200 meters, which could be able to reflect the actual situations well, it should not be blindly increased in NR-U. Moreover, the ISD assumption in outdoor large BSS scenario in 802.11ax is only 130m. As a compromise, A=1.2 is preferred for sub-7G outdoor scenario in NR-U. 
Proposal 1: A=1.2 should be used for sub-7G outdoor scenario.
3 Coexistence performance for DL+UL NR-U and Wi-Fi
To show that NR-U could be a good neighbor to the incumbent systems deployed in unlicensed band, the coexistence performance of DL+UL NR-U and Wi-Fi (11ac) is firstly evaluated in this section, and the Wi-Fi/Wi-Fi coexistence is considered as the baseline. Besides, multiple numerologies are also taken into account. All of the results are bases on the simulation assumptions listed in Appendix B.
Figure 3 shows the average UPT performance for NR-U and Wi-Fi coexistence. The bandwidth is 20MHz, SCS is 15kHz, 30kHz and 60kHz, respectively. Buffer occupancy BO=5%, 30% and 60% represent light, medium, and high traffic load, respectively. Each UE has 50% DL traffic and 50% UL traffic. Typical configurations for processing delay in NR are adopted, including HARQ-feedback delay and UL grant delay. The UL Buffer report latency is not taken into account.  For control and RS overhead, only the front-loaded DMRS is considered. CCA-ED for NRU is -72dBm, and CCA-ED=-62dBm, CCA-CS = -82dBm for Wi-Fi. For DL transmission, multiple starting point with 2OS mini-slot is used for 15kHz SCS, and with 7OS mini-slot for 30kHz and 60kHz SCS. It is observed that when the interferer is changed from Wi-Fi to NR-U, rather than being degraded, the performance of Wi-Fi is increased under different SCS conditions. Thus NR-U provides fair coexistence. 
Observation 1: In indoor scenario with symmetric DL+UL traffic at low, medium and high traffic loads in 20 MHz channel, evaluations of user perceived throughput show that NR-U ensures fair coexistence with 802.11ac when NR-U uses 15 kHz, 30 kHz or 60 kHz subcarrier spacing.
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Figure 3. Average UPT(Mbps) performance for NR-U/Wi-Fi coexistence
4 Conclusion
In this contribution, we discussed the simulation scenarios and assumptions for NR-U evaluation. Based on the discussion, we have the following observation and proposals: 
Observation 1: In indoor scenario with symmetric DL+UL traffic at low, medium and high traffic loads in 20 MHz channel, evaluations of user perceived throughput show that NR-U ensures fair coexistence with 802.11ac when NR-U uses 15 kHz, 30 kHz or 60 kHz subcarrier spacing.
Proposal 1: A=1.2 should be used for sub-7G outdoor scenario.
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Appendix A
Table A: Summary of simulation assumptions for outdoor Sub-7GHz
	Parameters
	Outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR UMi street canyon

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

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

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

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

	UE receiver
	MMSE-IRC as the baseline receiver

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

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

Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability

	gNB to gNB link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability


Appendix B
Table B: Summary of simulation assumptions for indoor Sub-7GHz
	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR InH Mixed Office model

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

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

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

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

	UE receiver
	MMSE-IRC as the baseline receiver

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

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

Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability
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