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1 Introduction
In RAN1 #93 [1], the following agreements 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














This contribution discusses the simulation parameters for outdoor sub-7 GHz NR-U, the coexistence system with NR-U, performance metrics, channel access schemes and other features of NR-U for evaluation.
2 Simulation Parameters for Outdoor NR-U 
For sub-7 GHz outdoor NR-U, it has been agreed in RAN1 #93 [1] that two scenarios will be evaluated, which differ in terms of the TRP dropping method between the two operators. The first scenario has a maximum of 30-meter inter-operator TRP distance constraint, while the second scenario does not have any constraint on the inter-operator TRP distance. 
As observed in [2], the serving link received power distribution at the UE is very similar for both scenarios with only minor differences, and higher fraction of serving links below -72 dBm will be observed with higher value of A. Specifically, it has been be observed that with A= 1.2, the fraction of serving cell received power below -72dBm is 12.5% and 11.8% for scenario 1 and scenario 2 respectively; which can achieve the 10%-15% range of interest. With A = 1.5, the fraction of serving cell received power below -72dBm is 21.9% and 21.6% for scenario 1 and scenario 2 respectively. 
The AP/gNB to AP/gNB link power distribution is the main difference between scenario 1 and scenario 2. Since gNBs/APs are clustered inside each macro cell sector for scenario 1, the fraction of AP/gNB to AP/gNB links below -72 dBm is observed to be less than 0.5% for any A<=2, which indicates scenario 1 has very minimal hidden node issue in the downlink. As a result, A = 1.2 can be used for scenario 1 considering the serving link received power distribution. By contrast, for scenario 2, the fraction of AP/gNB to AP/gNB links below -72 dBm is observed to be 2.5% with A = 1.2, and 10.5% with A = 1.5. Since A = 1.5 corresponds to a more reasonable fraction of hidden nodes for the downlink, it is the preferred option for scenario 2. 
Proposal 1: For sub-7 GHz NR-U outdoor evaluation, use A = 1.2 for scenario 1, and A = 1.5 for scenario 2.
3 Coexisting System with NR-U for Evaluation
According to SID on NR-U [3], an important design objective for NR-U is to ensure fair coexistence within NR-based operations in the unlicensed band, and between NR-based operation in unlicensed and other incumbent RATs in the unlicensed band. Therefore, the simulation methodology also needs to specify the system that coexists with the NR-U operator in the evaluated unlicensed band. 
For 5 GHz unlicensed spectrum, the main incumbent system for coexistence evaluation will be Wi-Fi (e.g., IEEE 802.11 ac/ax); and the coexistence methods of NR-U should ensure the NR-U network would not affect the deployed Wi-Fi network performance more than an additional Wi-Fi network on the same carrier [3]. In addition, coexistence performance between the NR-U operator and another NR-U operator on the same carrier can also be evaluated in the 5 GHz unlicensed spectrum. For the 6 GHz unlicensed spectrum wherein the main incumbents are the fixed satellite service (FSS) and fixed service (FS), the coexistence performance between two NR-U operators on the same carrier can be evaluated. 
Proposal 2: Coexistence performance can be evaluated between NR-U and Wi-Fi in 5 GHz band, and between NR-U and NR-U in the 5 GHz and/or 6 GHz band.

4 Channel Access Mechanisms of NR-U for Evaluation
LTE Rel-13 LAA and Rel-14 eLAA introduced omni-directional energy detection based clear channel assessment protocols for both downlink and uplink operations. These LBT procedures of LAA/eLAA are utilized as the baseline channel access frameworks for NR-U. In particular, the baseline option to perform LBT omni-directionally by the initiating NR-U device can provide fair coexistence with the incumbent systems, such as when NR-U coexist with Wi-Fi network in 5 GHz band. 
Given the support of multi-beam operation for NR-U, the directionality of LBT is also an important factor for NR-U coexistence performance evaluation. Besides the baseline omni-directional LBT, another option is for the NR-U initiating device to perform a directional LBT over its intended transmit beam direction. This option can be used for NR-U and NR-U coexistence in the 5 GHz or 6 GHz band, which is suitable for the multi-beam operation of NR-U and can improve spatial reuse, but is potentially subject to severe hidden terminal and exposed terminal issues.
Proposal 3: Evaluate NR-U/Wi-Fi coexistence performance with omni-directional LBT for NR-U, and NR-U/NR-U coexistence performance with omni-directional/directional LBT.

5 Performance Metrics for Evaluation
The performance metrics to evaluate for NR-U and the coexisting system can be mostly reused from LAA [4], including the user-perceived throughput; latency; average buffer occupancy; and ratio of mean served cell throughput and offered cell throughput (i.e., ρ [4]). Another metric is the channel access probability, which is useful to evaluate the aggressiveness and fairness for NR-U and the coexisting system to access the channel under various NR-U channel access schemes and multi-beam operations. The channel access probability can be defined as the resource utilization (e.g., PRB utilization), or the ratio of mean duration that the transmitter has channel access over the mean duration that the transmitter needs channel access (e.g., sum of the duration that it contends for channel access and the duration that it has channel access).
Proposal 4: Performance metrics to evaluate include the user-perceived throughput, latency, buffer occupancy, ratio of mean served cell throughput and offered cell throughput, and channel access probability.

6 NR-U Features for Coexistence Evaluation
In addition to defining the node layout and performance metrics, NR-U simulations shall further demonstrate the performance gains of NR-U compared to LAA through the coexistence performance with Wi-Fi, and the NR-U/NR-U coexistence performance versus LAA/LAA coexistence performance. 
Compared to LTE-LAA, the effects and performance gains for new NR-U features can be evaluated for both NR-U/Wi-Fi and NR-U/NR-U coexistence, such as the multi-beam operation for improving spatial reuse, wideband operations and sub-band LBT for efficient channel access [5], higher subcarrier spacing (e.g., 30/60 kHz) and variable starting positions for increasing channel access opportunities while minimizing transmission of unnecessary signal for channel reservation [6]. 
For example, Figure 1 illustrates some preliminary results on the performance impacts of directional communications of NR-U for the coexisting NR-U/Wi-Fi network in the 5 GHz unlicensed band. Specifically, the indoor deployment scenario as shown in Figure 2 is used, and the other simulation parameters are provided in the Appendix. In Figure 1, the “omni Tx” scenario refers to when NR-U gNB uses omnidirectional transmissions similar to LTE-LAA, and “dir. Tx” scenario refers to when NR-U gNB uses directional transmissions. For both scenarios, NR-U uses omni-directional LBT for fair coexistence with Wi-Fi. 
Fig. 1(a) illustrates the channel access probability under the evaluated coexistence schemes, which is obtained as the average fraction of time that the gNB/AP has channel access given it needs channel access (i.e., its transmission queue is non-empty). Fig. 1(a) shows that compared to omni-directional transmission at NR-U, directional transmissions at NR-U can lead to better channel access probability and consequently better spatial reuse for both NR-U and Wi-Fi. In addition, Fig. 1(b) shows that both NR-U and Wi-Fi have better mean throughput with directional transmissions at NR-U compared to omni transmissions at NR-U. In particular, NR-U has better throughput thanks to the better signal strength and less interference with directional transmissions. In addition, with better spatial re-use and NR-U higher throughput, NR-U can release the channel faster to Wi-Fi, which can further improve Wi-Fi throughput.
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Figure 1. Channel access probability and throughput comparison for indoor 5 GHz NR-U/Wi-Fi coexistence.



Figure 2. Indoor office simulation layout 

Proposal 5: Impacts of NR-U features such as multi-beam operation, wideband operations, scalable numerology, etc., can be evaluated for the coexistence performance of NR-U/Wi-Fi and NR-U/NR-U.
Observation 1: For NR-U/Wi-Fi coexistence, directional communications of NR-U is beneficial in improving spatial reuse and throughput for both NR-U and Wi-Fi over omnidirectional communications of NR-U. 

7 Conclusions
This contribution considered the simulation methodology for NR unlicensed system, and have made the following proposals and observations.
Proposal 1: For sub-7 GHz NR-U outdoor evaluation, use A = 1.2 for scenario 1, and A = 1.5 for scenario 2.
Proposal 2: Coexistence performance can be evaluated between NR-U and Wi-Fi in 5 GHz band, and between NR-U and NR-U in the 5 GHz and/or 6 GHz band.
Proposal 3: Evaluate NR-U/Wi-Fi coexistence performance with omni-directional LBT for NR-U, and NR-U/NR-U coexistence performance with omni-directional/directional LBT.
Proposal 4: Performance metrics to evaluate for NR-U include the user-perceived throughput, latency, buffer occupancy, ratio of mean served cell throughput and offered cell throughput, and channel access probability.
[bookmark: _GoBack]Proposal 5: Impacts of NR-U features such as multi-beam operation, wideband operations, scalable numerology, etc., can be evaluated for the coexistence performance of NR-U/Wi-Fi and NR-U/NR-U.
Observation 1: For NR-U/Wi-Fi coexistence, directional communications of NR-U can improve spatial reuse and throughput performance for both NR-U and Wi-Fi over omnidirectional communications of NR-U. 

8 Appendix
The simulation parameters for the NR-U and Wi-Fi coexistence evaluation in Figure 1 is provided by Table 1.

Table 1: Simulation Parameters for Indoor Sub-7 GHz NR-U
	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of users per operator
	5 per gNB/AP 

	SCS
	15 kHz

	Channel Model
	NR InH Mixed Office model

	gNB Tx Power
	23dBm (omni-directional transmission); 18 dBm (directional transmission) 

	AP Tx Power
	23 dBm

	gNB antenna element gain pattern
	According to TR38.802 [6] for directional transmissions with max gain of 8 dBi; omnidirectional with 0 dBi gain otherwise

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

	AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

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

	Energy detection threshold 
	-62 dBm

	UE receiver
	MMSE-IRC as the baseline receiver

	Traffic model
	FTP model 3 with traffic arrival rate of λ = 0.5 (36.889 Table A.1.1) 

	UE/STA to UE/STA link pathloss model
	NR InH office pathloss model with proper d_3D and LOS probability

	gNB to gNB link pathloss model
	NR InH office pathloss model with proper d_3D and LOS probability
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