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Introduction
The New SID on NR-based Access to Unlicensed Spectrum [1] aims to identify and evaluate technical solutions for NR-based operations in unlicensed bands. This contribution discusses the overall simulation methodology for NR unlicensed (NR-U) operations, including the candidate spectrum, evaluation scenarios, coexisting system with NR-U for evaluation, and performance metrics to investigate. 
Simulation Methodology for NR-U 
Candidate Spectrum for Evaluation
Simulation methodology for NR-U operations shall be defined according to the candidate unlicensed spectrum bands for evaluations. The 5 GHz unlicensed spectrum, which includes 5.17 – 5.33 GHz, 5.49 – 5.725 GHz, and 5.725 – 5.835 GHz, is of particular importance due to its global common availability [2]. The 6 GHz unlicensed spectrum, which refers to the 5.925 – 7.125 GHz band and 5.925 – 6.425 GHz band for US and EU respectively, is another attractive candidate spectrum for NR-U due to its wide available bandwidth. The PHY layer designs in the green-field 6 GHz unlicensed band can be similar to the 5 GHz bands, with potential new coexistence mechanisms can be designed since regulatory requirements are not established yet. Therefore, NR-U evaluation shall prioritize 5 GHz unlicensed spectrum as well as 6 GHz unlicensed spectrum if time allows.
The 60 GHz unlicensed spectrum, which ranges from 57 GHz to 66 GHz, is also a candidate spectrum for NR-U. However, operations on 60 GHz band will be subject to much poorer free space pass loss compared to 5 GHz and 6 GHz bands, and the specification work to support NR for >52.6GHz is still unclear at this moment. Therefore, the 60 GHz unlicensed spectrum can be considered with low priority for the study item phase of NR-U.
Proposal 1: Candidate spectrum for NR-U evaluation shall prioritize the 5 GHz unlicensed spectrum and 6 GHz unlicensed spectrum (if time allows) in the study item phase.
Evaluation Scenarios and Parameters for NR-U 
The evaluation scenarios for NR-U can include both the indoor scenario and the outdoor scenario, with the target deployment examples can be the indoor office/enterprise networks and the outdoor hotspots respectively. Given the time budget of the study item phase, the simulation methodology for NR-U evaluations can prioritize indoor scenarios in the study item phase similar to LTE-LAA, and further evaluate the outdoor scenarios if time permits. The simulation methodology can focus on evaluating only the unlicensed cell performance.
For the simulation parameters, most of the evaluation assumptions for NR-U can be reused from LAA evaluation scenarios in [3], such as the total gNB/UE transmit power, channel model, traffic model, receiver model, network layout, etc. By contrast, the key simulation parameters that need to be specified for NR-U evaluations include the carrier frequency, the subcarrier spacing, the system bandwidth, as well as the antenna array configuration on gNB/UE such that multi-beam operation is supported at least on gNB side. Table 1 summarizes the proposed key simulation parameters for NR-U evaluations, and the other simulation parameters can be reused from the evaluation assumptions for LAA [3]. Note the total gNB/UE transmit power in Table 1 corresponds to the EIRP, which also includes the antenna gain when multi-beam operation is adopted by the gNB/UE.
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	Unlicensed cell

	Carrier frequency 
	5.0 GHz (optional 6.0 GHz)

	System bandwidth per carrier
	20 MHz (optional 80 MHz)

	Subcarrier spacing
	15/30/60 KHz

	Total gNB TX power
	18 dBm (optional: 24 dBm)

	Total UE TX power 
	[bookmark: _GoBack]18 dBm

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

	UE antenna array configuration
	(M, N, P, Mg, Ng)  = (1, 1, 2, 1, 1), dH = dV = 0.5 λ (optional: omni-directional)


Proposal 2: NR-U evaluation shall prioritize the indoor scenario, and the evaluation parameters can be mostly reused from LAA evaluation scenarios, with the exceptions including carrier frequency, subcarrier spacing, system bandwidth, and antenna array configurations.
Coexisting System with NR-U for Evaluation
According to SID on NR-U [1], an important design objective for NR-U is to ensure fair coexistence within NR-based operations in unlicensed, 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 the Wi-Fi system (e.g., IEEE 802.11 ac); 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 [1]. 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 green-field 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 shall be evaluated. 
Proposal 3: Coexistence performance shall be evaluated between NR-U and Wi-Fi in the 5 GHz unlicensed band, and between NR-U and NR-U in the 5 GHz or 6 GHz unlicensed band.
Performance Metrics for Evaluation
The performance metrics to evaluate for both NR-U and the coexisting system can be mostly reused from LAA [3], including the user-perceived throughput; latency; average buffer occupancy; and ratio of mean served cell throughput and offered cell throughput (i.e., ρ [3]). 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/LBT schemes. 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.
Conclusions
This contribution considered the simulation methodology for NR unlicensed system, and proposed the following.
Proposal 1: Candidate spectrum for NR-U evaluation shall prioritize the 5 GHz unlicensed spectrum and 6 GHz unlicensed spectrum (if time allows) in the study item phase.
Proposal 2: NR-U evaluation shall prioritize the indoor scenario, and the evaluation parameters can be mostly reused from LAA evaluation scenarios, with the exceptions including carrier frequency, subcarrier spacing, system bandwidth, and antenna array configurations.
Proposal 3: Coexistence performance shall be evaluated between NR-U and Wi-Fi in the 5 GHz unlicensed band, and between NR-U and NR-U in the 5 GHz or 6 GHz unlicensed band.
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.
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