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1 Introduction
In RAN1 #92 [1], the following agreements were made:
Agreement:
· 5GCM in 38.802 is used for NR-U simulation evaluation
· NR-unlicensed simulation evaluation considers the following scenarios
· Indoor sub-7GHz, 2 operators
· Outdoor Sub-7 GHz, 2 operators
· Indoor mmW, 2 Operators
· Outdoor mmW, 2 operators
· Stadium scenario for sub-7GHz, 2 operators, can be optionally considered by interested companies.
· Note: RAN1 prioritizes the simulation for sub-7 GHz band. It does not preclude evaluation for above 7 GHz.
· Deployment scenarios to simulate
· CA between NR licensed cell and NR unlicensed cell
· DC (with LTE and with NR)
· SA
· An NR cell with DL in unlicensed band and UL in licensed band
· Note: A single set of evaluations may be applicable to multiple scenarios
· Note: Only unlicensed cell(s) is simulated.
· Note: The licensed cell may not be explicitly modeled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 
· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)
· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)
· Fairness criterion for coexistence with 11ax can be further discussed at plenary level
· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)
· From SID: NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations
· Note: The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands

Agreement:
The following network topologies are included in the evaluations:
· Indoor sub7GHz, choose one of the following options
· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)
· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)
· Option 3: Based on IEEE indoor enterprise model with modifications
· Outdoor sub7GHz
· NR dense urban scenario with two layers, but only consider the micro layer
· Randomly drop one micro layer per operator
· Indoor mmW
· Reuse indoor sub7GHz topology
· Parameter changes may be needed and submitted together with simulation results
· Outdoor mmW
· Reuse outdoor sub7GHz topology
· Parameter changes may be needed and submitted together with simulation results





























This contribution discusses the overall simulation methodology for NR unlicensed (NR-U) operations, including the candidate spectrum and scenarios for evaluation, simulation parameters, channel access mechanisms for evaluation, coexisting system with NR-U for evaluation, and performance metrics to investigate.
2 Simulation Methodology for NR-U 
1 
2 
2.1 Candidate Spectrum and Scenarios 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 is of particular importance due to its global common availability; and the 6 GHz unlicensed spectrum is another attractive spectrum for NR-U due to its wide available bandwidth and potentially similar PHY layer designs to the 5 GHz bands. The 60 GHz unlicensed spectrum, on the other hand, will be subject to much poorer free space pass loss compared to sub-7 GHz bands, and the specification work to support NR for >52.6GHz is still unclear at this moment. Therefore, it was agreed that NR-U evaluation prioritizes sub-7 GHz unlicensed spectrum for the study item phase of 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. 
Proposal 1: NR-U evaluation can prioritize indoor scenario in the study item phase.

2.2 Simulation Parameters for NR-U 
For the simulation parameters, some of the evaluation assumptions for NR-U can be reused from LAA evaluation scenarios in [4], including the total gNB/UE transmit power, traffic model, receiver model, etc. Additional key simulation parameters that need to be specified for NR-U evaluations include the carrier frequency, the subcarrier spacing, the system bandwidth, the network layout, as well as the antenna array configuration on gNB/UE such that multi-beam operation is supported at least on the 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. In addition, evaluating NR-U with 80 MHz system bandwidth can enable the performance study of wideband operations (e.g., wideband LBT) for sub-7 GHz NR-U, as well as the coexistence evaluation with the IEEE 802.11ac system. 
[bookmark: _Ref505961761][bookmark: _Ref505961698]Table 1 Key simulation parameters 
	Parameters
	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 
	18 dBm (optional: 24 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)

	Layout for nodes
	For indoor sub 7 GHz scenario, reuse 38.802 indoor hotspot topology but with two operators. Each operator deploys 6 gNBs (for NR-U operator) or 6 APs (for Wi-Fi operator) per 120m x 50m. Optionally, the gNB/AP density for each operator can be reduced to 3 gNB/APs per 120m x 50m. 







Proposal 2: NR-U evaluation parameters can be partly reused from LAA evaluation scenarios, with the exceptions including carrier frequency, subcarrier spacing, system bandwidth, antenna array configurations, and layout for nodes.

2.3 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 can be utilized as the baseline channel access frameworks for NR-U. 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. One option is for NR-U gNB/UE to perform LBT omni-directionally similar to LAA and Wi-Fi in the 5 GHz unlicensed band. This option can provide good coexistence with these incumbent systems, but is conservative to support the multi-beam operation since interference from every direction is sensed uniformly. Another option is for the NR-U transmitter to perform a directional LBT over the intended transmit beam direction. This option is more suitable for multi-beam operation and can improve spatial reuse, but is potentially subject to severe hidden terminal and exposed terminal issues.
Therefore, at least for the sub-7 GHz unlicensed bands, both the omni-directional and directional LBT options can be evaluated to investigate the coexistence performance between the NR-U operator and the coexisting operator. In addition, the severity of the hidden node and exposed node issues with directional LBT can also be evaluated. 
Proposal 3: NR-U can evaluate the coexistence performance of both omni-directional LBT and directional LBT based channel access mechanisms in sub-7 GHz unlicensed bands. 

2.4 Coexisting System with NR-U for Evaluation
According to SID on NR-U [2], 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 [2]. 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 4: 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.

2.5 Performance Metrics for Evaluation
[bookmark: _GoBack]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 5: 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.

3 Conclusions
This contribution considered the simulation methodology for NR unlicensed system, and proposed the following.
Proposal 1: NR-U evaluation can prioritize the indoor scenario in the study item phase.
Proposal 2: NR-U evaluation parameters can be partly reused from LAA evaluation scenarios, with the exceptions including carrier frequency, subcarrier spacing, system bandwidth, antenna array configurations, and layout for nodes.
Proposal 3: NR-U can evaluate the coexistence performance of both omni-directional LBT and directional LBT based channel access mechanisms in sub-7 GHz unlicensed bands. 
Proposal 4: 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 5: 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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