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During the RAN#75 meeting, a new SID was proposed to study NR-based access to unlicensed spectrum [1]. The justification for this proposal is similar to that used to initiate the LTE-based LAA, i.e. to continue to utilize the vast amount of unlicensed spectrum available worldwide. Although now, for NR-based access, additional bands of spectrum are being considered, e.g. those found at 37 GHz and 60 GHz.
The WI description [1] highlights the following objectives: 
· “Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. 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;”
This contribution discusses some modifications and additions needed to current NR licensed and LTE LAA simulation methodologies to satisfy the new requirements arising with NR-U. Note: Since some spectrum regulators are considering opening frequency bands between 6 and 7 GHz, we consider unlicensed bands both below and above 7 GHz here.
Dependencies, Requirements, Capabilities  
The current NR licensed simulation methodologies [2,3] are evolutions from LTE methodologies [4,5] to support NR licensed. For NR-U, it has been assumed to use the NR licensed simulation methodologies as a baseline for NR-U simulation, and include LTE LAA simulation methodologies [6] as a baseline for NR-U coexistence.
Operation in unlicensed spectrum poses new challenges and requirements, categorized into the following areas, which may require modifications and additions to existing NR licensed based simulation and LTE LAA methodologies: band of operation, NSA vs SA deployment, and coexistence.
Band of Operation
NR-U operation can differ from NR licensed solely from the frequency band used: 
· Higher frequency band issues, e.g. higher path loss, less frequency selectivity, larger bandwidths, and more severe impairments
· New regulatory limitations and restrictions, e.g. Tx power, maximum channel occupancy time (MCOT), and occupied channel bandwidth (OCB)
· Channel access issues, e.g. directional beam related
· Coexistence (band based), i.e. channel sharing with cellular (e.g. LTE LAA, NR-U), non-cellular (e.g. WiFi, WiGig), and other RATs (e.g. at 37 GHz)
NR-U simulation methodology will need to vary based upon the frequency band targeted by the deployment scenario. For example, higher frequency bands, such as 60 GHz, will require finer TRP transmission and reception beams to overcome the higher path losses expected there, while following the international regulatory limits and restrictions existing there. Channel feedback considerations may need to be band and bandwidth dependent since both channel frequency selectivity and BW size availability varies by band. Regulatory limitations and restrictions should be frequency band dependent for NR-U simulation methodology since they vary by band. Therefore, we propose:
Proposal 1: NR-U simulation methodology at higher frequency bands should support operation of larger bandwidth, single and multiple TRPs utilizing more beam sectors.
Proposal 2: NR-U simulation methodology needs to consider each frequency band’s regulatory transmission limitations and restrictions.
Channel access and coexistence simulation methodology depends on the spectrum regulatory requirements. Moreover, many procedures such as initial access, handover, directional channel sensing, reservation, and interference can differ significantly from non-beam centric operations, especially in cases containing hidden or exposed nodes.
Proposal 3: NR-U simulation methodology should facilitate the analysis of directional beam deployments with hidden and exposed nodes.
NSA vs. SA
NR-U simulation methodology should enable NR-U operation in both NSA and SA deployments. For NSA, NR-U LAA should be similar to LTE LAA operation.
For SA, NR-U simulation will need to explore the specific issues expected with these asynchronous operation deployments found using unlicensed spectrum.

Proposal 4: NR-U simulation methodology should enable both NSA and SA deployments by allowing both LTE and NR as licensed anchors for NSA, and by enabling the exploration of SA specific issues such as time and frequency synchronization.
Coexistence
One of the coexistence or channel access issues NR-U is expected to contend with are related to increased latency in time critical operations, e.g. initial access, paging, synchronization, HARQ, and feedback.
NR-U channel access is expected to be generally based upon LTE LAA LBT, except that NR-U should allow for more efficient channel access than LTE LAA does because of NR-U’s flexible frame structure and numerologies. NR-U’s mini-slot and multiple sub-carrier spacing (SCS) capabilities allow it to access the channel more readily, filling channel access gaps more closely, thereby reducing transmission gaps. Therefore, NR-U simulation methodology should allow the use of flexible frame and numerology capabilities. 
In addition, NR-U simulation methodology should allow exploration of channel access coexistence between the following devices:
· LTE LAA and NR-U
· NR-U and NR-U
· NR-U and Other RATs (e.g. WiFi, WiGig)
Proposal 5: NR-U simulation methodology should include coexistence scenarios between NR-U devices and LTE LAA, NR-U, and other RAT devices.
Simulation Scenarios
Simulation scenarios required to explore and evaluate NR-U capabilities, issues, and coexistence in various typical NR usage scenarios should adapt NR licensed, LTE LAA coexistence, or LTE licensed scenarios when possible and create others as necessary. 
LTE LAA coexistence scenarios and current NR licensed (NSA) scenarios in the sub-7GHz frequency bands should both be considered and adapted to support coexistence studies of NSA NR-U in those bands. For the additional bands being considered for NR-U, e.g. 37 GHz and 60 GHz, and for SA NR-U, new scenarios should be created to evaluate the coexistence issues found there. Note: We feel both 37 GHz and SA NR-U should be down prioritized for now, so they are not discussed here.
Simulation scenarios should be selected by frequency region, i.e. below or above 7 GHz, and by propagation conditions, i.e. indoor or outdoor. For NSA, we propose joint consideration of the following scenarios, from [2] and [6] for below 7 GHz, in order to baseline to LTE LAA as much as possible, and create new ones, as indicated in Table 1 and Table 4 below. We feel the indoor LTE LAA coexistence scenario [6] is a bit more realistic in that it allows one operator’s NB’s intra-spacing to be fixed, while the inter-spacing between the operators to be random. Currently, the indoor NR proposal [2] is always fixed.
Table 1: Simulation Scenarios (below 7 GHz)
	
	Below 7 GHz

	
	Indoor
	Outdoor

	3GPP LTE LAA Coexistence Evaluation
	Indoor Hotspot [6] (A.1.1)
	Macro + Small Cell [6] (A.1.2)

	3GPP NR Licensed Evaluation
	Indoor Hotspot [2] (A.2.1-1)
	Dense Urban [2] (A.2.1-1)



For below 7 GHz simulation scenarios, simulation methodologies and assumptions are based mostly on the LTE LAA coexistence evaluation [6] with updates from the NR licensed evaluation [2]. 
Table 2 summarizes simulation scenario parameter assumptions for indoor, below 7 GHz, i.e. Indoor Hotspot.

Table 2: Indoor, below 7 GHz
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	Two operators deploy 6 small cells each in the single-floor building. 
The small cells of each operator are equally spaced on two rows along the shorter dimension of the building. The distance between two closest nodes from two operators is random subject to a minimum distance e.g. 5 meters. Both rows of small cells for both operators are along the longer dimension of the building.



	BS Antenna gain + connector loss
	5 dBi

	BS 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

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Propagation & fast fading channel models
	5GCM Indoor Open Office according to TR 38.901



Table 3 summarizes simulation scenario parameter assumptions for outdoor, below 7 GHz, i.e. Outdoor Macro + Small Cell.


Table 3: Outdoor, below 7 GHz
	
	Macro cell
	Licensed small cell
	Unlicensed small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
[200m-500m] ISD
Macro eNBs of the two networks are collocated.
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
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Clusters uniformly random within macro geographical area; 4 small cells per operator, uniformly random dropping within cluster area.

	BS Antenna gain + connector loss
	5 dBi

	BS 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

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Propagation & fast fading channel models
	3D UMa (Macro layer) and 3D UMi (Micro layer) according to TR 36.814, or 5GCM UMa according to TR 38.901 
	3D UMi (Micro layer) according to TR 36.814, or 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer) according to TR 38.901 
	3D UMi (Micro layer) according to TR 36.814, or 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer) according to TR 38.901



For above 7 GHz, we propose simulation scenarios layouts similar to those used for below 7 GHz, as was indicated in Table 1 above. The following briefly summarizes the simulation scenario parameter assumptions for above 7 GHz.
Table 4 summarizes simulation scenario parameter assumptions for indoor, above 7 GHz, i.e. Indoor Hotspot.
Table 4: Indoor, above 7 GHz
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	Two operators deploy 12 small cells each in the single-floor building. 
The small cells of each operator are equally spaced on two rows along the shorter dimension of the building. The distance between two closest nodes from two operators is random subject to a minimum distance e.g. 5 meters. Both rows of small cells for both operators are along the longer dimension of the building.



	Carrier frequency
	2 GHz
	60 GHz

	System bandwidth per carrier
	10 MHz
	1.584 GHz

	BS Tx power
	24 dBm
	14 dBm

	UE Tx power
	21 dBm

	BS Antenna gain + connector loss
	5 dBi

	UE Antenna gain
	0 dBi

	BS antenna array configuration
	(M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	UE antenna array configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	BS noise figure
	7 dB

	UE noise figure
	13 dB

	Propagation & fast fading channel models
	5GCM Indoor Open Office according to TR 38.901




Table 5 summarizes simulation scenario parameter assumptions for outdoor, above 7 GHz, i.e. Outdoor Macro + Small Cell.


Table 5: Outdoor, above 7 GHz
	
	Macro cell
	Licensed small cell
	Unlicensed small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
100m ISD
Macro eNBs of the two networks are collocated.
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
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Clusters uniformly random within macro geographical area; 4 small cells per operator, uniformly random dropping within cluster area.

	Carrier frequency
	2 GHz
	3.5 GHz
	60 GHz

	System bandwidth per carrier
	10 MHz
	10 MHz
	1.584 GHz for 60 GHz

	BS Tx power
	44 dBm
	24 dBm
	14 dBm

	UE Tx power
	21 dBm

	BS Antenna gain + connector loss
	17 dBi
	5 dBi

	BS antenna array configuration
	(M, N, P, Mg, Ng) = (8, 16, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	UE antenna array configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	BS noise figure
	5 dB
	5 dB
	7 dB

	UE noise figure
	9 dB
	9 dB
	13 dB

	Propagation & fast fading channel between BS and UE
	3D UMa (Macro layer) and 3D UMi (Micro layer) according to TR 36.814, or 5GCM UMa according to TR 38.901 
	3D UMi (Micro layer) according to TR 36.814, or 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer) according to TR 38.901 
	3D UMi (Micro layer) according to TR 36.814, or 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer) according to TR 38.901










Conclusions
In this contribution, we provided our perspectives on some modifications and additions needed to current NR licensed and LTE LAA simulation methodologies to explore the new requirements and capabilities coming with NR-U. We proposed the following: 

Proposal 1: NR-U simulation methodology at higher frequency bands should support operation of larger bandwidth, single and multiple TRPs utilizing more beam sectors.

Proposal 2: NR-U simulation methodology needs to consider each frequency band’s regulatory transmission limitations and restrictions.

Proposal 3: NR-U simulation methodology should facilitate the analysis of directional beam deployments with hidden and exposed nodes.

Proposal 4: NR-U simulation methodology should enable both NSA and SA deployments by allowing both LTE and NR as licensed anchors for NSA, respectively, and by enabling the exploration of SA specific issues such as time and frequency synchronization.

Proposal 5: NR-U simulation methodology should include coexistence scenarios between NR-U devices and LTE LAA, NR-U, and other RAT devices.
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