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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The study item on NR-based access to unlicensed spectrum (NR-U) was approved at RAN#75, which includes the following objectives [1]:
1) The NR-based unlicensed access design should allow fair coexistence across RATs and within NR-based systems operating in unlicensed spectrum. 
2) 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; 
In this contribution, we will discuss the scenarios, methodology and key parameters on the system simulation for NR-U operation. 
Evaluation Scenarios and Methodology
· Scenarios
The candidate deployment scenarios for NR-U are discussed in our companion contribution [2]. Based on the discussion, the following typical scenarios can be considered to evaluate the performance of the fair co-existence including intra-RAT coexistence between operators, inter-RAT coexistence between NR-U and Wi-Fi, and between NR-U and LAA. 
· NR-U and NR-U which come from different operators
· NR-U and WiFi
· NR-U and LAA
To simplify the coexistence simulation, only co-channel case with single carrier should be considered, which means that other two types of scenarios including multiple-carriers and adjacent-channel should not be included. The single carrier scenario is sufficient to evaluate the performance of the fair co-existence for NR-U operation. However, it does not preclude taking other two scenarios for evaluating some special schemes if necessary.
To evaluate the performance of NR-U and the impacts of co-existence, the following major cases should be considered:
· Three baseline cases: 
· Case 1-1: NR-U Standalone, all cells come from the same operator
· Case 1-2: WiFi-WiFi coexistence
· Case 1-3: LAA-LAA coexistence, which come from two operators
· Case 2: coexistence between NR-U cells and WiFi APs
· Case 3: coexistence between NR-U cells and NR-U cells which come from two operators separately
· Case 4: coexistence between NR-U cells and LAA cells which come from two operators separately
Considering that the LAA network is not yet deployed on a large scale so far, the Case1-3 and Case 4 involving LAA can be low priority.
The main usage scenarios of NR-U are similar to LAA, so the following two types of deployment scenarios can still be used for NR-U evaluation. However, the detailed parameters should be updated referring to [3][4] which is used for NR evaluation.
· Indoor hotspot
· Outdoor - dense urban (small cell layer only)
· Spectrum
In our companion contribution [5], the candidate spectrums are discussed and we proposed that 6 GHz and 60 GHz bands as representative scenarios for potential NR-U coexistence evaluation.
To reduce the evaluation load, the frequency of 6 GHz can be applied on behalf of the band of 5~7 GHz since the channel characters of 6 GHz band are similar to 5GHz used for LAA. The evaluation methodology for LAA can be reused. Though we should pay attention to the progress of the discussion on the regulation for 6 GHz band. However, the related details should be updated, e.g. simulation parameters referring to [3][4] and numerology referring to NR.
The channel characters of 60 GHz band are very different from 6 GHz band. Meanwhile, the direct beam using massive MIMO is a typical transmission mode in 60 GHz band. In addition, the regulation for 60 GHz are also different from 6 GHz’s. So, a new evaluation methodology for 60 GHz should be considered, including deployment scenarios, bandwidth, AP/TRP density, transmission power, etc. 
In summary, the carrier frequency for different scenarios mentioned above can be as follows:
· NR-U and NR-U which come from different operators (carrier frequency: 6 GHz, 60 GHz)
· NR-U and WiFi (carrier frequency: 6 GHz)
· NR-U and LAA (carrier frequency: 6 GHz)
Considering the complexity and the existing foundation, the evaluation for 6 GHz can be done firstly while the simulation for 60 GHz could be carried out some time later. 
· Metrics
The evaluation assume that NR-U is mainly used for eMBB (FFS URLLC and mMTC) and the evaluation includes two purposes as follows at least.
· The benefit that NR-U can be provided,
· and performance impact to other coexistence system.
The base performance metrics include distributional statistics of the user throughput (UPT) in low, medium and high traffic loads. The base metrics also include RU ratio and the ratio of traffic packet offered/served.
In addition, to measure the performance of LBT, the performance metrics of latency and average buffer occupancy (BO) which have be used for LTE-LAA should also be included. The details of BO definition can refer to LAA SID TR [6].
Proposal 1: We can evaluate the scenarios with 6 GHz spectrum first and then evaluate the scenarios with 60 GHz spectrum some time later.
Proposal 2: The scenarios and metrics can be selected base on the discussion above.
Evaluation Parameters
In this section, the detailed parameters for different deployment scenarios mentioned above will be discussed. Generally, these parameters are mainly based on the simulation assumption for the evaluation for NR operating in licensed spectrum, especially duplex evaluation [3][4], and for LAA evaluation [5]. To reduce the simulation efforts, some down selection of the parameter options will be done.
Indoor Hotspot
Indoor - 6GHz
For this scenario, most parameters for LAA can be reused with NR numerologies, since the channel characters of 6 GHz band are similar to 5 GHz used for LAA. In addition, the following aspects should also be considered. The detailed parameters are described in Table 1.
· To reduce the evaluation efforts, WiFi can also use the same simulation assumptions as cellular system (i.e. NR/LAA), including channel model, layout, dropping, minimum distance (2D distance), etc.

	Table 1 Simulation parameters for indoor 6 GHz scenario


	[bookmark: _Hlk501627295]Attributes	
	Values or assumptions

	Layout for nodes
	Single layer, two operators 
Per operator: (12BSs per 120m x 50m) in the single-floor building
The small cells of each operator are equally spaced and centred along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centred along the longer dimension of the building.
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	System bandwidth
	[20] MHz per CC

	Carrier frequency 
	6.0 GHz

	Subcarrier spacing
	30kHz, [60] kHz

	Number of carriers
	1 (to be shared between two operators/two RATs). 

	Total BS TX power
	18 dBm, optional: 24 dBm

	Total UE TX power 
	18 dBm 

	Distance-dependent path loss
	(38.802 Table A.2.1-11: Evaluation parameters specific to flexible duplex)
- TRP-to-UE: 5GCM Indoor-office
- TRP-to-TRP: 5GCM Indoor-office (h_BS=3m)
- UE-to-UE: 5GCM Indoor-office (h_UE=1.5m)

	Fast fading parameters
	(38.802 Table A.2.1-11: Evaluation parameters specific to flexible duplex)
- TRP-to-UE: 5GCM Indoor-office
- TRP-to-TRP: 5GCM Indoor-office (h_BS=3m), ASA and ZSA statistics (**) updated to be the same as ASD and ZSD
- UE-to-UE: 5GCM Indoor-office (h_UE=1.5m), ASD 

	BS antenna pattern
	(M, N, P, Mg, Ng)  =  (1, 1, 2, 1, 1), (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3m (ceiling)

	BS antenna gain 
	5dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	5dB

	UE noise figure
	9dB

	UE speed
	3km/h

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	[5] UEs per unlicensed band carrier per BS per operator. 

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N = [5] UEs: 
· Drop a large enough number of UEs, so that at least [5] UEs are covered by the small cell in the unlicensed band. 
· Randomly select [5] UEs from the UEs that have coverage.

	Minimum distance (2D distance)
	UE-UE: 3m
Minimum distance between two nodes from two networks: [3]m

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: [0.1,] 0.5Mbytes.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.



Indoor – 60 GHz
For indoor scenarios with 60 GHz band, a denser deployment than that for low frequency bands could be considered due to larger pathloss. 
	Table 2 Simulation parameters for indoor 60 GHz scenario


	Attributes	
	Values or assumptions

	Layout for nodes
	Single layer, two operators 
Per operator: ([12] BSs per 120m x 50m) in the single-floor building
The small cells of each operator are equally spaced and centred along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centred along the longer dimension of the building.
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	System bandwidth
	[100] MHz per CC

	Carrier frequency 
	60.0GHz

	Subcarrier spacing
	[240] kHz

	Number of carriers
	1 (to be shared between two operators/two RATs). 

	Total BS TX power
	14 dBm

	Total UE TX power 
	21 dBm 

	Distance-dependent path loss
	(38.802 Table A.2.1-11: Evaluation parameters specific to flexible duplex)
- TRP-to-UE: 5GCM Indoor-office
- TRP-to-TRP: 5GCM Indoor-office (h_BS=3m)
- UE-to-UE: 5GCM Indoor-office (h_UE=1.5m)

	Fast fading parameters
	(38.802 Table A.2.1-11: Evaluation parameters specific to flexible duplex)
- TRP-to-UE: 5GCM Indoor-office
- TRP-to-TRP: 5GCM Indoor-office (h_BS=3m), ASA and ZSA statistics (**) updated to be the same as ASD and ZSD
- UE-to-UE: 5GCM Indoor-office (h_UE=1.5m), ASD 

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3m (ceiling)

	BS antenna gain 
	5dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) or (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	7dB

	UE noise figure
	13dB

	UE speed
	3km/h

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	[5] UEs per unlicensed band carrier per BS per operator. 

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N = [5] UEs: 
· Drop a large enough number of UEs, so that at least [5] UEs are covered by the small cell in the unlicensed band. 
· Randomly select [5] UEs from the UEs that have coverage.

	Minimum distance (2D distance)
	UE-UE: 3m
Minimum distance between two nodes from two networks: [3]m

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: 0.5 and [2] Mbytes.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.



Outdoor - Dense Urban (Small cell layer only)
Outdoor – 6 GHz
For 6 GHz outdoor scenario, the deployment can be the dense urban scenario for NR but only small cell layer is considered.  Most evaluation assumptions are reused from the LAA evaluation scenarios [6] with NR’s numerologies.  Further details can be found in Error! Reference source not found.3.

	Table 3  Simulation parameters for 6 GHz outdoor scenario

	
	Unlicensed cell

	Layout for nodes
	Two layer, but only the throughput of the small cell layer will be counted.
Macro layer: Hex. Grid, Macro NBs of the two networks are collocated. [500]m ISD
Small cell layer: clusters uniformly random within macro geographical area; small cells per operator, uniformly random dropping within cluster area. One cluster per Macro NB per network;
Number of Small cell: [3, 6] SCs within one cluster.
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	System bandwidth per carrier
	20MHz per CC

	Carrier frequency 
	6.0GHz

	Subcarrier spacing
	30kHz, 60kHz

	Number of carriers
	1 (to be shared between two operators/RATs)

	Total BS TX power
	24 dBm, optional: 18 dBm

	Total UE TX power 
	18 dBm 

	Large-scale channel parameters
	- Macro-to-UE: 5GCM UMa
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa (h_UE=25m) 
- Macro-to-Micro: 5GCM UMa (h_UE=10m)
- Micro-to-Micro: UMi-Street canyon (h_UE=10m) 
- UE-to-UE: UMi-Street canyon (h_BS=1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12

	Fast fading parameters
	- Macro-to-UE: 5GCM Uma
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- Macro-to-Micro: 5GCM UMa O-to-O

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	10 m

	BS antenna gain 
	5 dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	5dB

	UE noise figure
	9dB

	UE speed
	3km/h, optional [30km/h]

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	[20] UEs per unlicensed band carrier per Macro NB per operator.

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N = [20] UEs: 
· Drop a large enough number of UEs, so that at least [20] UEs are covered by the small cell in the unlicensed band. 
· Randomly select [20] UEs from the UEs that have coverage.
100% of UEs are outdoor.

	Radius for small cell dropping in a cluster
	[50]m 

	Radius for UE dropping in a cluster
	[70]m

	Minimum distance (2D distance)
	Small cell-small cell: [20]m

	
	Inter-operator small cell-small cell: [10]m

	
	UE-UE: [3]m

	
	Macro–small cell cluster center: [105]m

	
	Macro–UE: [35]m

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: [0.1,] 0.5 Mbytes.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.


Outdoor – 60 GHz
For outdoor scenario with 60 GHz band, smaller inter-site distance than low frequency band could be considered. Further details can be found in Error! Reference source not found.4.
	Table 4 Simulation parameters for 60GHz outdoor scenario

	
	Unlicensed cell

	Layout for nodes
	Two layer, but only the throughput of the small cell layer will be counted.
Macro layer: Hex. Grid, Macro NBs of the two networks are collocated. [500]m ISD
Small cell layer: clusters uniformly random within macro geographical area; small cells per operator, uniformly random dropping within cluster area. One cluster per Macro NB per network;
Number of Small cell: [6], [9] SCs within one cluster.
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	System bandwidth per carrier
	100MHz per CC

	Carrier frequency 
	60.0GHz

	Subcarrier spacing
	240kHz

	Number of carriers
	1 (to be shared between two operators/RATs)

	Total BS TX power
	14 dBm

	Total UE TX power 
	21dBm 

	Large-scale channel parameters
	- Macro-to-UE: 5GCM UMa
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa (h_UE=25m) 
- Macro-to-Micro: 5GCM UMa (h_UE=10m)
- Micro-to-Micro: UMi-Street canyon (h_UE=10m) 
- UE-to-UE: UMi-Street canyon (h_BS=1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12

	Fast fading parameters
	- Macro-to-UE: 5GCM Uma
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- Macro-to-Micro: 5GCM UMa O-to-O

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	10 m

	BS antenna gain 
	5 dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) , (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	5dB

	UE noise figure
	9dB

	UE speed
	3km/h, optional [30km/h]

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	[20] UEs per unlicensed band carrier per Macro NB per operator.

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N = [20] UEs: 
· Drop a large enough number of UEs, so that at least [20] UEs are covered by the small cell in the unlicensed band. 
· Randomly select [20] UEs from the UEs that have coverage.
100% of UEs are outdoor.

	Radius for small cell dropping in a cluster
	[50]m 

	Radius for UE dropping in a cluster
	[70]m

	Minimum distance (2D distance)
	Small cell-small cell: [20]m

	
	Inter-operator small cell-small cell: [10]m

	
	Small cell-UE, UE-UE: [3]m

	
	Macro–small cell cluster center: [105]m

	
	Macro–UE: [35]m

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size:  0.5, [2] Mbytes. Note, the value of 0.1Mbytes is for small size packet traffic, signaling.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.


Proposal 3: The evaluation assumptions can be mainly based on the simulation assumptions for the evaluation for NR operating in licensed spectrum, especially duplex evaluation, and for LAA evaluation.
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992]Conclusion 
In this contribution, we discuss some aspects of evaluation assumptions regarding NR-U. Based on the analysis, we have the following observations and proposals:
Proposal 1: We can evaluate the scenarios with 6 GHz spectrum first and then evaluate the scenarios with 60 GHz spectrum some time later.
Proposal 2: The scenarios and metrics can be selected base on the discussion above.
Proposal 3: The evaluation assumptions can be mainly based on the simulation assumptions for the evaluation for NR operating in licensed spectrum, especially duplex evaluation, and for LAA evaluation.
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