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1	Introduction
The study item on NR-based access to unlicensed spectrum that was approved at RAN#75 includes the following objectives:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
…
· 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 propose the evaluation methodology and simulation assumptions to study such co-existence methods. Evaluation methodology is discussed in Section 2, which simulation parameters for below 7 GHz indoor and outdoor cases are listed in Sections 3 and 4.
2	Evaluation methodology 
To prove that NR-based operation in unlicensed spectrum does not impact deployed Wi-Fi services more than an additional Wi-Fi network on the same carrier would do, we propose to primarily focus on NR-U-WiFi co-existence evaluations. As we also outline in our companion contribution on candidate spectrum for NR-U [3], we see the 60GHz spectrum as a promising candidate for NR-U. However, Rel-15 NR was not designed for operation in 60GHz, which would require specific studies on waveforms, sub-carrier spacing, multiple access, etc. Therefore, we propose to initially focus on NR-U-WiFi co-existence evaluations below 7GHz. 
Proposal 1: Prioritize NR-U-WiFi co-existence evaluations below 7 GHz.
The evaluation methodology for 5 GHz bands shall assume the same principles as in LAA coexistence evaluations in [2]. First the performance is evaluated with two operators’ WiFi networks co-deployed in the specified simulation environments and operating on the same unlicensed channel(s). Then the WiFi access points and stations of one of the WiFi networks are replaced (at the identical locations) with NR-U geNodeBs and UEs and performance re-evaluated. The performance of the first WiFi network should not be degraded. On the other hand, on bands without legacy current WiFi presence (e.g. 6 GHz), this kind of definition with one-way fairness would easily lead into a situation where NR-U is more polite towards WiFi than the other way around. In other words, the impact of WiFi on NR-U performance should also be considered, such that oth WiFi and NR—Unlicensed are equally fair towards each other. 
Proposal 2: For the 6 GHz band, in addition to the impact that NR-U has on WiFi, the evaluations shall also consider the impact of WiFi on NR-U to ensure fairness both ways. 
As we also outline in our companion contribution on NR-U deployments scenarios [4], ours view is that support of DL and UL transmission on unlicensed spectrum should be introduced in the specifications at the same time and not in a phased approached as done in LTE LAA. Therefore, we think that evaluations of DL+UL Wi-Fi coexisting with DL-only NR-U should be optional. 
Proposal 3: Co-existing evaluations between DL+UL Wi-Fi and DL+UL NR-U are the baseline. Co-existing evaluations between DL+UL Wi-Fi and DL-only NR-U are optional.
The evaluations should also target at assessing the coexistence within NR-U (i.e. between two NR-U operators’ networks), as well as NR-U-LAA coexistence.
Proposal 4: NR-U / NR-U and NR-U / LTE LAA should also be evaluated though with lower priority. 
As operation with highly directional beamforming is primarily targeted for mmWave, we propose to assume omnidirectional antennas for coexistence evaluations below 7GHz. 
Proposal 5: Omnidirectional antennas are assumed for coexistence evaluations below 7GHz.
To achieve faster convergence on evaluation methodology and simulation assumptions, we propose to reuse general evaluations assumptions specified in [3] for LTE LAA coexistence evaluations. Deviations for the simulations assumptions in [3] should be well justified.
Proposal 6: For coexistence evaluations below 7GHz, reuse general evaluations assumptions specified for LTE (e)LAA coexistence evaluations.
Though simulations assumptions and parameters are only listed for unlicensed cells, they are generally applicable to study co-existence of different NR-U deployment scenarios as listed in [4] (standalone and dual connectivity).
Regarding the evaluations for mmWave bands, we see that the basic system design (e.g. waveform, subcarrier spacing, etc.) should be discussed first before agreeing on any specific simulation assumptions.
3	Indoor below 7 GHz 
	
	Unlicensed cell

	Layout for nodes
	Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered 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 centered along the longer dimension of the building.
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	System bandwidth per carrier
	20 MHz

	Carrier frequency 
	6.0 GHz

	Subcarrier spacing
	30 kHz, optional: 60 kHz, 15 kHz

	Number of carriers
	1, optional: 4 

	Total BS TX power
	18 dBm across aggregated carriers
Optional: 24 dBm

	Total UE TX power 
	Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D). 
(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Penetration
	0 dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance

	Fast fading channel between eNB and UE
	ITU InH

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

	BS antenna height
	6 m

	BS antenna gain 
	5dBi

	BS antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	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

	UE antenna pattern
	2D Omni-directional

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	UE receiver 
	MMSE-IRC as baseline

	UE speed
	3km/h

	Number of UEs 
	20 UEs per unlicensed band carrier 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.

	Minimum distance (2D distance)
	3m

	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 Mbytes.
Independent traffic generation on the DL and UL for both NR-U, Wi-Fi and LAA for FTP traffic model

Each UE has the same UL/DL traffic arrival rate ratio

Overall offered load is the same for both the coexisting networks

DL/UL traffic ratio for DL+UL coexistence evaluations:
· 50% DL traffic and 50% UL traffic
· Optional: 80% DL traffic and 20% UL traffic


	UE bandwidth 
	20 MHz


 

4	Outdoor below 7 GHz 
	
	Unlicensed cell

	Layout for nodes
	













Clusters uniformly random within macro geographical area; 4 small cells per operator, uniformly random dropping within cluster area.

	System bandwidth per carrier
	20 MHz

	Carrier frequency 
	6.0 GHz

	Subcarrier spacing
	30 kHz, optional: 60 kHz, 15 kHz

	Number of carriers
	1, optional: 4

	Total BS TX power
	18 dBm (Optional: 24 dBm)

	Total UE TX power 
	18 dBm 

	Distance-dependent path loss and Shadowing
	Small cell-to-Small cell, Small cell-to-UE: ITU Umi [referring to Table B.1.2.1-1 in TR36.814]
Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D) 
(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for break point distance and LOS probability.)

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 27dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]
Working assumption is that 3D distance is used for shadowing correlation distance

	Fast fading channel between eNB and UE
	ITU Umi

	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 
	5dBi

	BS antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	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

	UE antenna pattern
	2D Omni-directional

	BS noise figure
	5dB

	UE noise figure
	9dB

	UE receiver 
	MMSE-IRC as baseline

	UE speed
	3km/h

	Number of UEs 
	20 UEs per unlicensed band carrier per operator

	UE dropping per network
	Same as in LAA (uniform over simulation area). 
Need to specify simulation duration and/or number of drops (?)

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

	
	Inter-operator small cell-small cell: 10 m

	
	Small cell-UE, UE-UE: 3m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE: 35m

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

	Traffic model 
	FTP Model 3, file size: 0.5 Mbytes.
DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· 80% DL traffic and 20% UL traffic.


5	Conclusions

In this section we summarize the proposals made in this contribution.
Proposal 1: Prioritize NR-U-WiFi co-existence evaluations below 7 GHz.
Proposal 2: For the 6 GHz band, in addition to the impact that NR-U has on WiFi, the evaluations shall also consider the impact of WiFi on NR-U to ensure fairness both ways. 
Proposal 3: Co-existing evaluations between DL+UL Wi-Fi and DL+UL NR-U are the baseline. Co-existing evaluations between DL+UL Wi-Fi and DL-only NR-U are optional.
Proposal 4: NR-U / NR-U and NR-U / LTE LAA should also be evaluated though with lower priority. 
Proposal 5: Omnidirectional antennas are assumed for coexistence evaluations below 7GHz.
Proposal 6: For coexistence evaluations below 7GHz, reuse general evaluations assumptions specified for LTE (e)LAA coexistence evaluations.
Regarding the evaluations for mmWave bands, we see that the basic system design (e.g. waveform, subcarrier spacing, etc.) should be discussed first before agreeing on any specific simulation assumptions.
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