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Introduction 
In RAN#76 a new SI [1] for NR based access to unlicensed spectrum was introduced. The objectives of the SI included the following
· 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; 

As it was reported to TSG RAN, an informal workshop on NR in unlicensed spectrum was held in San Diego, USA, during October 3-4, 2017 [2]. It was suggested and decided amongst the attending companies to have unofficial email discussions on three agenda items, namely, deployment scenarios, spectrum, and simulation methodology. 
In this document, we discuss our view on the simulation methodology and propose following scenarios to evaluate NR-Unlicensed performance:
· Indoor sub-7GHz, 2 operators
· Indoor mmW, 2 Operators
· Outdoor Sub-7 GHz, 2 operators
· Outdoor mmW, 2 operators
Proposal 1: Adopt four scenarios described above to evaluate system performance for NR-Unlicensed
Simulation Methodology for NR-Unlicensed
The scenarios for evaluation are described in this clause. Addition of scenarios for evaluation of can be considered depending on the outcome of further discussion
Indoor with Sub-7GHz 
This simulation is to evaluate sub-7GHz NR-SS technology in an indoor scenario. Definition of scenario 2.1 is provided below:
· Same deployment as 3GPP 38.802 indoor hotspot but with two operators
· Single floor of open office with dimension 120m x 50m x 3m
· Two operators deploy 6 gNs each
· Operator 1: gNB 1/3/5/7/9/11 
· Operator 2: gNB 2/4/6/8/10/12
· gNB mounting on the ceiling
· UEs density Average 5UE/gNB with random drop; UE association based on minimum pathloss
· Traffic model: Bursty file download (FTP)
· KPI: UPT at various percentiles
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Fig 2-1. Indoor deployment scenario for sub-7GHz
Some key evaluation parameters are listed here and full set of parameters can be found in Table A-1

	Parameters
	Scenario 2.1, Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Channel Bandwidth
	20MHz

	Channel Model
	InH Open Office model in TR 38.901 Chapter 7.4.1 

	BS Tx Power
	18dBm

	UE Tx Power
	18dBm

	BS Antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	BS Noise Figure
	5dB

	UE Receiver Noise Figure
	9dB

	UE receiver
	MMSE-IRC as the baseline receiver

	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

	Comments
	No EIRP limits available for 6GHz, thus LAA [TR 36.889 §A1.1] is used as baseline for power settings. 



As this indoor scenario is open office model, 20 meter of inter-BSS distance corresponds to 72dB free space pathloss. It may be worthwhile to study the effect with fewer number of gNB nodes, for example, 3 gNBs from each operator.
Observation 1: in an indoor open office scenario, 20 meter of inter-BSS distance is short. It is worthwhile to study the effect of 3+3 gNB configuration for such scenario.

As extensive work has been done on the co-existence between LAA and Wi-Fi during the development of LAA work, and the principle of LAA design (like LBT etc) should be followed for the development of NR-U techniques, we propose that:

Proposal 2: De-prioritize co-existence study between NR and Wi-Fi on 5GHz and 60GHz band
Indoor with mmW 
This simulation is to evaluate mmW NR-U technology in an indoor scenario. This scenario is basically the same as 2.1 except that a different carrier frequency should be used. Correspondingly, Antenna array configuration at UE and gNB are changed.

	Parameters
	Scenario 2.2, Indoor mmW

	Carrier Frequency
	37GHz, 60GHz 

	Channel Bandwidth
	2.16GHz for 60GHz

	Channel Model
	InH Open office model in TR 38.901 Chapter 7.4.1 

	BS Tx Power
	14dBm*

	UE Tx Power
	21dBm

	BS Antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	BS Noise Figure
	7 dB

	UE Receiver Noise Figure
	13 dB

	UE receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
 (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) = (2,2, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	Comments on the Tx power of gNB
	*EIRP limit for 37GHz DL is 75dBm
EIRP limit for 37GHz UL is 43dBm
*EIRP limit for 60GHz indoor is 40dBm
EIRP=Tx power + antenna gain + antenna array gain e.g. 14dBm+5dBi+10log10(8*16)~=40dBm for BS in 60GHz


Outdoor with Sub-7GHz
This simulation is to evaluate sub-7GHz NR-SS technology in an outdoor scenario.
· Single layer macro-cell with inter-BS distance of 200m
· A second operator will use the same lay-out but gNB positions are right-shifted by 100m
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	Parameters
	Scenario 2.3, outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Channel Bandwidth
	20MHz

	Channel Model
	5GCM UMA specified in TR 38.901

	Inter-BS distance
	200m

	BS Tx Power
	24 dBm

	UE Tx Power
	18 dBm

	BS Antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	BS Noise Figure
	5dB

	UE Receiver Noise Figure
	9dB

	UE receiver
	MMSE-IRC as the baseline receiver

	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

	comments
	No EIRP limits available for 6GHz, thus LAA [TR 36.889 §A1.1] is used as baseline for power settings. 





Outdoor with mmW
This simulation is to evaluate mmW NR-SS technology in an outdoor scenario
· Single layer macro-cell with inter-BS distance of 100m
· A second operator will use the same lay-out but gNB positions are right-shifted by 50m
	Parameters
	Scenario 2.2, Outdoor mmW

	Carrier Frequency
	37GHz, 60GHz

	Channel Model
	5GCM UMA specified in TR 38.901

	Inter-BS distance
	100m

	BS Tx Power
	14dBm

	UE Tx Power
	21dBm

	BS Antenna gain
	5

	UE Antenna gain
	0

	BS Noise Figure
	7

	UE Receiver Noise Figure
	13

	UE receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
 (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) = (2,2, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	comments
	*EIRP limit for 60GHz indoor is 40dBm
EIRP=Tx power + antenna gain + antenna array gain e.g. 14dBm+5dBi+10log10(8*16)~=40dBm for BS in 60GHz



Conclusion
In this contribution, we discussed and proposed four simulation scenarios to evaluate NR system performance on Unlicensed band. Our proposals are summarized as below.
Observation 1: in an indoor open office scenario, 20 meter of inter-BSS distance is short. it is worthwhile to study the effect of 3+3 gNB configuration for such scenario.
Proposal 1: Adopt four scenarios described above to evaluate system performance for NR-Unlicensed
Proposal 2: De-prioritize co-existence study between NR and Wi-Fi on 5GHz and 60GHz band
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Appendix 
Table A-1 Simulation Parameters for Indoor Sub-7GHz and mmW
	Parameters
	Scenario 2.1, Indoor Sub-7GHz
	Scenario 2.2, Indoor mmW

	Carrier Frequency
	6GHz
	

	Channel Model
	InH Open Office model in TR 38.901 Chapter 7.4.1 
	InH Open office model in TR 38.901 Chapter 7.4.1 

	BS Tx Power
	18dBm
	14dBm*

	UE Tx Power
	18dBm
	21dBm

	BS Antenna gain
	5 dBi
	5 dBi

	UE Antenna gain
	0 dBi
	0 dBi

	BS Noise Figure
	5dB
	7 dB

	UE Receiver Noise Figure
	9dB
	13 dB

	UE receiver
	MMSE-IRC as the baseline receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
 (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) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (2,2, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	
	No EIRP limits available for 6GHz, thus LAA [TR 36.889 §A1.1] is used as baseline for power settings. 

	*EIRP limit for 60GHz indoor is 40dBm
EIRP=Tx power + antenna gain + antenna array gain e.g. 14dBm+5dBi+10log10(8*16)~=40dBm for BS in 60GHz




Table A-2 Key simulation parameters for outdoor
	Parameters
	Scenario 2.3, outdoor Sub-7GHz
	Scenario 2.2, Outdoor mmW

	Carrier Frequency
	6GHz
	37GHz, 60GHz

	[bookmark: _GoBack]Channel Model
	5GCM UMA specified in TR 38.901
	5GCM UMA specified in TR 38.901

	Inter-BS distance
	200m
	100m

	BS Tx Power
	24 dBm
	14dBm

	UE Tx Power
	18 dBm
	21dBm

	BS Antenna gain
	5 dBi
	5

	UE Antenna gain
	0 dBi
	0

	BS Noise Figure
	5dB
	7

	UE Receiver Noise Figure
	9dB
	13

	UE receiver
	MMSE-IRC as the baseline receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
 (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) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
	(M, N, P, Mg, Ng) = (2,2, 2, 1, 1), dH = dV = 0.5 λ for 37 GHz
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 60 GHz

	
	No EIRP limits available for 6GHz, thus LAA [TR 36.889 §A1.1] is used as baseline for power settings. 

	*EIRP limit for 60GHz indoor is 40dBm
EIRP=Tx power + antenna gain + antenna array gain e.g. 14dBm+5dBi+10log10(8*16)~=40dBm for BS in 60GHz
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