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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 RAN1 #92, following agreements regard to simulation scenarios for NR unlicensed has been reached.
	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




From the perspective of gNB planning and deployment, on one hand, sufficient number of gNBs should be deployed to provide sufficient coverage. On the other hand, higher number of gNBs leads to higher deployment cost and interference management. Thus, a proper number of gNBs should be carefully chosen. One challenge in wireless communication is hidden node issue; and a simulation scenario should reflect this reality too.
In this contribution, we present some preliminary investigations on simulation scenarios and propose down-selected simulation scenario based on rationales listed above.
Simulation Methodology for NR-Unlicensed

[image: ]Indoor with Sub-7GHz

For indoor sub-7GHz, it is agreed in RAN1 #92 that following 3 scenarios may be considered for NR-U evaluation:
· Option 1: Reuse 38.802[3] indoor hotspot topology and allocating half of the gNBs to each operator (6+6)
· Option 2: Reuse 38.802[3] indoor hotspot topology but further reduce gNB density (3+3)
· Option 3: Based on IEEE indoor enterprise model with modifications

[bookmark: _Hlk510008664]To help understand the difference and similarities between three scenarios above, we give a graphic representation of each scenario above in Fig. 1
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Fig. 1 Graphic representation of three simulation scenarios for indoor Sub-7GHz

In the following Fig. 2-5, some initial simulation study results are presented.  Pathloss profile between UEs and their associated gNBs is plotted; Received power by an gNB from other gNBs is plotted in Fig. 2.  Geometry with gNBs only from the same operator and that with gNBs from both operators are also plotted in Fig.4-5. Note Geometry here refers to DL SINR with 24dBm Tx power assumed at gNB side.  LAA is included just for reference.

It is shown that LAA scenario gives the lowest pathloss while pathloss generally decreases with more gNBs deployed. From what is shown, we believe option 2 is a good combination of coverage and hidden node issue and thus propose to select it as the simulation scenario for indoor sub-7 GHz.
[image: ][image: ][image: ]
                                                                                                  Fig.2 Indoor pathloss profile, Sub-7GHz                               Fig. 3 Rcvd Power from other APs
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Fig.4 Intra-OP Geometry                                                           Fig.5 Across-OP Geometry



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
	Comments

	Carrier Frequency
	5GHz
	

	Channel Bandwidth
	20MHz
	

	Channel Model
	InH Open Office model in TR 38.901 Chapter 7.4.1 
	

	BS Tx Power
	24dBm
	

	UE Tx Power
	18dBm
	36.889 $A1.1

	BS Antenna gain
	5 dBi
	36.889 $A1.1

	UE Antenna gain
	0 dBi
	36.889 $A1.1

	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. 

	



Also note that for indoor, assume gNBs are mounted on the ceiling, following antenna pattern is assumed[3]. 
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Fig.6 Antenna radiation pattern for indoor scenario
Proposal 1: Adopt Option 2 (NR 38.802 indoor hotspot with 3+3 gNBs) to evaluate system performance for indoor sub-7GHz for NR-Unlicensed
Indoor with mmW 
This simulation is to evaluate mmW NR-U technology in an indoor scenario. As it is agreed in RAN1 #92, to minimize the workload, indoor with mmW should reuse the same scenario as in indoor sub-7GHz with some necessary parameter changes. As it was proposed to use 3+3 gNBs for indoor sub-7GHz, giving that pathloss is higher with higher-frequency band, more gNBs should be deployed. 
Some preliminary simulations are run with full buffer traffic. We also assume that each UE has two panels and the best panel is chosen at association. From the results below, the general trend going from 3+3 gNBs to 6+6 and further to 12+12 indicates that higher the density, better the SNR and SINR achieved. With 3 gNBs per operator, we observe an outage at the 5%-tile SNR (less than -6dB), which is not sufficient to provide coverage. With 6 gNBs per operator, the SINR appears to show little outage but leaves no margin for practical impediments in mmW such as beam mismatches, UE rotation or blocking. Moreover, the array gain for PDCCH beams could be lower than PDSCH beams and it is desirable to ensure that PDCCH coverage is sufficient. The 12 gNB deployment simulated is the proposal from Ericsson during the e-mail discussions. 
The transmit power for the gNB can be chosen to meet the EIRP limit of 40 dBm. The UE transmit powers may be limited by other factors as well such as PA efficiencies and power consumption. Therefore, we propose a transmit power of 8 dBm for the UE. Note that this yields approximately similar coverage for DL and UL after factoring in the chosen set of parameters such as array gain, noise figure etc. 
Downlink:
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Uplink:
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Fig.7 Proposed simulation scenario for indoor with mmW (Ref: Ericsson’s proposal from e-mail discussions)


	Parameters
	Scenario 2.2, Indoor mmW

	Carrier Frequency
	60GHz 

	Channel Bandwidth
	2.16GHz

	Channel Model
	InH Open office model in TR 38.901 Chapter 7.4.1 

	BS Tx Power
	14 dBm*

	UE Tx Power
	8 dBm*

	BS Antenna gain
	5 dBi

	UE Antenna gain
	5 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) = (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

	Comments on the Tx power of gNB
	*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

	Comments on the Tx power of UE
	Here, 8 dBm Tx Power is proposed considering power consumption and PA efficiency.



Proposal 2: For indoor scenario with mmW, each operator deploy 12 gNBs as shown in Fig. 7 above.
Outdoor with Sub-7GHz

For outdoor with Sub-7GHz, it is agreed in RAN1 #92 that:
· NR dense urban scenario with two layers, but only consider the micro layer
· Randomly drop one micro layer per operator

In [3], there are three options about the number of micro-layer gNBs per macro-cell, i.e. 3/6/9. In following figures, we provide various statistics for the case of 3/6 
[image: ] [image: ]Fig.8. Outdoor pathloss profile, Sub-7GHz                                          Fig. 9 Outdoor Rcvd Power from other APs
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                             Fig.10. Intra-OP geometry			                       Fig. 11 Across-OP Geometry

For outdoor, following antenna radiation pattern is used based on document [3].
[image: ]


Proposal 3: For sub-7GHz outdoor scenario, each operator uses dense urban scenario with 3 micro-layer gNBs per macro cell, as defined in NR 38.802. Two operators deploy their gNBs with inter-gNB distance of 100m


	Parameters
	Scenario 2.3, outdoor Sub-7GHz
	

	Carrier Frequency
	5GHz
	

	Channel Bandwidth
	20MHz
	

	Channel Model
	5GCM UMi specified in TR 38.901
	

	Inter-BS distance
	200m
	

	BS Tx Power
	24 dBm
	36.889 A1.2

	UE Tx Power
	18 dBm
	36.889 A1.2

	BS Antenna gain
	5 dBi
	36.889 A1.2

	UE Antenna gain
	0 dBi
	36.889 A1.2

	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
It is agreed to reuse outdoor sub7GHz topology with some parameter changes. As higher carrier frequency leads to higher pathloss, it is natural to deploy more gNBs, or equivalently to reduce cell size. Thus, we propose
 
Proposal 4: For mmW outdoor scenario, each operator uses dense urban scenario with 9 micro-layer gNBs per macro cell, as defined in NR 38.802. Two operators deploy their gNBs with inter-gNB distance of [200] m.
Conclusion
In this contribution, based on initial study, we discussed and down-select simulation scenarios to evaluate system performance for NR on unlicensed band. Our proposals are summarized as below.

Proposal 1: Adopt Option 2 (NR 38.802 indoor hotspot with 3+3 gNBs) evaluate system performance for indoor sub-7GHz for NR-Unlicensed
Proposal 2: For indoor scenario with mmW, each operator deploy 12 gNBs as shown in Fig. 7 above.
Proposal 3: For sub-7GHz outdoor scenario, each operator uses dense urban scenario with 3 micro-layer gNBs per macro cell, as defined in NR 38.802. Two operators deploy their gNBs with inter-gNB distance of 100m
[bookmark: _GoBack]Proposal 4: For mmW outdoor scenario, each operator uses dense urban scenario with 9 micro-layer gNBs per macro cell, as defined in NR 38.802. Two operators deploy their gNBs with inter-gNB distance of [200] m.
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