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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; 
In the last RAN1 meeting #92b[2], following agreements regard to simulation scenarios for NR unlicensed has been reached.
	Agreement:
· For sub7 indoor simulation evaluation:
· Scenario: Option 2 (3+3) with indoor mixed office model
· Target to reach 10%-15% serving links below -72dBm
· Further layout parameter fine tuning may be needed. An example procedure for fine tuning is the following sequence.
· Currently a-b-a=15-20-15
· If not reaching target, try a-b-a=15-30-15 and a-b-a=20-40-20
· If not reaching target, apply a scaling factor to the layout with a-b-a=20-40-20
· Other parameters: Default is NR parameters in 38.901 and 38.802 with the exception of the following


In the offline email discussion on NR-U indoor sub7 scenario calibration [3], following agreement has been reached:
Agreement:
· Adopt layout as in Figure 1 with a=20 meters, b=40 meters, c=20 meters, and d=40 meters for indoor sub7GHz NR-U evaluation.

Detailed definition of a,b,c, and d can be found in the reference [3].
In this contribution, we present some investigations on remaining simulation scenarios and propose down-selected simulation scenario.
Simulation Methodology for NR-Unlicensed
[bookmark: _Ref513817556]Outdoor with Sub-7GHz
For outdoor with Sub-7GHz, it is agreed in RAN1 #92bis that:Agreement:
· For sub7 outdoor simulation evaluation:
· Select one of the following for the Outdoor sub-7 GHz scenario
· Alt 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum distance between gNBs as in NR
· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)
· Independent dropping between two operators
· Use the NR current [57.9] meters intra-operator minimum distance
· Use [10] meters as the inter-operator minimum distance
· UE randomly dropped within [28.9] meters within the serving cell
· Alt 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1
· Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 
· The minimum inter-gNB distance is [10] meters
· Within each hot-spot, drop UE within [28.9] meters from the hot-spot center
· Parameters: Use the indoor sub7 table as baseline, with further fine tunes possible
· For calibration for sub-7 GHz indoor and outdoor scenarios, companies should submit for the baseline scenario:
· Cdf of received signal power from serving cell
· Optional: Cdf of received signal power from each of the all non-serving cells (including the cells from the other operator)


The following Figure 1and Figure 2 show the CDF of serving link RSSI across all UEs, for 1/2/3 micro-TRPs per sector, for alternatives 1 and 2 respectively. The NR assumption of 80 percent indoor UEs is used. Two types of UE droppings are considered: UEs dropped uniformly in each sector, and UEs dropped uniformly within each micro-TRP cluster. Optionally the CDF of the total RSSI from non-serving cells is provided in the Appendix. For 1 and 2 micro level TRPs the minimum intra operator distance of 57.9m is assumed. However for 3 micro level TRPs per sector the minimum intra operator distance of 40m is used so that we can do a random placement of the micro level TRPs within a sector.
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[bookmark: _Ref513812421]Figure 1: Alternative 1, Empirical CDF of serving link RSSIs
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[bookmark: _Ref513812429]Figure 2: Alternative 2, Empirical CDF serving link RSSIs
The Table 1 and Table 2 below show serving link RSSI statistics for 1/2/3 micro level TRPs per sector per operator. It can be observed that the coverage, or UEs with RSSI more than -82dBm, increases with more micro TRPs per sector. The UEs with RSSI less than -82dBm are re-dropped. The percentage UEs with less than -72dBm in table is after re-dropping. For standalone deployment we prefer UEs dropped in a sector. We also prefer 3 micro level TRPs per sector per operator over 2 micro level TRPs, because it has better coverage, nearly 97 percent, and a significant percent of UEs below -72dBm.
[bookmark: _Ref513819322]Table 1: Percentage UEs with serving link RSSI below -72dBm
	 
 
	UEs dropped in cluster
	UEs dropped in sector

	
	1 uTRP
	2 uTRPs
	3 uTRPs
	1 uTRP
	2 uTRPs
	3 uTRPs

	Alternative 1
	30.77%
	30.77%
	23.92%
	49.34%
	42.19%
	33.01%

	Alternative 2
	31.92%
	31.92%
	24.96%
	49.71%
	42.40%
	32.90%



[bookmark: _Ref513819325]Table 2: Percentage UEs with serving link RSSI below -82dBm (these get redropped)
	 
 
	UEs dropped in cluster
	UEs dropped in sector

	
	1 uTRP
	2 uTRPs
	3 uTRPs
	1 uTRP
	2 uTRPs
	3 uTRPs

	Alternative 1
	4.76%
	2.54%
	1.02%
	28.43%
	8.33%
	3.04%

	Alternative 2
	6.31%
	3.24%
	1.27%
	27.85%
	8.84%
	3.17%


The AP to AP RSSI CDFs are shown in Figure 3 for 1/2/3 micro level TRPs per sector. For all cases the closest AP-AP RSSI CDF is significantly high. However, since the alternative 1 has a wider spread we prefer using that. 
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[bookmark: _Ref513812593]Figure 3: Empirical CDF of Closest AP-AP RSSI
[bookmark: p1]Proposal 1: For sub-7GHz outdoor scenario, adopt Alternative 1 with the following parameters: 
· Each operator randomly drop 3 micro-layer TRPs within each macro cell: 
· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)
· Independent dropping between two operators
· Use 40 meters intra-operator minimum distance
· Use 10 meters as the inter-operator minimum distance
· UEs randomly dropped within each sector.
· Use NR assumption of 80% UEs are indoor.
Some key evaluation parameters are listed below.
	Parameters
	outdoor Sub-7GHz scenario

	Carrier Frequency
	5GHz

	Channel Bandwidth
	20MHz

	Channel Model
	5GCM UMi specified in TR 38.901

	Inter-BS distance
	200m

	BS Tx Power
	23 dBm

	UE Tx Power
	18 dBm

	BS Antenna gain
	0 dBi

	UE Antenna gain
	0 dBi

	BS Noise Figure
	5dB

	UE Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	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


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. 
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Figure 4: 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.



[bookmark: p2]Proposal 2: For indoor scenario with mmW, each operator deploy 12 gNBs as shown in Fig. XXX above.
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 	
[bookmark: p3]Proposal 3: 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: For sub-7GHz outdoor scenario, adopt Alternative 1 with the following parameters: 
· Each operator randomly drop 3 micro-layer TRPs within each macro cell: 
· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)
· Independent dropping between two operators
· Use 40 meters intra-operator minimum distance
· Use 10 meters as the inter-operator minimum distance
· UEs randomly dropped within each sector.
· Use NR assumption of 80% UEs are indoor.
Proposal 2: For indoor scenario with mmW, each operator deploy 12 gNBs as shown in Fig. XXX above.
Proposal 3: 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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[bookmark: _Ref513818178]Appendix
Figure 6 and Figure 7 show the CDF of the total non-serving link RSSI along with the serving link RSSI for the outdoor scenario for alternatives 1 and 2 discussed above in section 2.1.
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Figure 6: Alternative 1, Empirical CDF serving/total non-serving link RSSIs
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Figure 7: Alternative 2, Empirical CDF serving/total non-serving link RSSIs
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