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Introduction
[bookmark: _Hlk510705081]The study item on supporting NR from 52.6 GHz to 71 GHz [1] developed a set of simulation criteria [2] in RAN1#101-e.   This contribution provides simulation results consistent with that criteria.  Specifically, the results are provided for the following deployment scenarios:
· Scenario Indoor-A) InH open office model 

These results show the performance of spatial selectivity is sufficient for coexistence having a reasonable degradation in mean and cell edge UE throughput for the two-operator scenario as compared to the one operator scenario
Simulation Methodology
[bookmark: _Hlk46927459]This contribution provides simulation results for the indoor office environment as depicted in Figure 1 with simulation parameters as captured in Table 1.   The simulation assumes a full Rel 16 NR compliant interface as would typically be configured for FR2.  No additional co-existence mechanisms were implemented.

Both a single operator and dual operator scenario were run.  The arrival rates were swept for the single operator to deterimine a bursty traffic arrival rate associated with a 60% resource utilization considered a full load.   A half load point was assumed to be half the arrival rate of the full load giving a 30% resource utilization.
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[bookmark: _Ref47615535]Figure 1 Scenario Indoor-A) InH open office model

[bookmark: _Ref47615647]Table 1 Simulation Parameters
	
	Base Station - BS
	User Equipment - UE

	Carrier Frequency [GHz]
	60 GHz

	Subcarrier Spacing [kHz]
	960 kHz

	Bandwidth [MHz]
	2000 MHz

	Number of RB
	160

	Deployment Scenario
	Scenario indoor-A

	UE distribution
	100% indoor 

	Channel Model
	- gNB-to-gNB and gNB-to-UE links: InH – office channel & PL model from TR38.901
- UE-to-UE links: [InH – office channel & PL model from TR38.901]

	Mobility
	3 km/hr

	Antenna Configuration
	(Mg,Ng,M,N,P) = (1,1,4,8,2)
with (0.5 dv, 0.5 dH)
	(Mg,Ng,M,N,P) = (1,2,2,2,2)
with (0.5 dv, 0.5 dH)

	Antenna Pattern
	Table A.2.1-7 of TR38.802 for ceiling mount
	Table A.2.1-8 of TR38.802

	Antenna Element Gain
	5 dBi
	5 dBi

	Power Limitation
	40 dBm EIRP 
	25 dBm EIRP

	Noise figure
	7 dB 
	10 dB 

	Transmission Rank
	Rank adaptative transmission between Rank 1 and 2

	TDD DL/UL Ratio
	Dynamic TDD

	CSI Feedback
	Ideal feedback

	Traffic Model
	FTP Model 1 (27 Mbyte file)

	UE Receiver
	MMSE-IRC

	Cell selection criteria
	Random select from strongest RSRP with 1 dB HO Margin

	DL/UL Traffic Ratio
	50% DL, 50% UL





Simulation Results & Discussion
The downlink and uplink performance for the single operator and two operator scenarios for both the full half load are provided Figure 2 and Figure 3.  The cell throughput provides the total data rate delivered by the cell.  In full load cases, we see 15% reduction in cell throughput for both uplink and downlink going from 1 operator to 2 operator scenarios.  For the half load cases, we see even smaller drop in cell throughput dropping by 5% or less going from 1 operator to 2 operator scenarios.  This is as expected given the cell throughput in bursty traffic is largely governed by the offered load when the cell is not overloaded.  This indicates that the 2 operator scenario has good performance serving nearly the same cell throughput even though it must co-exist.
Observation 1: The 2 operator co-existence has good performance and is stable with just beamforming and without LBT
The UE statistics are also provided Figure 2 and Figure 3 showing mean and 5 percentile (i.e. cell edge or CE) of the UE perceived throughput (i.e. packet call throughput).  In this case, we see there is a higher degradation in UE mean and CE throughput for the full load case than for the half load cases.    Moreover, the mean and CE UE throughput is greater for the uplink than downlink.  The coexistence penalty is tabulated for the full and half load cases in Table 2 and Table 3, respectively, showing the percent reduction for the 2-operator case compared to the 1 operator case.
Observation 2: Cell edge performance degradation for the 2 operator co-existence is approximately 50% and the degradation is consistently greater in the uplink than the downlink
The coexistence performance with beamforming alone is surprising good when one considers that the area offered load is double in the 2 operator scenario.  In other words, the 2 operator scenario is serving twice the number of UE as the 1 operator case.  Therefore, one could argue that is more appropriate to compare the 1-operator full load case to the 2-operator half load case as they would have the same number of UEs per unit area.  In that case, all the UE throughput numbers are improved with the 2-operator scenario with the one exception of UL cell edge which remains the same.
Observation 3:  For a constant UE load per unit area, the performance of 2 operator scenario performs better than the 1 operator scenario with the exception of UL cell edge which remains the same
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[bookmark: _Ref47615815][bookmark: _Ref47615809]Figure 2 Downlink Performance Results
[bookmark: _GoBack][image: ]
[bookmark: _Ref47615818]Figure 3 Uplink Performance Results


[bookmark: _Ref47618189]Table 2 Full Load Co-existence Penalty
	
	Sector
	Mean
	CE

	DL
	16%
	27%
	50%

	UL
	15%
	39%
	60%



[bookmark: _Ref47618199]Table 3 Half Load Co-existence Penalty
	
	Sector
	Mean
	CE

	DL
	5%
	19%
	33%

	UL
	3%
	25%
	56%





Conclusion
This contribution provides simulation results for the indoor office environment consistent with the criteria agreed in RAN1@101-e.  The simulations compared the performance of 1 operator and 2 operator co-existence using beamforming alone with the following observations:
Observation 1: The 2 operator co-existence has good performance and is stable with just beamforming and without LBT
Observation 2: Cell edge performance degradation for the 2 operator co-existence is approximately 50% and the degradation is constistently greater in the uplink than the downlink
Observation 3:  For a constant UE load per unit area, the performance of 2 operator scenario performs better than the 1 operator scenario with the exception of UL cell edge which remains the same
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