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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. This contribution presents 60GHz simulation results. 
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 30% resource utilization considered half load point and consequently doubling those attributes would provide a resource utilization of 60%. 
The layout reflects an indoor office environment, with 12 cells per network, using ceiling mounted antennas. The base stations are randomly placed within a 7.5x7.5-meter box. UEs are dropped randomly within the office floor, and associate to the strongest cell with a limit of 5 UEs in a cell.
For the indoor scenario, we investigated 4 different antenna configurations for the devices. The first two numbers are the number of elements (e.g. 4 by 8 elements in a panel), and the last is the number of polarizations. The element gain in each case is 5 dBi. The base station has a single panel, but the UE has two panels back-to-back, and the one in better coverage is selected to be used. 
These are the configurations:
a) BS = (4,8,2), UE = (2,2,2) 
b) BS = (4,8,2), UE = (4,2,2)
c) BS = (8,8,2), UE = (2,2,2)
d) BS = (8,8,2), UE = (4,2,2)
The system model is based on NR operation, with 2 GHz channel bandwidth. No channel sensing is done before transmission. Each cell selects the DL and UL direction independently per time slot.
The simulation methodology is that first a single network only is simulated, and the mean and cell edge (5th percentile point) throughput metrics are evaluated. Then a second network is added, and again the same throughput metrics are evaluated. 
[image: ]
[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 in Figure 2 and Figure 3. The cell throughput provides the total data rate delivered by the cell. For the low load case despite co-existence, the 2 operator scenario provides meaningful throughput. 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 as spatial selectivity is increased.
Observation 1: The 2 operator co-existence has good performance and is stable with just beamforming and without LBT (i.e, no-LBT)
The UE statistics are also provided in Figure 2 and Figure 3 showing mean and 5th percentile (i.e. cell edge or CE) of the UE perceived throughput (i.e. packet call throughput). Co-ex simulations reveal that as the number of antenna elements increases, the degradation of the two-operator scenario relative to the single operator scenario decreases for mean user packet throughput (UPT). 
Observation 2: Cell edge performance degradation for the 2 operator co-existence is approximately 50% for baseline antenna configuration and the degradation is consistently greater in the uplink than the downlink
The coexistence performance with beamforming alone is surprisingly good given that the ‘2’ operator scenario takes into account varying resource utilizations and is comparable to single operator performance. Despite the presence of an aggressor sytem on the existing single operator case, using no-LBT and beamforming alone with increase in spatially selectivity shows decreasing degradation with dual operator performance. 

[bookmark: _Ref47615815][bookmark: _Ref47615809]Figure 2: Mean User Packet Throughput Performance Results

[bookmark: _Ref47615818]Figure 3 Cell Edge Performance Results

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 (i.e, no-LBT)
[bookmark: _GoBack]Observation 2: Cell edge performance degradation for the 2 operator co-existence is approximately 50% for baseline antenna configuration and the degradation is consistently greater in the uplink than the downlink
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Single vs 2 System, DL & UL, Mean UE UPT - degradation at RU 30%

DL stream	Case(a) BS(4,8,2) UE(2,2,2)	Case(b) BS(4,8,2) UE(4,2,2)	Case(c) BS(8,8,2) UE(2,2,2)	Case(d) BS(8,8,2) UE(4,2,2)	-7.0214576481681696	-5.1631197709023429	-4.0673691410007091	-4.519159671175677	UL stream	-20.034750711906948	-13.447694658412484	-13.233445495524091	-6.5896655029834879	Antenna Configuration, spatial selectivity =====>


% Change




Single vs 2 System, DL & UL, Cell Edge - degradation at RU 30%

DL stream	Case(a) BS(4,8,2) UE(2,2,2)	Case(b) BS(4,8,2) UE(4,2,2)	Case(c) BS(8,8,2) UE(2,2,2)	Case(d) BS(8,8,2) UE(4,2,2)	-31.526984548634168	-33.726884315580051	-23.807513718868716	-14.648299287635034	UL stream	-47.172270002606197	-39.934193436661189	-16.203798943975858	-22.387725389181316	Antenna Configuration, spatial selectivity =====>
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