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1. Introduction
In RAN1#56bis, a set of simulation assumptions was agreed for AOA+TA based positioning. In this contribution we further evaluate the AOA+TA based positioning method. 
2. Performance evaluation methodology of AoA+TA
2.1 Simulation Assumptions
Table 1 shows the list of the simulation assumptions.
Table 1  Simulation Assumptions
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, 19 cells, 57 sectors wrap around 

	Inter-Site distance
	500 m, 1732 m

	Antenna gain
	14 dBi

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Carrier frequency
	2 GHz

	Penetration loss and UE speed
	 20 dB, 3 km/h for 500m and 1732m (Case 1 and Case3 in 25.814) 

	Carrier bandwidth
	10 MHz

	eNB power
	46 dBm

	UE max power
	24 dBm

	UE power control
	ON

	eNB noise figure
	5 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	SCM in TR25.996 Table 5.1:
 Urban Macro(8degree and 15 degree AS spreading), 
Suburban(5 degree AS spreading),
NLOS and LOS (K=10dB)

	Cyclic prefix
	Normal

	eNB antenna configuration
	4+4 polarized (±45º), 0.5 wavelength spacing

	UE antenna configuration
	1


2.2 Scenarios 
The following scenarios are simulated. For urban macro, both 8 degree and 15 degree angular spreading (AS) are simulated. And in the LOS scenarios, the K factor is assumed to be 10dB.
	Case
	Scenarios
	AS at the BS
	ISD (m)
	Penetration loss (dB)
	K if LOS (dB)
	UE Speed

(Km/h)

	Case A
	Urban
	8degree
	500
	20
	10
	3

	Case B
	Bad urban
	15degree
	500
	20
	10
	3

	Case C
	Suburban
	5degree
	1732
	20
	10
	3


2.3 Simulation results
2.3.1 Simulation result in LOS
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Fig. 1 Positioning performance based on 1 measurement
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Fig. 2 Positioning performance based on averaging over 10 measurements

The table below shows the 95 percentile positioning error in the 3 cases simulated with LOS. 
	
	CaseA
	CaseB
	CaseC

	No PC, 10subframe [5]
	30
	50
	60

	With PC, 1subframe
	53
	88
	90

	With PC, 10subframe
	28
	42
	45


Comparing with the results in [5], it can be observed that in LOS scenarios with uplink power control, the performance of the cell edge users is enhanced while there is some performance degradation for cell center users. 
Meanwhile, it can also be seen that there is significant improvement in performance after averaging over 10 sub-frames (i.e. the TA and AOA values are averaged before calculating the UE position).
2.3.2 Simulation result in NLOS
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Fig. 3 Positioning performance based on 1 measurement
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Fig. 4 Positioning performance based averaging over 10 measurements

The table below shows the 95 percentile positioning error in 3 cases simulated with NLOS. 
	
	CaseA
	CaseB
	CaseC

	No PC, 10subframe [5]
	80
	125
	115

	With PC, 1subframe
	128
	235
	225

	With PC, 10subframe
	76
	124
	117


Similar observation can be made as in the LOS scenarios. In other words, comparing with the results in [5], in NLOS scenarios with uplink power control, the performance of the cell edge users is enhanced while there is some performance degradation for cell center users. 

Meanwhile, it can also be seen that there is significant improvement in performance after averaging over 10 sub-frames (i.e. the TA and AOA values are averaged before calculating the UE position).
3. Conclusion
In this contribution we show the performance of the AOA+TA based UE positioning technique in LOS/NLOS scenarios with/without uplink power control and with/without averaging. It is observed that with uplink power control, the performance of cell edge users increases while there is some degradation for cell center users. Position calculation based on averaged measurements is far better than one shot measurement.
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