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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#94bis, the requirements and evaluation methodology have been agreed at least for NR RAT-dependent positioning.  Based on the output [1] of last meeting, the evaluation methodology related issues are discussed.
2. Remaining issues on evaluation methodology
The positioning requirements of commercial use case are listed below:
· As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions
· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
· End to end latency < [1]s 
It can be seen that at the starting point, the requirments of horizontal positioning accuracy are 3m and 10m for indoor and outdoor scenarios respectively. The requirements is a great challenge for UE implementation. In the study of positioning, there are two factors that serious affect positioning accurracy : NLOS and synchronization error between gNBs. 
NLOS affects the arrival strength and angle of the positioning signal, and makes the arrival time of the signal much larger than the LOS environment. Especially in TDOA-based positioning techniques, the time measurement error caused by NLOS could lead to inaccurate location estimation. It is known that the typical scenarios such as UMa, UMi street canyon and Indoor office have a certain probability of NLOS which is related to the distance between gNB and UE. Once the NLOS problem cannot be solved, it is difficult to meet the positioning requirements as above. The network synchronization assumption has been agreed in last RAN1 meeting, while the NLOS time error model has not been discussed yet in RAN1. It is necessary to add NLOS error assumption for NLOS related positioning evaluation.
Proposal 1: 
· Adding appropriate NLOS error assumption for NR positioning evaluation.
The horizontal and vertical positioning errors are used as a most important performance metrics in NR positioning evaluations. In simulations of positioning, the quality of the receiving algorithms has a great impact on the accuracy. For TDOA-based positioning, the receiving algorithms include TDOA estimation and position calculation. If the baseline receiving algorithms are not defined, the results of the positioning evaluations will vary greatly from different companies.
Proposal 2: 
· Define baseline receiving algorithms for NR positioning evaluations.
3. Initial simualtion results
This section presents some initial simulations of 3 typical scenarios with 100% LOS probability and large bandwidth (100MHz and 400MHz) to obtain the baseline positioning accuracy. The positioning accuracy is demonstrated by the CDF curve. The simulation assumptions can be found in Appendix.
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Fig.1 CDF curve of positioning error with 100% LOS probability 
Table1 OTDOA horizontal positioning error with 100% LOS probability (m)
	CDF percentiles

                Scenarios
	50%
	67%
	80%
	90%

	Perfect
synchronization

	UMa(100MHz)
	0.62
	0.77
	0.95
	1.15

	
	UMi(100MHz)
	0.67
	0.84
	1.00
	1.17

	
	Indoor office(100MHz)
	1.30
	1.91
	3.07
	6.01

	
	UMi(400MHz)
	0.15
	0.2
	0.25
	0.30

	
	Indoor office(400MHz)
	0.31
	0.48
	0.68
	1.07

	Synchronization
error (50ns)
	UMa(100MHz)
	11.50
	14.98
	18.59
	22.32

	
	UMi(100MHz)
	13.65
	17.70
	21.42
	25.95

	
	Indoor office(100MHz)
	22.86
	36.63
	43.59
	52.13

	
	UMi(400MHz)
	11.01
	14.22
	17.63
	21.74

	
	Indoor office(400MHz)
	22.94
	30.95
	42.13
	54.23




Observation 1:
· Under perfect conditions, the NR OTDOA positioning can meet the horizontal accuracy requirements.
Observation 2:
· gNB synchronization error has greater impact on indoor scenarios than outdoor scenarios. 
4. Conclusion
In this contribution, we discussed NR positioning scenarios and evaluation methodologies with the following proposals:
Proposal 1: 
· Add appropriate NLOS error assumption for NR positioning evaluation.
Proposal 2: 
· Define baseline receiving algorithms for NR positioning evaluations.
Observation 1:
· Under perfect conditions, the NR OTDOA positioning can meet the horizontal accuracy requirements.
Observation 2:
· gNB synchronization error has greater impact on indoor scenarios than outdoor scenarios. 
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Appendix 
The simulation assumptions are in Table2. 


Table2 Simulation Assumptions
	Parameter 
	Value

	Scenario
	UMa /UMi street canyon/Indoor open office 

	Sites number
	57 in UMa and UMi,12 in Indoor office

	UE number
	570 in UMa and UMi,120 in Indoor office

	Bandwidth
	100M for UMa/UMi/Indoor office
400M for UMi/Indoor office

	Carrier frequency
	4G for UMa/UMi/Indoor office
30G for UMi/Indoor office

	Positioning sites number
	5

	Occasions
	10

	PRS Power Boosting
	10log6 dB 

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions

	PRS pattern
	LTE PRS pattern in Fig.2

	LOS probability
	100%

	Link-level channel model type
	CDL-D 

	UE speed
	60km/h in UMa,3km/h in UMi and Indoor office

	Network synchronization error
	Perfectly synchronized/ 50ns





Fig.2 PRS pattern for simulation
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