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1. Introduction
New SI on NR positioning enhancements was approved in RAN#86[1]
This study item includes the following objectives:
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.

In this contribution, we discuss evaluation assumptions and present some preliminary evaluation results for InF scenarios. 

2. Discussion
TR 38.901 specifies five indoor factory simulation scenarios. To evaluate NR positioning for IIOT use cases, we conducted evaluation in the scenarios of InF-SL, InF-DL, InF-SH and InF-DH.  For detailed simulation parameters, please see the appendix, which follow the calibration assumption defined in 38.901. DL-TDOA method is evaluated in those scenarios. In the evaluation, positioning method is based on Chan algorithm with equally weighted TOA covariance. We used maximum-likelihood detection to obtain 1/4Ts resolution and good quality of TOA measurement. 
[bookmark: _GoBack]Absolute time of arrival defined in TR38.901 is modelled in our evaluation. The TOA estimated from a NLOS path could cause severe error to positioning estimate. In literature, NLOS impact on positioning error could be solved by NLOS identification or mitigation method, e.g, [2]. UE/gNB is able to identify NLOS channel, such as estimate the RMS of delay spread or rician K factor or excess delay with the knowledge of NLOS delay statistics. If UE could distinguish with LOS and NLOS well, good positioning accuracy is possible in NLOS/LOS mixture scenario. For NLOS mitigation, gNB/UE could remove the average NLOS delay from TOA, or use residual error weighting method [3] to enhance accuracy by weighing the result of RSTD combination. To reduce the negative impact of NLOS, some TDOA measurement are not used in positioning calculation to avoid severe loss caused by NLOS error in our evaluation with simple implementation. For instance, one method used to select ‘bad’ TOA estimate is that the TOA with low estimated power of the first arrival path, or obviously wired RSTD samples smaller than inter site distance violating triangle inequality, would be the one measured from a NLOS path and shall be removed. 
The Fig.1 illustrates the distribution of number of LOS TRP one UE can see in the scenarios of InF-SH, InF-SL, InF-DH and InF-DL. We can observe that in InF-SH and InF-SL, most of the UE can find more than 3 TPs with LOS path. In contrast, in InF-DL and InF-DH scenarios, the chance for a UE see one TP with LOS is very rare. The TOA estimated from NLOS path could have big errors. It is desired to have multiple LOS TPs for one UE to support reasonable positioning performance.  But, almost all path of InF-DL and InF-DH are NLOS as shown in Figure 1, large positioning error is expected for dense clutter scenario. So it would be very challenge to support sub-meter level positioning accuracy in those scenarios.
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Figure 1, number of LOS for each UE
Observation1: The LOS probability of InF-DL/ InF-DH is very low, thus it’s challenge to support sub-meter positioning accuracy in InF-DL and InF-DH scenarios. 
We evaluated the performance of DL-DTOA method based on DL PRS RSTD measurement in InF scenarios. The distribution of positioning errors in InF-SH and InF-SL are shown in Figure 2a and the distribution of positioning errors in InF-DH and InF-DL are shown in Figure 2b.
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Figure 2a, positioning errors in InF-SH and InF-SL scenarios
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Figure 2b, positioning errors in InF-DH and InF-DL scenarios
The positioning error for each InF scenario are summarize in table 1:
Table 1, summary of positioning error for InF scenarios
	Scenario
	50%
	80%
	90%

	InF-SH
	0.4
	0.8
	1.28

	InF-SL
	0.6
	3.0
	7.1

	InF-DH
	6.0
	11.3
	17.5

	InF-DL
	7.2
	16.7
	22.9


From the evaluation results, we can observe:
· In the InF-SH scenario, ~1meter positioning accuracy with 90% availability is achievable.
· In the InF-SL scenario, the positioning accuracy for 90% availability is 7 meters. The performance degradation is caused by NLOS. The probability of NLOS in InF-SL is higher than in InF-SH.
· The positioning error in InF-DH and InF-DL scenarios is very large. The major reason is NLOS paths. The probability of LOS is too slim in those scenarios. The big errors in TOA estimated from NLOS paths greatly degrade the performance of positioning. 
Thus, we can make the following observation:
Observation2: The performance of DL-TDOA in InF scenarios are:
· In InF-SH scenario, 1m accuracy with 90% availability is achievable.
· In InF-SL, InF-DH and InF-DL scenarios, it is very challenge to support 1 m accuracy with 90% availability mainly due to the impact of NLOS.
The transmission latency in NLOS paths can severely degrade the performance of positioning. Because it would introduce large estimate error in TOA estimate. TS 38.901 specifies the absolute time of arrival model for InF scenarios.  So we studied the impact of modeling absolute time of arrival on the positioning performance.  Figure 3 illustrates the positioning performance under various scenarios with different modeling of absolute time of arrival for InF-SL and InF-DH scenarios. We show the results for the following cases for each InF scenario:
· Case 1: absolute time of arrival is not modeled in the simulation
· Case 2: absolute time of arrival is modeled in the simulation and use the TOA estimated from all 18 BSs.
· Case 3: absolute time of arrival is modeled in the simulation and only a part of TOA are used. AS mentioned above, RSTD smaller than inter-site distance (set A), first path with normalized power higher than 0dB (set B), positioning used A and B -> A -> A or B in order.
· Case 4: absolute time of arrival is modeled in the simulation and the number of BS is increased to 72. Increasing the number of BS can increase the number of BS with LOS path to one UE. Also pruning in Case 3 is applied.
As show in Figure 3, both InF-SL and InF-DH can deliver satisfactory accuracy if we do not model the absolute time of arrival for NLOS channels. But if we model the absolute time of arrival of NLOS in the simulation, enormous error is positioning is introduced. Although with assistant information mentioned above to prune/select RSTD may be helpful for the positioning accuracy (blue curve), it’s still far away from the target of sub-meter positioning performance requirement. Another method to improve the positioning accuracy is to deploy more base station within given area of factory. As shown in Figure 3, by increasing the number of gNB from 18 to 72 (halve the inter site distance), it’s possible for InF-SL to achieve 0.9m at 90%.
	[image: ]
	[image: ]


Figure 3, positioning error caused by NLOS
Thus, we made observation:
Observation3: When including absolute time of arrival model in simulation, we can observe enormous positioning error in InF-SL and InF-DH in comparison with not including absolute time of arrival model.
3. Conclusion
In this contribution, we presented our simulation result on NR positioning. Based on the evaluation, the following observation are provided:
Observation1: The LOS probability of InF-DL/ InF-DH is very low, thus it’s challenge to support sub-meter positioning accuracy in InF-DL and InF-DH scenarios. 
Observation2: The performance of DL-TDOA in InF scenarios are:
· In InF-SH scenario, 1m accuracy with 90% availability is achievable.
· In InF-SL, InF-DH and InF-DL scenarios, it is very challenge to support 1 m accuracy with 90% availability mainly due to the impact of NLOS.
Observation3: When including absolute time of arrival model in simulation, we can observe enormous  positioning error in InF-SL and InF-DH in comparison with not including absolute time of arrival model.
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Appendix
Table 7.8-7: Simulation assumptions for large scale calibration for the indoor factory scenario
	Parameter
	Values

	Scenario
	InF-SL, InF-DL, InF-SH, InF-DH

	Hall size
	InF-SL: 120x60 m
InF-DL: 300x150 m
InF-SH: 300x150 m
InF-DH: 120x60 m

	Room height
	10 m

	Sectorization
	None

	BS antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	UT antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	Handover margin (for calibration)
	0dB

	BS deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]
BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for for InF-SH and InF-DH

	UT distribution 
	uniform dropping for indoor with minimum 2D distance of 1 m
UT height = 1.5 m

	UT attachment
	Based on pathloss 

	UT noise figure
	9 dB

	Carrier frequency
	3.5 GHz, 28 GHz

	Bandwidth
	100 MHz

	Clutter density: 
	Low clutter density: 20%
High clutter density: 60%

	Clutter height: 
	Low clutter density: 2 m
High clutter density: 6 m

	Clutter size: 
	Low clutter density: 10 m
High clutter density: 2 m

	Metrics
	1) Coupling loss – serving cell

	
	2) Geometry with and without noise

	
	3) CDF of delay and angle spread (ASD, ZSD, ASA, ZSA) according to the definition in Annex A.1

	
	4) CDF of first path excess delay for serving cell



Table 7.6.9-1: Parameters for the absolute time of arrival model
	Scenarios
	InF-SL, InF-DL
	InF-SH, InF-DH

	
	
	-7.5
	-7.5

	
	
	0.4
	0.4

	Correlation distance in the horizontal plane [m]
	6
	11



Simulation assumption
	Parameter
	Values

	Carrier frequency
	3.5G

	Bandwidth for PRS
	100MHz

	SCS
	30KHz

	TDOA measurement
	ML

	Positioning method
	Chan

	Sync error
	No
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