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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#102e, mitigation techniques have been proposed and agreed to be further studied [1]:
Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.
In this contribution, we provide results from simulation studies on the performance and effectiveness of LOS/NLOS detection and identification method that relies on reusing the measurements of the Rel-16 DL PRSs. We focus on the DL positioning, but similar approach can be applied as well for the UL positioning. 
 
Configurations and Signaling Requirements
The following configurations and setup have been implemented in our evaluation study:

· A UE-assisted DL positioning method is considered. Same considerations are applicable when the positioning is UE-based.
· The UE is configured with multiple PRS(s) in each PRS Resource Set. The UE can also be configured with multiple PRS Resource Sets each containing the PRSs for the purpose of this measurements. The choice is left to implementation on how the PRSs are configured wrt to the Resource Sets.
· The PRSs configuration is known to the UE to be for a particular purpose so it can evaluate the necessary metric(s) i.e. the configured PRSs contain varied polarizations to be used for LOS/NLOS identification. 
· [bookmark: _GoBack]A single polarized receiver is sufficient and considered i.e. the UE is not required to be dual polarized. In our evaluations, for single linearly polarized receiver, 4 PRSs each with different polarization is configured and transmitted by the gNB. We have also considered 2 polarized PRS transmissions when the UE receiver is dual polarized. 
· Note, that the UE does not need to know which PRS polarization was transmitted first, in other words the order and information of the polarization transmissions is not needed at the UE

Hence, the PRS transmissions framework already supported in Rel-16 is reused i.e. configurable number of PRSs transmissions and reporting of these PRSs measurements back to the network.
The specifications changes needed to support a polarization-based LOS/NLOS identification are minimal if the identification is calculated at the UE and a LOS/LOS indicator is fed back to the network.  The proposed enhancements of on-demand/aperiodic PRS transmissions would help ensure this or any LOS/NLOS detection methods is only configured when such detection is needed, taking overhead into considerations.
Scenarios and Assumptions  
Per the agreed parameters in [1][2], the following scenarios and simulation setup were used: 
· IIOT scenarios of InF-SH and InF-DH at FR1 
· Fixed gNB and UE antenna height of 8m and 1.5m, respectively. For the gNB antenna height, we have also considered 6BS at 4m and 12 at 8m, where the BS are randomly chosen.
· The CDFs of positioning errors are used as performance metrics in NR positioning evaluation with at least the following percentiles 50%, 67%, 80%, 90%. These CDF values are derived based on the UEs inside the convex hull of the horizontal BS deployment area. Using all the UEs is considered optional. 

The absolute-time-of arrival model as defined in Table 7.6.9-1 of TR38.901 is adopted. The UE is configured with 2 PRS Resource Sets. Within each set, configured a set PRS resource in each set that is sent with the same beam but with different polarization. Each Resource Set contains one PRS Resource sent with the same beam. Hence, these corresponding two PRS Resources are assumed to the spatially QCL (Type D). Note that these two PRS resources can also be configured to be sent on the same time instance(s) in different RBs to enable Type C QCL. This is therefore gNB implementation choice, but we have not considered this in this study. Additional parameters and assumptions used in our study are provided in the Annex for completeness. 
Preliminary studies [1] have shown that in deployment scenarios such as indoor factory where there is no line of sight (LOS) path between transmitter and receiver, the distance calculated based on TOA overestimates the real distance between transmitter and receiver would lead to errors in location determination. This overestimation has also been shown to a large extent highly scenarios dependent i.e. percentage of NLOS relative to LOS in the scenario. 

To decide whether the measured path is NLOS or LOS, we have implemented a polarization-based algorithm that was first outlined in [3]. Additional details of the algorithm can be found in [4]. A brief overview of the steps:  
· The received PRS RSRPs are collected from all the received polarizations. 
· The TOA estimation is then performed over the ranked received PRS RSRPs CIR samples that are above the threshold. The threshold is based on the received average power, calculated over the duration of the rms delay spread of the CIR.
· The magnitude of the estimated CIR, , of the first arrived path is denoted as , where u refers to the transmitted polarization orientation and s refers to received  polarization. In this study, we have assumed a single transmitted polarization for all the PRS signals.
With these projections at the receiver, a change in power and in angle of the transmitted field-vector can be calculated. In case of a NLOS propagation with at least one scattering/reflection will either change the field-vector’s (polarization) orientation and/or power. For the example case of two orthogonal transmitted polarizations, the projections can also be used to calculate the projection angles . Figure 1 and 2 illustrate the received signals vertical and horizontal polarized signals,  and , respectively on the receiver local coordinate system (LCS). 

[image: ]

Figure 1: Received signals projections on the UE LCS. Transmitted signals are dual orthogonally polarized. UE receiver is dual polarized.




For a LOS path, the attenuation for both transmitted polarizations will be the same. Furthermore, the angular separation of , will not be changed, see Figure 1a.  For a detection in polarization power difference or power imbalance, the following metric is used:Figure 2: Received signals projections on the UE LCS. Transmitted signals are dual orthogonally polarized. UE receiver is single polarized.



where , , for the case of dual polarizations. Note, that the UE does not need to know which PRS polarization was transmitted first, since the metric is symmetric in the second index. Due to the normalization, the decision metric is between 0 and 1. 
To calculate the angle imbalance, we use the angle-based metric:

Similarly, the metric is normalized between 0 and 1. Note, that the UE does not need to know which PRS polarization was transmitted first, since the metrics are symmetric in the second index. Moreover, by detecting a change in angle and power imbalance simultaneously, the LOS detection performance can be further improved by combining both above metrics. 
In [9], we have described how the above threshold can be adapted to larger number of polarizations transmissions e.g. 4 and more polarized transmissions if the UE can only receive with a single polarization. Sorting the 4 receiver RSPRs in decreasing order  ., the decision metrics becomes


[bookmark: _Hlk52189367]A decision for LOS or NLOS is made by utilizing the power and/or angle imbalance of the received signal. Particularly, the imbalances are compared w.r.t to a threshold  it is a LOS if 

and for NLOS otherwise. Generally, the threshold would be a function of channel LOS statistic and the received signal SNR. It can be optimized as part of the positioning algorithm implementation, at the network for UE-assisted positioning and at the UE for UE-based positioning. One approach on the derivation of the threshold for each metric is described in [4]. 

[bookmark: _Ref129681832]Results 
In our simulation studies, we have evaluated the horizontal positioning error with and without the Pol-LOS detection method as described above for 864 random UE drops in the convex hull of the scenarios. The time of arrival (TOA) is measured based on the RMS delay-spread over the CIR window, which is set equal to the CP length. By taking the average-power as a threshold, we select the first arrival path which exceeds the average-power as the estimated TOA.  From the available 18 links per UE, the 10 strongest links with largest PRS RSRP are pre-selected. The trilateration for positioning calculation uses the TOA’s of the first 3 detected LOS paths, which are non-colinear (not on a line). 
The horizontal positioning accuracy for FR1 are evaluated for the following scenarios
· Figure 3: InF-DH baseline scenario with clutter density of 40% and = = 2m. 
· Figure 4: InF-DH optional scenario with clutter density of 40% and = = 5m 
· Figure 5: InF-DH optional scenario with clutter density of 60% and = = 2m 
· Figure 6: InF-SH baseline scenario with clutter density of 20% and = = 10m 
The absolute time of arrival and single linearly polarized antenna is assumed at the UE. The following different LOS detection approaches have been evaluated: 
· Red: Baseline (No Pol-LOS detection)
· Black: Pol-LOS detection (Angle-based with ), Dual Polarized UE Receiver
· [bookmark: _Hlk53663630]Magenta: Pol-LOS detection (Power-based with ), Dual Polarized UE Receiver
· Green: Pol-LOS detection (combined with , ), Dual Polarized UE ReceiverFigure 3: InF-DH baseline scenario with clutter density of 40% and = = 2m

· Dashed-Blue: Pol-LOS detection ( with  ), Single Polarized UE Receiver
Figure 4: InF-DH baseline scenario with clutter density of 40% and= =5m
[bookmark: _Hlk52981028]Figure 5: InF-DH optional scenario with clutter density of 60% and = = 2m



From the results plotted in Figure 3-6, we can observe the performance of LOS detection when the UE receiver is dual polarized (Black, Magenta, Green) and single polarized (Dash-Blue) compared to the Baseline performance with no Pol-LOS detection.  The relative improvement in the detection of LOS is summarized in Table 1 below. Shown is the average number of NLOS detected for each LOS detection approach and its improvement relative to the baseline case (Red) that does not implement any LOS detection approaches.  Figure 6: InF-SH optional scenario with clutter density of 20% and = = 10m



	
	(Avg Number of NLOS paths out of the 3 selected, % NLOS elimination over Baseline) 

	
	InF-DH baseline {40%, 
	InF-DH optional {40%,  
	InF-DH optional {60%,  
	InF-SH baseline {20%,

	No Pol-LOS detection (Red)
	(0.1, -)
	(0.15, -)
	(2.85, -)
	(0.0045, -)

	Angle-based Pol-LOS (Black)
	(0.05, 53.94%)
	(0.1, 31.67%)
	(2.87, -0.53%)
	(0, 100%)*

	Power-based Pol-LOS (Magenta)
	(0.07, 35.86%)
	(0.11, 24.7%)
	(2.86, -0.24%)
	(0, 100%)[footnoteRef:1] [1:  Note, the total number of NLOS links in the baseline case for this scenario is only 4 and the number of LOS is 2592. 
] 


	Combined Angle and Power Pol-LOS (Green) 
	(0.03, 72.01%)
	(0.06, 56.97%)
	(2.86, -0.21%)
	(0, 100%)*

	1-Rx Polarization Pol-LOS (Dashed-Blue) 
	(0.07, 35.86%)
	(0.11, 29.28%)
	(2.86, -0.21%)
	(0.0024, 46.67%)



		Table 1: Average Number of NLOS eliminated 
The performance gain in terms of reduction of NLOS paths selected translates to the improvement in the number of LOS paths detected. These gains are a function of various parameters and channel conditions and one of which is how LOS or NLOS the scenario is. 
The average LOS probability from the available 18 links per UE for each of the 4 scenarios are shown in Figure 7. It shows the large difference in the availability of LOS paths depending on the scenarios. In scenarios of lower number of LOS paths, such as in the optional InF-DH with 60% clutter. Here we observe the negligible performance gain due to the fact that the number of LOS available for positioning is actually too few. Large performance gain can be obtained when there is sufficient number of LOS paths usable for positioning, such as in the InF-SH scenario with 20% clutter density, and at the same time, with the ability to detect NLOS (or LOS), the positioning algorithm is able to identify the NLOS paths and excluded them from the positioning estimation algorithm. Hence, our proposed polarization LOS detection algorithm shows robustness through all the simulated scenarios.
Figure 7a
Figure 7b
Figure 7c
Figure 7d
Figure 7. LOS probabilities for each of the 4 scenarios.



Conclusion  
In this contribution, results from simulation studies have been presented. We have considered a LOS detection approach through detection of the polarization properties of the transmitted PRS. From our simulation evaluation results, we have the following observations:
Observation 1: LOS (or NLOS) detection provides a robust method to improve the positioning accuracy. The gains that can be obtained vary dependent on channel condition specifically the number of LOS (or NLOS) links in the channel. 
Observation 2: LOS (or NLOS) identification based on detection of the transmitted PRSs polarization is shown to be feasible and can identify and reduce the probability of selecting a NLOS link as one of the selected paths for the positioning estimation calculation.  
Proposal 1: Reception of PRSs with different polarizations is shown to be feasible and should be supported as an approach for the LOS/NLOS identification.
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Annex 
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	[InF-SL, InF-DL, InF-SH, InF-DH and/or InF-HH]
	[InF-SL, InF-DL, InF-SH, InF-DHand/or InF-HH]

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

	
	BS locations
	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: ]
FFS: asymmetrical location for the BSs
FFS: denser BS grid (D=10)

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
(mounted at ceiling)
	3-sector antenna configuration – Note 1

	Penetration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3km/h

	UE antenna height
	1.5m
FFS: [>3m for InF-HH]
FFS: uniformly distributed within a pre-defined range, e.g., [0.5 ~ 9]m, or pre-defined values, e.g., [0.5, 1.5, 4]m 

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for for InF-SH and InF-DH
FFS:uniform distribution [3-8]m.

	Clutter parameters: {density , height ,size }
	Low clutter density: {20%, 2m, 10m}
High clutter density: {60%, 6m, 2m}
FFS: other cases: {40%, 2m, 2m}

	LOS probability
	LOS probability for InF scenarios is modelled according to Section 7.4.2 in TR 38.901

	Absolute time of arrival
	FFS: Absolute time of arrival for InF scenarios is modelled according to Section 7.6.9 in TR 38.901

	Blockage modelling
	FFS: Blockage model B from Section 7.6.4.2 in TR 38.901 is included in simulation evaluation.
(Details of the modelling parameters, e.g., the number of blockers, the blocker extensions, locations, etc.), need to be further discussed if blockage model is included in simulation evaluation.

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901



Table: Parameters common to InF scenario(s)
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH

	InF-SH, InF-DH


	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m

InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	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: ]

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1 (mounted at ceiling)
	3-sector antenna configuration – Note 1

	Penetration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy. The evaluation area should be at least the convex hull of the horizontal BS deployment. It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area.

	UE antenna height
	Baseline: 1.5m
(Optional): FFS

	UE mobility
	3km/h
(Optional): FFS

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	Baseline: 8m
(Optional): FFS

	Clutter parameters: {density , height ,size }
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
See Proposal 5.1-7

	Note 1:	According to Table A.2.1-7 in 3GPP TR 38.802
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