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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In [1], we have provided our views on the scenarios that should be included in this study on Release 17 Positioning enhancements for IIOT. Specifically, we proposed that positioning enhancements evaluation should reuse the modeling as provided in TR 38.901. 
In this contribution, we provide results from some preliminary simulation studies for the InF-SH and InF-DH scenarios. The objective of this contribution is to study the positioning estimation errors in factory deployments where NLOS paths form the majority of the received signal paths. The study also investigates the NLOS channel impulse response (CIR) model as provided in Section 7.6.9 of TR38.901.

Scenarios and Assumptions  
[bookmark: _Ref129681832]In [1], we have proposed the use of the 5 scenarios that has been provided in TR38.901. Our study here considers 2 of those five scenarios:
· InF-SH	Indoor Factory with Sparse clutter and High base station height (Tx or Rx elevated above the clutter)
· InF-DH	Indoor Factory with Dense clutter and High base station height (Tx or Rx elevated above the clutter)
Furthermore, the parameters used in our simulation for the InF-SH and InF-DH are shown in the Table below. We use for UE and gNBs isotropic antenna patterns with single polarization. We consider the TOA measurements from the 3 strongest BSs. Only BSs that are not colinear are used, otherwise the Trilateration Algorithm cannot always resolve the positioning ambiguity. In addition, we have implemented the inclusion of NLOS CIR as detailed in Section 7.6.9 of TR38.901 on Absolute Time of Arrival (ATOA). The description of ATOA from Section 7.6.9.is copied below:
To support simulations in which absolute time of arrival is important, the propagation time delay due to the total path length is considered in step 11 of the fast fading model as follows. The impulse response in NLOS is determined using equation (7.6-43) instead of (7.5-27) and the impulse response in LOS is determined using equation (7.6-44) instead of (7.5-30), where  is the speed of light.  is generated from a lognormal distribution with parameters according to Table 7.6.9-1.  is generated independently for links between the same UT and different BS sites. The excess delay in NLOS, Dt, should further be upper bounded by , where  is the largest dimension of the factory hall, i.e.  = max(length, width, height).
(7.6-43)
	.
The parameters for absolute time of arrival model is given in Table 7.6.9.-1.

 

	
	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
	3-sector antenna configuration – Note 1

	Peneteration 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



Results 
As described in [1] and [2], 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 to some extent is therefore highly scenarios dependent i.e. percentage of NLOS relative to LOS in the scenario. 
In this section, in Figure 1 and 2, we simulated the positioning error for InF-DH and InF-SH scenarios given in Section 2 but without the NLOS absolute time of arrival consideration given in Section 7.6.9 of TR 38.901. We employed a simplified estimator that has full knowledge of the CIR of the 18 gNBs, where the strength is the maximal energy of all channel taps. Ideal PRS reference signal with infinite bandwidth is assumed i.e. a perfect impulse. A CIR is called LOS CIR, if the first path is the strongest path and otherwise NLOS CIR.
In the following figures, we have considered the following:
a. Blue: Ideal, the CIR is known at the UE receiver to be either LOS or NLOS. Only the 3 strongest non-colinear gNB positions with LOS CIRs are used in estimating the UE position. If there are not enough LOS CIRs than we also include the strongest NLOS CIRs.
b. Red: UE Receiver has no prior information whether a CIR is LOS or NLOS.  The 3 strongest non-colinear CIRs are used in estimating the UE position. The TOA path is always the strongest path of the CIR.
c. Green: The 3 strongest non-colinear CIRs are used in estimating the UE position. The TOA path is determined as the first path of the CIR which exceeds a threshold based on the average path-power of the CIR.  
The horizontal positioning errors were examined for the InF-DH scenario as shown in Figure 1. The results illustrate the significant difference between the case when the TOA estimation is based on strongest path of the CIR (red) and the case when TOA estimation is threshold-based (Green). It can be described in terms of the TOA error, given by . For the threshold-based approach, the mean of is 1.4ns versus the strongest path approach where the TOA error has a mean of 27ns. 
[image: ]
Figure 1: InF-DH, Positioning Error CDF

Figure 2 shows the results for the InF-SH scenario where the presence of NLOS is the lowest of all InF scenarios. In this scenario, the  for the approach based on strongest path approach (red) has a mean of 0.64ns and the  for the threshold-based (green) approach has a mean of 0.0014ns. 
[image: ]
Figure 2: InF-SH, Positioning Error CDF
In a channel with less NLOS paths, we can observe from Figure 2 that significant less impact of the mean received TOA on the positioning accuracy due to the smaller . In other words, the greater the number of NLOS paths the greater the mean TOA, resulting in potentially larger positioning errors. 
Observation 1: The greater the number of NLOS CIRs resulted in larger mean of the , and thus the adverse impact on the positioning accuracy.

The impact of NLOS CIRs would have been more significant if not for the simulation assumptions adopted in 38.901 where the first path is always assumed to be a LOS path (with delay offset of zero). This is a simulation assumption that would not be applicable in a NLOS significant deployment such as an indoor factory environment where the first path is the reflection at the first cluster and not a LOS path. These aspects have been studied during the Rel-16 SI on IIOT channel model and as described in earlier section, are addressed through the inclusion of the additional delay offset  as described in Section 7.6.9 of TR38.901. 
When the real propagation delays undergone by the NLOS paths are correctly taken into considerations, lacking any mitigating techniques, the positioning errors would suffer. This can be observed in Figure 3 where the additional delay offset  as defined in Table 7.6.9-1 is implemented. In Figure 3, we have considered the same two cases, a and b above, but with the additional delay offset  defined in Table 7.6.9-1 modelled. They are given by the Black and Magenta plots, corresponding to the a and b given above, respectively.
[image: ]
Figure 3: Positioning Error CDF for the InF-DH scenario with NLOS delay offset of first path 

From the results in Figure 3, the positioning error for the InF-DH show significant increase in the positioning error estimation once the additional delay offset  for the first propagation path in NLOS CIRs is accounted for.
It should be noted the increase in the positioning error due to the delay offset is dependent on the log-mean value as assumed in Table 7.6.9-1. We included in Figure 3 a simulation (dashed-lines) with a delay offset of smaller log-mean to demonstrate the affect in position error. The take-away observation should not be on the absolute increase in the positioning error but rather on the effects when NLOS propagation is correctly modeled. If not taken into consideration, the NLOS paths would lead to an underestimation of the position errors especially for the indoor IIOT scenario.
Furthermore, from Figure 2 it can be observed that in a sparse deployment scenario such as InF-SH, the positioning estimation error is within the sub 1m accuracy targeted in Release 17. Thus, it is important and necessary that the estimation error due to NLOS, such as observed in Figure 1 for the highly NLOS InF-DH, be mitigated in Release 17. Some NLOS mitigation techniques have been introduced in [2].
Observation 2: The propagation path of NLOS when modeled explicitly using the ATOA methodology as provided in TR38.901 confirms that the presence of NLOS paths increases the UE positioning estimation error. 

Conclusion  
In this contribution, results from simulation studies have been presented. We investigate the contribution of NLOS paths on the UE positioning estimation. We conclude with the following observations. 
Observation 1: The greater the number of NLOS CIRs resulted in larger mean of the , and thus the adverse impact on the positioning accuracy.
Observation 2: The propagation path of NLOS when modeled explicitly using the ATOA methodology as provided in TR38.901 confirms that the presence of NLOS paths increases the UE positioning estimation error. 
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