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Introduction
At RAN#86 meeting, the study item on NR Positioning Enhancements was approved Error! Reference source not found.. From RAN1’s perspective, the SI 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.
As stated above, the SI will define the IIOT use cases with the associated performance requirements for identifying the performance gap and the simulation scenarios for the IIOT use cases with associated parameters. 
Recalling technical investigation in Rel-17 positing study item [1], the NR positioning accuracy is determined by the TDOA/AOA measurement accuracy, where the predominant measurement error arises from the so-called non-line-of-sight (NLOS) condition, i.e., when the direct line-of-sight (LOS) paths between the source and the receiver are blocked. NLOS errors are common in indoor and urban environments, and can severely degrade the quality of the estimated location. For the study of the NR positioning performance for IIoT use cases, it is important to have the practical NLOS channel model that can be used for faithfully evaluating the impact of NLOS on the NR positioning performance, and also the effectiveness of potential NLOS identification and mitigation techniques. 
For the performance evaluation of NR data communication, 3GPP has developed the NLOS channel model in TR 38.901[2]. However, the NLOS model does not properly consider the relationship of the signal propagation delays of the NLOS path with the angular parameters (e.g., the azimuth of arrival (AOA), zenith of arrival (ZOA), the azimuth of departure (AOD) and zenith of departure (ZOD) of an NLOS path). 
In this contribution, we will discuss the NLOS models that provide the proper relationship among reflection point, angular information and propagation delay and thereby are suitable for the evaluation of the positioning performance.
Discussion                                         
Absolute time of arrival in TR 38.901[2]
To support simulations in which absolute time of arrival is important, such as NR positioning, the excess delay  in NLOS propagation time delay is considered in the fast fading model in subclause 7.6.9 of TR 38.901 is  generated from a lognormal distribution with parameters according to the following table independently for links between the same UT and different BS sites, which is further upper bounded by , where  is the largest dimension of the factory hall, i.e.  = max(length, width, height).
Table 1 Parameters for the absolute time of arrival model (Table 7.6.9-1 in TR 38.901 [2])
	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



The impulse response in NLOS is determined using equation (1) and the impulse response in LOS is determined using equation (2), where  is the speed of light. 

		(1)
	.	(2)
As described above, the excess delay  in NLOS propagation time delay is TR 38.901 is generated randomly without considering the physical law of the reflection, and independent of the transmitting angles and receiving angles between the transmitter and the receiver. Thus, this kind of NLOS propagation time delay may be useful for the evaluation of the impact on NLOS propagation time delay on the positioning performance for some scenarios. 
However, above NLOS model is not suitable when more advanced positioning algorithms are used, which exploits the use of multipath propagation signals for improving the positioning performance [3], where the multipath signals are treated as component signals emitted from virtual transmitters. Each received multipath component increases the number of transmitters resulting in a more accurate position estimate or enabling positioning when the number of physical transmitters is insufficient.

NLOS channel modeling 
In reality, the arrival and departure paths of each reflection should be co-planar in 3D space by the law of the reflection as shown in Figure 1. In the NLOS propagation time delay model in TR38.901, however, the propagation delay and the angular information for each NLOS cluster are generated separately without considering the relationship among them, and thus is not suitable for the evaluation of the positioning performance under NLOS environment with advanced positioning algorithm (e.g., [3]). To develop the NLOS model suitable for the evaluation of the positioning performance under NLOS environment based on the NLOS model in TR38.901 with the minimum effort, here we propose two methods, which try to pair N arrival paths and N departure paths generated from the 3GPP NLOS model according to the law of the reflection and provide the  correctly. 
In our methods, it is assumed the received signal strengths of the NLOS paths with multiple reflections are much weaker than the received signal strengths of the NLOS paths with only one reflection. That is, we only consider the NLOS path with one reflection.
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Figure 1  The relationship between NLOS path, refection point and propagation time

NLOS modeling method 1 (Figure 2): 
· Use the NLOS model in TR38.901 to generate N departing paths (i.e., AOD/ZOD) and N arrival paths (i.e., AOA/ZOA). 
· Pick one unpaired departing path, and pair it with another unpaired arriving path, in such a way that the arriving path has the shortest 3D-distance to the unpaired departing path among all unpaired arriving paths, as shown in Figure 2. This process is iterated until we have N pairs of {departing path (AOD/ZOD) and arrival path (AOA/ZOA)}  
· For each pair, define the center of the line with the shortest 3D-distance as the reflection point;
· Use the reflection point to calculate the propagation delays between the BS and the UE for each NLOS pair;
· Use the reflection point of an NLOS pair and the coordinates of the BS and the UE to re-calculate the AOD/ZOD and the AOA/ZOA so that the departing path and the arriving path of each pair are co-planar.
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Figure 2:    NLOS modeling Method 1

After the above pairing process, the true AOA/ZOA, AOD/ZOD, and LOS/NLOS path propagation delays can be determined based on the coordinates for the transmitter, receiver and the reflection point.

Modeling method 2 (Figure 3): 
· Determine the LOS distance dLos and LOS directional angles between the gNB and the UE positions.  
· Generate the departure paths from gNB according to the NLOS model in TS 38.901, including the related AOD/ZOD, and also the total NLOS propagation delay for each departure path. From the total NLOS propagation delay, the total NLOS distance (d1+d2) can be obtained.
· Determine the angel αbetween the departure path and LOS path.   
· Based on the Laws of Cosines, derive the reflection point based on the known information (e.g., the angel α,dLos, and the total NLOS distance (d1+d2)).
· Determine the arrival angle AOA and AOD of arrival path based on the position of the calculated reflection point and the UE’s location.  
· Repeat above procedures to derive the associated arrival path for each departure path.
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Figure 3:    NLOS modelling Method 2

Again, after the above pairing process, the true AOA/ZOA, AOD/ZOD, and LOS/NLOS path propagation delays can be determined based on the coordinates for the transmitter, receiver and the reflection point.
Modifications for TR 38.901 channel model  
In Table 1, we provide the modifications needed for TR 38.901 to adopt the proposed NLOS modeling methods.  

Table 1. Modifications of TR 38.901 for the NLOS channel models
	Original steps in 38.901 for small scale parameters:


Step 5: Generate cluster delays
Step 6: Generate cluster powers
Step 7: Generate arrival angles and departure angles for both azimuth and elevation.
Step 8: Coupling of rays within a cluster for both azimuth and elevation
Step 9: Generate the cross polarization power ratios
Step 10: Draw initial random phases
Step 11: Generate channel coefficients for each cluster
	Modified steps in 38.901 for small scale parameters based on method 1

Step 5 is omitted.
Step 6-7 is reused.
Step 8: within each cluster, pairing the arrival path and departure path based on reflection relationship.
Step 9: fix the angle parameters based on pairing result.
Step 10: generate the delays for each ray of each cluster based on pairing result
Step 11: Generate the cross polarization power ratios
Step 12: Draw initial random 
Step 13: Generate channel coefficients for each cluster

	Modified steps in 38.901 for small scale parameters based on method 2

Step 5: Generate the delay for each rays of each cluster.
Step 6 is reused.
Step 7: Generate departure angle for each ray of each cluster.
Step 8: for each ray in one cluster, derive arrival angle AOA and ZOA based on reflection relationship.
Step 9: Generate the cross polarization power ratios
Step 10: Draw initial random phases
Step 11: Generate channel coefficients for each cluster




Conclusion
In this paper, we proposed two methods for the modification of the NLOS model in TR 38.901, which is applicable in IIOT scenario, and also feasible in other scenarios. The modified NLOS model provides the proper relationship among reflection point, angular information and propagation delays, and thus suitable for the purpose of the NR positioning.
Proposal 1: Adopt the NLOS modeling methods discussed in this paper for the evaluation of NR positioning performance under IIOT scenarios.
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