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Introduction
In RAN1 #AH1901, the following agreements were made[1]:
	Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
UL RTOA measurements
UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
UL RSRP (reference signal received power) measurements
gNB RX-TX time difference measurements




In RAN1 #95, the following agreements were made [2]:
	Agreement:
The following candidate techniques are considered for study of DL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Phase difference based techniques
· Note: feasibility needs to be further assessed
· Angle-based techniques
· Downlink angle(s) of departure 
· Downlink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)

Agreement:
The following candidate techniques are considered for study of UL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques




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, 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. 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                                         
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 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. 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. 
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 and refection point

NLOS modeling method 1 (Figure 2): 
· Use the NLOS model in TS38.901 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     The pairing of arrival path and departure path

After the above pairing process, each arrival path is linked to a departure path with the correct AOA/ZOA and AOD/ZOD. The calculated propagation delays represent the true NLOS path berween the UE and the gNB.

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.   
· [bookmark: _GoBack]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     Relationship between the departing path and arriving path  

Again, the above process will generate correctly the propagation time delay and the angular information for each NLOS path.
Modifications for TS 38.901 channel model  
In Table 1, we provide the modifications needed for TS 38.901 to adopting the proposed NLOS modeling methods.  

Table 1. Modifications of TS 38.901 for the NLOS channel models
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

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

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 


















Conclusion
In this paper, we proposed two methods for the modification of the NLOS model in TR 38.901. The modified NLOS model provides the proper relationship among reflection point, angular information and propagation delay, and thus suitable for the purpose of the evaluation of the NR positioning performance.
Proposal 1: Adopt the NLOS modeling methods discussed in this paper for the evaluation of the positioning performance under NLOS environment.
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