
3GPP TSG RAN WG1 Ad-Hoc Meeting 1901

R1-1900315
Taipei, 21st – 25th January, 2019 

Source:
CATT

Title:
NLOS Model for supporting NR Positioning
Agenda Item:
7.2.10.3 
Document for:
Discussion and Decision
1. Introduction

In RAN1 #95 meeting, there were some discussions on NLOS channel modeling for positioning.  The angels of arrival and the angles of departure, including the azimuth of arrival (AOA), zenith of arrival (ZOA), the azimuth of departure (AOD) and zenith of departure (ZOD) of an NLOS path generated from the NLOS channel model in TR 38.901[1] are not properly linked to the propagation delay of the NLOS path, and thus are not suitable for the evaluation of the positioning performance. In general, an NLOS path has one or more reflections. For each reflection, the arrival path and the departure path are co-planar. This relationship should be utilized in NLOS modeling to derive the relationship between the signal propagation paths and the AOA/ZOA and AOD/ZOD.
In this contribution, one NLOS model is proposed to facilitate the evaluation of the positioning performance, which provides the proper relationship among reflection point, angular information and propagation delay.

2. Discussion                                         
2.1 NLOS channel modeling 
In reality, for each reflection the arrival and departure paths 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. To make the correction to the NLOS model in TR38.901 with the minimum modification, here we propose two simple 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, we assume 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. Thus, we only consider the NLOS path with one reflection, 
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                                    Figure 1    The relationship between NLOS path and refection point

Modeling method 1 (Figure 2): 

· Use the NLOS model in 38.901 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, such that the arriving path has the shortest distance in 3D space to the unpaired departing path among all unpaired arriving paths, shown in the figure 2. This process is iterated until we have N set of pairs of {departing path (AOD/ZOD) and arrival path (AOA/ZOA)}  
· For each pair, use the center of the shortest line between them as the reflection point;

· Use the reflection point to calculate the propagation delays between the BS and the UE for the NLOS pair;

· Use the reflection point of a 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 will be co-planar.
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                                     Figure 2     The pairing of arrival path and departure path
After the pairing, each arrival path is linked to a departure path with the correct AOA/ZOA and AOD/ZOD. The NLOS propagation delays can be derived from the known UE and BS locations and the reflection point. 
Modeling method 2 (Figure 3): 

· Determine the LOS distance dLos and directional angles based on gNB and UE position.  
· Generate the departure paths from gNB according to the NLOS model in 38.901, including the related AOD/ZOD, and also the total NLOS propagation delays 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, which include 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 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  
2.2 Modifications for 38.901 channel model  
Based on proposed NLOS path modeling methods, it can be adapted to make real channel simulation. Herein we provide the modifications to 38.901 modeling.  In TR38.901, step 5 is to generate cluster delays and step 7 is to generate arrival angles and departure angles for both azimuth and elevation. Though the later cluster may have bigger delay and larger angular spread, however, due to no reflection point modeling, the propagation delay is not matched accurately with angle parameters. If applying above pairing methods, the NLOS path parameters are more meaningful for position estimation. 
Here are the modifications for 38.901:

3. 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 suitable for the purpose of the evaluation of the NR positioning performance.
Proposal 1: Adopt the NLOS modeling methods discussed in this paper for supporting the evaluation of the positioning performance under NLOS environment.
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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 














