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Introduction
In wireless positioning systems, positioning techniques based on measurements of angles and timings (or distances), usually assume the communication links are LOS path. However, due to multipath signal propagation in wireless channel, radio signals usually reflect off various obstacles/reflectors leading to non-line-of-sight (NLOS) communication links. Because of these phenomena, signal measurements associated with NLOS communication links do not correspond to actual distances and actual angles, which can significantly degrade positioning accuracy. According to TR 38.857 [1], accuracy improvement is one of the major target requirement. During the study item phase, the following observations are concluded,
· NR positioning utilizing LOS/NLOS identification, outlier rejection, NLOS mitigation based on triangle inequality algorithms improve performance of positioning accuracy with respect to solutions that do not apply these techniques
· Some companies observed that NR positioning based on LOS/NLOS identification outperforms NR positioning utilizing outlier rejection
Hence the following objective was approved for multipath/NLOS mitigation in RAN#91e meeting [2],
· Study and specify, if agreed, the enhancements of information reporting from UE and TRP for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
In this contribution, we provide our views on the methods to reduce the impact of NLOS.
NLOS mitigation based on coherence bandwidth
In this section, we propose to use coherence bandwidth as additional information for NLOS mitigation. As we know, coherence bandwidth is a statistical measurement of the frequency range over which the communication link or channel can be considered flat, and is a metric used to define the impact of frequency selective fading. Small coherence bandwidth leads to strong frequency selective fading. In most of scenarios, the LOS component will dominate over other remaining paths because of small path loss experienced, which results in small frequency selective fading problem, in other words, corresponds to a large coherence bandwidth. As a consequence, coherence bandwidth would be helpful assistance information for identification of LOS & NLOS links. The coherence bandwidth is defined by,



Whereis an auto-correlation function of the frequency response in time instant t. TH is a correlation threshold, where the value is usually given by 0.5 or 0.9.
For comparison with outlier rejection and NLOS mitigation methods, we use following steps in our evaluation:
· 
Step 1: For each combination, select P (e.g. P=4) TRPs out of Q TRPs, so that the total number of combination is N (i.e. ). 
· [bookmark: OLE_LINK1]Step 2: Conduct positioning computation (e.g. Gauss-Netwon algorithm) for each combination based on the measurements (e.g. DL RSTD), so we get N possible UE locations.
· Step 3: Get M clusters of N possible UE locations based on DBSCAN (Density-Based Spatial Clustering of Applications with Noise ) algorithm [3].
· Step 4: Select one cluster out of M clusters with minimum metric, where the metric of ith (i=1,2,...,M) cluster is defined as following,





Where is the number of combinations in ith cluster. is an estimated result (e.g. TDOA value based on the location estimation of the corresponding combination) of jth combination in ith cluster. is a measured result (e.g. TDOA value based on location measurement of the corresponding combination) of jth combination in ith cluster. 
· Step 5: Skip this step if NLOS mitigation scheme is not supported. NLOS mitigation scheme provides additional metric to select the best cluster. For example, according to the metric defined as following, we can choose a cluster with largest average coherence bandwidth, 



Where is the coherence bandwidth of a link between one TRP (the kth TRP in jth combination of ith cluster) and the UE.
· Step 6: According to the selected cluster, then identify LOS links with highest confidence level. 
· Step 7: Conduct positioning computation again based on identified LOS links and finally get UE’s location.
	Case
	50%
	67%
	80%
	90%
	95%

	InF-DH,FR1, with ideal LOS identification, DBSCAN algorithm
	0.262
	0.378
	0.484
	0.642
	0.903

	InF-DH,FR1, without additional information for LOS identification, DBSCAN algorithm
	0.307
	0.452
	0.678
	18.858
	34.530

	InF-DH,FR1, with coherence bandwidth for LOS identification, DBSCAN algorithm
	0.286
	0.343
	0.512
	0.898
	17.715


Table 1 Positioning error at some percentiles
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Figure 1 CDF of positioning error for different positioning schemes
We conduct evaluations according to the simulation assumptions in Appendix for InF-DH FR1 with clutter parameters {40%, 2m, 2m}. As can be observed from Figure 1, when positioning is done without additional information, the positioning performance degrades rapidly for UEs with inadequate LOS links identified for positioning. Table 1 shows that sub-meter level requirement at 90% UEs is not satisfied when only outlier rejection scheme is conducted. Then, if ideal classification of LOS and NLOS link is assumed, as can be seen from the Figure 1, positioning accuracy is obviously improved. The yellow line is CDF curve of positioning error by using coherence bandwidth as additional information, where sub-meter level requirement at 90% UEs is met. In a word, coherence bandwidth is a supplementary metric to assist determination of LOS & NLOS links.
Observation 1: For InF-DH channel in FR1 with clutter parameters {40%, 2m, 2m}, we can observe
· If ideal LOS identification is assumed, sub-meter level requirement at 90% UEs can be met.
· Outlier rejection based scheme can’t satisfy the stringent requirement in Rel-17.
· Coherence bandwidth is a supplementary metric to assist determination of LOS & NLOS links.
Proposal 1：Support UE and TRP to report coherence bandwidth of measured reference signal to LMF for NLOS mitigation.
Rx Beam reporting enhancements

In Rel-16 specification, UE can indicate whether some reference signals received by UE are based on the same Rx beam. However, it’s still unclear whether this information can be useful for positioning because the network may only care about which RS is received with largest RSRP or with the line-of-sight direction. As depicted in Figure 2, UE utilizes different Rx beams (i.e. Rx beam 1, Rx beam 2 and Rx beam 3) to receive different reference signals (i.e. RS1, RS2 and RS3). If UE can report angular differences between Rx beams when receiving reference signals, which can be very useful for positioning. For instance, if the angular difference between Rx beam 2 and Rx beam 3 (i.e.) is too large, it’s highly possible that one of the RS2 and RS3 is corresponding to NLOS link. What’s more, when the AOD at transmission side and AOA at receiver side from both LOS/NLOS links are known to LMF, it can also be beneficial for increasing positioning accuracy by using virtual base stations.


Figure 2 Example of angular differences between Rx beams when receiving reference signals
Observation 2: The angular differences between Rx beams when receiving reference signals can be useful for NLOS identification and accuracy improvement.
Proposal 2: Rel-17 should support UE to report angular differences between Rx beams when receiving reference signals for UE-assisted DL-AOD.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to reduce NR positioning latency, the following observations and proposals are proposed,
Observation 1: For InF-DH channel in FR1 with clutter parameters {40%, 2m, 2m}, we can observe
· If ideal LOS identification is assumed, sub-meter level requirement at 90% UEs can be met.
· Outlier rejection based scheme can’t satisfy the stringent requirement in Rel-17.
· Coherence bandwidth is a supplementary metric to assist determination of LOS & NLOS links.
Proposal 1：Support UE and TRP to report coherence bandwidth of measured reference signal to LMF for NLOS mitigation.
Observation 2: The angular differences between Rx beams when receiving reference signals can be useful for NLOS identification and accuracy improvement.
Proposal 2: Rel-17 should support UE to report angular differences between Rx beams when receiving reference signals for UE-assisted DL-AOD.
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Appendix
Table A.1 Common scenario parameters
	Parameter
	FR1

	Channel model (baseline, otherwise state any modifications)
	Baseline Channel Model based on common assumptions defined related to the channel models of 3GPP TRs 38.901 / 38.802 / 37.857.

	Carrier frequency
	3.5 GHz

	Subcarrier spacing
	30 KHz

	Reference Signal Transmission Bandwidth
	100 MHz

	gNB noise Figure, dB
	5dB

	UE noise Figure, dB
	9dB

	UE max. TX power, dBm
	23dBm

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL-PRS-CombSizeN-r16 = 6
DL-PRS-ReOffset-r16 = {0,3,1,4,2,5}
DL-PRS-NumSymbols-r16 = 6

	Number of sites
	18

	UE number per site
	50

	Power-boosting level
	7.8dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	MUSIC algorithm



	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	DL-TDOA, Guass-Newton algorithm


	Network synchronization assumptions
	Without sync error

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	DFT codebook

	Additional notes, if any
	The absolute time of arrival is applied according to TR 38.901


Table A.2 Parameters of InF-DH scenario
	Parameters
	FR1 Specific Values

	Channel model
	InF-DH


	Layout
	Hall size
	InF-DH:  (baseline) 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
[image: ]

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1

	gNB antenna radiation pattern
	Single sector – Note 1

	Peneteration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area within the convex hull of the horizontal BS deployment.

	UE antenna height
	Horizontal evaluation: 1.5m

	UE mobility
	3km/h

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

	gNB antenna height
	8 m


	


Clutter parameters: {density , height ,size }
	{40%, 2m, 2m}

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