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Introduction
In March, RAN#91 approved the positioning enhancement WI update [1] with the following objective.
	· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]


In this paper, we discuss the potential enhancements on multipath and NLOS mitigation.

Multi-path reporting
Multi-path UL-AoA
In RAN1#104-e, we made the following agreement regarding the multiple AoA measurement per path focusing on the first path.
	Agreement:
· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS: Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS: Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional 



In RAN1#104bis-e, we further progressed on the angle reporting for the first path, understanding one of the use cases would be a larger antenna spacing than the nominal assumption of half wavelength.
	Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.



For additional path for UL-AoA, the use case should also be valid, and there is no such need to put restriction on the additional paths.
Observation 1: The use case of larger antenna spacing is also applicable for additional paths, which justifies the need for the same number of angles per additional path.
Proposal 1:  Support the same number of UL AoA measurements per additional path.
When additional paths measurement are introduced, the path strength (or equivalently path RSRP) can also be used to describe the path profile, similar to DL-AoD path specifc RSRP as discussed in section 2.2.
A general picture of path-specific reporting (first path and additional paths) should target a strong association between temporal measurement (UL RTOA, gNB Rx – Tx time difference), spatial measurement (UL AoA), and power measurement (path-specific RSRP) that correspond to the same path. However, the current NRPPa specification provided a loose association between measurements, via e.g. time stamp [5], with UL RTOA and gNB Rx – Tx time difference measurements having explicit additional path information. It is unclear how to associate the other measurements on a per-path basis, and therefore, an LS to RAN3 would be necessary.
	[bookmark: _Toc64447706][bookmark: _Toc56773077][bookmark: _Toc51776055]9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	



[bookmark: _Toc64447708][bookmark: _Toc56773079][bookmark: _Toc51776057]9.2.39	UL RTOA Measurement
This information element contains the uplink RTOA measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE UL RTOA Measurement
	M
	
	
	

	>k0
	M
	
	INTEGER (0.. 1970049)
	TS 38.133 [16]

	>k1
	M
	
	INTEGER (0.. 985025)
	TS 38.133 [16]

	>k2
	M
	
	INTEGER (0.. 492513)
	TS 38.133 [16]

	>k3
	M
	
	INTEGER (0.. 246257)
	TS 38.133 [16]

	>k4
	M
	
	INTEGER (0.. 123129)
	TS 38.133 [16]

	>k5
	M
	
	INTEGER (0.. 61565)
	TS 38.133 [16]

	Additional Path List
	O
	
	9.2.41
	



[bookmark: _Toc64447709][bookmark: _Toc56773080][bookmark: _Toc51776058]9.2.40	gNB Rx-Tx Time Difference
This information element contains the gNB Rx-Tx Time Difference measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE gNB Rx-Tx Time Difference Measurement
	M
	
	
	

	>k0
	M
	
	INTEGER (0.. 1970049)
	TS 38.133 [16]

	>k1
	M
	
	INTEGER (0.. 985025)
	TS 38.133 [16]

	>k2
	M
	
	INTEGER (0.. 492513)
	TS 38.133 [16]

	>k3
	M
	
	INTEGER (0.. 246257)
	TS 38.133 [16]

	>k4
	M
	
	INTEGER (0.. 123129)
	TS 38.133 [16]

	>k5
	M
	
	INTEGER (0.. 61565)
	TS 38.133 [16]

	Additional Path List
	O
	
	9.2.41
	






Proposal 2:  Support gNB to report the path-specific association among TOA, AoA (multiple), and strength with same timestamp. Liaise RAN3 on the support of the feature with the following information.
RAN1 sees the necessity to introduce the information in the measurement response/report in NRPPa indicating that TOA, multiple AoAs, and path strength are measured from the same path, where different paths can be measured via the same SRS resource and associated with the same time stamp.
RAN3 is encouraged to provide solution in NRPPa.

Multi-path DL-AoD
For DL-AoD, the path specific path strength (path RSRP) measurement can also provide additional information useful to identify the angle information for multiple paths, if different paths can be differentiated in the time domain (different path windows).
In addition, given that different paths may arrive at UE in different directions (DL-AoA), different Rx beam index may be needed.
[image: ]
Figure 1 Multi-path DL-AoD with a reflector/scatterer
The most ideal case would be that UE reporting what is shown in the following, where each Rx beam is associated with a path, and different path powers for the path is measured across PRS resources. In addition, the additional delay for the additional paths relative to the first path can also be reported.
	
	Path #0
	Path #1

	Time info
	
	Additional path delay

	Rx beam info
	Rx beam #1
	Rx beam #0

	Path power
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	Power 02
	Resource #0
	Power 10

	
	Resource #1
	Power 01
	Resource #1
	Power 11

	
	Resource #3
	Power 03
	Resource #2
	Power 12

	
	Resource #0
	Power 00
	Resource #3
	Power 13

	
	Resource #4
	Power 04
	Resource #4
	Power 14



Proposal 3:  For multi-path DL-AOD, support reporting for each path
TOA information defined relative to the first path (only for the additional paths)
A Rx beam index
A list of path powers measured from different PRS resources for the path measured via the Rx beam indicated by the Rx beam index

Increasing the Number of paths in a report
Rel-16 only supports 2 additional paths for TOA measurements, which may not be enough particularly for the indoor deployment. We suggest to extend the number of paths to eight, given a rich path information may be supported in this release. The rich path information may include TOA, path strength(s), AoA(s), Rx beam.
Proposal 4:  Extend the number of paths for a measurement to 8, in which each path may be associated with its
TOA
Strength (Path RSRP)
· Multiple values for DL, with each associated with a DL PRS resource
· Single values for UL
Single or Multiple AoA values (UL)
Rx beam index (DL)

NLOS identification
Benefit
NLOS detection is an important method to improve the positioning accuracy 
The measurements corresponding to the NLOS path are typically biased from that of the LOS path, treating the measurements of the NLOS path as that of the LOS path would impede the improvement of the positioning accuracy. NLOS detection would enable tagging the measurement with a LOS/NLOS indicator, hence, the LMF would have the knowledge of LOS/NLOS status of the measurements. By utilizing the LOS/NLOS measurements correctly, the positioning accuracy can be improved. In addition, NLOS identification has following benefits.
Useful for the reference device
In practice, there are multiple imperfect factors affecting the positioning performance, such as the gNB Rx/Tx timing errors, gNB panel mounting/orientation errors. To calibrate/compensate those errors, deploying a reference device with known position is an effective method. However, the calibration accuracy is highly related to the channel conditions, i.e., the reference device works well under the LOS condition. Under the NLOS condition, the calibration performance typically cannot be guaranteed. 
Although the position of the reference device is known and the reference device can be deployed intentionally at specific location, it is hard to guarantee that the reference device always has LOS paths to all the gNBs due to environmental structure or network deployment. In addition, in some dynamic environment, for example the Indoor Office or Indoor Factory, there are all kinds of moving objects such as the human, robots and forklifts. Those objects may cause unknown NLOS propagation environment for the reference device. What’s more, even under the LOS channel, the measurements obtained by the gNBs may be corresponding to the NLOS rather than the LOS path, for example in the weak LOS path situation, the LOS path cannot be correctly extracted. In these cases, the failure of the reference device would results in the deterioration of the positioning accuracy.
NLOS identification is an effective method to improve the calibration performance based on the reference device, especially when the reference device is under the NLOS environment. By NLOS identification, during the calibration procedures, the LMF could utilize the measurements tagged with LOS indicators to avoid the NLOS disturbance.
Useful for NLOS dominate scenario
In some scenarios, the NLOS paths would dominate the propagation environment, for example, InF-DH, and the positioning performance would deteriorate significantly due to the NLOS propagation. Some companies argue that by some implementation methods, such as the RAIM/RANSAC algorithm, the NLOS effects could be alleviated. 
However, the performance of these methods would deteriorate when there are only limited LOS measurements and the majority of the measurements are corresponding to the NLOS paths. For example, the case that there are only 3 LOS gNBs and the left 15 gNBs are NLOS to the UE, there is only one combination of the measurement results to obtain the correct UE locations. It is difficult for the traditional RAIM/RANSAC algorithm to obtain the precise UE location. However, by NLOS identification, the LOS and NLOS measurements can be identified. Based on the correctly identified LOS measurements, the positioning accuracy can be guaranteed.
Useful for computation complexity
[bookmark: _GoBack]For the implementation methods, they require enough redundant measurement results from different gNBs and have to try all the different combinations of the measurements from different gNBs to improve positioning accuracy. For example, in the InF-SH and InF-DH scenarios, there are 18 gNBs in total. It means for each UE,  location fixes needs to executed, which may incur heavy burden for the LMF when there are a large number of UEs. However, with the NLOS identification, the LMF could localize the UE based on primarily the LOS measurements rather than trying all the chances to find the best UE location. Hence, the computation efficiency of the LMF could be improved.
In other words, when NLOS identification is combined with RAIM/RANSAC, the location burden at the LMF can be relieved.
Useful for calculating the location uncertainty
Location service is not only about the location estimate, but also about the location uncertainty. In some indoor scenarios, when the number of LOS TRPs are not sufficient, in order to provide a location fix in time, LMF may have to add additional NLOS TRPs, but could label the location fix with the calculated uncertainty using e.g. a priori information from the NLOS bias statistics for the indoor environment.
Observation 2: The additional benefit of NLOS identification include
Improving the calibration performance based on the reference device.
Improving positioning accuracy for limited LOS measurement scenario.
Reducing the complexity at the LMF
Improving the uncertainty estimate accuracy

Evaluation results
Evaluated cases
In this section, we present the results of the InF-DH scenario with parameters {60%, 2, 2}, which characterizes the NLOS dominant positioning environment.
Table 1: Evaluation Cases
	Parameter
	Case 01 (InF-DH, FR1)
	Case 02 (InF-DH, FR1)
	Case 03 (InF-DH, FR1)
	Case 04 (InF-DH, FR1)

	Channel model (baseline, otherwise state any modifications)
	InF-DH
(60%, 2, 2)
	InF-DH
(60%, 2, 2)
	InF-DH
(60%, 2, 2)
	InF-DH
(60%, 2, 2)

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
No LOS/NLOS detection
	Super resolution
RAIM[3]
	Super resolution
LOS/NLOS detection[3]
	Super resolution
Ideal LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UL-TDOA+AOA
PSO
	UL-TDOA+AOA
PSO
	UL-TDOA+AOA
PSO
	UL-TDOA+AOA
PSO

	Additional notes, if any
		
	
	
	


Simulation results
The positioning error of 50%, 67%, 80%, 90% and 95% of all cases are summarized in Table 7.
Table 2 Positioning accuracy (meter) of the evaluated cases
	Case
	50%
	67%
	80%
	90%
	95%

	01, InF-DH, FR1, UL-TDOA+AOA
	All UE
	1.814
	3.128
	5.045
	8.139
	12.005

	
	Central UE
	1.671
	2.799
	4.621
	7.267
	10.536

	02, InF-DH, FR1, UL-TDOA+AOA, w/ RAIM
	All UE
	0.373
	0.553
	0.687
	0.921
	4.019

	
	Central UE
	0.372
	0.539
	0.657
	0.799
	1.983

	03, InF-DH, FR1, UL-TDOA+AOA, w/ NLOS identification
	All UE
	0.026
	0.040
	0.065
	0.145
	0.355

	
	Central UE
	0.025
	0.037
	0.058
	0.121
	0.287

	04, InF-DH, FR1, UL-TDOA+AOA, w/ ideal LOS selection
	All UE
	0.024
	0.037
	0.559
	0.105
	0.216

	
	Central UE
	0.022
	0.034
	0.049
	0.078
	0.149




[image: ]
Figure 2: CDF of the positioning error of all the UE.

[image: ]
Figure 3: CDF of positioning error of the central UE.
Based on the evaluation results, we have the following observation and proposal.
Observation 3: For modified InF-DH scenario
The NLOS identification improve the positioning effectively and achieves close performance to the Ideal LOS selection
The NLOS identification achieves higher accuracy than the traditional RAIM/RANSAC method by tagging the measurements with LOS or NLOS.
Proposal 5:  Support reporting the NLOS identification results along with the corresponding measurement results.

Conclusion
In this contribution, we have the following observations and proposals regarding multi-path and NLOS mitigation in Rel-17.
Observation 1: The use case of larger antenna spacing is also applicable for additional paths, which justifies the need for the same number of angles per additional path.
Observation 2: The additional benefit of NLOS identification include
Improving the calibration performance based on the reference device.
Improving positioning accuracy for limited LOS measurement scenario.
Reducing the complexity at the LMF
Improving the uncertainty estimate accuracy
Observation 3: For modified InF-DH scenario
The NLOS identification improve the positioning effectively and achieves close performance to the Ideal LOS selection
The NLOS identification achieves higher accuracy than the traditional RAIM/RANSAC method by tagging the measurements with LOS or NLOS.

Proposal 1:  Support the same number of UL AoA measurements per additional path.
Proposal 2:  Support gNB to report the path-specific association among TOA, AoA (multiple), and strength with same timestamp. Liaise RAN3 on the support of the feature with the following information.
RAN1 sees the necessity to introduce the information in the measurement response/report in NRPPa indicating that TOA, multiple AoAs, and path strength are measured from the same path, where different paths can be measured via the same SRS resource and associated with the same time stamp.
RAN3 is encouraged to provide solution in NRPPa.
Proposal 3:  For multi-path DL-AOD, support reporting for each path
TOA information defined relative to the first path (only for the additional paths)
A Rx beam index
A list of path powers measured from different PRS resources for the path measured via the Rx beam indicated by the Rx beam index
Proposal 4:  Extend the number of paths for a measurement to 8, in which each path may be associated with its
TOA
Strength (Path RSRP)
· Multiple values for DL, with each associated with a DL PRS resource
· Single values for UL
Single or Multiple AoA values (UL)
Rx beam index (DL)
Proposal 5:  Support reporting the NLOS identification results along with the corresponding measurement results.
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