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Introduction
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]
Furthermore, in last RAN1 meeting, we gave consent to the following agreements,
	Agreement:
· Study reporting of LoS/NLoS indicators for DL, UL, and DL+UL positioning measurements taken at both UE and TRP at least for UE assisted positioning. 
· Study the following options (or combinations of the following options) for LoS/NLoS indicators
· Option 1: Binary (i.e., hard) value indicators
· Option 2: Soft value indicators (i.e., [0,1]). 
· FFS: Format and criteria for determination 
· FFS: additional information or options
· FFS: LoS/NLoS indicators for UE-based positioning
Agreement:
· Study multipath reporting enhancements for DL, UL, and DL+UL positioning to enable LoS/NLoS/multipath identification and mitigation at the LMF for UE-assisted positioning. 
· FFS: Details of the enhancements.
Agreement:
For multipath reporting enhancements, study reporting from TRP to LMF, angle, timing, phase (of additional paths) and power for the additional N paths (value of N is part of the study).
· Note: Companies are not obligated to provide inputs for all parameters in their study
Agreement:
For multipath reporting enhancements, study reporting from UE to LMF, relative timing of additional paths (additional to the first path) and the power (at least relative power) at least per DL PRS resource per additional path for at least DL-AoD reporting (the number of paths is part of the study).
Agreement:
· Study whether to support up to N>2 additional paths in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT,
· FFS: Exact value of N. 
· FFS: reporting the power of the paths in addition to the timing. 
· FFS: LMF requesting additional M non-distinct paths corresponding to the first path.
· Note 1: This agreement applies to N additional paths (i.e., not including the “first” path).
· Note 2: Rel-16 supports N=2 already. 
Agreement:
As part of studying LoS/NLoS information reporting, study at least the following options for information to enable/assist LoS/NLoS detection: 
· Option 1: Polarization information reporting from UE/gNB to LMF. 
· Option 2: Coherence bandwidth information reporting from UE/gNB to LMF. 
· Option 3: Propagation time difference information reporting from UE/gNB to LMF. 
· Option 4: RSRP reporting from UE/gNB to LMF with finer granularity
· Option 5: Ricean factor and the variance of Channel Frequency Response (CFR) information reporting from UE/gNB to LMF
· Option 6: No specification impact outside of LoS/NLoS reporting
Note: Companies are encouraged to identify differences in information reporting and any performance gains compared with multipath information reporting


In this contribution, we provide our views on the methods to mitigate the impact of NLOS and Multi-path.
NLOS mitigation
Practically, channel characteristics (e.g. RMS delay or Rician K-factor) extracted from time domain are limited by time resolution based on the signal bandwidth. Meanwhile, the powers of time delay taps are hard to determine because of high noise floor. The estimated channel characteristics in time domain may vary from different setups of threshold of noise level. However, coherence bandwidth is derived directly from frequency domain, which can be easier to measure from OFDM system. 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. 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 channel frequency response. 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 evaluations:
· 
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 (or confidence level) to select the best cluster. Based on different reporting mechanisms, Step 5 is preformed by one of following sub-steps,
· Soft indicator: UE provides a confidence level to indicate the confidence of LOS identification based on the measurements of coherence bandwidth. Take an instance, the confidence level of one link is the coherence bandwidth the link scaled by the largest coherence bandwidth of all links ,




Where  and are the confidence level and the coherence bandwidth of the link between kth TRP and the UE respectively
· Hard indicator: UE reports a binary value indicator to indicate its decision of LOS identification as following,


· Measurement reporting: Instead of making decision of confidence level by UE, UE can directly report its measurements of coherence bandwidth. Furthermore, in our evaluation, some priori information of the distribution (e.g. mean value and variance) of coherence bandwidth has been assumed, which helps to increase the confidence level of LOS identification.
· Step 6: According to the selected cluster, then identify LOS links with highest probability. 
· Step 7: Conduct positioning computation again based on identified LOS links and finally get UE’s location.

	Cases
	50%
	67%
	80%
	90%
	95%

	Case 1: InF-DH, FR1, by using outlier rejection (DBSCAN algorithm) and without additional information for LOS identification, 
	0.3069
	0.4522
	0.6772
	 18.8575
	34.1561

	Case 2: InF-DH, FR1, ideal LOS identification  
	0.2658
	 0.3518
	 0.4504
	0.5967
	0.9012

	Case 3: InF-DH, FR1, by using outlier rejection (DBSCAN algorithm) and with coherence bandwidth (hard indicator) for LOS identification
	 0.2780
	0.3748
	0.4964
	 0.6932
	1.0093

	Case 4: InF-DH, FR1, by using outlier rejection (DBSCAN algorithm) and with coherence bandwidth (soft indicator) for LOS identification 
	0.2718
	 0.3730
	 0.4891
	 0.6708
	1.0231

	Case 5: InF-DH, FR1, by using outlier rejection (DBSCAN algorithm) and with coherence bandwidth (measurement reporting) for LOS identification  
	0.2692
	0.3646
	 0.4794
	0.6357
	0.9745


Table 1 Positioning errors at some percentiles
We conduct evaluations according to the simulation assumptions in appendix for InF-DH FR1 scenario with clutter parameters as {40%, 2m, 2m}. As can be observed from Figure 1, when positioning only relies on outlier rejection (e.g. DBSCAN algorithm), 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 identification of LOS links is assumed, as can be seen from the Figure 1, positioning accuracy is obviously improved, which is almost compared to ideal LOS identification. This motivates us to find additional information to assist the determination of LOS links. As depicted in Figure 1, if coherence bandwidth is used as additional information for LOS identification, the positioning performance is apparently increased. Thus, sub-meter level requirement at 90% UEs can be met for Case 3, Case 4 and Case 5. In a word, coherence bandwidth is a good 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 can be applied to assist determination of LOS & NLOS links.
[image: ]
Figure 1 CDF of positioning errors for different positioning schemes
In addition, the performance variations for Case 3, Case 4 and Case 5 can also be observed. Hard indicator scheme has the worst performance among the three cases since the relative differences of coherence bandwidths between difference links have been eliminated during the hard decision. In contrast, the soft indicator scheme can provide more information to choose the the best LOS links for positioning. However, UE has to scale the measured coherence bandwidths locally for the both schemes when reporting confidence level. Therefore, a better way is to report the coherence bandwidths directly to network. As shown in Table 1 and Figure 1, the measurement reporting scheme has the best performance among the three LOS identification schemes because we assume network has some priori statistical information of the coherence bandwidth. With this priori statistical information, the mapping from the coherence bandwidth into confidence level can be more precise.
Observation 2: For NLOS mitigation schemes based on coherence bandwidth, 
· Hard indicator scheme has the worst performance among the three cases since the relative differences of coherence bandwidth between difference links have been eliminated during the hard decision.
· Soft indicator scheme can provide more information to choose the the best LOS links for positioning than hard indicator scheme. However, the performance degrades because of scaling.
· Measurement reporting scheme has the best performance among the three LOS identification schemes since priori statistical information of the coherence bandwidth can be utilized.
Proposal 1：Support UE /TRP to report coherence bandwidth information to LMF for NLOS mitigation, where the coherence bandwidth information can be hard indicator, soft indicator or measurement reporting derived from coherence bandwidth.
Multi-path mitigation
The timing based reporting is adequate in LOS scenario when the time of arrival (TOA) reflects the LOS component. However, if the LOS component is impacted by large noise and interference, or an NLOS component is selected to reflect TOA estimate. Therefore, the TOA estimate is biased from the propagation time of the corresponding reference signal over the air. That’s why the current specification supports UE/TRP to report additional paths aside from the path component to derive measurement results. By this way, it’s up to LMF to choose which is the best path for locating a UE. According to current specs defined in TS 37.355 and TS 38.455, the reporting of additional paths is already supported in following cases,
· DL-TDOA positioning method supports up to 2 additional detected path timing values for a TRP or resource, relative to the path timing used for determining DL RSTD value.
· Multi-RTT positioning method up to 2 additional detected path timing values for a TRP or resource, relative to the path timing used for determining UE Rx-Tx timing difference value.
· For UL RTOA and gNB Rx-Tx Time Difference measurement reporting, there is no explicit signaling to report additional paths. However, gNB/TRP can report up to 16384 measurement values, which can implicitly support the timings of additional paths.
In addition to the timings of additional paths, several companies also proposed to support RSRP of additional paths and N>2 additional paths for timings. However, we haven’t defined path-specific RSRP measurement in current specification. It’s questionable that gNB can be sensitive enough to identify the power differences among different paths. As mentioned by some other companies, the path-specific RSRP and N>2 additional paths may be used for Artificial Intelligence (AI). During the RAN plenary workshop for Rel-18, a number of contributions [6][7][8] discussed that the positioning can be a use case for AI. Hence, we suggest to discuss the path-specific RSRP in future release since we haven’t agreed the methodology to evaluate AI based positioning.
Observation 2: The timings of additional paths can be reported by UE/TRP explicitly or implicitly by current specifications.
Observation 3: The benefits cannot be justified for reporting path-specific RSRP of additional paths and timings of N>2 additional paths since the use cases and evaluation methodology haven’t been studied.
Proposal 2: Postpone the discussions on path-specific RSRP of additional paths and timings of N>2 additional paths 
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we study NLOS and Multi-path mitigation for NR positioning, 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 can be applied to assist determination of LOS & NLOS links.
Observation 2: For NLOS mitigation schemes based on coherence bandwidth, 
· Hard indicator scheme has the worst performance among the three cases since the relative differences of coherence bandwidth between difference links have been eliminated during the hard decision.
· Soft indicator scheme can provide more information to choose the the best LOS links for positioning than hard indicator scheme. However, the performance degrades because of scaling.
· Measurement reporting scheme has the best performance among the three LOS identification schemes since priori statistical information of the coherence bandwidth can be utilized.
Proposal 1：Support UE /TRP to report coherence bandwidth information to LMF for NLOS mitigation, where the coherence bandwidth information can be hard indicator, soft indicator or measurement reporting derived from coherence bandwidth.
Observation 2: The timings of additional paths can be reported by UE/TRP explicitly or implicitly by current specifications.
Observation 3: The benefits cannot be justified for reporting path-specific RSRP of additional paths and timings of N>2 additional paths since the use cases and evaluation methodology haven’t been studied.
Proposal 2: Postpone the discussions on path-specific RSRP of additional paths and timings of N>2 additional paths 
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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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