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Introduction

The RAN WG1 agreed to study the enhancements of information reporting from UE and gNB that facilitate multipath/NLOS mitigation and specify the reporting formats for improving positioning accuracy. 
Two types of the enhancements for information reporting have been considered including the introduction of the LOS/NLOS indicator associated with the measurement and the extension of the additional path reporting to support new metrics (reported parameters) and increase of the total number of reported additional paths N (N > 2).
In this contribution we propose the value for the step size (granularity) of the LOS/NLOS indicator and provide simulation results to justify the proposed value. We propose the LOS/NLOS indicator association with the measurements for the different positioning methods. 
For the additional path reporting, in addition to the relative timing and angle reporting, we suggest reporting of the power per additional path with normalization to the total receive power. Beyond that, we propose the value for the maximum total number of additional paths. 

Enhancements of Information Reporting from UE and gNB for Multipath/NLOS Mitigation
[bookmark: _Hlk53490318]LOS/NLOS Indicator
The reporting format of the LOS/NLOS indicator was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
Support LoS/NLoS indicators which are reported to the LMF for DL and DL+UL positioning measurements taken at UE for UE-assisted positioning or UL and DL+UL measurements at the TRP for NG-RAN assisted positioning. 
· Reporting from UE is subject to UE capability
Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
FFS: Other kinds of positioning assistance data enhancements
For LoS/NLoS detection method(s), there is no additional measurement IEs or assistance data outside of LoS/NloS indicator reporting (i.e., Option 6 from prior agreement).
Note 1: No RAN4 requirements are expected for the LoS/NLoS indicators in RAN1’s understanding
Note 2: LoS/NLoS indicators can be complementary to outlier rejection algorithms.



It was agreed to support a LOS/NLOS indicator which is reported to the LMF for the DL and DL+UL measurements taken at the UE side or UL and DL+UL measurements taken at the TRP/gNB side for the NW-based positioning. 
In case of the UE-based positioning, the positioning assistance data provided by LMF to the UE can be enhanced by introduction of the LOS/NLOS indicator. 
Beyond that, the LOS/NLOS indicator format has been discussed and the following agreement has been made, [1]:
	Agreement:
For LoS/NLoS indicators, a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1]. 
· FFS: the number of discrete values to be supported
· Note: This does not preclude using binary values only which is up to UE/TRP implementation
· Note: Single-indicator means that one value in the interval [0, 1] is used for the LoS/NLoS indication



Based on the provided agreement, the LOS/NLOS indicator can take one of the discrete values in the range [0, 1] (“soft” values), where the exact set of values will be further studied.
The binary subset of {0, 1} values is included into the extended discrete set of values. The reporting of the binary values (“hard” decision) is not precluded and is up to UE/gNB implementation. 
In this contribution we provide performance analysis of two NLOS detection algorithms in application to the UL-TDOA and UL-AOA positioning methods. 

NLOS Detection using Channel Variance
The first NLOS detection algorithm exploits a normalized test statistic u1 computed using the channel variance estimated in the frequency domain. The test statistic u1 is introduced as follows:
	
,
	[bookmark: _Ref67673725](1)


where σHnorm2 is the channel variance computed in the frequency domain for the normalized channel impulse response hnorm, hn is the nth sample of the channel impulse response before normalization, and NDFT is the discrete Fourier size. 
The normalized test statistic u1 is distributed in the range from 0 to 1 and has a meaning of probability for NLOS link detection. 
The u1 = 0 corresponds to the case of a pure LOS channel with a single channel tap in time domain and zero NLOS components. Conversely, the u1 = 1 corresponds to the case of a pure NLOS channel with a multi-path channel structure and zero LOS component.
In practice, u1 variable is distributed between 0 and 1 and its absolute value shows the reliability of the correct link classification.

NLOS Detection using Channel K-factor
The second NLOS detection algorithm exploits a normalized test statistic u2 using the channel impulse response K-factor estimated in the time domain. The test statistic u2 is introduced as follows:
	
,
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where |h0|2 is the channel power of the first arrival path normalized to the total power of the channel impulse response computed as a sum of the |hi|2 components. 
Similar to u1, the u2 test statistic is distributed in the range [0, 1] and has a meaning of probability for NLOS link detection. 

Hard Decision Links Classification 
We use a “hard” decision approach for the links classification (between a UE and the lth TRP) where the ul variable is compared to the predefined threshold γ to detect the NLOS link. The hard decision function for the lth TRP link is defined as follows:
	
,
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where ul is the u variable (u1 or u2) computed for the lth link and γ is the predefined threshold value.
If the normalized test statistic for the lth TRP link exceeds the threshold ul > γ and the corresponding link is classified as NLOS, then the associated weight for the location equation is assigned equal to zero. In opposite, if ul ≤ γ, then the associated weight in the positioning equation is assigned equal to one. 
Therefore, we keep hold the LOS link measurements (considering them as reliable) and discard the NLOS link measurements (considering them as non-reliable estimates).

Performance Evaluation 
To justify the choice of the step size for the LOS/NLOS indicator defined in the range [0, 1], the performance evaluation results were obtained in the InF-DH scenario for the UL-TDOA and UL-AOA positioning methods. 
For the LOS/NLOS classification in case of the UL-TDOA positioning method, we use the normalized test statistic u1 defined in (1) and in case of the UL-AOA positioning method, we use the normalized test statistic u2 defined in (2). In both cases, the LOS/NLOS identification function uses the hard decision function defined in (3). 
Figure 1 shows the Cumulative Distribution Function (CDF) curves obtained for the horizontal positioning error in InF-SH and InF-DH scenarios for the UL-TDOA and UL-AOA positioning methods, respectively. The different threshold γ settings and its impact on the positioning performance is analyzed. The threshold γ is varied from 0.1 to 0.9 with a step size of 0.1. 
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	(a) UL-TDOA positioning – u1 variable for NLOS detection – InF-SH
	(b) UL-AOA positioning – u2 variable for NLOS detection – InF-DH


[bookmark: _Ref82687208]Figure 1: CDF curves for horizontal positioning error for UL-TDOA and UL-AOA positioning methods, NLOS detection algorithms and threshold γ settings

As follows from Figure 1, the positioning accuracy may change dramatically while the threshold γ is changed. 
For example, if the value of γ is equal to 0.1, this guaranties that the NLOS links will be detected with a high probability and then discarded (not used) in the positioning equations. However, at the same time a sufficient amount of the LOS links will be also discarded, that results in a high false alarm probability and eventually degrades the performance. 
In opposite case if the value of γ is equal to 0.9, the sufficient amount of the NLOS links will be missed (preserved in the positioning equations), that results in a low detection probability and also degrades the performance. 
The optimal value of γ provides a trade-off between these two extreme cases which guarantees the optimal performance. 
In case of the UL-TDOA positioning method and the test statistic u1, the optimal values of γ correspond to the 0.4 or 0.5. In case of the UL-AOA positioning methods and the test statistic u2, the optimal values of γ correspond to the 0.5 or 0.6. 

From the presented results it can be observed, that if the number of quantization levels used to represent the LOS/NLOS indicator is limited, for example, to the set of {0, 0.5, 1}, then this may not be enough to correctly represent the entire range of [0, 1] values. 
The quantization scheme in that case can be written as follows:
	
.
	(4)


Applying this quantization scheme, the values of LOS/NLOS indicator equal to 0.6 and 0.7 will be quantized to the same value of 0.5. Setting the threshold γ to the optimal value of 0.5, results that both values of 0.6 and 0.7 will be preserved. This is equivalent to the case when we set up the threshold to 0.7 (with no quantization), but the difference in performance between the threshold γ values of 0.5 and 0.7 is dramatic (see Figure 1 a and b). 

Based on the provided considerations and simulation results, we propose to have a discrete set of values for the LOS/NLOS indicator in the range of [0, 1] with a step size equal to 0.1.

We have the following proposal:


The LOS/NLOS indicator can take a discrete set of values in the interval [0, 1] with a step size equal to 0.1, where:
The LOS/NLOS indicator value equal to 0 indicates a pure LOS channel
The LOS/NLOS indicator value equal to 1 indicates a pure NLOS channel

In addition to that, we suggest the following association of the LOS/NLOS indicator with the measurements in case of the UL-TDOA, UL-AOA, DL-TDOA, DL-AOD and Multi-RTT positioning methods:


For the UL-TDOA / UL-AOA / Multi-RTT positioning method support introduction of the LOS/NLOS identifier associated with the UL-RTOA time / UL-AOA angle / gNB Rx-Tx time difference measurements


For the DL-AOD / Multi-RTT positioning method support introduction of the LOS/NLOS identifier associated with the RSRP / UE Rx-Tx time difference measurements


For the DL-TDOA positioning method support introduction of the LOS/NLOS identifier associated with the DL RSTD time measurement using the following format:
(LOS/NLOS identifier #1, LOS/NLOS identifier #2) – LOS/NLOS identifier #1 corresponds to the link associated with a reference TRP and LOS/NLOS identifier #2 corresponds to the link associated with a neighbor TRP

For the UE-based positioning we suggest introduction of the LOS/NLOS indicator associated with the DL PRS Resource and corresponding beam information element used by the LMF to provide spatial direction information of the DL PRS Resource to the UE. 

We have the following proposal:


For the UE-based positioning support introduction of the LOS/NLOS indicator associated with the DL PRS Resource and corresponding beam information element which is used by the LMF to provide spatial direction information of the DL PRS Resources to the UE

Additional Path Reporting
DL-TDOA and Multi-RTT Positioning
The additional path reporting was discussed at the previous meeting and the following agreement has been made for the measurement reporting from the UE to LMF in case of the DL-TDOA and Multi-RTT positioning methods, [1]:
	Agreement:
For up to N>2 additional paths, support reporting relative timing (to the first detected path) in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
Support one of the following options for maximum value of N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32



The agreement suggests reporting of N additional paths, where N > 2. Several options for the maximum number of N were proposed for consideration including the values of 4, 8, 16, and 32. 
For each additional path the relative timing to the first detected path is provided in the measurement report. The definition of the additional path for N > 2 will be further discussed. 
In addition to that the power report per path will be further studied with the two possible options of power normalization with respect to the first detected path or the total power. 

The Rel.16 defines the additional path list IE NR-AdditionalPathList with the two fields, including the relative time difference and the associated path quality indicator as shown in Table 1, [2].
[bookmark: _Ref82705621]Table 1: NR-AdditionalPathList IE
	




The path quality indicator includes two subfields the timingQualityValue providing the uncertainty of the estimated timing value and the timingQualityResolution providing the resolution used in the timingQualityValue field as shown in Table 2, [2].

[bookmark: _Ref82706204]Table 2: NR-TimingQuality IE
	




In this contribution in addition to the timing quality metric, we propose introduction of the power per additional path reporting normalized to the total receive power. 
The normalization to the total receive power allows to indicate the residual power associated with the rest of the paths that were not reported. This provides an additional information compared to the first option where normalization is performed relative to the first detected path. 

Based on the considerations above, we have the following proposal:


For the DL-TDOA and the Multi-RTT positioning methods in addition to the relative timing and the path quality indicator support introduction of the power reporting from UE to the LMF for the additional path normalized to the total receive power 

We do not see a clear justification to support the maximum number of additional paths substantially greater than N = 2. Therefore, we suggest increasing the maximum number of additional paths up to N = 4. 
Further increasing of the maximum number of additional paths can be discussed in the next releases, for example, to facilitate implementation of machine learning type of algorithms for positioning. 


For the DL-TDOA and the Multi-RTT positioning methods support the maximum number of reported additional paths from UE to the LMF equal to N = 4

UL-TDOA and Multi-RTT Positioning
The similar agreement has been made for the measurement reporting from the gNB/TRP to the LMF in case of the UL-TDOA and Multi-RTT positioning methods, [1]:
	Agreement:
For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, for up to additional N>2 paths for at least UL-TDOA and multi-RTT.
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
Down select between the following options for N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32



The agreement suggests reporting of N additional paths, where N > 2. Several options for the maximum number of N were proposed for consideration including the values of 4, 8, 16, and 32. 
For each additional path the relative timing to the first detected path and angle of arrival are provided in the measurement report. The definition of the additional path for N > 2 will be further discussed. 
In addition to that the power report per path will be further studied with the two possible options of power normalization with respect to the first detected path or the total power. 

The Rel.16 defines the Additional Path List IE with the two fields, including the relative time difference and the associated path quality indicator as shown in Table 3, [3].

[bookmark: _Ref82708268]Table 3: Additional Path List IE
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Additional Path Item
	
	1..<maxnopath>
	
	

	>CHOICE Relative Path Delay
	M
	
	
	

	>>k0
	M
	
	INTEGER(0..16351,…)
	

	>>k1
	M
	
	INTEGER(0..8176,…)
	

	>>k2
	M
	
	INTEGER(0..4088,…)
	

	>>k3
	M
	
	INTEGER(0..2044,…)
	

	>>k4
	M
	
	INTEGER(0..1022,…)
	

	>>k5
	M
	
	INTEGER(0..511,…)
	

	>Path Quality
	O
	
	Measurement Quality
9.2.43
	



The path quality indicator includes two subfields the Timing Measurement Quality and the Angle Measurement Quality. 
Similar to the values provided in Table 2, the Timing Measurement Quality field includes two subfields the Measurement Quality providing the uncertainty of the estimated timing value and the Resolution providing the resolution used in the Measurement Quality field as shown in Table 4, [3].
The Angle Measurement Quality includes three subfields the Azimuth Quality, Zenith Quality, and Resolution providing the quality of the angular measurements and the respective resolution. 

[bookmark: _Ref82711030]Table 4: Measurement Quality IE
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Measurement Quality
	M
	
	
	

	>Timing Measurement Quality
	
	
	
	

	>>Measurement Quality
	M
	
	INTEGER(0..31)
	TS 37.355 [14]

	>>Resolution
	M
	
	ENUMERATED(0.1m, 1m, 10m, 30m, …)
	TS 37.355 [14]

	>Angle Measurement Quality
	
	
	
	

	>>Azimuth Quality
	M
	
	INTEGER(0..255)
	

	>>Zenith Quality
	O
	
	INTEGER(0..255)
	

	>>Resolution
	M
	
	ENUMERATED (0.1deg, …)
	



In this contribution in addition to the timing quality metric, we propose introduction of the power per additional path reporting normalized to the total receive power. 
The normalization to the total receive power allows to indicate the residual power associated with the rest of the paths that were not reported. This provides an additional information compared to the first option where normalization is performed relative to the first detected path. 

Based on the considerations above, we have the following proposal:


For the UL-TDOA and the Multi-RTT positioning methods in addition to the relative timing and the path quality indicator support introduction of the power reporting from gNB/TRP to the UE for the additional path normalized to the total receive power 

We do not see a clear justification to support the maximum number of additional paths substantially greater than N = 2. Therefore, we suggest increasing the maximum number of additional paths up to N = 4. 
Further increasing of the maximum number of additional paths can be discussed in the next releases, for example, to facilitate implementation of machine learning type of algorithms for positioning. 


For the UL-TDOA and the Multi-RTT positioning methods support the maximum number of reported additional paths from gNB/TRP to the LMF equal to N = 4

Multiple UL-AOA Angles Reporting
The reporting of multiple estimated UL-AOAs from gNB/TRP to the LMF for the additional path was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
Reporting multiple UL-AoA values per additional path is supported for at least UL TDOA and multi-RTT.
· FFS: maximum number of UL-AoA values per additional path.



The agreement suggests reporting of multiple UL-AOA values per additional path for at least UL-TDOA and the Multi-RTT positioning methods. The maximum number of the reported UL-AOAs per additional path is open for further discussion.
In the AI 8.5.2, the following agreement has been made with respect to the maximum number of UL-AOA values reporting for the first arrival path, [1]:
	Agreement:
The maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp is 8.



We believe that the maximum number of reported values for the UL-AOA in case of the first arrival path and any of the additional paths should be consistent. Therefore, we suggest defining the maximum number of the reported UL-AOAs per additional path equal to 8.

Based on the considerations above, we have the following proposal:


For the UL-TDOA and the Multi-RTT positioning methods support the maximum number of the UL-AOA values (pair of AOA & ZOA values) to be reported per additional path equal to 8

Conclusions
In this contribution, we proposed the information reporting formats for LOS/NLOS indicator and additional path reporting. In summary we have the following proposals:

Proposal 1: 
The LOS/NLOS indicator can take a discrete set of values in the interval [0, 1] with a step size equal to 0.1, where:
The LOS/NLOS indicator value equal to 0 indicates a pure LOS channel
The LOS/NLOS indicator value equal to 1 indicates a pure NLOS channel

Proposal 2: 
For the UL-TDOA / UL-AOA / Multi-RTT positioning method support introduction of the LOS/NLOS identifier associated with the UL-RTOA time / UL-AOA angle / gNB Rx-Tx time difference measurements

Proposal 3: 
For the DL-AOD / Multi-RTT positioning method support introduction of the LOS/NLOS identifier associated with the RSRP / UE Rx-Tx time difference measurements

Proposal 4: 
For the DL-TDOA positioning method support introduction of the LOS/NLOS identifier associated with the DL RSTD time measurement using the following format:
(LOS/NLOS identifier #1, LOS/NLOS identifier #2) – LOS/NLOS identifier #1 corresponds to the link associated with a reference TRP and LOS/NLOS identifier #2 corresponds to the link associated with a neighbor TRP

Proposal 5: 
For the UE-based positioning support introduction of the LOS/NLOS indicator associated with the DL PRS Resource and corresponding beam information element which is used by the LMF to provide spatial direction information of the DL PRS Resources to the UE

Proposal 6: 
For the DL-TDOA and the Multi-RTT positioning methods in addition to the relative timing and the path quality indicator support introduction of the power reporting from UE to the LMF for the additional path normalized to the total receive power

Proposal 7: 
For the DL-TDOA and the Multi-RTT positioning methods support the maximum number of reported additional paths from UE to the LMF equal to N = 4

Proposal 8: 
For the UL-TDOA and the Multi-RTT positioning methods in addition to the relative timing and the path quality indicator support introduction of the power reporting from gNB/TRP to the UE for the additional path normalized to the total receive power

Proposal 9: 
For the UL-TDOA and the Multi-RTT positioning methods support the maximum number of reported additional paths from gNB/TRP to the LMF equal to N = 4

Proposal 10: 
For the UL-TDOA and the Multi-RTT positioning methods support the maximum number of the UL-AOA values (pair of AOA & ZOA values) to be reported per additional path equal to 8
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