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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, if needed, the reporting formats for improving positioning accuracy. 
Two types of the enhancements for information reporting have been considered at the previous meeting including the introduction of the LOS/NLOS indicator associated with the measurement and extension of the additional path reporting to support new metrics and increase the total number of reported paths N (N > 2).
In this contribution we propose unified LOS/NLOS identifier in the format of the soft value indicator, distributed in the range [0, 1] and keep the LOS/NLOS classification algorithm as implementation specific. 
For the additional path reporting we suggest reporting the relative power and phase for each additional path associated with the relative path delay, already supported in the standard. 

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:
· 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



Two options have been proposed for consideration, including the binary and soft value indicator reporting. The binary indicator may be equal to 0 or 1, where 0 indicates the LOS channel and 1 indicates the NLOS channel (or vice versa).
The soft value indicator is distributed in the range [0, 1] and has a meaning of probability for NLOS (or LOS) link detection. The value of 0 indicates pure LOS channel and the value of 1 indicates pure NLOS channel (or vice versa). 
Beyond that, different methods for LOS/NLOS links identification were discussed and the following agreement has been captured in the chairman’s notes, [1]:
	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: Rician 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



The options 1 – 5 propose different methods for LOS/NLOS links detection, that assumes different types of the reporting feedback format. In contrast, option 6 suggests that no specification impact is needed, except for the unified LOS/NLOS indicator reporting suitable in all cases as it was considered above. 
Another option, that was not considered so far is to use a Machine Learning (ML) approach for LOS and NLOS links classicisation. In that case the reporting of the single parameter like polarization type, coherence bandwidth, propagation time difference, RSRP, Rician factor or variance of the channel frequency response is not possible. 
It requires reporting the greater set of parameters (sometimes in order of several millions) including weights and biases designating the Artificial Neural Network (ANN) state. Therefore, in that case, introduction of the unified LOS/NLOS identifier would be beneficial for substantial reduction of the reporting overhead and enables flexible implementation of the ANN architecture. 
Based of the above considerations we suggest keeping the LOS/NLOS classification algorithm as implementation specific and introduce a unified LOS/NLOS identifier in the format of the soft value indicator, distributed in the range [0, 1].


Support reporting of LOS/NLOS indicator for DL, UL, and DL + UL positioning measurements taken at both UE and TRP in the following format:
Soft value indicator distributed in the range [0, 1] showing the probability of NLOS link detection, where 0 indicates pure LOS channel, and 1 indicates pure NLOS channel

Additional Path Reporting
An extension of the number of paths in the additional path reporting for N > 2 was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	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.



In addition to that, the multipath reporting enhancements were proposed by introduction of the relative timing, power, angle, and phase reporting for additional paths. The following proposals have been captured in the chairman’s notes, [1]:
	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).



The additional path information can be reported by gNB to LMF using the Additional Path List IE shown in Table 1, [2].
[bookmark: _Ref78468091]Table 1: 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
	



Similar to that, the additional path information can be reported by UE to LMF using the NR-AdditionalPathList IE shown in Table 2, [3].
[bookmark: _Ref78468272]Table 2: NR-AdditionalPathList IE
	




As follows from Table 1 and Table 2 the relative path delay or relative time difference is already reported as a part of the IE. However, the only metric that is associated with the relative time delay is the path quality metric in both cases. 
This path quality metric field specifies the target device best estimate of the quality of the detected timing for the additional path. In addition to that the path quality metric reported by gNB to LMF (defined in Table 1) may include the angle measurement quality for the UL-AOA estimate. 

In this contribution in addition to the path quality metric, we propose introduction of relative power PR in [dBm] and phase φ measurement in [deg] reporting associated with the relative time delay of additional path with the total number of additional paths equal to N (N > 2) for DL, UL, and DL + UL positioning methods.

The relative power for the additional path in [dBm] is defined as follows:
	
,
	[bookmark: _Ref67673725](3)


where Pn is the power of the nth path and P is the total receive power corresponding to the measured DL PRS-RSRP or UL SRS-RSRP value. 
The PR,n parameter is defined in the finite range [-X, 0], where X defines some threshold in [dBm] identifying the level of sensitivity for receive power. The granularity (or step size) of the measured PR,n parameter can be set equal to Y in [dBm], identifying the sufficient level of accuracy, required in the measurements.

The phase measurement φ is defined for each additional path with the resolution of 1 [deg] or 0.1 [deg]. 

Based on the provided considerations we have the following proposal:


Support relative power PR in [dBm] and phase φ measurement in [deg] reporting associated with the relative time delay of additional path with the total number of additional paths equal to N (N > 2) for DL, UL, and DL + UL positioning methods:
PR,n = 10 × lg(Pn/P) indicates the relative power measurement in [dBm] for the nth path, where Pn is the power of the nth path, P is the total receive power corresponding to the measured DL PRS-RSRP or UL SRS-RSRP value within the considered measurement frequency bandwidth
The PR,n parameter is defined in the finite range [-X, 0], where X defines some threshold in [dBm] identifying the level of sensitivity for receive power
The granularity (or step size) of the measured PR,n parameter is set equal to Y in [dBm], identifying the sufficient level of accuracy, required in the measurements 
φ indicates the phase measurement in [deg] for each additional path, that can be defined with the resolution of 1 [deg] or 0.1 [deg]
FFS: X in [dBm], Y in [dBm] (up to RAN4 discussion)
FFS: exact value of N

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:
Support reporting of LOS/NLOS indicator for DL, UL, and DL + UL positioning measurements taken at both UE and TRP in the following format:
Soft value indicator distributed in the range [0, 1] showing the probability of NLOS link detection, where 0 indicates pure LOS channel, and 1 indicates pure NLOS channel

Proposal 2:
Support relative power PR in [dBm] and phase φ measurement in [deg] reporting associated with the relative time delay of additional path with the total number of additional paths equal to N (N > 2) for DL, UL, and DL + UL positioning methods:
PR,n = 10 × lg(Pn/P) indicates the relative power measurement in [dBm] for the nth path, where Pn is the power of the nth path, P is the total receive power corresponding to the measured DL PRS-RSRP or UL SRS-RSRP value within the considered measurement frequency bandwidth
The PR,n parameter is defined in the finite range [-X, 0], where X defines some threshold in [dBm] identifying the level of sensitivity for receive power
The granularity (or step size) of the measured PR,n parameter is set equal to Y in [dBm], identifying the sufficient level of accuracy, required in the measurements 
φ indicates the phase measurement in [deg] for each additional path, that can be defined with the resolution of 1 [deg] or 0.1 [deg]
FFS: X in [dBm], Y in [dBm] (up to RAN4 discussion)
FFS: exact value of N
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k2-r16 INTEGER(O0..4088),
k3-r16 INTEGER(0..2044) ,
k4-r16 INTEGER(0..1022),
k5-r16 INTEGER(0..511),

b
nr-path-Quality-rl6 NR-TimingQuality-rl6 OPTIONAL,





image2.wmf
[

]

,

10lg,

n

Rn

P

PdBm

P

æö

=

ç÷

èø


oleObject2.bin

