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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#91-e, the Work Item Description on NR Positioning Enhancements was revised and newly approved in RP-210903 [1]. A new objective for the positioning accuracy enhancements is:
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
[bookmark: _Hlk68171798]Following that, in RAN1#105-e some agreements related to the above objectives have been made:
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. 

The degradation on the positioning accuracy due to NLOS has been studied extensively during the Study Item phase and the need for mitigating the effects of NLOS on the positioning accuracy is well understood and generally agreed. Various studies with simulation results have shown the benefits and importance of identifying the NLOS to mitigate the degradation in localization accuracy when there is presence of NLOS links during the localization [2].
In this contribution, an adapted resubmission of [11], we provide our views on the following aspects:
· LoS/NLoS indicators for both UE-Assisted and UE-based positioning
· Multipath reporting enhancements for DL, UL, and DL+UL positioning 

[bookmark: _Ref129681832]Discussion 
As widely understood, if a TRP-UE link described by the CIR refers to a NLOS link, then the first arrival path (FAP) in the CIR is a NLOS path which not only has a delay offset, due to additional reflections and scattering, but also a different angle of arrival or departure [2]. The identification and elimination of NLOS links/directions is therefore beneficial not only for time-based positioning techniques but also for angular-based positioning techniques. 
Various NLOS mitigation techniques have also been proposed during the considerations of accuracy improvements of UL-AoA and DL-AoD positioning methods. To this extent, the following was agreed in RAN1#105-e:
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
However, in our view, the above techniques should remain as network implementation options and the discussions and focus should be on the specification impact and support needed that can be applicable generally to various methods and not specifically only for one method. 
Observation 1: The specification should focus on the measurements, reporting and signaling that can provide network freedom to implement its choice of LOS/NLOS mitigation approaches.
The enhancements described below are therefore applicable to both time and angle-based positioning techniques.   

LOS Indicator 
It has been studied and proposed, as summarized [2], on using the soft-value LOS indicators as input into iterative optimization algorithms such as RAIM [3], RANSAC [4] or Gaussian-Newton [5] to improve the positioning accuracy. If certain TRP-UE links correspond to a NLOS link, the measurements from these links will result in a false positioning estimate. These different algorithms use the redundancy of many gNBs/TRPs links per UE to eliminate the NLOS links. Since these algorithms work iteratively, soft-value LOS indicators have been shown to improve the regularization property and hence accuracy of these optimization algorithms even further.
It should be noted that a soft-value LOS indicator is equally applicable to angular based iterative optimization algorithm as it is to power based positioning algorithm to improve the overall position accuracy. The LOS indicator can be computed at the UE or the gNB/LMF. 
LOS indicator calculated at the UE can then be reported to the gNB/LMF to support UE-assisted positioning, in addition to UE-based positioning that is performed at the UE and would not require such reporting to be sent to the gNB/LMF. New UE measurements needed would need to be defined including agreeing on a baseline methodology or algorithm for the LOS indicator calculation at the UE. 
LOS indicator calculated at the gNB/LMF would require new measurements and reporting by the UE. In addition to supporting UE-assisted positioning that is performed at the LMF, to support UE-based positioning the LOS indicator can be signaled to the UE by the gNB. 
Computing the LOS indicator at the gNB/LMF means that the algorithm to decide on the LOS indicator can be left to network implementation. New measurements and its reporting by the UE would be required for both UE-assisted and UE-based positioning. For the latter, the additional LOS indicator is also signaled to the UE.
Proposal 1: To improve positioning accuracy by regularization techniques, use of LOS indicators as soft values for each link for UE-assisted and UE-based positioning should be supported.
Proposal 1a: For UE-assisted positioning, the determination of the LOS indicator can be done at the gNB/LMF or at the UE. For the latter, the LOS indicator is additionally reported back to the gNB/LMF. 
Proposal 1b: For UE-assisted positioning, at least support the baseline case where needed measurements are reported back to the gNB/LMF for the determination of the LOS indicator at the gNB/LMF. The algorithm to compute the LOS indicator hence becomes a matter of network implementation.
Proposal 1c: For UE-based positioning, the LOS indicator can be signaled to the UE. The UE can request the LOS indicator for specific path(s) associated with a gNB or TRP to be signaled to the UE by the LMF/gNB.

Beam/Antenna Information
If the UE has knowledge about the TRP positions and beam-ID orientations, UE-based AoD positioning can be improved by NLOS direction elimination. On this, RAN1 has made some preliminary agreements to support the providing beam/antenna information to the LMF and to the UE. In RAN1#104b-e, we made the following agreements on the enhancements:
Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.

Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  

Although the beam-shape depends on the beam-former and antenna elements at the transmitter, a receiver could optimize its beam detection if it for example would know if the beam were wide or narrow. Hence, some companies have proposed the reporting of the beam-shape information, such as side-lobe level, beamwidth, and main power level, to the receiver. 
In our view, at least the basic information that can be provided to assist the UE in its measurements of the PRS resource(s) would be antenna/beam bore-sight direction to the UE in the form of angle information. Associating this bore-sight direction information with the specific PRS resource(s) can ensure a reliable and accurate direction and resources to be measured by the UE.

Proposal 2: At least the gNB beam/antenna bores-sight information can be provided to the LMF by the gNB and to the UE for UE-based positioning. 

[bookmark: _Hlk61259761]The above proposed enhancements would be beneficial and support an NLOS/identification method that utilizes the transmitted signal polarization properties [6], [7]. In [8][9], we described and proposed adopting a known approach for NLOS link detection based on polarization changes in the radio signals due to the reflecting/scattering at objects in a NLOS path propagation. Here, the transmitter transmits a sequence of PRS symbols/slots/frames with different but known linear polarizations. Each polarization is given by the electric field vectors orientation (angle in the wave plane, orthogonal to propagation direction) and energy (length). 
With known energy/power of the PRS symbol, only the relative polarization orientations need to be known at the receiver.  Studies shown in [6] illustrates an effective identification of the LOS/NLOS by the RSRP arriving at the FAP of each CIR link. This polarization-based LOS detection can be used for receivers (UEs or gNBs/TRPs) with a single polarized antenna, having only one polarization orientation (physical antenna orientation), and with a dual-polarized antenna, allowing for two separated polarization orientation which are orthogonal to each other. 
The detection and decision can be obtained individually for each link by requesting the UE to perform measurements on specific PRS resource(s) and reporting the measurements to the gNB associated with those specific resources for UE-assisted positioning. The transmission of these PRS(s) and its relative changes in their polarization orientation on these PRS(s) is thus a matter of network operations. 
Proposal 3: UE can be requested to measure and report on specific PRS resources by the gNB. 

For UL positioning, specifically UL-AoA, measurement of additional paths to mitigate the NLOS/multipaths have also been proposed [10].
Discuss and select one of the following alternatives for additional paths
· Alt.1: UL-AOA measurement for additional paths is supported
· Select one of the following options 
· Option 1: NR supports reporting to LMF of N = 1 UL-AOA measurement values per additional path for the same timestamp
· Option 2: NR supports reporting to LMF of N ≥ 1 UL-AOA measurement values per additional path for the same timestamp
· Alt.2: UL-AOA measurement for additional paths is discussed under NLOS/multipath mitigation objective starting from the next meeting
Some indication of LOS identification can be performed by identifying the RSRP ratios of the FAP and strongest path in the CIR. For NLOS links, the strongest path is not necessarily the FAP. Supplementing the FAP with additional paths would facilitate the estimation of the UL channel K factor, as an example. The specific determination algorithm of the NLOS or NLOS can be left to network implementation, hence no further specification support needed in addition to these additional paths’ measurements and reporting to the LMF.
	Proposal 4: NR supports reporting to LMF of N ≥ 1 UL-AOA measurement values per additional path for the same timestamp.

Conclusions
In this contribution, some of the proposed enhancements are discussed and our views provided. Below are the observations and proposals.
Observation 1: The specification should focus on the measurements, reporting and signaling that can provide network freedom to implement its choice of LOS/NLOS mitigation approaches.
Proposal 1: To improve positioning accuracy by regularization techniques, use of LOS indicators as soft values for each link for UE-assisted and UE-based positioning should be supported.
Proposal 1a: For UE-assisted positioning, the determination of the LOS indicator can be done at the gNB/LMF or at the UE. For the latter, the LOS indicator is additionally reported back to the gNB/LMF. 
Proposal 1b: For UE-assisted positioning, at least support the baseline case where needed measurements are reported back to the gNB/LMF for the determination of the LOS indicator at the gNB/LMF. The algorithm to compute the LOS indicator hence becomes a matter of network implementation.
Proposal 1c: For UE-based positioning, the LOS indicator can be signaled to the UE. The UE can request the LOS indicator for specific path(s) associated with a gNB or TRP to be signaled to the UE by the LMF/gNB.
Proposal 2: At least the gNB beam/antenna bores-sight information can be provided to the LMF by the gNB and to the UE for UE-based positioning. 

Proposal 3: UE can be requested to measure and report on specific PRS resources by the gNB. 
		Proposal 4: NR supports reporting to LMF of N ≥ 1 UL-AOA measurement values per additional path for the same timestamp.
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