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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 approved in RP-210903 [1]. Of the various enhancements included, one of them is:
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
During discussions in RAN1#104-e, companies have raised the issues and the need of mitigating the effects of NLOS during the considerations of accuracy improvement for DL-AoD for network-based positioning solutions. With the inclusion of NLOS mitigation into the WID, this contribution includes our views from [2] on NLOS considerations.

[bookmark: _Ref129681832]Enhancement of Angular Measurements
For positioning methods based on angular measurements, the positioning accuracy depends directly on the accuracy of the angular measurements. For example, the DL-AoD and UL-AoA measurement accuracy are related to the orientation uncertainties of the gNB Tx/Rx beams. The positioning accuracy can be improved if the LMF (network-based) and UE (UE-based) can calibrate the orientation uncertainties of the gNB Tx and Rx beams from the angular measurements.
In RAN1#104-e, the following agreement was agreed:
Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
Note 1: Supporting multiple options as well as none of the options above is not precluded
Current TS 38.215 defines the DL PRS-RSRP, DL RSTD and the UE Rx-Tx time difference measurements. For the time difference-based approaches such as TDOA and RTT, the measurements are based on first detected path in time. However, for positioning methods relying on PRS RSRP measurements such as AoD that relies on the total received power of the PRS, first detected may or may not be the LOS path. When later paths are received with higher power than the first path, the angle of departure estimates would be biased by these latter paths.
One approach is to be able to identify the NLOS path which is discussed in later section. For power-based methods such as AoD, other approaches such additional measurements should be studied. They may include the power of the first arrival path measurement and its Rician K-factor [7,9] w.r.t to other paths. For NLOS links, the SP is not necessarily the FAP. Some companies therefore proposed enriched FAP [5-10] or measuring the Rician-K factor [9]. The LOS indicator per link can be reported as hard or soft value [5],[6]. For UE-assisted positioning, such additional channel measurements can be reported back to the LMF or network to improve position accuracy. 
Proposal 1: Supports reporting of additional path to the first arriving path for improving NLOS detection and positioning accuracy.

Mitigating NLOS effects for angular-based positioning 
For dense clutter scenarios in Indoor Factory or industry IoT scenarios the LOS direction is often blocked [3] and signals propagating via NLOS paths may cause significant errors in the angular measurements since the reflected signals may reach the receiver antenna at completely different angles than the LOS angle. Eliminating and identifying NLOS directions is therefore crucial for any UE-based or UE-assisted angular-based positioning technique.
Various companies studied this effect by simulations [3] and have confirmed the degradation in localization accuracy when there is presence of NLOS links during the localization. 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. The identification and elimination of NLOS links is therefore not only beneficial for time-based positioning techniques but also for angular-based positioning techniques. Moreover, if the UE has knowledge about the TRP positions and beam-ID orientations, UE-based AoD positioning can be improved by NLOS direction elimination without further support from the network.  

Polarization-Based LOS/NLOS identification 
[bookmark: _Hlk61259761]In [4] we proposed a new 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. Here, each polarization is given by the electric field vectors orientation (angle in the wave plane, orthogonal to propagation direction) and energy (length). We assume that each PRS symbol has the same energy/power and hence only the relative polarization orientations need to be known at the receiver. We demonstrated an effective decision of LOS/NLOS by the RSRP arriving at the FAP of each CIR link. Our 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 and does not require any further knowledge from the scenario or network, except the knowledge of the relative orientation change in the DL-PRS signal sequence, which could be encoded in the PRS-ID. With this technique, NLOS link elimination can be performed individually for each link by a soft or hard decision in a UE-assisted or UE-based positioning. 
Proposal 2: For the purpose of improving accuracy, methods to identify NLOS direction and the corresponding mitigation methods for DL-AoD measurements should be supported including the usage of transmissions and measurements of PRS signals with relative changes in their polarization orientation. 

Reporting LOS indicators as soft values
Various proposals in [3] used for time-based positioning methods soft-value LOS indicators which can be feed into iterative optimization algorithms, such as RAIM [7], RANSAC [5] or Gaussian-Newton [6] based algorithms. The same soft-value indicator can be used for angular based iterative optimization algorithm, which could improve the overall position accuracy. 
Proposal 3: To improve positioning accuracy by regularization techniques the UE should report LOS indicators as soft values for each link for UE-assisted positioning.

Conclusions
In this contribution, some of the proposed enhancements are discussed and our views provided. Below are the observations and proposals.
Proposal 1: Supports reporting of additional path to the first arriving path for improving NLOS detection and positioning accuracy.
Proposal 2: For the purpose of improving accuracy, methods to identify NLOS direction and the corresponding mitigation methods for DL-AoD measurements should be supported including the usage of transmissions and measurements of PRS signals with relative changes in their polarization orientation.  
Proposal 3: To improve positioning accuracy by regularization techniques the UE should report LOS indicators as soft values for each link for UE-assisted positioning.
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