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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In [1], we have provided our views on the multipath mitigation techniques that have been proposed and in [2], we presented simulation results on the performance evaluation a polarization-based approach and its corresponding specifications support. In this contribution, we provide a more complete description of the polarization-based mitigation technique evaluated in [2]. 

NLOS Detection using Polarization Transmissions
In [1] and [2], we have introduced and evaluated the positioning estimation performance when the NLOS is identified and excluded from the positioning computation, respectively. In this contribution, we provide the additional analysis to complement the results presented and the implementation dependent algorithm that has been implemented in [2].

The transmitted PRS signals, sent with a particular polarization, can be expressed as a 2D field-vectors , in the global coordinate system (GCS).  The first path (FP) traversed for a NLOS and LOS scenarios are shown in Figure 1A and 1B, respectively.  
Figure 1B. LOS link between TX and RX

Figure 1A. NLOS link between TX and RX


The received signal’s magnitude propagated via the FP is thus given in (1) by the FP of the channel impulse response (CIR), where S is the scattering matrix which models the reflections, scatterings, and attenuation in the traversed paths. 

[bookmark: _Hlk40335073]
The UE received signals from the 18 TRPs are first sorted in decreasing order by its RSRPs. From the 10 strongest links, we will eliminate the potential NLOS links through the following steps:
· The received PRS signals are collected from all the received polarizations.
· The receiver identifies the corresponding PRS sequence by a maximal correlation receiver. The correlation represents the estimated CIR scaled by the PRS energy. The largest tap will identify the PRS RSRP and the TOA 
· To improve the TOA estimation, we used a back-stepping algorithm which uses as a threshold the received average power, calculated over the duration of the rms delay spread of the CIR. The first CIR sample, which exceeds the threshold determines the TOA.
· The magnitude of the estimated CIR, , of the first arrived path is denoted as , where u refers to the transmitted polarization orientation and s refers to received  polarization. In this study, we have assumed a single transmitted polarization for all the PRS signals.
With these projections at the receiver, a change in power and in angle of the transmitted field-vector can be calculated. In case of a NLOS propagation with at least one scattering/reflection will either change the field-vector’s (polarization) orientation and/or power. For the example case of two orthogonal transmitted polarizations, the projections can also be used to calculate the projection angles . Figure 1 and 2 illustrate the received signals vertical and horizontal polarized signals,  and  , respectively on the receiver local coordinate system (LCS). 



Figure 2: Received signals field projections on the UE LCS. Transmitted signals are dual orthogonally polarized. UE receiver is dual orthogonally polarized.




The received transmitted field-vectors in the UEs LCS are denoted by  and the receivers field-vectors in the UEs LCS are denoted by  .Transmit sequential in time the same PRS signal via polarization orientation 1 and polarization orientation 2 with angular distance of  The UE receives each PRS signal separately via two polarization ports or antennas, with orientation V=1 and orientation H=2 such that , as shown in Figure 2.Figure 3: Received signals field projections on the UE LCS. Transmitted signals are dual orthogonally polarized. UE receiver is single polarized.

For a LOS path, the attenuation for both transmitted polarizations will be the same. Furthermore, the angular separation of , will not be changed, see Figure 1.  For a detection in polarization power difference or power imbalance, the following metric is used:

where , , for the case of two orthogonal polarizations at transmitter and receiver. Note, that the UE does not need to know which PRS polarization was transmitted first, since the metric is symmetric in the second index. Due to the normalization, the decision metric is between 0 and 1. 
To calculate the angle imbalance, we use the following angle-based metric:

which exploits the fact that the angle distance between the two transmitted polarizations remains orthogonal at the receiver. Hence this is equivalent with 
 and .
Similarly, the metric is normalized between 0 and 1. Note, that the UE does not need to know which PRS polarization was transmitted first, since the metric is symmetric in the second index. Note, that both metrics rely on the fact that the receiver polarization ports/antenna are power-balanced, i.e., |=||. For the power-based metric we also need transmitter power-balance, i.e. |=||.
For single linearly polarized receiver, the above formulation can be adapted using more than 2 polarized PRS transmissions e.g. transmissions with 4 or more polarization orientations.  
· Denote the S polarization orientation of the transmitted signals by the angles , where  is the angular distance for the polarization orientation s measured from the 1st polarization orientation (refer to Figure 2 and 3 above). Note that in case we use more than a single received polarization orientation, we will use the same angle distance numbering with  for numbering up to U receive polarization orientations. 
· For the case of 4 polarized PRS transmissions, transmit sequential in time the same PRS signal via polarization orientation 1, polarization orientation 2 with angular distance of , polarization orientation 3 with angular distance of , and polarization orientation 4 with angular distance of . The UE receives each PRS signal via a single polarization orientation, as shown in Figure 3. 
Using 4 PRSs transmissions, each with different polarization orientation, the metric is adapted to the following:  

We omitted here the scaling of  by the received polarization power since it will cancel out in the above metric. However, we need to assume a power-balance at the transmitter. We can again sort the received RSRPs by their power, such that it holds . This allows a Pol-LOS decision at the UE without knowing the order of the 4 transmitted polarizations. The UE needs to be preconfigured with the number of PRSs transmissions for it to receive. For a network- based positioning (UE-assisted), the UE would simply return the sequence of RSRP measurements in the received order. 
For each metric we will choose a threshold which might depend on the expected channel statistic of the scenario and the SNR. Since all metrics are derived such that without further distortion in  , the metric d=0 if the propagation is via a LOS path.  A decision on the LOS is made if it holds

and for NLOS otherwise. Let us note here, that we use explicitly only the absolute values of the CIR FP, since we do not have knowledge of the phases. However, this introduces sign ambiguities, which will result in a vanishing metric for certain NLOS cases and can be seen in the metric density plots of the four scenarios in Figure 3a-3d. The decision threshold  is set and decided by the network as part of the overall positioning estimation process.  An approach is described next.   
[bookmark: _Ref129681832]
Threshold
In this section, we describe an approach to determine the appropriate value of the threshold . It should be noted other approaches are not precluded and is up to network implementations and optimizations. 
[bookmark: _Hlk52466644]In Figure 4a-4d, we evaluated and plot the probability density functions (pdf) of the power and angle-based metric for the LOS and NLOS hypothesis. We observed an appropriate threshold of  for the angle-based metric and of  for the power-based metric The offset of the pdf for the LOS case, is due to the fact, that the LOS path experience a channel distortion itself. In the baseline channel model [3], a NLOS path distortion is introduced to the LOS path, which is governed in power by the Ricean K-factor  and the power-delay profile. From the baseline model [3], we have at most a relative NLOS power-distortion of  of the LOS power. 
Furthermore, if the SNR is above 30dB, the probability of LOS links is extremely high and detection of NLOS through polarization would not be necessary. In this case we just set the threshold to 1.  
Figure 4b. Metric distribution for LOS and NLOS links for InF-DH {40%,2m,2m}
Figure 4a. Metric distribution for LOS and NLOS links for InF-DH {40%,3m,5m}

Figure 4c. Metric distribution for LOS and NLOS links for InF-DH {20%,2m,10m}








Figure 4d. Metric distribution for LOS and NLOS links for InF-DH {60%,6m,2m}


[bookmark: _Hlk52726994]Detecting the power and angle imbalance simultaneously, by combining both metrics, can improve the detection performance by another percent point. As can be seen in Figure 5, relaxing the power and angle thresholds will reduce only slightly the detection performance. Hence, we used for the combined-metric condition relaxed thresholds. For the relaxed angle and power threshold, we increase the angle and power-based threshold by 50% 

And decide for LOS if it holds


Implementing a fixed threshold for a given scenario for each metric, we plot the probability of detecting 3 LOS paths for the various LOS detection approaches, and also the case without LOS detection approaches (solid red line) in Figure 5 for the InF-DH {40%,3m,5m} scenario. We also included the genie detection given by the solid green line. The genie LOS detector obtains 3 detected LOS detection probability of 99.88%. Compared to this, the best combined metric would achieve 97.91%, which is less than 2% from maximum and 2.85% better than only RSRP selection (solid red line). We also ploted in Figure 6  the LOS detection probability over the thresholds for scenario InF-DH {60%,6m,2m} with the smallest LOS probability. As can be seen, the thresholds would need to be set larger to reduce the LOS miss-detection. The strongest RSRP selection (baseline) performs as good as the genie selection, hence the green and red curves overlay. 

[image: ][image: ]Figure 6.  3-paths LOS Detection Probability, InF-DH with 60%, 6m,2m. 

Figure 5. 3-paths LOS Detection Probability, InF-DH with 40%, 3m,5m. 

Conclusion  
In this contribution, we have described the analysis and algorithm to identify the LOS of the received path using the transmitted PRSs polarization properties. 
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