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[bookmark: _Ref37187857]Introduction 
The objectives for the multipath/NLOS mitigation of the WID in [1] include:
	· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]



[bookmark: _Ref534823887]This contribution discusses possible Rel-17 enhancements in case of NLOS reception conditions including scenarios for deployments supporting narrow beams (e.g. FR2).
Simulation results presented so far and summarized in TR38.857 focus on LOS scenarios. The number of LOS links in the InF scenario are sufficient with high probability. Accordingly the only issue taken into account was a reliable LOS/NLOS detection either by the measurement unit itself (UE or gNB) or by removing NLOS outliers by a positioning algorithm. 
Enhancements may cover assistance date, additional measurements and signal quality reporting for better LOS/NLOS detection (or selection of the reliable measurements) by the LMF. Concepts working also for scenarios where the number of LOS links is not sufficient are more challenging. 
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Figure 1: Overview to link states

NLOS positioning scenarios 
In general the NLOS positioning scenarios can be split into two types
· A direct path with no or small delay relative to LOS still exist. In the following we call this “OLOS scenarios”
· The direct path is no longer detectable and the measurement unit (UE or TRP) detects reflected signals as first arriving path (FAP)

LOS/NLOS channel state information
Typically a metric representing the LOS probability is generated. If the number of LOS links is high the selection of the links with the highest probability is sufficient. If the number of LOS links is low (or not sufficient) it may be necessary to use also NLOS links for the position calculation. Metrics providing additional information on the expected FAP error may be useful. 
Examples are: 
· In case of DL-TDOA or multi-RTT, the LMF may indicate which PRS resources can be expected to be received together in a LOS condition
· In case of continuous reporting for a moving device changes in the ToA (e.g. changes in relationship to other links) can be detected. 
· Reporting of the CIR with high dynamic range / reporting of early peak in the CIR: This may allow to take into account peaks which are hard to distinguish from random peaks caused by noise. 
Reporting for OLOS states
OLOS (obstracted LOS) states are one of the main challenges for high accuracy positioning. In OLOS scenarios the direct path is attenuated and many paths with small delays relative to the LOS path exist. Non-ideal antenna pointing may also generate OLOS-like scenarios. For OLOS scenarios the FAP detection requires enhanced algorithms. These enhanced algorithms may be realized by the LMF, if sufficient details on the measured CIR are reported from the DL, UL or DL and UL measurements. 

Reporting for NLOS states
Advanced positioning algorithms (machine learning based algorithms, for example) may be able to take the reflected signals into account for the positioning algorithms. The characteristics of the reflections (specular or diffuse scatterer) has a high impact. For NLOS CIR reporting concepts like reporting of several taps of the CIR or full reporting of relevant parts together with other information (beam characteristics, AoA/AoD estimates are useful.  

Example for positioning using narrow beams
Assuming devices supporting beam-forming the interaction between the beam forming and the measurements (ToA, AoA, AoD) must be considered. As an example we use the measurements of an experimental setup. We installed two antenna arrays with configurable beam angles in a small hall (size app. 30mx40m) with the following parameter 
· FR2  (28GHz)
· Receive antenna array with 16x16 elements, beamwidth app. 7deg
· “medium” TX power (23dBm, representing the EIRP of a small antenna)
· to control the AoD we used for the TX also an antenna array 
· As transmit signal we used a SRS, COMB=4, 4 symbols, staggering, 400MHz bandwidth, SCS=120kHz 
[image: ]
Figure 2: FR2 experimental setup for ToA measurement accuracy 

To study the impact of the beam sweeping accuracy we recorded the correlation function for different settings of the TX and RX beam angles. In one experiment we compared LOS and OLOS. For the OLOS experiment we placed a small obstacle (size app. 0.5m*1m) to (partly) block the LOS link. 
The resulting correlations are depicted in the following figures. The correlation function is calculated as cyclic correlation at the nominal sampling frequency of 491.52MHz according the bandwidth 400MHz and for the plot resampled (interpolated) to a higher resolution. The figure show magnitude of the complex valued I/Q samples. The red dashed line shows the estimated LOS peak. The X-axis is normalized to the true distance (= expected correlation peak is centered at “0”) and scaled in meter (one sample @ 491.52MHz is equivalent to 0.61m). 
We performed measurements for different settings of the beam angles. For the OLOS we observe: 
· OLOS, ideal pointing: The direct path is attenuated by app. 22dB 
· Signal strength based pointing: The ground reflection is app. 13dB stronger than the direct path. If the RX beam is selected according the highest received power, the beam will point to the ground and the direct path is no longer received. In the example the additional path length was app. 4.2m. 
· With ideal pointing of the RX the direct path can be even detected with non-ideal pointing of the TX. 




	Without obstacle (LOS)
	With obstacle (OLOS)
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	LOS, Ideal pointing
	OLOS, Ideal pointing
Note: the correlation magnitude is much lower than the LOS (Direct path is app. 22dB attenuated )
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	LOS, ideal pointing RX, non-ideal pointing TX
According to the beam pattern the signal is attenuated
	OLOS, ideal pointing RX, non-ideal pointing TX
Direct path is app. 35dB attenuated, but still useful!
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	LOS, TX and RX pointing to ground
The direct path is outside the beam width of the TX and RX beam

	OLOS, TX and RX pointing to ground
Signal is app. 9dB attenuated 
Note: The difference in the level may result from limited mechanical adjustment accuracy of the antenna panel.


Figure 3: Examples for measured CIR
Observation 1	For OLOS scenarios the LOS peak may be still useful although reflected signals departing/arriving from different angles may be much stronger. 
For positioning purpose the PRS resources covering the AoD and AoA of the LOS path should be selected. 


Support signaling enhancements for the Tx/Rx LOS beam selection procedure in case of positioning OLOS and NLOS scenarios.

Technologies for NLOS positioning 
Assistance data for LOS/NLOS state identification by the LMF
For UE assisted positioning methods and UL-TDOA the position is calculated by the LMF. The LMF may use a subset of the received reports for the position calculation. Along with the measurements, complementary information on the characteristics of the detected FAP used for the report shall be reported. Examples are: 
· Relative power of the FAP to the remaining power (K-factor)
· Characteristics of the detected peak (e.g. width of the detected first lobe)
· Reporting of information corresponding to phase and amplitude of the CIR

Define list of metrics/signal quality data for LOS/NLOS detection by LMF

UE Mobility 
In case of moving devices the correlation function it time-variant. From the changes of the characteristics of the correlation functions a lot of information can be derived. The recommended update rate of the measurement depends on the UE speed and the carrier frequency. In case of non-omni antenna the changes of the UE orientation may have a high impact. 

Support UE to provide the LMF with Motion Information reports with the same timestamp of the measurements or transmitted SRS. 

In a related aspect, the ToF difference is associated to the movement profile:  in Figure 5 can be directly related to the phase difference between the two radio signals received at point A and point B (i.e. ) is calculated using   , where  is a random error that accounts for frequency jitter. The phase difference is used to recognize any state change (i.e. LOS vs. NLOS). In case the LOS path is blocked or obstructed, a NLOS scattering cluster can be considered as a virtual TRP resulting in  which does not correspond to the trajectory and in many cases will experience high jitter and discontinuity due to the behavior of the phase measurements characteristic to NLOS situation.
[image: ]
Figure 4 - Using displacement and orientation information to identify a channel state and correct measurements

Support the UE to measure and report phase information over multiple time instants

Post processing of the ToA estimate or recalculation of the ToA by the LMF
[bookmark: _GoBack]The ToA estimation accuracy may depend on the used algorithm. The LMF may use advanced algorithms. A recalculation of the ToA by the LMF is possible if relevant parts of the correlation function are reported to the LMF. If the relevant part is sampled at a sampling rate according to the bandwidth the characteristics of the lobe related to the FAP (or other relevant parts of the CIR) can be reconstructed with sufficient accuracy. 
Report a part of the complex valued CIR including the FAP with a resolution of 1/fs (fs is the sampling frequency according the bandwidth of the carrier)

Conclusions
Based on the discussion in this document, we propose the following:
Observation 1	For OLOS scenarios the LOS peak may be still useful although reflected signals departing/arriving from different angles may be much stronger. 
For positioning purpose the PRS resources covering the AoD and AoA of the LOS path should be selected. 

The proposals are made based on the following observations:  
1. Support signaling enhancements for the Tx/Rx LOS beam selection procedure in case of positioning OLOS and NLOS scenarios.

1. Define list of metrics/signal quality data for LOS/NLOS detection by LMF


1. Support UE to provide the LMF with Motion Information reports with the same timestamp of the measurements or transmitted SRS. 

1. Support the UE to measure and report phase information over multiple time instants

1. Report a part of the complex valued CIR including the FAP with a resolution of 1/fs (fs is the sampling frequency according the bandwidth of the carrier)
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