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1 Introduction
At RAN1 #105-e meeting, the following agreements were reached with regards to this sub-agenda: 
	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. 

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



In this paper, we present our views with regards to the topic on multipath/NLOS mitigation.
2 Multipath Mitigation Enhacements
In a previous meeting, the following agreement was made with regards to multipath mitigation enhancements. 
	Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.



Several techniques have been proposed, and the above agreement is trying to capture them in a generic format. After a variety of simulations and scenarios (InF, UMI, InH, FR1 and FR2, with and without absolute time modelling, timing + angle method fusion, etc), we make the following observation: 

Observation 1: Outlier rejection methods (e.g. RANSAC), which is mainly an implementation-based solution, gives significant gains in several scenarios across all the scenarios that we examined, reducing the need of reporting a LOS/NLOS flag. 

An example of such a simulation example, we show below the scenario of InF FR1, wherein employing an outlier rejection algorithm is actually better than using the genie information on which paths are LOS. 

[image: ]

In short, we observe that LOS/NLOS determination, in the strict physical meaning sense (i.e., LOS is a link that hasn’t been reflected by any object in the physical space), is not as useful as one would expect for the following reasions: 
· In many scenarios, outlier rejection is actually perfoming better because it exploits the NLOS links which have TOAs that are still close to the actual TOA of the LOS (e.g., multipath components which are produced by reflections, but they still result in TOAs that are close to the TOA of the LOS). 
· A LOS/NLOS determination technique (e.g. polarization-based technique), would flag those links are not useful, since they are NLOS, but in reality this is a bad idea for Positioning. In other words, LOS/NLOS determination is attempting to “exclude” links in a hard manner, whereas what really is needed are “soft” ways of combining all the measurements. 

[bookmark: _Hlk71293602]Having said the above, beyond outlier rejection methods, which typically would not require additional specification support, we also examine ways of exploiting the multipath, by enhancing further the feature of additional path reporting from the gNBs and the UEs. Specifically, even though the current LPP and NRPPa specification already supports up to 2 additional path reporting, we observed that in the most difficult scnearios (e.g. UMI 4 GHz with absolute time of arrival modelling), enhancing this feature further, e.g., adding more paths together with their relative powers, provides further gains in some of the scenarios. In the next sections we present a few such examples and the gains we can observe over the NR Rel-16 framework. 

In the first simulation example, UMI in FR1 with  modelling, with DL-TDOA  positioning and using a Machine Learning framework
[image: ]
In the second simulation example, we present horizontal accuracy performance for UMI in FR1 with  modelling, RTT positioning when employing a Machine Learning framework:
[image: ] 
In the third simulation example, we employ both RTT+AoA, wherein we have both multiple time-arrival reporting and multiple angle reporting at the gNBs. Significant gains are observed when such rich reporting information is used in conjunction with an ML-based framework. 
[image: ]
In the results below we demonstrate, throught an M-RTT+AoA example in UMI, the performance gains that can be achieved by increasing the maximum number of Angles that a gNB could report. 
[image: ]
Based on the above discussion  and results we make the following proposals:

Proposal 1: Support a UE to report to the LMF additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers associated to a PRS resource
· Applicable to both RTT and DL-TDOA methods
· Support at least [8] total paths to be provided per PRS resource

Proposal 2: Support a gNB to report to the LMF additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers associated to an SRS resource
· Applicable to both RTT and UL-TDOA methods
· Support at least [8] total paths to be provided per SRS resource
3 Multi-(TOA, AoA, relative RSRP) Measurement Report
In previous meetings the following agreements were made related to multipath & multi-angle reporting: 
	Agreement:
· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS: Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS: Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional

Agreement:
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.



In the above agreement, NR Rel-17 shall support the network to send back multiple AoAs for a single timing measurement. Even though this is an enhancement over NR Rel-16, we believe that the agreement should be extended to include a gNB to be able to report multiple (RTOA/gNB Rx-Tx, AoA, RSRP) tuples. 
To show how such a reporting could be useful, we employ a Machine-Learning-type RTT+AoA framework which exploits such Angle/delay/Power information. We model the RTT-AoA distribution and train the neural network to extract features of the 2D channel to derive likelihood for  performing likelihood fusion across measurements from different cells. For example, in the figure shown below, we plot a Power/Delay/Angle Heatmap of one of the channels. From such a heatmap it is clear that there is a lot of information that can be extracted, and reporting to the location entity multiple AoA and timing measurements would be helpful in advanced fusing algorithms.  
[image: ]   
Using the procedure described above, for the scenario of UMI 4 GHz case (with absolute time of arrival modelled), significant gains are expected when a TRP can report multiple AoAs and, for each AOA, multiple Timing measurements and their corresponding relative powers, to the LMF. Specifically, at the 90% percentile of error, NR Rel-16 reporting (single delay & single Angle) results into more the 12 meters, whereas reporting single delay with multiple Angles results into a 8.9m of error. Enabling the reporting of multiple delays and multiple angles (e.g., 8 delays with up to 8 angles per delay), it reduces the 8.9m down to 7.3m (1.6m of gain) at the 90%, and at the 80% percentile, the 4.7m is reduced down to around 4 meters.
[image: ]
In summary, a gNB should be able to report freely multiple pairs of (AoA, RTOA/Rx-Tx, relative RSRP) to enable the best potential performance when advanced positioning algorithms are used at the LMF. 
Proposal 3: Support a gNB to report multiple tuples (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) within a single report, such that
· The UL-RSRP corresponds to a relative RSRP associated to the reported path in the angle/delay domain.
· The RTOA/gNB-Rx-Tx corresponds to the delay of the associated reported path in the angle/delay domain
· The UL-AoA corresponds to the received angle (potentially 2-dimensional) of the associated reported path in the angle/delay domain
· Support at least [8] (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) tuples that can be sent in a single report 
4 Strongest Path Reporting 
Another application of multipath reporting is related to the scenario that the device (UE/gNB) provide/report time arrival information for the strongest path. Such reporting can be useful, at least the scenario of DL+UL positioning in TDD cases as follows:
· A UE could report the Rx-Tx measurement associated to the earliest path, and in addition report the time difference of the strongest path to the earliest path. 
· In TDD, due to reciprocity, we expect the time-difference between the earliest path and the strongest path to the same in both DL and UL. 
· A gNB could report the regular Rx-Tx measurement, together with the additional time-domain difference between the earliest and the strongest path.
· At the LMF, if the earliest path at the gNB is of low quality (due to low power in the UL_, the positioning engine could perform RTT using the “strongest paths” for both the UE and the gNB, which would result to a more robust measurement. 

To see this, if we start from the baseline RTT equation and if the UE reports the following two quantities:
· Difference between the strongest and the earliest path:  
· UE Tx-Rx:  
When the gNB measures and report the timing of the strongest path , the LMF could use the  reported by the UE,  can observe that the RTT equation uses the , as follows:

wherein  the the time of arrival of the strongest path, which is more robust than the , and the  which is the reported by the UE (performed using DL signals which have likely higher SNR, than the corresponding UL signals)




Proposal 4: In the multipath reporting framework, a UE/gNB may also include an indication of which additional path is the strongest path measured per PRS/SRS resource. 
5 Conclusions
Overall, we make the following proposals on beneficial enhancements to be specified during NR Rel-17 WI phase:
Proposal 1: Support a UE to report to the LMF additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers associated to a PRS resource
· Applicable to both RTT and DL-TDOA methods
· Support at least [8] total paths to be provided per PRS resource

Proposal 2: Support a gNB to report to the LMF additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers associated to a SRS resource
· Applicable to both RTT and UL-TDOA methods
· Support at least [8] total paths to be provided per SRS resource

Proposal 3: Support a gNB to report multiple tuples (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) within a single report, such that
· The UL-RSRP corresponds to a relative RSRP associated to the reported path in the angle/delay domain.
· The RTOA/gNB-Rx-Tx corresponds to the delay of the associated reported path in the angle/delay domain
· The UL-AoA corresponds to the received angle (potentially 2-dimensional) of the associated reported path in the angle/delay domain
· Support at least [8] (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) tuples that can be sent in a single report 

Proposal 4: In the multipath reporting framework, the UE/gNB can also include an indication of which additional path is the strongest path measured per PRS/SRS resource. 
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