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1 Introduction
At RAN1 #106-e meeting, the following agreements were reached with regards to this sub-agenda: 
	[bookmark: _Hlk83584558]Agreement:
· For up to N>2 additional paths, support reporting relative timing (to the first detected path) in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Support one of the following options for maximum value of N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32

Agreement:
· For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, for up to additional N>2 paths for at least UL-TDOA and multi-RTT.
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Down select between the following options for N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32

Agreement:
· Support LoS/NLoS indicators which are reported to the LMF for DL and DL+UL positioning measurements taken at UE for UE-assisted positioning or UL and DL+UL measurements at the TRP for NG-RAN assisted positioning. 
· Reporting from UE is subject to UE capability
· Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
· FFS: Other kinds of positioning assistance data enhancements
· For LoS/NLoS detection method(s), there is no additional measurement IEs or assistance data outside of LoS/NloS indicator reporting (i.e., Option 6 from prior agreement).
· Note 1: No RAN4 requirements are expected for the LoS/NLoS indicators in RAN1’s understanding
· Note 2: LoS/NLoS indicators can be complementary to outlier rejection algorithms.

Agreement:
Reporting multiple UL-AoA values per additional path is supported for at least UL TDOA and multi-RTT.
· FFS: maximum number of UL-AoA values per additional path.

[bookmark: _Hlk80976305]Agreement:
For LoS/NLoS indicators, a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1]. 
· FFS: the number of discrete values to be supported
· Note: This does not preclude using binary values only which is up to UE/TRP implementation
· Note: Single-indicator means that one value in the interval [0, 1] is used for the LoS/NLoS indication



In this paper, we present our views with regards to the topic on multipath/NLOS mitigation.
2 Maximum Number of paths in multipath positioning
With regards to the maximum number of paths for multipath positioning, we present the following simulation results:
· We employ a Machine-Learning-type RTT framework which exploits such delay/Power information. We model the RTT measurement error distribution and train the neural network to extract features from the multipath channel to derive likelihood for performing likelihood fusion across measurements from different cells. 
· We use such a processing algorithm for the scenario of UMI 4GHz with 100 MHz BW and Delta Tau modelling.



Similarly, for the RTT+AoA positioning method, we show the following results: 



Based on the above simulation results, we propose to remove the option of N=32. Study further until next meeting between Options 1, 2 and 3.  

Proposal 1: For both UEs and TRPs, remove the option of N=32.  Study further until next meeting between Options 1, 2 and 3.  
3 Reporting path-RSRP in multipath positioning

With regards to the reporting of path-RSRP in addition to the additional path reporting, we present the following simulation results:
· We employ a Machine-Learning-type RTT framework which exploits either delay-only information or the delay/Power information. We model the RTT measurement error distribution and train the neural network to extract features from the multipath channel to derive likelihood for  performing likelihood fusion across measurements from different cells. 
· We use such a processing algorithm for the scenario of UMI 4GHz with 100 MHz BW and Delta Tau modelling



Based on the above simulation results, we propose the following: 

Proposal 2: Support the UE/gNB to include the per-path RSRP in TDOA & M-RTT Positioning for the earliest and each additional path. 
· Introduce a per-band UE capability for a UE to report path RSRP for additional paths

4 Maximum number of AoAs per additional path

With regards to the maximum number of AoAs per additional path we provide the following simulation results: 
· Under the assumption that for the earliest path, we have already agreed to have the reporting of up to 8 angles, we use our RTT+AoA Machine Learning framework to determine the maximum number of AoAs to use for the additional paths from the set.


Proposal 3: Support up to M=8 UL-AoA values per additional path for UL-TDOA & multi-RTT.
5 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 
· Be requested by the LMF to include the strongest path measured per PRS/SRS resource
· Optionally include in the report, the additional path that corresponds to the strongest path, together with an indication of which path that is. 
6 LOS/NLOS indication reporting

The following agreement was made with regards to LOS/NLOS indication reporting
	Agreement:
· Support LoS/NLoS indicators which are reported to the LMF for DL and DL+UL positioning measurements taken at UE for UE-assisted positioning or UL and DL+UL measurements at the TRP for NG-RAN assisted positioning. 
· Reporting from UE is subject to UE capability
· Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
· FFS: Other kinds of positioning assistance data enhancements
· For LoS/NLoS detection method(s), there is no additional measurement IEs or assistance data outside of LoS/NloS indicator reporting (i.e., Option 6 from prior agreement).
· Note 1: No RAN4 requirements are expected for the LoS/NLoS indicators in RAN1’s understanding
· Note 2: LoS/NLoS indicators can be complementary to outlier rejection algorithms.

Agreement:
For LoS/NLoS indicators, a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1]. 
· FFS: the number of discrete values to be supported
· Note: This does not preclude using binary values only which is up to UE/TRP implementation
Note: Single-indicator means that one value in the interval [0, 1] is used for the LoS/NLoS indication



In the above agreement, there was an FFS for including additional kinds of positioning assistance data enhancement. We are not supportive at this late stage of the WI to consider additional assistance data beyond the LOS/NLOS flag that was already agreed to be specified. 
Proposal 5: Do not include additional assistance data beyond the LOS/NLOS indicators. 
· Single LOS/NLOS indicator is reported for each PRS resource in the assistance data. 
7 Conclusions
Overall, we make the following proposals on beneficial enhancements to be specified during NR Rel-17 WI phase:
Proposal 1: For both UEs and TRPs, remove the option of N=32.  Study further until next meeting between Options 1, 2 and 3.  

Proposal 2: Support the UE/gNB to include the per-path RSRP in TDOA & M-RTT Positioning for the earliest and each additional path. 
· Introduce a per-band UE capability for a UE to report path RSRP for additional paths

Proposal 3: Support up to M=8 UL-AoA values per additional path for UL-TDOA & multi-RTT.
Proposal 4: In the multipath reporting framework, a UE/gNB may 
· Be requested by the LMF to include the strongest path measured per PRS/SRS resource
· Optionally include in the report, the additional path that corresponds to the strongest path, together with an indication of which path that is. 

Proposal 5: Do not include additional assistance data beyond the LOS/NLOS indicators. 
· Single LOS/NLOS indicator is reported for each PRS resource in the assistance data. 
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UMI, 4 GHz, 100 MHz, Delay + power Reporting from UEs and gNBs 
RTT-only Positioning

4 additional paths	
50th pct	80th pct	90th pct	2.327	4.5970000000000004	6.0229999999999997	8 additional paths	
50th pct	80th pct	90th pct	2.1850000000000001	4.4489999999999998	5.8540000000000001	16 additional paths	
50th pct	80th pct	90th pct	1.982	4.2690000000000001	5.8070000000000004	32 additional paths	
50th pct	80th pct	90th pct	2.319	4.4939999999999998	5.9859999999999998	



57 cells

No additional paths	
50th pct	80th pct	90th pct	0.93	2.4929999999999999	3.7490000000000001	4 additional paths, 8 angles/path	
50th pct	80th pct	90th pct	1.0329999999999999	2.19	3.4350000000000001	8 additional paths, 8 angles/path	
50th pct	80th pct	90th pct	0.98299999999999998	2.1619999999999999	3.3039999999999998	16 additional paths, 8 angles/path	
50th pct	80th pct	90th pct	0.92700000000000005	2.1139999999999999	3.17	32 additional paths, 8 angles/path	
50th pct	80th pct	90th pct	1.0920000000000001	2.21	3.2429999999999999	



UMI, 4 GHz, 100 MHz, 8 additional paths

Delay only	
50th pct	80th pct	90th pct	2.2959999999999998	4.9450000000000003	6.2590000000000003	Delay + power	
50th pct	80th pct	90th pct	1.714	4.04	5.4720000000000004	



UMI, 4 GHz, 100 MHz, Earliest path with up to 8 angles
RTT+AoA Positioning

1 angle/path	
50th pct	80th pct	90th pct	1.034	2.3380000000000001	3.3340000000000001	2 angles/path	
50th pct	80th pct	90th pct	1.0449999999999999	2.3109999999999999	3.2519999999999998	4 angles/path	
50th pct	80th pct	90th pct	1.242	2.2189999999999999	3.1589999999999998	8 angles/path	
50th pct	80th pct	90th pct	0.96299999999999997	2.1619999999999999	3.254	
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