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Introduction
The updated WID for NR positioning enhancements  includes the following objective
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
This contribution is towards the above objective. In this contribution, we discuss the remaining issues to be closed regarding multipath/NLOS mitigation.  

Resolving the issue of conflicting LOS/NLOS identification at the TRP and the UE 
We have seen from previous discussions the importance of first path in detecting NLOS links. The first path can be missed due to using an FFT window which are typically used for communication purposes also being used for computing CIR for positioning purposes. It is important to ensure that right CIR is used in doing NLOS detection using CIR peaks.  
Fig.7 shows a NLOS impulse response where the start of impulse response, the first path falls within the FFT window. However, Fig.8 shows the case when the first path is missed as it may fall out of the FFT window. This can happen when a FFT window is placed to capture maximum energy of an impulse response, which is typically the case while placing FFT windows for communication purposes. Higher numerologies can be more prone to such issue as the length of cyclic prefix shrinks while the geometries of scenarios and the corresponding time of arrival delay remains same. 
[image: ]
Figure 4   A typical CIR where the first path is included within the cyclic prefix. A NLOS link will be correctly detected as first peak falls within the FFT window.
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Figure 5  A CIR where first path is  missed due to wrong placement of FFT window. In this case a NLOS channel will be detected as LOS channel. This can happen when the FFT windows are placed in order to capture maximum energy within the window.

[bookmark: _Toc95513123][bookmark: _Toc79145615]Positioning may require different FFT window placement (symbol timing estimation) than typically used for communication depending on the scenario for channel impulse response based LOS/NLOS detection. 
[bookmark: _Toc95513124]RSTD windows typically use distance estimates based on timing advance. The timing advance values are computed using FFT windows used for communication purposes. Hence RSTD window is not enough to capture CIR enriched with information required for LOS/NLOS detection. 
[bookmark: _Toc95513125]It is important to ensure that CIR used in NLOS detection is not missing the first peak. 
[bookmark: _Toc79145616][bookmark: _Toc95513126]In higher numerologies, cyclic prefix shrinks but delays in channel remains same. Hence, it is more probable to miss the first path in higher numerologies.
When the reciprocity principle holds, a CIR computed by the UE in DL and a CIR computed by a TRP in UL should ideally match. This property can be used by LMF to validate the CIRs and detect errors caused by an incorrectly placed FFT window.
[bookmark: _Toc79145617][bookmark: _Toc95513127]Channel reciprocity between the network and UE can be used for avoiding mis-detection of the first CIR/PDP peak.
A consequence of the preceeding observations,  corroboration of the CIRs at the two ends (Network in UL, UE in DL) based on the reciprocity principle can improve the reliability of a NLOS detector and hence the position estimation. One option is that LMF compares the complete CIRs obtained by the UE and TRP respectively, but then of course these CIRs must be signalled to LMF. Alternatively, the comparison can be done based on rich multipath reporting from the UE and TRP.
[bookmark: _Toc79145618][bookmark: _Toc95513128]Rich multipath reporting in both UL and DL can be used by LMF for validation and to avoid mis-detection of LOS/NLOS links.

Proposal 1 [bookmark: _Toc79065530][bookmark: _Toc95763609]The LMF can provide the UE/TRP with notifications that the LOS/NLOS estimate are conflicting

Proposal 2 [bookmark: _Toc95763610]Upon detecting conflict, LMF can ask UE and gNB to report a few settings while collecting measurements. One such setting can be FFT window size and placement.

Proposal 3 [bookmark: _Toc95763611]The LMF can provide a configuration for FFT window placement or alternatively provide an indication that a reconfiguration is needed.

Correction to 38.214
In 38.214,  path RSRP (DL PRS RSRPP) is not included in the list of measurement for which the UE can report line of sight status. Since PRS RSRPP is now agreed as part of the methods for which LOS/NLOS indication is supported, the following TP is proposed:

TP 3.1, 38.214:
	The UE may be requested, subject to UE capability, to report LoS/NLoS indicator(s) via higher layer parameter [losNlosIndicator-Request]. The UE can report LoS/NLoS indicator(s) via higher layer parameter [losNlosIndicator] associated with each DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, and UE Rx-Tx time difference measurements. The UE can report LoS/NLoS indicator(s) via higher layer parameter [losNlosIndicator] associated with each dl-PRS-ID in a measurement report. For the LoS/NLoS indicator(s) associated with DL RSTD, the UE may report one indicator associated with the dl-PRS-ID indicated by higher layer parameter dl-PRS-ReferenceInfo and one indicator associated with the dl-PRS-ID of the DL RSTD measurement. A UE may be provided with LoS/NLoS indicator(s) via higher layer parameter [losNlosIndicator], and it may be associated with each DL PRS resource of each configured dl-PRS-ID or may be associated with each configured dl-PRS-ID. The values of the higher layer parameter [losNlosIndicator] may be soft values ([0, 0.1, …, 0.9, 1]) or hard values ([0, 1]) with the values corresponding to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.




[bookmark: _Toc95763612]Endorse TP 3.1 for  38.214.

Similarly, DL PRS RSRPP should be added to the list of measurements for which  the UE may be configured to report one or more measurement instances, each with its own timestamp in a single measurement report: 



TP 3.2, 38.214:
	The UE may be configured to report one or more measurement instances, each with its own timestamp, on DL RSTD, DL PRS-RSRP, DL PRS-RSRPP and/or UE Rx-Tx time difference measurements, in a single measurement report. 




[bookmark: _Toc95763613]Endorse TP 3.2 for  38.214.

Conclusion
  In the previous sections we made the following observations: 
Observation 1	Positioning may require different FFT window placement (symbol timing estimation) than typically used for communication depending on the scenario for channel impulse response based LOS/NLOS detection.
Observation 2	RSTD windows typically use distance estimates based on timing advance. The timing advance values are computed using FFT windows used for communication purposes. Hence RSTD window is not enough to capture CIR enriched with information required for LOS/NLOS detection.
Observation 3	It is important to ensure that CIR used in NLOS detection is not missing the first peak.
Observation 4	In higher numerologies, cyclic prefix shrinks but delays in channel remains same. Hence, it is more probable to miss the first path in higher numerologies.
Observation 5	Channel reciprocity between the network and UE can be used for avoiding mis-detection of the first CIR/PDP peak.
Observation 6	Rich multipath reporting in both UL and DL can be used by LMF for validation and to avoid mis-detection of LOS/NLOS links.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The LMF can provide the UE/TRP with notifications that the LOS/NLOS estimate are conflicting
Proposal 2	Upon detecting conflict, LMF can ask UE and gNB to report a few settings while collecting measurements. One such setting can be FFT window size and placement.
Proposal 3	The LMF can provide a configuration for FFT window placement or alternatively provide an indication that a reconfiguration is needed.
Proposal 4	Endorse TP 3.1 for  38.214.
Proposal 5	Endorse TP 3.2 for  38.214.
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