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Introduction
In 3GPP RAN1#106e, some agreements about the enhancement of NLOS mitigation and multi-path reporting have been reached. There are still some remaining issues to be addressed. In this contribution, we provide our view on those remaining issues. 

NLOS Identification
In RAN1#105-e [1], the following agreement was made on NLOS identification:
	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



In RAN1#106-e [2], the LoS/NLoS indicators reporting was discussed and the following agreement was made
	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.



One of the remaining issue is whether the LoS/NLoS indicators should be binary values or soft values within [0, 1]. Some companies’ concern is that different NLoS detection methods will generate different LoS/NLoS probabilities for the same channel. 
It is more complicated for reporting only the hard binary value indicator considering the different algorithms may have different criterions. For example, one channel/measurement is detected with LOS probability 0.4 with an algorithm, which is likely to be categorized as NLOS channel. However, by another algorithm, the same channel/measurement may be detected with the result of LOS probability 0.6, which is likely to be categorized as LOS. In this case, how should a UE/TRP report the binary indicator, 0 or 1? 
Actually, different methods that generate different LoS/NLoS probabilities do not affect the positioning accuracy significantly. For the positioning of different UEs, it is not necessary to align the NLoS detection methods since the reported LoS/NLoS indicators will not be compared among different UEs for the UE assisted case. From the LMF side, what is more important is the LoS probabilities of different measurements of the same UE, and how many quantization steps are needed for a UE/TRP to label the links as to the likelihood of being LOS. Accordingly, different weight factors can be considered during the location fix procedures.
We think that providing 4 quantization steps with 2 bits should be a good compromise between the overhead and the overall benefit in terms of accuracy.
Proposal 1:  The LoS/NLoS indicator should be reported with a soft value indicated by 2 bits.

A follow-up discussion is on whether the LoS/NLoS status should be per TRP/UE or per PRS/SRS resource. Normally, there is only a single link status between a TRP and a UE. Even if the TRP/UE may estimate different Los/NLoS status from different PRS/SRS resources, we would prefer to let TRP/UE merge all the results to generate a single value. This would be easier if the PRS/SRS are received using different Rx TEG, and the report involves path measurements.
In addition, since the LoS/NLoS status can also be provided in the assistance data for UE-based positioning, a unified solution of single value per TRP/UE is preferred.
Proposal 2:  Single LoS/NLoS indicator should be associated with the TRP for UE-assisted and associated with the UE for network-assisted.
Note: This means that the consolidation algorithm with measurements from different resources is up to UE/TRP.

Multi-path reporting enhancement
UE multi-path reporting for DL-AoD
In RAN1#105-e [1], the following agreements were made on multi-path enhancement:
	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).


For DL-AoD, the path specific strength (path RSRP) measurement can also provide additional information useful to identify the angle information for multiple paths, if different paths can be differentiated in the time domain (different path windows).
In addition, given that different paths may arrive at UE in different directions (DL-AoA), different Rx beam index may be needed.
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Figure 1 Multi-path DL-AoD with a reflector/scatterer
The most ideal case would be that UE reporting what is shown in the following, where each Rx beam is associated with a path, and different path powers for the path is measured across PRS resources. In addition, the additional delay for the additional paths relative to the first path can also be reported.
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Proposal 3:  Extend the number of paths for a measurement to 8 and support reporting for each path
· TOA information defined relative to the first path (only for the additional paths)
· A Rx beam index
· A list of path powers measured from different PRS resources for the path measured via the Rx beam indicated by the Rx beam index
Proposal 4:  Path RSRP for additional path should be defined the same as the first path. 

UE/TRP multi-path reporting for DL-TDOA, UL-TDOA and multi-RTT
In RAN1#106-e [2], the following agreement was made on multi-path reporting
	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



One of the remaining issues is to define the maximum number of the additional path. Considering the tradeoff between the signaling overhead and system performance, information of 8 additional paths is enough for the LMF to obtain the general profile of the channel between UE and gNBs. 
Proposal 5:  Support up to 8 additional paths information reporting for both UE and TRP. 
Another issue is whether to report the path power of the additional path. Reporting the path power provides the information of channel conditions, e.g., weak LOS channel or strong LOS channel, to the LMF. According to the channel conditions, the LMF could adjust the positioning algorithms. For example, based on the power of different paths, LMF could calculate general K-factor of the channel. Intuitively, higher K-factor will lead to better accuracy of the first path. Then, based on the K-factor, LMF could adjust the weight factors of different measurements during the location fix procedure. 
Proposal 6:  Support power report for the UL-TDOA, DL-TDOA and Multi-RTT positioning methods of the following two options:
Option 1: Support relative power reporting only for the additional path.
Option 2: Support absolute power reporting for both the first path and additional path.

Conclusion
In this contribution, we have the following proposals regarding NLOS/multipath mitigation for positioning enhancement in Rel-17.
Proposal 1:  The LoS/NLoS indicator should be reported with a soft value indicated by 2 bits.
Proposal 2:  Single LoS/NLoS indicator should be associated with the TRP for UE-assisted and associated with the UE for network-assisted.
Note: This means that the consolidation algorithm with measurements from different resources is up to UE/TRP.
Proposal 3:  Extend the number of paths for a measurement to 8 and support reporting for each path
· TOA information defined relative to the first path (only for the additional paths)
· A Rx beam index
· A list of path powers measured from different PRS resources for the path measured via the Rx beam indicated by the Rx beam index
Proposal 4:  Path RSRP for additional path should be defined the same as the first path. 
Proposal 5:  Support up to 8 additional paths information reporting for both UE and TRP. 
Proposal 6:  Support power report for the UL-TDOA, DL-TDOA and Multi-RTT positioning methods of the following two options:
Option 1: Support relative power reporting only for the additional path.
Option 2: Support absolute power reporting for both the first path and additional path.
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