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Introduction
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Rel-17 work item for NR positioning enhancement was completed from RAN1’s perspective in RAN#94e. However, there are still some remaining issues related to multipath/NLOS mitigation for positioning enhancement. At RAN1#107-e meeting, the following agreements and conclusions were achieved [1]. In this contribution, we discuss some remaining issues.
	Agreement: (RAN1#107-e)
Confirm the working assumption on UE-based LoS/NloS indicators option 1 with the following revision:
· Option 1: LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP, provided the LMF can give different values for Los/NLos indicators of different DL PRS resource of one TRP.
Agreement: (RAN1#107-e)
· Support the following two options of values for LoS/NLoS indicator reporting from UE/TRP: 
· Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1) 
· Hard values: [0, 1] 
· The values correspond to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS
Conclusion: (RAN1#107-e)
· Do not support LoS/NloS indicators for additional paths.
Conclusion: (RAN1#107-e)
LoS/NloS indicator dependency on Rx beam index is not introduced.
Agreement:(RAN1#107-e)
· For enhanced multipath reporting support N=8 for the value of maximum number of additional paths.
· Define a UE capability for the UE to report its supported value of maximum number of additional paths (no larger than 8)
Agreement:(RAN1#107-e)
· Support the LMF to request DL PRS-RSRPP together with timing measurement as part of DL-TDOA and multi-RTT reporting enhancements
· Note: This applies to the first path and also to additional paths. 
· Support the LMF to request UL SRS-RSRPP together with timing measurement as part of UL-TDOA and multi-RTT reporting enhancements
· Note: This applies to the first path and also to additional paths. 
Conclusion:(RAN1#107-e)
The criteria for reporting additional path is left to UE/TRP implementation.


Multipath power reporting
The reporting of multipath power and timing measurement from UE or TRP to LMF was agreed to be supported for DL-TDOA, UL-TDOA and Multi-RTT in RAN1#107-e meeting and DL-RSRPP was introduced in RAN1#106bis-e meeting as follows. 
	Agreement(RAN1#107-e):
· Support the LMF to request DL PRS-RSRPP together with timing measurement as part of DL-TDOA and multi-RTT reporting enhancements
· Note: This applies to the first path and also to additional paths. 
· Support the LMF to request UL SRS-RSRPP together with timing measurement as part of UL-TDOA and multi-RTT reporting enhancements
· Note: This applies to the first path and also to additional paths. 

Agreement (RAN1#106bis-e):
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary



[bookmark: OLE_LINK15][bookmark: OLE_LINK16]For the remaining FFS related to DL PRS-RSRPP reporting, we support the reporting of relative power of additional paths, which saves the overhead of transmission bits compared with absolute value reporting and makes it more convenient for the LMF to use advanced algorithms (e.g., AI/ML algorithm) to better match the measurements corresponding to the user location. For example, when Convolutional Neural Network (CNN) is used, the input parameters between the interval of [0,1] are more favorable for the convergence of the algorithm, and thus it is suitable to use relative power values. 

For supporting the reporting of relative power, which is also called differential reporting, there is need to first define the relative power for RSRPP, including the reference of the relative power [3]. As described in [4], it is preferable to use the power of the strongest path as the reference power. Namely, the reporting of the power of other paths is relative to the strongest path in the following form (both linear value and dB value can be used for the unit, and the linear value is used as an example for description):

Relative RSRPP of i-th path = (absolute RSRPP of i-th path) / (absolute RSRPP of strongest path)	    (1)

The above definition of relative RSRPP can be applied to the reporting of both UL SRS-RSRPP and DL PRS-RSRPP. There are multiple advantages to adopt above definition: a) the strongest power path can be more reliably detected, which can be reported with the measurement; b) the definition of relative power keeps consistent with the definition of the additional paths selecting threshold mentioned previously; and c) the definition limits the value of the relative power of the additional paths to be normalized between [0,1], which is beneficial for AI/ML processing. In addition, the absolute power value of the RSRP of the strongest path should also be reported, so that the absolute power of each path can be obtained when needed. In summary, it is preferable to report the relative value for DL PRS-RSRPP and UL SRS-RSRPP for additional paths and absolute value of RSRPP of the strongest path from UE or TRP to LMF.

Proposal 1: In Rel-17, support to report the relative value for DL PRS-RSRPP (or UL SRS-RSRPP) of additional paths and absolute value of RSRPP of the strongest path from UE (or TRP) to LMF.
LOS/NLOS indicator
The following agreements on LOS/NLOS indicator association were achieved in RAN1#106bis-e meeting [2].
	Agreement(RAN1#106bis-e):
· For UL-TDOA, UL-AoA and Multi-RTT one LoS/NLoS indicator can be associated with each UL RTOA, UL SRS RSRP, UL-AoA and/or gNB Rx-Tx time difference measurement, respectively, and reported by gNB for each TRP that performed measurements for a given UE
· For UL-TDOA, UL-AoA and Multi-RTT one LoS/NLoS indicator can be associated and reported by a TRP for a given UE
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]For DL-AoD and Multi-RTT one LoS/NLoS indicator can be associated with each DL PRS RSRP and/or UE Rx-Tx time difference measurement, respectively, and reported by UE for each TRP
· For DL-AoD and Multi-RTT one LoS/NLoS indicator can be associated with each TRP in the measurement report from the UE
· For DL-TDOA one LoS/NLoS indicator can be associated with each RSTD measurement performed with a target TRP and one LoS/NLoS indicator is associated with the RSTD measurement performed with a reference TRP
· For DL-TDOA one LoS/NLoS indicator can be associated with each target TRP and one LoS/NLoS indicator can be associated with the reference TRP in the measurement report


As seen from the above agreements, LoS/NLoS indicator can be associated with different measurements or TRPs for UE-assisted positioning. The latest RRC parameter [IosNlosIndicator] in higher layers parameter list missed the association relationship between LoS/NLoS indicator and TRPs [5]. Thus, it is recommended to add above agreement into the RRC parameter list as shown in the Appendix.
[bookmark: OLE_LINK1][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Another issue needs to be decided is the value range of LoS/NLoS indicators which are provided by LMF to UE for UE-based positioning, which is “FFS” in the latest RRC parameter list [5]. In our opinion, it is reasonable to set the range to be the same as that of UE-assisted positioning. The value range can be a soft value from 0 to 1 (in steps of 0.1) or a hard value 0 or 1.
[bookmark: OLE_LINK26]Proposal 2: Set the value range of LoS/NLoS indicators which are provided by LMF to UE for UE-based positioning to be the same as that of UE-assisted positioning.
Conclusion
In this contribution, we discuss the remaining issues related to multipath power reporting and LOS/NLOS indicator for positioning enhancement. We finally give the following proposals:
Proposal 1: In Rel-17, support to report the relative value for DL PRS-RSRPP (or UL SRS-RSRPP) of additional paths and absolute value of RSRPP of the strongest path from UE (or TRP) to LMF.
Proposal 2: Set the value range of LoS/NLoS indicators which are provided by LMF to UE for UE-based positioning to be the same as that of UE-assisted positioning.
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Appendix
IosNlosIndicator defined in R1-2112976 [5].
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Specification
	Comment

	NR_pos_enh
	Multipath/NLOS mitigation
	losNlosIndicator
	New
	This parameter is used for UE to report LoS/NLoS information for UE measurements (including RSTD, RSRP and UE Rx-Tx time difference) from UE to LMF. The values correspond to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.
	o   Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1)
o   Hard values: [0, 1]
 
	FFS: RAN2
	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. 
o Reporting from UE is subject to UE capability.

Agreement
·       Support the following two options of values for LoS/NLoS indicator reporting from UE/TRP:
o   Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1)
o   Hard values: [0, 1]
·       The values correspond to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS


Agreement(RAN1#106bis-e):
•  For DL-AoD and Multi-RTT one LoS/NLoS indicator can be associated with each DL PRS RSRP and/or UE Rx-Tx time difference measurement, respectively, and reported by UE for each TRP
•  For DL-AoD and Multi-RTT one LoS/NLoS indicator can be associated with each TRP in the measurement report from the UE
•  For DL-TDOA one LoS/NLoS indicator can be associated with each RSTD measurement performed with a target TRP and one LoS/NLoS indicator is associated with the RSTD measurement performed with a reference TRP
•  For DL-TDOA one LoS/NLoS indicator can be associated with each target TRP and one LoS/NLoS indicator can be associated with the reference TRP in the measurement report

	NR_pos_enh
	Multipath/NLOS mitigation
	 losNlosIndicator
	 New
	This parameter is used for gNB to report LoS/NLoS information for gNB measurements, including RTOA, UL RSRP, UL AOA, and gNB Rx-Tx time difference measurements for TRP from gNB to LMF. The values correspond to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS
	o   Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1)
o   Hard values: [0, 1]
 
	FFS: RAN3
	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. 
o Reporting from UE is subject to UE capability.

Agreement
·       Support the following two options of values for LoS/NLoS indicator reporting from UE/TRP:
o   Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1)
o   Hard values: [0, 1]
·       The values correspond to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS

Agreement(RAN1#106bis-e):
•  For UL-TDOA, UL-AoA and Multi-RTT one LoS/NLoS indicator can be associated with each UL RTOA, UL SRS RSRP, UL-AoA and/or gNB Rx-Tx time difference measurement, respectively, and reported by gNB for each TRP that performed measurements for a given UE
•  For UL-TDOA, UL-AoA and Multi-RTT one LoS/NLoS indicator can be associated and reported by a TRP for a given UE

	NR_pos_enh
	Multipath/NLOS mitigation
	 losNlosIndicator
	 New
	This parameter is used for LMF to include LoS/NLoS information for UE-based positioning. Indicators can be associated with either:
Option 1: Each DL PRS resource for each TRP (working assumption)
Option 2: Each TRP
	o   Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1)
o   Hard values: [0, 1]
	FFS: RAN2
	Agreement:
• Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
 
Agreeement:
For UE-based positioning, support the following options for LoS/NLoS indicators within positioning assistance data:
Option 1: LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP
Option 2: LMF associates UE-based LoS/NloS indicators with each TRP
Note: For option 1, one LoS/NloS indicator is associated with one DL-PRS resource

Agreement
Confirm the working assumption on UE-based LoS/NloS indicators option 1 with the following revision:
l Option 1: LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP, provided the LMF can give different values for Los/NLos indicators of different DL PRS resource of one TRP.
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