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Introduction

The RAN WG1 agreed to study the enhancements of information reporting from UE and gNB that facilitate multipath/NLOS mitigation and specify the reporting formats for improving positioning accuracy. 
Two types of the enhancements for information reporting have been considered including the introduction of the LOS/NLOS indicator associated with the measurement and the extension of the additional path reporting to support new metrics (reported parameters) and increase of the total number of reported additional paths N (N > 2).
In this contribution we propose the values for step size reporting of the LOS/NLOS indicator and further considerations on the remaining details of its association with the measurements in case of NW-based and the DL PRS resources and /or TRP (as an assistance information) in case of the US-based positioning. 
For the additional path reporting, we provide our view on the additional path definition, path RSRP reporting for different positioning methods, and the maximum number of reported paths. 

Enhancements of Information Reporting from UE and gNB for Multipath/NLOS Mitigation
[bookmark: _Hlk53490318]LOS/NLOS Indicator Values
The reporting format of the LOS/NLOS indicator was discussed at the previous meeting and the following proposal has been captured in the FL’s summary document, [2]:
	FL’s proposal:
Supported LoS/NLoS indicator values are: 
· 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
· At most a single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values).
· FFS: Capability details



Based on the proposal above, the LOS/NLOS indicator can take one of the discrete values in the range [0, 1] with a discrete step size equal to 0.1. 
The reporting of “soft” values, where minimal resolution of 0.1 is supported and reporting of the “hard” values with a bitwise resolution are considered. 
The reporting of “soft” value enables reliability or likelihood signaling while the measured channel is the Line of Sight (LOS) channel with probability p or Non-Line of Sight (NLOS) channel with probability q = (1 - p). 
The reporting of “hard” value enables only two-state reporting which may be treated in two different ways. 
In the first interpretation, reporting of hard value equal to 1 identifies the LOS channel with probability p = 1 and NLOS channel with probability q = (1 – p) = 0. The reporting of hard values equal to 0 identifies the LOS channel with probability p = 0 and NLOS channel with probability q = (1 – p) = 1. Therefore, if it is defined as a part of the soft value reporting, it has a meaning of a high confidence case when the channel is purely LOS or NLOS channel.
In the second interpretation, the report resolution itself can be limited and the UE/LMF must report 0 or 1 value, while the channel state still cannot be clearly separated. 
Therefore, we believe that we need to distinguish between the “soft” value and “hard” value reporting, however, we prefer to keep a single UE capability for both cases. We believe that UE is already sufficiently flexible to identify either hard value or soft value reporting is supported, and the network will be informed what scheme has been selected eventually. 

Based on the provided considerations, we would like to support FL’s proposal with separation between the soft value and hard value reporting, but within a single UE capability introduced for this feature:


The supported LOS/NLOS indicator values are:
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
A single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values)

LOS/NLOS Indicator Association
The association of the LOS/NLOS indicator value with the positioning measurements was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
· 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
· 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
· FFS: Dependence of indication of a LOS/Nlos indicator on the presence of Rx beam index for DL-AoD
· FFS: Whether the above bullets apply to additional path measurements.



Two options for the LOS/NLOS indicator association with the positioning measurements have been supported. In the first option, the LOS/NLOS indicator is reported with each UL or DL measurement. In the second option, a common LOS/NLOS indicator is reported for all measurements for a given TRP. 
There are two aspects that still can be considered for further study, including the dependence of the LOS/NLOS indicator on the presence of RX beam index information for the DL-AOD positioning method and the clarification on whether the LOS/NLOS indicator signaling can be applied for the additional path measurements. 

LOS/NLOS Indicator Dependence on RX Beam Presence
The NR-DL-AoD-SignalMeasurementInformation IE is used by the target device to provide DL-AOD measurements to the location server as shown in Table 1. 

[bookmark: _Ref86658198]Table 1: NR-DL-AoD-SignalMeasurementInformation Element 
	




The target device performs DL PRS RSRP measurements for a given DL PRS resource ID and RX beam index. The reporting of RX beam index is mandatory if at least two DL PRS RSRP measurements from the same DL PRS resource set have been made with the same RX beam. Otherwise, the presence of RX beam index is optional. 

Even if some measurements of DL PRS RSRP have been made with the same RX beam index, the TX beam indexes used to transmit the DL PRS resources still can be different. Therefore, the channel conditions may vary sufficiently which affects the LOS/NLOS indicator. 
Based on that consideration, we do not see a clear dependence on indication of LOS/NLOS indicator on the presence of RX beam index for the DL-AOD positioning method. 

LOS/NLOS Indicator for Additional Paths
We believe that the LOS/NLOS classification is applied to the entire measured channel realization and not for the path of the channel impulse response. 
In our understanding, the LOS/NLOS indicator characterizes the case whether the first detected (arrival) path in the channel impulse response is essentially a LOS or NLOS path. The rest of the paths in the channel impulse response realization are considered (by definition) as the NLOS paths and no further signaling for these paths is required. 

Based on the provided considerations we have the following proposal:


The LOS/NLOS indicator is applied for the entire channel impulse response realization and characterizes the case whether the first detected (arrival) path is the LOS or NLOS path
The additional paths are considered (by definition) as the NLOS paths and no further signaling for these paths is required

In addition to the NW-based positioning, the reporting of the LOS/NLOS indicator for the US-based positioning was considered at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
· For UE-based positioning, support the following options for LoS/NLoS indicators within positioning assistance data: 
· Option 1 (Working assumption): 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



Two options for the LOS/NLOS indicator association of the LOS/NLOS indicator for the UE-based positioning have been considered.
In the first option the LOS/NLOS indicator is associated with each DL PRS resource for each TRP. The DL PRS resource can be transmitted in a given spatial boresight direction and therefore it may affect the LOS/NLOS channel conditions. As an example, for one boresight direction, the TRP can communicate to the UE using LOS link and for another boresight direction it can communicate through the NLOS link. Therefore, the link condition may be highly dependent on the beamforming settings, especially in FR2 band. 
In the second option the LOS/NLOS indicator is associated with each TRP and not dependent on the particular DL PRS resource. This can be also possible, and it implies that the channel response is measured for the entire spatial sector of the TRP using omni antenna pattern and not for the specific direction. 

Based on the provided considerations, we would like to support both options in the agreement above and have the following proposal:


For UE-based positioning support both options for the LOS/NLOS indicator reporting, including the following:
Option 1: LMF associates UE-based LOS/NLOS indicators with each DL PRS resource for each TRP
Note: in this option, the LOS/NLOS indicator is associated with one DL PRS resource
Option 2: LMF associates UE-based LOS/NLOS indicators with each TRP

Additional Path Reporting
Number of Additional Paths Reporting
The number of additional paths reporting was discussed at the previous meeting and the following proposal has been captured in the FL’ summary document, [2]:
	FL’s proposal:
For enhanced multipath reporting support one of the following options for the value of maximum number of additional paths:
· Option 1: N = 4 
· Option 2: N = 8



The previous agreement from the RAN WG1 #106-e meeting proposed four options for consideration:
	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



Based on the companies’ responses, it was agreed to down select the number of options to only two, including N = 4 and 8. The argument for reduction of the number of options was to support a smaller number of reported paths, since N = 16 and 32 do not provide meaningful performance gain compared to the N = 4 and 8. 

We do not see a clear justification to support the maximum number of additional paths substantially greater than N = 2. Therefore, we suggest increasing the maximum number of additional paths up to N = 4. 
Further increasing of the maximum number of additional paths can be discussed in the next releases, for example, to facilitate implementation of machine learning type of algorithms for positioning. 

Based on the provided considerations we have the following proposal:


For enhanced multipath reporting support option 1, where the maximum number of additional paths N is equal to 4

Additional Path Definition
The additional path definition was discussed at the previous meeting and the following proposal has been captured in the FL’s summary document, [1]:
	FL’s proposal:
Select one of the following options for additional N path reporting criteria at RAN1#107: 
· Option 1: UE/TRP reports the strongest paths as additional paths.
· Option 2: UE/TRP reports the N-paths within a defined time window relative to the first path
· Option 3: UE/TRP reports additional paths when the UE/TRP is uncertain that the first path is correct
· Option 4: UE/TRP reports additional paths which are above a power threshold
· Option 5: UE/TRP reporting of additional paths is left to implementation (i.e., Rel-16 behavior)



The proposal includes five options for the additional path definition, including the reporting of strongest paths, the N paths within the predefined time window, the paths with a power above a certain threshold, and the option where path definition is left up to implementation, which is basically referred to the Rel.16 behavior. Beyond that several companies proposed other options that were not included into the FL’s proposal above.
We believe that different implementations may assume different criteria for the additional path selection and the choice may be dependent on the positioning algorithm itself. We do not see how the group can converge on that issue, specifically considering several options already included into the list. In our understanding, supporting of multiple options will create unnecessary signaling overhead with no clear justification of the performance gain.

Based on the provided considerations, we suggest supporting of option 5, where the reporting of additional paths is left up to implementation. We have the following proposal:


Support option 5, where the selection of additional paths for UE/TRP reporting is left up to implementation (i.e., Rel-16 behavior)

Path RSRP Reporting
The path RSRP reporting for the first and additional paths was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	[bookmark: _Hlk85580282]Agreement:
Support reporting the path RSRP for the first path and for additional paths as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements.
· FFS: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
· FFS: Support of path RSRP for additional paths as part of DL-AoD. 



The agreement supports reporting of the path RSRP for the first and for additional paths as a part of the DL-TDOA, UL-TDOA, and Multi-RTT reporting enhancements. 

There are two aspects that still can be considered for further study, including the request from the LMF to the UE/TRP when the path RSRP for additional paths is desired to be reported and the possibility to support path RSRP reporting in case of the DL-AOD positioning method. 

LMF Request to Report Additional Paths
In our understanding, it is reasonable to distinguish between the reporting format where the relative time difference and the path quality indicator are reported only (i.e., Rel.16 like reporting, see Table 2) and the reporting format where in addition to these two fields the path RSRP is reported. 
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Also, we believe that LMF may specify in the request the maximum number of additional paths to be reported, which can be greater than two. The UE/TRP still can report a smaller number of additional paths if the actual number of detected paths is smaller than specified in the request. 

Based on the provided considerations, we have the following proposal:


For the DL-TDOA, UL-TDOA, and Multi-RTT positioning methods, support introducing a request from LMF to UE/TRP for additional path reporting using one of the following formats:
Format 1: For each additional path the relative time difference and the path quality indicator values are reported only (Rel.16 like reporting)
Format 2: For each additional path the relative time difference, the path quality indicator, and the path RSRP values are reported
For both formats, the LMF may request the maximum number of additional paths N to be reported
The maximum number of additional paths can be selected from the set N = {2, 4}

Additional Path RSRP for DL-AOD Positioning Method
The path RSRP reporting for additional paths in case of DL-AOD positioning method was left for further study. The reason is that the additional path reporting is not support in Rel.16 for the DL-AOD. 
In other AI 8.5.3, the first path RSRP reporting was introduced to enhance the DL-AOD reporting. Therefore, we believe it is reasonable to support the additional path RSRP reporting also for the DL-AOD positioning method. 

We have the following proposal:


For the DL-AOD positioning method, support introducing an additional path reporting using the following format:
For each additional path the relative time difference with respect to the first detected path, the path quality indicator, and the path RSRP values are reported
The LMF may request the maximum number of additional paths equal to N 
The maximum number of additional paths can be selected from the set N = {2, 4}

Conclusions
In this contribution, we proposed the information reporting formats for LOS/NLOS indicator and additional path reporting. In summary we have the following proposals:

Proposal 1:
The supported LOS/NLOS indicator values are:
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
A single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values)


Proposal 2:
The LOS/NLOS indicator is applied for the entire channel impulse response realization and characterizes the case whether the first detected (arrival) path is the LOS or NLOS path
The additional paths are considered (by definition) as the NLOS paths and no further signaling for these paths is required

Proposal 3:
For UE-based positioning support both options for the LOS/NLOS indicator reporting, including the following:
Option 1: LMF associates UE-based LOS/NLOS indicators with each DL PRS resource for each TRP
Note: in this option, the LOS/NLOS indicator is associated with one DL PRS resource
Option 2: LMF associates UE-based LOS/NLOS indicators with each TRP

Proposal 4:
For enhanced multipath reporting support option 1, where the maximum number of additional paths N is equal to 4

Proposal 5:
Support option 5, where the selection of additional paths for UE/TRP reporting is left up to implementation (i.e., Rel-16 behavior)

Proposal 6:
For the DL-TDOA, UL-TDOA, and Multi-RTT positioning methods, support introducing a request from LMF to UE/TRP for additional path reporting using one of the following formats:
Format 1: For each additional path the relative time difference and the path quality indicator values are reported only (Rel.16 like reporting)
Format 2: For each additional path the relative time difference, the path quality indicator, and the path RSRP values are reported
For both formats, the LMF may request the maximum number of additional paths equal to N 
The maximum number of additional paths can be selected from the set N = {2, 4}

Proposal 7:
For the DL-AOD positioning method, support introducing an additional path reporting using the following format:
For each additional path the relative time difference with respect to the first detected path, the path quality indicator, and the path RSRP values are reported
The LMF may request the maximum number of additional paths N to be reported
The maximum number of additional paths can be selected from the set N = {2, 4}
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