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In RAN1#106bis-e, the agreements regarding multipath mitigation  were made[1]. In this contribution, we discuss several design aspects related to the LOS indicator.
LOS indicator configuration
Granularity of LOS indicator
Related to granularity of the LOS indicator the following agreement was made in RAN1#106e.
	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


Moreover, the following proposal was made in the FL’s summary [2]: 
	Proposal 1.1.2
Support the following two options for LoS/NLoS indicator values: 
· 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 the feature of Los/NLOS indicator reporting (i.e., no differentiation between soft/hard values).
· UE reports supporting the report of either soft or hard values or both may advertise support of the feature in the UE capability signaling
· Note: UE is not mandated to support soft value. 


During RAN1#106b-e, whether the UE can return only hard values, i.e., 0 or 1, was discussed. Depending on UE capability and implementation of the LOS derivation algorithm, the UE may be able to return only hard values instead of soft values. Thus, the following proposal is made to support UE-capability based reporting of the LOS indicator :
Proposal 1: Depending on UE capability, the UE may return either hard or soft values
One of the concerns from the receiver side of the LOS indicator is that when only hard values are indicated for LOS likelihood, uncertainty may not be reflected by either 0 or 1. Being capable to return only hard values, the UE is forced to make 0 or 1 even though the UE may not be sure about the likelihood, i.e., the likelihood is 0.5, potentially causing misunderstandings at the network side. In that case, the UE should be given an option of NOT reporting the LOS indicator if the UE cannot determine the LOS indicator clearly.
Proposal 2: For UEs capable of returning hard values (0 or 1), the UE may not return the LOS indicator if the UE is not certain about the LOS likelihood.
Granularity dependent LOS indication
The following agreements and working assumptions were made in RAN1#106bis-e.
	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


For UE-based positioning, the LMF may associate the LOS indicator with each DL PRS resource for each TRP such that the UE can obtain the LOS indicators with more granularities. The following proposal is made to confirm the working assumption made during RAN1#106be.
Proposal 3: Confirm the working assumption, “LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP”
Whether the UE associates the LOS indicator with TRP or PRS resource can depend on the UE-capability. For example, it is more informative for the LMF to know whether TRP and UE is LOS or NLOS, i.e., hard value for the LOS. Use of soft values may be more suitable for LOS indication for each PRS resource.
Proposal 4: For the UE supporting hard and soft values, the UE associates LOS indicator with TRP and PRS resource, respectively.
LoS indication for DL-AoD positioning : dependence on Rx beam indication
The following agreements were made related to association between LOS indicator and measurement.
	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.


One of the concerns for LOS indication is reliability of the LOS indicator since the UE may determine the LOS indicator based on implementation or inconsistent measurements. Such inconsistency in measurements may lead to unreliable LOS indicators, degrading positioning accuracy. For DL-AoD positioning method, the Rx beam index can be indicated by the UE to notify the network that the same Rx beam is used to receive more than one PRS resources. An illustrative example shown in Figure 1 to show when an Rx beam index is indicated by the UE. 
[image: ]
[bookmark: _Ref86947440]Figure 1 UE reporting an RX beam index
When different Rx beams are used to receive each PRS resource and LOS indicator is derived, the value of the indicator may heavily depend on the spatial direction of Rx beams and RSRP obtained from the measurement. Thus depending on which direction the Rx beam is facing, LOS indicator may be biased, i.e., a high LOS indicator may be derived for a NLOS path.
Observation 1: Inconsistent LOS indicator values may be obtained when the Rx beam is not fixed at the UE
In addition, another meaningful comparison the network can perform is relative comparison among LOS indicators, i.e.., relative comparison of LOS indicators associated with PRS resources. However, relative comparison of LOS indicators among PRS resources cannot be achieved if Rx beam index is not fixed. 
For example, if LOS indicator associated with PRS resource #1 and PRS resource #2 is 0.7 and 0.2 using the same Rx beam, the network may be able to determine that compared to PRS resource #1, PRS #2 may have experienced LOS with more likelihood. However, if different Rx beams are used to receive PRS resource #1 and PRS resource #2, the network may not be able to determine relative likelihood since the UE was inconsistent with the use of Rx beams. Thus, the following observation is made. 
Observation 2: Relative comparison among LOS indicators associated with PRS resources cannot be achieved if the same Rx beam index is not used.
Thus, the following proposals are made related to the FFS point in the agreement, “FFS: Dependence of indication of a LOS/Nlos indicator on the presence of Rx beam index for DL-AoD.”
Proposal 5: For DL-AoD positioning, one LoS/NLoS indicator can be associated with each DL PRS RSRP if Rx beam index is indicated by the UE.
Proposal 6: For DL-AoD positioning, one LoS/NLoS indicator can be associated with each TRP in the measurement report from the UE if Rx beam index is indicated by the UE.
Conclusion.
In this contribution, the following observation and proposals are made.
Proposal 1: Depending on UE capability, the UE may return either hard or soft values
Proposal 2: For UEs capable of returning hard values (0 or 1), the UE may not return the LOS indicator if the UE is not certain about the LOS likelihood.
Proposal 3: Confirm the working assumption, “LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP”
Proposal 4: For the UE supporting hard and soft values, the UE associates LOS indicator with TRP and PRS resource, respectively.
Observation 1: Inconsistent LOS indicator values may be obtained when the Rx beam is not fixed at the UE
Observation 2: Relative comparison among LOS indicators associated with PRS resources cannot be achieved if the same Rx beam index is not used.
Proposal 5: For DL-AoD positioning, one LoS/NLoS indicator can be associated with each DL PRS RSRP if Rx beam index is indicated by the UE.
Proposal 6: For DL-AoD positioning, one LoS/NLoS indicator can be associated with each TRP in the measurement report from the UE if Rx beam index is indicated by the UE.
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