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Introduction
In the approved new WI for positioning enhancement [1], one direction is to study the enhancement of information reporting for multi-path or NLOS mitigation.· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

This contribution discusses the LOS/NLOS related aspects and potential enhancement.
Discussion on NLOS/LOS IndicationAgreement:
· 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#105e, the following agreement was reached:

The reported LOS/NLOS indicator can be either a hard decision (binary values) or a soft decision (real values such as the probability of the path being NLOS/LOS). The hard decision indicator relies on the performance of UE/TRP LOS/NLOS detection, and requires less complexity at the LMF. However, the soft decision can provide higher accuracy for positioning performance.  For example, consider the DL-TDOA positioning as shown in Figure 1. If a hard decision indication is reported, it does not take into account the likelihood of the NLOS detection. As shown in Figure 1, some TRP-UE paths are “almost” LOS (i.e., the reflectors are close to the UE or TRP), whereas others are very NLOS (i.e., the reflector are far from the UE/TRP). This shows that not all NLOS conditions are equal, and LMF has the advantage in selecting the reported measurements that are corresponding to better channel conditions. Thus, if a soft decision indication is reported, the reported RSTD measurements can be sorted according to a certain metric at the location server. The location server can choose some of the reported measurements, which are more likely to be LOS paths, or assign different weights to all the measurements according to the associated NLOS conditions for location calculation. 


 
[bookmark: _Ref70455710]Figure 1: DL-TDOA positioning
Considering the soft indication could accommodate the indication of hard decision, e.g., [0, 1]. It should be fine with all kinds of UE capability on the NLOS/LOS indication type.
Proposal 1: The NLOS/LOS indicator is a soft decision (i.e., [0,1]).
Uncertainty range indication for NLOS mitigation
In order to derive a reliable LOS/NLOS path to facilitate the NLOS mitigation, the uncertainty range of the first arrival LOS path could be indicated to UE/TRP if such information could be derived e.g., at LMF. Such uncertainty range could be represented by a time window formation. For example, the UE can be configured with a timing window per TRP for searching the DL-PRS signal corresponding to first arrival LOS path. The configuration of the search window requires a priori rough knowledge of the UE location at the LMF. From signaling perspective, this method is similar to the configuration of nr-DL-PRS-ExpectedRSTD. The timing window approach can be configured for both and the UE and TRP, and for both timing based and angle based positioning methods. Given the timing window, the UE/TRP can make measurements for positioning based on paths that arrive within the window.
Proposal 2: Support the indication of the uncertainty range of the first arrival LOS path to UE/TRP.
NLOS Detection Methods
In RAN1#105e meeting, the following agreement was approved regarding on the NLOS detection method:
	Agreement:
As part of studying LoS/NLoS information reporting, study at least the following options for information to enable/assist LoS/NLoS detection: 
· Option 1: Polarization information reporting from UE/gNB to LMF. 
· Option 2: Coherence bandwidth information reporting from UE/gNB to LMF. 
· Option 3: Propagation time difference information reporting from UE/gNB to LMF. 
· Option 4: RSRP reporting from UE/gNB to LMF with finer granularity
· Option 5: Ricean factor and the variance of Channel Frequency Response (CFR) information reporting from UE/gNB to LMF
· Option 6: No specification impact outside of LoS/NLoS reporting
Note: Companies are encouraged to identify differences in information reporting and any performance gains compared with multipath information reporting


In our view, each NLOS detection method proposed in literature has both advantages and disadvantages. It is not desirable for specification to adopt any one the proposed detection method.  Thus, we prefer Option 6, i.e., no specification impact outside of LoS/NLoS reporting. However, the NLOS/LOS criterion may not purely be left to UE implementation, e.g., the LOS/NLOS criterion could be the probability of being LOS (something measureable), with the details of how to compute this probability left up to the UE. 
Proposal 3: For LOS/NLOS information reporting, adopt option 6, i.e., there is no specification impact outside of LoS/NLoS reporting.
Conclusion
This contribution discusses the LOS/NLOS related aspects and potential enhancement. Observations and proposals are summarized as follows: 
Proposal 1: The NLOS/LOS indicator is a soft decision (i.e., [0,1]).
Proposal 2: Support the indication of the uncertainty range of the first arrival LOS path to UE/TRP.
Proposal 3: For LOS/NLOS information reporting, adopt option 6, i.e., there is no specification impact outside of LoS/NLoS reporting.
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