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1 Introduction
In RAN#90-e [1], the approved WI for Rel-17 positioning enhancement includes enhancement for DL-AoD positioning method for better angle-based positioning estimation. RAN1 started work on this WI in RAN1#105-e. So far following are the agreements relevent to this contribution,

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

Agreement:
· Study multipath reporting enhancements for DL, UL, and DL+UL positioning to enable LoS/NLoS/multipath identification and mitigation at the LMF for UE-assisted positioning. 
· FFS: Details of the enhancements.

Agreement:
For multipath reporting enhancements, study reporting from TRP to LMF, angle, timing, phase (of additional paths) and power for the additional N paths (value of N is part of the study).
· Note: Companies are not obligated to provide inputs for all parameters in their study

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).


Agreement:
· Study whether to support up to N>2 additional paths in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT,
· FFS: Exact value of N. 
· FFS: reporting the power of the paths in addition to the timing. 
· FFS: LMF requesting additional M non-distinct paths corresponding to the first path.
· Note 1: This agreement applies to N additional paths (i.e., not including the “first” path).
· Note 2: Rel-16 supports N=2 already. 

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


This contribution provides the further deliberation and detailing on remaining aspects for multipath and/or NLOS mitigation for positioning method in Rel 17.

2 LOS/NLOS Soft Indicators
In last meeting, an agreement was made to study support the LOS/NLOS indicator. Two options are agreed for this viz Option 1: Binary (i.e., hard) value indicators and Option 2: Soft value indicators (i.e., [0,1]). 
The hard value of NLOS/LOS indicator helps in improving the positioning performance as compared to implementation-based method as shown in Error: Reference source not found. The results shown that in InF-SH scenarios, for PRS with 100 MHz and 200 MHz bandwidth reporting the state of the link from UE to LMF improves the positioning performance in comparison to implementation-based outlier detection method.
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Figure 1:Performance evaluation for LOS hard indicators and outlier detection method for InF-SH scenario.
Further, the soft value will increase the LOS detection performance further. The soft value of LOS/NLOS indicator  is very crucial for NLOS scenarios where the indicator can help in regularizing the measurements while estimating the position based on an optimization scheme. Therefore, we support both hard and soft value indication for NLOS mitigation.

Observation: Both hard and soft indicator of LOS is useful to improve the positioning performance.

Proposal-1: The indication of soft value in interval [0, 1] should be reported from UE to the LMF for all the positioning methods.

3 Multipath reporting enhancement
In NLOS scenarios, the individual measurements don’t provide the required positioning accuracy. In such cases, the UE or BS can estimate the multipath measurements and report it to the LMF which can combine these measurements with other information such as geometric, camera/LIDAR to yield a better performance in comparison to positioning based on NLOS measurements. The measurements includes angle, time and pawer for each path. For DL positioning, UE  should report RSRP, RTOA and UE-AoA for each additional path. Similarly for UL based positioning, gNB should report UL-AoA, RSRP and delay for each additional path. Further, we support that up to 16 additional paths should be reported from UE/gNB to the LMF for UE assisted or UE based positioning.   
 
[bookmark: __DdeLink__35533_2918308481]Proposal-2: For multipath mitigation, reporting of path specific RSRP, RTOA/TDOA and angle of arrival for both UL and DL based schemes for every SRS/PRS resource configured.

Proposal 3: For multipath mitigation, reporting of up to 16 additional paths should be supported for measurement reports from UE to LMF and from TRP to LMF.


4 Conclusion
 This contribution provides following observation and proposal,

Observation: Both hard and soft indicator of LOS is useful to improve the positioning performance.

Proposal 1: The indication of soft value in interval [0, 1] should be reported from UE to the LMF for all the positioning methods.

Proposal 2: For multipath mitigation,reporting of path specific RSRP, RTOA/TDOA and angle of arrival for both UL and DL based schemes for every SRS/PRS resource configured.

Proposal 3: For multipath mitigation , reporting of up to 16 additional paths should be supported for measurement reports from UE to LMF and from TRP to LMF.
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