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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to NLOS/multipath migitation. Our companion contributions discuss our others views [2-6]. The objective from the WID is to    
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
Discussion  
LoS/NLoS identification methods
At RAN1#105 the following agreements were reach on LoS/NLoS identification methods. 
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.

One class of NLOS technquies which seek to identify the presence of NLOS and then react accordingly were discussed at length during the SI in Rel-17 and can be seen in the above agreements. There were two further division of the proposals: a) those that seek to enhance the reporting to enable LMF to determine NLOS status (e.g., more paths) and b) those that seek to add an NLOS/LOS ID or probability the specification. We next discuss both approaches below.  
If the UE/gNB reports measurements of the maximum power component (NLOS) as being LOS, then the accuracy of the overall position estimate is severely degraded. To avoid this situation, the gNB/TRP/LMF and/or UE should be able to distinguish between LOS and NLOS states and apply correction algorithms according to the detected state. The state statistics are either reported by the UE or estimated by the network using specific feedback from the UE regarding the channel impulse response (CIR) statistics such as delays of several relevant multipath components, channel PDP, mean delay spread, RMS delay spread, CIR kurtosis, etc. 
Observation 1: NLOS identification and reporting is applicable to both UE-based and UE-assisted positioning. The identification may be explicit, i.e. a NLOS indicator/probability is computed and reported by the UE in DL, or TRP in UL, or implicit, i.e. the LMF may request specific CIR metrics to be reported, for the former to compute a NLOS indication locally, e.g. CIR PDP, kurtosis, etc.
The UE/gNB/TRP/LMF may report a LOS indicator for each detected TRP-UE link. For example, the UE/LMF may compute per TRP, a NLOS/LOS indicator which may take either a binary value (signifying presence or absence of NLOS/LOS) or a real positive subunitary value, the latter signifying the probability of NLOS/LOS. For both UE-based and UE-assisted positioning, the LMF may signal a LOS/NLOS indicator for each TRP ID, and potentially for each TRP beam, and the UE may, in addition, attach to the current measurement report a refined LOS/NLOS indicator for each TRP. The LMF may use this indicator to select the positioning algorithm, to collect network statistics, etc. During the SI this technique was discussed and one criticism raised was the ability to design performance tests for the UE on this new metric of NLOS/LOS ID/probability. It is useful for the LMF to know what the UE believes about a particular link. 
[bookmark: _Hlk53725952]Proposal 1: Support LoS/NLoS indicator reporting from the UE/TRP to the LMF during at least UE-A positioning. Details of the indicator (e.g., binary/soft) can be FFS. 
At RAN1#105 different options were listed for how the LoS/NLoS ID could be computed by a UE/TRP in the case of using PHY processing/metrics. The prior agreement listed 6 options as shown here: 
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 this can be left fully up to implementation. Option 4 is already somehow supported/under discussion as part of the RSRP of the first path discussion for DL-AoD enhancement. Option 3 is unclear to us or seems to be already supported. The other options seem to be possible by implementation. There we propose to support only option 6 in the prior agreement. 
Proposal 2: How a UE/TRP determines a LoS/NLoS indicator is left to implementation (i.e., option 6 of prior agreement).  
Another method, is for the UE/TRP to report measurements of more than the main path component, and the LMF may use these measurements, potentially in corroboration with the LOS probability, to improve the location estimation accuracy. For example, the UE may report some information related to the PDP or additional information related to the multiple paths measured by the UE (e.g., angle and timing). This information is useful at the LMF to improve the positioning accuracy and also as a way to corroborate the LoS/NLoS indicator reported by the UE. 
Proposal 3: Support NLOS/multipath enhanced reporting from the UE/TRP to the LMF to enable the LMF to calculate the probability of NLOS.
Different proposals were discussed at the last meeting for what enhanced reporting should entail. In our view it is useful to report the angle, timing, and power from the TRP to the LMF and timing and power from the UE to LMF. 
Proposal 4: Support multipath reporting enhancements from TRP to LMF of angle, timing, and power for the additional N paths. FFS value of N. 
Proposal 5: Support multipath reporting enhancements from UE to LMF of relative timing of additional paths for N> 2 and the relative power of those paths.
For LOS/NLOS detection itself, a few methods can be considered at high level. First, there exist PHY layer signal processing algorithms for LOS detections relying on hypothesis testing, Bayesian inference or machine learning techniques. For example a UE can estimate CIR and declare if a channel link is LOS channel profile or NLOS channel profile. Criteria of channel profile evaluation will be a modem implementation issue as already discussed above. It may be a common method to be used in both DL and UL. Each detection result can be reported to LMF and can be shared with the other node. 
Another possible method is to use geographic information of measurement nodes, e.g. using fingerprinting-based methods. A location server knows about gNB deployment locations and can collect positioning measurements such as ToA, AoA/AoD, or UE orientation. While a location server processes the positioning measurements, it may be able to detect LOS and NLOS link for a service UE. Although the LOS detection at PHY modem may increase implementation complexity with channel estimations, LMF approaches would be compuatationally simplier to run. Therefore, RAN1 can consider LOS/NLOS detection methods computed in both PHY layer processing and LMF localization processing. More details are provided in the next section. 
Proposal 6: RAN1 to study LOS/NLOS identification methods computed in LMF localization processing.
[bookmark: _Hlk71352465]LoS/NLoS identification assistance information
In addition to LOS/NLOS identification methods, one useful way to improve LoS/NLoS detection accuracy is providing LoS/NLoS identification assistance information from LMF to gNB nodes/UE. We envision the assistance information can be used for purpose of 
· Improving PHY LoS/NLoS detection accuracy as prior information 
· Setting positioning measurement priority 
· Using the LoS/NLoS channel status for beam management (or channel estimation)

Through studies in SI/WI phases, measurements on LoS or NLoS status make significant performance difference impacting positioning accuracy. If aiming cm-level accuracy from positioning measurements, LoS information would be important and essential. We consider that LMF approaches would provide LoS/NLoS detection solutions with/without special RX hardware. 
As one implementation of LMF, LMF firstly collects positioning measurements such as RTT or AoA from multiple nodes, that are assumed to be measured at the first arrival path. Once LMF obtains the measurements, LMF can further process the information by applying an evaluation rule(s) to detect LoS/NLoS status. A triangular method can be considered as one example in Figure 1. Based on measurements of two paired gNB nodes and a target UE, if the measurements satisfies the sine rule condition below, then LMF can declare that it is LoS link. 





          
Figure 1: Triangular test for LoS/NLoS status evaluation
Observation 2: Based on LMF localization processing on a LoS/NLoS test, LMF can provide LoS/NLoS assistance information to gNB(s) or/and UE. A DL/UL receiver can refer to the assistance information for PHY processing of
· Improving PHY LoS/NLoS detection accuracy as prior information 
· Setting positioning measurement priority 
· Using the LoS/NLoS channel status for beam management (or channel estimation)

From the observation, discussion on signalling implementation can be followed. We think the assistance information needs to be implemented in both NRPPa and LPP, and a measurement node (gNB/UE) can respectively report LoS/NLoS status to LMF. A reason calling it “assistance information” is that LoS/NLoS status is regarded as a dynamic component in a wireless channel. The status analysed by LMF may be able to consider static deployment conditions, but it is hard to estimate such dynamic components. Therefore, corresponding to LoS/NLoS assistance information, LoS/NLoS status report can be implemented optionally, if a RX is capable to analyse channel impulse response.  PHY/L1 may still monitor the channel status analysis, and report it to LMF. Then, LMF can collect further evaluate the measurements.   


Observation 3: LoS/NLoS status is regarded as dynamic component in a wireless circumstance. Corresponding to LoS/NLoS assistance information, LoS/NLoS status report can be implemented optionally, if a RX is capable to analyse channel impulse response.  
Similar to the discussion in Section 2.1, we think the format of the assistance information/report can be defined with a few options. First, hard (binary) bit indication on LoS/NLoS can be considered. Another additional information is about quality metric on LoS/NLoS status, or probability-based report will be a similar implementation.
The scheme can be used for UE-based positioning as well. In this case, a UE can additionally use its orientation angle (, when applying the triangluar test if available. It still needs gNB AoA measurements and distances by setting up two cells, the measurements can be informed to a UE. The UE shares the status report after evaluating LoS/NLoS status with the gNBs.
Proposal 7: Introduce LoS/NLoS identification assistance information for both DL and UL channels from LMF to UE/gNB.
· Define both NRPPa and LPP messages
· Format of the assistance information/status report is FFS (i.e. hard bit indication, quality metric or probability)
· PHY/L1 can monitor CIR corresponding to the assistance information and report it back to LMF optionally. 
· Support the LoS/NLoS identification for both UE-based and UE-assisted positioning methods.
Additional angle domain measurements for DL and UL 
To further enhance positioning accuracy in Rel-17, e.g. in NLoS conditions, the utilization of angle domain difference measurements between AoA of DL PRS resources at the UE could be considered. Figure 5 provides an example illustration of a scenario where angle domain difference measurements could be useful. In the scenario the UE reports measurements on PRS resources #1 and #4. Since the PRS#4 is received on reflected path the UE assumed location differs from the actual one. The angle domain difference measurements (and reporting) between AoA of DL PRS resources could provide network more information on the potential LOS/NLOS paths for different DL PRS resources measured by the UE. Furthermore, the angle domain difference measurement (and reporting) can enable network to use information for enhanced positioning accuracy, for example in the presence of NLoS conditions as depicted in the example scenario. At RAN1#105 some companies proposed that this angle difference reporting could be used as another method to detect NLOS status. We support this being added to the specifications. 
[image: ]
[bookmark: _Ref61354921]Figure 5. Angle difference measurement of AoA for DL PRS resources.
Observation 4: To detect NLOS in Rel-17, angle domain difference measurements between AoA of DL PRS resources (based on Rx beams used to received the DL PRS) could be considered.
Proposal 8: Support relative angle measurements between Rx beams used by UE for reception of DL PRS resources in Rel-17 at least for NLoS/LoS detection and mitigation.
Path-specific measurements
In RAN#104e, RAN1 has discussed supporting of path-specific measurement especially for UL-AoA and RTOA. When a gNB measures given channel, the path contains multiple taps of LoS or NLoS, they are all regarded as useful information for positioning. Like additional paths information for RSTD, angles of multiple path tap can be measured technically. In RAN1#104bis, another agreement has been made regarding the first arrival path, but it mentioned the number of measurements can be multiple (i.e M > 1). We think it needs further clarification what can be multiple associated with the first arrival path, and we provide our views on the multiple path-specific reports in several aspects of gNB.
	RAN1# 104 Agreement:
NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AOA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
· FFS: Details of procedure for providing the assistance
FFS: Reference angle of expected AoA/ZoA

RAN1# 104bis Agreement:​
Reporting to LMF of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp is supported.



The same stamp means PRS resource allocated in a single slot. NRPPa defines time stamp indication with SFN and slot index as the table.
[image: ]
We assume the first arrival path is single between a point to a point regardless of directive signal reception. Once channel propagation between gNB and UE is constructed, a RX is supposed to find the first arrival path. 
However, the agreement leaves some ambiguity how the first path at a time stamp can be multiple (M>1). Our understanding on the agreement assumes a first arrival path at each beam direction at the receiver point of view. Therefore, in order to make multiple measurements associated with the first arrival path at a time stamp, a gNB needs to be capable of
· Multiple RX panel measurements : each panel measures the first path using different beam.  
· UL RX beam sweeping measurement in a slot : the first path is measured in time division manner 
RAN2/4 may need to further work on the multiple measurement of UL-AOA (AoA/ZoA) signalling and measurement capability, it would be good to clarify the current agreement on what measurement procedures RAN1 assumes associated with the first arrival path and corresponding to the same timestamp. Also, the clarification is also required for LMF understanding on how to use the multiple measurements for possible usecases.
Proposal 9: Further clarify and enhance the prior agreement of multiple measurements of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp by stating that:
· M is the number of UL-AoA (AoA/ZoA) measuremnets that a UL receiver can measure in the same time stamp.
· A UL receiver measures UL-AoA (AoA/ZoA) on a first arrival path at a measurement timing.
· Corresponding to one UL-AoA measurement, a UL receiver may be requested to report additional information such as ToA of the measured path or beamforming to LMF.
· Multiple measurements at a same time stamp are requested up to gNB measurement capability.
Conclusion
We made the following observations and proposals in this paper: 
Observation 1: NLOS identification and reporting is applicable to both UE-based and UE-assisted positioning. The identification may be explicit, i.e. a NLOS indicator/probability is computed and reported by the UE in DL, or TRP in UL, or implicit, i.e. the LMF may request specific CIR metrics to be reported, for the former to compute a NLOS indication locally, e.g. CIR PDP, kurtosis, etc.
Proposal 1: Support LoS/NLoS indicator reporting from the UE/TRP to the LMF during at least UE-A positioning. Details of the indicator (e.g., binary/soft) can be FFS. 
Proposal 2: How a UE/TRP determines a LoS/NLoS indicator is left to implementation (i.e., option 6 of prior agreement).  
Proposal 3: Support NLOS/multipath enhanced reporting from the UE/TRP to the LMF to enable the LMF to calculate the probability of NLOS.
Proposal 4: Support multipath reporting enhancements from TRP to LMF of angle, timing, and power for the additional N paths. FFS value of N. 
Proposal 5: Support multipath reporting enhancements from UE to LMF of relative timing of additional paths for N> 2 and the relative power of those paths.
Proposal 6: RAN1 to study LOS/NLOS identification methods computed in LMF localization processing.
Observation 2: Based on LMF localization processing on a LoS/NLoS test, LMF can provide LoS/NLoS assistance information to gNB(s) or/and UE. A DL/UL receiver can refer to the assistance information for PHY processing of
· Improving PHY LoS/NLoS detection accuracy as prior information 
· Setting positioning measurement priority 
· Using the LoS/NLoS channel status for beam management (or channel estimation)

Observation 3: LoS/NLoS status is regarded as dynamic component in a wireless circumstance. Corresponding to LoS/NLoS assistance information, LoS/NLoS status report can be implemented optionally, if a RX is capable to analyse channel impulse response.  
Proposal 7: Introduce LoS/NLoS identification assistance information for both DL and UL channels from LMF to UE/gNB.
· Define both NRPPa and LPP messages
· Format of the assistance information/status report is FFS (i.e. hard bit indication, quality metric or probability)
· PHY/L1 can monitor CIR corresponding to the assistance information and report it back to LMF optionally. 
· Support the LoS/NLoS identification for both UE-based and UE-assisted positioning methods.

Observation 4: To detect NLOS in Rel-17, angle domain difference measurements between AoA of DL PRS resources (based on Rx beams used to received the DL PRS) could be considered.
Proposal 8: Support relative angle measurements between Rx beams used by UE for reception of DL PRS resources in Rel-17 at least for NLoS/LoS detection and mitigation.
Proposal 9: Further clarify and enhance the prior agreement of multiple measurements of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp by stating that:
· M is the number of UL-AoA (AoA/ZoA) measuremnets that a UL receiver can measure in the same time stamp.
· A UL receiver measures UL-AoA (AoA/ZoA) on a first arrival path at a measurement timing.
· Corresponding to one UL-AoA measurement, a UL receiver may be requested to report additional information such as ToA of the measured path or beamforming to LMF.
· Multiple measurements at a same time stamp are requested up to gNB measurement capability.
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