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Introduction
In RAN#91, the following objective in the Rel-17 positioning enhancement WI was approved:
	· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]



In 3GPP RAN1#105e [2], some agreements were made to further study the enhancements of multipath and NLOS mitigation, including methods and reporting. In this contribution, we continue to provide our views on enhancements of multipath and NLOS mitigation.

NLOS Identification
In RAN1#105e [2], the following agreement was made on NLOS identification:
	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


NLOS Identifications
NLOS detection is an important method to improve the positioning accuracy. By tagging the measurements with LOS/NLOS indicators, the LMF would have the knowledge of LOS/NLOS status of the measurements. By utilizing the LOS/NLOS measurements correctly, for example utilizing the LOS measurements with higher probability, the positioning accuracy can be improved. In addition, NLOS identification has various benefits from the following aspects:
· Useful for the reference device: In practice, to calibrate/compensate the system imperfect factors, deploying a reference device with known position is an effective method. However, the calibration accuracy is highly related to the channel conditions, i.e., the reference device works well under the LOS condition. Although the position of the reference device is known and the reference device can be deployed intentionally at specific location, it is hard to guarantee that the reference device always has LOS paths to all the gNBs due to environmental structure or network deployment. Under the NLOS environment, the reference device would work in failure and result in the deterioration of the positioning accuracy. NLOS identification is an effective method to improve the calibration performance based on the reference device, especially when the reference device is under the NLOS environment.
· Useful for NLOS dominate scenario: In the NLOS dominant scenarios, for example, InF-DH, and the positioning performance would deteriorate significantly due to the NLOS propagation. When there are only limited LOS measurements and the majority of the measurements are corresponding to the NLOS paths. The traditional implementational methods, such as RAIM and RANSAC algorithm, cannot perform effectively to obtain the precise UE location. However, by NLOS identification, the LOS and NLOS measurements can be identified and based on the correctly identified LOS measurements, the positioning accuracy can be guaranteed.
· Useful for Computation complexity:  For the implementation methods, they require enough redundant measurement results from different gNBs and have to try all the different combinations of the measurements from different gNBs to improve positioning accuracy. For example, in the InF-SH and InF-DH scenarios, there are 18 gNBs in total. It means for each UE,  location fixes needs to executed, which may incur heavy burden for the LMF when there are a large number of UEs. However, with the NLOS identification, the LMF could localize the UE based on primarily the LOS measurements rather than trying all the chances to find the best UE location. The computation efficiency of the LMF could be improved.
· Useful for calculating the location uncertainty: Location service not only requires the location estimate, but also requires the location uncertainty. In some indoor scenarios, when the number of LOS TRPs are not sufficient, in order to provide a location fix in time, LMF may have to add additional NLOS TRPs, but could label the location fix with the calculated uncertainty using e.g. a priori information from the NLOS bias statistics for the indoor environment.
Remark1: Some companies have concerns that the LOS/NLOS identification would flag those links are not useful, since they are determined as NLOS. However, this is not the case how the LOS/NLOS identification technique is utilized. In practice, by the LOS/NLOS flag reporting, we can obtain the information how likely one link is an LOS link or an NLOS link, i.e., the probability that the first path is LOS or NLOS. Low LOS probability does not exclude this link but lowers the priority of utilizing this link or labels this link with a lower weight factor. In other word, all the links could be utilized during the location fix but with different priorities. Without LOS/NLOS flag reporting, all the links would be of equal importance. It is obviously not an optimal way to utilizing all the measurements with different LOS/NLOS probabilities.
Remark2: Some other companies claim that the implementational methods, such as RAIM/RANSAC algorithm performs better than the LOS/NLOS identification methods. However, RAIM/RANSAC methods should not be opposite to each other. Actually, they are complementary to each other. For example, in the NLOS dominant scenario, there are limited LOS measurements and the RAIM/RANSAC may not perform well, but with the LOS/NLOS identification methods, the LOS measurements, i.e. links associated with higher LOS probability can be extracted. In another case, even if there are abundant LOS measurements, the LOS/NLOS identification can be utilized to lower the complexity of the RAIM/RANSAC methods.
Based on the above various benefits and analysis, we propose that the LOS/NLOS indicator should be reported along with the measurement results for DL, UL and DL+UL positioning methods.
Proposal 1:  Support UE to report the LOS/NLOS indicators of the measurement results for the DL and DL+UL positioning methods.
Proposal 2:  Support gNB to report the LOS/NLOS indicators of the measurement results for the UL and DL+UL positioning methods.

LOS/NLOS indicator reporting
It is noted that there are two options for reporting the 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


For option 1, it requires the UE or the gNB to perform the hard decision of whether the measurement is LOS or NLOS. In this case, some information would be lost and LMF cannot distinguish the LOS likelihood of different measurements that both labeled LOS. For example, UE reports two RSTD measurements RSTD1 and RSTD2. During the NLOS identification procedures, the LOS probability of RSTD1 is 0.51 and that of RSTD2 is 0.99. Since only the hard decision results can be reported, then the UE would label RSTD1 and RSTD2 both as LOS measurements. In this case, the information that RSTD2 actually has higher LOS probability than RSTD1 is lost. After reporting, the LMF cannot decides which measurement has higher probability and can only treat them as equal LOS probability. In addition, labeling the measurements as NLOS, i.e., LOS probability equals to 0, was actually saying that these measurements are not useful. The LMF can only set these measurements with equally low priority despite of the fact that some information of the NLOS measurements might be used.
For the option 2, it is more reasonable than option1. For the NLOS detection methods, such as that proposed in [1], the output is typically the LOS probability or NLOS probability of channel. Due to the various factors, such as noise, interference and NLOS paths, it is hard to decide whether a channel is LOS or NLOS with 100%. There are benefits from two aspects by reporting the soft value indicators. On one hand, reporting the soft value, for example the LOS probability, can let the LMF decide whether a channel should be classified as LOS or NLOS. In addition, the LMF can compare the LOS probabilities and use the measurements primarily with higher LOS probabilities even when all the measurements have high LOS probabilities. On the other hand, with the soft value indicators, during the positioning algorithm, the LMF could label the measurements with different weight factors according to the LOS/NLOS probabilities, such as the weighted maximum likely estimation (MLE). In both cases, the positioning accuracy can be improved. Hence, we think the LOS/NLOS indicators with soft values between 0 and 1.
Proposal 3:  Support the LOS/NLOS indicator is reported with soft value between 0 and 1.

LOS/NLOS identification methods
In RAN1#105e [2], it was agreed to further study the following options of information reporting to enable LoS/NLoS detection:
	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


From option 1 to option 5, it is noted that the UE or gNB needs to report some other information in addition to the measurement results to enable the LMF perform the LOS/NLOS detections. One concern is that this may lead to the increase of the system overhead but without clear benefits. The burden of the LMF would also be increased since each positioning procedures involves additional LOS/NLOS identification of several channels. Most of all, we think there is no obvious differences of where the LOS/NLOS detection methods is performed. The UE or the gNB could perform the their respective algorithms and only report the detection results. With more original information about the channel, the accuracy may be even high when it is the UE/gNB rather than the LMF to do the detection. Option 6 should be supported in our view.
Proposal 4:  The LOS/NLOS identification methods are left up UE/gNB implementation.
Positioning Accuracy Evaluation
To demonstrate the advantages of LOS/NLOS identification under limited number of gNBs, we evaluate the positioning accuracy based on the modified InF-SH scenario. In the simulation, we reduced the number of gNB  from 18 to 6 as the following:
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Based on the above scenario, the positioning accuracy of 50%, 67%, 80%, 90% and 95% is given in table
Table 1: Positioning Accuracy
	Case
	50%
	67%
	80%
	90%
	95%

	Modified InF-SH,  UL-TDOA, without LOS detection
	Central UE
	0.235
	1.736
	7.323
	16.219
	26.422

	
	All UE
	0.239
	1.872
	7.982
	18.223
	28.808

	Modified InF-SH,  UL-TDOA, with Outlier Rejection
	Central UE
	0.084
	0.178
	0.772
	9.017
	17.724

	
	All UE
	0.088
	0.195
	0.731
	10.801
	20.101

	Modified InF-SH,  UL-TDOA, with LOS detection
	Central UE
	0.096
	0.173
	0.358
	0.916
	2.089

	
	All UE
	0.098
	0.187
	0.374
	0.991
	3.354

	Modified InF-SH,  UL-TDOA, ideal LOS detection
	Central UE
	0.091
	0.166
	0.348
	0.879
	1.955

	
	All UE
	0.092
	0.173
	0.355
	0.914
	2.55


The CDF curves are presented in the following figure:
[image: ]
Figure 1: CDF curves of central UE
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Figure 2: CDF curves of all UE
From the above evaluation results, it is observed that with limited gNBs, the performance of the outlier rejection method is restricted due to the insufficient measurements. However, the proposed LOS/NLOS identification method [1] significantly improves the positioning accuracy, which is close to that of the ideal LOS/NLOS detection.
Observation 1: From the evaluation results, we observe that with the limited number of gNBs, the performance of the Outlier Rejection methods is restricted whereas the NLOS identification could significantly improve the positioning accuracy.

Multi-path reporting
TRP multi-path reporting
In RAN1#105e [2], the following agreement was made on TRP multi-path enhancement:
	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


For additional paths for UL-AoA, the large antenna spacing should also be valid, and there is no such need to put restriction on the additional paths.
Proposal 5:  Support the same number of UL-AoA measurements per additional path.
When additional paths measurement is introduced, the path strength (or equivalently path RSRP) can also be used to describe the path profile.
A general picture of path-specific reporting (first path and additional paths) should target a strong association between temporal measurement (UL RTOA, gNB Rx – Tx time difference), spatial measurement (UL AoA), and power measurement (path-specific RSRP) that correspond to the same path. However, the current NRPPa specification provided a loose association between measurements, via e.g. time stamp, with UL RTOA and gNB Rx – Tx time difference measurements having explicit additional path information. It is unclear how to associate the other measurements on a per-path basis, and therefore, an LS to RAN3 would be necessary.
Rel-16 only supports 2 additional paths for TOA measurements, which may not be enough particularly for the indoor deployment. We suggest to extend the number of paths to eight, given a rich path information may be supported in this release. The rich path information may include TOA, path strength(s), AoA(s), Rx beam.
Proposal 6:  Extend the number of paths for a TRP measurement to 8, in which each path may be associated with its
· TOA
· Single value for the path strength (Path RSRP)
· Single or Multiple AoA values 

UE multi-path reporting for DL-AoD
In RAN1#105e [2], the following agreement was made on UE multi-path enhancement for DL-AoD:
	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).


For DL-AoD, the path specific strength (path RSRP) measurement can also provide additional information useful to identify the angle information for multiple paths, if different paths can be differentiated in the time domain (different path windows).
In addition, given that different paths may arrive at UE in different directions (DL-AoA), different Rx beam index may be needed.
[bookmark: _GoBack][image: ]
Figure 3 Multi-path DL-AoD with a reflector/scatterer
The most ideal case would be that UE reporting what is shown in the following, where each Rx beam is associated with a path, and different path powers for the path is measured across PRS resources. In addition, the additional delay for the additional paths relative to the first path can also be reported.
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Proposal 7:  Extend the number of paths for a measurement to 8 and support reporting for each path
· TOA information defined relative to the first path (only for the additional paths)
· A Rx beam index
· A list of path powers measured from different PRS resources for the path measured via the Rx beam indicated by the Rx beam index

UE multi-path reporting for DL-TDOA and multi-RTT
In RAN1#105e [2], the following agreement was made on UE multi-path enhancement for DL-TDOA and Multi-RTT:

	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. 


Rel-16 only supports 2 additional paths for TOA measurements, which may not be enough particularly for the indoor deployment. We suggest to extend the number of additional paths to eight, given a rich path information may be supported in this release. The rich path information may include TOA, path strength(s), path phase, AoA(s), Rx beam.
Proposal 8:  Extend the number of additional paths for a measurement to 8.
Proposal 9:  Support the following reporting of each path
Single TOA Information (relative TOA to first path for additional path)
Single power information  (relative strength to first path for additional path)
Phase information

In practice, the phase of the first path is not easy to extract in several situations: 
1) The LOS path locates with the interval of two sampling point. In this case, the LOS path will spread cross several sampling points. 
[image: ]
2) The NLOS path and LOS path are non-distinctive. In this case, the phase of the LOS path is affected by the NLOS path.
[image: ]
In above cases, to extract the accurate the phase information of the first path, UE should report the CIR information within the window size for non-distinctive paths.
Proposal 10:  Support the CIR reporting (including phase and amplitude) with non-distinctive paths only associated with the first path.

Conclusion
In this contribution, we have the following observations and proposals regarding positioning enhancement in Rel-17.
Observation 1: From the evaluation results, we observe that with the limited number of gNBs, the performance of the Outlier Rejection methods is restricted whereas the NLOS identification could significantly improve the positioning accuracy.

Proposal 1:  Support UE to report the LOS/NLOS indicators of the measurement results for the DL and DL+UL positioning methods.
Proposal 2:  Support gNB to report the LOS/NLOS indicators of the measurement results for the UL and DL+UL positioning methods.
Proposal 3:  Support the LOS/NLOS indicator is reported with soft value between 0 and 1.
Proposal 4:  The LOS/NLOS identification methods are left up UE/gNB implementation.
Proposal 5:  Support the same number of UL-AoA measurements per additional path.
Proposal 6:  Extend the number of paths for a TRP measurement to 8, in which each path may be associated with its
· TOA
· Single value for the path strength (Path RSRP)
· Single or Multiple AoA values 
Proposal 7:  Extend the number of paths for a measurement to 8 and support reporting for each path
· TOA information defined relative to the first path (only for the additional paths)
· A Rx beam index
· A list of path powers measured from different PRS resources for the path measured via the Rx beam indicated by the Rx beam index
Proposal 8:  Extend the number of additional paths for a measurement to 8.
Proposal 9:  Support the following reporting of each path
Single TOA Information (relative TOA to first path for additional path)
Single power information  (relative strength to first path for additional path)
Phase information
Proposal 10:  Support the CIR reporting (including phase and amplitude) with non-distinctive paths only associated with the first path.
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