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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RANP#91e, a work item on NR positioning enhancements was updated with the objective to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. One of the specific objectives of this work item is [2]:
	· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]



The following agreements were made in RAN1#105e:
	· 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

· 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.

· 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 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).

· 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. 

· 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 discusses on enhanced reporting from UE and gNB for Multipath/NLOS mitigation to improve positioning accuracy.
2. Discussions
Multipath/NLOS mitigation in downlink-based positioning can be performed in two different solutions. One solution is to provide a rich information from UE to LMF. Rich information can be in a form of multiple positioning measurements (e.g. RSTD, RSRP) representing the results from the first path and other paths. It can also be the positioning measurements from one beam or multiple beams. The LMF utilize that rich information, extract the LOS component(s) and NLOS component(s) and calculate UE positioning estimate. The second solution is the UE does not have to provide a rich information as in the first solution above. The UE provides assistance data / information together with positioning measurements result which can help the LMF to obtain UE positioning estimation accuracy improvements. The assistance information can be in a form of LOS/NLOS identification of the reported positioning measurement results. The positioning measurement report can be the legacy positioning measurement report. It is not necessarily as rich information as the first solution. Hence, the positioning measurement and the associated assistance data can be kept compact.
Observation 1: The UE can provide positioning measurement report with assistance data (e.g., LOS/NLOS identification) for multipath / NLOS mitigation. Hence, the positioning report can be kept compact.

2.1. LOS/NLOS Identification for DL-based Positioning
In legacy NR downlink-based positioning, the UE performs positioning measurements. The UE typically performs positioning measurements based on PRSs received from multiple gNBs/TRPs. Once the measurements have been obtained the UE reports the positioning measurements to the LMF. Subsequently, the LMF performs positioning estimation. The positioning accuracy depends on the positioning measurements. Inaccurate positioning measurements degrade the positioning accuracy.
One of the scenarios under evaluation in 3GPP Rel-17 is indoor factory scenario for Industrial IoT (IIoT) use cases. In Rel-17, target positioning requirements for IIoT use cases are 0.2m and 1m for horizontal and vertical accuracy, respectively. A known major challenge to meet the stringent positioning accuracy requirements of IIoT is the existence of multipath components. The non-light of sight (NLOS) components due to reflections can be more dominant than the Line of Sight (LoS) component. Due to the bias information, positioning measurements contaminated by NLOS components can compromise the accuracy of the positioning estimation. The details of simulation results in IIoT use cases can be found in [1]. Here, we can analyse the simulation results in various channel, including the scenario where NLOS components are relatively dominant.
During study item [1], it was identified that the enhancement can be in a form of LOS/NLOS identification. In addition to the legacy operation by the UE to perform positioning measurement, we propose the UE to also perform LOS/NLOS identification. The UE can report whether the obtained positioning measurement is based on LOS or NLOS component. This can be in the form of quality of LOS identification. A high-quality LOS identification can be interpreted by LMF as LOS dominant component and a low-quality LOS identification can be interpreted by LMF as NLOS dominant component. In practice, this can be reported in soft values between 0 and 1, where the high number (e.g., 0.9) indicates the UE has high confident that the reported positioning measurement is based on LOS component. This is known as Option 2 according to the agreement made in RAN1#105e. This information can be used by the LMF for the positioning estimation purpose. The LMF can selectively use the obtained positioning measurement based on LOS/NLOS identification information. Positioning estimation based on a sufficient number of positioning measurements with LOS component is expected to have a high accuracy.
Proposal 1: Support UE positioning measurement report with LOS/NLOS identification. It can be reported as soft value indicators (i.e., [0,1]).
The method/techniques on obtaining LOS/NLOS identification is left for UE implementation. It can be obtained in many ways. One possibility is to obtain LOS/NLOS identification based on analysis of the measured statistical channel properties as described in [3].
Proposal 2: The method/techniques of obtaining LOS/NLOS identification is left for UE implementation. 
When the UE receives the NLOS component, the signal polarization is rotated relative to the original signal at the transmitter side. The reflection rotates the signal polarization. This characteristic enables the network to provide assistance information to the UE. Hence, it will ease/simplify the LOS/NLOS identification at the UE side. The proposed scheme is that the gNB informs LMF on the antenna polarization when gNB/TRP transmits PRS. The antenna polarization is for example Horizontal or Vertical polarization. Subsequently, LMF informs the gNB antenna polarization to the UE. For example, using LPP protocol. When the UE receives PRS and the polarization of received signal is the same as the gNB/TRP antenna polarization information, then the UE can expect the received signal is based on LOS component. Information about the orientation of the gNB antenna arrays might also need to be transferred to the UE, via the LMF. Likewise, it might be necessary for the UE to be aware of the orientation of its antenna array, in order to compare the polarizations of the transmitted and the received signals.
Proposal 3: Support gNB to provide gNB/TRP antenna polarization to LMF and subsequently, LMF to provide such information to UE.

2.2. Multipath/NLOS mitigation for UL-AOA Positioning
In the legacy UL-AoA scheme, the RSRPs of the received SRS reference signals at different gNBs are optionally reported to the location server. These parameters can be an indicator of the quality of the channel during AoA measurement. In some cases, the high path loss channel can degrade the accuracy of the AoA measurement significantly. Especially in the NLOS channel, the observed AoA error is much larger than in the LOS case. Therefore, in some of the applications, the location server would filter out some of the AoA measurements based on the RSRP before using them to calculate the UE location estimation.
As an effort to enhance UL-AoA measurement, we introduce a new parameter called 'uncertainty of the AoA (uAoA)’, which can also indicate the quality/reliability of AoA measurement. As an example, in both FR1 and FR2, each gNB antenna may have four rows of array elements. The signal at each row of array elements can be used to obtain to one AoA measurement. Therefore, in this case there will be four AoA measurements in total for each SRS resource. The final AoA can be calculated by averaging these four measurements. The uncertainty of AoA (uAoA) is a statistical property of the measured AoA results and, in this case, we propose the standard deviation of the AoA measurement results. A large standard deviation is an indication that measurements are dominated by NLOS components, and AoA estimates with large standard deviations may be declared unreliable.
Similar to the usage of SRS-RSRP, the LMF uses uAoA parameter to filter out some unreliable AoA measurements as an attempt to mitigate multipath/NLOS components. AoA measurements qualified with the corresponding standard deviations would be used in the calculation of the UE position estimation. In order to verify the proposed method, a simulation on UE positioning estimation in indoor factory (InF) scenario was carried out. 
We have performed simulations using InF-sparse high (SH) and InF-dense high (DH) for both FR1 and FR2 frequency range. The simulation results are shown in Figure 1. The CDF of the legacy UL-AoA positioning accuracy (with RSRP reporting) is also given in the simulation as the reference. It is shown that reporting uAoA as the AoA measurement indicator improve the UE positioning estimation accuracy. The accuracy of the proposed method in terms of horizontal location error for X% (X = 50, 67, 80, 90) of the UEs is given in the Table 1. Particularly on the horizontal accuracy for 90% CDF of the UE, one can observe that the gain of the proposed method can be up to 0.8 meters in InF-DH scenario. Even in the one of most ideal cases, InF-SH FR2 scenario, the proposed method can obtain 68% gain in positioning accuracy over the legacy UL-AoA. Simulation results in InF-SH FR1,2 and InF-DH FR1 show that the industrial IoT accuracy requirement can be fulfilled (i.e less than 0.2 m for 90% of the UEs). In InF-DH FR2, the obtained accuracy for 90% of the UEs is 0.26m, in which it is almost meeting the accuracy requirement.
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Figure 1: Comparison between UL-AoA positioning with AoA uncertainty reporting and the legacy UL-AoA positioning in terms of positioning accuracy in meter.

The simulation results in Figure 2 are also summarized in Table 1.
Table 1: UL-AoA positioning - horizontal location error results (m) for X% of the UEs in meters
	Test Case
	50%
	67%
	80%
	90%

	[Case 1], [UL-AoA], [InF-SH], [FR2], [400 MHz], [Comb-4], [6dB PB], [w/ AoA uncertainty reporting]

	0.019
	0.024
	0.031
	0.044

	[Case 2], [UL-AoA], [InF-SH], [FR2], [400 MHz], [Comb-4], [6dB PB], [Legacy UL-AoA]

	0.019 
	0.027 
	0.040 
	0.074

	[Case 3], [UL-AoA], [InF-DH], [FR2], [400 MHz], [Comb-4], [6dB PB], [w/ AoA uncertainty reporting]

	0.0084
	0.012
	0.020
	0.17

	[Case 4], [UL-AoA], [InF-DH], [FR2], [400 MHz], [Comb-4], [6dB PB], [Legacy UL-AoA]

	0.014 
	0.025
	0.088
	1.08

	[Case 5], [UL-AoA], [InF-SH], [FR1], [100 MHz], [Comb-4], [6dB PB], [w/ AoA uncertainty reporting]

	0.032
	0.045
	0.066
	0.10

	[Case 6], [UL-AoA], [InF-SH], [FR1], [100 MHz], [Comb-4], [6dB PB], [Legacy UL-AoA]

	0.037
	0.060
	0.093
	0.17

	[Case 7], [UL-AoA], [InF-DH], [FR1], [100 MHz], [Comb-4], [6dB PB], [w/ AoA uncertainty reporting]

	0.014
	0.024
	0.047
	0.26

	[Case 8], [UL-AoA], [InF-DH], [FR1], [100 MHz], [Comb-4], [6dB PB], [Legacy UL-AoA]

	0.013 
	0.035 
	0.31 
	0.98 



Observation 2: The uAoA indicator can improve the UL-AoA positioning accuracy in any scenario. The gain from the proposed method can be up to 0.8 m in InF-DH case. Even in InF-SH FR2, the method can still obtain 68% gain over the legacy AoA.
Observation 3: The accuracy of the proposed method in InF-SH FR1,2 and InF-DH FR1 can fulfil the IIoT requirement (less than 0.2 m for 90% of the UE). In InF-DH FR2, the obtained accuracy for 90% of the UEs is 0.26m, in which it is almost meeting the accuracy requirement.

We propose to enhance the reporting from gNBs to the LMF by including the statistical property of the measured AoA in which it can reflect the uncertainty of the AoA (uAoA). This is to be reported as part of the measurement report which enable the LMF to process (filtering) the AoA measurement effectively as a form of multipath/NLOS mitigation. 
Proposal 4: Support UL-AoA measurement report from gNB to LMF that contain LOS/NLOS indicator (e.g., based on the statistical property / standard deviation of AoA) of the measured AoA for multipath/NLOS mitigation.  

3. Conclusion
In this contribution, we discuss on enhanced reporting from UE and gNB for Multipath/NLOS mitigation to improve positioning accuracy.  We observe the following observation: 
Observation 1: The UE can provide positioning measurement report with assistance data (e.g., LOS/NLOS identification) for multipath / NLOS mitigation. Hence, the positioning report can be kept compact.
Observation 2: The uAoA indicator can improve the UL-AoA positioning accuracy in any scenarios. The gain from the proposed method can be up to 0.8 m in InF-DH case. Even in InF-SH FR2, the method can still obtain 68% gain over the legacy AoA.
Observation 3: The accuracy of the proposed method in InF-SH FR1,2 and InF-DH FR1 can fulfil the IIoT requirement (less than 0.2 m for 90% of the UE). In InF-DH FR2, the obtained accuracy for 90% of the UEs is 0.26m, in which it is almost meeting the accuracy requirement.
We also made these proposals:
Proposal 1: Support UE positioning measurement report with LOS/NLOS identification. It can be reported as soft value indicators (i.e., [0,1]).
Proposal 2: The method/techniques of obtaining LOS/NLOS identification is left for UE implementation. 
Proposal 3: Support gNB to provide gNB/TRP antenna polarization to LMF and subsequently, LMF to provide gNB/TRP antenna polarization information to UE.
Proposal 4: Support UL-AoA measurement report from gNB to LMF that contain LOS/NLOS indicator (e.g., based on the statistical property / standard deviation of AoA) of the measured AoA for multipath/NLOS mitigation.  
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