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Introduction
In RAN#105-e meeting, the following agreements were made [1].
	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).
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6]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



[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this contribution, we propose a multipath/NLOS mitigation approach, which combines the LOS/NLOS identification algorithm[2] and optimization processing algorithms such as RANSAC (Random Sample Consensus)[3]. We also investigate the effectiveness of the approach with simulation evaluation, and discuss multipath mitigation scheme.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]A NLOS mitigation algorithm
Algorithm description
In recent RAN1#105-e meeting, an LOS/NLOS identification algorithm of utilizing Ricean factor and variance of Channel Frequency Response (CFR) in the frequency domain was proposed in our contribution. In Step 6 of the algorithm, it is mentioned that LOS/NLOS identification information can be combined with optimization processing methods such as the minimum residual error method. In this section, the detailed descriptions are provided and followed by evaluations of the effectiveness of the algorithm.
Step 6.1: LMF selects an appropriate number of TRPs from total TRPs reported by UE based on LOS/NLOS identification information. By the use of LOS/NLOS identification information generated by the soft decision, the possibility of each TRP being LOS can be sorted. LMF may reselect the TRP that has the maximum probability as the new reference TRP to replace the reported reference TRP in TDOA measurements.
Step 6.2: LMF calculates the new RSTD measurements if the selected reference TRP and reported reference TRP is different and then further calculates the UE location with optimization processing algorithms  such as RANSAC. 

LOS/NLOS Identification probability 
For DL/UL-TDOA, at least 3 TDOA measurement values from 4 TRPs are required for three-dimensional location calculation. Thus, the LOS identification probability of this algorithm is evaluated by selecting 4 TRPs from the measured TRPs. The evaluation results are given in Table 1 for InF-SH scenario and InF-DH scenario.
Table 1: Simulation result of LOS identification probability () 
	CASEs Scenarios
	Identification Probability
(selecting 4 TRPs from 18 TRPs)

	InF-SH
	100%

	InF-DH
		96%


In the above table, the LOS identification probability () is defined as, where  is the number of links between UE and TRP identified as LOS and  is the number of real LOS links among Y1 links.
The simulation results in Table 1 show that LOS identification probability of this algorithm can achieve approximate 100% in InF-SH scenario and 96% in InF-DH scenario. That is, by the use of LOS/NLOS identification information, the majority of  NLOS influence is eliminated in InF-DH scenario.

Observation 1: In InF-DH scenario, the success rate of selecting 4 LOS TRPs out of 18 TRPs is close to 96% based on NLOS indication information derived from the Ricean factor and the variance of Channel Frequency Response (CFR) information reporting.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The simulation results in Table 1 also show the algorithm is not perfect.  For example, in InF-DH scenario, about 4% of NLOS are not correctly identified. Therefore, LOS/NLOS identification information and optimization processing method may be used in conjunction with other approaches to further reduce the influence by residual NLOS TRPs.
Performance with RANSAC algorithm
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK7][bookmark: OLE_LINK8]As we all know, RANSAC may also be used for multipath/NLOS mitigation by traversing different TRP combinations. However, the number of combinations increases exponentially with the increase of the total number of TRPs. For example, without the reporting of LOS/NLOS indication information, there are  combinations of choosing K TRPs from N TRPs and choosing one reference TRP from K TRPs. It will lead to massive computational complexity which is too large to be acceptable.
Observation 2: Without the reporting of LOS/NLOS indication information, the methods such as RANSAC need to search massive combinations. When the number of TRPs is large, the computational complexity will become too large to be acceptable. 
Here, we simulate the impact of the number of LOS links on the performance of the LOS/NLOS identification by the use of the RANSAC algorithm. In the simulation, InF-DH scenario is used and a fixed number of LOS link is set to 5/6/7/8/9 for a given UE drop. The LOS/NLOS identification probability () is defined as , where  is the detected number of LOS links by use of the RANSAC algorithm, and Y1 is the number of LOS links in 18 TRPs with the range from 5 to 9. As shown in Figure 1, when the number of LOS links between TRP and UE () is 9,  is 95.4%; and when  decreases to 5,  decreases to 31%. When the number of LOS links between TRPs and UE becomes less, the success rate of the LOS/NLOS identification algorithm based on the RANSAC algorithm decreases significantly.
[image: ]
Figure 1: Impact of the number of LOS links on the performance of the RANSAC algorithm

Observation 3: When the number of LOS links between TRPs and UE decreases, the success rate of the LOS/NLOS identification based on the RANSAC algorithm reduces significantly.

Performance with a combination of NLOS identification and RANSAC
[bookmark: _GoBack]If most of the NLOS TRPs can be excluded by the reporting of LOS/NLOS indication information in step 6.1 of the proposed algorithm, we may expect that the computational complexity of RANSAC algorithm can be significantly reduced, and the performance can be increased. By the use of LOS/NLOS identification information generated by the soft decision, the possibility of each TRP being LOS can be sorted. TRP which has maximum LOS probability can be selected as the reference TRP. Thereby, the computational complexity of the RANSAC has been further reduced. Thus, the LOS/NLOS identification and RANSAC should be used in conjunction to achieve higher positioning accuracy. On one hand, LOS/NLOS identification information can help to identify enough amounts of LOS TRPs/excluding most of the NLOS TRPs. On the other hand, RANSAC can give the best combination of TRPs to calculate the position more precisely.
Observation 4: The use of reporting of LOS/NLOS indication information together with RANSAC algorithm can improve significantly the positioning accuracy with given computational complexity.
In the following, we give preliminary simulation results on the NLOS mitigation algorithm with both LOS identification and the RANSAC algorithm which are evaluated in InF-DH scenario(40%, 2m, 2m). The detailed simulation assumptions are given in Appendix. Figure 2 below shows the horizontal positioning error of NLOS mitigation algorithm under 2 cases as follows.
CASE 1 (Baseline): selecting  4 TRPs of minimum TOA error from 18 TRPs.
CASE 2: Pre-selecting  8 TRPs according to LOS identification information and processing with RANSAC().

[image: tu]
Figure 2: Horizontal positioning error of NLOS mitigation algorithm
From Figure 2, it is shown that the positioning error for CASE2 is 0.63m which is close to the baseline. It demonstrates that the proposed algorithm mitigates most of NLOS influence under the given simulation assumptions and almost obtains the required accuracy.
Proposal 1: For the LOS/NLOS identification, support UE/gNB to report at least the Ricean factor and the variance of Channel Frequency Response (CFR).

Multipath mitigation scheme
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Multipath information contains the valid information related to terminal location. However, it’s difficult to extract the information useful to determining UE’s location from multipath information through traditional positioning methods. AI positioning, fingerprint recognition, and other positioning schemes which utilize spatial channel information are proved to be effective for completing the task. In our opinion, the positioning accuracy of these schemes will be affected by the time-varying characteristics of time error. Thus, for positioning schemes such as AI and/or fingerprint recognition, the time-varying effects of timing errors such as clock synchronization error and Rx/Tx timing error need to be considered. Time-varying information of time error (such as TE rate of variation) can be added as channel characteristics to mitigate the above effects. In the application of fingerprint identification technology, time error for each grid point is always varying which introduces error between training and testing duration. The only use of space consistency results in insufficient matching. Therefore, when reporting of the time-varying information of time error is supported, the space-time consistency can help to achieve a better match.
Observation5: For positioning schemes, the time-varying effects of timing error such as clock synchronization error and Rx/Tx timing error need to be considered. Time-varying rate information of time error (such as TE rate information) can be added as channel characteristics to mitigate the above effects.
More multipath information helps to improve the accuracy of identifying LOS/NLOS for AI positioning. If the UE and/or gNB have multiple antennas, then each antenna should be supported to report multipath information. More multipath information in the training stage helps the AI to build the model more accurately. In the recognition stage, multipath information (such as the CIR, CFR, pseudo-spectrum, obtained from the first N>=1 most powerful paths) from multiple antennas ensures that more features are recognized by the AI, thus helping to improve the recognition accuracy of LOS/NLOS. In addition, there is also the case that a specific antenna is blocked and thus in NLOS propagation, while the rest of the antennas are still in LOS propagation, and the reporting of multi-antenna information will improve the reception probability of LOS propagation.
Proposal 2: Support UE and/or gNB to report the multipath information measured from multiple antennas for multipath/NLOS mitigation. These multipath information may include the CIR, CFR, pseudo-spectrum, etc., obtained from the first N>=1 most powerful paths of each antenna. 
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss an algorithm for NLOS mitigation with the preliminary simulation results, and discuss multipath mitigation scheme. We finally give the following observations and proposals:
Observation 1: In InF-DH scenario, the success rate of selecting 4 LOS TRPs out of 18 TRPs is close to 96% based on NLOS indication information derived from the Ricean factor and the variance of Channel Frequency Response (CFR) information reporting.
Observation 2: Without the reporting of LOS/NLOS indication information, the methods such as RANSAC need to search massive combinations. When the number of TRPs is large, the computational complexity will become too large to be acceptable. 
Observation 3: When the number of LOS links between TRPs and UE decreases, the success rate of the LOS/NLOS identification based on the RANSAC algorithm reduces significantly.
Observation 4: The use of reporting of LOS/NLOS indication information together with RANSAC algorithm can improve significantly the positioning accuracy with given computational complexity.
Observation5: For positioning schemes, the time-varying effects of timing error such as clock synchronization error and Rx/Tx timing error need to be considered. Time-varying rate information of time error (such as TE rate information) can be added as channel characteristics to mitigate the above effects.
Proposal 1: For the LOS/NLOS identification, support UE/gNB to report at least the Ricean factor and the variance of Channel Frequency Response (CFR).
Proposal 2: Support UE and/or gNB to report the multipath information measured from multiple antennas for multipath/NLOS mitigation. These multipath information may include the CIR, CFR, pseudo-spectrum, etc., obtained from the first N>=1 most powerful paths of each antenna. 
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Appendix
	
	FR1 Specific Values 
	

	Channel model
	[InF-SH, InF-DH]
	

	Layout 
	Hall size
	InF-SH: 300x150 m
InF-DH: 120x60 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]
FFS: asymmetrical location for the BSs
FFS: denser BS grid (D=10)

	
	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
(mounted at ceiling)
	3-sector antenna configuration – Note 1

	Penetration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3km/h

	UE antenna height
	1.5m
FFS: [>3m for InF-HH]
FFS: uniformly distributed within a pre-defined range, e.g., [0.5 ~ 9]m, or pre-defined values, e.g., [0.5, 1.5, 4]m 

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for InF-SH and InF-DH
FFS: uniform distribution [3-8]m.

	Clutter parameters: {density , height ,size }
	Low clutter density: {20%, 2m, 10m}
-(Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height

	LOS probability
	LOS probability for InF scenarios is modelled according to Section 7.4.2 in TR 38.901

	Absolute time of arrival
	FFS: Absolute time of arrival for InF scenarios is modelled according to Section 7.6.9 in TR 38.901

	Blockage modelling
	FFS: Blockage model B from Section 7.6.4.2 in TR 38.901 is included in simulation evaluation.
(Details of the modelling parameters, e.g., the number of blockers, the blocker extensions, locations, etc.), need to be further discussed if blockage model is included in simulation evaluation.

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901
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