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Introduction
In RAN#91-e meeting, the following objective was included in Rel-17 positioning enhancement WI [1]: 

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
In this contribution, we propose a new algorithm for LOS/NLOS identification with the preliminary simulation results.
A new algorithm for LOS/NLOS identification
The components of excess delays from NLOS and multipath introduce significant errors to time measurements and degrade the final positioning performance greatly. In this section, an algorithm based on the enhancement of measurement information reporting is proposed to mitigate the influence of NLOS and multipath. 
In NR R16, there is no reporting of LOS/NLOS identification information for multipath/NLOS mitigation. Here we propose a new multipath/NLOS mitigation algorithm for LOS/NLOS identification, where LOS/NLOS identification information can be defined as a function of Rice factor in the time domain, the variance of Channel Frequency Response (CFR) in the frequency domain, or the combination of the above two parameters. The LOS/NLOS identification information can help the positioning engine (in LMF or UE) to identify and select LOS links between TRPs and UE for mitigating the influence of NLOS and multipath and to obtain the more accurate location of UE together with an advanced positioning method (such as the minimum residual error method). Based on the reported LOS/NLOS identification information for each TRP, the positioning engine (in LMF or UE) can mitigate the influence of NLOS and multipath and achieve higher positioning accuracy and reliability.
In the algorithm, the LOS/NLOS identification information for the first detected path of each TRP is obtained by the use of either soft decision or hard decision rules as described in the following (Note: DL positioning is used here as an example. The same algorithm can be also used for UL positioning):
Step 1: A UE calculates the Rice factor in the time domain according to channel impulse response (CIR) from received DL PRS.
Step 2: The UE evaluates the timing delay difference of the first detected path and mitigates the influence of the timing delay difference by post-compensation of the received DL PRS. For example, a post-compensation method can use a cyclic shift of the received DL PRS or CIR in the time domain, or phase compensation of CFR in the frequency domain.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Step 3: The UE calculates channel variance [2] in the frequency domain based on the CFR of the post-compensated signal from Step 2.
                                                        （1-1）
where  denotes normalized CFR at the k-th subcarrier (1<=k<=N) for i-th TRP under the constraint that the total power of the CIR is normalized to unity,  is the mean value of the CFR of N subcarriers for i-th TRP, and N is the number of subcarriers of DL PRS resources.
Step 4: The UE normalizes the Rice factor in the time domain and the variance in the frequency domain, e.g., reciprocal of the variance,  for i-th TRP, in order to follow the trend of the Rice factor.
Step 5: The UE generates the LOS/NLOS identification information by use of either soft decision or hard decision, and reports the information to the positioning engine in LMF or UE.
Soft decision:
The soft decision of the LOS/NLOS identification information () is based on the Rice factor in the time domain from Step 1 and reciprocal of variance in the frequency domain from step 4, which is defined in the following form:
                                                  （1-2）
where  and denote the weight factor of Rice factor and reciprocal of variance  with  + =1, respectively; and  are normalized Rice factor and normalized reciprocal of the variance (e.g., ), respectively, and  and  are in the range of 0 to 1. Normalization of the Rice factor and the reciprocal of the variance of detected TRPs can be carried out in the following two steps: 
a) Search the maximum value of the Rice factor, and the reciprocal of the variance for the links from detected TRPs to a given UE; 
b) Divide the Rice factor and the reciprocal of the variance from a TRP to the given UE, by the maximum value of the Rice factor and the reciprocal of the variance for the links from detected TRPs to the given UE, respectively.
Hard decision:
The hard decision of the LOS/NLOS identification information () is defined in the following form:
                                        （1-3）
where  are the thresholds of the Rice factor and the reciprocal of the variance, respectively.
Step 6: The positioning engine in LMF or UE selects measurements with no or less effect of NLOS and multipath based on the LOS/NLOS identification information corresponding to each measurement (e.g., with the highest LOS/NLOS identification information) and further calculates the location of UE (e.g., together with the minimum residual error method).
Preliminary simulation results
In this section, we give preliminary simulation results on the LOS/NLOS identification probability.
Definition of LOS/NLOS identification probability
The LOS/NLOS identification probability () is defined as, where  is the detected number of LOS links and  is the number of links used for identification.
Simulation CASEs
CASE 1 (Baseline): based on RSRP only (Choose the Y1 TRPs with the highest RSRP).
CASE 2: based on the Rice factor only (From the proposed algorithm in section 2).
CASE 3: based on reciprocal of the variance only (From the proposed algorithm in section 2).
CASE 4: based on reciprocal of the variance and the Rice factor (From the proposed algorithm in section 2).
CASE 5: based on random sample and consensus (RANSAC) [3] algorithm.
Simulation Assumption
The LOS/NLOS identification probabilities are evaluated for the following two scenarios, where the simulation assumptions are given in Appendix.
· InF-DH scenario with clutter density of 40% and = = 2m.
· InF-SH scenario with clutter density of 20% and = = 10m.
Simulation result
From simulation results in Table 1, it is shown that LOS/NLOS identification probability (ρ) increases from CASE 1 to CASE 4 for the proposed algorithm. For both InF-SH and InF-DH, ρ in CASE 3 and CASE 4 is higher than ρ in CASE 5, which shows that the proposed algorithm can achieve higher LOS/NLOS identification probability compared to RANSAC under the given simulation assumptions.
From simulation results in Table 2, it is shown that ρ in CASE 4 is much higher than ρ in CASE 1 for the proposed algorithm, where ρ increases from 84.33% in CASE 1 to 100% in CASE 4 for InF-SH scenario.
Table 1: Simulation result of LOS/NLOS identification probability () with =6
	CASEs Scenarios      
	CASE 1
	CASE 2
	CASE 3
	CASE 4
	CASE 5

	InF-SH
	84.17%
	97.83% 
	98.5%
	98.83%
	98.33%

	InF-DH
	44.83%
	85.67% 
	86.83%
	88.03%
	81.67%


Table 2: Simulation result of LOS/NLOS identification probability () with =3
	CASEs Scenarios
	CASE 1
	CASE 4

	InF-SH
	84.33%
	100%

	InF-DH
	43.67%
	97.67%


Observation 1: LOS/NLOS identification information, which is defined as a function of the Rice factor in the time domain, the variance of CFR in the frequency domain, or the combination of the above two parameters, can help the positioning engine (in LMF or UE) to select LOS links between TRP and UE to obtain a more precise position by mitigating the influence of NLOS and multipath.
Observation 2: Based on the reported LOS/NLOS identification information corresponding to each measurement, the positioning engine (in LMF or UE) can reduce the influence of NLOS and multipath and achieve higher accuracy and reliability, by a soft decision method such as weighted measurement information, or a hard decision method where only the measurements with LOS/NLOS identification information higher than a certain threshold are used for positioning. 
For comparison with the proposed algorithm in Section 2, we also 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. 
Observation 3: When the number of LOS links between TRPs and UE decreases, the success rate of the LOS/NLOS identification algorithm based on the RANSAC algorithm reduces significantly.
[image: ]
Figure 1: Impact of the number of LOS links on the performance of the RANSAC algorithm

Proposal 1: NR R17 should at least support reporting of LOS/NLOS identification information indicating whether a measurement is associated with LOS or NLOS, or the probability of the measurement being  associated with LOS or NLOS.
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss a new algorithm for LOS/NLOS identification with the preliminary simulation results, and give the following observations and proposal:
Observation 1: LOS/NLOS identification information, which is defined as a function of the Rice factor in the time domain, the variance of CFR in the frequency domain, or the combination of the above two parameters, can help the positioning engine (in LMF or UE) to select LOS links between TRP and UE to obtain a more precise position by mitigating the influence of NLOS and multipath.
Observation 2: Based on the reported LOS/NLOS identification information corresponding to each measurement, the positioning engine (in LMF or UE) can reduce the influence of NLOS and multipath and achieve higher accuracy and reliability, by a soft decision method such as weighted measurement information, or a hard decision method where only the measurements with LOS/NLOS identification information higher than a certain threshold are used for positioning.
Observation 3: When the number of LOS links between TRPs and UE decreases, the success rate of the LOS/NLOS identification algorithm based on the RANSAC algorithm reduces significantly.
Proposal 1: NR R17 should at least support reporting of LOS/NLOS identification information indicating whether a measurement is associated with LOS or NLOS, or the probability of the measurement beingassociated with LOS or NLOS.
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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






Table: Parameters common to InF scenario(s)
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH

	InF-SH, InF-DH


	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m

InF-DH: 
(baseline) 120x60 m
(optional) 300x150 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
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	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 horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy. The evaluation area should be at least the convex hull of the horizontal BS deployment. It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area.

	UE antenna height
	Baseline: 1.5m
(Optional): FFS

	UE mobility
	3km/h
(Optional): FFS

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

	gNB antenna height
	Baseline: 8m
(Optional): FFS

	Clutter parameters: {density , height ,size }
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
See Proposal 5.1-7

	Note 1:	According to Table A.2.1-7 in 3GPP TR 38.802
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