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Introduction
In this contribution, we will present introducing additional channel model features for positioning, which is typical for indoor deployments.

Additional channel model features
Ground reflection
Ground reflection (GR) was introduced in section 7.6.8 of TR 38.901 [1], shown in Figure 1.
[image: ]
[bookmark: _Ref52295458]Figure 1 Illustration of explicit ground reflection
Additional features for the ground reflection are summarized as below
Angle of the reflecting path is based on virtual BS/UE and physical UE/BS
The delay of the reflecting path is based on the propagation length of the reflection.
The reflection coefficient for different polarizations (parallel and perpendicular) is determined by the complex relative permittivity and conductivity for a specific reflecting material.
Ground reflection will cause a reflecting path that is difficult to be separated from the main LOS path due to very close temporal delay and very close angle of arrival at least at gNB side to the main LOS path. The existence of ground reflection will degrade the positioning accuracy. 

Wall reflection
In addition, explicit wall reflection can be considered with similar but modified structure compared to the ground reflection, via e.g. turning the perpendicular wall as the “ground” in the rotated LCS (Local coordinate system). Procedures of explicit wall reflection is shown as below.
	In case the wall reflection shall be modelled explicitly, the procedure defined in 7.6.8 should be modified assuming the wall is “the ground” in the rotated local coordinate system given by the following coordinate transform matrix . The exemplary LCS setup is shown in Figure 2 and Figure 3.
	[bookmark: OLE_LINK1]Orientation of the Wall (perpendicular to the ground)
	R:  where  is the Cartesian representation in GCS, and  is that in LCS
	Comments (equivalent LCS transform using bearing , downtilt , and slant )

	 
	
	


	 (South wall facing north)
	
	

	 (East wall facing west)
	
	

	 (North wall facing south)
	
	

	 (West wall facing east)
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[bookmark: _Ref30090722]Figure 2 Illustration of LCS rotation to treat wall as “ground” to reuse ground reflection ()
[image: ]
[bookmark: _Ref30090727]Figure 3 Illustration of LCS rotation to treat wall as “ground” to reuse ground reflection ()



Evaluation
Ground reflection
The cases evaluated are summarized in Table 1.
[bookmark: _Ref53389529]Table 1 Evaluated parameter combinations
	Parameter
	Case 2 [2] (InF-SH, FR1)
	Case 401 (InF-SH, FR1)
	Case 402 (InF-SH, FR1)
	Case 403 (InF-SH, FR1)

	Channel model (baseline, otherwise state any modifications)
	InF-SH
	InF-SH
	In-SH
	InF-SH

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)

	Reference signal (type of sequence, number of ports, …) 
	ZC, single port
	ZC, single port
	ZC, single port
	ZC, single port

	Number of sites
	7
	7
	7
	7

	Number of symbols used per slot  per positioning estimate
	4

	Number of slots per positioning estimate
	1

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied


	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
No LOS/NLOS detection
	Super resolution
Ideal LOS/NLOS detection
	Super resolution
No LOS/NLOS detection
	Super resolution
Ideal LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UL-TDOA
PSO
	UL-TDOA
PSO
	UL-TDOA
PSO
	UL-TDOA
PSO

	Network synchronization assumptions
	Ideal

	UE/gNB Tx/Rx 
Calibration Error
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based

	Additional notes, if any
	w/o GR
	w/o GR
	w/ GR
	w/ GR



The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized in Table 2.
[bookmark: _Ref52281520]Table 2 Positioning accuracy (in unit of meter)
	Case
	50%
	67%
	80%
	90%
	95%

	2, LOS/NLOS, w/o GR
	0.0621
	0.1096
	0.2410
	1.0277
	3.9456

	401, Ideal LOS, w/o GR
	0.0475
	0.0699
	0.1079
	0.1874
	0.3597

	402, LOS/NLOS, w/ GR
	0.1132
	0.1678
	0.2755
	0.8458
	3.5387

	403, Ideal LOS, w/ GR
	0.1032
	0.1379
	0.1867
	0.5402
	5.623



Observation 1: The feature of ground reflection will have significant influence on the high accuracy positioning (case 401 0.18m@90% v.s. case 403 0.54m@90%), but less impact on medium accuracy (case 2 1m@90% v.s. case 402 0.84m@90%).
Observation 2: The ground reflection will pose a major thread to achieving <0.5m accuracy for indoor environment.

Wall reflection
Simulation assumption
Considering that too many BSs in the InF environment will cause extreme difficulty in evaluating the reflection, we use the following single-BS square to mimic the reflection around a single BS.
As shown in Figure 4, the physical anchor (PA) is the base station deployed in the centre of a room, whose size is given by ISD x ISD. The four virtual anchors (VA) correspond to the mirror images of the PA for the four respective walls.

[image: ]
[bookmark: _Ref53240026]Figure 4 Simulation layout for Single BS using wall reflection
The cases evaluated are summarized in Table 3.
[bookmark: _Ref53389555]Table 3 Evaluated parameter combinations
	Parameter
	Case 411
	Case 412

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Joint TOA/AOA estimation for the LOS path
	Joint TOA/AOA estimation
VA-path association

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	RTT+AOA
	Multi-RTT+UL-AoA
PSO

	UE/gNB Tx/Rx 
Calibration Error
	T1 = 7ns ( = 1.4 * (1 + 4))
gNB Tx/Rx group delay error T1(gNB) = 1ns
UE Tx/Rx group delay error T1(UE) = 4ns

	Additional notes, if any
	Only LOS path
	LOS path + NLOS paths with VAs



Other evaluation assumptions are summarized in Table 4.
[bookmark: _Ref53393331]Table 4 Evaluation assumptions for wall reflection
	Carrier frequency
	3.5GHz

	Bandwidth
	100MHz

	Subcarrier spacing
	30kHz

	gNB Antenna config
	(4,4,2,1,1)
Single sector ARP
Orientation: (0,0,0)

	UE antenna config
	(1,1,2,1,1)
Omni-direction ARP
Orientation: (alpha,0,0), alpha uniform in [0, pi]

	ISD
	20m

	Height
	6m

	gNB location
	Center top of the square room

	UE distribution
	(x,y,z) uniform in ([0,ISD], [0,ISD], [0,6])



Algorithm description
Joint TOA/AOA estimation
The delay difference between paths may not correspond to an integer number of samples, causing aliasing, which adds difficulty to identify each path only based on time processing. Joint TOA/AOA estimation will further utilize the spatial separation of paths so that a path is categorized by a pair of (TOA, AOA) in the spatial-temporal domain.
One way to do joint TOA/AOA estimation is 2-demensional (spatial-temporal) search using e.g. MUSIC, but the complexity may be overwhelming even for a gNB. Another alternative is using staged estimation for TOA and AOA iteratively.
In the simulation, we used the following staged TOA and AOA estimation, illustrated by the flow chart in Figure 5 with the following steps.
Step 0: Obtain the CIRs on each respective Rx.
Step 1: Use the CIR to extract the coarse path delay.
Step 2: Estimate the angle(s) for each path.
Step 3: Use the estimated angle as the Rx beamformer and coarse path delay for fine path delay estimation.
[image: ]
[bookmark: _Ref53241104]Figure 5 Joint TOA/AOA algorithm

VA-path association
The VA-path association is a procedure to determine if a path is generated by a virtual anchor, as in general, some paths are not so regular and thus may not have a corresponding VA. To perform the association attempt, a UE initial location estimate (not as accurate as the final location fix) is needed. Here we use the RTT+AOA based on the LOS path, which may have some bias due to the UE/gNB time calibration error and gNB angle calibration error, but the accuracy is sufficient for VA-path association validation. 
The detailed VA-path association can be described as below for the two cases
The number of detected path is larger than or equal to the number of VAs
The number of detected path is smaller than the number of VAs.
For example, if the number of detected path is larger than or equal to the number of VAs, we use the following sequence to  to denote that VA  is associated with path . For example, the association in the following Figure 6 is represented by . 
[image: ]
[bookmark: _Ref53243292]Figure 6 VA path association
The association optimization is represented by the following equation

Where
 is the UE location estimate based on LOS path
 is the set containing all possible sequences and 
To analyze the VA-path association for the case when the number of detected path is smaller than the number of VAs is similar and thus omitted.
Localization
The localization algorithm is similar to the traditional hybrid Multi-RTT+UL-AoA methods, where the multiple TRPs comprise the PA and the VAs with associated paths, whose timing and angle will be fed into the location engine.
Evaluation results
The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized in Table 5.
[bookmark: _Ref53389680]Table 5 Positioning accuracy (in unit of meter)
	Case
	50%
	67%
	80%
	90%
	95%

	411, LOS path
	0.6530
	0.9686
	1.2727
	1.7183
	2.0250

	412, LOS path + VA paths
	0.5893
	0.8675
	1.1595
	1.5677
	1.9466



Observation 3: Using additional reflecting path can improve the positioning accuracy for single BS positioning.

Summary
Based on the evaluation, we have the following proposal.
Proposal 1: Ground reflection should be considered in the indoor positioning evaluation.
Proposal 2: Angle information reporting for multi-path should be supported for Rel-17.

Conclusion
In this contribution, we provided our evaluation results for additional channel modeling features, including ground reflection and wall reflection. Based on the evaluation, we have the following observations and proposals.
Observation 1: The feature of ground reflection will have significant influence on the high accuracy positioning (case 401 0.18m@90% v.s. case 403 0.54m@90%), but less impact on medium accuracy (case 2 1m@90% v.s. case 402 0.84m@90%).
Observation 2: The ground reflection will pose a major thread to achieving <0.5m accuracy for indoor environment.
Observation 3: Using additional reflecting path can improve the positioning accuracy for single BS positioning.
Proposal 1: Ground reflection should be considered in the indoor positioning evaluation.
Proposal 2: Angle information reporting for multi-path should be supported for Rel-17.
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