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Introduction
In 3GPP TSG RAN Meeting #86, a new study item was agreed [1]. The study item is intended to study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases. In our companion contribution [2], we have discussed some additional scenarios for positioning. Then this contribution we’ll provide some evaluation results.
Evaluation results of InF scenarios for positioning
For our evaluation results, we adopt simulation assumptions as discussed in our companion contribution [2] and other detailed configurations and algorithms are listed in appendix. In this section, we provide our simulation results on IIOT scenarios (InF-SL, InF-DL, InF-SH, InF-DH) and corresponding CDF curves (CDF vs horizontal distance error).
FR1, 100MHz, 30KHz, perfect synchronization
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Figure 1 CDF curve of positioning error for IIOT scenarios with perfect synchronization with 100Mhz bandwidth.
FR1, 100MHz, 30KHz, 50 ns synchronization error
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Figure 2 CDF curve of positioning error for IIOT scenarios with 50 ns synchronization error with 100Mhz bandwidth.
FR2, 400MHz, 120KHz, perfect synchronization
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Figure 3 CDF curve of positioning error for IIOT scenarios with perfect synchronization with 400Mhz bandwidth.

FR2, 400MHz, 120KHz, 50 ns synchronization error
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Figure 4 CDF curve of positioning error for IIOT scenarios with 50 ns synchronization error with 400Mhz bandwidth.
Summary of results
Observation 1: The sub-meter(<1m) horizontal commercial requirement for at least 80% of UEs can be met only in InF-SH scenario with perfect synchronization with 400 MHz Bandwidth.
Observation 2: The positioning accuracy from high to low are InF-SH，InF-SL, InF-DH, InF-DL. The positioning accuracy of dense clutter scenarios (InF-DL, InF-DH) are much worse than sparse clutter scenarios (InF-SL, InF-SH).
Observation 3: The simulation cases with synchronization error lead to significant performance degradation. For example,
· 9 m performance loss in InF-SH scenario compared with perfect synchronization with 100 MHz Bandwidth for at least 80% UEs.
· 7 m performance loss in InF-SH scenario compared with perfect synchronization with 400 MHz Bandwidth for at least 80% UEs.
Further evaluations on InF-DH scenario
Increase LOS probability for InF-DH scenario
As we discussed in our companion contribution [2], if we set parameters as Table 7.8-7 in TS 38.855 for calibration purpose, InF-SH has the highest LOS probability and InF-DL is the lowest one. It’s hard to meet Rel.17 positioning requirements for InF-DH scenario.
It would be better to change some parameters to make a good trade-off. For example, BS antenna height, UT antenna height, clutter density, clutter size and effective clutter height are main factors for LOS probability. As shows in Table 1, some parameters are changed to increase positioning accuracy and the corresponding LOS probability shows in figure 5. The LOS probability increases progressively from InF-DH case 0 to InF-DH case 5. InF-DH case 0 is comparable to InH scenario with regard to LOS probability.
	Simulation cases /parameters
	BS antenna height
(5-15m)
	UT antenna height
(m)

	Clutter density  (percentage of surface area occupied by clutter)
(≥40%)
	Typical clutter size, 
(m)
	Effective clutter height 
< Ceiling height, 0-10 m

	InF-DH case 0
	8
	1.5
	60%
	2
	6

	InF-DH case 1
	12
	1.5
	50%
	2
	6

	InF-DH case 2
	12
	1.5
	40%
	2
	4

	InF-DH case 3
	15
	2
	40%
	2
	4

	InF-DH case 4
	15
	2
	40%
	2
	3

	InF-DH case 5
	15
	2
	40%
	2
	2.5


Table 1 Different simulation cases for InF-DH scenario
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Figure 5 LOS probability for different simulation cases of InF-DH scenario
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Figure 6 CDF curve of positioning error for different simulation cases of InF-DH scenario with 100M Bandwidth
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Figure 7 CDF curve of positioning error for different simulation cases of InF-DH scenario with 400M Bandwidth
Observation 4: The positioning accuracy increases with LOS probability. DL-TDOA method for InF-DH scenario can meet sub-meter(<1m) horizontal commercial requirement only when the LOS probability is comparable to InH scenario.
Initial positioning based on prior channel information
In addition to increase the LOS probability of InF-DH scenario, we should also consider that if we can improve positioning under low LOS probability. As we know, IIOT scenarios are all for indoor scenarios, there are some methods, such as the prior channel information of the area, can be used to get initial positioning. Fingerprint based method is the most famous one. In order to conduct the simulation of fingerprint based method, we have assumed the following assumptions.
· Many landmarks are put in the intersection of square grids. The landmark acquires RSRPs of all links between BSs and landmark.
· The grid sizes are  m2,  m2,  m2,  m2 respectively.
· RSRP and the location of landmarks are provided to UE as prior channel information.
· UEs use prior channel information and local RSRP measured by DL PRS to get initial positioning.
· KNN (K-Nearest Neighbor) algorithm is applied.
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Figure 8 CDF curve of positioning error for InF-DH scenario based on DL-TDOA method and fingerprint
Observation 5: The fingerprint based method can get initial positioning which is more accurate than DL-TDOA method for InF-DH scenario with the configurations according to Table 7.8-7 in TS 38.855.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide evaluation results of additional scenarios for positioning. Based on the evaluation, we have the following observations,
Observation 1: The sub-meter(<1m) horizontal commercial requirement for at least 80% of UEs can be met only in InF-SH scenario with perfect synchronization with 400 MHz Bandwidth.
Observation 2: The positioning accuracy from high to low are InF-SH，InF-SL, InF-DH, InF-DL. The positioning accuracy of dense clutter scenarios (InF-DL, InF-DH) are much worse than sparse clutter scenarios (InF-SL, InF-SH).
Observation 3: The simulation cases with synchronization error lead to significant performance degradation. For example,
· 9 m performance loss in InF-SH scenario compared with perfect synchronization with 100 MHz Bandwidth for at least 80% UEs.
· 7 m performance loss in InF-SH scenario compared with perfect synchronization with 400 MHz Bandwidth for at least 80% UEs.
Observation 4: The positioning accuracy increases with LOS probability. DL-TDOA method for InF-DH scenario can meet sub-meter(<1m) horizontal commercial requirement only when the LOS probability is comparable to InH scenario.
Observation 5: The fingerprint based method can get initial positioning which is more accurate than DL-TDOA method for InF-DH scenario with the configurations according to Table 7.8-7 in TS 38.855.
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Appendix
	Parameter
	FR1, 100 MHz
	[bookmark: _GoBack]FR2, 400 MHz

	Channel model (baseline, otherwise state any modifications)
	Baseline Channel Model based on common assumptions defined related to the channel models of 3GPP TRs 38.901 / 38.802 / 37.857.

	Carrier frequency 
	4 GHz
	30 GHz

	Subcarrier spacing
	30 KHz
	120 KHz

	Reference Signal Transmission Bandwidth
	100 MHz
	400 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) 
	[bookmark: OLE_LINK1]DL-PRS-CombSizeN = 6
DL-PRS-ReOffset = {0,3,1,4,2,5}  
DL-PRS-NumSymbols = 6


	Reference signal (type of sequence, number of ports, …) 
	1 port NR DL PRS

	Number of sites
	18

	UE number per site
	50

	number of occasions used per positioning estimate
	4

	Power-boosting level
	7.8dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	MUSIC algorithm



	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	DL-TDOA Guass-Newton algorithm




	Network synchronization assumptions
	No sync error，Sync error 50ns

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	DFT codebook

	Additional notes, if any
	1. Only LOS path to calculate TOA
2. The absolute time of arrival is applied according to TR 38.901
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Different simulation cases for InF-DH scenario(100M,30Khz)
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Different simulation cases for InF-DH scenario(400M,120Khz)
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InF-DH scenario:fingerprint based positioning
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TIOT Scenarios:100MHz,30Khz,sync error=Ons
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TIOT Scenarios:100MHz 30Khz,sync error=50ns
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TIOT Scenarios:400MHz,120Khz.sync error=Ons
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LOS probability

InF-DH scenario: LOS probability vs distance
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