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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. In RAN1#101-e meeting [2], the following agreements related to evaluation assumptions were reached.
Agreement:
· InF-SH and InF-DH models in TR 38.901 are adopted as the baseline scenarios for defining the channel models, parameters and modelling techniques for performance evaluations in the Rel. 17 positioning enhancements at least for IIoT use cases.
Agreement:
· Optional: For evaluating vertical positioning performance, UE antenna height can be uniformly distributed within [0.5, X2]m, where X2 = 2m for InF-SH and X2=hc for InF-DH defined in TR 38.901.
Agreement:
Optional: For evaluating vertical positioning performance, gNB antenna height can also be set to two fixed heights, which is either {4, 8} m, or {max(4,), 8}.
Agreement:
Clutter parameters {density r, height hc,size dclutter } for high clutter density are set as follows:
· (Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
· (Optional): {40%, 3m, 5m}
· (Optional): {60%, 6m, 2m}
Agreement:
CDF values for positioning accuracy for IIoT scenarios are derived based on:
· Case 1 (Required): The UEs inside convex hull of the horizontal BS deployment area.
· Case 2 (Optional): All the UEs
Agreement:
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
In this contribution, we provide some evaluation results on InF-SH and InF-DH scenarios. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Evaluation results of InF scenarios
In this section, we provide some simulation results on InF-SH and InF-DH scenarios. Some basic simulation assumptions are discussed in our companion contribution [3], and other detailed configurations and algorithms are listed in appendix table I and table II. In addition, table III and table IV in the appendix reveal some controlled variables of all simulation cases. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]Firstly, the horizontal positioning simulation results of FR1 and FR2 for InF-SH are shown in table 1and table 2 respectively, and the corresponding CDF curves are attached in appendix figure 1. As it can be shown in table 1 and table 2, when there is no network synchronization error and all UEs are inside convex hull, the horizontal positioning accuracy of 90% UEs are less than 0.450 m in FR1, while the value is 0.044 m in FR2. Regarding the cases with 50 ns synchronization error, the horizontal positioning error is larger than 40 m for most of cases at the percentile of 90% UEs. In addition, all simulation cases in table 1 and table 2, the positioning accuracy of UE inside convex hull is slightly better than the cases where UEs are uniformly distributed over the factory, because the high quality links for positioning are always enough under high LOS probability scenario.
[bookmark: _Ref39843736]Table 1 CDF of horizontal positioning accuracy in InF-SH scenario,FR1
	Simulation case
	UE horizontal drop procedure
	Network synchronization 
	           Horizontal positioning accuracy (m)

	
	
	
	50%
	67%
	80%
	90%

	Case 1
	Inside convex hull
	Without sync error
	0.206
	0.279
	0.345
	0.450

	Case 2
	Uniformly distributed
	Without sync error
	0.205
	0.267
	0.345
	0.439

	Case 3
	Inside convex hull
	50 ns sync error
	9.816
	12.745
	21.583
	41.545

	Case 4
	Uniformly distributed
	50 ns sync error
	11.503
	14.866
	22.346
	39.099


Table 2 CDF of horizontal positioning accuracy in InF-SH scenario,FR2 
	Simulation case
	UE horizontal drop procedure
	Network synchronization 
	Horizontal positioning accuracy (m)


	
	
	
	50%
	67%
	80%
	90%

	Case 5
	Inside convex hull
	Without sync error
	0.025
	0.030
	0.037
	0.044

	Case 6
	Uniformly distributed
	Without sync error
	0.029
	0.035
	0.039
	0.046

	Case 7
	Inside convex hull
	50 ns sync error
	15.676
	23.461
	31.224
	48.395

	Case 8
	Uniformly distributed
	50 ns sync error
	16.033
	20.875
	32.123
	50.512


Observation 1: For InF-SH scenario, 
· When there is no network synchronization error and all UEs are inside convex hull, the horizontal positioning accuracy of 90% UEs are less than 0.450 m in FR1, while the value is 0.044 m in FR2.
· The horizontal location error is larger than 40 m for most of cases with 50 ns synchronization error at the percentile of 90% UEs.
· The positioning accuracy of UE inside convex hull is slightly better than the cases where all UEs are uniformly distributed over the factory.
Secondly, the horizontal positioning simulation results of FR1 and FR2 for InF-DH are shown in table 3 and table 4 respectively, the corresponding CDF curves are attached in appendix figure 2. As it can be seen from table 3 and table 4, the sub-meter level requirement can be met in the following cases,
· at the percentile of 50% UEs in simulation case 11.
· at the percentile of 47% UEs in simulation case 12.
· at the percentile of 67% UEs in simulation case 15.
· at the percentile of 50% UEs in simulation case 16.
When 50 ns synchronization error exists, the horizontal positioning error of all simulation cases exceeds 40 m for at the percentile of 50% UEs. Better positioning accuracy can be observed in the cases that all UEs are inside convex hull, e.g. at the percentile of 50% UEs, simulation case 11 has 1.535 m performance gain than simulation case 12, and simulation case 15 has 0.158 m performance gain than simulation case 16.
Table 3 CDF of horizontal positioning accuracy InF-DH in scenario, FR1
	Simulation case
	UE horizontal drop procedure
	Network synchronization 
	
[bookmark: OLE_LINK5]Horizontal positioning accuracy (m)


	
	
	
	50%
	67%
	80%
	90%

	Case 9
	Inside convex hull
	50 ns sync error
	40.398
	45.682
	55.171
	69.263

	Case 10
	Uniformly distributed
	50 ns sync error
	40.733
	48.420
	57.524
	84.079

	Case 11
	Inside convex hull
	Without sync error
	0.472
	30.612
	49.329
	66.177

	Case 12
	Uniformly distributed
	Without sync error
	2.007
	44.059
	62.029
	82.323


Table 4 CDF of horizontal positioning accuracy in InF-DHscenario, FR2
	Simulation case
	UE horizontal drop procedure
	Network synchronization 
	
Horizontal positioning accuracy (m)


	
	
	
	50%
	67%
	80%
	90%

	Case 13
	Inside convex hull
	50 ns sync error
	45.340
	50.837
	59.986
	77.910

	Case 14
	Uniformly distributed
	50 ns sync error
	45.799
	53.545
	64.869
	87.815

	Case 15
	Inside convex hull
	Without sync error
	0.351
	0.619
	16.254
	47.801

	Case 16
	Uniformly distributed
	Without sync error
	0.509
	18.840
	41.870
	70.570


Observation 2: For InF-DH scenario, at least the following cases with clutter settings {40%, 2m, 2m} can meet sub-meter level requirement,
· at the percentile of 50% UEs when all UEs are inside convex hull in FR1.
· at the percentile of 47% UEs when all UEs are uniformly distributed in FR1.
· at the percentile of 67% UEs when all UEs are inside convex hull in FR2.
· at the percentile of 50% UEs when all UEs are uniformly distributed in FR2.
Thirdly, the vertical positioning simulation results for InF-SH and InF-DH are shown in table 5, where the corresponding CDF curves can be found in appendix figure 3. What needs illustration is that estimated vertical locations of all UEs for InF-SH and InF-DH are restricted to 0.5-2 m and 0.5-3 m respectively. The result shows that only some cases ( i.e. simulation case 17, 18 and 20) can meet the loose vertical accuracy requirement (i.e. 1 m for 90% of UEs) based on current assumptions and Rel-16 positioning method under perfect synchronization condition.
Table 5 CDF of vertical positioning accuracy in scenario InF-SH
	Simulation case
	FR1/FR2
	Scenario
	
Vertical positioning accuracy (m)


	
	
	
	50%
	67%
	80%
	90%

	Case 17
	FR1
	InF-SH
	0.387
	0.582
	0.741
	0.931

	Case 18
	FR2
	InF-SH
	0.155
	0.210
	0.272
	0.381

	Case 19
	FR1
	InF-DH
	0.502
	0.731
	1.043
	1.245

	Case 20
	FR2
	InF-DH
	0.225
	0.370
	0.572
	0.951


Observation 3: Regarding vertical positioning accuracy, only some simulation cases ( i.e. simulation case 17, 18 and 20) can meet the loose vertical accuracy requirement (i.e. 1 m for 90% of UEs) based on current assumptions and Rel-16 positioning method under perfect synchronization condition.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide evaluation results of InF-SH and InF-DH scenarios based on Rel-16 positioning approaches. Based on the evaluation, we have the following observations.
Observation 1: For InF-SH scenario, 
· When there is no network synchronization error and all UEs are inside convex hull, the horizontal positioning accuracy of 90% UEs are less than 0.450 m in FR1, while the value is 0.044 m in FR2.
· The horizontal location error is larger than 40 m for most of cases with 50 ns synchronization error at the percentile of 90% UEs.
· The positioning accuracy of UE inside convex hull is slightly better than the cases where all UEs are uniformly distributed over the factory.
Observation 2: For InF-DH scenario, at least the following cases with clutter settings {40%, 2m, 2m} can meet sub-meter level requirement,
· at the percentile of 50% UEs when all UEs are inside convex hull in FR1.
· at the percentile of 47% UEs when all UEs are uniformly distributed in FR1.
· at the percentile of 67% UEs when all UEs are inside convex hull in FR2.
· at the percentile of 50% UEs when all UEs are uniformly distributed in FR2.
Observation 3: Regarding vertical positioning accuracy, only some simulation cases ( i.e. simulation case 17, 18 and 20) can meet the loose vertical accuracy requirement (i.e. 1 m for 90% of UEs) based on current assumptions and Rel-16 positioning method under perfect synchronization condition.
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Appendix
Table I Common scenario parameters
	Parameter
	FR1, 100 MHz
	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 
	3.5 GHz
	28 GHz

	Subcarrier spacing
	30 KHz
	120 KHz

	Reference Signal Transmission Bandwidth
	100 MHz
	400 MHz

	gNB noise figure, dB
	5dB
	7dB

	UE noise figure, dB
	9dB
	13dB

	UE max. TX power, dBm
	23dBm
	23dBm EIRP should not exceed 43 dBm.

	
	
	

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


	Number of sites
	18

	UE number per site
	10

	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
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	Network synchronization assumptions
	Without sync error，50 ns sync error

	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




Table II 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 
InF-DH: 
(baseline) 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
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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
	3-sector antenna configuration – Note 1

	Peneteration 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
	horizontal evaluation: 1.5m 
vertical evaluation:   uniformly distributed within [0.5, X2]m, where X2 = 2m for InF-SH and X2=hc for InF-DH

	UE mobility
	3km/h
(Optional): FFS

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

	gNB antenna height
	horizontal evaluation: 8m
vertical evaluation: {8,4}

	Clutter parameters: {density , height ,size }
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
{40%, 2m, 2m}
{40%, 3m, 5m}
{60%, 6m, 2m}

	Note 1:	According to Table A.2.1-7 in 3GPP TR 38.802
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Table III Simulation cases for horizontal accuracy
	Simulation Case
	Scenario 
	FR1/FR2
	UE horizontal drop procedure
	Network synchronization 
	Clutter parameters

	[bookmark: OLE_LINK3]Case 1
	InF-SH
	FR1
	Inside convex hull
	Without sync error
	{20%, 2m, 10m}

	Case 2
	InF-SH
	FR1
	Uniformly distributed
	Without sync error
	{20%, 2m, 10m}

	Case 3
	InF-SH
	FR1
	Inside convex hull
	50 ns sync error
	{20%, 2m, 10m}

	Case 4
	InF-SH
	FR1
	Uniformly distributed
	50 ns sync error
	{20%, 2m, 10m}

	Case 5
	InF-SH
	FR2
	Inside convex hull
	Without sync error
	{20%, 2m, 10m}

	Case 6
	InF-SH
	FR2
	Uniformly distributed
	Without sync error
	{20%, 2m, 10m}

	Case 7
	InF-SH
	FR2
	Inside convex hull
	50 ns sync error
	{20%, 2m, 10m}

	Case 8
	InF-SH
	FR2
	Uniformly distributed
	50 ns sync error
	{20%, 2m, 10m}

	Case 9
	InF-DH
	FR1
	Inside convex hull
	Without sync error
	{60%, 6m, 2m}

	Case 10
	InF-DH
	FR1
	Uniformly distributed
	Without sync error
	{60%, 6m, 2m}

	Case 11
	InF-DH
	FR1
	Inside convex hull
	Without sync error
	{40%, 2m, 2m}

	Case 12
	InF-DH
	FR1
	Uniformly distributed
	Without sync error
	{40%, 2m, 2m}

	Case 13
	InF-DH
	FR2
	Inside convex hull
	Without sync error
	{60%, 6m, 2m}

	Case 14
	InF-DH
	FR2
	Uniformly distributed
	Without sync error
	{60%, 6m, 2m}

	Case 15
	InF-DH
	FR2
	Inside convex hull
	Without sync error
	{40%, 2m, 2m}

	Case 16
	InF-DH
	FR2
	Uniformly distributed
	Without sync error
	{40%, 2m, 2m}































Table IV Simulation cases for vertical accuracy
	Simulation Case
	Scenario 
	FR1/FR2
	UE horizontal drop procedure
	Network synchronization 
	Clutter parameters

	Case 17
	InF-SH
	FR1
	Inside convex hull
	Without sync error
	{20%, 2m, 10m}

	Case18
	InF-SH
	FR2
	Inside convex hull
	Without sync error
	{20%, 2m, 10m}

	Case19
	InF-DH
	FR1
	Inside convex hull
	Without sync error
	{40%, 3m, 5m}

	Case 20
	InF-DH
	FR2
	Inside convex hull
	Without sync error
	{40%, 3m, 5m}






















Figure 1  CDF curves of horizontal positioning error for InF-SH
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Figure 1-1 InF-SH, FR1, without sync error           Figure 1-2 InF-SH, FR1, 50ns sync error 
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Figure 1-3 FR2, without sync error                   Figure 1-4 InF-SH, FR2, 50ns sync error 











Figure 2  CDF curves of horizontal positioning error for InF-DH
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Figure 2-1 InF-DH, FR1, 50 ns sync error            Figure 2-2 InF-DH, FR1, without sync error
[image: ][image: ]
Figure 2-3 InF-DH, FR2, 50 ns sync error            Figure 2-4 InF-DH FR2, without sync error











Figure 3  CDF curves of vetical positioning error for InF-SH and InF-DH
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Figure 3-1 InF-SH, vertical accuracy                  Figure 3-2 InF-DH, vertical accuracy
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