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1 Introduction
At RAN#86 meeting, the study item on NR Positioning Enhancements was approved [1]. From RAN1’s perspective, the SI includes the following objectives:
1. 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 (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
0. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
0. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
0. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
The SI is expected to define additional IIOT scenarios with the associated performance requirements for identifying any performance gap with respect to the target accuracies.
2 Discussion on 3GPP InF Scenarios
TR38.901 [2] defines 5 indoor factory (InF) scenarios for (I)IoT use cases. In this section, we discuss the key characteristics of those models that impact the positioning accuracy in simulation.  
Based on 7.6.1 of [2], the NLOS components of a simulated channel are shifted by  seconds in addition to the delay for the 3D distance between UE and base station.   The PDF and CDF of  follows a lognormal distribution as plotted below: 
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The 50th and 90th percentiles of the distribution are 31.62ns and 103ns, respectively, which amounts to about 9.5m to 30.9m propagation distance.  
Observation 1: The total path length of NLOS channel deviates from the UE - base station distance by at least 9.5m for 50% of the time due to the introduction of  delay. 
The impact of  on positioning accuracy is more pronounced when LOS availability is low.  Figure 2‑1 shows The LOS probability for InF-SL/DL/SH/DH under default clutter parameters. 
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[bookmark: _Ref40017295]Figure 2‑1
The curves for InF-DL/DH scenarios fall sharply, which indicates that the likelihood of getting any LOS link is low.  In addition, for the InF-SL scenario, the LOS probability drops remarkably as the ISD increases (e.g. from 20m to 50m).  As a result, most of the UEs in these scenarios are expected to suffer from insufficient LOS links for positioning algorithm to work.  
To assess the impact, the empirical distributions of the number of LOS TOA links available across UEs are generated from a Monte Carlo simulation (correlation distance is omitted here for simplicity).   
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From Figure 2‑2 and Figure 2‑3, we observed the following: 
· UEs in InF-SH see 10 or more cell-sites in LOS condition with high probability, whether ISD = 20m or 50m
· UEs in InF-DH and InF-DL barely have any LOS link, whether ISD = 20m or 50m.   
· For InF-SL scenario with ISD = 50m, ~70% of the UE see 3 or less base stations in LOS.
 
Observation 2: LOS probability is very low for InF-DH/DL scenarios with default clutter parameters and cannot supply enough LOS TOAs needed by the positioning algorithm (most UEs see no base station in LOS). 
Conclusion 1: The default clutter parameters for InF-DL and InF-DH are not suitable for positioning study due to the limited LOS availability and the  delay for NLOS.  If the two scenarios are deemed important for key use cases, adjustment on LOS availability is needed. 
LOS availability adjustment can be achieved through parameter change. To decide a new set of clutter parameters, we must first agree upon a CDF requirement governing the LOS state, which ensures X% of the UEs with a least Y LOS Links.  Once (X, Y) is defined, the required value of  in the LOS probability equation (Table 7.4.2-1 of [2]) can be obtained from a simple UE dropping experiment.  The corresponding clutter parameters (e.g. hc, r, dclutter) can then be derived analytically.  
Note that the CDF of the number of LOS TOAs across UEs is indeed a function of  .   The required   for an exemplary list of CDF values are provided in Table 1[footnoteRef:2].  [2:  The correlation distance and minimum UE-base station distance are omitted in the analysis for simplicity.] 
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	Required 

	Number of LOS available to UE
	Attained at 20% 
in CDF
	Attained at 15% 
in CDF
	Attained at 10%
in CDF
	Attained at 5%
in CDF

	4 LOS 
	1.55
	1.675
	1.825
	2.1

	5 LOS 
	1.9
	2.05
	2.25
	2.575

	6 LOS 
	2.3
	2.475
	2.725
	3.125



Based on the table, for InF-DH & 20m ISD, if the requirement is to keep 95% of the UEs with at least 4 LOS links, the following parameter change can be considered:  hc = 3, r = 0.4, dclutter = 5.     
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Proposal 1: define a minimum requirement on LOS availability for the evaluation such that [95]% of the UEs having [4] or more LOS links.  In the evaluation, exclude the scenarios where the requirement cannot be met through proper clutter parameter and/or ISD changes. 
Proposal 1: For InF-DH with D = 20m, consider clutter parameter change with hc = 3, r = 0.4, dclutter = 5, which ensures 95% of the UEs have at least 4 LOS links as illustrated in Figure 2‑4.  

2.1 Base Station and UE Placement Discussion
The common layout for InF scenarios places the outer most base stations D/2 (m) away from the wall.  This setup is suitable for evaluating indoor communication system.  For positioning, however, such arrangement would limit the potential of achievable accuracy.  For example, the UEs dropped outside the convex hull of the 18 base stations may experience higher Dilution of Precision (DOP), which makes TOA based positioning algorithms, like OTDOA/UTDOA/Multi-RTT, more prone to TOA estimation errors. 
Figure 2‑6 shows an example of Horizontal Dilution of Precision (HDOP) for TDOA with all 18 TOAs applied in the algorithm, where the UEs located at the corners suffer from higher HDOP.  
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Observation 3: The UEs located outside the convex hull of the base stations experience higher DOP than those located inside. 
To align the evaluation assumption with practical deployment scenarios for positioning, the UEs dropped outside the convex hull of the base stations should be excluded from the CDF (or equivalently, only drop UEs inside this area). 
Proposal 2: When deriving CDF values for positioning accuracy, consider only the UEs inside the convex hull of the base stations. 
Vertical accuracy is another key performance metric for (I)IOT applications (e.g. inbound logistic for good storage).  To assess the vertical accuracy for indoor factory scenarios, different UE heights shall be considered in the evaluation assumption.  In addition, mixed gNB heights can be introduced for evaluating the impact on vertical accuracy with TDOA bases algorithm. 
Observation 4: Under the baseline assumption in table 7.8-7 of [2]: 
· the simulated UEs have identical height, which limits the capability of evaluating positioning accuracy for the use cases involving vertical movement. 
· base stations antennas are deployed at the same height, which may affect the vertical accuracy of TDOA based algorithm.

Proposal 3: Introduce randomized UE height in dropping procedure, drawn from a uniform distribution over [1m – 3m].
Proposal 4: Introduce variable base station height and evaluate the performance in addition to the case of fixed base station height. 
2.2 Network Synchronization Error
TR38.855 [3] defines the network synchronization error as a truncated gaussian random variable with sigma = 50ns rms.   This results in additional 50ns rms error in TOA measurement (about 15m rms in distance), which constraints the accuracy performance of OTDOA/UTDOA.  Given that indoor factory is a highly controlled environment, high precision synchronization can be achieved with shared clock, synchronization cable or refined OTA synchronization.   For OTDOA/UTDOA, the study shall focus on the cases with perfect synchronization. 
Observation 5: The realistic model of network synchronization error introduced in [3] is too pessimistic for precise positioning in an indoor factory environment, considering synchronization can be achieved with dedicated equipment in the factory.   
Proposal 5: For TDOA evaluations, baseline should be considered with perfect network synchronization.
2.3 Mobility and Time Filtering
To help meeting stringent accuracy requirements, time filtering and UE mobility could also be accounted. The followings should be agreed:
· A simple path trajectory
· What spatial consistency and mobility elements are modeled (e.g. what channel variables are correlated)
· A set of velocities and accelerations consistent with the dynamics of the use-case application
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Proposal 6. Consider mobility as additional scenario for evaluation. A simple route or path trajectory can be defined in the layout along with a mobility model defining the velocities and accelerations consistent with the dynamics of the use-case applications (e.g. a line segment as illustrated in Figure 2‑7).  Spatial consistency procedure in [2] shall also be enabled in the mobility simulation with configurations agreed by the group. 
3 Conclusions
We make the following Observations:
Observation 1: The total path length of NLOS channel deviates from the UE - base station distance by at least 9.5m for 50% of the time due to the introduction of  delay. 
Observation 2: LOS probability is very low for InF-DH/DL scenarios with default clutter parameters and cannot supply enough LOS TOAs needed by the positioning algorithm (most UEs see no cell-site in LOS). 
Conclusion 1: The default clutter parameters for InF-DL and InF-DH are not suitable for positioning study due to the limited LOS availability and  delay for NLOS.  If the two scenarios are deemed important for key use cases, adjustment on LOS availability is needed. 
Observation 3: the UEs located outside the convex area enclosed by the surrounding base stations experience higher GDOP than those located inside. 
Observation 4: Under the baseline assumption in table 7.8-7 of [2]: 
· the simulated UEs have identical height, which limits the capability of evaluating positioning accuracy for the use cases involving vertical movement. 
· base stations antennas are deployed at the same height, which may affect the vertical accuracy of TDOA based algorithm. 

Observation 5: The realistic model of network synchronization error introduced in [3] is too pessimistic for precise positioning in an indoor factory environment, considering synchronization can be achieved with dedicated equipment in the factory.   
We make the following Proposals:
Proposal 1: For InF-DH with D = 20m, consider clutter parameter change with hc = 3, r = 0.4, dclutter = 5, which ensures 95% of the UEs have at least 4 LOS links as illustrated in Figure 2‑4.  
Proposal 2: When deriving CDF values for positioning accuracy, consider only the UEs inside the convex hull of the base stations.      
Proposal 3: Introduce randomized UE height in dropping procedure, drawn from a uniform distribution over [1m – 3m].
Proposal 4: Introduce variable base station height and evaluate the performance in addition to the case of fixed base station height.
Proposal 5: For TDOA evaluations, baseline should be considered with perfect network synchronization.
Proposal 6: Consider mobility as additional scenario for evaluation.  A simple route or path trajectory can be defined in the layout along with a mobility model defining the velocities and accelerations consistent with the dynamics of the use-case applications (e.g. a line segment as illustrated in Figure 2‑7).  Spatial consistency procedure in [2] shall also be enabled in the mobility simulation with configurations agreed by the group. 
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5 Appendix: Evaluation parameters for IIOT scenarios
Figure 3‑1
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SL, InF-DL, InF-SH, InF-DH
	InF-SL, InF-DL, InF-SH, InF-DH

	Layout 
	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

	Penetration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area.  
Correlation distance described in Table 7.5-6 Part-3 of TS38.901 for InF scenarios and Table7.6.9-1 of 38.901 for  are not applied.  

	UE mobility
	3km/h

	UE antenna height
	Uniformly distributed over [1m ~ 3m]

	Min gNB-UE distance (2D), m
	1m

	UE noise figure
	9 dB
	13dB Note 1

	gNB antenna height
	BS height = [1.5 m 8m] fixed or variable

	Clutter density: 
	Low clutter density: 20%
High clutter density: 60%

	Clutter height: 
	Low clutter density: 2 m
High clutter density: 6 m

	Clutter size: 
	Low clutter density: 10 m
High clutter density: 2 m

	Network Synchronization
	Baseline: Perfect synchronization


	Positioning Algorithm
	TOA estimation with 4x oversampling with TOA pruning before the positioning engine using the ratio of the estimated TOA peak over the median of the Channel Energy Response (CER).




6 Appendix: Evaluation parameters related to DL & UL PRS Configurations
Table 2 DL PRS Configuration
	Parameters
	Values

	DL-PRS-ResourceRepetitionFactor
	1

	DL-PRS-ResourceTimeGap
	1

	DL-PRS-SFN0-Offset
	0

	DL-PRS-ResourceSetSlotOffset
	Configured for avoiding overlapping of the DL PRS from different TRPs

	DL-PRS-CombSizeN
	N=6 for FR1, N = 2 for FR2

	DL-PRS-ReOffset
	{0,1} for N = 2
{0,3,1,4,2,5}  for N = 6

	DL-PRS-ResourceSlotOffset
	Configured for avoiding overlapping of the DL PRS from different TRPs

	DL-PRS-NumSymbols
	6 for FR1, 2 for FR2

	DL-PRS-SubcarrierSpacing
	30 kHz for FR1
120 kHz for FR2

	DL-PRS-CyclicPrefix
	Normal

	DL-PRS-ResourceBandwidth
	100 MHz with 30kHz SCS for FR1
400 MHz with 120kHz SCS for FR2

	DL-PRS-ResourcePower
	Determined based on the maximum TRP Tx power divided by the number of DL PRS REs

	DL–PRS- PositioningFrequencyLayer 
	1

	NumDL-PRS-RSTD-MeasurementsPerTRPPair
	1

	NumPositioningFrequencyLayers
	1

	NumTrpPerPositioningFrequencyLayer
	18 for FR1, 54 for FR2

	NumDL-PRS-ResourceSetsPerTRPFrequencyLayer
	1

	NumDL-PRS-ResourcesPerSet
	Configured as needed for the beamforming in the simulation evaluation
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