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1. Introduction

In Rel 16 initial positioning support is provided with both RAT based, and non-RAT based positioning techniques. In RAN#86 meeting, the study item on NR positioning enhancements was approved under release 17 [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)):
a. 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]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. 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.


Rel 17 study focuses on the more advance commercial use cases rather than just satisfying the public safety requirements as in case of legacy positioning support in 3GPP. One such commercial use case is the Industrial IoT (IIoT) scenario agreed in RAN1 #101-e with more stringent positioning requirement in terms of accuracy, latency, and power consumption. In RAN 1 #101-e few agreements on commercial use case requirements are achieved. Further in RAN 1 #101-e evaluation parameters are finalized for new commercial use cases including IIoT. As mentioned in SID, main agenda behind the evaluation study is to find out the performance of Rel 16 positioning techniques for new use cases and understand the performance gaps for envisioned requirement in the study. The present contribution provides the initial evaluation results for Rel 17 commercial use case. 

2. Evaluation of InF scenarios:

In RAN1 #101-e meeting, two indoor factory scenarios are chosen for the positioning study based on the actual InF scenario can be experienced in practice. They are InF-SH and InF-DH as per following agreement. 
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
· Note: Modifications to parameters in the InF-DH models will be discussed separately.
· Note: Target performance and performance gap identification will be discussed separately. 
· Note: Individual companies may consider additional InF models in TR 38.901 as complementary evaluation scenarios in their simulation investigation and the evaluation results can be considered to be captured in the TR 38.857.
Note: Target positioning requirements may not necessarily be reached for all scenarios

Common parameters and InF specific parameters table is agreed for simulation performance provided in annexure a) and b) which are used for simulation.  

a) InF-SH scenario: 
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In InF-SH, sparse clutter density e.g. machinery, assembly lines, storage shelves, etc. is assumed and the deployed gNB/hotspot height is assumed above the effective clutter height.  Therefore, there 
Figure 1: InF-SH LOS probability distribution  

is better chance of the LOS path as shown in the fig 1 compared to other InF scenarios. We evaluated the timing-based positioning technique in DL i.e. DL-TDOA with different bandwidth of PRS as per Rel 16.  PRS is repeated over 4 symbols with staggering pattern. Fig 2 shows cumulative distribution of positioning error for different bandwidth. Similarly, the table 1 shows the positioning accuracy achieved for various percentile values i.e. 50,67,80,90 and 95%tile values. 
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Figure 2: InF-SH positioning error CDF with DL-TDOA method (a) with baseline paramters (b) with LOS links 








Table 1: Positioning accuracy for different bandwidth
	
	Baseline
	Forced LOS

	Bandwidth
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	20MHz
	2.31m
	3.52m
	4.9m
	8.95m
	-
	2.31m
	3.5m
	4.9m
	8.9m
	-

	50Mhz
	1.23m
	1.62m
	2.32m
	3.73m
	6.13m
	1.22m
	1.63m
	2.7m
	4.6m
	7.5m

	100MHz
	0.6m
	0.85m
	1.41m
	1.78m
	4.18m
	0.63m
	0.95m
	1.34m
	2.21m
	4.9m

	200MHz
	0.3m
	0.52m
	0.95m
	2.70m
	4.18m
	0.32m
	0.5m
	0.96m
	1.77m
	3.2m



Additionally, we evaluated the carried aggregate PRS transmission with 200MHz band (100MHz + 100MHz). It can be observed from the fig 2 that positioning error decreases with increase in bandwidth. Therefore, PRS bandwidth is critical parameter to achieve the desired accuracy requirements. Table 1 shows the cases in green where <1m accuracy error requirement can be achieved. This simulation is with only time arrival measurement and it suggest that on DL-TDOA is not sufficient to achieve the desired accuracy in Rel 17. Hybrid method should be used for improvising the positioning accuracy. Similarly, it can be observed that in no much performance different in baseline and forced LOS case. This is due to the clutter parameter chosen for the InF SH scenario.

b) InF-DH scenario:

In InF-DH, dense clutter density is assumed, and the deployed gNB/hotspot height is assumed above the effective clutter height.  Here again, there is better chance of the LOS path as shown in the fig 3.

[image: ]Figure 3: InF-DH LOS probability distribution for different 

We evaluated the timing-based positioning technique in DL i.e. DL-TDOA with different bandwidth of PRS as per Rel 16.  PRS is repeated over 4 symbols with staggering pattern. Fig 4 shows cumulative distribution of positioning error for different bandwidth. Similarly, the table 2 shows the positioning accuracy achieve for various percentile values i.e. 50, 67, 80, 90 and 95%tile values.  
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Figure 4: InF-DH positioning error CDF with DL-TDOA method

Table 2: Positioning accuracy for different bandwidth in InF-DH

	
	Baseline
	Forced LOS

	Bandwidth
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	20MHz
	2.47m
	3.3m
	5.2m
	9.5m
	-
	2.41m
	3.13m
	5.2m
	9.5m
	-

	50Mhz
	1.03m
	1.63m
	2.14m
	3.2m
	8.9m
	1.45m
	1.65m
	2.23m
	3.36m
	6.55m

	100MHz
	0.61m
	0.96m
	1.4m
	1.9m
	3.2m
	0.62m
	0.88m
	1.22m
	1.65m
	2.25m

	200MHz
	0.35m
	0.55m
	0.84m
	1.37m
	2.0m
	0.3m
	0.37m
	0.55m
	0.99m
	1.58m




In this case also, we evaluated the carried aggregate PRS transmission with 200MHz band (100MHz + 100MHz). It can be observed from the fig. 4 that positioning error decreases with increase in bandwidth. Therefore, PRS bandwidth is critical parameter to achieve the desired requirements. Table 2 shows the cases in green where <1m accuracy error requirement can be achieved. In InF-DH case, the LOS path-based positioning will provide improvement over baseline.

Observation 1: Bandwidth of PRS is a critical parameter to define the accuracy of positioning in both the IIoT scenarios. Similarly, determining the LOS path will improve the accuracy of position at least in case of InF-DH scenario. 

Observation 2: DL-TDOA will not satisfy the accuracy requirement for InF-SH and InF-DH for 80% tile of UEs or more. Need to perform the hybrid detection for improve the accuracy to achieve this.

Proposal 1: LOS path detection and hybrid positioning techniques should be studied in positioning enhancement study.

3. Effect of network synchronization error on positioning




Network synchronization is one of the major issues in RAT-based positioning.
Following result shows that if clock at gNBs is mismatched then even having a large bandwidth doesn’t help. It is required that the gNBs/TPs participating in the positioning should be synchronised perfectly. At present, the GNSS based and ethernet based synchronization (syncE or PTP) techniques are used in practice. For Rel 17 scenarios, the required network synchronization is in nano-seconds rage because e.g. if network synchronization error is even 50ns then maximum achievable position accuracy will be limited to 50 ns x 3x108= 15 m. Therefore, this study is important in Rel 17. Below fig. 5 provides the comparison of between position error CDF with synchronization error and without synchronization error for 50 MHz bandwidth in InF-DH scenario. It can clearly be observed that the synchronization error degrades the accuracy significantly. Similarly, Table 3 provides the error performance for different percentile values. It is clearly visible that the positioning performance degradation is up to 45 percentage. (Note: assumed sync error model as truncated Gaussian with std 100ns and T2= 100ns ) Therefore, network synchronization error techniques should be studied in Rel 17 to achieve required accuracy. One such technique is discussed in our companion contribution [4]
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Figure 5: InF-DH positioning error CDF with and without synchronization error

	InF-DH
	Positioning Error without Sync Error
	Positioning Error with Sync Error

	Bandwidth
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	20MHz
	2.41m
	3.13m
	5.2m
	9.5m
	-
	38.25m
	46.38m
	53.38m
	59m
	65.41m

	50Mhz
	1.45m
	1.65m
	2.23m
	3.36m
	6.55m
	39.15m
	43.82m
	49.99m
	56.48m
	61.05m

	100MHz
	0.62m
	0.88m
	1.22m
	1.65m
	2.25m
	28.81m
	38.67m
	46.71m
	53.61m
	58.95m



Table 3: InF-DH positioning error percentile with and without synchronization error

Observation 3: Network synchronization error is critical factor in Rel 17 positioning enhancement as it degrades the positioning accuracy significantly. Tight synchronisation close to ideal is necessary for Rel 17 scenarios.

Proposal 2: Network synchronization error techniques should be studied in Rel 17 to achieve required accuracy.  

4. Conclusions
Following are the observation and proposals for positioning enhancement in Rel 17 proposed in present contribution.

Observation 1: Bandwidth of PRS is a critical parameter to define the accuracy of positioning in both the IIoT scenarios. Similarly, determining the LOS path will improve the accuracy of position at least in case of InF-DH scenario. 

Observation 2: DL-TDOA will not satisfy the accuracy requirement for InF-SH and InF-DH for 80% tile of UEs or more. Need to perform the hybrid detection for improve the accuracy to achieve this.

Observation 3: Network synchronization error is critical factor in Rel 17 positioning enhancement as it degrades the positioning accuracy significantly. Tight synchronisation close to ideal is necessary for Rel 17 scenarios.

Proposal 1: LOS path detection and hybrid positioning techniques should be studied in positioning enhancement study.

Proposal 2: Network synchronization error techniques should be studied in Rel 17 to achieve required accuracy.  
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6. Annexure

a) Common Evaluation parameters
	
	FR1
	FR2

	Carrier frequency, GHz 
	3.5GHz

	28GHz

	Bandwidth, MHz
	100MHz
additional: 20,50 and 200 MHz
	400MHz


	Subcarrier spacing, kHz
	30kHz
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB 
	13dB

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

	UE antenna configuration
	dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Baseline:
Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU


	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, 
1. T1= 0ns (perfect synchronization)
2. T1= 50ns, sigma = 100ns and T2 = 100ns







b) InF specific parameters
	
	FR1
	FR2

	Channel model
	InF-SH, InF-DH
	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

	
	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 
	(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
	3-sector antenna configuration

	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
	1.5m

	UE mobility
	3km/h, additionally 10km/h

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

	gNB antenna height
	8m

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

	


  
c) Parameters details for FR1 simulations

	Parameter
	InF-SH
	InF-DH

	Channel model (baseline, otherwise state any modifications)
	38.901
	38.901

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb 3 with staggering pattern over 4 symbols
	Comb 3 with staggering pattern over 4 symbols

	Reference signal (type of sequence, number of ports, …) 
	Rel 16 DL-PRS 
	Rel 16 DL-PRS 

	Number of sites
	18
	18

	Number of symbols used per slot per positioning estimate
	4
	4

	Number of slots per positioning estimate
	1
	1

	Power-boosting level
	0dB
	0dB

	Uplink power control (applied/not applied)
	Not applicable 
	Not applicable 

	interference modeling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Newton Raphson and Gradient descent
	Newton Raphson and Gradient descent

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

	Network synchronization assumptions
	1. 0ns
2. 50 ns
	1. 0ns
2. 50 ns

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

	Precoding assumptions (codebook, nr of antenna elements used, etc)
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1)
one TXRU per polarization per panel
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1)
one TXRU per polarization per panel

	Additional notes, if any
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