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Introduction
The RAN WG approved study item on NR Positioning Enhancements [1]. The study item includes the following objective:
	Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). 


In this contribution, we express our views on additional scenarios for I-IoT NR Positioning evaluations. Our views on other topics are provided in companion contributions [6]-[7].
IIoT Use Cases & Positioning Requirements
The SID provides the following performance targets for high precision positioning in the justification section of the SI [1]:
	(a) For general commercial use cases (e.g., TS 22.261):
- sub-meter level position accuracy (< 1 m)
(b) For IIoT Use Cases (e.g., 22.804):
- position accuracy < 0.2 m 
The target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired.”


The above performance targets are even more challenging to achieve comparing to the performance targets agreed in Rel.16. It should be mentioned that above requirements are formulated for enhanced positioning service areas and assuming the use of RAT-independent solutions as well [TS 22.261]. In [TR 22.804], the following I-IoT use cases and corresponding performance requirements are provided:
Mobile control panels with safety functions
· An indoor positioning service within factory danger zones with horizontal positioning accuracy better than 1 m, 99.9% availability, heading < 0.52 rad and latency for positioning estimation of UE < 1 s.
· An indoor positioning service for the rest of the factory hall with horizontal positioning accuracy better than 5 m, 90% availability and latency for positioning estimation of UE < 5 s.
Augmented reality
· An indoor positioning service with horizontal positioning accuracy better than 1 m, 99% availability, heading < 10 degrees and latency for positioning estimation < 15 ms for a moving UE with speed up to 10 km/h.
[bookmark: _Toc533173217]Process automation - plant asset management
· An indoor positioning service of assets in production environment with horizontal positioning accuracy better than 1 m, 90% availability, latency of less than 2 s for positioning estimation for a moving UE at the speed up to 30 km/h.
[bookmark: _Toc533173231]Inbound logistics for manufacturing
· An indoor positioning service for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems with horizontal positioning accuracy better than 30 cm, 99.9% availability, latency of 10 ms for positioning estimation of a moving UE at the speed up to 30 km/h.
· An indoor positioning service for storage of goods with horizontal positioning accuracy better than 20 cm, 99% availability, latency of less than 1 s for positioning estimation of a moving UE at the speed up to 30 km/h.
[bookmark: _Toc533173253]Flexible, modular assembly area
· An indoor positioning service of autonomous vehicles (only for monitoring proposes) with horizontal positioning accuracy better than 50 cm, 99% availability, latency of 1 s for positioning estimation of a moving UE at a speed up to 30 km/h.
· An indoor positioning service for tracking of tools at the work-place location with horizontal positioning accuracy better than 1 m (relative positioning), 99% availability and latency of 1 s for positioning estimation of a moving UE at a speed up to 30 km/h.
Based on analysis of the above use cases it clear that almost all of them are for indoor scenarios. In addition, the performance targets as provided in study item description document can be considered as a target for evaluation of NR positioning enhancements.


Performance targets provided in study item description document are confirmed as design targets for evaluation of NR positioning enhancements

I-IoT Scenarios for Positioning Evaluation
The Indoor Factory deployment scenarios defined for URLLC studies are primary candidates for additional NR Positioning evaluations. The TR 38.901[2], defines the following five Indoor Factory (InF) scenarios:
InF-SL - Indoor Factory w/ sparse clutter and low base station height (Tx, Rx are below the average height of the clutter)
InF-DL - Indoor Factory w/ dense clutter and low base station height (Tx, Rx are below the average height of the clutter)
InF-SH - Indoor Factory w/ sparse clutter and high base station height (Tx or Rx elevated above the clutter)
InF-DH - Indoor Factory w/ dense clutter and high base station height (Tx or Rx elevated above the clutter)
InF-HH - Indoor Factory w/ high Tx and high Rx (both elevated above the clutter)
Among the above scenarios, we suggest selecting the three representative scenarios for evaluation of NR positioning performance: InF-SL, InF-SH, InF-DH.


Prioritize three representative I-IoT scenarios for NR Positioning evaluations
Use the following three I-IoT representative scenarios for NR positioning evaluations in Rel-17: 
InF-SL
InF-SH
InF-DH

Evaluation Assumptions for I-IOT Scenarios
Evaluation Parameters Common Across In-Factory Scenarios
In Rel-16, the system parameters common to all scenarios for NR positioning evaluation were defined in Table 6.1.1-1 in TR 38.855 [3] (see Table 1), which includes the carrier frequency, the bandwidth of reference signals, subcarrier spacing, gNB/UE noise figures, UE max. TX power, UE antenna configuration, UE radiation pattern and network synchronization, etc. These common parameters may be re-used for I-IOT scenarios with slight modifications as highlighted by red color in Table 1 below.

[bookmark: _Ref39843794]Table 1: Common scenario parameters applicable for all scenarios (copy of the Table 6.1.1-1 in TR 38.855)
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	2GHz, 4GHz – Note 1
	30 GHz – Note 1

	Bandwidth, MHz
	5MHz,
50MHz for 2GHz
100MHz for 4GHz
	100MHz, 400MHz 

	Subcarrier spacing, kHz
	15kHz for 5MHz and 50MHz
30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	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
-	Optional: Provided by company

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

	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, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	0ns (perfectly synchronized), 50ns 

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901



The details of UE antenna model for evaluations in FR2 band are described in Table 2 below and follow evaluation assumptions in 3GPP TR 38.855.
[bookmark: _Ref39843796][bookmark: _Hlk39850228]Table 2: UE antenna radiation pattern (FR2) - (copy of the Table 6.1.1-2 in TR 38.855)
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi

	
	
Note:  are in local coordinate system.



The details of gNB antenna configurations for positioning evaluations in FR1 and FR2 bands are described in Table 3 below and follow evaluation assumptions in 3GPP TR 38.855 defined for Scenario 1. Indoor office scenario parameters. In addition, the system level evaluation assumptions on gNB max TX power are provided.
[bookmark: _Ref39853319]Table 3: gNB antenna configuration and TX power (copy of Table 6.1.1-3 in TR 38.855)
	
	FR1 Specific Values 
	FR2 Specific Values

	Layout 
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, Inter-gNB distance = 20m - Note 1

	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

	Channel model
	Indoor open office – Note 2

	Peneteration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3km/h

	UE antenna height
	1.5m

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

	gNB antenna height
	3m

	3-sector
	Antenna element vertical radiation pattern (dB)
	


	
	Antenna element horizontal radiation pattern (dB)
	


	
	Combining method for 3D antenna element pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	8dBi

	
	Electric tilting
	110 degree 

	Note 1:	According to 3GPP TR 38.802 (Table A.2.1-7: Indoor BS antenna radiation pattern for above 6GHz) – reproduced above for 3-sector case




Reuse common system parameters as provided in Table 1 for NR Positioning evaluations in Rel-17 with the following minor changes relative to the 3GPP TR 38.855
FR1: Keep only 4GHz carrier, 100MHz BW and 30kHz SCS
FR2: Keep only 400MHz BW and 120kHz SCS
Reuse UE antenna model from the 3GPP TR 38.855 as defined in Table 1 for FR1 and Table 2 for FR2
Reuse gNB antenna model corresponding to indoor office deployment scenario in the 3GPP TR 38.855 and as defined by Table 3 in this document

[bookmark: _Hlk39844959]Parameters for Indoor Factory Scenarios
The indoor factory (InF) scenarios mainly focus on factory halls of varying sizes and with varying levels of density of "clutter". Details of the InF scenarios are summarized in TR 38.901 in Table 7.2-4 (Evaluation parameters for InF) and Table 7.8-7: (Simulation assumptions for large scale calibration for the indoor factory scenario). For convenience, these tables are reproduced here in Table 4 and Table 5 respectively.
[bookmark: _Ref39855877]Table 4: Evaluation parameters for InF (copy of Table 7.2-4 Evaluation parameters for InF)
	
	InF

	Parameters
	InF-SL 
(sparse clutter, low BS)
	InF-DL
(dense clutter, low BS)
	InF-SH
(sparse clutter, high BS)
	InF-DH
(dense clutter, high BS)
	InF-HH
(high Tx, high Rx)

	Layout
	Room size
	Rectangular: 20-160000 m2 

	
	Ceiling height
	5-25 m
	5-15 m
	5-25 m
	5-15 m
	5-25 m

	
	Effective clutter height 
	< Ceiling height, 0-10 m

	
	External wall and ceiling type
	Concrete or metal walls and ceiling with metal-coated windows

	Clutter type
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Any

	Typical clutter size, 
	10 m
	2 m
	10 m
	2 m
	Any

	Clutter density  (percentage of surface area occupied by clutter)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	Any

	BS antenna height 
	Clutter-embedded, i.e. the BS antenna height is below the average clutter height
	Above clutter
	Above clutter

	UT location
	LOS/NLOS
	LOS and NLOS
	100% LOS

	
	Height 
	Clutter-embedded
	Above clutter



[bookmark: _Ref40485275][bookmark: _Ref40485293]Table 5: Simulation assumptions for indoor factory scenario (copy of Table 7.8-7 from the 3GPP TR 38.901)
	Parameter
	Values

	Scenario
	InF-SL, InF-DL, InF-SH, InF-DH

	Hall size
	InF-SL: 120x60 m
InF-DL: 300x150 m
InF-SH: 300x150 m
InF-DH: 120x60 m

	Room height
	10 m

	Sectorization
	None

	BS antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	UT antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	Handover margin (for calibration)
	0dB

	BS deployment
	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
[image: ]
BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for InF-SH and InF-DH


	UT distribution 
	uniform dropping for indoor with minimum 2D distance of 1 m
UT height = 1.5 m

	UT attachment
	Based on pathloss 

	UT noise figure
	9 dB

	Carrier frequency
	3.5 GHz, 28 GHz

	Bandwidth
	100 MHz

	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




Reuse evaluation parameters for indoor factory evaluations as defined in Table 4 and Table 5 with proposed modifications marked in red colour

Indoor Factory Channel Models
Channel models for Indoor Factory scenarios are described in the 3GPP TR 38.901. We propose to reuse InF channel models for NR Positioning evaluations including modeling of NLOS time offset in propagation delay for NLOS models.


Reuse InF channel models defined in the 3GPP TR 38.901 including modelling of NLOS offset in propagation delay for NLOS models

Conclusions
In this contribution we have provided our views on the I-IOT use cases and scenarios for NR positioning evaluations as a part of the Rel-17 SI on NR Positioning Enhancements. In summary, we have following list of proposals:

Proposal 1: 
Performance targets provided in study item description document are confirmed as design targets for evaluation of NR positioning enhancements

Proposal 2: 
Prioritize three representative I-IoT scenarios for NR Positioning evaluations
Use the following three I-IoT representative scenarios for NR positioning evaluations in Rel-17: 
InF-SL
InF-SH
InF-DH

Proposal 3: 
Reuse common system parameters as provided in Table 1 for NR Positioning evaluations in Rel-17 with the following minor changes relative to the 3GPP TR 38.855
FR1: Keep only 4GHz carrier, 100MHz BW and 30kHz SCS
FR2: Keep only 400MHz BW and 120kHz SCS
Reuse UE antenna model from the 3GPP TR 38.855 as defined in Table 1 for FR1 and Table 2 for FR2
Reuse gNB antenna model corresponding to indoor office deployment scenario in the 3GPP TR 38.855 and as defined by Table 3 in this document

Proposal 4: 
Reuse evaluation parameters for indoor factory evaluations as defined in Table 4 and Table 5 with proposed modifications marked in red colour

Proposal 5: 
Reuse InF channel models defined in the 3GPP TR 38.901 including modelling of NLOS offset in propagation delay for NLOS models
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