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Introduction
In RAN#87 meeting, a new study item for NR positioning enhancements was approved [1], in which the motivation to provide higher accuracy location requirements resulting from new applications and industry verticals was justified. 
In this contribution, we focus on the NR positioning enhancements in IIoT scenarios, and discuss the promising use cases and requirements, along with the evaluation assumptions.
IIoT use cases and requirements for positioning
In Rel-16, a series of positioning techniques were evaluated and specified in order to support the demanding requirements of general commercial use cases, which is able to achieve target horizontal positioning requirements of less than 3m and less than 10m for 80% of UEs in indoor and outdoor scenarios, respectively [2].
With the advent of the new applications and vertical industries, obtaining precise location information is characterized as a core part of the network capability, which triggers greater demands on higher accuracy positioning. In TS 22.261, a wide range of NR positioning services and applications are specified and categorized into 7 different service levels, in which the captured requirements of the positioning accuracy (including both horizontal and vertical accuracy) can be precisely up to sub-meter level (e.g., 0.2m) [3]. For the target requirements of the Rel-16 positioning, a large performance gap is notified. 
In the new SID, a positioning enhancement for IIoT indoor factory scenarios was justified. In TR 22.804, eight IIoT use cases including factory automation, process automation, and logistics and warehousing are identified, with each of them having different performance requirements in terms of horizontal accuracy, latency, and availability, as shown in then Appendix. According to our preliminary investigation in smart factory industries, one of the most promising use cases is the logistics and warehousing. A typical service, for example, is to automatically store and retrieve materials and goods onto and from shelves by using automated guided vehicle (AGV) or forklifts, etc., for which the accurate positioning of the stored goods as well as the autonomous driving machines is of high importance. 
Note that in Table 8.1.7 from TR 22.804, only horizontal positioning accuracy is defined. However, as mentioned above, since the stored goods on the shelf need to be accurately localized, we believe that it is necessary to define positioning accuracy requirements including both horizontal and vertical dimensions. To provide high accuracy positioning for this use case, the Rel-17 positioning should evaluate enhancements to meet the following target requirements in terms of accuracy and latency:
· Horizontal positioning accuracy: < 0.1m (for 90% UEs);
· Vertical positioning accuracy: < 0.2m (for 90% UEs);
· End-to-end latency: < 10ms
Proposal 1: The IIoT logistics and warehousing use case should be considered with the following positioning requirements:
· Horizontal positioning accuracy: < 0.1m (for 90% UEs);
· Vertical positioning accuracy: < 0.2m (for 90% UEs);
· End-to-end latency: < 10ms
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Scenario features and parameters of the identified IIoT use cases
We collect some data and information from industries with emerging requirements of intelligent logistics and warehousing business (e.g., JingDong Logistics), a typical warehouse environment is shown in the following figures with typical scenario parameters captured in Table 1.
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Figure 1: Typical warehouse environments
Table 1: Typical warehouse scenario parameters
	Parameters
	Values

	Height of warehouse
	9m

	Area of warehouse
	15000 m2

	Clutter density
(in terms of spacing of shelves)
	High
3.2m (for large goods);
0.8m (for small goods)

	Clutter material
	Metal


Evaluation scenarios and assumptions
In TR 38.901, channel models for 5 indoor factory (InF) scenarios are defined, which are [5]:
· InF-SL: Indoor Factory with Sparse clutter and Low base station height (both Tx and Rx are below the average height of the clutter)
· InF-DL: Indoor Factory with Dense clutter and Low base station height (both Tx and Rx are below the average height of the clutter)
· InF-SH: Indoor Factory with Sparse clutter and High base station height (Tx or Rx elevated above the clutter)
· InF-DH: Indoor Factory with Dense clutter and High base station height (Tx or Rx elevated above the clutter)
· InF-HH: Indoor Factory with High Tx and High Rx (both elevated above the clutter)
Based on the typical features and parameters characterized in the above identified IIoT use case, it aligns with the InF-DH scenario. Hence, in order to evaluate the positioning performance in a practical way, we propose to evaluate the InF-DH scenario with high priority.
Proposal 2: The InF-DH scenario should be defined as the evaluation scenario.
In TR 38.901, the calibration parameters are defined in Table 7.8-7 for InF scenarios except InF-HH, as shown in the Appendix. Most of the common InF-DH scenario parameters can be defined based on that for the corresponding scenarios given in Table 7.8-7. Except that regarding the above practical cases of localizing the stored goods on the shelves, in our view, it is more reasonable to drop UE over a three-dimensional space, which is, the UE height should be uniformly distributed within a pre-defined range, e.g., UE antenna height ~U([0.5]m~[9]m).
Proposal 3: The common InF scenario parameters can be defined based on that for the corresponding scenarios given in Table 7.8-7 in TR 38.901.
Proposal 4: Regarding the UE distribution in the common InF-DH scenario parameter, the UE height should be uniformly distributed within a pre-defined range, e.g., UE antenna height ~U([0.5]m~[9]m).
Conclusions
In this contribution, we discuss the NR positioning enhancements in IIoT scenarios, and the following proposals are provided:
Proposal 1: The IIoT logistics and warehousing use case should be considered with the following positioning requirements:
· Horizontal positioning accuracy: < 0.1m (for 90% UEs);
· Vertical positioning accuracy: < 0.2m (for 90% UEs);
· End-to-end latency: < 10ms
Proposal 2: The InF-DH scenario should be defined as the evaluation scenario.
Proposal 3: The common InF scenario parameters can be defined based on that for the corresponding scenarios given in Table 7.8-7 in TR 38.901.
Proposal 4: Regarding the UE distribution in the common InF-DH scenario parameter, the UE height should be uniformly distributed within a pre-defined range, e.g., UE antenna height ~U([0.5]m~[9]m).
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Appendix
Positioning Service Performance Requirements
[bookmark: _Ref28427115]Table 8.1.7 Positioning Service Performance Requirements (TR 22.804)
	Scenario
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9% 
	< 0,54 rad
	< 1 s
	N/A

	Mobile control panels with safety functions ( non-danger zones)
	< 5 m 
	90%
	N/A
	< 5 s-
	N/A

	Augmented reality in smart factories 
	< 1 m
	99%
	< 0,17 rad 
	< 15 ms
	< 10 km/h

	Process automation – plant asset management 
	< 1 m
	90%
	N/A
	< 2 s
	< 30 km/h

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems) ) 

	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	99.9%
	N/A
	10 ms
	< 30 km/h

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	N/A
	< 1 s
	< 30 km/h

	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	< 50 cm
	99%
	N/A
	1 s
	< 30 km/h

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30km/h


Simulation assumptions for large scale calibration for the indoor factory scenario
Table 7.8-7: Simulation assumptions for large scale calibration for the indoor factory scenario (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
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BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for 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

	Metrics
	1) Coupling loss – serving cell

	
	2) Geometry with and without noise

	
	3) CDF of delay and angle spread (ASD, ZSD, ASA, ZSA) according to the definition in Annex A.1

	
	4) CDF of first path excess delay for serving cell
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