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Abstract: This document proposes the text for clause 7 on the Technical Report 22.872 “Study on positioning use cases”. 
1/ Proposal

------------------------- PROPOSED CHANGES ----------------------------

------------------------- Start of Change 1 ----------------------------

7 Considerations on the suitability of positioning technologies for use cases
7.1 Introduction and proposed approach
In addition to the considerations developed in clause 6 on the use cases performance targets, an initial identification of how existing positioning technologies meet such targets is presented, with the objective to identify targets that can be met already and in particular others that would require new technologies to be possibly considered in 5G NR. A qualitative assessment based on a colour – coded scale is used as in table below. 
Table 7-1: Classification scale
	Performance targets fully met (at least 95%)
	Performance targets largely met (at least 68%)
	Performance targets met under certain conditions
	Performance targets rarely met
	Performance targets never met (or met under exceptional conditions)



In the next clause, this approach is presented in more detailed tables for the different Key Performance Indicators.
The positioning technologies captured in TS 38.305 are the baseline used for the apportionment exercise. They can be classified into the following categories:
· 3GPP technologies included/to be included in TS 38.305: downlink positioning (OTDOA), enhanced cell ID (E-CellID)
· Non-3GPP technologies included/to be included in TS 38.305: A-GNSS, HA-GNSS (e.g. RTK), TBS, WLAN (also with FTM, Fine-Time Measurement, as defined in 802.11-2016), Bluetooth method

· Positioning sensors included/to be included in TS 38.305: barometric pressure sensor method, IMU

NOTE: TS 38.305 is expected to be updated based on the positioning enhancements standardised for LTE Release 15 i.e. hence, the addition of HA-GNSS to this list.

The suitability of technologies is performed for key performance indicators and associated targets, as identified in the use cases and in clause 6, typically:
· Horizontal accuracy classes: 50 m, 3 m, 0.1-0.5 m (see clause 6.3)
· Vertical accuracy: typically 2-3 m

· Relative positioning accuracy: 0.1-0.2 m

· Velocity accuracy: 1-5 m/s

And for different environment of use (which refers to the nature of the environment, and not to the geographical coverage, for instance, of a cellular network):

· Outdoor rural (includes any outdoor with almost no obstruction)

· Outdoor sub-urban (includes any outdoor with limited obstruction) and urban 
· Outdoor deep urban (or any environment with very significant obstruction)
· Indoor (5G coverage area)
· Enhanced positioning coverage area
The GNSS accuracy displayed below reflects performances from ETSI TS 103 246-3 [6] while HA-GNSS performance corresponds to state of the art RTK results reported in literature or in technical specifications released by GNSS receiver manufacturers. The values associated to terrestrial positioning technologies are derived from 3GPP standards such as TR 37.857 (Study on indoor positioning enhancements for UTRA and LTE ) and FCC E911 Location Accuracy - Indoor Location Test Bed Report [7] for 3GPP LTE and TBS, and from state of the art results for WLAN and Bluetooth.

The potential impacts related to the infrastructure configurations and density are reported qualitatively in the tables comments (for example, coverage of GNSS is global, for HA-GNSS and LTE it depends on the network deployment) or use of technologies at user level or hybridisation of various technologies). 
7.2 Suitability of existing positioning technologies for different KPIs
7.2.1 Horizontal accuracy KPI
Clause 7.2.1 maps in color-coded scale the capability of each positioning technology to meet 3 classes of absolute horizontal accuracy corresponding to the categorisation presented in clause 6.3: 50 m, 3 m and 0.3 m.
Table 7.2.1-1: Technologies capabilities for KPI horizontal accuracy when target performance is better than 50 m
	Positioning technology
	Outside Enhanced positioning coverage area (e.g. within in 5G coverage)
	Enhanced positioning coverage area

	
	Outdoor rural
	Outdoor 

Suburban / Urban
	Outdoor 

Deep Urban
	Indoor
	

	3GPP (LTE)
	Depends on network configuration and density
	Depends on network configuration and density
	

	TBS
	
Depends on network configuration and density
	

	WLAN
	
	
	Depends on network configuration and density
	Depends on network configuration and density
	

	Bluetooth
	
	
	Depends on configuration and density
	Depends on configuration and density
	

	GNSS
	
	
	
	Light indoor for high sensitivity receivers
	

	HA-GNSS
	
	
	
	
	

	Barometer
	NA

	IMU
	Improves availability and reliability



Table 7.2.1-2: Technologies capabilities for KPI horizontal accuracy when target performance is better than 3 m
	Positioning technology
	Outside Enhanced positioning coverage area (e.g. within in 5G coverage)
	Enhanced positioning coverage area

	
	Outdoor rural
	Outdoor 

Suburban / Urban
	Outdoor 

Deep Urban
	Indoor
	

	3GPP (LTE)
	
	
	
	
	

	TBS
	Depends on network configuration and density
	Depends on network configuration and density

	WLAN
	
	
	
	Depends on technology used, network configuration and density
	With FTM, depends on network configuration and density

	Bluetooth
	
	
	
	
	Depends on network configuration and density

	GNSS
	
	
	
	
	

	HA-GNSS
	
	
	
	
	

	Barometer
	NA

	IMU
	Improves availability and reliability



Table 7.2.1-3: Technologies capabilities for KPI horizontal accuracy when target performance is better than 0.3 m
	Positioning technology
	Outside Enhanced positioning coverage area (e.g. within in 5G coverage)
	Enhanced positioning coverage area

	
	Outdoor rural
	Outdoor 

Suburban / Urban
	Outdoor 

Deep Urban
	Indoor
	

	3GPP (LTE)
	
	
	
	
	

	TBS
	
	
	
	
	

	WLAN
	
	
	
	
	

	Bluetooth
	
	
	
	
	

	GNSS
	
	
	
	
	

	HA-GNSS
	
	
	
	
	

	Barometer
	NA

	IMU
	Improves availability and reliability



7.2.2 Technologies capabilities for vertical accuracy KPI
Clause 7.2.2 maps in color-coded scale the capability of each positioning technology to meet a 3 m vertical accuracy.

Table 7.2.2-1: Technologies capabilities for KPI vertical accuracy when target performance is better than 3 m
	Positioning technology
	Outside Enhanced positioning coverage area (e.g. within in 5G coverage)
	Enhanced positioning coverage area

	
	Outdoor rural
	Outdoor 

Suburban / Urban
	Outdoor 

Deep Urban
	Indoor
	

	3GPP (LTE)
	
	
	
	Depends on network configuration and density
	If dense indoor small cells

	TBS
	
	Yes, for devices equipped with a pressure sensor
	Yes, for devices equipped with a pressure sensor
	
	

	WLAN
	
	
	
	
	With FTM, depends on network configuration and density

	Bluetooth
	
	
	
	
	Depends on network configuration and density

	GNSS
	
	
	
	
	

	HA-GNSS
	
	
	
	
	

	Barometer
	Good calibration is not always possible
	Yes, when calibrated in the working environment. Experiences problems when a user moves from outdoor to indoor and the opposite.

	IMU
	Improves availability and reliability



7.2.3 Technologies capabilities for relative positioning accuracy KPI
Clause 7.2.3 maps in color-coded scale the capability of each positioning technology to meet a 0.2 m relative positioning accuracy as addressed in clause 6.2.
Table 7.2.3-1: Technologies capabilities for KPI relative positioning accuracy when target performance is better than 0.2 m
	Positioning technology
	Outside Enhanced positioning coverage area (e.g. within in 5G coverage)
	Enhanced positioning coverage area

	
	Outdoor rural
	Outdoor 

Suburban / Urban
	Outdoor 

Deep Urban
	Indoor
	

	3GPP (LTE)
	
	
	
	
	

	TBS
	
	
	
	
	

	WLAN
	
	
	
	
	

	Bluetooth
	
	
	
	
	

	GNSS
	
	
	
	
	

	HA-GNSS
	
	
	
	
	

	Barometer
	NA

	IMU
	Improves availability and reliability



7.2.4 Technologies capabilities for velocity accuracy KPI
Clause 7.2.4 maps in color-coded scale the capability of each positioning technology to meet the velocity accuracy targets in the order of 1 m/s.
Table 7.2.4-1: Technologies capabilities for KPI velocity accuracy when target performance is in the order of 1 m/s
	Positioning technology
	Outside Enhanced positioning coverage area (e.g. within in 5G coverage)
	Enhanced positioning coverage area

	
	Outdoor rural
	Outdoor 

Suburban / Urban
	Outdoor 

Deep Urban
	Indoor
	

	3GPP (LTE)
	
	
	
	
	

	TBS
	
	
	
	
	

	WLAN
	
	
	
	
	

	Bluetooth
	
	
	
	
	

	GNSS
	
	
	
	
	

	HA-GNSS
	
	
	
	
	

	Barometer
	NA

	IMU
	Yes, when regularly calibrated for instance with odometer, GNSS, HA-GNSS
	Good calibration is not always possible



7.3 Summary
The analysis presented in clause 7.2 highlights the fact that there is no single technology capable to meet all use case positioning targets in all environments. The results from above show that horizontal positioning accuracy for indoor positioning may be achieved within 50 metre threshold with technologies already supported by 3GPP (including TBS and GNSS). Using a typical indoor WLAN infrastructure with adequate geometry, WLAN could reach the 50m target as well. 

From Table 7.2.1-2 it can be seen that only GNSS satisfies a horizontal accuracy of 3m in outdoor environments. Even in deep urban areas, GNSS can meet this target but with an availability significantly lower than 99%.
In the case of very demanding positioning requirements, from the positioning technologies included in LPP protocol only HA-GNSS is suitable to meet the 0.3m target at 99% availability. Naturally, the availability is considerably decreasing once in an urban environment. The situation is even worse for indoor environments. To conclude, the high accuracy positioning is not yet available in deep urban environments, especially at an availability better than 99%. For indoor, the situation is not better and it can be improved only by massive infrastructure deployments. Even though in standalone mode each positioning technology has displayed several limitations, the performance can be significantly improved when two or more technologies are combined. A proper integration of existing technologies, supported by adequate infrastructure deployment may cover most need except those marked in yellow and red, which can be a typical target for NR to complement existing technologies (see Table 7.2-1).
Table 7.3-1: Assessment of positioning performance targets potentially met by combination multiple positioning technologies 
	
	Outside Enhanced positioning coverage area 

(e.g. within in 5G coverage)
	Enhanced positioning coverage area

	User Case Positioning Performance Targets
	Outdoor rural
	Outdoor sub-urban / urban
	Outdoor Deep urban
	Indoor
	

	Horizontal accuracy
	50m
	Yes
	Yes
	Yes
	Yes 
	Yes

	
	3m
	Yes
	Yes
	Yes (availability to be confirmed)
	No
	Yes (availability to be confirmed)

	
	0.3m
	Yes
	Yes
	No
	No
	No

	Relative positioning accuracy
	0.2m
	Yes (availability to be confirmed)
	Yes (availability to be confirmed)
	No
	No
	No

	Vertical accuracy
	3m
	Yes
	Yes
	Yes (calibrated barometer, e.g. with GNSS and/or TBS [7])
	Yes (calibrated barometer e.g. with TBS [7])
	Yes (calibrated barometer)



Existing positioning technologies, 3GPP and non-3GPP such as GNSS (e.g. BeiDou, Galileo, GLONASS, and GPS), Terrestrial Beacon Systems (TBS), sensors (e.g. barometer, IMU), WLAN/Bluetooth-based positioning, can cover already a wide variety of demanding use cases especially when paired together. Even when combining all technologies, some very demanding accuracy targets are not met and this requires new positioning technologies, for instance based on NR. This is particularly the case to fill the gaps of high accuracy in indoor and deep urban environments, as well as to cover very high accuracy positioning and relative positioning in enhanced positioning coverage . The 5G System will thereby have to integrate a multitude of sensors and technologies based on both 3GPP and non-3GPP positioning technologies, such as the aforementioned ones, into a hybrid positioning scheme.

[image: image1]
Figure 7.3-1: Targeted coverage of accuracy for 5G positioning technologies



------------------------- End of Change 1 ----------------------------
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