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Abstract
High accuracy positioning will enable a new range of services and operators may want to provide these within 5G. 

Nonetheless, implementing high accuracy positioning capabilities within the network may come along with significant additional complexity and constraints (higher network density, very tight synchronization and additional operations to ensure high fidelity measurements for positioning). This is particularly true when the services call for positioning reliability, safe and trustworthy, power-efficient positioning like in many 5G use cases.

Regardless of existing situations, the use cases mentioned above differ in terms of user dynamics, KPI (2D or 3D, absolute or relative) and operating environment, which makes more difficult for any standalone technology to satisfy demanding positioning requirements.
The 5G system considers the support of hybrid positioning (the use of 3GPP together with non–3GPP technologies).  Among other, benefits of such approach should be an efficient implementation and upkeep of the 5G infrastructure which will help to avoid oversizing the 5G system. It seems indeed desirable to fulfil the 5G high-accuracy use cases by maximizing the use of existing technologies complementing new features available in the system.
This draws additional perspectives for 5G in support of hybrid positioning for high accuracy use cases, which are at least twofold: 

· Provide high accuracy and reliable positioning capabilities in areas and environments where existing technologies cannot fulfil the expectations of the 5G use cases

· Leverage existing technologies and become a key enabler to hybrid positioning for high accuracy use cases, at least through added value data enhancing the performances/functionalities (accuracy, reliability, security, etc.)

For Release 15, TS 22.261 defines requirements for high accuracy positioning indoor. In the frame of Release 16, further activities on 5G positioning use cases and requirements could leverage 5G as enabler to seamless and ubiquitous added-value positioning for outdoor needs:

· Consolidate use cases identified in SA1, and harmonise KPI accounting for hybrid positioning capabilities

· Identify potential reasonable targets for 5G positioning requirements, based on apportionment of performances exploiting hybrid positioning technologies
A new SI is proposed to fulfil this, and pave the way for a future WI to update TS 22.261 for outdoor use cases.

1/ Use cases and target positioning requirements in 5G 
Demand for localisation is increasing in different market segments, with diverse requirements on accuracy, availability and reliability [2, 3]. The SA-lead SMARTER study and related documents [4, 5] translates these through a number of 5G use cases for which new levels of positioning accuracy will be required. These include sub-meter accuracy, low latency (for positioning of fast moving objects, like vehicles) or the support of a massive number of devices for positioning. In general, figures are defined according to use cases in a flexible and diverse manner in order to make best sense in the considered scenarios.
Use cases may be grouped in two categories, according to their horizontal accuracy targets:

· Coarse Accuracy Use cases: in the range of 10m to 50m, with flagship being regulatory requirements as E911

· High Accuracy Use cases: better than 1m to 3m range, targeting verticals like autonomous vehicles, factories, etc. 

The main requirements identified in SA1 for high accuracy use cases, as a shortened version of Table 6.3.2 from [4] are reported below. Regardless of the accuracy, all these use cases would expect seamless positioning both indoor and outdoor (urban environment as well as sub-urban and rural environment).
	Vertical group
	Position accuracy

	Critical Communications
	Precise position within [10 cm] in densely populated areas.

	Massive IoT
	High positioning accuracy in both outdoor and indoor scenarios (e.g. 0.5m)

	eV2X
	High positioning accuracy (e.g. 0.1m)


Table 1. Summary of potential requirements from each vertical group of use cases.

In addition to accuracy and availability, other key aspects of positioning are to be considered, such as power consumption as well as reliability. The generalisation of the positioning and its growing integration in security and safety applications is indeed expected to raise positioning reliability as a key aspect of the service.
2/ Capabilities of candidate positioning technologies (3GPP and non–3GPP)
2.1/ Standalone positioning technologies
Nowadays, there is a number of different technologies providing Position-Navigation-Timing (PNT) with a different level of accuracy. These include Global Navigation Satellite Systems (GNSS), cellular-based systems and Wi-Fi based positioning systems; all these can be complemented by sensor-based technologies (IMU, odometers, pressure sensors, etc.) to improve accuracy and/or availability. Significant background information exist on the capabilities of each of these technologies (requirements, standards like 3GPPs, recognized reference papers and measurements). 
Each of the standalone positioning technologies presents its own shortcomings, which limit their applicability and performances.
Table 2 reports a preliminary understanding of the performances by environment for some of the main positioning technologies, based on background information (existing standards and requirements, measurements and recognized reference papers).

With a design still under finalization, NR capabilities for positioning are yet to be assessed. The analysis assumes 5G will fulfil TS 22.261 requirements indoor (0.5m): similar technologies could be re used outdoor, but due to operational and economic reasons, accuracy better than 1 m may be available only in very limited areas.
	Environment Scenario
	Open rural
	Sub-urban
	Urban
	Light Indoor
	Deep indoor

	Multi GNSS

Including High Accuracy positioning (PPP or RTK)
	< 1 – 2 m (99.5%)

High accuracy: 

< 0.3m (95%)
	1 – 2 m (90 %)

High accuracy < 0.3m (Partial availability > 70% TBC)
	2 – 4 m (80%)

High accuracy < 0.3m (Partial availability => 50% TBC)
	50 m (TBC)

High accuracy: N/A
	N/A

High accuracy: N/A

	5G Network-based (eUTRAN and NR in hotspots)
	LTE: > 30 m (90%) , both figures are location dependent
	LTE: > 30 m (90%), both figures are location dependent
	1 – 3 m (80%) (TBC)
	0.5 m (TBD) (TBC)
	0.5 m (TBD) (TBC)

	UE External Sensors
	Depends on device cost and calibration interval (for example, by above technologies) – typical values: [1 m -> 100 m ] – full availability


Table 2. Example of technology mapping: Typical horizontal accuracy and availability in different environments

As far as coarse accuracy use cases are concerned (50m Horizontal accuracy), the table yields that most identified technologies (including future 5G) should be able to meet the targets as standalone technologies either indoor, outdoor or in both environments.

For what concerns high accuracy use cases (better than 1-3m), Table 2 brings the following analysis: 

· None of the existing terrestrial technologies alone will be able to satisfy the emerging localisation requirements for high accuracy services and 5G use cases.

· NR could be the primary source of high accuracy positioning indoor.

· Multi-GNSS is the primary source of high accuracy in rural and sub-urban outdoor environments. In urban areas, the technology supports meter-level accuracy, but with partial availability. Deep urban canyons and indoor environments are not covered.
2.2/ Hybrid positioning 

Hybrid positioning (i.e. sensor fusion) combines all raw signals and sensors data in a true hybrid location calculation with superior output compared to a single-sensor positioning scheme alone. Additionally, it allows for a fall-back location technology in case one or more radio technologies fail due to the UE operating environment (no Line-Of-Sight to satellites, insufficient network coverage, and so on). Furthermore, it eases the transition from one environment to another, enabling seamless navigation provision to the end user.
Different combinations of 3GPP and non–3GPP technologies can be selected for different use cases in order to improve location accuracy and availability of position information regardless the environment.

The understanding of the performances achieved by each technology contributing to hybrid positioning is key to consolidate reasonable and realistic NR RAN-embedded positioning requirements. The resulting requirements apportionment between 3GPP and non – 3GPP technologies ensures the optimisation of 5G standardisation needs and constraints, like operational and complexity aspects
Table 3 illustrates a typical suitability of the technologies identified in Table 2, for high accuracy use cases (target is here, for the example, 1 m accuracy). It also includes suitability of hybrid positioning, where the best of each technology is considered. For sake of clarity, the number have been removed. Suitability is ranked with colours, from green (relevant for target accuracy) to orange (not relevant for target accuracy).
	Environment Scenario
	Open rural
	Sub-urban
	Urban
	Light Indoor
	Deep indoor

	Multi GNSS
	
	
	
	
	

	5G Network-based 
	
	
	
	
	

	UE External Sensors
	


	Hybrid 
	
	
	
	
	


Table 3. Suitability for a typical high-accuracy positioning target

It yields an obvious complementarity of 3GPP-technologies and with non-3GPP technologies:
· Multi-GNSS positioning, enabled by 5G, provides high-accuracy outside densely populated areas and hence, allows optimising 5G network complexity, preventing to oversize the network density for positioning.
· NR could overlay multi-GNSS in areas where this latter does not meet the availability and accuracy requirements.

· By smoothing availability gaps of the above technologies and improving reliability, UE external sensors are mandatory.
Hybridization between non-3GPP and 3GPP positioning provides the following benefits:

· High accuracy even in urban environments - dense NR deployment will allow for accurate measurements for positioning, and will be able to broadcast high accuracy Assisted GNSS or ancillary data.

· Reliable and pervasive GNSS data dissemination over 5G network: providing GNSS PPP and RTK corrections, satellite ephemeris and clock products.

· Enhanced positioning reliability: authentication, data integrity, privacy, safety, security will be facilitated by the walled garden approach of 3GPP (internal network interactions are protected and user and network authenticated).
· 5G-enabled hybridisation may contribute to power efficient positioning in most environment (not only indoor)

Service requirements for high accuracy positioning shall allow for scalable and flexible hybridisation concepts, enabling integration of other sensors and technologies that might lead to an improvement in the performance of the system.

3/ Summary

TS 22.261 provides positioning requirements for 5G for indoor use cases. Outdoor requirements are still to be defined.
Similar requirements to the one provided for indoor could address a significant range of outdoor use cases. This would make sense at services level, and technologically speaking: if a specific 5G implementation allows to reach 0.5m indoor, a similar scheme would achieve similar performances. Economically, it might not make sense because it would require a dense network deployment. 

Dense deployment of nodes is a costly endeavour, and hence the distance between nodes in rural or suburban areas tends to be larger (macro cells). Subsequently, accurate positioning using RAN-embedded only technology would be more difficult in rural and sub-urban areas where Assisted-GNSS complemented by sensors can provide continuity of service at modest cost. The use of combined RAN-embedded and RAN-external technologies is considered among the most efficient way to economically support 5G positioning requirements in outdoor environment.
This discussion paper intends to illustrate the benefits of performance mapping and apportionment for 5G positioning in hybrid mode for typical accuracy targets considered for 5G use cases.
It provides motivation to initiate further studies on outdoor use cases, in order to: 

· Consolidate the use cases and KPI in accounting for hybrid positioning capabilities
· Define performance targets to support ubiquitous and seamless positioning to high accuracy use cases
· Pave the way for updates to positioning requirements for outdoor use cases
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Appendix: Examples of positioning technologies
3GPP positioning technologies 
LTE based techniques (E-CellID, U/OTDoA, etc. will serve in the future to provide coarse accuracy where applicable, yet they are not capable of reaching 1m accuracy even under nearly perfect conditions (e.g. precise synchronization, aggregated bandwidth) [6]. Considering this, accuracy below 30m does not seem achievable with existing 3GPP LTE technologies. 
NR technological evolutions (high bandwidth signals, mm-Wave and massive MIMO) are identified as major enablers for high accuracy, as they would allow for very accurate Round Trip and Angle of Arrival measurements: 

· These two measurements do not need very tight synchronisation to achieve high accuracy positioning.

· Only two nodes need to be in visibility of the User Equipment (UE) and the combination of the two type of measurement (Round-Trip and Angle of Arrival) allows locating the user using single node.
With a design still under finalization, NR capabilities for positioning along with adequate assumptions (such as synchronisation, network coverage and density) are yet to be assessed. In order to fulfil indoor requirements [1], it may be assumed that 5G NR will achieve better than 0.5m accuracy indoor. Similar technologies could be re used outdoor, but due to operational and economic reasons, accuracy better than 1 m may be available only in very limited areas.
2.2 Non – 3GPP positioning technologies
2.2.1 GNSS - an example of High Accuracy non – 3GPP technology
Today, two GNSS systems are operational, GPS and GLONASS. Galileo declared its Initial Services end of 2016 and Beidou will soon reach full operational capability. By 2020, the overall number of navigation satellites should reach approximately 120 leading to a clear benefit for the users:  higher availability of accurate positioning in almost all outdoor environments.

Carrier phase positioning techniques (PPP and RTK) are known to improve significantly accuracy in various environments. They will become available in 5G through data dissemination supported by LTE [7]. In rural and sub-urban environment, the achieved performances of these techniques are suitable for many applications (assisted/autonomous driving, UAV, machine control, etc.) and RTK may provide still relevant accuracy even in urban environment [8].

Nonetheless, regardless of all benefits brought by multi constellation and incoming GNSS receivers’ improvements, GNSS has intrinsic limitations in deep urban canyons and indoor locations.
2.2.2 – User Equipment external sensors (motion and position sensors)

Other UE sensors (motion sensors, barometric sensors, radar, vision-based sensors, etc.) may improve location accuracy and availability of position information regardless the environment (rural, suburban, urban, and indoor/outdoor). Most of these sensors require regular calibration by external means due to sensors’ limitations. External sensor may be necessary to provide vertical positioning capabilities and/or to satisfy the accuracy requirements along the vertical axis.

