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1	Introduction
This document motivates the need of integrating different positioning sensors and technologies in order to fulfil the requirements on positioning accuracy in a wide variety of use cases.


2	Discussion
2.1 Positioning with 5G New Radio (NR) 
Demand for localisation is increasing in different market segments, with diverse requirements. Positioning, Navigation and Timing (PNT) is being considered more and more as a utility, with a high level of expectations from the users and service providers. Nowadays, there is a number of different technologies providing 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 to improve accuracy and/or availability (inertial measurement units, odometers, etc.).
The users’ expectations on accuracy and availability of the positioning service have been continuously growing [1,2]. The SA-lead SMARTER study [3] translates these through a number of 5G use cases for which new levels of positioning accuracy will be required. Very specifically, the study on Critical Communications [4] is a major source for quantitative requirements on positioning for RAN, derived from expected use cases. 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. 
The Study on Scenarios and Requirements for 5G Next Generation Access Technologies [5] recognises these use cases as the main drivers to 5G positioning capabilities and endorses that they would be supported by technological enablers with New Radio (NR), such as high bandwidth, massive MIMO, etc. and hybrid schemes using both RAT-dependent and RAT-independent techniques. Citing the view from TSG RAN from [5]:
· The NR should enable, and improve if suitable, state-of-art positioning techniques, such as RAN-embedded (Cell-ID, E-Cell ID, OTDOA, UTDOA, etc.) and RAN-external (GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), sensors, etc.). Additionally, potential D2D based positioning techniques should be considered.
· The NR positioning shall exploit high bandwidth, massive antenna systems, network architecture/ functionalities (e.g. heterogeneous networks, broadcast, MBMS) and deployment of massive number of devices. NR positioning shall support indoors and outdoors use cases.
· NR shall support regulatory positioning requirements.
· NR design targets for commercial positioning use cases include:
	Support for range of accuracy levels, latency levels and device categories
	Efficient signalling over the air interface and in the network

	Support accuracy and latency as defined in TR 22.862 for some use cases
	Support for hybrid positioning methods

	Reduced network complexity
	Scalability (support for large number of devices)

	Reduced device cost
	High security and High availability

	Reduced device power consumption
	Support UE speed as defined in TR 22.862


2.2 Use cases and target requirements in 5G
Requirements for User positioning
As far as the 5G requirements stand today, it seems that beside “Regulatory positioning requirements”, which typically refers to E911 regulation (at this time, 50m horizontal accuracy), positioning requirements (or better targets) will be derived on a use-case by use-case basis and may be achieved according to the best effort principle (“and improve if suitable, state-of-art positioning techniques”).
Table 1 reports the main requirements endorsed in SA1 for high accuracy use cases, as a shortened version of Table 6.3.2 from [4]. 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.
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-3m range, with flagship requirement for autonomous vehicles
There is a growing demand from industry verticals to use high accuracy positioning technologies and operators aim to provide this with 5G.
Requirements for infrastructure positioning and synchronization
In order to offer high accuracy PNT services to End Users, the network infrastructure itself including terrestrial beacons will need to be accurately synchronised and localized:
· Synchronisation requirements for the infrastructure will originally be motivated from 5G communications technology (e.g. 65ns as recommended in [3GPP TS 25.104]). Positioning requirements however are likely to translate in even tighter synchronization requirements (65ns corresponds to 19.5m at the velocity of light).
· For applications below 50 cm accuracy, the network infrastructure will need to be localized at centimetre level. This becomes more of a challenge when a dense deployment of cells (small cells) as observed in [6].
One fundamental baseline is that the network infrastructure needs to be tightly synchronized and accurately localized.

2.3 Examples of Positioning Technologies
2.3.1 RAT-dependent positioning
LTE based techniques (E-CellID, U/OTDoA, etc. – see Appendix B) 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, 7]. Considering this, accuracy below 30m does not seem achievable with existing RAN-dependant technologies.
Consequently, 5G needs new positioning technologies to support the high accuracy use cases.


[bookmark: _GoBack]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.
Positioning using NR could achieve better than 1m accuracy, but due to operational and economic reasons, such accuracy may be available only in very limited areas. 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.
It is important to consolidate reasonable NR requirements, associated standardisation needs and operational and complexity aspects. 
2.3.2 RAT-independent positioning
2.3.2.1 – User Equipment external sensors (motion and position sensors)
Other UE sensors (such as motion sensors, barometric sensors, radar, LiDAR, 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 (e.g. RAT-dependent and RAT-independent) 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.
2.3.2.2 GNSS - an example of High Accuracy RAT-independent 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.
For applications that require higher accuracies, multi-GNSS and/or positioning technologies such as Precise Point Positioning (PPP) and Real Time Kinematic (RTK) can be used. Both rely on carrier phase measurements as well as correction disseminated by a communication network to achieve centimetre-level accuracy in clear sky. PPP relies on worldwide corrections, whereas RTK relies on a local reference station or a network of such stations (Network RTK). In rural and sub-urban environment, the achieved performances are suitable for many applications (assisted/autonomous driving, UAV, machine control, etc.) and RTK may provide still relevant accuracy even in urban environment [8].
	Environment
	Code-based techniques
(typically used in LBS)
	Carrier-based techniques
(RTK and PPP)

	Rural
	~ 3 m
	~3 cm

	Urban
	< 10-15 m
	~ 4 m


Table 2. Typical Horizontal Accuracy (95%) of State-of-the-Art multi-GNSS.
Besides position accuracy and availability, a multi-constellation approach could bring other benefits to users worldwide:
· Increased signal-in-space spatial diversity with consequent reduction of problems caused by satellite link obstructions such as buildings and trees’ foliage.
· Reduced acquisition time, in particular for High Accuracy positioning (reduced convergence time for ambiguity resolution in PPP and RTK mode).
· Improved time transfer capabilities: accuracy (approximately 20-30 ns relative to UTC) and availability even in urban environments (> 95% as one or two satellites are enough).
Regardless of all benefits brought by multi constellation and incoming GNSS receivers’ improvements, GNSS has intrinsic limitations in deep urban canyons and indoor locations. In case of Non Line-of-Sight satellite link conditions (NLOS), code-based measurements are still possible (coarse accuracy) but not carrier-phase measurements.
Each of the standalone positioning technologies presents its own shortcomings, which limit their applicability and performances.
2.4 Hybrid positioning with RAT-independent and RAT-dependent technologies 
TR 38.913 states that the 5G positioning shall rely on state-of-the-art techniques and support hybrid-positioning techniques.
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 RAT-dependent and RAT-independent technologies can be selected for different use cases in order to improve location accuracy and availability of position information regardless the environment (rural, suburban, and indoor/outdoor).
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, recognising 5G standardisation needs and constraints, like operational and complexity aspects. The resulting requirements apportionment between RAN-embedded and RAN-external technologies will also ensure the optimisation, if not the reduction, of related infrastructure cost for positioning.
Table 3 reports a preliminary characterization by environment of the performances of the main positioning technologies performance. The analysis assumes LTE will ensure wide area coverage, but NR will be available for a long time only in urban and indoor deployments and in special hotspots.
	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)
	1 m (80%) (TBC)
	1 m (80%) TBC

	Terrestrial Beacon Systems
	20 – 50 m (location dependent)
	20 – 50 m (TBC, location dependent)
	50 m (TBC, location dependent)
	50 – 100 m (TBC, location dependent)
	TBD

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


Table 3. Technology, Horizontal accuracy and availability in different environments

Discussion for regulatory requirements and coarse accuracy use cases
As far as these use cases are concerned (50m Horizontal accuracy), the above table yields the following comments:
· Outdoor : it may be expected that by 2018-2020, most RAT-dependent and RAT-independent technologies should be able to meet the targets as standalone technologies (that is, without hybridisation)
· Indoor: some level of hybridisation of existing technologies (TBS, Wi-Fi, LTE) might be needed to provide seamless positioning experience within the 50m target.
According to the above expectations, coarse accuracy use cases (and in particular, regulatory requirements) do not seem to carry opportunities and driver for NR positioning.

Discussion for high accuracy use cases
Table 3 brings the following analysis: 
· None of the existing terrestrial technologies alone will be able to satisfy the emerging localisation requirements for high accuracy services.
· 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. 
· Urban environments might still lack solutions capable of delivering high accuracy positioning with a very high availability - further investigations are needed in the frame of a SI.
Assuming NR achieves meter-level accuracy, there is a clear opportunity for NR to support efficiently high accuracy use cases. The complementarity with GNSS and UE external sensors is obvious:
· Multi-GNSS allows optimising NR network complexity, preventing to oversize the network density for positioning outside densely populated areas and hotspots.
· 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.
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· 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).
Most probably, this hybridization concept should be scalable and flexible in integrating other sensors and technologies that might lead to an improvement in the performance of the system.
2.5	Network Synchronisation 
As the mobile networks are moving towards higher transmission rates and new functionalities defined within the scope of 5G, accurate timing and synchronisation of cellular networks are identified as a use case for 5G [1].
Time synchronization of the transmission signal is also vital for positioning technologies. Currently specified solutions for synchronization are unlikely to be sufficient for accurate synchronization of NR network, in particular indoor. In a similar way to positioning, a very attractive approach to obtain ubiquitous accurate synchronisation would be to use hybrid solutions, which would combine the best available technology.

3	Summary
This document provides the co-signing companies´ motivation to initiate a new study item on high accuracy for NR to: 
· Understand the contribution of each technology to High Accuracy positioning in relevant 5G use cases, and derive the performance apportionment among technologies (RAT-dependent and RAT-independent).
· Identify potential impacts on NR standard to support High Accuracy use cases
Taking into account the discussion reported in Section 2 above, we are considering that there is a clear need for considering hybrid-positioning methods that can provide high accuracy in all environments. 
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 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 the only way to economically provide a solution to 5G positioning requirements. Thus the need to have a combined study item and standardisation approach.
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Appendix A: Summary of RTK results from [8]
The results presented below are based on the work carried by Sebastien Carcanague as part of this PhD thesis in the Institut National Polytechnique de Toulouse. In total, 2 different data collections sessions were performed in Toulouse, France, and an exhaustive presentation of the project can be found in [8].
Equipment: L1 GPS/GLONASS NVS08C – SCM chip paired with a TW2410 Tallysman Wireless. The measurement rate is 1 Hz. In test 2, the antenna benefits from a ground plane.
Performance summary: The final results presented in Figure 1 and 2, and summarized in Table 3 are produced with an improved scheme that consists in correction of GLONASS pseudo ranges inter – channel biases, appropriate weighting of Kalman filter observations, addition of a cycle slip resolution technique, detection and exclusion of multipath on code and Doppler measurements, etc.
	
	Horizontal position error

	Conditions - In both cases, baseline varies from a few hundreds of meters to 12 km
	Results
	68th percentile
	95th percentile
	99th percentile

	Data Set 1
	Full set 1
	1.08 m
	2.91 m
	3.86 m

	1h total duration, separated in clear-sky
Static acquisition for 7 min, urban, dynamic acquisition for 32 min and beltway, dynamic acquisition for 17 min.
	urban
	1.60 m
	3.44 m
	4.09 m

	
	beltway
	0.14 m
	0.89 m
	1.33 m

	Data Set 2
	Full set 2
	0.96 m
	3.13 m
	5.41 m

	2h total duration, dynamic acquisition: 60 min in urban, 60 mini on beltway.
The first part of the second campaign took place in the old town of Toulouse, in old, narrow streets.
	urban
	1.52 m
	3.48 m
	6.47 m

	
	beltway
	0.22 m
	0.66 m
	0.94 m


Table 4. Results obtained with improved scheme that includes of a number of RTK correction techniques.
	Test 1
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	Test 2
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	Figure 1: Position error in downtown Toulouse (left) and on Tolouse beltway (right). Black asterisk represents epochs when ambiguity vector is validated and fixed as integer






	Appendix B: Overview of existing positioning technologies

	Positioning Technology
	What it does
	Capabilities and Limitations

	RAN-embedded
	OTDoA in LTE
	Multilateration method in which the UE measures the time difference of arrival of the signal received from three or more Base Stations (BSs).
	Simultaneous coverage of UE by at least three Base Stations (BSs) with good geometry for UE positioning.

	
	
	
	Limited coverage due to the BS density.

	
	
	
	High accurate synchronization of the base stations required.

	
	
	
	Low accuracy (46 m at 67% and 92 m at 95%) [6].

	
	UTDoA in LTE
	Multilateration method based on network measurements of the TDoA of a known signal sent from the UE.
	Interference when more UEs are used.
Low accuracy, mostly due to the deployment of base stations (typically 100 m at 95%).

	
	E-CellID in LTE
	The cell location is estimated with the knowledge of the geographical coordinates of its serving BS and power measurements on radio signals
	Performance is heavily dependent on the terrestrial infrastructure deployment:

	
	
	
	     - Cell size

	
	
	
	     - Power based position estimation accuracy highly dependent on the quality of the path-loss model

	
	
	
	Accuracy: usually, few hundreds of meters.

	
	RF fingerprinting in LTE
	Stored radio channel metrics for each position are matched against UE measurements to yield a position estimate.
	A-priori  RF power pattern survey for each site.

	
	
	
	Ambiguous and unstable RF fingerprints over time.

	
	
	
	UE antenna characteristics variability.

	
	
	
	Accuracy: 100 m at 80%

	RAN – external
	GNSS
	Spaced based satellite navigation system that provides time and location information anywhere at least 4 independent satellite signals are received.
	Service provision limited to outdoor or light indoor. Availability/accuracy issues when operating in deep urban environments.

	
	
	
	Vulnerability to jamming and spoofing.

	
	
	
	Accuracy: 2 – 4m for double frequency and 3 – 10 m for single frequency.

	
	DGNSS
	Improving GNSS accuracy by reducing some systematic measurement errors in a GNSS receiver.
	Shadowing from buildings, foliage causes temporary losses of signal if corrections are transmitted by satellite. This problem can be overcome by using terrestrial wireless networks.

	
	
	
	Accuracy: 50 cm to 1 m.

	
	AGNSS
	Positioning method in which the GNSS receiver of the UE receives the content of the navigation message with additional data (Almanac and/or Ephemeris) by the mobile network.
	Enhanced sensitivity and time to first fix.

	
	
	
	Dependency on an assistance server.

	
	
	
	Accuracy: 5 m.

	
	GNSS - RTK
	A technique that uses carrier-based ranging to reach cm level accuracies. The basic concept is to reduce and remove errors by transmitting measurements corrections from the reference station to the rover station.
	High costs for building the infrastructure: network of permanent stations.

Accuracy: ~ 5 cm at baseline of 10km

	
	GNSS - PPP
	Positioning technique that removes or models GNSS system errors to provide a high level of position accuracy from a single receiver.
	PPP solution depends on GNSS satellite clock and orbit corrections, which normally are not available in real-time.

	
	
	
	Corrections offered based on fees.

	
	
	
	A period of time to converge to reach decimetre accuracy is required: < 10 cm horizontal error reached between 20 and 40 min.

	RAN – external
	
	
	Accuracy: 40 cm

	
	IMU (accelerometers, gyro, magnetometers, etc.)
	Measures physical forces – acceleration, angular rate, magnetic field etc.
	Relies on absolute positioning method (e.g. GNSS) for initialization and periodic calibration.

	
	
	
	Errors accumulates with time.

	
	
	
	Accuracy: 15 cm after 30 s GNSS outage, 60cm at 1 min outage, 2.9 m at 5 min outage.

	
	Wi-Fi
	Localization of an UE with respect to access points. Uses received signal strength indicator (RSSI) for fingerprinting, AoA, ToA.
	Fingerprinting - survey based plus path loss dependency on the environment characteristic.

	
	
	
	UE antenna gain pattern variability.

	
	
	
	Privacy issues.

	
	
	
	Limited range.

	
	
	
	Accuracy: 10 – 20 m at 100 m range, below meter for LoS with Fine Timing Measurement (FTM) feature (sub-nanosecond resolution).

	
	
	
	 

	
	Video Cameras
	Steering systems that use cameras that watch road (or indoor) markings.
	Extrapolation of features.

	
	
	
	“Blind” by thick fog, darkness, and bright light.

	
	
	
	No info on absolute positioning.

	
	LiDAR
	Optical remote sensing technology to measure distance to target by illuminating with light.
	Noise removal required, including weather effects.

	
	
	
	Demanding calibration process.

	
	
	
	Positioning based on map-matching requires constant updates of the digital maps since the landscape is constantly changing.

	
	
	
	Accuracy: few cm


Table 4. Common positioning technologies and sensors and their limitations
Note that techniques in the above table that are based on Time of Arrival (ToA) or Time Difference of Arrival (TDoA) measurements are susceptible to shadowing, multipath and Non Line-of-Sight (NLoS) related errors. Moreover, these techniques also assume that the true position of the reference station (i.e. BS location or satellite orbit) is known. Hence, any error in the estimate of the reference station’s position also degrades performance of these techniques.

image1.emf

image2.emf

