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3GPP™ Work Item Description
Title: 	Study on high accuracy positioning for NR 
Acronym: FS_5GNR_HA_POS 
Unique identifier: 	{A number to be provided by MCC at the plenary} 
NOTE:	For new WIs/SIs leave the Unique identifier empty but you may make a proposal for an Acronym.
	If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI. 
	Please tick (X) the applicable box(es) in the table below:
	Either:
	This WID includes a Core part
	

	This WID includes a Performance part
	


	or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	X

	
	Core Network
	

	
	Services
	


 
1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	X
	

	No
	X
	
	
	
	

	Don't know
	
	
	
	
	X



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a 
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item



NOTE:	Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.
2.2	Parent and child Work Items 

	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	
	
	{mandatory text: "parent WID" or "child WID"} 


NOTE:	RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".

2.3	Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	x
	
	{optional free text} 


NOTE:	Classical examples: List a preceding SI or a preceding WI (e.g. if you further enhance a topic). Also related or dependent WIs in other TSGs should be indicated.
3	Justification
Location services have been supported by both RAT-dependent and RAT-independent technologies since a long time. Global Navigation Satellite Systems (GNSS) have become ubiquitous in most User Equipment (UE). Their performances in terms of accuracy and availability have significantly improved thanks to multiple constellation (multi-GNSS) availability and improvements of UE and network processing.
Meanwhile, the users’ expectations on accuracy and availability of the positioning service have been continuously growing. The SA-lead SMARTER study [TR 22.891] translates some of these expectations through a number of 5G use cases for which new levels of positioning accuracy will be required. Very specifically, the study on Critical Communications [TR 22.862] 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) 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 [TR  38.913] recognises these use cases as the main drivers to 5G positioning capabilities and endorses that they would be supported by technological enablers in NR  (high bandwidth, massive MIMO, etc.) and hybrid schemes using both RAT-dependent and RAT-independent techniques -. More specifically:
· New Radio (NR) will contribute to positioning, but with its design still under finalization, NR capabilities for positioning along with adequate assumptions (such as synchronisation, network coverage and density) are yet to be assessed. 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. 
· The different GNSS systems are the only global, free and complete positioning technology providing location, navigation and timing information to users worldwide. In urban and indoor environment blockage between satellites and UE impairs the performance of these systems.  Nonetheless, current multi-GNSS UEs are able to provide about 10 m horizontal accuracy (95% of all cases) and ~2 m with carrier-phase processing (80% of all cases) in urban environments.
· Other RAT-independent UE sensors (such as measurements from non-3GPP-RATs like Wi-Fi and Bluetooth, Terrestrial Beacons - TBS) may improve location accuracy and availability. Barometric sensors are sometimes also necessary to provide vertical positioning capabilities and/or satisfy the accuracy requirements along the vertical axis. Further techniques like e.g. motion sensors, radar, LiDAR, vision-based sensors, ensure availability of position information regardless the environment (rural, suburban, urban, and indoor/outdoor). Some of these sensors require regular calibration by external means (e.g. RAT-dependent and RAT-independent) due to sensors’ limitations. 
Time synchronization of the transmission signal is also vital for positioning technologies such as ToA or TDoA, since 3 ns of transmission synchronization error is equivalent to 1m error and it may translate into a larger positioning error due to geometry. Currently specified solutions for synchronization are not sufficient for accurate TDOA and more work is needed in this direction. Inevitably, as the RAN-embedded technology starts to target (sub-)meter level of accuracy, synchronization error would become one of the major contributors to the total positioning error.
Hybrid positioning combines all raw signals and sensors data in a true hybrid location calculation and 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, a hybrid approach eases the transition from one environment to another, enabling seamless navigation provision to the end user even when positioning is achieved exploiting different technologies. Different combinations of RAT-independent sensors (e.g. GNSS, Wi-Fi, TBS, INS, LiDAR/radar, etc.) and RAT-dependent (e.g. OTDOA, D2D distance measurements, GNSS correction dissemination, etc.) can be selected for different use cases.
The understanding of achievable performance by each technology contributing to hybrid positioning, including synchronisation aspects, is key to the design of sensor fusion algorithms , e.g. in a simple case the weighing of sensor data. It is also a major step to consolidate reasonable and realistic 5G RAN-embedded positioning requirements, associated 5G standardisation needs and also operational and complexity aspects.  The proposed requirements apportionment between RAN-embedded and RAN-external technologies will also ensure the reduction of related infrastructure cost for positioning.
In this SI proposal, we aim to assess the hybrid positioning technologies that can be relevant to High Accuracy use cases, in the range of better than 1-3 m accuracy. The main outcome would be a reasonable and well-justified apportionment of performances among RAT-independent and RAT-dependent (NR in particular) positioning techniques, and the associated standardisation requirements towards NR.  Consequently, the SI will represent a valuable input to future Release 16 Work Items on NR positioning.

4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objectives of this SI are to:
1. Understand the contribution of each technology to High Accuracy positioning in relevant 5G NR use cases, and derive the performance apportionment among technologies (RAT-dependent and RAT-independent).
2. Identify potential impacts on NR standard to support High Accuracy use cases (requirements would be addressed in subsequent WI): targets for RAN-embedded technologies, necessary signalling, and network synchronisation assumptions, etc.
This SI preserves the ability of the mobile networks to provide location information derived from RAN-embedded methods and it intends to complement already standardized location methods and existing study and work items on location.

The aforementioned objectives could be met by carrying out the following tasks planned for this SI:

1. Analysis and consolidation of inputs to RAN 
· To consolidate the technology-related aspects of the High Accuracy use cases, including identification of user environment, user mobility, available external sensors, availability constraints, network complexity, etc.
· To identify potential hybrid solutions for positioning and synchronisation.
· To identify subsequent targets for the RAN to support positioning as envisaged (e.g. synchronisation, signalling, network architecture)

2. Performances assessment metrics, methodologies and assumptions 
· For the various positioning techniques, both stand-alone and hybrid: Performances metrics, models and methodologies (measurements, simulation, theoretical performance models).
· Reference assumptions on:
· Use cases parameters (UE - including assumptions on available sensors).
· Environment (including, when relevant and necessary, channel models).
· Network, including signalling, synchronisation and latency.
· RAN technologies allowing for positioning enhancements.

3. Performance analysis related to positioning 
· Stand-alone positioning techniques: RAT-dependent (NR), RAT-independent. 
· Hybrid positioning techniques.
· Mapping to Use Cases and performance apportionment between RAT-independent and RAT-dependent solutions. 
· Propagate the conclusions of performances analysis to interested parties, including potential impacts on future NR requirements (typically: RAN1, RAN2, RAN3 and RAN4).


4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.


4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
TBD
NOTE:	For all RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each of them in the attached Excel table.
additional comments to the time budget request in the attached Excel table:
5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}

	Proposed Spec no. or series
	Type (see note 1) 
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	

	38.xxx
	TR
	Study on high accuracy positioning of NR
	RAN#78
	RAN#80
	


Note 1:	Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.
NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	


NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.
6	Work item Rapporteur(s)
TBC – Ries, Lionel, ESA – lionel.ries@esa.int
7	Work item leadership
Primary: RAN WG1
Secondary: RAN WG2
8	Aspects that involve other WGs
None identified yet 
NOTE:	For RAN WIDs: Section 8 applies only to WGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
9	Supporting Individual Members
	Supporting IM name

	ESA

	Deutsche Telekom 

	DOCOMO

	Fraunhofer IIS

	Thales 

	TOYOTA InfoTechnology Center 



