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Introduction
At the RAN#80 WG meeting, the study item on NR Positioning was approved [1] with minor revisions made at RAN#81 [2]. One of the objectives of the NR Positioning study item is to select target requirements.
	Objective:
Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency


[bookmark: _GoBack]In this contribution, we discuss target requirements for 3GPP NR positioning studies, while our views on other aspects are provided in companion contributions [8]-[10].
NR Positioning Requirements
In general, NR positioning performance is a function of multiple arguments including:
Deployment specific considerations
Configuration of system parameters and radio-layer protocols
Environment characteristics
Application and service level requirements
Positioning methods and assistance from other positioning technologies
Therefore it is rather challenging to come up with a single set of requirements for NR radio-layer positioning solutions that can fit all scenarios. On the other hand it is desirable to have some target numbers to be defined to guide NR positioning design work. In general, the following approaches can be used to select tentative target requirements for NR positioning study item.
Regulatory Use Cases
Analyzing requirements for commercial and regulatory use cases listed in [3], we observe that positioning requirements are more stringent for commercial use cases.

Regulatory requirements can be considered as a minimum targets to be achieved by NR positioning:
Accuracy [< 50m] horizontal ([80%]), [< 3 m] vertical ([80%])
Latency and TTFF [< 30 seconds] 
Availability [> 95%]
Environment of use: indoor and outdoor

Commercial Use Cases (Input from SA WG)
The work of SA WG [3], [5] defines multiple sets of service level requirements for overall 3GPP NR positioning system and thus are not directly relevant to RAT-dependent radio-layer solutions for NR positioning, rather than RAT-independent solutions apply as well. On the other hand these requirements may be considered as a maximum targets to be achieved.
In Annex A, we summarize positioning requirements from [3] and observe that in enhanced positioning areas, the horizontal error in the order of 0.1-0.5m should be reached for at least trolley and bike sharing use cases.

Sub-meter level of horizontal accuracy is demanded in scenarios with enhanced positioning areas
The most stringent positioning requirements for commercial use cases can be considered as a maximum targets to be achieved by NR positioning
Three groups in terms of horizontal positioning accuracy are defined by SA1 WG
Very high accuracy use cases: 0-1m
High accuracy use cases: 1-3m
Use cases with relaxed accuracy targets: 3-50m
Besides horizontal accuracy, various availability levels (80%-99%) and TTFF requirements starting from 1s are being demanded.

Input from Network Operators
In order to proceed on requirements, it is also desirable to collect input from operators on the competitive values to be targeted by NR positioning solutions in given deployment scenarios. For instance, contribution submitted to the previous meeting indicate that NR positioning accuracy should consider the following scenarios [7]:
Scenario 1: For Outdoor UE positioning via outdoor gNBs, a 1-10m accuracy
Scenario 2: For Indoor UE positioning via indoor gNBs, a 1m-accuracy is required
Scenario 3: For Indoor UE positioning via outdoor gNBs, a 1-10m accuracy is required

Input from operators is essential to formulate target requirements for RAT-dependent NR positioning

Outcome of the Study Item
In general, target requirements for NR positioning can be also derived as a result of study item evaluations. Various requirements can be formulated/identified for different evaluated scenarios. In general, it is also reasonable approach, considering that RAN1 anyway need to conduct study and expected to maximize/optimize NR positioning performance in each scenario analyzing various system tradeoffs and covering as much use cases as possible.

Tentative target requirements for positioning can be derived or refined based on an outcome of NR positioning evaluations

Summary
Based on discussion, we believe that RAN1 WG should strive to optimize at least the following target performance metrics for RAT-dependent NR positioning solutions:
Positioning accuracy
· Horizontal and vertical accuracy of positioning should be separately analyzed
Latency
· Various latency targets are mandated by different applications
UE power consumption
· UE power consumption should be minimized for commercial use cases
Scalability
· Capability to support location for massive number of UEs should be supported
Coverage range
· NR system should provide coverage which is equal or better than LTE (i.e. similar or better link budget characteristics as LTE R9/13)


Figure 1: NR Positioning Target Requirements

 
Considering various use cases with different performance targets and metrics, we propose to define minimum and maximum bounds for NR positioning potential targets
Apply the following targets ranges for NR positioning evaluations and design
Positioning accuracy
(Max) < [1]m  /  < 10m /  < [50]m (Min)
Latency
(Max) < [20]ms  / < 200ms / < [30]s (Min)
UE power consumption
Strive to minimize UE power consumption
Coverage
Equal or better than coverage of LTE RAT dependent solutions
Scalability
Strive to maximize number of UEs that can be located in a given time
Note that the minimum bounds correspond to regulatory (emergency call) requirements.
Conclusions
In this contribution, we analyzed various performance requirements for NR positioning. We observe that at least regulatory performance requirements need to be satisfied and can be used as a minimum performance targets. Commercial use cases have more stringent requirements and demand sub-meter level of accuracy in selected scenarios with enhanced positioning areas. It is desirable to have input from operators on target requirements for RAT-dependent NR positioning solutions.
Based on analysis presented in this contribution, we have following proposals for NR positioning requirements:
Proposal 1: 
Considering various use cases with different performance targets and metrics, we propose to define minimum and maximum bounds for NR positioning potential targets
Apply the following targets ranges for NR positioning evaluations and design
Positioning accuracy
(Max) < [1]m  /  < 10m  /  < [50]m (Min)
Latency
(Max) < [20]ms  /  < 200ms  /  < [30]s (Min)
UE power consumption
Strive to minimize UE power consumption
Coverage
Equal or better than coverage of LTE RAT dependent solutions
Scalability
Strive to maximize number of UEs that can be located in a given time

References
[1] RP-181399, “New SID: Study on NR positioning support”, Intel Corporation, Ericsson, La Jolla, USA, June, 2018
[2] RP-182155, “Revised SID: Study on NR positioning support”, Intel Corporation, Ericsson, Gold Coast, Australia, September 2018
[3] [bookmark: _Ref524876179]3GPP TR 22.872 “Study on positioning use cases”, SA WG1
[4] 3GPP TR 37.857, “Study on indoor positioning enhancements for UTRA and LTE” V13.1.0 (2015-12)
[5] [bookmark: _Ref525295561]3GPP TS 22.261 “Service requirements for next generation new services and markets”, SA WG1
[6] 3GPP TS 23.731 v 0.6.0 “Study on Enhancement to the 5GC LoCation Services”, 2018-08
[7] [bookmark: _Ref525296185]R1-1808853, “Discussion on scenarios and enhancements for NR positioning”, CMCC, Gothenburg, Sweden, August 20th – 24th, 2018 
[8] [bookmark: _Ref525851811]R1-1810800, “Evaluation assumptions for NR positioning studies”, Intel Corporation, Chengdu, China, October, 2018.
[9] R1-1810801, “Techniques for NR positioning”, Intel Corporation, Chengdu, China, October, 2018.
[10] [bookmark: _Ref525851820]R1-1810802, “Preliminary Evaluation Results for NR Positioning”, Intel Corporation, Chengdu, China, October, 2018.

Annex – A: Study on Positioning Use Cases
In this section, we provide summary of the 3GPP SA1 WG study on positioning use cases [3]. The Table 1 is reproduced in this document for convenience.
[bookmark: _Ref524876213]Table 1: Overview of grouped use cases (UE type, Accuracy & Environment of use)
	Type of UE
	Related 
Use cases
	KPI
	Service area – environment of use

	
	
	
	Enhanced positioning area
	5G positioning service area

	
	
	
	Outdoor / Indoor
	Outdoor (rural, suburban)
	Outdoor
(deep urban)
	Indoor

	Very Low Energy 
(up to 15 years lifetime)
	Waste Management
Asset tracking and management"
	Horizontal 
	1m
	3m - 30 m
	3m - 30 m
	

	
	
	Vertical 
	
	
	
	

	
	
	Velocity (bearing)
	
	5m/s
	5m/s
	

	
	
	Availability
	99%
	99%
	99%
	

	
	
	TTFF
	10s
	
	
	

	Handheld / 
wearables
	Bike Sharing
Augmented Reality
Wearables
Advertisement push
Flow management
Patient Location (2)
Emergency Call
	Horizontal
	0.2m - 1m
	1m - 3m
	1m - 3m
	10m - 50m

	
	
	Vertical 
	Outdoor:1-3 m
Indoor: 0.1-1 m
	3m
	3m
	0.1 – 3 m

	
	
	Velocity (bearing)
	
	2m/s (10deg.)
	2m/s (10deg.)
	

	
	
	Availability
	80 % - 99%
	80% - 99%
	80% - 99%
	0.95

	
	
	TTFF
	10s - 30s
	10s - 30s
	10s - 30s
	10s - 30s

	Machine Control / Transportation
	Trolley
Traffic M&C
Road User Charging
UAV (Data Analysis)
UAV (Remote Control)
Support multiple different location services
	Horizontal 
	0.1m - 0.5m
	0.1m - 3m
	1m - 3m
	

	
	
	Vertical 
	0.1m
	0.1m - 0.3m
	2.5m
	

	
	
	Velocity (bearing)
	
	0.5m/s (2 deg) - 2m/s
	0.5m/s (2 deg) - 2m/s
	

	
	
	Availability
	99% - 99.9%
	95% - 99.9%
	95% - 99.9%
	

	
	
	TTFF
	1s - 10s
	1s - 10s
	1s - 10s
	

	Colour legend

	
	Very high accuracy use cases in favourable environment of use: either enhanced positioning areas or outdoor environments with limited signal obstruction. This group features accuracy levels below 0.2 m, expected for relative positioning services, during rendezvous phase between two UE standing in close range of each other (< 5 m).

	
	High accuracy use cases, with less demanding availability (e.g. 90%) or facing outdoor or enhanced positioning areas.

	
	Use cases for which accuracy targets are relaxed to fulfil challenging requirements such as high availability throughout the 5G positioning service area or very low energy consumption (e.g. to sustain a 15-years lifetime)
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