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Introduction
At the RAN#81 WG meeting, the final version of study item description document for NR Positioning was approved [1]. One of the objectives of the study item is to select target requirements for NR Positioning studies.
	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


The requirements for NR Positioning studies were extensively debated at RAN1#94bis WG meeting with the following agreements made by RAN1 WG:
	RAN1#94bis agreements on requirements for NR positioning studies
Regulatory requirements are considered as a minimum performance targets for NR Positioning studies
Additional requirements based on commercial use cases can be used as input performance targets that are subject to further analysis in terms of performance / complexity tradeoffs in different evaluation scenarios
For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning
· Horizontal positioning error <= 50m for 80% of UEs
· Vertical positioning error [<5 m] for [80%] of UEs
· Note: The regulatory requirements refer to floor level vertical accuracy
· End to end latency and TTFF < 30 seconds
As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions
· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
· End to end latency < [1]s
Note: This does not eliminate more or less demanding commercial use cases.


In this contribution, we discuss remaining details on 3GPP NR positioning requirements. Our views on other NR Positioning topics are provided in companion contributions [5]-[7].
NR Positioning Requirements
In general, we think that existing agreements on NR positioning requirements are sufficient to satisfy the SI objective.

 
Agreements made by RAN1 WG on NR Positioning requirements are sufficient and meet the SI objective to select requirements for commercial and regulatory use cases

Additionally RAN1 may consider to confirm/revise the numbers in brackets as a tentative targets for NR positioning. This aspect can be separately discussed for regulatory and commercial use cases.

 
RAN1 may consider to remove brackets and confirm current numbers as a tentative targets which is desirable to achieve by NR positioning techniques in agreed evaluation scenarios

Regulatory Use Cases
One of the open aspects that can be considered for regulatory requirements is to resolve accuracy for vertical positioning. There was a debate whether vertical positioning error should be less than 3m or less than 5m and whether it should be defined in number of floors. In our view for 3GPP analysis we can keep requirements in meters, especially for evaluation purposes. Otherwise RAN1 may need to discuss buildings structure / dimensions and assume that it is somehow known to UE, which is not the case at least at radio layers.
Based on analysis of regulatory requirements, our understanding is that vertical positioning error should be less than <5 m for 80% of UEs. Please refer to the following document [2]

 
Agree on the following requirement for the vertical positioning error:
Vertical positioning error <5 m for 80% of UEs

Commercial Use Cases
Based on our analysis, performance requirements currently selected for commercial use cases are quite well aligned with the less demanding positioning service levels (i.e. to Service Level 1 and Service Level 2) defined by SA working group in [4] (please also refer to Table 2 in Annex B). It should be noted that the work of SA WG [3]-[4] defines multiple sets of service level requirements for overall 3GPP NR positioning system (please refer to Table 1 and Table 2 in Annex A and B respectively) and thus are not directly relevant to RAT-dependent radio-layer solutions for NR positioning. Oppositely, the use of RAT-independent solutions is assumed in order to meet performance targets. On the other hand it seems reasonable to strive achieving at least the less demanding Service Levels by RAT dependent positioning techniques and further assess, whether RAT dependent solutions can provide even better performance. It should be commonly understood that performance targets discussed for commercial use cases do not aim to preclude design options that can meet more or less demanding performance targets. In addition, according to our analysis of horizontal positioning error presented in [7], it seems feasible to reach numbers in brackets by NR positioning techniques at least for agreed evaluation scenarios. Considering these aspects, we have following proposal.


Remove brackets from performance requirements for commercial use cases

Conclusions
In this contribution, we analyzed various performance requirements for NR positioning. We confirm that at least regulatory performance requirements need to be satisfied and can be used as a minimum performance targets for NR positioning studies. Based on discussion provided in this document, we have following proposals for discussion and decision by RAN1 WG:

Proposal 1: 
Agree on the following requirement for the vertical positioning error:
Vertical positioning error <5 m for 80% of UEs
Proposal 2: 
Remove brackets from performance requirements for commercial use cases
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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)




Annex – B: Higher Accuracy Positioning Requirements
According to the latest version of [4], the 5G system shall be able to provide positioning services with the performances requirements reported in Table 2, which is reproduced from [4].
[bookmark: _Ref528154901]Table 2: Performance requirements for Horizontal and Vertical positioning service levels
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy
(95 % confidence level)
	Availability
	Latency
	Coverage, environment of use and UE velocity

	
	
	Horizontal Accuracy

	Vertical    Accuracy
(note 1)
	
	
	5G positioning          service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - up to 30 km/h

Outdoor
(rural and urban) up to 250 km/h
	NA
	Indoor - up to 30 km/h

	2
	A
	3 m
	3 m
	99 %
	1 s
	Outdoor
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	4
	A
	1 m
	2 m
	99.9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	5
	A
	0.3 m
	2 m
	99 %
	1 s
	Outdoor
(rural) up to 250 km/h
	Outdoor
(dense urban) up to 60 km/h

Along roads and along railways up to 250 km/h
	Indoor - up to 30 km/h

	6
	A
	0.3 m
	2 m
	99.9 %
	10 ms
	NA
	Outdoor
(dense urban) up to 60 km/h
	Indoor - up to 30 km/h

	7
	R
	0.2 m
	0.2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h
Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each others (note 3)

	NOTE 1:	The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).

NOTE 2: 	Indoor includes location inside buildings such as offices, hospital, industrial buildings.

NOTE 3:	5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).
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