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Abstract: 5G_HYPOS aims to update TS 22.261 with requirements for 5G positioning services. The CR “KPIs for horizontal and vertical positioning service levels in clause 7.3.2” proposes to define 5G_HYPOS Horizontal and Vertical positioning KPI with an update of the service table defined in the consolidated potential requirements of TR 22.872. This discussion paper presents the motivation and introduce the proposed table and set of service levels.
1/ Discussion
Multiple Technical Reports address the needs for positioning capabilities in SA1. Recently, FS_5G_HYPOS and FS_CAV studies allowed to compile most of the needs identified for positioning in Release 16 and the related normative work will translate their conclusion in two Technical Specifications, for each domain. Study Items aiming to translate the service requirements in subsequent stages have started or are about to start in different WG (SA2, RAN). One can in particular highlight the incoming RAN Study Item on NR positioning. Their descriptions and objectives refer to multiple TR and TS (for instance but not limited to: TR 22.872, TR 22.804, TS 22.261). These reference ensures a proper coverage of the requirements and related assumptions and use cases, but this diversity of references comes also along a risk of confusion and inconsistency in the interpretation of the inputs.

In this context, it is highly valuable that both the requirements and the related assumptions (such as UE velocity, environment of use, specific conditions, etc.) are not only clear, simple and concise, but also aligned among the Technical Specifications as much as possible.

To fulfil this objective, an updated table of consolidated requirements is proposed for 5G_HYPOS, building on the TR 22.872 consolidated requirements and is discussed in this paper.

First of all, the updated table proposes an aggregation of multiple requirements identified in the consolidated requirements of TR 22.872 in a single set of service levels:

· Vertical accuracy (PR-010 of TR 22.872) and latency (PR-014 of TR 22.872) can be associated to the definition of the service levels. PR-014’s note relating to the determination of the floor inside a building as in PR-010 is to be kept.
· The ability to provide relative positioning (both vertical as per PR-011 and 3D as per PR-012 of TR 22.872) can be introduced as an additional service level rather than two independent requirements.

In addition, the assumptions on the environment of use and the UE velocity for a given vertical or set of verticals should be aligned. For what concerns TS 22.261, it is relevant to align the definition of the environment of use of the positioning services with those already defined in clause 7.1. This clause also defines the UE velocity as 500 km/h for trains and 250 km/h for high-speed vehicles (as in TS 22.185 and 22.186). To avoid handling too many different values for the UE velocity while covering rail in line with TR 22.872 use cases, the following is proposed to:
· align the UE velocity of the positioning services to a value common to all service levels involving vehicles, 500 km/h for rail and 250 km/h for all other vehicles (to match with the velocity of road-related scenarios in TS 22.261); 
· indicate that such velocity should be managed along road and railways also in tunnels. 
TR 22.872 reports multiple use cases, some requiring a range of accuracies (e.g. 1-3m). Clause 6 of this TR develops considerations supporting the grouping of use cases in three categories, according to their accuracy (and also other criteria).
In SA1#82, the logic originally proposed for the requirements consolidation followed a conservative approach. On the last day, it was however agreed to follow a more ambitious approach for the first service level, resulting in 10 m accuracy instead of 50 m. Applying a similar logic (less conservative) to the other use case categories makes sense and justifies the following additional service levels:
· A first additional service level with 1m horizontal accuracy, 99% availability to better cover the lower bound of the second use case category (1-3m)

· A second additional service level with 0.3 m horizontal accuracy, 99 % availability and 20 ms latency to reflect the need expressed in PR-014 for mechanism enabling low latency (for example, reported in use case 5.3.3 of 22.872)
The above considerations yield the Table 1 for the Horizontal and Vertical service levels relating to TR 22.872.

Table 1 – Horizontal and Vertical positioning service levels related to TR 22.872
	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)

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - pedestrian

Outdoor 

(rural and urban) – up to 250 km/h
	NA

	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
	Indoor up to 30 km/h

Along road up to 250 km/h and railways up to 500 km/h

Outdoor 

(dense urban) up to 60 km/h)



	3
	A
	1 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
	Indoor up to 30 km/h

Along road up to 250 km/h and railways up to 500 km/h

Outdoor 

(dense urban) up to 60 km/h



	4
	A
	0.3 m
	3 m
	99 %
	1 s
	Outdoor 

(rural) up to 250 km/h
	Indoor up to 30 km/h

Along road up to 250 km/h

Outdoor 

(dense urban) up to 60 km/h



	5
	A
	0.3 m
	3 m
	99 %
	20 ms
	NA


	Indoor up to 30 km/h

Outdoor 

(dense urban) up to 60 km/h



	6
	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 (which may need more stringent targets - e.g. better than 2 m vertical accuracy) 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).
NOTE 4: 
The requirements do not preclude any type of UE, including UEs such as, for example, V2X, MTC.




Alternatively, a table addressing all the Horizontal and Vertical service levels reported in SA1 Release 16 studies may also be considered, with in particular, the requirements identified in TR 22.804. Such approach could lead to a single set of requirements for all 5G positioning services.

The following table maps the aforementioned service levels with the requirements of TR 22.804. 
Table 2 – mapping between 22.804 positioning requirements and table 1 service levels
	Position service level 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Use case reference
	Service level from table 1

	1
	< 1 m
	[99.9%] 
	< 0,54 rad
	< [1 s]
	N/A
	Factories of the Future 6.5
	Service level 3 but availability and heading

	2
	< [5 m] 
	[90%]
	N/A
	< [5 s]
	N/A
	Factories of the Futur6 6.7
	Service level 2

	3
	< [1 m]
	[99%]
	< [0,17 rad] 
	< [15 ms]
	< [10 km/h]
	Factories of the future 10.8
	Service level 3 but latency + heading

	4
	< [1 m]
	[90%]
	N/A
	< [2 s]
	< [30 km/h]
	Factories of the Future 13.3
	Service level 3

	5
	< [30 cm (if supported by further sensors like camera, GNSS, IMU)] 
	[99.9%]
	N/A
	[10 ms]
	< [30 km/h]
	Factories of the Future15.5
	Service level 5 but availability

	6
	< [20 cm]
	[99%]
	N/A
	< [1 s]
	< [30 km/h]
	Factories of the Future15.6
	Service level 4 (0.3 m) or 6 (R)

	7
	< [50 cm]
	[99%]
	N/A
	[1 s]
	< [30 km/h]
	Factories of the Future18.19
	Service level 4

	8
	< [1m (relative positioning)]
	[99%]
	N/A
	[1 s]
	< [30km/h]
	Factories of the Future18.20
	Service level 6 or difference between 2 position in service level 4


The analysis identifies the following gaps:

· for two use cases, 22.804 introduces an additional KPI, heading, which requires a dedicated requirement;
· to fulfil augmented reality use cases, the latency of service level 3 should be 15 ms;
· to fulfil use cases with safety function, availability of service level 3 should be 99.9 %;
· to fulfil 22.804 requirements, the latency of service level 5 should be 10 ms.
These gaps may be addressed with the following updates:

· introduction of an additional service level with 1m horizontal accuracy, 99.9% availability and 15 ms latency;
· latency of service level 5 is set to 10 ms;
· an additional requirement to be introduced as a dedicated KPI for heading such as : The 5G system shall support a mechanism to determine the UE's heading with an accuracy better than 0,17 rad and an availability of 99.9%.
This is reported in Table 3, which illustrates that a limited number of positioning service levels allow to cover the horizontal and vertical positioning requirements identified in TR 22.872 and TR 22.804 (only one more service level compared to Table 1). This table is to be complemented with additional requirements to cover KPIs not relating to Horizontal and Vertical positioning, such as velocity (speed and bearing), heading, TTFF.
It is worth noting that the above considerations do not lead to the introduction of new requirements. Indeed, the requirements reported in these service levels already exist in the related TRs, either in consolidated potential requirements (sometime independent) or as potential requirements in several use cases (for instance, through a range of horizontal accuracy).

Last but not least, it is worth noting that these new service levels ensure backward compatibility with Release 15 performance requirements for positioning. Given they are reported as targets, Release 15 KPIs fit with the proposed Service Level 4 or Service Level 5.
Table 3 – Horizontal and Vertical positioning service levels related to TR 22.872 and TR 22.804
	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 pedestrian

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
	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

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

	5
	A
	0.3 m
	3 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
	3 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 (which may need more stringent targets - e.g. better than 2 m vertical accuracy) 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).
NOTE 4: 
The requirements do not preclude any type of UE, including specific UE such as for example V2X, MTC.







· 
· 

· 
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2/ Proposals of updated requirements in TS 22.261
Given the above, the following proposals are derived to support the introduction of new requirements for 5G positioning services in TS 22.261.
Proposal 1: it is proposed to introduce the requirements of Table 3 for the horizontal and vertical positioning KPIs of 5G positioning services in TS 22.261.
Proposal 2: in addition to Table 3, it is proposed to introduce an additional requirement for the heading as KPI: The 5G system shall support a mechanism to determine the UE's heading with an accuracy better than 30 degrees (0.54 rad) and an availability of 99.9 % for static users and with an accuracy better than 10 degrees (0.17 rad) and an availability of 99 % for users up to 10 km/h.
Proposal 3: in case there is no agreement on proposal 1, it is proposed to introduce Table 1, as an alternative to Table 3, for the horizontal and vertical KPIs of 5G positioning services in TS 22.261.
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