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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:
· align the UE velocity of the positioning services to a value common to all service levels involving vehicles and equal to 160 km/h as in TR 22.872. Nonetheless, 250 km/h could be preferred.

· introduce a note clarifying that positioning services at speed of 500 km/h should be possible for some use cases such as those relating to rail (including in tunnels).

Finally, the alignment of requirements for a same feature among Technical Specifications improves their readability and consistency for subsequent stages and for other working groups. Along this line, it also allows more use cases to be fully covered with a single set of standardised technologies.

The following figure illustrates that six positioning service levels allow to cover all horizontal and vertical positioning requirements identified in the different studies. Nevertheless, to emphasize needs of specific use cases (e.g. velocity, latency, heading), few KPIs would still be translated in independent requirements in the associated Technical Specifications.
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It is worth noting that the consolidation (or pooling of requirements) into service levels 1, 2, 3, 4 and 6 does not lead to the introduction of new requirements into 5G_HYPOS. Indeed, the requirements reported in these service levels already exist in TR 22.872, either in consolidated potential requirements (sometime independent) or as potential requirements in several use cases (for instance, through a range of horizontal accuracy).

Therefore, these service levels also allow to enhance or optimise the underlying use cases beyond what the consolidated requirements do. Typical examples relating to 5G_HYPOS are: 

· Use case “Accurate Positioning for First Responders” (clause 5.4.2 of TR 22.872) reports a target horizontal accuracy of 1m, to be confirmed. This target being in brackets, the consolidation process agreed for a 3m requirement rather than a 1 m requirement. This use case would hence benefit from Service Level 3.

· The specific needs of UAV (use cases 5.7.1 and 5.7.2 of TR 22.872) for very high availability and low latency would be better served thanks to Service Level 5. 

In addition, looking at the two following very similar requirements in different verticals and different Technical Specifications: 

· 0.3 m horizontal accuracy, 99 % availability and 20 ms latency for use cases in TR 22.872 to be covered by TS 22.261, 

· 0.3 m horizontal accuracy, 99.9 % availability and 10 ms latency for use cases in TR 22.804 to be covered by TS 22.104,

it may be relevant to consider their consolidation into a single service level even if reported in two separate Technical Specifications, to avoid confusion or collision in subsequent stages and in other working groups. The consolidation yields Service Level 5 by combining the most demanding requirements of each.

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.

2/ Proposal of updated requirements
Given the above, it is proposed to introduce the following consolidated KPIs for 5G_HYPOS horizontal and vertical positioning service levels in TS 22.261.

	Service level
	Absolute(A) or Relative(R) position
	Accuracy 

(95 % confidence level)
	Availability
	Latency
	Coverage, environment of use and UE velocity

	
	
	Horizontal Accuracy 


	Vertical Accuracy 


	
	
	5G positioning          service area
	Enhanced positioning service area

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor

Outdoor (rural and urban) up to at least 160 km/h
	NA

	2
	A
	3 m
	3 m
	99 %
	1 s
	Outdoor (rural and urban) up to at least 160 km/h
	Indoor - up to 50 km/h 

Outdoor (dense urban) up to 160 km/h

	3
	A
	1 m
	3 m
	99 %
	1 s
	Outdoor (rural) up to at least 160 km/h
	Indoor - up to 50 km/h 

Outdoor (dense urban) up to 160 km/h

	4
	A
	0.3 m
	3 m
	99 %
	1 s
	Outdoor (rural) up to at least 160 km/h
	Indoor - up to 30 km/h

Outdoor (dense urban) - up to 160 km/h

	5
	A
	0.3 m
	3 m
	99.9 %
	10 ms
	NA
	Indoor - up to 30 km/h

Outdoor (dense urban) - up to 160 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 here between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each others

	NOTE 1:
Latency is defined by the time elapsed between the event that triggers the determination of the position-related data and the availability of the position-related data at the positioning system interface. At initialisation of the positioning system, the latency relates to Time to First Fix (TTFF).

NOTE 2:
Availability is here defined as the percentage value of the amount of time the positioning service is delivering the required position-related data within the performance requirements, divided by the amount of time the system is expected to deliver the positioning service according to the specification in a specific area.

NOTE 3: 
Indoor includes housing, offices, industrial building and tunnels for rail and road.

NOTE 4: 
The enhanced positioning service area represents here for example a factory plant (with a minimum coverage of 500 m long, 500 m wide and 30 m high), a dense urban area or a tunnel.

NOTE 5:
The vertical positioning requirement shall be sufficiently accurate to determine the floor in indoor use cases (e.g. better than 2 m vertical accuracy).

NOTE 6:  
For Service Level 2 and Service Level 3, a UE velocity of up to 500 km/h is needed for specific use cases (such as rail) both in the 5G positioning service area outdoor and in enhanced positioning service areas (e.g. rail and road tunnels).

NOTE 7:
5G positioning nodes are here 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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