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It was agreed at RAN#80 to study NR positioning support in Release 16 [1]. The objective of the Revised SID [2] from RAN#81 includes:
	· 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.



Accordingly, within the SI, from the wide range of commercial and prioritized regulatory use cases, RAN1 has the task to select the type of requirements (positioning accuracy not being the only one) and to think about associated quantitative performance figures to be used as targets. Potential technical solutions may then be studied in a way of analyzing their ability to achieve targeted figures.
In the offline discussions prior to RAN1 #94bis, companies provided their views on the relevance of commercial use cases.
In this contribution the requirements derived from the use cases in the reports from SA1 are briefly summarized. In order to deal with the wide range of use cases, a limited number of positioning service levels have been proposed by SA1 within TS 22.261. This document intends to introduce the positioning service levels concept in order to open the discussion if positioning service levels are a useful tool for RAN as well to deal with the high diversity of proposed positioning requirements.

NR Positioning applications and requirements
Diverse positioning applications have been identified by SA1 in (for instance but not limited to) TR 22.872, TR 22.804, and TR 22.889. Technical specification TS 22.261 (Service requirements for the 5G system) is the central point used by SA to integrate input from various sources. The performance targets resulting from these use cases together with the regulatory use case requirements shall be the input to this SI.
Proposal 1: The requirements linked to the commercial use cases shall be an input of the SI in addition to regulatory requirements.

Discussion of positioning performance requirements identified by SA1
The positioning requirements from the different use cases (about 60) were studied in SA1 and grouped into service levels. Table 1 taken from TS 22.261 introduces the concept of the resulting 7 service levels used to cover all positioning use cases.
Proposal 2: The concept of positioning service levels shall be taken into account by RAN1 when discussing and classifying performance targets for NR positioning.

Table 1 uses horizontal and vertical accuracy, availability, latency and coverage (with conditions on environmental factors) as main requirements from the SA1 perspective.
For information, we cite the definitions of requirements as extracted from TS 22.261 [6]:
Positioning service availability: 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 the targeted service area.
Positioning service latency: time elapsed between the event that triggers the determination of the position-related data and the availability of the position-related data at the system interface.
Proposal 3: Accuracy, availability, latency and coverage are captured within the positioning service levels. These targets can be adapted by RAN1 for the requirements of NR positioning. Additional requirements are not precluded.

Table 1 also differentiates between an enhanced positioning service area and normal 5G positioning. These two service areas are defined as follows:
5G positioning service area: a service area where positioning services would solely rely on infrastructure and positioning technologies that can be assumed to be present anywhere, where 5G is present (e.g. a country-wide operator-supplied 5G network, GNSS, position/motion sensors). This includes both indoor and any outdoor environments.
5G enhanced positioning service area: a subset of the 5G positioning service area that is assumed to be provided with additional infrastructure or a particular set of positioning technologies to enhance positioning services. The enhanced positioning service area represents, for example, a factory plant, a dense urban area, an area along a road or railway track, a tunnel and covers both indoor and outdoor environments.
For positioning, we actually see the potentially huge technical difference between a standard deployment (set up to provide communication coverage in the first place) compared to a deployment that is optimized for positioning. Optimizations could result from deployment planning (e.g. GDOP analysis), densification, or the selection of favorable antenna types and signal configurations. Additionally, in both cases (non-optimized vs optimized deployment) we believe that not all RAT-dependent technologies will achieve the requirements mentioned in the 5G Positioning Service levels. Hybrid positioning can further help in managing seamless transition between the two types of deployments mentioned above. Therefore, there is a clear need for hybrid positioning solutions, both among RAT-dependent technologies and between RAT-dependent and RAT-independent technologies (such as those included in positioning protocol methods).
Proposal 4: During evaluation of NR positioning, it is proposed to distinguish between performance targets achievable in conventional deployments (no optimizations for positioning) and those achievable in deployments that have been optimized for positioning.

Note, that SA1 refers to coverage for “5G positioning”, which in other words means that there may be contributions of NR as well as LTE to the overall positioning result. Both, LTE and NR, may have different coverage, and they may be used in DC mode. However, many of the higher performance targets may especially be achievable by using the new air interface NR for RAT-dependent techniques.
Observation 1: The difference (if any) between the meaning of 5G positioning and NR positioning needs further definition.

As a conclusion, during the study of NR positioning support, RAN may regard service levels as targets to evaluate solutions against in order to discuss feasibility, technical effort and other implications based on these sets of performance figures. This helps to define the subsequent way forward after the study.
Table 1: Positioning service levels with performance requirements from SA1, summarizing positioning KPIs coming from TR 22.872 [3], TR 22.804 [4] and TR 22.889 [7] (extracted from TS 22.261 [6] V16.5.0)
	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).




Example: Derived service levels for industrial use cases
Table 2 is specific about industrial use cases and displays the mapping of use cases to service levels in detail.
Table 2: Industrial Use Cases positioning performance requirements with reference to TS 22.261 [6] service levels (extracted from TS 22.104 [5])
	Scenario 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Corresponding Positioning Service Level in TS 22.261 

	Mobile control panels with safety functions (non-danger zones)
	< 5 m 
	90%
	N/A
	< 5 s
	N/A
	Service Level 2

	Process automation – plant asset management
	< 1 m
	90%
	N/A
	< 2 s
	< 30 km/h
	Service Level 3

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30km/h
	Service Level 3

	Augmented reality in smart factories
	< 1 m
	99%
	< 0,17 rad 
	< 15 ms
	< 10 km/h
	Service Level 4

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9% 
	< 0,54 rad
	< 1 s
	N/A
	Service Level 4

	Flexible, modular assembly area in smart factories (for autonomous vehicles, only for monitoring proposes)
	< 50 cm
	99%
	N/A
	1 s
	< 30 km/h
	Service Level 5

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems))
	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	99.9%
	N/A
	10 ms
	< 30 km/h
	Service Level 6

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	N/A
	< 1 s
	< 30 km/h
	Service Level 7



In industrial use cases, the requirements for positioning vary considerably: the accuracy figures range from some centimeters to several meters, the latency limits range from milliseconds to a few position updates per day. But overall, it can be concluded that automation and control typically needs submeter accuracy. For tracking, routing and guiding above 1 meter is sufficiently accurate. Thus, it is proposed to select typical service levels from Table 1 for evaluation: at least one with a higher accuracy than 1 meter and at least one with a lower accuracy than 1 meter.
Proposal 5: RAN1 may select certain service levels as a starting point to facilitate evaluations.
Proposal 6: To facilitate the aforementioned selection of a starting point, RAN1 may consider that hybrid positioning (such as LPP methods) can complement RAT-dependent technologies in meeting all TS 22.261 positioning service levels and requirements.

Additional positioning performance requirements identified by SA1
As mentioned above, SA1 has been defining additional performance requirements that partly go along with the main requirements as given in Table 1 on a use case specific basis. These are:
Extracted from TS 22.261 [6]:
· Time-To-First-Fix TTFF: 
“The 5G system shall be able to provide the 5G positioning services with a TTFF less than 30 s and, for some 5G positioning services, shall support mechanisms to provide a TTFF less than 10s.
NOTE: 	In some services, a TTFF of less than 10s may only be achievable at the expense of a relaxation of some other performances (e.g. horizontal accuracy may be 1m or 3 m after 10 s TTFF, and reach a steady state accuracy of 0.3 m after 30s).”
TS 22.261 [6] defines TTFF the following way: “time elapsed between the event triggering for the first time the determination of the position-related data and the availability of the position-related data at the positioning system interface.”
· Velocity Vector Determination
“The 5G system shall support a mechanism to determine the UE's velocity with an availability of 99%, an accuracy better than 0.5 m/s for the speed and an accuracy better than 5 degree for the 3-Dimension directon of travel.” 
· Energy Efficiency
“The 5G system shall be able to provide a positioning service that consumes an average of less than 20 mJ of the UE’s energy per position fix for service level 1 and consumes a peak power less than 200 mW for all other service levels.”
Extracted from TS 22.104 [5]:
· Heading Determination
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.
As said in Proposal 2, the list of additional requirements that appear to be relevant for investigation by RAN1 should be kept open. The main requirements (e.g. accuracy et al.) may be applied comprehensively and for comparison between companies, which is not necessarily the case for additional requirements.
Observation 2: The positioning service levels need additional requirements to fulfill certain use cases, but focusing on main requirements will help RAN to be able to evaluate NR positioning solutions within the limited available time of the SI.

Conclusion
In this contribution, use case requirements for NR positioning are discussed. The following observations and proposal are concluded:
Proposal 1: The requirements linked to the commercial use cases shall be an input of the SI in addition to regulatory requirements.
Proposal 2: The concept of positioning service levels shall be taken into account by RAN1 when discussing and classifying performance targets for NR positioning.
Proposal 3: Accuracy, availability, latency and coverage are captured within the positioning service levels. These targets can be adapted by RAN1 for the requirements of NR positioning. Additional requirements are not precluded.
Proposal 4: During evaluation of NR positioning, it is proposed to distinguish between performance targets achievable in conventional deployments (no optimizations for positioning) and those achievable in deployments that have been optimized for positioning.
Observation 1: The difference (if any) between the meaning of 5G positioning and NR positioning needs further definition.
Proposal 5: RAN1 may select certain service levels as a starting point to facilitate evaluations.
[bookmark: _GoBack]Proposal 6: To facilitate the aforementioned selection of a starting point, RAN1 may consider that hybrid positioning (such as LPP methods) can complement RAT-dependent technologies in meeting all TS 22.261 positioning service levels and requirements.
Observation 2: The positioning service levels need additional requirements to fulfill certain use cases, but focusing on main requirements will help RAN to be able to evaluate NR positioning solutions within the limited available time of the SI.
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