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1. Introduction
The study on expanded and improved NR positioning SID [1] states that the study should include an analysis of the scenario and requirements for sidelink positioning:
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed

In this contribution we provide our view on what scenarios and requirements would be applicable to the study, considering existing requirement and the coverage scenarios included in the SID.  
2. [bookmark: _Ref178064866]Discussion
Background and definitions
There are a number relevant 3GPP reports and specifications to consider when discussing use cases and requirements for SL positioning and ranging.  A study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning was performed in Rel-17 [3]. This study primarily focused on positioning supporting V2X and public safety use cases. Additional information on positioning requirements such as for vertical applications like industrial IoT are found in [4]. Additionally, the overall service requirements for positioning and ranging are found in [2].
The documents, as well as the SID [1], mentions three target areas for solutions: ranging, relative positioning and absolute positioning. The following interpretation is made for our discussion in the contribution:
· Ranging: The distance between two UEs, which may or may not include information about the direction.
· Relative positioning: The position of a UE relative to a second UE in a local coordinate system.
· Absolute position: The position of a UE in a global coordinate system.

Additionally, three different coverage scenarios are to be targeted: in-coverage, partial coverage, and out-of-coverage. We summarize the scenarios and our interpretations below, noting that coverage relates to accessing the network to enable communication and not the coverage related to hearability of specific reference signals like the PRS:
· In-coverage: The UE is in coverage of a gNB and can access the network to enable support for UL and DL communication. 
· Partial coverage: The UE is in out-of-coverage of a gNB and can only access the network via SL-relaying through a second UE which is in-coverage.
· Out-of-coverage: The UE is in out-of-coverage of a gNB and cannot connect to the network in any other way.
Use cases and requirements
In this section we summarize the use cases and requirements presented for V2X [3], public safety [3], commercial [2], and IIOT [4]. 
Public safety use cases and associated requirements
For public safety scenarios, wireless communication, situational awareness and location information is instrumental in the operations. These services need to be supported in many challenging situations where the wireless infrastructure many not be operational, or operating with limited functionality. This means that positioning services need to be provided also in OoC scenarios.
Reviewing the performance requirements presented in [3], the target brought forward is “1 m horizontal accuracy, 2 m (absolute) or 0.3 m (relative) vertical accuracy, 95 – 98 % positioning service availability”. This very ambitious performance requirement should be met in all coverage scenarios, according to [3].
[bookmark: _Toc102166774]Public safety requirements exceed all other use cases, with positioning system accuracies down to 1 m in all coverage scenarios.
Commercial use cases and associated requirements
From the commercial use cases, there are no requirements brought forward for absolute positioning outside of network coverage. Instead, it is the ranging service that is highlighted, and we provide the ranging requirements from [2] in Table 2. The listed requirements on ranging accuracies are between 10 m down to 10 cm depending on use case. It should be noted that there is also a requirement for relative position listed, provided in Table 1, with an accuracy requirement of 20 cm. 
[bookmark: _Toc102166775]For commercial use cases ranging is more relevant to target than positioning, with accuracy requirements down to 10 cm. 
IIOT use cases and associated requirements
In the industrial space, accurate positioning is needed for use cases like augmented reality, automated guided vehicles, geofencing and logistics. We provide a table of the positioning requirements as presented in TS 22.104 in Table 3. The requirements on positioning ranges from 5 m to below 20 cm, and there is additionally a requirement on relative positioning of below 1 m accuracy.
[bookmark: _Toc102166776]For IIOT, the most relevant requirement to target is on relative positioning down to 1 m accuracy.  
V2X use cases and associated requirements
In [TR38.845] a summary of the V2X positioning requirements found in [TS 22.261] and [TS 22.186]. Additionally, input from LSs sent to SAE [3] and 5GAA [2] is briefly summarized, highlighting the need for accurate positioning for advanced V2X services. It’s mentioned in the LSs that UEs operating in deep indoor areas such as tunnels or underground parking lots are cases where positioning may be challenging.
The requirements are in [TR38.845] summarized in sets depending on accuracy:
-	Set 1: 10 – 50 m with 68 – 95 % confidence level. 
-	Set 2: 1 – 3 m with 95 – 99 % confidence level. 
-	Set 3: 0.1 – 0.5 m with 95 – 99 % confidence level. 
It was noted that all the three sets are applicable for absolute positioning and relative positioning.

[bookmark: _Toc102166777]For V2X relative positioning between vehicles is the most relevant scenario to target, with accuracy requirement down to 10 cm. 
Discussion on use cases and requirements
Ranging
It should be noted that ranging is the key component in accurate positioning, and additionally, there are a number of relevant use cases for ranging as a service. Reviewing the use cases and requirements for V2X, public safety, commercial, and IIOT, it is clear that the requirements on raging are mainly driven by commercial use cases as listed in [2], including high accuracy proximity ranging between two nearby UEs. For most of these use cases, the devices can be expected to be inside network coverage, which means that the network can be leveraged for the ranging events. This will be a strength for a 3GPP ranging solution, as compared to competing ranging technologies. 
[bookmark: _Toc102166778]Most of the ranging use cases are for in-coverage UEs, where network can assist in the ranging event.
Additionally, it should be noted that the requirements listed for ranging is targeting ranging use cases where the range is to be delivered to the consumer. If ranging is to be used for positioning, e.g. in OoC, it is not clear what the requirements are.  
Absolute positioning
In coverage
Reviewing the use cases and requirements for V2X, public safety, commercial, and IIOT with respect to absolute positioning, we can note that for in-coverage UEs there is no need for additional technical solutions or specification to meet the requirements on absolute positioning. Instead, these can be met by the already standardized methods, and appropriate deployments.  With that said, we acknowledge that SL ranging measurements over PC5 can be used together with Uu measurements to enable hybrid positioning methods as a means to increase accuracy and availability in some scenarios, e.g., positioning in emergency situations and public safety operation scenarios. These hybrid solutions would require ranging to be performed over PC5, and measurements reported to the LMF.  
[bookmark: _Toc102166779]SL ranging measurements over PC5 can be used together with measurements over Uu to enable hybrid positioning methods.
[bookmark: _Toc102166781]Study the mechanisms to support in-coverage hybrid positioning (Uu+PC5) 

Out-of-coverage
The use case that is driving positioning for OoC scenarios, is unarguably public safety. Accurate positioning and situational awareness is key in rescue operations, both in-coverage and OoC, and providing a flexible and reliable positioning solution is important. We envision that such solution would have to target ad-hoc positioning scenarios, with mobile nodes constantly repositioning themselves. 
[bookmark: _Toc102166782] Public safety should be prioritized when selecting use cases and requirements for OoC 
Partial coverage
For positioning in partial coverage, there are no clear requirement to be found in the reviewed 3GPP documents, and we don’t see any additional use cases that would drive any requirements. Instead, we argue that for partial coverage, the focus should be on securing that relevant signalling can be performed via the relaying UE, along with relevant assistance data. This should be done to allow the out of coverage UE to be configured for positioning events, or to perform ranging towards the relay node as part of a positioning event. Thus, any evaluations of positioning performance for partial coverage scenarios are not needed. 
[bookmark: _Toc525939439][bookmark: _Toc102166780]No explicit positioning requirements are relevant for partial coverage scenarios. 
[bookmark: _Toc102166783]Evaluations of positioning performance in partial coverage scenarios should not be performed.	
Relative positioning
There are a few use cases and requirements listed for relative positioning related to the plethora of listed use cases covered in the referenced documents. To support these, apart from performing ranging, (multi-antenna) angular measurements are required along with device orientation estimation. Most of the use cases relate to close range operation, where coarse angular resolution would suffice. 
Summary of proposed use cases and requirements
As discussed, two different, but related, services need to be addressed, i.e., ranging and positioning. We argue that public safety is the most important use case from a positioning perspective, while we see a wider use case palette for ranging.  This is reflected in the proposed down-selection presented in Table 1  and Table 2 for ranging and positioning, respectively. 
[bookmark: _Toc102166784]Target a small set of use cases for requirements and evaluations, that is, the ones presented in Table 1  and Table 2

[bookmark: _Ref101883275]Table 1: Proposed ranging use cases and requirements
	Ranging scenario
	Ranging Accuracy 
(95 % confidence level)
	Availability
	Latency
10ms
50ms
50ms
	Effective ranging distance
	Coverage 
	NLOS/LOS
	Relative UE velocity 
	Ranging interval
	Number of concurrent ranging operation for a UE
	Number of concurrent ranging operation in an area

	
	Distance Accuracy

	Direction Accuracy
	
	
	
	
	
	
	
	
	

	Hands Free Access
	10cm
	-
	99 %
	500ms
	10 m
	IC/PC/OOC
	LOS
	Static/ Moving
(1 m/s)
	50ms
	 -
	20 UEs/3.14*100m2

	distance based intelligent perception for public safety
	50cm
	-
	99 %
	-
	20m
	IC/PC/OOC
	LOS
	Static/ Moving
(<20km/h)
	-
	100
	-

	Long Distance Search
	20m
	5°
	99 %
	-
	100m-1km
	IC/PC/OOC
	LOS
	Static/ Moving
(up to 10m/s)
	5s
	 -
	-



[bookmark: _Ref101883282]Table 2: Proposed positioning use cases and requirements
	Scenario
	Horizontal accuracy
	Vertical accuracy
	Availability
	Latency for position estimation of UE
	UE speed
	Coverage

	Positioning for first responders
	< 1 m
	< 0.3 m
	>98 %
	< 5 s
	< 30 km/h
	IC/OoC



4. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Public safety requirements exceed all other use cases, with positioning system accuracies down to 1 m in all coverage scenarios.
Observation 2	For commercial use cases ranging is more relevant to target than positioning, with accuracy requirements down to 10 cm.
Observation 3	For IIOT, the most relevant requirement to target is on relative positioning down to 1 m accuracy.
Observation 4	For V2X relative positioning between vehicles is the most relevant scenario to target, with accuracy requirement down to 10 cm.
Observation 5	Most of the ranging use cases are for in-coverage UEs, where network can assist in the ranging event.
Observation 6	SL ranging measurements over PC5 can be used together with measurements over Uu to enable hybrid positioning methods.
Observation 7	No explicit positioning requirements are relevant for partial coverage scenarios.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Study the mechanisms to support in-coverage hybrid positioning (Uu+PC5) 
Proposal 2	Public safety should be prioritized when selecting use cases and requirements for OoC
Proposal 3	Evaluations of positioning performance in partial coverage scenarios should not be performed.
Proposal 4	Target a small set of use cases for requirements and evaluations, that is, the ones presented in Table 1  and Table 2
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Appendix: Tables with use cases and requirements
[bookmark: _Ref101425513]Table 3: Performance requirements for Horizontal and Vertical positioning service levels (subset of Table 7.3.2.2-1 in [2])
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service 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

	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 other (note 3)





[bookmark: _Ref101425481]Table 4: Performance requirements for ranging based services (subset of Table 7.9.1 in [2])
	Ranging scenario
	Ranging Accuracy 
(95 % confidence level)
	Availability
	Latency
10ms
50ms
50ms
	Effective ranging distance
	Coverage 
	NLOS/LOS
	Relative UE velocity 
	Ranging interval
	Number of concurrent ranging operation for a UE
	Number of concurrent ranging operation in an area

	
	Distance Accuracy

	Direction Accuracy
	
	
	
	
	
	
	
	
	

	Distance based smart device control
	10cm
	-
	99 %
	100ms
	20m
	IC/PC/OOC
	LOS
	Static/ Moving
(<1m/s)
	50ms
	 20
	-

	Smart Vehicle Key
	10 cm
	-
	99 %
	50ms
	30m
	IC/PC/OOC
	LOS
	Static/ Moving
(<2m/s)
	25ms
	 -
	50UEs/
(104m2)

	Hands Free Access
	10cm
	-
	99 %
	500ms
	10 m
	IC/PC/OOC
	LOS
	Static/ Moving
(1 m/s)
	50ms
	 -
	20 UEs/3.14*100m2

	Smart Transportation Metro/Bus Validation
	10cm
	-
	99 %
	-
	2m
	IC/PC/OOC
	LOS
	Static/ Moving
(3km/h)
	50ms
	 20
	100 in the area of 8 m2

	distance based intelligent perception for public safety
	50cm
	-
	99 %
	-
	20m
	IC/PC/OOC
	LOS
	Static/ Moving
(<20km/h)
	-
	100
	-

	Long Distance Search
	20m
	5°
	99 %
	-
	100m-1km
	IC/PC/OOC
	LOS
	Static/ Moving
(up to 10m/s)
	5s
	 -
	-

	Long range approximate location
	[10m]
	±[12.5°]
	99 %
	-
	500m
	IC/PC/OOC
	LOS
	Static/ Moving
(<10m/s)
	-
	1
	[50]UEs/
(104m2)



[bookmark: _Ref101425999]Table 5: Positioning performance requirements (subset of Table 5.7.1-1 in [4])
	Scenario
	Horizontal accuracy
	Vertical accuracy
	Availability
	Heading
	Latency for position estimation of UE
	UE speed
	Corresponding Positioning Service Level in TS 22.261

	Mobile control panels with safety functions (non-danger zones)
	< 5 m 
	< 3 m
	90 %
	n/a
	< 5 s
	n/a
	Service Level 2

	Process automation – plant asset management
	< 1 m
	< 3 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)
	< 1 m (relative positioning)
	n/a
	99 %
	n/a
	1 s
	< 30 km/h
	Service Level 3

	Augmented reality in smart factories
	< 1 m
	< 3 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
	< 3 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 purposes)
	< 50 cm
	< 3 m
	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 indoor autonomous driving systems))
	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	< 3 m
	99.9 %
	n/a
	10 ms
	< 30 km/h
	Service Level 6

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