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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, with a focus on determining the SL positioning scenarios to be considered and positioning requirements. The following highlighted SID objectives were outlined under the scope of RAN1 to support the discussion:
	SL Positioning SID Objectives:
· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· 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
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.



This contribution discusses our views relating to the SL positioning scenarios as well as the definition of the target performance requirements for SL positioning.
1 Rel-16 & Rel-17 Positioning Requirements
The NR positioning framework and the corresponding 5GC standalone architecture (SA) was first specified in Rel-16, which mainly catered towards fulfilling less stringent use cases including the regulatory (emergency services) service requirements and shown in Table 1.

[bookmark: _Ref64989519]Table 1: Rel-16 Positioning Requirements [2]
	Positioning KPIs
	Indoor
	Outdoor

	Horizontal Positioning Accuracy
	< 3m for 80% of UEs
	< 10m for 80% of UEs

	Vertical Positioning Accuracy
	< 3m for 80% of UEs
	< 3m for 80% of UEs


Rel-17 NR positioning introduced IIoT (indoor factory) positioning use case and the overall positioning requirements are more stringent with respect to Rel-16, including performing positioning in challenging environments, e.g., scenarios with high probability of NLOS/multipath. The Rel-17 performance requirements are shown in Table 2. An additional positioning KPI related to end-to-end latency has also been considered for Rel-17, which impacts the Time to first fix (TTFF).

[bookmark: _Ref61290411]Table 2: Rel-17 Target Positioning Requirements [3]
	[bookmark: _Hlk100578074]Positioning KPIs
	Commercial Use Cases
	IIoT Use Cases

	Horizontal Positioning Accuracy
	< 1 m for 90% of UEs
	< 0.2 m for 90% of UEs;

	Vertical Positioning Accuracy
	< 3 m for 90% of UEs
	< 1 m for 90% of UEs

	Physical layer latency for position estimation of UE
	< 10 ms
	< 10 ms

	End-to-End Latency for position estimation of UE 
	<100 ms
	< 100 ms, in the order of 10 ms is desired



It is also further evident that the current 3GPP positioning use cases and requirements (as indicated in Tables 1 and 2) have catered mainly towards the fulfilling the following absolute positioning use cases over the Uu interface:
· Regulatory
· Commercial
· IIoT

Observation 1: 3GPP has thus far supported Regulatory, Commercial and IIoT absolute positioning use cases.

SL Positioning use cases offer a different dimension in that the relative position (including relative distance/range and orientations) between devices/ UEs in a network need to be determined for different coverage scenarios including in-coverage, partial coverage and out-of-coverage scenarios. Key examples of partial and out-of-coverage scenarios include tunnels, underground parking and other remote areas without network/GNSS coverage. 
V2X, Public Safety and IIoT use cases, are seen as a safety critical location service, where both precise and timely absolute and relative UE positioning are required. 
SL Positioning Requirements
V2X and Public Safety 
The V2X and Public safety positioning use cases and requirements have already been studied and consolidated in [TR 38.845, 4], which have been sourced from industry fora as well as existing 3GPP specifications and reports.  Table 3 summarizes the overall V2X and Public safety requirements. It can be noted that positioning KPIs such as end-to-end latency are missing from the current consolidated V2X requirements, which are also considered essential to obtain a location estimate in a timely fashion for safety critical use cases. It is also further assumed that the latency reported in [TR 22.872, 5] refers to the overall end-to-end latency requirement. Furthermore, there are no specific velocity (mobility) requirements defined for public safety use cases.
[bookmark: _Ref100586739]Table 3: Consolidated V2X and Public Safety SL Positioning requirements [4, 5] 
	SL Positioning KPIs
	V2X Use Cases
	Public Safety Use Cases

	Horizontal Positioning Accuracy
	 Set 1: 10 - 50 m for 68-95% of UEs
	< 1 m for 95 -98 % of UEs;



	
	Set 2: 1 – 3 m for 95-99% of UEs
	

	
	 Set 3: 0.1 – 0.5 m for 95-99% of UEs
	

	Vertical Positioning Accuracy
	< 2.5m for 95-99% of UEs

	< 2 m (absolute) for 95 - 99% of UEs

	
	
	< 0.3 m (relative) for 95 - 99% of UEs

	Velocity 
	< 2 m/s
	-

	Latency
	-
	< 1 s for Outdoor [5]

	
	
	< 5 s for Indoor [5]



Unless explicitly mentioned, the accuracy requirements in Table 3 are applicable to both absolute and relative positioning requirements.
Observation 2: V2X positioning requirements lack any latency requirements for absolute and relative positioning.
Commercial Ranging 
Commercial ranging service requirements with a target towards relative positioning between a pair of UEs/devices have been specified in SA1 with tight ranging and orientation requirements in addition to other positioning KPIs. These commercial use cases and requirements have been documented in [TS 22.261, 6] with the following use cases: 
· Smart TV Remote
· Picture and video sharing based on ranging results and 
· Distance based smart device control 
· Smart Vehicle Key
· Touchless Self-checkout Machine Control
· Hands Free Access
· Smart Transportation Metro/Bus Validation
· Ranging of UE’s in front of vending machine
· Finding Items in a supermarket
· Distance based intelligent perception for public safety
· Long Distance Search
· Long range approximate location

Due to the large number of use cases, RAN1 is encouraged to select 1 or 2 representative commercial ranging use cases based on the stringent requirements, which align with the other use cases. There are also a number of additional KPIs worth considering, e.g., direction accuracy, NLOS, concurrent ranging operations, etc., which may require further discussion for inclusion.

Proposal 1: RAN1 to select 1 or 2 representative commercial ranging use cases to derive commercial SL positioning requirements, preferably based on the KPIs, e.g., accuracy, latency aligned with that of V2X or Public Safety.
IIoT 
It should be noted that the relative positioning requirements are not only limited to V2X and Public Safety coverage scenarios but serve other requirements for use cases such as IIoT as seen in Table 7. The tool tracking use case is a key example where relative positionings of various tools in an assembly area are required. Relative positioning requirements should also extend to such use cases. 
[bookmark: _Ref66122581]Table 4: IIoT Positioning Requirements [7]
	Scenario
	Horizontal accuracy
	Availability
	Heading
	Latency for position estimation of UE
	UE Speed
	Corresponding Positioning Service Level in TS 22.261

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



Observation 3: IIoT requirements do not specify any vertical relative positioning accuracy requirements.
Common Target Performance Requirements 
[bookmark: _Hlk102118311]Given the different use cases, there is a need to establish a common set of SL positioning requirements across all use cases.  Table 5 shows the proposed common set of SL positioning requirements that are representative across all use cases.
[bookmark: _Ref100658242]Table 5: Unified Target Performance Requirements for SL Positioning
	SL Positioning KPIs
	V2X 
	Public Safety 
	IIoT
	Commercial

	Horizontal Positioning Accuracy
	 Set 1: 10 - 50 m for 68-95% of UEs
	

< 1 m for 95 -98 % of UEs;

	

< 1 m (relative) for 99% of UEs
	

 < 0.1 m for 99% of UEs

	
	Set 2: 1 – 3 m for 95-99% of UEs
	
	
	

	
	 Set 3: 0.1 – 0.5 m for 95-99% of UEs
	
	
	

	Vertical Positioning Accuracy
	
< 2.5m for 95-99% of UEs

	< 2 m (absolute) for 95 - 99% of UEs
	

-
	

-

	
	
	< 0.3 m (relative) for 95 - 99% of UEs
	
	

	Velocity 
	< 2 m/s
	-
	< 8.33 m/s
	< 1 m/s

	Latency
	
-
	< 1 s for Outdoor [5]
	
< 1s
	
< 50 ms

	
	
	< 5 s for Indoor [5]
	
	





The commercial accuracy, velocity and latency requirements in Table 5 were selected based on representative values that encompassed the majority of commercial use cases as well as aligning with the remaining use cases. 
Proposal 2: Adopt a unified set of SL positioning requirements for all use cases as shown in Table 5 and for ease of evaluations, consider a common KPI target such as an absolute horizontal/vertical accuracy < 1m for 95% of UEs and a relative horizontal/vertical accuracy <1m for 95% of UEs.
Further discussion is also required when considering the additional positioning KPIs, which are over and above what has already been considered for Rel-16/Rel-17 positioning especially in the context of relative positioning. These include:
· Relative Positioning Accuracy
· Lateral and Longitudinal accuracies in the case of V2X
· Direction/Orientation accuracy
· Depending on the elevation and azimuth plane
· May be absolute and/or relative directions/orientation
· Concurrent UEs performing relative location estimation
· Positioning Update rate
· Mobility
· Absolute velocity 
· Relative velocity 
· Applicable coverage areas
· In-coverage, partial coverage and out-of-coverage scenarios
· Energy/power consumption efficiency metrics
In addition, the positioning requirements need to target a high availability of 99% due to the density of UEs in a given area and due to the safety critical nature of the use cases such as V2X and Public Safety.
Proposal 3: At least consider the following additional KPIs required SL Positioning use cases:
· Direction/orientation accuracy
· Concurrent UEs performing relative location estimation
· Mobility parameters including velocity. FFS whether absolute and/or relative velocity is required.
Conclusion
The following observations in relation to the SL positioning use cases and requirements have been noted:
Observation 1: 3GPP has thus far supported Regulatory, Commercial and IIoT absolute positioning use cases.
Observation 2: V2X positioning requirements lack any latency requirements for absolute and relative positioning.
Observation 3: IIoT requirements do not specify any vertical relative positioning accuracy requirements.
The following proposals related to the SL positioning use cases and requirements are summarized as follows:
Proposal 1: RAN1 to select 1 or 2 representative commercial ranging use cases to derive commercial SL positioning requirements, preferably based on the KPIs, e.g., accuracy, latency aligned with that of V2X or Public Safety.
Proposal 2: Adopt a unified set of SL positioning requirements for all use cases as shown in Table 5 and for ease of evaluations, consider a common KPI target such as an absolute horizontal/vertical accuracy < 1m for 95% of UEs and a relative horizontal/vertical accuracy <1m for 95% of UEs.

Proposal 3: At least consider the following additional KPIs required SL Positioning use cases:
· Direction/orientation accuracy
· Concurrent UEs performing relative location estimation
· Mobility parameters including velocity. FFS whether absolute and/or relative velocity is required. 
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