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Introduction
In RAN#94-e meeting, a new SID on study on expanded and improved NR positioning was approved [1]. Based on the RAN SI on "Scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases" [2], the NR positioning use cases are extended to V2X and public safety, and the scenarios are no longer limited to in-coverage, and further include partial coverage and out-of-coverage. To support new use cases, scenarios, and requirements, the necessity to develop sidelink positioning was justified.
The objectives on sidelink positioning are recapped as follows:
	· 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.


In this contribution, we provide our considerations on the use cases, scenarios, and requirements of the sidelink positioning.

Discussion
[bookmark: _Ref31533076]2.1 Use cases and requirements
Four use cases of sidelink positioning are identified and captured in the new SID, including V2X and public safety that are studied in TR 38.845, and also commercial and IIoT use cases that have been investigated in R16/17 NR positioning.
In general, we are open to discuss all use cases; however, considering the high workload and limited time, we think that high priority should be given to some of the use cases and requirements. In the following, we provide our initial views on the priority of the use cases and requirements.
V2X use cases
In TR 38.845, the outcome of RAN study item on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage positioning use cases is captured, in which the positioning use cases and requirements for V2X and public safety are defined.
In our views, as NR sidelink first focus on the use cases on V2X scenarios, some typical applications such as autonomous driving and advanced driving, which require high positioning accuracy and low positioning latency to achieve collision avoidance between near-by vehicles, and between vehicles and pedestrians. From this perspective, we believe that at least V2X use cases should be included and evaluated in the study item phase.
In TR 38.845, positioning requirements for 58 V2X services are provided by 5GAA, and are categorized into three sets:
· 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 is noted that all the three sets are applicable for absolute positioning and relative positioning.
It is observed that the three sets of positioning requirements are targeting different use cases; however, we think that to limit the evaluation workload, one set of positioning requirement can be prioritized. As this is the first release to study sidelink positioning, our main target should focus on enable fundamental design and functionalities. From this perspective, first, we think that set 1 is too loose for study and evaluation, the target use cases may not be general and typical enough. On the other hand, we don’t think set 3 is a reasonable choice either, as the accuracy requirement as well as the confidence level are too stringent at the first stage of the study, and it may also have the risk of including unlicensed spectrum in this release, where no baseline is defined even in sidelink. Hence, we prefer to select set 2 as the requirement of the V2X use cases.
Observation 1: Positioning is required to achieve collision avoidance in typical V2X applications such as autonomous driving and advanced driving.
Observation 2: To limit the evaluation workload of V2X use cases, select one set of positioning requirement as the target requirement.

IIoT use cases
In Rel-17, NR positioning performance is evaluated for IIoT use cases, and the target requirement is defined as:
· Horizontal position accuracy (< 0.2 m) for 90% of UEs 
· Vertical position accuracy (< 1 m) for 90% of UEs 
· End-to-end latency for position estimation of UE (< 100ms, in the order of 10 ms is desired)
· Physical layer latency for position estimation of UE (<10ms)
Note 1: Target positioning requirements may not necessarily be reached for all scenarios and deployments
Note 2: For some scenarios the requirement for Horizontal position accuracy can be relaxed to < 0.5 m in IIoT use cases.
Note 3: All positioning techniques may not achieve the target positioning requirements over all scenarios
In the indoor factory scenarios, for localization of moving objects (e.g., AGV and forklifts), or for autonomous assembly, similar needs of using sidelink positioning for collision avoidance or relative positioning exist. In addition, as we have already studied in Rel-17, under the NLOS dominated InF-DH scenarios, the positioning performance of NR positioning significantly degrades due to lack of LOS path. In such cases, joint positioning of using Uu and sidelink would be a feasible solution to improve the positioning accuracy. 
Observation 3: Needs of using sidelink positioning for collision avoidance or relative positioning can be found in the indoor factory scenarios.
Observation 4: Joint positioning of using Uu and sidelink seems beneficial for positioning accuracy improvements under NLOS dominant scenarios.
In TS 22.261, performance requirements for horizontal and vertical positioning are categorized into 7 service levels, as shown in the Appendix. Similarly, we think that the target requirement defined for Rel-17, which belongs to service level 5~7, seems too stringent for the first release to enable the sidelink positioning, and from this point of views, service level 2~4 is more reasonable. Since service level 2~4 is classified as set 2 of the positioning requirements for V2X use cases, the same requirement can be reused for IIoT use case.

Proposal 1: Select the following use cases for evaluation:
· First priority: V2X use cases
· Second priority: IIoT use cases
Proposal 2: Select set 2 defined in TR 38.845 as the target requirement for both V2X and IIoT use cases.
· Set 2: 1 – 3 m with 95 – 99 % confidence level. 

2.2 Coverage scenarios
In the objectives of the scenario/requirements of the sidelink positioning, all types of coverage scenarios including in-coverage, partial coverage, and out-of-coverage are listed as coverage to cover. In our views, prioritization to different coverage scenarios can be discussed to further reduce the potential workload.
Basically, we think that the in-coverage and out-of-coverage should be the first priority to cover; while the partial coverage scenario can be treated as second priority. The main intention is to focus on the fundamental coverage scenarios and simplify the design workload. Under the partial coverage scenarios, as part of the UEs are located in NW coverage area and the others are located outside of NW coverage, the physical layer procedure may be more complicated when compared to the design of in-coverage and out-of-coverage scenarios. For instance, suppose that a UE initiating positioning is in-coverage using a UL positioning method, and target UEs (Rx UEs) are out-of-coverage, in such a case, additional procedures and signalling for measurement reporting need to be discussed. Therefore, we propose that:
Proposal 3: Study and evaluate the following coverage scenarios:
· First priority: in-coverage and out-of-coverage scenarios
· Second priority: partial coverage scenarios

2.3 Operation spectrum
Regarding the operation spectrum of sidelink positioning, ITS band and licensed band are listed in the main part of the objective, a note is additionally added to further check whether unlicensed spectrum can be considered in the future work. 
From our perspective, as this release is the first release to study sidelink positioning, we prefer to focus on the ITS and licensed band in FR1, since no baseline for sidelink over unlicensed spectrum and for sidelink operation in FR2 have been defined yet in sidelink.
Proposal 4: Support of sidelink positioning operation in ITS band and licensed band in FR1.

Conclusions
In this contribution, we provide our views on the remaining issues on latency enhancements, and the following observations and proposals are made:
Observation 1: Positioning is required to achieve collision avoidance in typical V2X applications such as autonomous driving and advanced driving.
Observation 2: To limit the evaluation workload of V2X use cases, select one set of positioning requirement as the target requirement.
Observation 3: Needs of using sidelink positioning for collision avoidance or relative positioning can be found in the indoor factory scenarios.
Observation 4: Joint positioning of using Uu and sidelink seems beneficial for positioning accuracy improvements under NLOS dominated scenarios.

Proposal 1: Select the following use cases for evaluation:
· First priority: V2X use cases
· Second priority: IIoT use cases
Proposal 2: Select set 2 defined in TR 38.845 as the target requirement for both V2X and IIoT use cases.
· Set 2: 1 – 3 m with 95 – 99 % confidence level. 
Proposal 3: Study and evaluate the following coverage scenarios:
· First priority: in-coverage and out-of-coverage scenarios
· Second priority: partial coverage scenarios
Proposal 4: Support of sidelink positioning operation in ITS and licensed band in FR1.
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Appendix
Table 7.3.2.2-1 Performance requirements for Horizontal and Vertical positioning service levels
	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).
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