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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases for Rel-17 was agreed in RAN#88 [1]. The objectives of the study item are listed below:

	
This study item includes the following objectives for positioning use cases, requirements, and scenarios for the UE in in-coverage, partial coverage, and out-of-coverage as per the network coverage definition in the current specifications:

1. Identify the positioning use cases and requirements for V2X and public safety, based on the existing 3GPP work and input from industry fora.
2. Identify potential deployment and operation scenarios 

Note: Studying the feasibility of the identified requirements is not in the scope of this SI.

Note: The work in this SI shall take into account the outcomes and progresses of NR positioning study in both Rel-16 and Rel-17.

Note: Work plan
· RAN#91: TR skeleton, initial input on Objective 1
· RAN#92: Finalize Objective 1, initial input on Objective 2
· RAN#93: Finalize Objective 2, approve the TR (SI target completion)




Input on objective 1 was provided in RAN#89, together with initial views on objective 2. Text for TR 38.845 was agreed which covers the initial formulation of use case and requirements, and in this contribution, we first discuss further exposition of these, followed by views on deployment and operation scenarios.

2. Positioning use cases and requirements 
Initial input on objective 1 has been captured in TR 38.845 [2], considering input from the LS sent by 5GAA [3] along with the accompanying TRs [4], [5]. In TR 38.845, the requirements for the absolute or relative position of V2X use cases have been grouped 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. 

For use cases requiring collision avoidance with a UE and another UE (e.g. vehicle or VRU) or requiring to determine if the UEs are in close proximity, the positioning requirements can be interpreted on the relative positions of the UEs.

As the above three sets of requirements are applicable to the requirements for both the absolute position and relative position of V2X use cases, each of the three sets should be further categorised in two sets: one for requirements on the absolute position and another for requirements on the relative position. 
Proposal 1: Capture in TR 38.845 that the three sets of V2X requirements contain one subset for requirements on the absolute position and a second subset for requirements on the relative position of V2X use cases: 
· Set 1: 10 – 50 m with 68 – 95 % confidence level. 
· Set 1 includes Subset 1A for the requirements on the absolute position and Subset 1B for requirements on the relative position.
· Set 2: 1 – 3 m with 95 – 99 % confidence level.
· Set 2 includes Subset 2A for the requirements on the absolute position and Subset 2B for requirements on the relative position.
· Set 3: 0.1 – 0.5 m with 95 – 99 % confidence level.
· Set 3 includes Subset 3A for the requirements on the absolute position and Subset 3B for requirements on the relative position.

For a requirement on the relative position, i.e. requirements in Set 1B, Set 2B and Set 3B, the reference point of a UE can be another UE, e.g. a vehicle, an RSU or a VRU.

Proposal 2: Capture in TR 38.845 that for a requirement on a relative position of V2X and PS use cases, the reference point can be another UE, i.e. vehicle, RSU, VRU.

3. Deployment and operation scenarios
For a proper operation, some use cases require to be in network coverage. Some V2X use cases like software updates and HD content delivery require the vehicle to be within the coverage of the network service provider, e.g. according to 5GAA [4], [5]. Tele-operated driving and certain levels of autonomous driving also require network coverage. 

Other use cases do not require network coverage operation. Such use cases need to operate independent of the network coverage, i.e. they can operate in network coverage, in partial network coverage or out of network coverage. The operation of V2X use cases involving collision avoidance like emergency brake warning and cooperative maneuvers such as lane change warning should not rely on network coverage being always present. 5GAA and SAE have also identified that some advanced V2X applications need to be supported also in out of coverage scenarios, e.g. tunnels, underground parking lots [3], [6]. In addition, the positioning requirements of a use case do not depend on the coverage situation. For V2X safety applications like emergency brake warning, the positioning requirement is the same whether the UE is in network coverage or in a tunnel without network coverage. For PS use cases, mission critical organizations require that their services should operate in network coverage, as well as in challenging areas with partial network coverage or out of network coverage, e.g. basements, remote outdoors, wildfires [7]. In PS, the accurate localization of an incapacitated 1st responder should also be supported in partial coverage and out of coverage situations [7].

Observation 1: Operation scenarios for V2X and PS use cases can be classified in two main groups: one group with scenarios requiring network coverage and a second group with scenarios with an operation independent of the network coverage situation, including in partial coverage and out-of-coverage. 

Use cases which operate in network coverage can rely on Uu positioning for meeting the positioning requirements. In areas without network coverage, there may also be no coverage from GNSS, e.g. in tunnels, underground parking lots, remote wildfires [6]. In sheltered outdoor and deep indoor areas without network or GNSS coverage, absolute positioning is challenging [3], and the performance of Uu positioning or GNSS can be limited. Use cases operating in partial network coverage or out of network coverage cannot rely on Uu positioning (and possibly not even on GNSS availability) to meet a positioning requirement. 

To improve the service availability of advanced V2X applications, when there is neither network nor GNSS coverage, sidelink (SL) positioning has been requested by SAE and 5GAA [6] [8]. With sidelink positioning, a position requirement can be met based on sidelink measurements, i.e. over PC5. 

For operation scenarios in partial coverage we consider two UEs, where one UE would be in network coverage while the other UE is out of network coverage. Thus, the UE out of network coverage cannot employ Uu positioning, but can make use of SL positioning to meet its positioning requirements.

Positioning requirements of V2X and PS use cases in out of network coverage scenarios would likely not be met with existing cellular-based positioning methods. For operation scenarios in out of coverage, SL positioning could be employed to meet the positioning requirements. 

Guaranteeing the positioning service when the network coverage changes is important for safety critical applications in V2X and PS use cases, e.g. in the transition when a UE goes from being in coverage to out of coverage. For use cases operating independent of the network coverage, the network coverage may not always be available. In such operation scenarios, SL positioning would be beneficial to provide robustness, e.g. in case of a transition in the network coverage. 

For operation scenarios requiring network coverage, SL positioning can also be considered. Even if Uu positioning is able to meet a positioning requirement of a V2X or PS use case, sidelink positioning offers several benefits which could make it attractive to be used also in network coverage, e.g. reduced latency and signaling. Sidelink positioning provides a more natural procedure for supporting positioning requirements on the relative position of UEs. To meet the requirement on the relative position, the absolute position of the UEs is not needed. In such cases, the relative position is required at one UE, but not at another device or entity which is not involved in the use case, e.g. the relative positioning information is not required at the network. Moreover, sidelink positioning could also be used to complement existing positioning technologies in network coverage. 

Proposal 3: Capture in TR 38.845 that sidelink positioning can be considered in several operation scenarios including in network coverage (e.g. for supporting transitions in coverage or for relative positioning requirements), in partial network coverage and out of network coverage. 

Although the absolute position is not needed for meeting a requirement on the relative position, it can be used to obtain a relative position. However, a requirement on the relative position does not imply the same requirement for the absolute position. Consider a V2X application like lane merge, where a UE has to meet a requirement on the relative position to another UE in order for the UE to avoid a collision with the other UE. In this case, the relative position of the UE with respect to the other participant could in principle be obtained based on the difference of the latitude/longitude coordinates, i.e. absolute positions, of the two UEs. Nevertheless, relative positioning based on absolute positions, e.g. obtained with Uu positioning, involves firstly absolute positioning of the UEs, e.g. at the network, followed by the computation of the relative positioning between the UEs, and finally signaling the relative positioning to the UE. As a result, Uu positioning for relative positioning introduces several issues: 1) increased latency and signaling; and 2) more stringent accuracy requirements for absolute positioning. For the last point: if the required accuracy for the relative lateral positioning is ≤ x m, then the required accuracy for the absolute lateral positioning should be ≤ x/√2 m. This is due to the fact that the resulting estimation error (e.g. variance) of a relative position is the sum of the estimation errors (e.g. variances) of the absolute position of the two UEs for this case (see Figure 1). 
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Figure 1 Relative positioning based on absolute positioning

Based on the above discussion, we summarize different deployment and operation scenarios for V2X and PS use cases in Table 1. Although scenario 1 and 2 both consider in coverage, they differ in that the operation in the scenario 2 needs to be independent of the coverage, e.g. to guarantee the positioning service when the network coverage changes. The scenarios in Table 1 considered aspects relevant for RAT-dependent positioning. However, in areas without network coverage, there may also be no coverage from GNSS, e.g. in tunnels, underground parking lots, and remote wildfires [6]. 
 
[bookmark: _Ref73355434]Table 1. Example of operation and deployment scenarios for V2X and PS use cases

	Scenario
	Network coverage dependency
	Coverage
	Radio Interface
	Example Operation

	1
	Network Coverage Dependent
	In coverage
	Uu, PC5
	· Uu positioning with assistance from SL positioning, e.g. for a requirement on absolute position.
· SL positioning with assistance from Uu positioning, e.g. for a requirement on relative position.

	2
	Network Coverage Independent
(including support of transitions in coverage)
	In coverage
	PC5, Uu
	· SL positioning with assistance from Uu positioning, if available

	3
	
	Partial coverage
	PC5
	· SL positioning

	4
	
	Out of coverage
	PC5
	· SL positioning



Proposal 4: Capture in TR 38.845 the deployment and operation scenarios listed in Table 1.

Although a positioning requirement is designed independent of the technology used to realize a use case, a requirement that can be met better, or in certain deployments a requirement that can only be met, by a particular technology can be interpreted as a requirement for that technology. A positioning requirement for a use case in partial or out of network coverage, can be interpreted as a requirement for sidelink positioning, due to the lack of coverage for Uu positioning.

3.1 Frequency bands
As the sidelink design in Rel. 16 and Rel. 17 was based on the ITS band (e.g. n47) and licensed bands (e.g. n38), sidelink positioning should also consider the ITS and licensed bands. The ITS and licensed bands can be used for sidelink in network coverage, as well as in partial network coverage and out of coverage.

Sidelink positioning using unlicensed bands should only be considered after there is support of general sidelink operation in unlicensed bands. 

Proposal 5: Capture in TR 38.845 that sidelink positioning is to consider ITS and licensed bands for operation in coverage, in partial coverage and out of network coverage.

3.2 Antenna considerations
In the LS from 5GAA [3], it is mentioned that distributed antenna systems (DAS) on a UE are not only able to improve the coverage and data rate for V2X use cases, but can also be used for positioning. 5GAA also proposes to have positioning enhancements for UEs with DAS in [8]. The use of multiple antennas can be exploited for meeting the positioning requirements of V2X use cases. 

In TR 37.885 [9], three vehicle types are defined as follows: 
· Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
· Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
· Type 3 (truck/bus): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters. 
In addition, different options are discussed in TR 37.885 [9] for the placement of the antennas on the different vehicle types: front rooftop, rear rooftop, front bumper and rear bumper. Although these types of UE and antenna placements were discussed in Rel. 15, further types of UEs and antenna placements can be further considered.
The different options for the antenna placements in [9] and the distributed placement of the antennas on the UE can be considered for positioning purposes.
Proposal 6: Capture in TR 38.845 the different vehicle types defined in TR 37.885, i.e. type 1, type 2, type 3, as well as the different options for antenna placement on the vehicle, i.e. front rooftop, rear rooftop, front bumper and rear bumper.

4. Conclusions
In this paper we have the following observations and proposals:

Observation 1: Operation scenarios for V2X and PS use cases can be classified in two main groups: one group with scenarios requiring network coverage and a second group with scenarios with an operation independent of the network coverage situation, including in partial coverage and out-of-coverage. 

Proposal 1: Capture in TR 38.845 that the three sets of V2X requirements contain one subset for requirements on the absolute position and a second subset for requirements on the relative position of V2X use cases: 
· Set 1: 10 – 50 m with 68 – 95 % confidence level. 
· Set 1 includes Subset 1A for the requirements on the absolute position and Subset 1B for requirements on the relative position.
· Set 2: 1 – 3 m with 95 – 99 % confidence level.
· Set 2 includes Subset 2A for the requirements on the absolute position and Subset 2B for requirements on the relative position.
· Set 3: 0.1 – 0.5 m with 95 – 99 % confidence level.
· Set 3 includes Subset 3A for the requirements on the absolute position and Subset 3B for requirements on the relative position.

Proposal 2: Capture in TR 38.845 that for a requirement on a relative position of V2X and PS use cases, the reference point can be another UE, i.e. vehicle, RSU, VRU.

Proposal 3: Capture in TR 38.845 that sidelink positioning can be considered in several operation scenarios including in network coverage (e.g. for supporting transitions in coverage or for relative positioning requirements), in partial network coverage and out of network coverage. 

Proposal 4: Capture in TR 38.845 the deployment and operation scenarios listed in Table 1.

Proposal 5: Capture in TR 38.845 that sidelink positioning is to consider ITS and licensed bands for operation in coverage, in partial coverage and out of network coverage.

Proposal 6: Capture in TR 38.845 the different vehicle types defined in TR 37.885, i.e. type 1, type 2, type 3, as well as the different options for antenna placement on the vehicle, i.e. front rooftop, rear rooftop, front bumper and rear bumper.
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