[bookmark: DocumentFor]3GPP TSG RAN WG #91e                                                         RP-210468
e-Meeting, March 16th – March 26th, 2021


Source: 	Intel Corporation
Title: 	NR Positioning Use Cases, Requirements, Scenarios for V2X and Public Safety
Agenda item:	9.6.2
Document for: 	Discussion and Decision
Introduction
The RAN WG study item related to NR positioning support for in-coverage, partial coverage and out-of-coverage scenarios was approved with the following objectives [1]:
	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)


In this contribution, we provide our initial input considering 5GAA LS [3] on Cellular-V2X use cases and associated positioning requirements/scenarios.

Positioning Use Cases and Requirements for V2X
The LSs from SAE [8] and 5GAA [3] confirmed importance of the precise positioning for vehicular services. The views from automotive association on use cases and requirements for V2X positioning framework are summarized in [3]-[5]. In terms of positioning accuracy, vehicular use cases were divided into three major groups [3]:
1) Relatively lax, tens of meters with 1 sigma (information provisioning)
2) Lane level accuracy, 1.5 m with 3 sigma (e.g. day1 safety use cases)
3) Below meter level accuracy, e.g. 0.1 m with 3 sigma (e.g. automated driving or teleoperated driving)
The described use cases and requirements are technology agnostic and require support of the following information: 1) 3D positioning coordinates or 2) distance and/or angle measurements to a reference point.
The provided set of accuracy requirements for V2X services is quite aligned with the sub-meter positioning targets considered for I-IOT use cases (0.2 m for horizontal and 1m for vertical error @ 90% of UEs) in NR Positioning Enhancements studies [11]. In addition, it is well matched with the conclusions from the SA1 WG (relative lateral position accuracy of 0.1 m between UEs supporting V2X application) [6].
It should be noted that many of emerging V2X use cases (e.g. automated or teleoperated driving use cases) demand strict cm level targets of positioning accuracy (i.e. 0.1m with 3 sigma).
Regarding public safety (PS) services, we assume that sub-meter level of accuracy is a reasonable target that can cover many of PS use cases [10]. RAN WG may need to further confirm with public safety community if sub-meter level accuracy is a proper performance target.
Based on discussion, we have following proposal:
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Capture 5GAA input on V2X positioning requirements and use cases in RAN TR as positioning targets for V2X services, including requirements on positioning information, i.e.:
3D coordinates (e.g. latitude and longitude, potentially also elevation, or cartesian x,y,z)
distance and/or angle to a reference point
Confirm with public safety community on sub-meter level accuracy targets for positioning

Additional some discussion may be needed to reach common understanding in terms of positioning update period and time to first fix. In our understanding, positioning requirements from 5GAA do not impose any constraints on the time for first fix while the positioning update period can be a function of vehicle speed and accuracy considerations.
Finally, we would like to note that discussed above targets should be considered as service/system level requirements and thus combination of RAT-dependent and RAT-independent solutions can be used to achieve those in various scenarios.

Initial Inputs on Deployment / Operation Scenarios 
In our view, the following aspects should be considered in the RAN study for V2X and public safety positioning use cases:
Spectrum Considerations
V2X positioning services
According to the LS from 5GAA, “without any preference on a specific band, the ITS-dedicated, the licensed (including mmWave band) and the unlicensed spectrum band were considered for V2X positioning”.
From technical perspective, mmWave bands are very attractive for positioning applications, however as of now mmWave bands are not settled/harmonized worldwide for ITS applications (except Europe where band 63,72-65,88 GHz is available for ITS). Further work seems needed for alignment/allocation of mmWave bands for ITS applications.
Analyzing V2X support in licensed FR2 bands, it can be noticed that up to date V2X support in FR2 licensed band is not defined by 3GPP at least in terms of RAN4 RF requirements.
Furthermore, the first generation of NR-V2X assumes operation in ITS band at low frequencies (i.e. band n47, 5855 - 5925). The amount of ITS spectrum in low frequencies is quite limited and vary across different regions. It is expected to be in the range from 10 to 40 MHz (in the best-case scenario) depending on specific geographical region that may be a limiting factor for positioning accuracy. Therefore, unlicensed bands (already supported for NR-U Uu-based communication) can be also considered for positioning support using either Uu or PC5 radio-interfaces and are attractive from the bandwidth consideration perspective.
The access to licensed spectrum for V2X services is up to operators and thus may not be guaranteed (granted by operators). As of today, the band n38 is supported for NR-V2X including sidelink and can be available in some regions.
Based on discussion, it seems natural to consider with higher priority the following candidate spectrum options for V2X positioning: 
· PC5 radio-interface (sidelink): 
· ITS band (n47), licensed bands with V2X support (e.g. n38) and unlicensed bands in low frequency range (around 5.9 GHz) currently supported by NR-U framework for Uu based communication.
· Uu radio-interface (downlink/uplink):
· Licensed bands iand unlicensed bands in low frequency range (around 5.9 GHz) currently supported by NR-U framework for Uu based communication.
The licensed FR2 and mmWave ITS bands are also attractive options for V2X sidelink positioning and can be considered for technology evolution in future releases.

Public safety positioning services
The use of licensed band for public safety positioning seems to be a primary candidate option. In particular, band n14 seems to be a valid option based on inputs provided to 3GPP RAN4 WG [9]. The unlicensed bands can be also potentially considered and may be beneficial if the allocated amount of licensed spectrum is not sufficient to meet positioning performance targets for PS use cases.


Discuss and decide on spectrum related aspects for NR positioning work targeting V2X and PS use cases
For support of V2X positioning services using PC5 radio-interface (sidelink), consider the following candidates in low frequency bands for Rel.18 work
ITS band (frequency band n47)
Licensed bands with V2X support for sidelink (e.g. frequency band n38 or others if introduced at a later stage)
Unlicensed bands in low frequency range (5GHz and 6GHz) currently supported for NR-U, subject to regulation considerations
For support of V2X positioning services using Uu radio-interface (downlink/uplink), consider the following candidates for Rel.18 work
Licensed bands where positioning service is enabled
Unlicensed bands in low frequency range (5GHz and 6GHz) currently supported for NR-U, subject to regulation considerations
For support of public safety positioning services using Uu or PC5 interface, consider licensed bands (e.g. frequency band n14) in low frequency range with higher priority

Deployment Scenarios
Considering specific V2X/PS service requirements, the support of RAT dependent positioning for in-coverage, partial-coverage and out-of-network coverage scenarios should be provided.

Operation Scenarios
In terms of operation scenarios, in our view the following RAT dependent positioning options need to be supported for V2X/PS use cases:
· Scenario 1: PC5(sidelink) based positioning (relative or absolute) for V2X/PS use cases
· Radio-layer measurements over PC5 links are used to perform UE positioning either at UE or network side. This framework needs to be introduced.


· Scenario 2: Uu(downlink/uplink) based positioning (relative or absolute) for V2X/PS use cases
· Radio-layer measurements over Uu links are used to perform UE positioning either at UE or network side. This framework is already supported and necessary optimizations, if any, for V2X/PS can be further considered.


· Scenario 3: Combination of Uu(downlink/uplink) and PC5(sidelink) based positioning solutions
· Radio-layer measurements over Uu and PC5 links are used to perform UE positioning either at UE or network side. This framework needs to be integrated and supplement existing NR positioning functionality.


· Scenario 4: Combination of NR RAT-dependent and RAT-independent solutions
· Radio-layer measurements and RAT-independent information is utilized for positioning (e.g. GNSS, IMUs, etc.)


In terms of coordinate estimation, the both UE assisted solutions (where coordinate is determined at network side) and UE based solutions (where coordinate is determined at UE side) should be supported.


The following deployment scenarios are supported for V2X/PS use cases: in-coverage, partial coverage, out-of-coverage
The following operation scenarios are supported for V2X/PS use cases:
PC5(sidelink) based positioning (relative or absolute) for V2X/PS use cases
Uu(downlink/uplink) based positioning (relative or absolute) for V2X/PS use cases
Combination of Uu(downlink/uplink) and PC5(sidelink) based positioning solutions
Combination of NR RAT-dependent and RAT-independent solutions

Radio-Interfaces
NR RAT-dependent positioning solutions can be based on Uu radio-interface, PC5 radio-interface and their combination. The support of RAT dependent positioning framework based on NR Uu radio-interface was specified in the Rel.16 and is being enhanced in the Rel.17 for I-IoT use cases aiming to reduce latency and improve accuracy. The NR positioning framework for PC5 radio-interface (relative and absolute positioning) in application to V2X/PS use cases should be a focus of the Rel.18 work on NR positioning. The enhancements of Uu interface targeting V2X/PS positioning services need to be also analyzed and specified if any specific optimizations for V2X/PS use cases are identified on top of the Rel.17 design.


Considering that support of NR PC5 sidelink positioning is not defined yet and important for V2X/PS use cases, the RAN work should focus on support of sidelink positioning, not precluding potential enhancements of NR Uu downlink/uplink positioning

Antenna Considerations
In 5GAA LS, the support of distributed antenna system was considered. Support of advanced distributed antenna systems can be beneficial in terms of performance for NR positioning and communication frameworks and is equally valuable / applicable for Uu and PC5 radio-interfaces. If such systems are considered, the functional split in both RF and BB processing need to be discussed and evaluated with many implementations options possible. In general, design and support of such systems can be left up to implementation, while impact on specification, if any, may need to be further analyzed. At the same time, considering previous inputs on minimum number of RX antennas for V2X use cases it does not seem to be a priority (optimal starting point) for enabling V2X positioning frameworks in NR system. Therefore, we think that the following two alternatives need to be discussed by RAN:
· Alt.1 – As a starting point, do not focus on support / potential optimizations for distributed antenna systems in the upcoming release, i.e. Rel.18
· This alternative is motivated by at least the following considerations:
· NR positioning framework for V2X is not expected to rely on the presence of distributed antenna system and centralized processing in any vehicle and especially UEs (e.g. VRUs).
· Support of distributed antenna systems seems an optimization and can be done by implementation. The specification work in this direction does not seem to be an urgent and needs more discussion/extra work to identify potential specification impact.
· Alt.2 – Request RAN WGs (RAN1/2/4) to analyze benefits and impact on specification from the support of distributed antenna systems in the upcoming release, i.e. Rel.18
· This alternative is motivated by at least the following considerations:
· Considering that distributed antenna systems is expected to provide performance benefits the early identification of potential specification impacts can simplify its integration and potentially resolve some of the technical issues. Note that it needs to be further discussed whether benefits can be extracted w/o further specification efforts on DAS support.
· Up to date the whole NR V2X framework is transparent to the support of distributed antenna system. Therefore, such systems should be discussed in a more general context including Uu and PC5 communication, that may significantly increase the scope of discussion and further increase workload at WG level.

Based on discussion of the above alternatives, considering amount of work and possibility of implementation-based solutions, we prefer to start work based on Alt.1 and would like to invite more views from automotive sector on this aspect.

Cooperativeness
Cooperative solutions among vehicles using RAT-dependent and RAT-independent technologies (e.g. GNSS) is beneficial and seems to be important consideration for analysis. In general, this aspect can be left for the discussion at WG level since it seems to be a part of specific solution domain. Further analysis may be needed in terms of specific impact on specification and radio-layers if any.

Conclusions
In this contribution, we provided our views on use cases and requirements for NR V2X and PS positioning. In our view sidelink positioning can further improve NR positioning framework and facilitate accurate positioning for emerging V2X and public safety use cases in various deployment scenarios.
In summary, we have the following proposals:

Proposal 1: 
Capture 5GAA input on V2X positioning requirements and use cases in RAN TR as positioning targets for V2X services, including requirements on positioning information, i.e.:
3D coordinates (e.g. latitude and longitude, potentially also elevation, or cartesian x,y,z)
distance and/or angle to a reference point
Confirm with public safety community on sub-meter level accuracy targets for positioning

Proposal 2: 
Discuss and decide on spectrum related aspects for NR positioning work targeting V2X and PS use cases
For support of V2X positioning services using PC5 radio-interface (sidelink), consider the following candidates in low frequency bands for Rel.18 work
ITS band (frequency band n47)
Licensed bands with V2X support for sidelink (e.g. frequency band n38 or others if introduced at a later stage)
Unlicensed bands in low frequency range (5GHz and 6GHz) currently supported for NR-U, subject to regulation considerations
For support of V2X positioning services using Uu radio-interface (downlink/uplink), consider the following candidates for Rel.18 work
Licensed bands where positioning service is enabled
Unlicensed bands in low frequency range (5GHz and 6GHz) ) currently supported for NR-U, subject to regulation considerations
For support of public safety positioning services using Uu or PC5 interface, consider licensed bands (e.g. frequency band n14) in low frequency range with higher priority

Proposal 3: 
The following deployment scenarios are supported for V2X/PS use cases: in-coverage, partial coverage, out-of-coverage
The following operation scenarios are supported for V2X/PS use cases:
PC5(sidelink) based positioning (relative or absolute) for V2X/PS use cases
Uu(downlink/uplink) based positioning (relative or absolute) for V2X/PS use cases
Combination of Uu(downlink/uplink) and PC5(sidelink) based positioning solutions
Combination of NR RAT-dependent and RAT-independent solutions

Proposal 4: 
Considering that support of NR PC5 sidelink positioning is not defined yet and important for V2X/PS use cases, the RAN work should focus on support of sidelink positioning, not precluding potential enhancements of NR Uu downlink/uplink positioning
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