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Introduction
During RAN#88-e, a new RAN SI [1] was approved with the following objective.
	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 paper, we present our considerations towards the objectives with emphasis on objective 2 as well as some remaining issues on objective 1. 
Remaining Issues on Use Cases and Various Requirements of V2X and Public Safety
As an outcome of the discussion in RAN#91-e, three sets are identified as requirements for the V2X scenarios jointly considering the input from industry fora (5GAA) as well as the related discussion within 3GPP[1]. The three sets have the accuracy requirement of sub-meter/meter/tens-of-meter level respectively. The public safety section captured the relevant requirements for "1st responders" use cases.
[bookmark: _Toc29400][bookmark: _Toc525][bookmark: _Toc82]V2X 
For the three-set categorization for V2X scenarios, it's not completely clear for a specific categorization, whether the relative positioning or absolute positioning is used as reference. But this information can be sought, if available, in the references of TR 38.845. Moreover, the categorization based on the accuracy requirement already captured and harmonized the requirements from industry and 3GPP. It's suggested that no further categorization is made based on relative/absolute positioning. 
[bookmark: _Toc73700129]With detailed requirements in relevant TRs, there is no need to further differentiate relative/absolute positioning for a given categorization
Public Safety
For UAV, one distinctive feature is the requirement is more stringent than the current requirement of typical public safety cases. The concerns for not supporting UAV as public safety use cases include the following[2]:
- The UAV use case is not considered for Uu
- The UAV use case is captured in a separate section in the TS22.872  
For the first bullet, given sidelink positioning is supposed to provide better positioning accuracy in complementary to Uu, in particular under relative positioning use cases. Thus the UAV use case with a more challenging requirement is supposed to be fulfilled by the joint adoption of Uu and sidelink positioning techniques compared to the requirement of Uu only.
For the second bullet, it's true that the current use cases corresponding to public safety are captured in a separate section(section 5.7 of TS22.872). Though this section is not entitled public safety, the descriptions therein are quite aligned with the use case in section 5.4 Emergency and Mission Critical related use cases except for the difference that the provider is UAV. Thus we still believe it's beneficial to leave it open, at least for information to guide further normative work for sidelink positioning. The positioning requirements are formulated considering the UAV operations as below.
	Unmanned Aerial Vehicle (UAV)
UAV or drones could be leveraged to serve the purpose of public safety such as patrolling of wildfire or emergency situation. Under such use cases,
- The UAV is likely to backhaul the captured images together with the geolocalisation information. This would facilitate a smooth re-combination at the application server.
- The UAV should have access to real-time location information to aid the automatic landing, take-off and cruising.
The positioning requirement should thus be of high accuracy nature in both the horizontal and vertical domain, as well as high level of availability and reliability – may involve absolute or relative positioning. Service area is outdoor. Accuracy: 0,1-0,5m horizontal, 0,1 – 0,3m vertical, Velocity <0,5m/s, Availability: 99-99,9%, latency requirement may be <150 ms 


[bookmark: _Toc73968459]Consider UAV use case as public safety use case and adopt the following TP:
[bookmark: _Toc73968460]*Unchanged Omitted*
[bookmark: _Toc73968461]TS 22.261 [3] provides numerical positioning requirements for the “1st responders” use case in Table B.1-1 in [3]; 1 m horizontal accuracy, 2 m (absolute) or 0.3 m (relative) vertical accuracy, 95 – 98 % positioning service availability. TS 22.872 provides numerical positioning requirements for the "UAV based emergency services" use case in section 5.7, 0,1-0,5m horizontal, 0,1 – 0,3m vertical, 99%-99.9% service availability 
[bookmark: _Toc73968462]*Unchanged Omitted*

Deployment and Operation Scenarios
With regard to the operation scenarios, both in coverage and out of coverage scenarios are mentioned in [3]. As we know, the Rel-16 NR positioning WI targets <3 m (80%) horizontal positioning requirements for commercial use cases and <10 m (80%) horizontal positioning requirements for regular use cases using RAT-dependent solutions [4]. For Rel-17 NR positioning enhancement SI, it addresses higher accuracy location requirements, which targets to support the sub-meter level position accuracy (< 1 m) for general commercial use cases and positioning accuracy <0.2m for IIoT use cases. According to the aforementioned quantitative requirements in the previous section, the up to 0.1m sub-meter level accuracy requirement appears to be most challenging. Several approaches have been identified and captured in [5] as outcome of Rel-17 NR positioning study, which are listed below. 
- The aggregation of reference signal resources including those for DL PRS and UL SRS via e.g. simultaneous transmission/reception by UE of intra-band one or more continous carriers in one or more contiguous PFLs.
-  Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation information associated with multi-path, e.g., LOS/NLOS identification, time of arrival of the multi-path components, signal power and/or relative power, power delay profile, angle, and/or polarization information, coherence bandwidth, etc.
-  High density BS layout, e.g. 18 BSs on a square lattice spanning for InF-SH scenario.
As we know, Rel-16/17 NR positioning defines the NR Uu positioning signaling between LMF and UE through LPP protocol. For in coverage UE where Uu is available, the positioning techniques specified in Rel-16 and Rel-17 could be reused. Only if the achievable positioning accuracy and latency with the Rel-16/17 positioning solution could not satisfy the positioning requirement for UE, the sidelink positioning could be considered as a complement for in coverage UE. 
However, for out of coverage UE where Uu is not available, it is hard to reuse the Rel-16/17 Uu based positioning techniques. At this time, sidelink positioning could be considered to provide the positioning functionality. For example, the UE type RSUs or some UEs with precise location information could act as anchor nodes. By means of the ranging between UE and anchor nodes, UEs could infer its position based on the inter-node distance and orientation measurement and anchor node’s position when GNSS information is not reachable or inaccurate (e.g. tunnel, parking lot, etc). When GNSS is reachable, sidelink positioning could also be used to further improve the position accuracy of UE such that the aforementioned up to 0.1m requirement is fulfilled [6].
To sum up, it is suggested that out of coverage is considered for sidelink positioning, including both indoor and outdoor scenarios. For in coverage scenario, it is suggested to reuse the NR positioning techniques specified in Rel-16/17 or those developed under the out of coverage scenario. 
[bookmark: _Toc66711640][bookmark: _Toc66711604][bookmark: _Toc73968463]Out of coverage scenario is considered for sidelink positioning, including both indoor and outdoor V2X/public safety UEs. 
[bookmark: _Toc66711641][bookmark: _Toc66711605][bookmark: _Toc73968464]For in coverage V2X/public safety UE, the positioning techniques specified in Rel-16 and Rel-17 or developed under the out-of-coverage scenario could be reused.
For the frequency band support, we think the sidelink positioning should be aligned with that of Rel-16/17 NR sidelink WI. In Rel-16 NR sidelink WI, both the operating scenarios are supported: 1) carrier(s) is/are dedicated to ITS; 2) carrier(s) is/are licensed spectrum and also used for NR Uu/LTE Uu operation. NR sidelink design starts with frequencies in FR1, and NR sidelink in FR2 is supported by applying the design for FR1 and PT-RS to the numerologies agreed for FR2. No FR2 specific optimization is supported in this WI except PT-RS and no beam management is supported in this work either.
Similarly, we think the sidelink positioning should consider both ITS and licensed band. Moreover, FR1 should be prioritized over FR2. The potential FR2 specific optimization for sidelink positioning should not be considered only if NR sidelink supports FR2 optimization first. Therefore, some beam-specific designs for positioning(e.g. DL-AOD method, more than one DL PRS resource within a DL PRS resources set, DL PRS repetition within a period etc.) may not be applicable for sidelink positioning. As a matter of fact, the introduction of beam-related operation for sidelink including fast beam management and beam sweeping operations may require a separate study. 
[bookmark: _Toc66711642][bookmark: _Toc73968465]Sidelink positioning should consider both ITS and licensed band. 
[bookmark: _Toc66711643][bookmark: _Toc73968466]Sidelink positioning may study both FR1 and FR2. However, no specific optimization (e.g., the beam related techniques) is considered for FR2. 
The positioning architectures could include the following aspects RAT-dependent, RAT-independent, UE-based, UE-assisted. Different combinations can be considered depending on whether the UE is in coverage or out of coverage.
For out of coverage use cases, to derive relative positioning, RAT-independent architecture is the default choice. In addition to the relative positioning, absolute positioning can be obtained as well by using the received location information of the anchor UE e.g. RSU together with the inter-node distance/orientation corresponding to relative positioning. This operation is done in a UE-based manner. All necessary signaling can be pre-configured.
For in-coverage use case, sidelink may serve as complementary link in case the number of BS anchor is insufficient or UE is not in good coverage for any Uu link. Under such circumstance, the UE can assist both the absolute positioning acquisition as an additional anchor providing complementary link or alternatively relative positioning. The configuration and coordination is up to gNB and UE assistance can be helpful to guarantee the delivery of accuracy/availability. Positioning information needs to be provided to the NW to facilitate configuration and coordination for positioning resources.
[bookmark: _Toc73700130]For InC scenario, RAT-dependent and UE assisted architecture is preferred. For OoC scenario, RAT-independent and UE-based architecture is suitable.
Conclusion
This paper concludes with the following proposals and observations:
Observation 1:	With detailed requirements in relevant TRs, there is no need to further differentiate relative/absolute positioning for a given categorization
Observation 2:	For InC scenario, RAT-dependent and UE assisted architecture is preferred. For OoC scenario, RAT-independent and UE-based architecture is suitable.

Proposal 1:	Consider UAV use case as public safety use case and adopt the following TP:
*Unchanged Omitted*
TS 22.261 [3] provides numerical positioning requirements for the “1st responders” use case in Table B.1-1 in [3]; 1 m horizontal accuracy, 2 m (absolute) or 0.3 m (relative) vertical accuracy, 95 – 98 % positioning service availability. TS 22.872 provides numerical positioning requirements for the "UAV based emergency services" use case in section 5.7, 0,1-0,5m horizontal, 0,1 – 0,3m vertical, 99%-99.9% service availability
*Unchanged Omitted*
Proposal 2:	Out of coverage scenario is considered for sidelink positioning, including both indoor and outdoor V2X/public safety UEs.
Proposal 3:	For in coverage V2X/public safety UE, the positioning techniques specified in Rel-16 and Rel-17 or developed under the out-of-coverage scenario could be reused.
Proposal 4:	Sidelink positioning should consider both ITS and licensed band.
Proposal 5:	Sidelink positioning may study both FR1 and FR2. However, no specific optimization (e.g., the beam related techniques) is considered for FR2.
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