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1   Introduction
During the working scope discussion for NR positioning enhancement in Rel-17, the scenarios, spectrum of operation and working area for sidelink positioning were preliminarily discussed in [1]. Although sidelink positioning was not finally included as part of the Rel-17 NR positioning enhancement SI, RAN Chairman suggested a RAN study activity to look into use cases/scenarios/requirements for sidelink positioning. 

In this paper, we will discuss the potential requirements, use cases, operation scenarios, frequency bands and the design considerations for sidelink positioning.  
2   Discussion
The most typical commercial use case for sidelink is V2X communication. According to TS 22.261, 5G system shall be able to provide positioning services with different levels, which could be applied to V2X UE, MTC UE, etc. According to the performance requirements table (Table 7.3.2.2-1 in TS 22.261), seven positioning service levels are defined, which are different in aspects such as accuracy, availability, latency, coverage, environment of use and UE velocity. The most stringent absolute positioning requirement is 0.3m horizontal accuracy and 2m vertical accuracy. The relative positioning requirement is 0.2m for both horizontal and vertical accuracy. 

On the other hand, according to TS 22.186, the 3GPP system shall support relative lateral position accuracy of 0.1m between UEs supporting V2X application. In addition, the 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity.

As we know, the core part of Rel-16 NR V2X WI is to be completed in this meeting. The Rel-17 sidelink enhancement WI has been approved and will be started soon. However, the sidelink positioning specific for V2X scenario has not been touched in the ongoing SI/WIs. On the other hand, 5GAA sent an LS [2] to RAN. They think that precise positioning is one of the key components of cellular V2X technologies and sidelink positioning is an essential enabler in addition to other positioning technologies. They suggest 3GPP RAN to start the sidelink positioning study soon for the continuous evolution of cellular V2X technologies. 

Based on these observations, we think sidelink positioning should primarily consider V2X use cases, for example, the platooning, advanced driving, etc. On the other hand, some companies mentioned the usage of sidelink positioning for public safety and automated guided vehicle. However, due to time limitation, we think these use cases may be of secondary priority. Sidelink positioning design might be reused by these use cases but it is not necessary to design solutions specific for these use cases.  
Proposal 1: Sidelink positioning should primarily consider V2X use cases, e.g., platooning, advanced driving, etc.
With regard to the operation scenarios, both in coverage and out of coverage scenarios are mentioned in [1]. 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 [3]. 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. As we know, Rel-16/17 NR positioning defines the NR Uu positioning signaling between LMF and UE through LPP protocol. For in coverage V2X 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 V2X UE, the sidelink positioning could be considered as a complement for in coverage V2X UE. 
However, for out of coverage V2X UE which 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 V2X UEs with precise location information could act as anchor nodes. By means of the ranging between V2X UE and anchor nodes, V2X UEs could infer its position based on the inter-node distance measurement and anchor node’s position when GNSS is not reachable(e.g. tunnel, parking lot, etc). When GNSS is reachable,  sidelink positioning could also be used to further improve the position accuracy of V2X UE. 

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. 

Proposal 2: Out of coverage scenario is considered for sidelink positioning, including both indoor and outdoor V2X UEs. 

Proposal 3: For in coverage V2X UE, the positioning techniques specified in Rel-16 and Rel-17 could be reused.. The necessity of optimizations with sidelink techniques on top of existing RAT-dependent solution should be well justified. 
For the frequency band support, we think the sidelink positioning should keep aligned with the Rel-16/17 NR sidelink WI. In Rel-16 NR sidelink WI [5], both the operating scenario 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.

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. 
Observation 1: NR sidelink does not support any FR2 specific optimization and no beam management is supported until now. 

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. 

Considering that out of coverage scenario is the most important scenario for sidelink positioning, it is suggested to consider the UE based positioning. It means that UE calculates its position by itself without reporting positioning measurements or position estimations to network. On the other hand, it is generally assumed that most of the vehicle or pedestrian UEs are equipped with GNSS. It is natural to consider the RAT-independent and hybrid positioning techniques. For example, the positioning information from GNSS or sidelink could be jointly considered to improve the position accuracy. Suppose GNSS is not reachable, such as in the indoor, tunnel, parking lot scenario, the RAT-dependent sidelink positioning techniques should be considered. Whether and how to realize some RAT-dependent methods, e.g. ECID, TDOA, Multi-RTT and angle based methods, for sidelink positioning need to be further investigated. 
Proposal 6: It is suggested to consider UE based sidelink positioning, including at most following categories

· RAT-independent and absolute positioning (e.g., via GNSS, elevation sensor)

· RAT-independent and relative positioning (e.g., via WiFi hotspot, Bluetooth)

· RAT-dependent and relative positioning 
Due to relatively low efficiency of e-meetings, the Rel-17 SI/WIs has not been started yet. And it is hard to predict the progresses of these new Rel-17 SI/WIs. On the other hand, the NR positioning enhancement SI, NR sidelink enhancement WI and NR sidelink relay SI were approved for Rel-17. It is hard to consider another sidelink positioning SI simultaneously. Taking these factors into account, it is suggested to consider the sidelink positioning SI in Rel-18.  Instead of having a dedicated RAN SI in Rel-17, sidelink positioning (in the aspects of potential requirements, use cases, operation scenarios, frequency bands, etc) can be discussed in the preparation phase of Rel-18 package. 
Proposal 7: It is suggested to consider the sidelink positioning SI in Rel-18. 
3   Conclusion
In this paper, we discussed the potential use cases/requirements, operation scenarios, frequency bands and the design considerations for sidelink positioning. And we have the following observations and proposals:

Proposal 1: Sidelink positioning should primarily consider V2X use cases, e.g., platooning, advanced driving, etc.
Proposal 2: Out of coverage scenario should be considered for sidelink positioning, including both indoor and outdoor V2X UEs. 

Proposal 3: For in coverage V2X UE, the positioning techniques specified in Rel-16 and Rel-17 could be reused.. The necessity of optimizations with sidelink techniques on top of existing RAT-dependent solution should be well justified. 
Observation 1: NR sidelink does not support any FR2 specific optimization and no beam management is supported until now. 

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. 

Proposal 6: It is suggested to consider UE based sidelink positioning, including at most following categories

· RAT-independent and absolute positioning (e.g., via GNSS, elevation sensor)

· RAT-independent and relative positioning (e.g., via WiFi hotspot, Bluetooth)
· RAT-dependent and relative positioning 
Proposal 7: It is suggested to consider the sidelink positioning SI in Rel-18.       
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