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Introduction
In RAN#94-e, Rel-18 pre-email discussion, sidelink positioning was discussed within the NR positioning enhancement (summary in [1]) and a draft WI description in in [2]. Additionally, the RAN-level study item “Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases” also considered sidelink as one of the radio interfaces in these use cases [3]. In this TDoc, we are focusing on Sidelink Positioning only, while being also supportive to the other proposed positioning enhancements:
· Increased accuracy, integrity, and power saving
· RedCap positioning.
In our understanding, sidelink positioning should be specified with a unified design to consider various use cases including automotive, commercial, IIoT, and public safety. At least automotive and public safety requirements are readily available in [3]. These requirements include very challenging relative lateral and longitudinal positioning accuracy that may not be achievable with Uu positioning only. Therefore, sidelink positioning is a crucial solution for enhancing precise positioning. 
In our view, the work on sidelink positioning needs a study phase to introduce positioning mechanism in the existing sidelink. However, it is also important to identify in the objective a clear check point for refining the objectives for the normative phase. We suggest to add RAN#97-e as a check point before the normative phase.
Proposal 1: Add RAN#97-e as a checkpoint for concluding the study phase and starting the normative work, at least, for sidelink positioning
Sidelink positioning and Spectrum considerations
In this contribution, we focus mainly on the automotive/V2X, commercial and IIoT use cases. In our understanding, sidelink (PC5) positioning can be the only RAT depended technique to compute all the following: relative positioning, ranging and absolute positioning. Additionally, sidelink positioning may also be used to assist other existing in-vehicle positioning techniques (including Uu positioning if available).
As collected in [3], 3GPP SA1 and the 5GAA  [4] requirements considers very challenging relative lateral and longitudinal positioning accuracy that may not be achievable with scarce spectrum currently dedicated for sidelink. Therefore, sidelink positioning solutions need to consider operation in different frequency bands, e.g., FR1, FR2, licensed and unlicensed. 
Spectrum considerations for sidelink positioning
As described above, V2X applications can benefit a lot from precise positioning techniques. Thus, sidelink positioning can become an integral technology for future self-driving cars, improved road safety etc. However, in [12] most simulation indicate that a sufficiently precise localization is only possible with sufficient bandwidth larger 20 MHz. In turn, there is the possibility that the current ITS band will not provide sufficient bandwidth to realize the intended use cases. Thus, considering unlicensed spectrum in addition to licensed spectrum and ITS spectrum should be studied.
Other use cases, e.g., IIoT, will also have the same consideration given the available private (and/or shared) spectrum or licensed bands. In such a use case, it also makes sense to utilize unlicensed spectrum, specially when industrial environments are controlled environments. Therefore, we propose to utilize the ISM bands, i.e., 5 GHz and/or 6 GHz. Possible unlicensed FR2 bands are also of a great interest. 
For commercial use case, wider bandwidth operation for local ranging and relative positioning via sidelink is very difficult to achieve with the licensed spectrum only, i.e., given the need for high data rate and users densification. Therefore, the unlicensed spectrum seems to be a natural choice in this case. Additionally, unlicensed operation is very common for most of the commercial devices, e.g., as for indoor connectivity. Hence, for commercial use cases sidelink relative positioning and/or ranging, we suggest to consider unlicensed spectrum as a first choice followed by licensed bands. 
Observation 1: The available ITS bands may be insufficient for V2X sidelink positioning/ranging since the available bandwidth in some regions may only be 20 MHz
Observation 2: The available licensed and shared bandwidths for IIoT and commercial use cases can be enhanced by unlicensed spectrum for sidelink positioning  
Proposal 2: Consider studying unlicensed spectrum for sidelink positioning in addition to licensed and the ITS bands.
Sidelink Positioning use case
In the new WID [2], four use cases have been identified for defining requirements and also for evaluation, namely V2X (TR38.845), public safety (TR38.845), IIoT (TS22.104), and commercial use cases (TS22.261). In our understanding it is useful to keep the four use cases in the WID. In our view, V2X, commercial and Industrial IIoT use cases are of great commercial value for our supported verticals. 
Observation 3: At least V2X, IIoT and commercial use cases are of great commercial value and need to be considered for sideling positioning in this Rel-18 WI.
Proposal 3: For sidelink positioning objectives, support considering the requirement of the following use cases: Vehicle-to-Everything (V2X), Industrial IoT (IIoT), public safety (PS) and commercial devices
For V2X use case, sidelink positioning is needed to enhance existing onboard localization techniques, e.g., radar, cameras, etc.. For assisted and automated driving, sidelink positioning may be used to extend many light-weight or micro mobility devices localization capability, i.e., if they are equipped with V2X connectivity. These could be used for VRU protection including eBike, 2-wheeler, etc., or pedestrian UE with V2P capability, see Figure 1. For V2X use cases, road-side units (RSU) equipped on fixed road infrastructure can be used as fixed anchor points that assists absolute and/or relative sidelink positioning. Given the fact that RSU can also be of gNB types, Uu positioning and Sidelink positioning co-existence is foreseeable. Therefore, it is useful to study both standalone sidelink positioning (absolute or relative (include ranging)) and combined sidelink + Uu positioning mechanisms.
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Figure 1: VRU protection via sidelink positioning assisting in-road and/or in-vehicle positioning techniques
For industrial IoT (IIoT) use case, Rel-17 considers enhancing Uu positioning for the IIoT accuracy requirements [6]. However, the Rel-17 WI does not consider sidelink positioning, which is very important for some industrial automation use cases, e.g., cooperative carrying use case. Figure 2 depicts the scenario of four ProSe enabled robots/AGVs carrying a single piece and moving with it in a synchronized manner [7]. In this case, precises relative positioning (including ranging) is crucial for having the task precisely handled. Whether this is combined with Uu positioning or not is an important question that needs to be answered in this WI.
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Figure 2: ProSe communication setup for mobile robots/AGVs carrying a work piece [11]
At least for V2X and IIoT use cases, standalone relative sidelink positioning (including ranging) and standalone absolute sidelink positioning need to be studied in this WI. Additionally, for these use cases, it is also useful to study coexistence of sidelink and Uu positioning in the same device and study if this induce any RAN impacts. 
Regarding commercial use case, we envisage multiple scenarios that requires sidelink positioning for both indoor and outdoor conditions. For indoor scenarios, multiple commercial use cases may utilize sidelink positioning, e.g., locating and identifying smart devices at home or identifying range from commercial building/inventory sensors. Some other scenarios may be useful for both indoor and outdoor scenarios, e.g., locating tools and electrical powered machines in construction areas. Furthermore, some commercial use cases can exploit sidelink ranging/relative positioning in automotive use cases, e.g., locating cars in parking lots, keyless operation, etc.. In or view, relative sidelink positioning (including ranging) may be sufficient for many commercial use cases, while absolute positioning is always attainable via Rel-16 Uu positioning.
Observation 4: At least for V2X and IIoT, both standalone absolute/relative sidelink positioning and combined sidelink + Uu positioning techniques are needed
Sidelink Positioning evaluation methodology 
Evaluation methodology needs to be considered for the supported use case. Simulation environment and UE dropping can reuse existing evaluation methodologies, e.g., TR 37.885 [8] for V2X. However, it is also important to consider different VRU devices extending the evaluation methodology in [8] by, e.g.,
· Considering VRU dropping in lanes as well as in cross-sections
· Consider VRU with a maximum speed of 25 km/h and 50 km/h
· Consider VRU antenna positioning fitting eBike and 2-wheelers, e.g., 1m height, 2 or more physically co-located or distributed antennas, etc.
Proposal 4: For V2X use cases sidelink positioning evaluation methodology, consider new UE types, e.g., VRU eBike, 2-wheelers, impacting UE dropping, speed, antenna heights, etc..
For vehicular UE, consider a spatially separated antenna-system as proposed in [8], i.e., considering distributed antenna system (DAS). Additionally, the new WID for MIMO enhancements is proposing an objective to study and specify multi-panel operation for special UE types, e.g., vehicles [9]. In our view, DAS can be considered for sidelink positioning evaluation, i.e., especially for enhancing AoA/AoD calculations. 
Proposal 5: For sidelink positioning evaluation methodology, study the impact of distributed antenna system (DAS) on the positioning accuracy.
Potential Solutions for SL positioning
In [1], there are many opinion on the definition on relative positioning and ranging in addition to the known absolute positioning technique. Since we understand that it is important to consider the right definition to design potential solutions for sidelink positioning, we copy here the definition in TS 22.261 :  
· [bookmark: _Hlk48835424]Ranging: refers to the determination of the distance between two UEs and/or the direction of one UE from the other one via direct device connection.
· Relative positioning: relative positioning is to estimate position relatively to other network elements or relatively to other UEs.
According to the definition above, it is important to identify which positioning method fits each dedicated technique mentioned above, e.g., study whether:
· TDOA (at least anchor point relevant ): is suitable for absolute and relative positioning
· RTT (ToF): is relevant for ranging techniques for determination of the distance between two UEs
· AOA/AOD: is relevant for both ranging techniques and relative positioning as defined above.
Additionally, some of the positioning methods requires accurate coordination with the measured references, e.g., TDOA. Therefore, it is also important for selecting the positioning method to consider the deployment scenario, e.g., coordination between UEs/anchor-points.. 
Proposal 6: For studying sidelink positioning method (e.g., TDO, RTT, AOA/D, …) consider the relevant positioning technique (e.g., relative, ranging, or absolute) and the deployment scenario.

The proposed WID in [2] provides also an objective to study sidelink reference signals positioning (SPRS) design and allocation. In our view, it is important that SPRS design/allocation considers at least the following aspects: 
· Reuse NR Uu SPRS design as much as possible
· SPRS allocation, scheduling, and impact of resource allocation including Rel.17 enhancements should consider:
· Introduce an interference avoidance SPRS allocation mechanism
· Consider the impact of DRX/partial sensing in Rel-17
· Study is SPRS is allocated with periodic reservation and/or dynamic allocation 
· Impact of sidelink synchronization method and sidelink broadcast channel
· For SPRS signaling procedures, e.g., SPRS request and response, consider fitting to different casting types, i.e., unicast, groupcast, and broadcast
Proposal 7: Study SPRS design, allocation and signalling considering the following aspects:
· Reusing NR Uu SPRS design as much as possible
· Impact of sidelink synchronization method and sidelink broadcast channel
· SPRS scheduling impact on SL resource (re-)selection, reservation,
· SPRS impact on Rel.17 enhancements, i.e., including DRX/partial sensing
· SPRS allocation with interference avoidance mechanism
· SPRS allocation with periodic reservation and/or dynamic (on demand) allocation 
· SPRS request and response should consider the different casting types, i.e., unicast, groupcast, and broadcast

In [2], it was mentioned the objects that Uu and sidelink positioning combination needs to be studied. For us, it is important to understand if combination is a relevant RAN discussion, e.g., for RAN2 or RAN1. In our understanding, the combination may not introducing any RAN impact, e.g., when the combination is considered at higher layers (one option could be in the sensor fusion). In this case, Uu and sidelink positioning should co-exist without impacting their RAN operations. Especially in automotive scenarios, the vehicles are usually equipped with many ego-sensors, e.g., lidar, radar ultrasonic, etc., which are already enabling a high localization accuracy if they are not impeded. Thereby, it is useful to study sidelink positioning (e.g., relative/ranging) and Uu positioning as two additional “independent” localization sources supporting the vehicles’ local sensors in critical situations. One important assumption could be that both measurements are independently fed to the sensor fusion. 
Proposal 8: Study possible mechanisms combing sidelink and Uu positioning and study whether this combination requires any RAN impacts.
As it has been mentioned above, sidelink will enrich detection and identification of vehicles and VRU; it will also extend the vehicles/VRUs sensing capabilities beyond the line-of-sight (LOS). Therefore, a possible use approach that requires potential solution in this WID is to use sidelink positioning for detection/localization in non-line-of-sight (NLOS) conditions, e.g., when the LOS for the vehicle ego-sensors is blocked or the victim vehicle/VRU is around the corner. Therefore, enhanced NLOS sidelink positioning techniques are very important for detecting SL capable objects, e.g., vehicles and VRUs at these blocked areas. In this case, the sidelink positioning values at the sensor-fusion are extremely valuable.
Proposal 9: Add to the sidelink positioning objectives: study enhanced NLOS sidelink positioning techniques at least for relative positioning (including ranging).

Improved accuracy and power efficiency for SL positioning
In the new WID proposal for positioning enhancements for Rel-18 [2] includes a special part dedicated for enhancements of  accuracy, integrity and power efficiency. We are confident that some of these aspects can be considered for Sidelink positioning as well, e.g., accuracy and power efficiency.
Sidelink carrier aggregation is going to be standardized in Rel-18 [10], therefore, further enhancements to sidelink positioning accuracy may utilize carrier aggregation. For example, bandwidth aggregation of SPRS (after SPRS proper design) can be used to enhance positioning accuracy. Adjacent carrier aggregation can be assumed for simplicity.
Rel-17 specified sidelink enhancements including partial sensing and sidelink DRX, efficient power enhancements for SPRS design may utilize DRX/partial sensing for Rel-18. For full sensing, no DRX sidelink UEs, SPRS should be designed to guarantee efficient power consumption.
Proposal 10: S-PRS bandwidth aggregation may utilize sidelink carrier aggregation operation in Rel-18, assuming adjacent carrier aggregation only.
Proposal 11: SPRS design should consider DRX/partial sensing for Rel-17 and efficient SPRS allocation for full sensing UEs. 
Conclusion
[bookmark: _Ref55091672]For Rel-18 Sidelink positioning enhancement part in the new WID for positioning enhancements, the following are proposed:
Proposal 1: Add RAN#97-e as a checkpoint for concluding the study phase and starting the normative work, at least, for sidelink positioning
Proposal 2: Consider studying unlicensed spectrum for sidelink positioning in addition to licensed and the ITS bands.
Proposal 3: For sidelink positioning objectives, support considering the requirement of the following use cases: Vehicle-to-Everything (V2X), Industrial IoT (IIoT), public safety (PS) and commercial devices
Proposal 4: For V2X use cases sidelink positioning evaluation methodology, consider new UE types, e.g., VRU eBike, 2-wheelers, impacting UE dropping, speed, antenna heights, etc..
Proposal 5: For sidelink positioning evaluation methodology, study the impact of distributed antenna system (DAS) on positioning accuracy.
Proposal 6: For studying sidelink positioning method (e.g., TDO, RTT, AOA/D, …) consider the relevant positioning technique (e.g., relative, ranging, or absolute) and the deployment scenario.
Proposal 7: Study SPRS design, allocation and signalling considering the following aspects:
· Reusing NR Uu SPRS design as much as possible
· Impact of sidelink synchronization method and sidelink broadcast channel
· SPRS scheduling impact on SL resource (re-)selection, reservation,
· SPRS impact on Rel.17 enhancements, i.e., including DRX/partial sensing
· SPRS allocation with interference avoidance mechanism
· SPRS allocation with periodic reservation and/or dynamic (on demand) allocation 
· SPRS request and response should consider the different casting types, i.e., unicast, groupcast, and broadcast
Proposal 8: Study possible mechanisms combing sidelink and Uu positioning and study whether this combination requires any RAN impacts.
Proposal 9: Add to the sidelink positioning objectives: study enhanced NLOS sidelink positioning techniques at least for relative positioning (including ranging).
Proposal 10: S-PRS bandwidth aggregation may utilize sidelink carrier aggregation operation in Rel-18, assuming adjacent carrier aggregation only.
Proposal 11: SPRS design should consider DRX/partial sensing for Rel-17 and efficient SPRS allocation for full sensing UEs.
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