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Introduction
A new study item “Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases” [1] has been approved in RAN#88-e to be a RAN plenary-level SI. The first TR skeleton should be ready starting from RAN#91. 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.
The feasibility of the possible identified requirements is not in the scope of this SI; however, the SI should consider the outcome of Rel-16 and Rel-17 RAN WGs positioning activities. For Rel-16, SA1 has already identified some general requirements for V2X positioning use cases [2]. 
In this document, our aim is to draw an early attention towards the need for identifying sidelink (PC5) positioning in the scope of this SI (i.e., together with Uu positioning if available) in order to identify the possible V2X positioning-dependent use cases.
V2X Positioning Use Cases Discussions
In this contribution, we focus on the automotive positioning use cases for V2X. Additionally, we identify the necessity of having sidelink (PC5) positioning to assist Uu positioning and other in-vehicle positioning techniques. The automotive community understands that precise positioning is crucial for ITS and autonomous driving, where 5G sidelink (PC5) and Uu positioning are important enabling technologies. In their LSs [3, 4], 5GAA and SAE requested TSG RAN to re-consider sidelink positioning in Rel-17, which has not been approved yet within Rel-17 scope. On the other hand, 3GPP SA1 requirements include very challenging relative lateral and longitudinal positioning accuracy that may not be achievable with Uu positioning only. Therefore, sidelink positioning needs to be considered for complementing existing Uu positioning techniques and other in vehicle non-RAT dependent techniques. Having such a precise positioning available at the communication protocol will enhance the vehicle performance, perception, and reaction in different critical situations, e.g., traffic jams, highway, emergency braking, VRU protection and other safety and advanced driving use-cases (see Figure 1 for more details).
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Figure 1:  Traffic jam assist as a partially automated function, the system takes over the longitudinal and lateral guidance of the vehicle in vehicle control [5]
Advanced and autonomous driving require very accurate positioning information with very high availability. However, each positioning sensor/technique in the vehicle may have a disadvantage or shortcoming in certain situations, e.g., in bad weather (fog, rain, snow, etc.), tough environments (urban canyon), etc., which may lead to false perception; see Figure 2 for more information. In this case, sensor fusion is used where the data from different sensors are collected to create coherent information about longitudinal and/or lateral positioning helping the vehicle to better percept the current situation.  E.g., GNSS positioning information can be corrected using maps and fusing positioning data from other sensors, e.g., sonar, Lidar, Radar, and multi-purpose cameras on board. 
In general, different vehicle positioning techniques are suffering from short outcome this includes on-board sensors (e.g., camera, radar, etc.) and GNSS. Taking GNSS as an example, its positioning performances is significantly deteriorated in urban canyons environment. In this case, the GNSS receiver installed in the vehicle may experience limited triangulation situation, i.e., either limited single path Line-of-Sight (SPLOS), multi-paths, NLOS-only paths, or blockage [6, 7] (see Figure 3 for more details). According to our simulations and internal evaluations, GNSS may not keep its positioning accuracy “steady” all the time. One possible solution is to fuse multiple positioning sensed information to enhance GNSS location information. Another efficient solution is to, cooperate and share/exchange positioning information between vehicles [7]. 





Figure 2: For correct function, a GNSS receiver needs single path line-of-sight (SPLOS) to the satellites. Multipath (MP) and non-line-of-sight (NLOS) errors are typically caused by building reflections in large cities. Furthermore, a satellite can be completely blocked, diminishing the number of available satellites [6].


3GPP V2X Positioning complementing existing techniques
In our understanding, a vehicle needs to fuse 5G positioning data, i.e., Uu positioning and Sidelink positioning/ranging, together with other on-board positioning capabilities. The main advantage of using 5G (either SL-based or Uu-based) positioning is to enhance existing positioning techniques during their shortcoming periods, such that 5G positioning:
· can cover the shortcoming of other positioning techniques, 
· may have a lower latency when it is used as source of cooperative positioning perception, i.e., when positioning information is exchanged in cooperative V2X messages, and 
· 5G positioning can enhance the vehicle positioning to protect vulnerable road users. 

Figure 3 depicts a possible block-diagram where multiple positioning sensors (together with 5G positioning) are fused to identify an emergency situation, in which the vehicle takes over brakes and/or direction. 


Figure 3: Example of 5G positioning sensor fusion for high positioning accuracy
Observation 1: 3GPP sidelink and/or Uu positioning should be fused together with other positioning sensors to enhance accuracy.
Cooperative Positioning can use the V2X messages, e.g., collective perception message (CPM) [8], allowing vehicles to share with their neighbours raw GNSS measurements and other location sensors’ (e.g., Radar, Lidar, etc.) data in order to increase availability, integrity and accuracy of positioning values. Similarly, 5G positioning can be included in this case, i.e., having either Uu and/or sidelink positioning information as one of the positioning sensor data exchanged between vehicles’ UEs. From this information, vehicles may compute more accurate relative and/or absolute positioning values. Therefore, in our understanding, we believe that cooperative positioning is not competing with 3GPP RAT dependent schemes, but rather complements it.
As an advantage to RAT dependent techniques, sidelink and Uu positioning can be directly computed at lower layer, thus reducing latency and signalling overhead of other higher layer approaches.
Observation 2: Vehicles may share their computed positioning data or directly compute sidelink positioning using V2X transmission.

Observation 3: RAT dependent positioning computed at lower layer enhances latency compared to higher layer mechanisms.

Potential Deployment and Operational Scenario for V2X Positioning
3GPP positioning for Vehicular Use cases
For V2X use cases, there are two main positioning types [10]:
· absolute positioning: which is the longitude, latitude coordinates, and potentially also elevation of a terminal (e.g., vehicle or VRU) relative to fixed coordinates (e.g., cartesian x,y,z)
· relative distance: which is the relative distance and the angle (e.g., Angle-of-Arrival  (AoA)) between two terminals (e.g., vehicle or VRU) are measured.
There are also different radio links, which may provide absolute positioning for the V2X use cases. The GNSS link is the one used mainly for absolute positioning as it provides a global coverage in clear-to-sky scenarios. However, as described earlier in this TDoc, this system has its drawbacks in some scenarios, e.g., urban canyon. 
In case of cellular network coverage scenarios, 3GPP provides stable means of absolute and/or relative positioning techniques over Uu link. For example, as corrections to GNSS computed positioning using Real-time Kinematic (RTK) or by computing positioning assisted by positioning reference symbols (PRS).
Finally, sidelink positioning may be used (at least) for conducting relative positioning between two vehicles. Additionally, absolute positioning can also be conducted via sidelink positioning using, e.g., fixed sidelink-capable road-side units (RSU) as reference points [10]. 
For sidelink positioning, sidelink positioning reference symbols (S-PRS) may be scheduled by the UE or by the network (e.g., gNB). In our understanding, the sidelink positioning technique should be available for all coverage scenarios, i.e., including in-coverage, partial coverage, and out-of-coverage scenario. 
Additionally, sidelink positioning S-PRS may be transmitted in both resource allocation modes, Mode 1 and Mode 2. For sidelink first deployment, we are expecting to use frequency range 1 (FR1) initially; however, sidelink positioning in frequency range 2 (FR2) is not precluded. 
In 3GPP, there are some use cases that can directly benefit from sidelink relative positioning as, e.g., Speed harmonization, vehicles platooning, and group start use cases. Wherein sidelink positioning will be beneficial and may induce only very low latency and lower computational complexity compared to other techniques that rely on higher layers to compute relative positioning. 
Observation 4: sidelink positioning may use sidelink PRS to perform ranging and AoA measurements, where S-PRS may be scheduled by the UE or the network
Proposal 1: Capture in the TR possible V2X positioning information including:
· absolute positioning: which is the longitude, latitude coordinates, and potentially also elevation of a terminal (e.g., vehicle or VRU) relative to fixed coordinates (e.g., cartesian x,y,z)
· relative distance: which is the relative distance and the angle (e.g., Angle-of-Arrival  (AoA)) between two terminals (e.g., vehicle or VRU) are measured.
Proposal 2: The following positioning technologies are supported for V2X use cases: 
· sidelink-based positioning (relative or absolute) 
· Uu-based positioning (relative or absolute) 
· Combination of Uu and sidelink based positioning (relative or absolute)
Proposal 3: Sidelink positioning and S-PRS scheduling should be available for both resource allocation modes, Mode 1 and Mode 2
Proposal 4: For sidelink positioning, FR1 should be the first supported band; however, FR2 is not precluded if available for ITS

3GPP positioning for VRU protection 
One of the important use cases that may utilize 3GPP positioning for V2X is VRU protection. In this case, whether the VRU is a pedestrian or an e-Bike, the GNSS capabilities may not be similar to the ones inside vehicles. Hence, sidelink positioning (alone when out-of-coverage) or Uu assisted by sidelink positioning can be considered. In this case, 3GPP positioning may be used to assist, e.g., V2P positioning or to complement road infrastructure positioning capabilities (e.g., video camera  mounted on RSU) [9]. When sidelink positioning is used between a vehicle and a VRU, based on the VRU speed, the vehicle may identify possible collision instant/location and can easily avoid it (Figure 5 depicts such a scenario). 

Additionally, limited capability UEs may also utilize sidelink positioning to replace the need sophisticated computational capability requirement or having multiple on-board sensors. For example, VRU light vehicles (e.g., 2-wheelers or eBikes) may use sidelink positioning instead of radar or having accurate GNSS receivers. 

Observation 5: For VRU protection sidelink position has great benefit to limit complexity and enhance system performance
Proposal 5: For VRU protection focus our study on sidelink and Uu positioning techniques
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Figure 5: VRU protection via sidelink positioning assisting in-road and/or in-vehicle positioning techniques
3GPP Positioning for Different Coverage Scenarios
3GPP Positioning In Coverage of Network
In network coverage, there could be three 3GPP positioning techniques (RAT dependent techniques) available for vehicles:
· First: Uu positioning techniques (relative and/or absolute)
· Second: sidelink positioning techniques (relative and/or absolute)
· Third: a combination between Uu and sidelink positioning
In the third option sidelink positioning may be required to enhance the network positioning if the positioning accuracy cannot be guaranteed or positioning needs to be computed to receivers with limited radio and/or computational capabilities, e.g., VRU [3].
So far, 3GPP introduced Uu positioning in Rel-16 where further enhancements have been carried on in Rel-17, which were mainly for IIoT. Therefore, further enhancements for Uu positioning should be introduced considering V2X use cases.  Additionally, 3GPP does not have so far any mechanism for sidelink positioning. Therefore, we support focusing on introducing sidelink-based positioning technique based on the development of Uu positioning.
Proposal 6: 
· Enhance Uu positioning considering V2X use cases
· Introduce sidelink positioning based on the development of Uu positioning in Rel-16/17

3GPP Positioning for out-of-coverage / partial coverage
Out-of-coverage or partial coverage are important network scenarios that need to be addressed in this SI. In this situation, sidelink positioning needs to be explicitly considered in order to identify possible use cases. During RAN#88-e email discussions, we identified at least two possible use cases considering absence 3GPP network coverage and GNSS signals: 
· Use case A:  underground valet parking lots, where network connection is not possible or only partially available at certain corners,
· Use case B: driving inside a tunnel, where the network may be partially available to vehicular UEs entering/exiting the tunnel. However, Uu connection inside the tunnel is not existing by default.
In both cases, sidelink positioning is explicitly needed. In use case A, a vehicle may need its sidelink positioning to identify moving objects, which are not reachable by its existing LOS positioning sensors. Similarly, in use case B, vehicles inside the tunnel may need to identify exactly how far they are from, e.g., a hazard situation. As shown in Figure 4, the hazard location may not be detected by the vehicles entering the tunnel, i.e., using only their on-board sensors. In this case, sidelink positioning (if available) will be a viable and easy solution.

[bookmark: _GoBack]
Figure 4: Sidelink positioning is used to identify an in-tunnel hazard-warning location 
Observation 6: Sidelink positioning needs to be considered for out-of-coverage and partial coverage use cases.
Proposal 7: Sidelink positioning should be specified in all coverage scenarios, i.e., including in-coverage, partial coverage, and out-of-coverage 
V2X Positioning Requirements
The positioning accuracy requirements for V2X applications have been identified in 3GPP SA1 specification [2], stating that the 3GPP system shall support: 
· relative lateral position accuracy of 0.1 m between UEs supporting V2X application.
· relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity
5GAA and SAE included in their LSs [3, 4] some more requirements that need to be considered for this study. Even though we believe that these requirements are very useful for most of V2X applications, we can understand that these strict values may not be always attainable by Uu positioning only, i.e., even in coverage. Therefore, sidelink positioning shall be used, in addition to Uu, to achieve such  requirements. 
Moreover, for out of coverage and partial coverage scenarios, sidelink positioning needs to be explicitly considered in order to identify possible and viable requirements in these cases.
Proposal 8: In this study, consider 5GAA/SAE positioning requirements proposed in [3] and [4]

Conclusion
[bookmark: _Ref55091672]Observation 1: 3GPP sidelink and/or Uu positioning should be fused together with other positioning sensors to enhance accuracy.
Observation 2: Vehicles may share their computed positioning data or directly compute sidelink positioning using V2X transmission.
Observation 3: Sidelink positioning needs to be considered for out-of-coverage and partial coverage use cases.
Observation 4: sidelink positioning may use sidelink PRS to perform ranging and AoA measurements, where S-PRS may be scheduled by the UE or the network
Observation 5: For VRU protection sidelink position has great benefit to limit complexity and enhance system performance
Observation 6: Sidelink positioning needs to be considered for out-of-coverage and partial coverage use cases.
Proposal 1: Capture in the TR possible V2X positioning information including:
· absolute positioning: which is the longitude, latitude coordinates, and potentially also elevation of a terminal (e.g., vehicle or VRU) relative to fixed coordinates (e.g., cartesian x,y,z)
· relative distance: which is the relative distance and the angle (e.g., Angle-of-Arrival  (AoA)) between two terminals (e.g., vehicle or VRU) are measured.
Proposal 2: The following positioning technologies are supported for V2X use cases: 
· sidelink-based positioning (relative or absolute) 
· Uu-based positioning (relative or absolute) 
· Combination of Uu and sidelink based positioning (relative or absolute)
Proposal 3: Sidelink positioning and S-PRS scheduling should be available for both resource allocation modes, Mode 1 and Mode 2
Proposal 4: For sidelink positioning, FR1 should be the first supported band; however, FR2 is not precluded if available for ITS

Proposal 5: For VRU protection focus our study on sidelink and Uu positioning techniques
Proposal 6: 
· Enhance Uu positioning considering V2X use cases
· Introduce sidelink positioning based on the development of Uu positioning in Rel-16/17
Proposal 7: Sidelink positioning should be specified in all coverage scenarios, i.e., including in-coverage, partial coverage, and out-of-coverage 
Proposal 8: In this study, consider 5GAA/SAE positioning requirements proposed in [3] and [4]
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