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At the RAN#94e WG meeting, the study item on expanded and improved NR positioning was approved [1]. One of the study item objectives is to evaluate potential solutions for sidelink positioning. 
	· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]


In this contribution, we discuss potential angle based and time based solutions for sidelink positioning.  

Positioning techniques
Sidelink localization can provide the absolute position or relative position of a UE since it enables direct communication between UEs without getting any cellular network involved. 
Absolute position: The longitude and latitude coordinates of a terminal (e.g. vehicle or VRU) is calculated. The coordinates of an anchor such as a RSU are necessary.
Relative position: The relative position information such as distance and angle between UEs is calculated. It can be enough in some applications such as collision warning. It can also be useful to improve the accuracy of absolute positioning.
In essence, what is important is to introduce the atomic techniques into sidelink, and it is out of the scope of how do these atomic techniques combine to output the position. In addition, as for diversified positioning modes, by contrast, is somewhat more epigynous problems. The development on the physical layer required to support these positioning related atomic techniques is of concern of this proposal.
Angle measurement based positioning
RSRP measurement based angle estimation
In the NR DL-AOD positioning method, the UE position is estimated based on DL-PRS-RSRP measurements taken at the UE of downlink radio signals, along with the spatial information of the downlink radio signals and geographical coordinates of the TRPs. Yet the method can not be applied to sidelink directly since there is neither PRS signal usable nor multiple TRPs involved. In order to support the angle estimation based on either the RSRP or the waveform measurement, an appropriate reference signal should be designed. 
In terms of the CSI-RS, so far, only one CSI-RS pattern configuration through PC5-RRC signaling is supported for sidelink system, to achieve beam selection, the feature of CSI-RS resource set need be introduced, and each of which contains multiple CSI-RS resource. 
A more promising strategy is to introduce the PRS for sidelink. For one, a unified and specific form of reference signal for sidelink positioning is preferred since it involves multiple positioning solutions, and it is helpful to the simplification of spec development. For another, the elaborate design of PRS is expected to provide better performance of positioning compared to CSI-RS since it divides the beam with larger density. In addition, the related physical procedures can be transplant to sidelink without redesign. 
In a word, for the angle estimation based on the RSRP measurement, consider the possibility of the CSI-RS or PRS as the reference signal used here for positioning. To this end, some modifications of physical procedures especially beam management related are required.
Waveform measurement based angle estimation
In the NR UL-AOA positioning method, the UE positioning is estimated based on UL-SRS waveform measurement, various direction estimation algorithms with super-resolution can be applied to abstract the location information. It is expected to outperforms the signal strength based method since the waveform preserves full information about all signal location parameters. 
As for the reference signal selection, note that the DM-RS has the potential to support this approach yet the performance remains to be studied. A decent proposal is to introduce a new reference signal similar to the SRS, of which the benefits is that the more comprehensive and flexible time and frequency resource configuration provides accurate parameters estimation as well as resource saving compared to the DM-RS. Furthermore, the excellent autocorrelation and cross-correlation characteristics of SRS signal are of great help to improve the resolution of localization, which is not available in DM-RS. In addition, if PRS is supported, it can also be applied here without complex beam operations.
In a nutshell, the angle measurement based solution have the potential to be introduced for sidelink positioning. Angle estimation based on the waveform measurement can be considered since the received signal preserves full information about the UE location. Besides, a new reference similar to the SRS as the reference signal should be considered for the purpose.
Therefore, we have the proposals as follows:
Proposal 1: Study the angle measurement based solution for sidelink positioning.
Proposal 2: For the angle estimation based on the RSRP measurement, consider the possibility of the CSI-RS or PRS as the reference signal used here for positioning, and some modifications of physical procedures especially beam management related are required.
Proposal 3: Consider the angle estimation based on the waveform measurement. Consider the possibility of introducing SRS-Pos or PRS as the reference signal. 
Round-trip time (RTT) measurement based positioning
The RTT positioning method can be introduced to sidelink based on measurements performed at both the TX UE and RX UE. In the NR system, it occurs between the UE and TRP, the measurements performed at the UE and TRPs are UE/gNB Tx-Rx time difference measurements of DL-PRS and UL-SRS, which are used by the LMF to determine the RTTs.
When this solution been applied to sidelink, several problems must be considered. First, the signal used for time difference measurement. It is suggested to introduce the PRS into sidelink, and therefore both the Tx-Rx and Rx-Tx time differences can be measured through the PRS. Other types of signals are also open to be discussed, and it is recommended to choose signal with good correlation characteristics for the better time resolution.
Proposal 4: Consider the RTT measurement based solution for sidelink positioning.
Proposal 5: Introduce PRS or SRS-Pos into sidelink as the reference signal for time of flight measurement.
TDOA measurement based positioning
There are two key conditions concerned when enable this solution to sidelink, the reference signal and the anchor UEs with known coordinates. In NR, the reference signals adopted are SRS and PRS for UL-TDOA and DL-TDOA, respectively. Moreover, to perform the solution, there should be multiple anchor UEs with known positions and precisely synchronized between each other. 
Proposal 6: Consider the TDOA measurement based solution for sidelink positioning.
Proposal 7: Introduce PRS or SRS-Pos into sidelink as the reference signal for TDOA measurement.

Sidelink positioning reference signal related 
Note that multiple positioning solutions require a reference signal. The PRS and SRS-Pos are the main candidates signal for sidelink positioning, and other types of signals are not precluded. The design should meet at least these basic principles: Configurable transmission bandwidth; Configurable periodicity and transmission duration occasions; Support of multiple antenna ports and capability of measuring effective MIMO channel; Randomization and orthogonalization for transmission from multiple UEs; Low UE implementation complexity and power consumption for signal processing; Good auto and cross correlation properties in the presence of time and frequency offsets / Doppler effect; Good cross-correlation properties with other NR signals. 
For the resource allocation mechanism for sidelink position reference signal, it is recommended to configure a dedicated sidelink PRS resource pool with update and guide by network for the purpose of not affecting the existing sidelink capability. The resource indication may be carried by SCI and transmitted on PSSCH, or through high layer RRC signaling. In addition, it is also beneficial to support the trigger scheme of sidelink PRS transmission considering the various positioning scenarios as well as the requirement such as power saving. The triggering signaling of sidelink PRS may be transmitted through PSCCH. The PRS can be sent according to trigger signaling and resource configuration information. 
Proposal 8: It is beneficial to configure a dedicated sidelink PRS resource pool and support the trigger scheme of sidelink PRS transmission
Proposal 9: The detail of the resource configuration and trigger signaling design should be as compatible as possible with existing sidelink capabilities.

Conclusion
[bookmark: _GoBack]In this contribution, we discuss some potential techniques for sidelink positioning, including angle based and time based measurement solutions. Accordingly, the following proposals were made:
Proposal 1: Study the angle measurement based solution for sidelink positioning.
Proposal 2: For the angle estimation based on the RSRP measurement, consider the possibility of the CSI-RS or PRS as the reference signal used here for positioning, and some modifications of physical procedures especially beam management related are required.
Proposal 3: Consider the angle estimation based on the waveform measurement. Consider the possibility of introducing SRS-Pos or PRS as the reference signal. 
Proposal 4: Consider the RTT measurement based solution for sidelink positioning.
Proposal 5: Introduce PRS or SRS-Pos into sidelink as the reference signal for time of flight measurement.
Proposal 6: Consider the TDOA measurement based solution for sidelink positioning.
Proposal 7: Introduce PRS or SRS-Pos into sidelink as the reference signal for TDOA measurement.
Proposal 8: It is beneficial to configure a dedicated sidelink PRS resource pool and support the trigger scheme of sidelink PRS transmission
Proposal 9: The detail of the resource configuration and trigger signaling design should be as compatible as possible with existing sidelink capabilities.
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