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1 Introduction
The study on expanded and improved NR positioning introduces sidelink positioning as an objective [1]:
	· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· 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]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.




In this contribution, we discuss potential solutions for sidelink positioning. This includes, bandwidth requirements, positioning methods, as well as general design of sidelink positioning reference signals and procedures.
2 Background
Even though, historically, the main driver for cellular location based services has been requirements from regulatory authorities, today, many public and private entities demand delivery of location information to enable commercially motivated location based services.  The range of use cases that benefit from improved accuracy positioning services is broad, including industry, asset tracking, automotive, traffic management, hospitals (e.g. person and medical equipment location), shared bikes, aerial vehicles (drones), augmented reality, wearables, and so on. 
In NR Release 17, 3GPP RAN conducted studies on "NR Positioning Enhancements" and "Scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases". The study on "Scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases" focussed on V2X and public safety use cases with the outcome being captured in TR38.845. Additionally, SA1 has developed requirements in TS22.261 for "Ranging based services", and has developed positioning accuracy requirements in TS22.104 for IIoT uses cases in out-of-coverage scenarios. 
Within this growing and expanding positioning ecosystem, 3GPP needs to add additional features to provide a compelling and competitive 3GPP-based location suite. One of the main features that are expected to be added during NR Rel-18 is Sidelink positioning. 
3 [bookmark: _Ref101989985]Positioning Methods for Sidelink
3.1 SL-RTT
RTT between two devices corresponds to a positioning method wherein the devices transmit and receive a SL-PRS waveform at least once, for the purpose of estimating the Round Trip distance between the devices. At its basic feature, SL-RTT, could correspond to a case where each device transmits only once, as it is shown in the figure below; a feature that may also be known as single-sided RTT in other D2D positioning technologies. 
[image: ]
Figure 1 Example of single-sided RTT with 2 devices
RTT between devices is a known ranging method that does not require the UEs participating in the measurements having a common clock, since it does not require accurate synchronization among different nodes. 
Observation 1: RTT between devices a well-known ranging method, which does not require accurate synchronization among different nodes and has been successfully employed by other connectivity technologies (e.g. WiFi, UWB) for ranging between devices. 
In RTT, clock drift of each node itself could be a dominant component of measurement error, depending on the clock stability. It has been known that one way to try to mitigate the effect of clock drifts in the RTT ranging method between devices is to employ a double-sided version as shown in the figures below: 
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Figure 2 Single-sided RTT and double-sided RTT
Proposal 1: Support a SL-RTT positioning method, wherein at least 2 devices transmit and receive SL-PRS waveform(s) and perform SL Rx-Tx measurements. 
Proposal 2: Study both single-sided and double-sided SL-RTT methods.
3.2 SL-AoA
Device-side Angle of Arrival is a method that hasn’t been discussed much in 3GPP during the previous releases. AoA method has been limited in TRP-side Angle of Arrival (derived based on SRS reception). However, for Sidelink Positioning, and given the existence of multiple receive antennas at the UE side, it is natural to consider and study sidelink AoA. 
[image: ]
It worth noting that other D2D connectivity technologies, e.g. UWB, have incorporated AoA as one of the main features for relative positioning, since a single SL-AoA measurement, together with a single SL-RTT measurement could provide a first estimate of a device location relative to another device. 
Observation 2: Device Angle of Arrival (AoA) is a positioning method used at a variety of D2D connectivity technologies (e.g. UWB, BT, WiFi) and has been successfully deployed in several occasions. 
[image: ]Angle of Arrival Estimation at a device depends fundamentally on the array configuration, which is proprietary information. Specifically, it depends on both the number of antennas at the device, their geometry (e.g. ULA, planar array, etc), and the relative distance between the antenna elements. Specifically, if the device has only 2 antennas, and assuming that the distance between the antennas is such that no wrap-around is introduced (, only azimuth AoA can be estimated as shown in the figure on the right, using the phase difference of the received signal. Similarly, this is true if the UE has ULA and all antennas are in a single line on the device. On the other hand, if the device has 3 antennas, on a plane (e.g. the first antenna lies at the origin, the second antenna lies on the -axis, and the third antenna lies on the  plane), 2 AoA angles can be estimated with respect to the  plane. Note that in such a case we cannot distinguish between a ray arriving above the plane and a ray with the same angle arriving below the plane (half-plane ambiguity). Such limitation exists also when there are more than 3 antennas that all lie on the same plane. 
Observation 3: Device Angle of Arrival (AoA) depends significantly on proprietary array configuration(s). 
Even though device AoA might need to take into account a variety of RF impairments (e.g. antenna isolation, IQ imbalance and phase response calibration/characterization), such a method will provide an different measurement type beyond timing measurements, and would enable relative/absolute positioning with a small set of SL anchor nodes. For example, an estimate of the relative positioning of a target device with respect to a SL anchor can be achieved with a single anchor if both SL-RTT and SL-AoA are specified. Furthermore, no additional signals or overhead is needed, since SL-AoA measurements will be performed on the same SL-PRS used for SL-RTT. Therefore, we overall consider it as a viable option to to be prioritized in the NR Rel-18 study within the context of SL positioning. 
Proposal 3: Support SL-AoA positioning method. 
3.3 SL-TDoA
SL-TDOA would correspond to the positioning method where a cluster of at least 2 devices play the role of the set of anchors that transmit SL-PRS for a target device to measure and derive the Receive Signal Time Difference (RSTD). 
For such a method to be used in practice and result in good positioning performance, it would require strict synchronization within the devices that transmit the SL-PRS waveforms. Such synchronization may be difficult to be achieved in practice, especially for mobile devices. 
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Description automatically generated]As a short reference from other D2D positioning solutions, in order to address this fundamental limitation of TDOA, UWB has specified One-way ranging (OWR) for Time Difference of Arrival (TDOA), wherein messages are exchanged between the anchors, which serve a twofold purpose:
· Position estimation: The target devices estimate their position from the received packets using TDoA.
· Time synchronization between the anchors: The Responder-Anchors synchronize their clocks with an Initiator-Anchor’s clock as a time reference.

Observation 4: SL-TDOA requires synchronization across the SL anchors in order to result into good positioning performance; a drawback that SL-RTT and SL-AoA methods do not have. Synchronization across SL anchors is simpler to achieve for fixed-location anchors.
Observation 5: Methods of achieving synchronization amongst anchor UEs may need to be looked into if SL-TDOA is considered to be specified.
3.4 SL-AoD
Downlink Angle-of-Departure (AoD) positioning has been specified in NR Rel-16/17 and is a method that is based on RSRP or path-RSRP measurements performed at the UE. The measured RSRP (or RSRPP) measurement vector can be considered as a "fingerprint" that is compared against a relative TRP beam pattern database that is provided to the LMF or the UE as assistance data, in order to identify the DL-AoD. 
Considering a similar method as the one described above for sidelink positioning might have significantly smaller motivation for the following reasons: In many scenarios of sidelink positioning, e.g. commercial scenarios, public safety, IIoT scenarios, or V2V scenarios, a UE is expected to have a single Tx antennas/chains, and in a few cases, 2 Tx antennas/chains. Specifying an RSRP-based SL-AoD for such cases may not be the most effective method. Even though one could envision a subset of scenarios where an RSRP-based SL-AoD method could be better justified, e.g. a V2X scenario with RSUs with larger number of Tx antennas than the number Rx antennas (or even Tx antennas) on vehicles, overall, we consider this method as lower priority for sidelink positioning compared to the SL-RTT and SL-AoA methods.
Observation 6:  For devices with a limited number of Tx antennas, SL-RTT and SL-AoA are more suitable and effective methods than the RSRP-based SL-AoD approach.
4 SL-only Positioning
The basic mode of positioning is to use measurements derived only from signals received on sidelink. This sidelink-only positioning mode can apply to in-coverage, out-of-coverage, and partial coverage scenarios, with particular importance to out of coverage and V2X scenarios.
Proposal 4: From RAN1 perspective, SL-only positioning corresponds to a positioning mode wherein all the UEs performs SL positioning/ranging measurements and location/range is computed using measurements derived on SL without network involvement.
One example of such a scenario is two vehicular UEs ranging to each other. Another is a UE determining its position based on measurements on signals from anchor UEs
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Figure 3 Examples of SL-only positioning operations: ranging (left), positioning (right).
5 Joint SL-Uu Positioning
In this section we discuss scenarios of joint SL-Uu Positioning and what types of positioning methods could be used to achieve incremental gains by incorporating SL measurements in the positioning calculation function. Specifically, joint SL-Uu Positioning could correspond to a positioning mode wherein at least one of the UEs performs SL positioning measurements and its location is computed using measurements derived on both SL and Uu.
Proposal 5: From RAN1 perspective, joint SL/Uu positioning corresponds to a positioning mode wherein at least one of the UEs performs SL positioning/ranging measurements and location/range is computed using measurements derived on both SL and Uu. 
For example, without loss of generalization, if all the UEs involved in a SL Positioning session are in coverage, one could envision the following positioning modes:
· UE-assisted Joint SL-Uu positioning mode: UEs perform SL and Uu measurements, gNB(s) perform Uu measurements (if it is a DL+UL Uu positioning method), and all measurements are sent to the LMF for the location determination. 
· UE-based Joint SL-Uu positioning mode: UEs perform SL and Uu measurements, gNB(s) perform Uu measurements, and all are sent to one of the UEs involved in the SL positioning session for location determination. 
· Network-based Joint SL-Uu positioning mode: UEs perform SL measurements, gNB(s) perform Uu measurements (if it is a DL+UL Uu positioning method), and all measurements are sent to the LMF for the location determination. 

	Joint SL-Uu Positioning mode
	UE Uu measurements
	UE SL measurements
	gNB measurements

	UE-based
	Yes
	Yes
	No

	UE-assisted
	Yes
	Yes
	Yes (DL+UL positioning)
No (DL positioning)

	Network-based
	No
	Yes
	Yes
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Description automatically generated with low confidence]Note that the above joint SL-Uu positioning modes could be applicable to both partial and in-coverage scenarios. For example, for the in-coverage case, all UEs involved in the SL Positioning session are also in coverage, as shown in the figure below. In this case, clearly, it should be possible, all entities, both UE(s) and gNB(s), transmit positioning signals perform measurements, and then report those measurements to the entity performing the location determination. This could be the LMF for UE-assisted and network-based positioning, or it could be a UE, for UE-based positioning
Observation 7: In-coverage SL positioning corresponds to the scenario that all UEs involved in the SL positioning session are in coverage. 
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Description automatically generated with low confidence]For the partal coverage scenario, a subset of UEs can be in-coverage and the rest out-of-coverage, but still have a SL connection with one or more of the UEs that are in-coverage. 
Observation 8: Partial-coverage SL positioning corresponds to the scenario that at least one of the UEs involved in the SL positioning session are out-of-coverage, but have a SL connection to at least one UE that is connected to the network (relay UE). 
In the next table, we include some examples of scenarios of interest for the joint Uu/SL Positioning, along with a description of what could be a potential operation. 
	Target UE’s DL-PRS In-Coverage
	Target UE’s SRS In-Coverage
	Description
	Example Figure

	Yes
	Yes
	· SL UEs assisting the target UE’s positioning by providing additional “anchors”.
· Target UE is in-coverage, and performs DL-PRS measurements and/or SRS transmissions
· Target UE participates in a SL positioning session
· Network may be involved in providing SL assistance data, requesting SL measurements, providing resources for SL PRS. 
· UEs in the Positioning Session may provide back to the network a location report (either measurements or location)
	


	No
	No
	· SL UEs assisting the target UE’s positioning by providing additional “anchors”
· Target UE is only involved in a SL Positioning session and is not receiving DL-PRS or transmitting SRS.
· Network may be involved in providing SL assistance data, requesting SL measurements, providing resources for SL PRS. 
· UEs in the Positioning Session may provide back to the network a location report (either measurements or location)
	


	Yes
	No
	· Target UE is in UL-limited, with DL being in-coverage: UE can receive DL-PRS, but SRS transmission is limited. 
· SL UE(s) may perform measurements across DL-PRS received in DL and SL-PRS received in SL (RSTD across DL-PRS and SL-PRS), or UE Rx-Tx across DL-PRS Rx and SL-PRS Tx, and report those measurements. 
	




6 Sidelink Positioning Reference Signals
In the subsequent table we summarize a few main properties and characteristics of the DL PRS and SRS for Positioning from NR Rel-16 Uu positioning, together with a description on the main motivation that led to such a design. 
	NR Rel-16 Uu Main properties for DL PRS and SRS for Positioning
	Motivation/Purpose of the PHY-layer PRS Design

	Comb-based OFDM pattern with Gold sequences
	Time-domain wideband (FFT-based) Processing at the receiver. Enabling FDMing of PRS resources on the same OFDM symbols. 

	Frequency-domain Fully staggered
	Robust ToA search, avoid aliasing due to large cell size, timing and sync errors

	DL PRS band-specific but CC-agnostic
	Wideband PRS Transmission, independent of the communication procedures. MG-based processing to handle the need for any retuning.

	Intra-slot and Inter-slot repetition
	Combining gains, Rx beam Sweeping for FR2, Muting across repetitions within the same instance

	Multiple PRS resources per TRP
	Multiple Tx beams scenarios for FR1 and FR2

	SRS for Positioning within active UL BWP
	SRS configuration chosen by the serving gNB

	Neighboring TRP QCL, Pathloss reference
	Neighboring-cell-centric Beam and Tx Power determination



Many of the motivations above also apply to sidelink PRS design, for example wideband PRS transmission. Hence the PRS designs for DL/UL positioning could be used as a starting point. There is no need to introduce both DL-PRS and SRS for sidelink positioning. NR sidelink already supports reception and transmission of OFDM sequences, hence it is straightforward to use DL-PRS.
Proposal 6: Sidelink PRS to use DL-PRS as a starting point and enhance the design if necessary.
Sidelink introduces additional requirements on signaling, primarily AGC calibration and Rx-Tx/Tx-Rx turnaround times.
Transmissions in sidelink arrive from different devices at different distances, pathloss, and transmission power compared to only from the gNB in downlink. This necessitates that the UE recalibrate its AGC for every transmission. To support this, sidelink communications duplicate the first PSCCH/PSSCH symbol on the preceeding symbol as shown in Figure 1. PRS transmissions need to also accommodate AGC training at the receiver.
[image: ]
[bookmark: _Ref101960874]Figure 4: NR sidelink communications slot structure
Proposal 7: Sidelink PRS transmissions accommodate AGC training at the receiver and RAN1 to further study the details.
To accommodate the transition from transmission to reception mode and vice versa, NR sidelink physical layer structure leaves a gap symbol after the last PSSCH symbol in a sidelink transmission as illustrated in Figure 1. This Rx-Tx turnaround time must also be ensured when PRS transmissions are performed.
Proposal 8: Sidelink PRS transmission accommodate Rx-Tx turnaround time and RAN1 to further study the details.
In Rel-16, it was agreed that DL PRS is not FDMed with other signals and that there is no data/control transmission in the time-frequency grid of dedicated DL-PRS [2]:
	Agreement:
NR DL PRS design for FR1 and FR2 supports:
Configurable NR DL PRS signal bandwidth
· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Configurable NR DL PRS signal numerology (SCS)
· FFS configurability of CP for NR DL PRS
Configurable NR DL PRS frequency and time allocation
Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details
Dedicated NR DL PRS resources - time-frequency grid at resource block level 
· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded
· FFS interference randomization techniques across PRS signals
FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control
· FFS which physical channel/signals can share resources with NR DL PRS
· FFS interference randomization techniques for PRS transmission with other signals



Similar design should be use for SL-PRS to maintain measurement quality.
Proposal 9: There is no data/control transmission in time-frequency grid of SL PRS resources.
Proposal 10: FDM multiplexing with other signals at RE level inside of SL PRS time-frequency grid is precluded.
Proposal 11: Transmission of other SL signals and channels in the same OFDM symbol as SL PRS is precluded.
7 Sidelink Positioning Resource Allocation
There are two resource allocation schemes for NR sidelink: network-controlled resource allocation (Mode 1) and distributed, UE-autonomous resource allocation (Mode 2).
Similar principles would also apply to resource selection for SL-PRS transmissions. In a case analogous to Mode 1 RA, the network (LMF and/or gNB) selects the resources for SL-PRS and indicates them to the UE. In the other, the UEs autonomously select resources for SL-PRS. In out-of-coverage scenarios, there is no access to an LMF; however, a solution where higher layers indicate resource would share significant parts of the protocol with the LMF-based approach, reduce RAN1 work, and be better adapted for when UEs go in and out of coverage. Such a unified approach is highly desirable.
Proposal 12: The network indicates resources for SL-PRS and trigger or configure SL-PRS transmission for in-coverage UEs.
Proposal 13: Higher layers indicate resources for SL-PRS and trigger or configure SL-PRS transmission for out-of-coverage UEs.
In order for higher layers in out-of-coverage scenarios and the network for partial-coverage scenarios and in-coverage scenarios with UE autonous resource allocation to learn about resources availability for PRS, lower layers might need to report resources to be used by other UEs for SL-PRS transmission.
Observation 9: In some cases, lower layers might need to report resources to be used by other UEs for SL-PRS transmission to higher layers and/or network.
Next, we discuss where SL-PRS transmissions should take place. Following the Uu positioning design of not FDMing other signals and channels with DL-PRS, having SL-PRS not FDMed with other SL signals and channels would be facilitates by PRS-only resource pools. In such resource pools, only PRS transmisisons can take place, hence other channels and signals are precluded by default. As discussed earlier in this section, the triggering and scheduling of SL-PRS tranmissions in this resource pool would be triggered by higher layers, obviate the need for other signals.
Proposal 14: Support SL PRS-only resource pools where only SL-PRS transmissions can take place without other SL signals or channels.
8 Sidelink Positioning Measurements & Procedures
In this section we ll go over high layer directions with regards to sidelink positioning measurements and procedures. 
8.1 Sidelink Positioning Measurements 
As discussed in Section 3, at least SL-RTT and SL-AoA should be supported as positioning methods. To support these two methods, UE Rx-Tx time difference and AoA (including both azimuth and zenith angles) measurements are needed. RSTD and RSRP/RSRPP measurements are required to support TDoA and AoD methods, respectively. Table 1 summarizes these measurements.
[bookmark: _Ref101990877]Table 1: Measurements for different positioning/ranging methods
	Method
	Required measurements

	SL-RTT
	SL Rx-Tx time difference

	SL-AoA
	Azimuth of arrival and zenith of arrival.

	SL-TDoA
	SL-RSTD

	SL-AoD
	SL-RSRP, SL-RSRPP



Proposal 15: Support UE Rx-Tx time difference measurements derived on SL-PRS to enable SL-RTT ranging.
Proposal 16: Support angle of arrival (both azimuth and zenith angles) measurements to enable SL-AoA positioning.
Proposal 17: If SL-TDoA and SL-AoD are supported, introduce RSTD, RSRP, and RSRPP measurements.
8.2 Position calculation entity
In OoC, the SL location procedures should be such that enables configuring one of the UEs in a SL positioning session as the entity aggregating the measurements and employing a positioning engine for performing positioning/ranging operations.
Proposal 18: Study positioning procedures that enable the calculation entity being:
· in out-of-coverage scenarios, UE(s) involved in a SL Positioning session
· In partial-coverage/in-coverage scenarios, UE(s) involved in a SL positioning session or the LMF. 
8.3 Reporting of Sidelink Positioning Measurements
In NR Rel-16/17 Uu Positioning, as was the case for LTE positioning, the high-layer LPP protocol has been used for reporting location information within a common multi-technology, multi-positioning-method framework. LPP was created by 3GPP for enabling Control Plane based positioning on LTE. In NR Rel-16, it was extended to include NR Positioning.  
For the case of in-coverage joint Uu/SL positioning, it is natural to consider a UE being able to report measurements using a high-layer protocol, as it is the case for NR Uu Positioning. Introducing physical layer reports, or using a MAC layer for reporting sidelink measurement will not be a forward compatible solution as more features are incorporated in the future. For the case of out-of-coverage positioning, without network involvement, keeping the configuration and reporting of measurements at a high-layer would have similar advantages. 
Proposal 19: From RAN1 perspective, with regards to the SL positioning measurement report, use as a starting point  the assumption that a SL positioning report shall be a high-layer report. Up to RAN2 & SA2 working groups to identify and design the necessary architecture, signaling and protocols.
In addition to the basic measurements, at a minimum include in the report a time stamp, a quality metric, and a UE can be reported with the measurement results as in Release-16 and 17.

Proposal 20: Study information to be included in a sidelink positioning measurement report, in addition to the basic UE measurements, including at least the following: time stamp(s), quality metric(s), UE-ID(s), SL-PRS resource ID(s).
8.4 Power Control
In sidelink communications, there are methods for performing open-loop power control: sidelink-pathloss based poiwer control and downlink-pathloss based power control. The combination of the two is also supported and both can be disabled as well. Uu positioning supports open loop power control for SRS for positioning. Hence, we propose to also study power control and whether it should be applied for SL-PRS.
Proposal 21: RAN1 to study power control for SL-PRS, including whether it is necessary.
9 Conclusions
We make the following observations and proposals:
Observation 1: RTT between devices a well-known ranging method, which does not require accurate synchronization among different nodes and has been succefully employed by other connectivity technologies (e.g. WiFi, UWB) for ranging between devices. 
Observation 2: Device Angle of Arrival (AoA) is a positioning method used at a variety of D2D connectivity technologies (e.g. UWB, BT, WiFi) and has been successfully deployed in several occasions. 
Observation 3: Device Angle of Arrival (AoA) depends significantly on proprietary array configuration(s). 
Observation 4: SL-TDOA requires synchronization across the SL anchors in order to result into good positioning performance; a drawback that SL-RTT and SL-AoA methods do not have. Synchronization across SL anchors is simpler to achieve for fixed-location anchors.
Observation 5: Standarized methods of achieving synchronization amongst anchor UEs may need to be looked into in detail if SL-TDOA is considered to be specified.
Observation 6:  For devices with a limited number of Tx antennas, SL-RTT and SL-AoA are more stuitable and effective methods than the RSRP-based SL-AoD approach.
Observation 7: In-coverage SL positioning corresponds to the scenario that all UEs involved in the SL positioning session are in coverage. 
Observation 8: Partial-coverage SL positioning corresponds to the scenario that at least one of the UEs involved in the SL positioning session are out-of-coverage, but have a SL connection to at least one UE that is connected to the network (relay UE). 
Observation 9: In some cases, lower layers might need to report resources to be used by other UEs for SL-PRS transmission to higher layers and/or network.

Proposal 1: Support a SL-RTT positioning method, wherein at least 2 devices transmit and receive SL-PRS waveform(s) and perform SL Rx-Tx measurements. 
Proposal 2: Study both single-sided and double-sided SL-RTT methods.
Proposal 3: Support SL-AoA positioning method. 
Proposal 4: From RAN1 perspective, SL-only positioning corresponds to a positioning mode wherein all the UEs performs SL positioning/ranging measurements and location/range is computed using measurements derived on SL without network involvement.
Proposal 5: From RAN1 perspective, joint SL/Uu positioning corresponds to a positioning mode wherein at least one of the UEs performs SL positioning/ranging measurements and location/range is computed using measurements derived on both SL and Uu. 
Proposal 6: Sidelink PRS to use DL-PRS as a starting point and enhance the design if necessary.
Proposal 7: Sidelink PRS transmissions accommodate AGC training at the receiver and RAN1 to further study the details.
Proposal 8: Sidelink PRS transmission accommodate Rx-Tx turnaround time and RAN1 to further study the details.
Proposal 9: There is no data/control transmission in time-frequency grid of SL PRS resources.
Proposal 10: FDM multiplexing with other signals at RE level inside of SL PRS time-frequency grid is precluded.
Proposal 11: Transmission of other SL signals and channels in the same OFDM symbol as SL PRS is precluded.
Proposal 12: The network indicates resources for SL-PRS and trigger or configure SL-PRS transmission for in-coverage UEs.
Proposal 13: Higher layers indicate resources for SL-PRS and trigger or configure SL-PRS transmission for out-of-coverage UEs.
Proposal 14: Support SL PRS-only resource pools where only SL-PRS transmissions can take place without other SL signals or channels.
Proposal 15: Support UE Rx-Tx time difference measurements derived on SL-PRS to enable SL-RTT ranging.
Proposal 16: Support angle of arrival (both azimuth and zenith angles) measurements to enable SL-AoA positioning.
Proposal 17: If SL-TDoA and SL-AoD are supported, introduce RSTD, RSRP, and RSRPP measurements.
Proposal 18: Study positioning procedures that enable the calculation entity being:
· In out-of-coverage scenarios, UE(s) involved in a SL Positioning session
· In partial-coverage/in-coverage scenarios, UE(s) involved in a SL positioning session or the LMF. 
Proposal 19: From RAN1 perspective, with regards to the SL positioning measurement report, use as a starting point  the assumption that a SL positioning report shall be a high-layer report. Up to RAN2 & SA2 working groups to identify and design the necessary architecture, signaling and protocols.
Proposal 20: Study information to be included in a sidelink positioning measurement report, in addition to the basic UE measurements, including at least the following: time stamp(s), quality metric(s), UE-ID(s), SL-PRS resource ID(s).
Proposal 21: RAN1 to study power control for SL-PRS, including whether it is necessary.
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