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Introduction
The Rel-18 NR expanded and improved positioning WID was agreed upon during the RAN#98-e [1] meeting, where one of the objectives included the measurement and associated reporting procedures for SL positioning as highlighted below:
	The specific objectives of this work item are:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


This contribution provides a detailed discussion into the measurement and reporting procedures in order to support SL Positioning.
SL Positioning Techniques
The following SL positioning methods and associated measurements were studied and concluded in TR 38.859 during the study phase [2]:
	TR 38.859 SL Positioning Techniques and Measurement Outcomes
As part of the study on potential solutions for sidelink positioning, at least the following positioning methods using SL measurements are identified for possible introduction:
-	RTT-type solutions using SL
-	This includes single-sided (also known as one-way) RTT and double-sided (also known as two-way) RTT
-	May include RTT with one or multiple devices.
-	Strive to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT.
-	NOTE: a UE should be able to support single-sided RTT without having to support double-sided RTT.
-	SL-AoA
-	This includes both Azimuth of Arrival (AoA) and Zenith of Arrival (ZoA) in the study
-	SL-TDOA
-	For SL-only positioning, at least for the purpose of absolute positioning estimation of a target UE, SL-TDOA corresponds to a method wherein SL PRS are transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e., UL-TDOA-like operation).
-	Based on the study, it was agreed that both DL-TDOA-like operation and UL-TDOA-like operation should be introduced.
-	A UE is not required to support both DL-TDOA-like operation and UL-TDOA-like operation.
-	SL-AoD
-	SL-AoD is deprioritized against the other methods listed above for possible introduction.
Note that the above identification of methods does not necessarily imply their specification as separate methods nor specification of a unified positioning method for sidelink.
For the study of different positioning methods, the following aspects are considered:
-	Definition(s) of the corresponding SL measurements for each method
-	Applicability of different positioning methods to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed 
-	For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
-	Per-panel location, if UE uses multiple panels 
-	UE's mobility, especially for V2X scenarios
-	Impact of synchronization error(s) between UEs
-	Existing SL measurements (e.g., RSSI, RSRP), and UE ID information etc, may be used.
With regards to the sidelink positioning measurement report, the following aspects are included as part of the study:
-	Contents of the measurement report, that may include:
-	One or more sidelink positioning measurement(s)
-	Timestamp(s) associated with a sidelink positioning measurement 
-	Quality metric(s) associated with a sidelink positioning measurement 
-	Identification Information for a sidelink positioning measurement
-	Time domain behavior of the measurement report (e.g., one-shot, triggered, aperiodic, semi-persistent, periodic).
Whether sidelink positioning measurements can be higher-layer report and/or a lower-layer report is considered in the study.
With regards to the Positioning methods supported using SL PRS measurements at least the following measurements are agreed to be introduced:
-	SL Rx-Tx time difference measurement
-	SL RSTD measurement
-	SL RSRP measurement
-	SL RSRPP measurement 
-	SL RTOA measurement
-	SL Azimuth angle of Arrival (AoA) and SL Zenith angle of Arrival (ZoA) measurement.



The potential SL positioning techniques should be able to support different scenarios, especially given that anchor nodes may have a known or unknown location and the distributed nature of SL communications. The SL RAT-dependent positioning techniques to be supported in Rel-18 may be summarized as follows:
· SL timing-based positioning methods 
· SL-TDoA 
· SL-RTT type solutions
· SL angular-based positioning methods
· SL-AoA
SL-TDoA
RSTD and RTOA Measurements
NR DL-TDoA and UL-TDOA has already been employed since Rel-16 on the Uu-interface and usually requires at least 3 or more anchor nodes (including a reference node) and can be easily extended to support SL absolute positioning of the target-UE. The anchor nodes may comprise of RSUs with known fixed locations and are usually deployed alongside a highway or at traffic intersections in the context of V2X scenarios. Another approach would be to utilise static UEs with fixed known locations to perform SL-TDoA.  Some challenges include achieving the tight synchronisation requirements among RSUs and UEs as well as localizing highly mobile UEs. An additional challenge would involve the mobility of anchor nodes along with the target UE. Therefore, enhancements in terms transferring of synchronization-related information and associated mitigation need to be considered.
SL-TDoA has been agreed to be introduced by supporting both DL-TDOA-like and UL-TDOA-like operations. In order to avoid inefficient signalling, the DL-TDoA-like and UL-TDoA-like operation can be jointly utilised to measure the absolute position of the UE. In this manner the RSTD and RTOA measurements can be both leveraged within a single SL positioning session. Key issues such as procedures for coordinating such a combined TDoA method need to be further considered.
Proposal 1: SL-TDOA can exploit both SL-RSTD and SL-RTOA measurements within a single SL positioning session.
Furthermore, during the study phase, the SL RSTD and RTOA measurements were agreed upon. For the DL-TDOA-like operation of SL-TDoA, the SL reference signal time difference measurements (RSTD) between a reference anchor UE/node and another anchor UE/node needs to be considered. In other words, a reference anchor node should be selected with respect to of available SL anchor UE/s/nodes in order successfully measure the SL RSTD. 
Proposal 2: In the case of DL-TDOA-like operation of SL-TDOA, RAN1 to at least introduce the support for a reference anchor UEs for performing SL RSTD measurements.
In addition, support is required for signalling the relative time differences (RTD) between a reference anchor UE/node and the other respective anchor UEs/nodes. Such information will assist in the correction of any synchronization errors, e.g., real-time differences arising from the transmission of SL-PRS from the different anchor nodes. Traditional SL makes of the synchronisation source selection in order transmit/receive over the SL and examples of such sources includes GNSS, gNB and UE-based sources. The type of positioning technique may influence the synchronization source selection, especially in the case of SL-TDOA, where the anchors would ideally need to select the same synchronisation source.

Proposal 3: RAN1 to support synchronization error compensation based on SL synchronisation source selection. FFS the details for synchronization error compensation e.g., sharing of RTD information between anchors, SL synchronisation source selection, etc.
In order to enable accurate measurement of the SL RSTD measurement, it is beneficial that the UE be configured with a search window or time interval in order to expect the SL RSTD measurement. Although, this requires a prior approximate location of the UE, this could serve as important assistance information for the UE measurement. This similar concept may be applied to the measurement of SL RTOA measurements.
Proposal 4: RAN1 to support SL RSTD and SL RTOA expected search windows for enabling accurate SL RSTD and SL RTOA measurements.
SL-TDoA Reporting
The content of the reporting may vary depending on the entity/UE receiving the measurements and performing the results calculation. The measurement report should generally comprise of the RSTD or RTOA measurements performed, an associated measurement ID to unambiguously identify the measurement, the UE/entity which performed the measurement and the time at which these measurements were made and the quality of the RSTD/RTOA measurements.
Proposal 5: At least support the following content for the SL RSTD/SL RTOA measurement report:
· An associated measurement ID to unambiguously identify the measurement, e.g., based on SL PRS resource IDs
· UE/entity which performed the measurement, e.g., UE-ID, source-ID, Destination-ID 
· Timestamp of measurement 
· RSTD/RTOA measurement quality
SL-RTT
Multi-cell Round trip time (Multi-RTT) has also been supported on the Uu interface since Rel-16 to perform position estimation using the round trip signal time measurements at the gNB (using gNB Rx-Tx time difference measurements) and at the UE (using UE Rx-Tx time difference measurements). RTT requires at least one anchor or non-anchor to determine its absolute or relative location estimate, and the positioning performance is enhanced as more nodes are involved or in cases where additional SL-PRS is transmitted, e.g., Double-sided SL-RTT. In the case of SL positioning, two variants of RTT are envisioned to be supported including single-sided and double-sided SL-RTT and are described below. 
Observation 1: RTT requires at least one anchor or non-anchor node for absolute/relative location estimation.
Single-sided (SS) SL-RTT Measurements
The single-sided (one-way) RTT method is similar in principle to the Multi-RTT technique whereby an initiator UE or multiple initiator UEs transmit SL PRS signal(s) and the responder UE transmits a reply signal, which may include a corresponding SL PRS transmission, and thereafter the responder UE performs the single-sided RTT measurement considering the receive and transmit timing of the SL PRS. The overall procedure is illustrated in Figure 1. The signal propagation time between a pair of UEs is used to derive the distance/range between the devices as a function of the UE-1 Ranging Round Duration (A) and UE-2 Reply Time Duration (B) (which is similar to the UE Rx-Tx time difference measurement), where ε is sum of the absolute clock frequency offset errors, each independently measured at the Initiator and Responder UE. This can be calculated as follows:
,
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[bookmark: _Ref100857741]Figure 1: Single-sided SL-RTT procedure
It can be noted that the propagation delay computation between two SL UEs is also dependent on timing errors such as clock offset at each UE, which require compensation for an accurate range estimate. The performance can potentially degrade due to lack of clock synchronization at either Initiator or Responder UE.
Observation 2: SS SL-RTT is susceptible to UE clock offset errors at the Initiator and Responder UE.
Double-sided (DS) SL-RTT Measurements
The double-sided (two-way) RTT method draws from the same principles of one-way RTT but can eliminate the effects of the clock offset errors via the introduction of 2nd stage RTT round as noted in Figure 2. This method is essentially a two-stage RTT procedure where the TX-UE of the 1st phase is the Initiator UE and the TX-UE of the 2nd phase is the Responder UE. This brings about an improved distance/ranging estimate between the pair of UEs and provides robust timing measurements in the presence of uncompensated clock offsets, which is an issue for the SS SL-RTT method. This ranging method can also operate based asymmetric reply times, depending on the SL traffic and SL resource availability. 
The signal propagation time (Tpropagation-delay) can be used to derive the range between the Initiator-UE and Responder-UE as a function of the TX-Device RTT Round Durations (A and D) and RX-Device Reply Time Durations (B and C) and is represented as follows:
,
The independent clocks at the Initiator and Responder UEs can be assumed to run at a factor of δ1 and δ2 , respectively with respect to an ideal/master clock, which is assumed to be constant over the course of the two-way SL-RTT exchange and has been taken into account. 
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[bookmark: _Ref100918049]Figure 2: Double-sided SL-RTT procedure
Observation 3: DS SL-RTT can compensate for UE clock offsets at both Initiator and Responder UEs.
Figure 3 shows the performance gains of double-sided SL-RTT over single SL-RTT for the highway case (with UEs dropped with minimum and maximum distance of 50 m and 100 m from an UE-type RSU, respectively, excluding the effect of clock drifts and at a bandwidth of 100MHz), where the clock offset can be inherently mitigated via the timing information obtained at the various stages of the double-sided RTT. The DS SL-RTT shows a performance gain of approximately 32% at the 90th percentile as noted in Figure 3.
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[bookmark: _Ref118709009]Figure 3: Performance comparison of Double-sided vs Single-sided SL-RTT
Observation 4: DS SL-RTT shows a performance gain of approximately 32% over the single-sided SL-RTT for the unstaggered highway case.
In addition, single-sided and double-sided RTT may be performed using a pair of UEs or by performing RTT with multiple other UEs, such that the absolute positioning accuracy is improved. This enhances the degree of flexibility of the RTT technique.
Proposal 6: RAN1 to further support single-sided or double-sided multi-UE or multi-node RTT.

Another remaining issue was the SL-PRS transmission order applicable to double-sided RTT. The double-sided RTT can re-use the framework of the agreed UE Rx-Tx time difference measurements by combining measurements from both the Responder UE and Initiator UE perspective. As noted in Figure 2, further discussion is required on how to re-use the UE Rx-Tx time difference measurement when the SL PRS transmission order is not fixed. Therefore, it is recommended to restrict the transmission order of SL-PRS in order re-use the definition of the UE Rx-Tx time difference measurement.

Proposal 7: In terms of the SL UE Rx-Tx time difference measurement definition, the order of SL-PRS transmission for double-sided RTT is restricted. FFS whether to create an another or same definition when the order SL PRS transmission is not restricted.

The specification impacts of double-sided RTT are minimal when compared to the single-sided RTT, aside from the additional reception procedures for the additional SL-PRS transmitted from the 2nd round of RTT and specification of the operation of double-sided RTT (which is an extension of single-sided RTT), no major specification impacts are identified for DS SL-RTT. In addition, the UE Rx-Tx time difference measurement may be re-used without the need for defining additional/new measurements for SL-RTT. As noted in Figure 2, the UE Rx-Tx time difference measurement may be re-used for double-sided SL-RTT, with the difference that double-sided RTT makes use of an extra UE Rx-Tx time difference measurement.

Proposal 8: Reuse the UE Rx-Tx time difference measurement for single-sided and double-sided RTT.
SL-RTT Reporting
The content of the reporting may vary depending on the entity/UE receiving the measurements and performing the results calculation. The measurement report should generally comprise of the UE Rx-Tx time difference measurements, an associated measurement ID to unambiguously identify the measurement, the UE/entity which performed the measurement and the time at which these measurements were made and the quality of the UE Rx-Tx time difference measurements.
Proposal 9: At least support the following content for the SL UE Rx-Tx time difference measurement report:
· An associated measurement ID to unambiguously identify the measurement, e.g., based on SL PRS resource IDs
· UE/entity which performed the measurement, e.g., UE-ID, source-ID, Destination-ID 
· Timestamp of measurement 
· UE Rx-Tx time difference measurement quality
SL-AoA
SL-AoA Measurements
In addition to timing-based methods, angular-based methods can also provide a good complement to absolute and relative location performance,. The angular-based methods are especially benefical for determining relative direction/orientation of one UE with respect to another UE. 
SL-Angle-of-Arrival requires that the SL transmitting node(s) be at least equipped with a single antenna, whereas the responder/target-UE should have at least a multi-antenna implementation. The relative AoA and range with respect to each of the SL transmitting node(s) can be determined by the target-UE by measuring the AoA phase difference at each antenna element as seen in Figure 4. In this the case, SL transmitting node(s) can comprise of anchor or non-anchor nodes.
Observation 5: In the case of SL-AoA, anchor node(s) (with/without known location) may be employed to determine the relative range and relative AoA with respect to the target-UE.
SL-AoA may be defined in terms of the azimuth and zenith (vertical) of UE with respect to a reference direction. The reference direction/axes may include either LCS or GCS coordinate systems. LCS information may require translation to the GCS in order to share such measurements with other UEs/nodes. The location of translation function may depend on where capability of the measuring UE and/or UE/node that receives such information. The translation function can assist in processing the AoAs using a global reference.
Proposal 10: SL-AoA(s) are measured in terms of the LCS and may be translated to GCS depending on the location of the translation function, e.g., at the target-UE or anchor UE. 
Additional assistance information by SL-AoA measurement UE, e.g., target-UE or anchor UE can be used to improve the accuracy of SL-AoA measurements. This information may include expected SL-AoA ranges based on a priori location information as well as per path indications to support enhanced SL-AoA measurements in the presence of multipath. 
Proposal 11: Support assistance information for improving the accuracy of SL-AoA, e.g., expected SL-AoA ranges, SL-AoA path indications.
SL-AoA Reporting
The content of the reporting may vary depending on the entity/UE receiving the measurements and performing the results calculation. The measurement report should generally comprise of the SL Azimuth and Zenith Angle-of-Arrival measurements, an associated measurement ID to unambiguously identify the measurement, the UE/entity which performed the measurement and the time at which these measurements were made and the quality of the UE Rx-Tx time difference measurements.
Proposal 12: At least support the following content for the SL-AoA including A-AoA and Z-AoA measurement report:
· AoAs in LCS or GCS, if reported in LCS then the translation angles, e.g., bearing, tilt and slant angles need to also be reported
· An associated measurement ID to unambiguously identify the measurement, e.g., based on SL PRS resource IDs
· UE/entity which performed the measurement, e.g., UE-ID, source-ID, Destination-ID 
· Timestamp of measurement 
· AoA measurement quality metrics 
SL Common Measurement, Processing and Reporting
SL positioning measurements can be performed by the target-UE in a similar fashion to the current Uu positioning framework. The target-UE is usually configured separately to report certain measurements based on the positioning method and can also be extended to the SL positioning framework. RAN2 has further agreed in the following functionality for the SLPP positioning protocol:
	TR 38.859 SL Positioning Messaging Functionality
SLPP is introduced to support at least the following functionalities:
-	SL Positioning Capability Transfer
-	SL Positioning Assistance Data exchange
-	SL Location Information Transfer
-	Error handling
-    Abort


This follows a similar positioning framework as the Uu interface. It is therefore straightforward to perform measurement configuration and reporting via the Location Information transfer message. The location information transfer can transfer the supported SL positioning measurements and in cases where the absolute/relative position has ben computed, the resulting location information. In addition, these measurements and location information can be requested and reported per positioning method.
Proposal 13: SL Location Information transfer message may be used to request and transfer SL positioning measurements and location information and requested/reported per SL positioning method. Send LS to RAN2.
Figure 5 is a general conceptual view of the measurement, processing and reporting flow for SL positioning.
[image: ]
[bookmark: _Ref101020556]Figure 5: Measurement, processing and reporting flow for SL positioning 
A portion of the time has to also be dedicated for processing the SL PRS measurements depending on different UE capability types. The measurement UE may indicate to the configuration entity, the duration of SL PRS symbols N in units of ms that it may process every T ms assuming a maximum SL PRS bandwidth. The type of capabilities can affect the amount of SL PRS resources, a UE can process in a given time as well as the latency of processing the SL PRS. The configuration entity may then configure a set of SL PRS resources based on the SL PRS processing capabilities of the UE.
Proposal 14: RAN1 to consider different SL PRS processing capabilities depending on the UE-type.
Another key issue is the prioritization of SL positioning measurements depending on the transmitting entity/node, e.g., anchor-UEs, initiator-UE, responder -UE or others UEs, which are deemed mobile or static. It is assumed that the transmitted SL-PRS originates from nodes known to be generally mobile (depending on the class of mobility, e.g., low speeds/high speeds), even though there can be fixed SL transmitters such as roadside units (RSU) or UEs that are temporarily stationary. Given the distributed nature of SL, there may be a host of candidate nodes available for selection by a SL measurement UE. There is a therefore a need to prioritize SL-PRS measurements that originate from a SL-PRS transmitter whose position is well known with good accuracy/confidence interval/good reliability.
Proposal 15: RAN1 to further study the prioritization of SL positioning measurements depending on the known position and accuracy of the transmitting SL UE.
The SL Positioning framework should also be capable of supporting different types of reporting of both SL positioning measurements and absolute/relative location estimate. RAN2 has already agreed during the RAN2#119-bis-e meeting, that the new potential SL positioning layer comprises functionality to perform location information exchange, which may include measurement reporting and location estimate exchange. Table 2 shows the various reporting types depending on the reporting configuration.
[bookmark: _Ref101255069]Table 2: Types of SL Positioning Reporting
	SL Positioning Reporting Types
	Overview

	One-shot
	· The UE/device performing measurements may report to the positioning calculation entity in a one-shot manner to support immediate reporting.
· The UE (positioning calculation) entity may report the absolute/relative location estimate to the requesting node/network entity, e.g., UE, LMF, etc.

	Triggered
	· The UE/device performing measurements may report to the positioning calculation entity based on defined event-based criteria, e.g., based on a location change/cell change.
· The UE/device performing measurements may report to the positioning calculation entity upon trigger of a configured event.

	Periodic
	· The UE/device may provide periodic positioning measurement or location estimate reports with the same time interval between two consecutive reports.


  
Proposal 16: Support different SL Positioning reporting types including one-shot, triggered (event-based) and periodic reports, where such reports may be based on higher-layer signalling. 
Joint Uu and SL Positioning Measurements
In order to support Hybrid positioning model using both Uu and SL interfaces, it also necessary to discuss the relationship of the Uu PFL with SL PRS resource pool in order to efficiently process and measure both Uu and SL PRS. A UE supporting both legacy LPP positioning (Uu positioning) and SL positioning may perform joint Uu and SL PRS measurement and processing depending on the time instance in which both the Uu and SL measurements are available for measurement and processing. The goal would be to minimize the time required to perform existing Uu and new SL positioning measurements, in order to report or utilise the measurements in hybrid manner for positioning calculation.
Proposal 17: RAN1 to discuss the relationship between Uu PRS and SL PRS configuration and associated measurements for Uu and SL hybrid positioning. FFS whether such measurements are performed in a joint manner or separately measured and how these measurements are utilised.
SL Positioning Reference Units UEs
The positioning reference unit (PRU) with a known fixed location has been extensively discussed Rel-17 Uu positioning to assist in improving the accuracy of the location estimate, especially for timing-based positioning methods. However, due to lack of time and consensus among WGs, this feature was not further specified aside from PRU UE definition in TS38.305.
In the context of SL and considering the challenges in achieving stable location accuracy performance for multiple mobile (mobile) nodes, the SL PRU can be considered to help mitigate timing clock/offsets errors using reference measurements from a fixed known location, e.g., an RSU may act as a PRU. This achieved via compensating the pseudo-range errors arising from the Rx/Tx timing delays from the transmitting and receiving UEs. UEs may be more prone to clock drifts at the transmitter and receiver end depending on the hardware implementations.
Observation 6: Transmitter and receiving UEs may be susceptible to Tx/Rx errors impacting positioning performance due to uncompensated clocks based on different hardware implementations.
The positioning calculation entity (e.g., UE or network node) can exploit the PRU’s known precise location to compensate for timing-based errors such as delays embedded within the received measurements by applying (double) differential computations. This is similar in concept to the reference stations employed by GNSS systems to compensate for pseudo-range errors by the GNSS receivers by exploiting the fact that receivers in the same general area, e.g., within a few hundred km between the receivers, experience the same atmospheric impairments.  The actual known precise location of the reference stations is therefore an important pre-requisite.
Due to the distributed nature of SL and the type of environment, many of the pair of UEs may not have a good quality link, e.g., LOS, in order to perform accurate ranging. In such cases, such scenarios may require cooperation with respect to an assistance UE, in order to facilitate the ranging process. In another example, network assistance UEs, may also facilitate a SL positioning/ranging session between an in-coverage and out-of-coverage UE.
Proposal 18: RAN1 to further discuss the support of SL PRUs in SL positioning/ranging procedures.
Conclusion
The following observations regarding potential SL positioning solutions have been noted as part of the discussion:
Observation 1: RTT requires at least one anchor or non-anchor node for absolute/relative location estimation.
Observation 2: SS SL-RTT is susceptible to UE clock offset errors at the Initiator and Responder UE.
Observation 3: DS SL-RTT can compensate for UE clock offsets at both Initiator and Responder UEs.
Observation 4: DS SL-RTT shows a performance gain of approximately 32% over the single-sided SL-RTT for the unstaggered highway case.
Observation 5: In the case of SL-AoA, anchor node(s) (with/without known location) may be employed to determine the relative range and relative AoA with respect to the target-UE.
Observation 6: Transmitter and receiving UEs may be susceptible to Tx/Rx errors impacting positioning performance due to uncompensated clocks based on different hardware implementations.
The proposals relating to the SL Positioning framework are summarized as follows:
Proposal 1: SL-TDOA can exploit both SL-RSTD and SL-RTOA measurements within a single SL positioning session.

Proposal 2: In the case of DL-TDOA-like operation of SL-TDOA, RAN1 to at least introduce the support for a reference anchor UEs for performing SL RSTD measurements.

Proposal 3: RAN1 to support synchronization error compensation based on SL synchronisation source selection. FFS the details for synchronization error compensation e.g., sharing of RTD information between anchors, SL synchronisation source selection, etc.

Proposal 4: RAN1 to support SL RSTD and SL RTOA expected search windows for enabling accurate SL RSTD and SL RTOA measurements.

Proposal 5: At least support the following content for the SL RSTD/SL RTOA measurement report:
· An associated measurement ID to unambiguously identify the measurement, e.g., based on SL PRS resource IDs
· UE/entity which performed the measurement, e.g., UE-ID, source-ID, Destination-ID 
· Timestamp of measurement 
· RSTD/RTOA measurement quality 

Proposal 6: RAN1 to further support single-sided or double-sided multi-UE or multi-node RTT.

Proposal 7: In terms of the SL UE Rx-Tx time difference measurement definition, the order of SL-PRS transmission for double-sided RTT is restricted. FFS whether to create an another or same definition when the order SL PRS transmission is not restricted.

Proposal 8: Reuse the UE Rx-Tx time difference measurement for single-sided and double-sided RTT.
Proposal 9: At least support the following content for the SL UE Rx-Tx time difference measurement report:
· An associated measurement ID to unambiguously identify the measurement, e.g., based on SL PRS resource IDs
· UE/entity which performed the measurement, e.g., UE-ID, source-ID, Destination-ID 
· Timestamp of measurement 
· UE Rx-Tx time difference measurement quality

Proposal 10: SL-AoA(s) are measured in terms of the LCS and may be translated to GCS depending on the location of the translation function, e.g., at the target-UE or anchor UE.

Proposal 11: Support assistance information for improving the accuracy of SL-AoA, e.g., expected SL-AoA ranges, SL-AoA path indications.
Proposal 12: At least support the following content for the SL-AoA including A-AoA and Z-AoA measurement report:
· AoAs in LCS or GCS, if reported in LCS then the translation angles, e.g., bearing, tilt and slant angles need to also be reported
· An associated measurement ID to unambiguously identify the measurement, e.g., based on SL PRS resource IDs
· UE/entity which performed the measurement, e.g., UE-ID, source-ID, Destination-ID 
· Timestamp of measurement 
· AoA measurement quality metrics

Proposal 13: SL Location Information transfer message may be used to request and transfer SL positioning measurements and location information and requested/reported per SL positioning method. Send LS to RAN2.

Proposal 14: RAN1 to consider different SL PRS processing capabilities depending on the UE-type.

Proposal 15: RAN1 to further study the prioritization of SL positioning measurements depending on the known position and accuracy of the transmitting SL UE.

Proposal 16: Support different SL Positioning reporting types including one-shot, triggered (event-based) and periodic reports, where such reports may be based on higher-layer signalling.
Proposal 17: RAN1 to discuss the relationship between Uu PRS and SL PRS configuration and associated measurements for Uu and SL hybrid positioning. FFS whether such measurements are performed in a joint manner or separately measured and how these measurements are utilised.
Proposal 18: RAN1 to further discuss the support of SL PRUs in SL positioning/ranging procedures.
References
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