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Introduction
In RAN#98 meeting, a new work item on expanded and improved NR positioning was approved [1]. Objectives related to SL positioning are shown in the following:
· 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].
In this contribution, we provide our views on measurements and reporting to support RTT-type solutions using SL, SL-AoA, and SL-TDOA.

Measurements for SL positioning
The following agreements were achieved in RAN1#110bis and RAN1#111 related to sidelink positioning measurements [2][3]:
	Agreement
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements should be introduced:
· SL-PRS based Rx-Tx measurement
· SL-PRS based RSTD measurement
· SL-PRS based RSRP measurement
· SL-PRS based RSRPP measurement
· SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement

Agreement
For SL-TDOA, 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

Agreement
With regards to the RTT-type solutions using SL, both single-sided and double-sided RTT methods should be introduced
· 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

Agreement
For the study of SL-AoA positioning method, 
· Both SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement should be included 
· FFS: Definition of the measurements
· Study further whether other measurements can be applicable
· Study further the frame of reference (LCS or GCS)



RTT-type solutions using SL
RTT-type solutions using SL include single-sided RTT and double-sided RTT. From the perspective of supporting both relative positioning and absolute positioning, RTT-type solutions include RTT with one or multiple devices. In Rel-16, multi-RTT has been introduced for positioning in NR Uu interface, and the corresponding measurements, (i.e. gNB Rx-Tx time difference and UE Rx-Tx time difference), are specified. The SL Rx-Tx measurement can be defined similar to the definitions of gNB Rx-Tx time difference/UE Rx-Tx time difference. For example, the SL Rx-Tx time difference (denoted by  shown in Figure 1) can be defined as TUE-RX – TUE-TX, where TUE-RX is the received timing of subframe #i containing SL PRS, defined by the first detected path in time; TUE-TX is the transmit timing of subframe #j that is closest in time to the subframe #i received from the UE. In the case of in coverage,  may also be reported to LMF, the same definition could be applied.
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Figure 1: Single-sided RTT

Proposal 1: The SL Rx-Tx time difference for single-sided RTT can be defined similar to the definitions of gNB Rx-Tx time difference/UE Rx-Tx time difference.

Double-sided RTT is beneficial to deal with clock drift of each device itself. The typical double-sided RTT is illustrated by Figure 2, where a second RTT round (i.e. TroundB and TreplyB) is additionally introduced. The propagation time between target UE and anchor UE can be calculated by

In the above equation, from anchor UE perspective, both TreplyA and TroundB should be defined as SL Rx-Tx measurements and then reported. The above definition works for one-to-one mapping between TUE-RX and TUE-TX. That is, for one TUE-RX, it can uniquely determine one TUE-TX. For double-sided RTT, one UE (e,g, Anchor UE in Figure 2) has two Rx times but one Tx time. The two Rx times have to be mapped to the same Tx time. However, if the above definition is reused without change, it is possible that the two Rx times could not be mapped to the same Tx time. This issue needs to be considered for the definition of SL Rx-Tx time difference. In our opinion, the issue can be addressed by determining the transmit timing TUE-TX in a Rx-Tx time difference based on the subframe where the SL PRS is transmitted. Namely, the SL Rx-Tx time difference can be defined as TUE-RX – TUE-TX, where TUE-RX is the received timing of subframe #i containing SL PRS, defined by the first detected path in time; TUE-TX is the transmit timing of subframe #j containing SL PRS that is closest in time to the subframe #i received from the UE. In the case of in coverage, TroundA and TreplyB also have to be reported to LMF. For target UE, it has one Rx time but two Tx times. It would be problematic if only the closest Tx subframe to the Rx subframe is used in the definition. One possible solution is to extend the closest subframe to the first closest and the second closest subframes. 
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Figure 2: Typical double-sided RTT

Proposal 2: For double-sided RTT, SL Rx-Tx time difference should be defined based on the subframes (both Tx and Rx subframes) containing SL PRS.

For typical double-sided RTT, the transmission order between UEs is fixed. Taking Figure 2 as an example, anchor UE has to transmit SL-PRS between the two SL-PRS transmitted by target UE. However, the fixed transmission order would cause limitations on SL PRS resource allocation and enlarge positioning latency. A flexible transmission order is desirable to avoid these issues. Figure 3 shows an example of general double-sided RTT without transmission order restriction, where target UE transmits two SL-PRS first and then receives one SL-PRS from the anchor UE. From the measurement definition perspective, to be aligned with typical double-sided RTT, each SL Rx-Tx measurement could be defined as one reception of SL-PRS and the transmission of SL-PRS (e.g. TreplyA and TreplyB in Figure 3). 
Proposal 3: Double-sided RTT without transmission order restriction could also be supported in Rel-18 SL positioning.
Proposal 4: For double-sided RTT without transmission order restriction, each SL Rx-Tx measurement could be defined as one reception of SL-PRS and the transmission of SL-PRS, in order to be aligned with typical double-sided RTT.
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Figure 3: General double-sided RTT without transmission order restriction

SL-AoA
UL-AoA is specified as one of positioning methods in Rel-16 for Uu interface. For sidelink positioning, angle measurements such as sidelink azimuth of arrival (SL AoA) and sidelink zenith of arrival (SL ZoA) measurements are also key information for calculating the location of target UE. Therefore, we need to introduce a new definition of SL AoA\ZoA measurements for sidelink positioning. 
SL Angle of Arrival (SL AoA) should be defined as the estimated azimuth angle and zenith angle of the signal direction from a Tx UE to a Rx UE with respect to a reference direction as shown in Figure 4. The reference direction can be defined in Global coordinate system (GCS) or local coordinate system (LCS). It’s worth noting that a UE may have multiple Tx/Rx antennas (or Tx/Rx antenna panels) and these Tx/Rx antenna panels may be located in different places, e.g., in V2X applications. In these cases, the SL AoAs can be significantly different for different multiple Tx/Rx antennas. Thus, each SL AoA may be associated with a pair of Tx and Rx antennas of two SL-UEs.


 
Figure 4: Illustration for SL AoA

Proposal 5: SL Angle of Arrival (SL AoA) should be defined as the estimated azimuth angle and zenith angle of a Rx UE with respect to a reference direction.
Proposal 6: SL AoA may be determined at a Rx SL-UE antenna for an SL-PRS corresponding to a Tx SL-UE antenna.
SL-TDOA

In RAN1#110bis-e, SL RSTD and SL RTOA were agreed to be considered as the SL-TDOA measurements. A target UE obtains the SL RSTD measurements by measuring the SL-PRS signals from multiple anchor UEs. Similar to the RSTD definition in NR Uu interface, a SL RSTD should be defined as the subframe timing difference of two anchor UEs, which is measured by a target UE.


Figure 5: Target UE receives SL-PRS from anchor UEs

Proposal 7: A SL RSTD is defined as the subframe timing time difference of two anchor UEs.
In SL positioning scenario based on RTOA measurement, the target UE sends SL-PRS signal, which is measured by different anchor UEs to obtain RTOA measurements. Similar the definition of UL RTOA in NR Uu interface, SL-PRS RTOA should be defined as the relative time between the start time of the subframe of the SL PRS resource received by an anchor UE and the reference time configured on the network side.



Figure 6: Target UE transmits SL-PRS to anchor UEs

Proposal 8: SL RTOA is defined as the relative time between the start time of the subframe of the SL PRS resource received by an anchor UE and the reference time configured on the network side.

Received power related measurement
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Received power related measurements are used for DL-AoD and E-CID positioning method since Rel-16,  which include DL PRS-RSRP, DL PRS-RSRPP, UL SRS-RSRP and UL SRS-RSRPP. The same definitions for these measurements should be reused in sidelink positioning. For example, SL PRS reference signal received power (SL PRS-RSRP) should be defined as the linear average over the power contributions of the resource elements that carry SL PRS reference signals configured for SL RSRP measurements within the considered measurement frequency bandwidth. The measurement should be used to judge the strength of SL-PRS signal power to further judge the reliability of the measurement quantity.
SL PRS reference signal received path power (SL PRS-RSRPP) should be defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry SL PRS signal configured for the measurement, where SL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time. This measurement should indicate the intensity of LOS path, which is conducive to the selection of the reported amount by the location algorithm to improve the location accuracy.

Proposal 9: SL PRS-RSRP should be defined as the linear average over the power contributions of the resource elements that carry SL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.
Proposal 10: SL PRS-RSRPP should be defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry SL PRS signal configured for the measurement, where SL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.

Reporting for SL positioning
In RAN1#110 meeting, the following agreement related to sidelink positioning reporting was achieved [4]:
	Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· 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
· FFS any detail for the above




According to discussion during SI, periodic SL-PRS, semi-persistent SL-PRS and aperiodic SL-PRS are all preferred to be supported in Rel-18. Consequently, periodic, semi-persistent and aperiodic measurement report should be supported. For flexibility, even if periodic SL-PRS is configured, semi-persistent or aperiodic report could be activated or triggered. Considering the overhead of the measurement report, high-layer report should be adopted. Namely, SL-PRS measurement results are reported through SLPP for location calculation.
Proposal 11: Periodic, semi-persistent and aperiodic measurement report should be supported in SL positioning. 

During the performance evaluation of SL positioning in SI, it was assumed that a UE can be equipped with a single panel or multiple panels. If UE uses multiple panels for receiving a SL PRS resource, each Rx panel would get its own SL measurement result, and the measurement from different panels may not be the same. If per-panel reporting is allowed, the measurements from multiple Rx panels would improve positioning accuracy. Therefore, per-panel reporting should be supported for SL positioning. 
Proposal 12: Per-panel measurement reporting should be supported for SL positioning. 

For the above SL RSTD, SL PRS RSRP and SL RTOA measurements, in addition to reporting the measurements, UE should also report SL-PRS resource ID at the same time. Both anchor UE and target UE should send SL-PRS signals, so SL-PRS resource ID should be used to distinguish the sending terminal from the receiving terminal and the PRS resource ID used by the sending terminal. SL-PRS resource set ID should be used to distinguish multiple SL-PRS resources used by the same user to send SL-PRS signals. Therefore, SL-PRS resource ID should be reported to assist UE in positioning.
Proposal 13: UE can report SL-PRS resource ID associated with the measurements, SL-PRS resource ID includes two types of ID, i.e., SL-PRS resource ID and SL-PRS resource set ID.

SL AoA, SL Rx-Tx time difference, SL RSTD SL RTOA and SL RSRP/RSRPP measurements can be reported independently or associated with each other. For example, SL AoA measurements can be reported associated with delay measurements such as SL-Rx-Tx time difference. It is suitable for relative positioning on the grounds that angle measurements can only find the direction between target UE and anchor UE. In addition, SL AoA, SL Rx-Tx time difference, SL RSTD SL RTOA measurements can also be reported associated with SL RSRP/RSRPP to express quality of measurements. For the purpose of mitigating multipath effect and improve the performance for positioning, multipath measurement information is beneficial to obtain accurate location. Thus, additional path can be reported for measurements such as SL AoA, SL Rx-Tx time difference, SL RSTD SL RTOA and SL RSRP/RSRPP. 
Proposal 14: SL AoA, SL Rx-Tx time difference, SL RSTD, SL RTOA and SL RSRP/RSRPP measurements can be reported independently or associated with each other.
Proposal 15: Additional path can be reported for measurements such as SL AoA, SL Rx-Tx time difference, SL RSTD, SL RTOA and SL RSRP/RSRPP. 

According to the agreement of RAN1#111, at least RTT-type solution(s), SL-AoA and SL-TDOA would be the potential candidate sidelink positioning methods. Therefore, at least SL Rx-Tx time difference, SL AoA/ZoA, SL RSRP/RSRPP, SL RSTD and SL RTOA should be supported as positioning measurements. In Rel-16 positioning, the reporting granularity for timing measurements is configurable to support different positioning scenarios (e.g. indoor or outdoor). Similarly, to support urban grid, highway, IIoT and other scenarios, the dynamic range of timing measurements may have large difference for different application scenarios. Therefore, the reporting granularity for SL Rx-Tx time difference, SL RSTD and SL RTOA should be configurable. For SL AoA/ZoA, fixed reporting granularity as that of Rel-16 could be adopted. Further, in Rel-16, the quality metrics include two fields, i.e. {Value, Resolution}. The field ‘Value’ specifies the best estimate of the uncertainty of the measurement. And the field ‘Resolution’ specifies the resolution levels used in the Value field. In our opinion, such definition of quality metrics could be reused for sidelink positioning.
Proposal 16: For SL positioning, the reporting granularity for SL Rx-Tx time difference, SL RSTD and SL RTOA should be configurable. And fixed reporting granularity is applied to SL AoA/ZoA.

Conclusions
In this contribution, we discuss the issues of measurements and reporting for RTT-type solutions using SL, SL-AoA, and SL-TDOA. We have the following proposals:

Proposal 1: The SL Rx-Tx time difference for single-sided RTT can be defined similar to the definitions of gNB Rx-Tx time difference/UE Rx-Tx time difference.
Proposal 2: For double-sided RTT, SL Rx-Tx time difference should be defined based on the subframes (both Tx and Rx subframes) containing SL PRS.
Proposal 3: Double-sided RTT without transmission order restriction could also be supported in Rel-18 SL positioning.
Proposal 4: For double-sided RTT without transmission order restriction, each SL Rx-Tx measurement could be defined as one reception of SL-PRS and the transmission of SL-PRS, in order to be aligned with typical double-sided RTT.
Proposal 5: SL Angle of Arrival (SL AoA) should be defined as the estimated azimuth angle and zenith angle of a Rx UE with respect to a reference direction.
Proposal 6: SL AoA may be determined at a Rx SL-UE antenna for an SL-PRS corresponding to a Tx SL-UE antenna.
[bookmark: _GoBack]Proposal 7: A SL RSTD is defined as the subframe timing time difference of two anchor UEs.
Proposal 8: SL RTOA is defined as the relative time between the start time of the subframe of the SL PRS resource received by an anchor UE and the reference time configured on the network side.
Proposal 9: SL PRS-RSRP should be defined as the linear average over the power contributions of the resource elements that carry SL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.
Proposal 10: SL PRS-RSRPP should be defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry SL PRS signal configured for the measurement, where SL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.
Proposal 11: Periodic, semi-persistent and aperiodic measurement report should be supported in SL positioning. 
Proposal 12: Per-panel measurement reporting should be supported for SL positioning. 
Proposal 13: UE can report SL-PRS resource ID associated with the measurements, SL-PRS resource ID includes two types of ID, i.e. SL-PRS resource ID and SL-PRS resource set ID.
Proposal 14: SL AoA, SL Rx-Tx time difference, SL RSTD, SL RTOA and SL RSRP/RSRPP measurements can be reported independently or associated with each other.
Proposal 15: Additional path can be reported for measurements such as SL AoA, SL Rx-Tx time difference, SL RSTD, SL RTOA and SL RSRP/RSRPP. 
Proposal 16: For SL positioning, the reporting granularity for SL Rx-Tx time difference, SL RSTD and SL RTOA should be configurable. And fixed reporting granularity is applied to SL AoA/ZoA.
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