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In RAN#98-e the New WID on Expanded and Improved NR Positioning was approved [RP-223549]. The first objective of the WID is the support of positioning for sidelink:
· “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 focus on potential solutions for SL positioning measurements and reporting. 

SL Positioning Measurements
Positioning as introduced in Rel 16 is based on several measurements that support different positioning methods, which are defined in TS 38.215:
· DL PRS reference signal received power (DL PRS RSRP)
· DL PRS reference signal received path power (DL PRS RSRPP)
· DL reference signal time difference (DL RSTD)
· UE Rx-Tx time difference
· gNB Rx-Tx time difference
· UL Relative Time of Arrival (TUL-RTOA)
· UL Angle of Arrival (UL AoA)
· UL SRS reference signal received power (UL SRS-RSRP)
· UL SRS reference signal received path power (UL SRS-RSRPP)

These measurements collected at the PHY layer are reported back to the location server (LMF) [TS 37.355]:
· Downlink time difference of arrival (DL-TDOA): The positioning reference signal (DL-PRS) is used at the UE to perform downlink reference signal time difference (DL RSTD) measurements for each base station’s PRSs. These measurements are reported to the location server.
· Uplink time difference of arrival (UL-TDOA): The positioning sounding reference signal (SRS) is used at each base station to measure the uplink relative time of arrival (UL-RTOA). The base station reports the measurements to the location server.
· Downlink angle-of-departure (DL-AoD): The UE measures the downlink reference signal receive power (DL RSRP) per beam/gNB. Measurement reports are used to determine the AoD for each gNB. The location server then uses the AoDs to estimate the UE position.
· Uplink angle-of-arrival (UL-AOA): The gNB measures the angle-of-arrival based on the beam received from the UE. Measurement reports are sent to the location server.
· Multi-cell round trip time (RTT): The gNB and UE perform Rx-Tx time difference measurements of the signal in each cell. The measurement reports from the UE and gNBs are sent to the location server to determine the round-trip time of each cell and derive the UE position.
· Enhanced cell ID (E-CID). This is based on RRM measurements (e.g. DL RSRP) of each gNB at the UE. The measurement reports are sent to the location server.

The WID specifies that measurements for the following positioning methods should be supported:
· RTT type solutions
· SL-AoA based solutions
· SL-TDOA based solutions
Therefore, similar to cellular positioning case, some basic measurements of the SL-PRS are necessary:
· SL-PRS RSRP
· SL-PRS RSRPP
· SL-PRS AoA
· SL RSTD
· SL Rx-Tx
Proposal 1: For SL positioning support the following SL-PRS basic measurements: SL-PRS RSRP, SL-PRS RSRPP, SL-PRS AoA, SL-RSTD, SL Rx-Tx.
In the study phase of the enhanced positioning, it was shown that using a combination of Uu link and sidelink measurements may be beneficial. Such scenarios may occur, for instance, when a SL UE is in the coverage of one or two gNBs and multiple SL UEs. In this case, to provide positioning server a sufficient number of measurements for triangulations or multilateration, combined measurements of DL-PRS and SL-PRS are necessary.
Measurements necessary to support combined Uu and PC5 positioning are:
· UL-SL RSTD
· DL-PRS RSRP
· DL-PRS RSRPP
· DL RSTD
Proposal 2: For SL positioning support the following measurements necessary for combined Uu and PC5 positioning: UL-SL RSTD, DL-PRS RSRP, DL-PRS RSRPP, DL RSTD.

SL Positioning Reporting
In RAN1#110, during the study phase, companies agreed:
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

The time differential of arrival (TDOA) can be used for the distance estimation. When the measurements are over a non-line of sight (NLoS) channel (path), the propagation time is overestimated, and therefore the distance between target and anchor nodes is over estimated. Selecting anchor nodes in the line of sight (LOS) would minimize the location errors and improve accuracy. Moreover, if there is some basic knowledge of the propagation characteristics, such as the having a soft valued indicator of NLOS, would allow a better selection of the anchor nodes even when there is no anchor node in LOS.
The reporting of the LoS/NLoS indicator is defined in TS 38.214:
“The UE may be requested, subject to UE capability, to report LoS/NLoS indicator(s) via higher layer parameter [losNlosIndicator-Request]. The UE can report LoS/NLoS indicator(s) via higher layer parameter [losNlosIndicator] associated with each DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements…… The values of the higher layer parameter [losNlosIndicator] may be soft values ([0, 0.1, …, 0.9, 1]) or hard values ([0, 1]) with the values corresponding to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.”
Observation 1: A hard value of the LoS/NLoS indication allows the selection of most reliable measurements for position estimation, while the soft value of this indicator may allow an estimation of the confidence/precision of the location determination.
The measurements of the time intervals and time of arrival SL-PRS signals are heavily influenced by the specific accuracy of local oscillators (clocks) and the clock synchronization. Similarly, for AoA and AoD measurements, the specific number of antennas, panels or their spatial characteristics (antenna patterns) could strongly affect the precision of the measurements. Therefore, the measurement reports should include specific quality metrics that characterizes the measuring node. 
Observation 2: Provisioning of additional quality metrics characteristics for the anchor node helps to select the best measurements and to evaluate the precision of the location determination.
Proposal 3: SL positioning should support reporting of quality metric for the LoS/NLoS of SL-PRS measurements and quality metrics of anchor characteristics.  
In addition to these basic measurements to support SL positioning, additional measurements, determinations and reporting may be required to improve the performance of SL positioning:
· LOS/NLOS determination and reporting
· Type of synchronization of the SL-PRS transmitter
· ID of the SL-PRS transmitter
Resource allocation for measurement reports
From the WI objectives, SL positioning supports both shared and dedicated resource pools for SL-PRS transmission. However, during the study phase, RAN1 did not clarify whether other types of traffic (if any) are allowed in a SL-PRS dedicated resource pool.  
Proposal 4: Clarify the type of traffic supported in dedicated and shared resource pools for SL-PRS transmissions.
In this contribution, we consider that a shared resource pool is a resource pool with the main purpose of SL data exchange for SL legacy devices (Rel 16, 17 and 18). It is expected that in a such shared resource pool only a small portion of the resources are used for SL positioning. 
We define a SL positioning dedicated resource pool as a resource pool where the most of resources are used for SL positioning, and there is no legacy sidelink traffic (Rel 16, Rel 17).
It is expected that not always both types of resource pools be configured. For instance, if there are only occasional SL-PRS transmissions, a separate dedicated resource pool may not be necessary, and only a shared pool is used for SL-PRS transmissions. In such case the measurement reporting would occur in the shared resource pool.
Proposal 5: Shared and dedicated sidelink resource pools may be independently configured for a BWP.
Proposal 6: Support all the sidelink related positioning signaling and data exchange types in the shared resource pool.
In some legacy deployments, it may be convenient to add a dedicated resource pool for positioning purposes. In this case, a minimum disruption of the legacy deployment is achieved if all the positioning related traffic is placed in the dedicated resource pool.
Proposal 7: Support all the sidelink positioning related signaling and data exchange types in the dedicated resource pools.
Supporting all the SL positioning signaling and related data exchange in both shared and dedicated resource pools allow a higher flexibility of resource allocation and coexistence with legacy sidelink devices.
The above proposals, imply that the reporting for SL-PRS transmissions in a shared resource pool is done in the shared resource pool, and the reporting for SL-PRS transmissions in a dedicated resource pool may be done in the dedicated resource pool.
An interesting question is whether to allow the corresponding reporting for SL-PRS transmissions in a dedicated resource pool to be done in a shared resource pool?
Such necessity may occur for instance if a legacy SL-UE in coverage of gNB does not participate in the positioning but is used by a Rel 18 SL UE to convey the measurements from a dedicated resource pool. 
Proposal 8: Sidelink positioning reporting for SL-PRS dedicated resource pool may be transmitted in a shared resource pool.
Various sidelink positioning scenarios may require different type of reporting. For instance, for tracking purposes periodic and semi-persistent reporting may be necessary. This may be the case for a V2X scenario, where a RSU may track a vehicle position, or a UE may track its own position periodically and therefore for a multi-RTT method requires periodic SL-PRS transmissions and periodic reports of Rx-Tx measurements. In semi-persistent reporting, a SL UE is configured with one or multiple reporting configuration(s), which is (are) activated or deactivated via control messages. In the case of periodic reporting, the reporting starts as soon as the reporting configuration is received. In other scenarios, for instance finding an item in a warehouse, the positioning procedure needs to be triggered and executed only once (aperiodic). In this case, the positioning is triggered by either of the devices (either the target or the anchor device). In a different scenario, the positioning may be executed only once (aperiodic) and without a trigger. For instance, a SL UE device may measure the SL TDOA of periodic SL-PRS and report to the application (upper layers) the measurement results.   
Proposal 9: Support the following types of reporting: triggered, aperiodic, semi-persistent, periodic.

Conclusions
Proposal 1: For SL positioning support the following SL-PRS basic measurements: SL-PRS RSRP, SL-PRS RSRPP, SL-PRS AoA, SL-RSTD, SL Rx-Tx.
Proposal 2: For SL positioning support the following measurements necessary for combined Uu and PC5 positioning: UL-SL RSTD, DL-PRS RSRP, DL-PRS RSRPP, DL RSTD.
Observation 1: A hard value of the LoS/NLoS indication allows the selection of most reliable measurements for position estimation, while the soft value of this indicator may allow an estimation of the confidence/precision of the location determination.
Observation 2: Provisioning of additional quality metrics characteristics for the anchor node helps to select the best measurements and to evaluate the precision of the location determination.
Proposal 3: SL positioning should support reporting of quality metric for the LoS/NLoS of SL-PRS measurements and quality metrics of anchor characteristics.  
Proposal 4: Clarify the type of traffic supported in dedicated and shared resource pools for SL-PRS transmissions.
Proposal 5: Shared and dedicated sidelink resource pools may be independently configured for a BWP.
Proposal 6: Support all the sidelink related positioning signaling and data exchange types in the shared resource pools.
Proposal 7: Support all the sidelink positioning related signaling and data exchange types in the dedicated resource pools.
Proposal 8: Sidelink positioning reporting for SL-PRS dedicated resource pool may be transmitted in a shared resource pool.
Proposal 9: Support the following types of reporting: triggered, aperiodic, semi-persistent, periodic.
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