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1 Introduction:
In Rel 18 study phase, a study on expanded and improved NR positioning is concluded and a TR 38.859 has endorsed in RAN#98. Study was focussing on improving the accuracy of the positioning methods and extending the positioning to different verticals including sidelink. Main motivation behind the extending positioning framework over sidelink is to guarantee more accurate localization for many critical sidelink applications like V2X, IIoT public safety and commercial sidelink (D2D) in in-coverage, partial coverage, and out-of-coverage NR positioning use cases as emphasized in TR 38.845. Additionally, SA1 has developed the ranging based services and to support them related changes from RAN perspective are studied during study phase. 
Considering the study outcome, a normative phase objectives were agreed for work item phase of expanded and improved NR positioning in [1]. The objectives for sidelink positioning from RAN 1 perspective 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 pseudo-random-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].


The present contribution provides the details on positioning methods, underline measurements and reporting mechanisms of the measurements based of possible architecture. 
2 Methods for sidelink (SL) positioning and ranging:
During Rel 18 study, it is concluded that in-coverage, partial coverage and out-of-coverage (OOC) scenarios should be considered for normative work. Demonstrative figure for these three scenarios is given the figure 1 and 2.
Figure 1 shows in coverage and partial coverage scenarios. UE which are in coverage and attached to one of the gNBs (i.e., gNB 1 and gNB 2) can be localised using Uu link and PC5-link jointly. This is will necessary in some cases where UE is not visible wrt required TRP/gNBs where it will use UEs in the vicinity to localise the target node over PC5 link. Similarly in partial case where there is a UE in OOC but connected to network using UE to Network relay (UE Relay). This this case target UE will not have direct connection with LMF but through UE to network relay.  In this case either gNB or UE to network relay will choose other UEs (Anchor UEs) to localize the target UE over PC-5 link and measurement will be communicated to LMF through UE to network relay.
[image: ]Figure 1: In coverage and partial of coverage deployment for commercial, public safety etc use cases. UE in OCC will be connected to network (gNB 1) through relay UE and help the localization of UE using Uu and PC5 link.  LMF is connected to target UE through NB and relay UE.
[image: ] Figure 2: V2X use case with out of coverage deployment where RSU unit are deployed for localizing the vehicle on the road/highways. One or more of the RSUs will have LMF like functionality.  
Figure 2 shown OOC case with highway deployment of V2X use case. Deployment uses road side unit (RSU)s for localizing the vehicles with V2X connectivity with RSU. One or more RSU will have LMF like functionality which will be capable of SL positioning signalling exchange with target UE and anchor UEs and deriving the positioning of target UE.  
In study phase, different methods were analysed to support absolute, relative positioning and directional and distance ranging. The methods like SL-TDOA, SL-RTT and SL-AoA are recommended as a conclusion. These methods will cover the various use cases that will be encountered in the SL deployment covering all above three scenarios. SL-TDOA can be designed to have feature of both DL-TDOA and UL-TDOA based on the available knowledge of reference and locations of the Anchor UEs. For example, in deployment with RSUs in the sidelink network, it will be feasible to have location knowledge of possible anchor UEs (RSUs) with sufficient level of synchronization. This will facilitate to used the SL-TDOA method like DL-TDOA operation to get to localize the target UE w.r.t. absolute positioning, relative positioning and distance ranging. If the location of Anchors are not known and/or synchronization is not reliable then SL-RTT like solutions or SL-TDOA with UL-TDOA like operation can be used get the location of target UE. SL-AoA can be used primarily for directional ranging considering limited antennas at UEs but in case of RSU where number of antennas can be sufficiently large in such case can be configured to determine the absolute and relative positioning as well. 
[bookmark: _Hlk127507722]Observation 1: SL-TDOA, SL-RTT and SL-AoA positioning methods can be used in large number of SL positioning use cases to localize the target UE over sidelink/PC-5 link.
Proposal 1: SL-TDOA, SL-RTT and SL-AoA methods should be defined for SL positioning and ranging purpose.
Proposal 2: For SL-TDOA method, both DL-TDOA-like operation and UL-TDOA like operation should be supported. 
Proposal 3: For absolute positioning, relative positioning and distance ranging SL-TDOA and SL-RTT and SL-AOA should be supported.
Proposal 4: For distance ranging SL-TDOA and SL-RTT and SL-AOA should be supported.
3 Measurements and reporting for SL positioning methods.
Position request can be initiated by either anchor UE or target UE. Further positioning method configuration can be broadly categorized as UE based method and UE assisted method. In UE assisted method the measurements are shared back to the SL-PRS transmitting UE/positioning server whereas in UE based method, the SL-PRS receiving UE further process the measurements performed on SL-PRS to get the positioning of Target UE. The receiving UE can be the  target UE or the anchor UE which is based on node initiating the SL-PRS transmission. Detailed positioning measurements and reporting procedures are provided in the following section for each positioning method.
I. Sidelink Time difference of Arrival (SL-TDOA) Method:
In SL-TDOA, method can be based on both DL-TDOA and UL-TDOA. As mentioned in the above section the operation of SL-TDOA can be decided by the positioning server or reference Anchor UE (UE initiating and/or coordinating the positioning of Target UE). For DL -TDOA like operation of SL-TDOA, reference Anchor UE will decide the assisting Anchor nodes and direction of SL-PRS transmission will be from Anchor UEs to Target UE. Positioning server can be residing or connected to one of the Anchor UE preferably to reference Anchor UE. Reference Anchor UE will co-ordinate the resource configurations of the SL-PRS among the all anchor UEs. Co-ordination between reference Anchor UE with the other anchor UE can be as preferred/non-preferred resource configurations, time window for the SL-PRS transmission etc. Based on indication from reference Anchor UE, other anchor UEs will transmit the SL-PRS to the target UE. Target UE will perform the measurements over SL-PRS received from each Anchor UE. The measurement will be SL-RSTD. SL-RSTD can be measured as time difference measured over SL-PRS wrt to the time of arrival measured from reference Anchor UE. If it is UE based positioning measurement configuration, measurement will be reported back to the positioning server/ reference Anchor UE.  Additional measurements like RSRP, RSRPP, time stamping, and LOS/NLOS indication can be reported along with RSTD.
Proposal 5: For SL-TDOA with DL-TDOA like operation, more than one Anchor UEs will transmit SL-PRS to the Target UE to perform the SL positioning measurements.
Proposal 6: For SL-TDOA with DL-TDOA like operation, positioning measurement will be SL-RSTD. Optionally, additional measurements like RSRP, RSRPP, time stamping, and LOS/NLOS indication should be reported if configured.
Proposal 7: For SL-TDOA with DL-TDOA like operation, both UE based, and UE assisted positioning are supported. It may be based on the location of positioning server, requesting entity and UE capability.
Proposal 8: For SL-TDOA with DL-TDOA like operation, the measurement resources will be coordinated with Anchor UEs. Responsible entity can be reference Anchor UE. The reference Anchor UE is SL Reference UE as defined in TR 23.700-86.
If the method is configured to transmit SL-PRS by the Target UE, its operation can be like UL-TDOA. In this case, the target UE will transmit SL-PRS to the Anchor UEs. Anchor UEs can be one or more than one. The measurement configurations will be shared by reference anchor UE/positioning server to target UE and the other anchor UEs. The measurement can be SL-RTOA. The definition can be similar like UL-TDOA. Along with SL-TDOA, other measurement could be RSRP, RSRPP, time stamping, and LOS/NLOS indication can be reported. SL-PRS resource can be coordinated between the target UE and the anchor UEs. In this case Anchor UEs can share the preferred/ not preferred resources with the Target UE or resource co-ordination can be from reference Anchor.
Proposal 9: For SL-TDOA with UL-TDOA like operation, the target UE will transmit SL-PRS to one or more Anchor UE(s) to perform the SL positioning measurements.
Proposal 10: For SL-TDOA with UL-TDOA like operation, positioning measurement will be SL-RTOA. Optionally, additional measurements like RSRP, RSRPP, time stamping, and LOS/NLOS indication should be reported if configured.
Proposal 11: For SL-TDOA with UL-TDOA like operation, both UE based, and UE assisted positioning are supported. It may be based on the location of positioning server, requesting entity and UE capability.
Proposal 12: For SL-TDOA with UL-TDOA like operation, the measurement resources will be coordinated between Anchor UE and target UE. Additionally, reference anchor UE can co-ordinate the resources with target UE other anchor UEs.

II. Sidelink round trip time (SL-RTT) Method:
SL-RTT type solution is based on the measuring the round-trip time between the anchor UE and the target UE. The RTT measurement will be initiated by the anchor UE or the target UE. Initiating UE will transmit the SL-PRS whereas the receiving UE will measure the UE Rx-Tx time difference. This measurement can be performed with multiple anchor UEs if the location of the anchor UEs can be calculated with sufficient accuracy. Reporting can include additional measurements like RSRP, LOS/NLOS indication, time stamping etc. During the study item double sided RTT was also discussed. In double RTT method both anchor and target UE will send SL-PRS configuration at orthogonal resources and measure the UE Rx-Tx time difference at both ends. This way of implementation can be performed using two single sided RTT method. Therefore, double sided method for RTT can be left for implementation using appropriate configuration of single sided RTT method.
Observation 2: Double sided method for RTT can be implemented using single sided RTT configurations so it is possible to implement Double sided RTT with single sided RTT.
Proposal 13: In SL-RTT method, positioning measurement will be SL-UE Rx-Tx time difference. Optionally, additional measurements like RSRP, RSRPP, time stamping, and LOS/NLOS indication should be reported if configured.
Proposal 14: SL-RTT method may be configured with multiple anchor UEs if the location of the anchor UEs can be determined with sufficient accuracy.

III. Sidelink angle of arrival (SL-AoA) Method:
SL-AoA method will be based on measuring angle of arrival in azimuth and zenith direction. The SL-PRS will be transmitted from either anchor UE or target UE and the receiving UE will measure the angle of arrival and report it back to the positioning server/LMF. The measurement will be performed from reference global or local coordinate system.  In the global coordinate system (GCS), azimuth angle is measured relative to geographical North and is positive in a counterclockwise direction and vertical angle is measured relative to zenith and positive to horizontal direction. In the local coordinate system (LCS), azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relative to z-axis of LCS and positive to x-y plane direction. LCS used by UE can be indicated to LMF. Along with ZoA and AoA measurement additional measurement like RSRP, LOS/NLOS indication etc can be supported. SL-AoA method will be used for absolute, relative positioning and ranging purpose. It will be more appropriate to use for directional ranging. 
Observation 3:  SL-AoA method will be used for absolute, relative positioning and ranging purpose. It will be more appropriate to use for directional ranging.
Proposal 15: In SL-AoA method, positioning measurement will be azimuth and zenith AoA wrt GCS and LCS. Optionally, additional measurements like RSRP and LOS/NLOS indication should be reported if configured.
Proposal 16: In SL-AoA method, LCS and GCS definition can be reused from UL-AOA measurement. 
4 Conclusion
The contribution provides the following observations and proposal towards SL positioning and ranging methods and their measurements & reporting:

Observation 1: SL-TDOA, SL-RTT and SL-AoA positioning methods can be used in large number of SL positioning use cases to localize the target UE over sidelink/PC-5 link.
Proposal 1: SL-TDOA, SL-RTT and SL-AoA methods should be defined for SL positioning and ranging purpose.
Proposal 2: For SL-TDOA method, both DL-TDOA-like operation and UL-TDOA like operation should be supported. 
Proposal 3: For absolute positioning, relative positioning and distance ranging SL-TDOA and SL-RTT and SL-AOA should be supported.
Proposal 4: For distance ranging SL-TDOA and SL-RTT and SL-AOA should be supported.
Proposal 5: For SL-TDOA with DL-TDOA like operation, more than one Anchor UEs will transmit SL-PRS to the Target UE to perform the SL positioning measurements.
Proposal 6: For SL-TDOA with DL-TDOA like operation, positioning measurement will be SL-RSTD. Optionally, additional measurements like RSRP, RSRPP, time stamping, and LOS/NLOS indication should be reported if configured.
Proposal 7: For SL-TDOA with DL-TDOA like operation, both UE based, and UE assisted positioning are supported. It may be based on the location of positioning server, requesting entity and UE capability.
Proposal 8: For SL-TDOA with DL-TDOA like operation, the measurement resources will be coordinated with Anchor UEs. Responsible entity can be reference Anchor UE. The reference Anchor UE is SL Reference UE as defined in TR 23.700-86.

Proposal 9: For SL-TDOA with UL-TDOA like operation, the target UE will transmit SL-PRS to one or more Anchor UE(s) to perform the SL positioning measurements.
Proposal 10: For SL-TDOA with UL-TDOA like operation, positioning measurement will be SL-RTOA. Optionally, additional measurements like RSRP, RSRPP, time stamping, and LOS/NLOS indication should be reported if configured.
Proposal 11: For SL-TDOA with UL-TDOA like operation, both UE based, and UE assisted positioning are supported. It may be based on the location of positioning server, requesting entity and UE capability.
Proposal 12: For SL-TDOA with UL-TDOA like operation, the measurement resources will be coordinated between Anchor UE and target UE. Additionally, reference anchor UE can co-ordinate the resources with target UE other anchor UEs.
Observation 2: Double sided method for RTT can be implemented using single sided RTT configurations so it is possible to implement Double sided RTT with single sided RTT.
Proposal 13: In SL-RTT method, positioning measurement will be SL-UE Rx-Tx time difference. Optionally, additional measurements like RSRP, RSRPP, time stamping, and LOS/NLOS indication should be reported if configured.
Proposal 14: SL-RTT method may be configured with multiple anchor UEs if the location of the anchor UEs can be determined with sufficient accuracy.
Observation 3:  SL-AoA method will be used for absolute, relative positioning and ranging purpose. It will be more appropriate to use for directional ranging.
Proposal 15: In SL-AoA method, positioning measurement will be azimuth and zenith AoA wrt GCS and LCS. Optionally, additional measurements like RSRP and LOS/NLOS indication should be reported if configured.
Proposal 16: In SL-AoA method, LCS and GCS definition can be reused from UL-AOA measurement. 
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