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Introduction
The study on expanded and improved NR positioning  SID [1] includes the following objective for sidelink positioning:
· 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]

In this contribution, we provide our view on potential solutions for ranging and positioning.  
[bookmark: _Ref178064866]Discussion
Terminology
In RAN1#109-e, the following agreement was made:Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Sidelink positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information.
· Ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE.
· Sidelink positioning reference signal (SL PRS): reference signal transmitted over SL for positioning purposes.
· SL PRS (pre-)configuration: (pre-)configured parameters of SL PRS such as time-frequency resources (other parameters are not precluded) including its bandwidth and periodicity. 
· Continue discussion on additional terminology clarification(s) such as: Initiator UE, Responder UE, Sidelink Positioning group, reference UE, etc, including whether such terminology is needed within RAN1 discussion. 

Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE


Regarding the FFS, we note that UEs with unknown location can be supporting positioning of a target UE, at least for relative positioning. Hence, in our opinion, an Anchor UE according to the Agreement does not need to have known location.

[bookmark: _Toc111211318]An Anchor UE as defined in the agreement in RAN1#109-e does not need to have known location as such UEs can be supporting positioning of a target UE at least for relative positioning.

SL PRS Resource Allocation
On SL-PRS resource allocation, the following two schemes were listed for further study in RAN1#109-e:
Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g. IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report


As Scheme 1 and Scheme 2 are similar to legacy Mode 1 and Mode 2 SL resource allocation for SL communications, we think both schemes should be considered for SL-PRS resource allocation.  The network allocation of SL-PRS resources is most suited when the SL UE is in coverage or partial-coverage.  UE allocation of SL-PRS resources is suitable when the SL UEs are out of coverage.  As for which scheme to use for SL-PRS resource allocation when the SL UE is in coverage, it should be up to network to configure.  Hence, we make the following proposal:

[bookmark: _Toc111211319]Regarding SL-PRS resource allocation, both Scheme 1 (network-centric SL-PRS resource allocation) and Scheme 2 (UE based SL-PRS resource allocation) can be considered in NR Rel-18.
[bookmark: _Toc111211320]Regarding SL-PRS resource allocation, when the SL UE is in coverage, gNB configuration of which scheme to use for SL-PRS resource allocation can be considered in NR Rel-18.

SL PRS Activation/Triggering
On SL-PRS activation/triggering, the following agreement was reached in RAN1#109-e:
Agreement
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:
· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 
· Based on the study, this option may correspond to
· A SL-PRS configuration that is a single-shot or multiple shots 
· A high-layer configuration that may be received from an LMF, a gNB, or a UE
· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.
· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.

Among the above three options, Option 1 is not flexible as SL-PRS can only be configured via higher layer signaling.  In our view, Option 1 is most suitable for periodic SL-PRS.  However, periodic SL-PRS may cause interference to other SL UEs, and increases the overhead of SL-PRS transmission.   Hence, we prefer Option 2 which allows either semi-persistent and/or aperiodic SL-PRS to be supported.  The overhead and interference to SL UEs can be reduced with the introduction of semi-persistent and/or aperiodic SL-PRS.  We thus make the following proposal: 

[bookmark: _Toc111211321]With regards to the configuration/activation/deactivation/triggering of SL-PRS, consider Option 2 (High-layer and lower-layer signaling involvement in the SL-PRS configuration) in NR Rel-18.

Ranging
Ranging between devices over PC5 can have a large commercial value, enabling new services. Additionally, ranging measurements between devices can be used for device positioning, potentially with additional Uu measurements in the form of hybrid positioning. 
The ranging solutions presented by most companies so far are restricted to signals and measurements performed over the PC5 interface, providing similar solutions as to what is currently available in other standards. To fully leverage on the strengths of the 3GPP standards and ecosystem, solutions with network involvement should be carefully studied. 
In Figure 1 the necessity of involving gNB in the sidelink ranging is illustrated.
[image: ][bookmark: _Ref111144035]Figure 1 An example of network constructing synthetic range when UEs are in NLOS. In the above picture, the synthetic range computed by the network using the position estimates of UEs would be more correct than the range estimates between UEs. In such a case UEs can improve their range estimates by using synthetic range from the network.


[bookmark: _Toc111211315]The gNBs and the UEs will have complementary information useful for estimating range between UEs. Fusing information from gNBs and UEs for estimating range between UEs will increase accuracy of range estimation between UEs

For in-coverage scenarios, where the UE is connected to the network, resource efficient one-way-ranging can be performed over PC5, assuming additional measurements are made over Uu. One such measurement to use would be timing advance (TA), which can be used to calculate the timing offset between the transmitting and receiving device when preforming one-way-ranging over PC5. How this could be performed is described below, and simulation results are provided in our evaluation contribution in Agenda Item 9.5.1.2.
Assuming a set of UEs connected to the same gNB, with up-to-date TA for UL timing. Assuming that one UE is interested in estimating its range to one or several of the other UEs, it transmits a preconfigured signal, e.g. a SL-PRS, intended to be measured on by the other UEs. The other UEs measure the time-of-arrival (TOA) relative to their UL timing as configured via TA procedure. Restricting the description to the case of two UEs, the principle is as follows.
Looking at Figure 1, the first UE transmits a SL-PRS at time instance t1, which is the start of the UL symbol for UE1 given timing advance TA1 from the gNB. The other UE measure the ToA at t3, which is relative to its UL timing starting at t2. The relationship between the ToA, ToF, t1, t2, and t3 is then given by

Note that t1=t0-TA1 and t2=t0-TA2, with TA1 and TA2 being the aggregated timing advances for the first and second UE, respectively, and t0 being the reference time at the gNB corresponding to the expected start of the UL symbol at the gNB. The time of flight (ToF) can now be solved for, yielding

The range then comes directly from the ToF by multiplying by the speed of light.
[bookmark: _Toc111211322]Hybrid ranging involving gNBs and UEs should be studied, e.g., exploiting timing advance procedures.


[image: ]
[bookmark: _Ref111055127]Figure 2: Network assisted one-way ranging

Positioning
For in-coverage and partial-coverage scenarios, the 3GPP Rel. 17 uplink and downlink positioning methods can have reduced accuracy due to for instance NLOS conditions or long inter-site distance. In such situations, hybrid positioning with uplink/downlink positioning measurements and additional sidelink range measurements between UEs can improve the positioning accuracy of all UEs. The possibility for LMF to request such additional sidelink measurements should be supported, which has already been implicitly agreed as a system requirement in [2].
[bookmark: _Toc111211323]It should be possible for LMF to request sidelink positioning measurements between UEs.

In out-of-coverage scenarios, the design of the sidelink positioning solution need to be made in such a way that it is versatile and can cater for mobile devises forming ad-hoc positioning networks. It makes sense for such solution to be decentralized in the sense that no UE need to coordinate other UEs, and each UE initiate and collects relevant positioning measurements independently.  A target UE that needs to be positioned can discover nearby UEs with the ProSe Direct Discovery procedure, and then initiate unicast ranging with a set of supporting UEs (UEs with estimated positions) to determine its own position by trilateration. Once it has computed it's own location it may serve as anchor point to other UEs.  
[bookmark: _Toc111211324]In out-of-coverage, UE-based positioning solution should between pairs of UEs, where UEs discover other UEs capable of supporting in positioning, and initiate unicast ranging measurements towards these nodes. A UE acting as a location server for another UE, i.e. centralizing assistance data from other UEs,  is not considered in Rel-18. 
[bookmark: _Toc525939439]

TDOA based SL-Positioning

TDOA based positioning suffers in lack of very accurate time synchronization among reference nodes. Achieving very accurate time synchronization is very difficult and expensive. Often the time synchronization errors used in simulation while analyzing positioning performance is order of 50ns. The sidelink TDOA would require references such as RSUs to be synchronized very accurately. Time synchronization among RSUs(UEs)  will likely be worse than the time synchronization between gNBs. In such a case such variations of TDOA methods should be explored which are less dependent on time synchronization errors. 

[bookmark: _Toc111211316]Time synch errors among RSUs are likely to be worse than time synch errors in network based TDOA positioning.

[bookmark: _Toc111211325]For SL-TDOA positioning, variations of TDOA methods should be explored which are less dependent on time synchronization among RSUs (UEs)

Conclusions
 In the previous sections we made the following observations: 
Observation 1	The gNBs and the UEs will have complementary information useful for estimating range between UEs. Fusing information from gNBs and UEs for estimating range between UEs will increase accuracy of range estimation between UEs
Observation 2	Time synch errors among RSUs are likely to be worse than time synch errors in network based TDOA positioning.
Based on the discussion in the previous sections we propose the following:
Proposal 1	An Anchor UE as defined in the agreement in RAN1#109-e does not need to have known location as such UEs can be supporting positioning of a target UE at least for relative positioning.
Proposal 2	Regarding SL-PRS resource allocation, both Scheme 1 (network-centric SL-PRS resource allocation) and Scheme 2 (UE based SL-PRS resource allocation) can be considered in NR Rel-18.
Proposal 3	Regarding SL-PRS resource allocation, when the SL UE is in coverage, gNB configuration of which scheme to use for SL-PRS resource allocation can be considered in NR Rel-18.
Proposal 4	With regards to the configuration/activation/deactivation/triggering of SL-PRS, consider Option 2 (High-layer and lower-layer signaling involvement in the SL-PRS configuration) in NR Rel-18.
Proposal 5	Hybrid ranging involving gNBs and UEs should be studied, e.g., exploiting timing advance procedures.
Proposal 6	It should be possible for LMF to request sidelink positioning measurements between UEs.
Proposal 7	In out-of-coverage, UE-based positioning solution should between pairs of UEs, where UEs discover other UEs capable of supporting in positioning, and initiate unicast ranging measurements towards these nodes. A UE acting as a location server for another UE, i.e. centralizing assistance data from other UEs,  is not considered in Rel-18.
Proposal 8	For SL-TDOA positioning, variations of TDOA methods should be explored which are less dependent on time synchronization among RSUs (UEs)
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