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1	Introduction
At RAN#94, a new study item “Study on expanded and improved NR positioning” (FS_NR_pos_enh2) was approved ‎[1]. One of the objectives is relevant for the present agenda item: 
	· Study solutions for sidelink positioning considering the following: [RAN1, RAN2]  
· Scenario/requirements  
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage 
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104 
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104) 
· Spectrum: ITS, licensed 
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1] 
· Define evaluation methodology with which to evaluate SL positioning for the use cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1].  
· 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] 
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review. 



In this contribution, we provide our views on positioning architecture and related signalling procedures.
2	Sidelink positioning architecture and signalling 
2.1	Coverage aspects
V2X use cases require positioning services in indoor, outdoor and tunnel areas. , similarly to Similarly, public safety use cases too require positioning services in indoor and outdoor areas. Therefore, SL positioning requirements must be fulfilled when the UE is inside the network coverage as well as when it is outside the network coverage. In this regard, [2] concluded to consider the following network coverage options for V2X and public safety use cases. :
	Network coverage: 
- In-coverage, partial coverage, out of network coverage scenarios 
- When the UE operates a use case having the corresponding positioning requirements, the requirements should be fulfilled when the UE is inside the network coverage as well as when it is outside the network coverage.


Moreover, commercial use cases such as UAV control as well as IIoT use cases have applicability in both indoor and outdoor areas and hence their positioning services may need to be supported in both inside and outside the network coverage area.    
Observation 1: For V2X and public safety use-cases, at least in-coverage and out-of-coverage scenarios are considered.
Out-of-coverage scenarios refer to the case Wwhen network or GNSS coverage is unavailable. In such scenarios, , standalone sidelink positioning can offer a positioning solution, especially. By standalone positioning it is understood that UEs obtain relative location information with respect to each other, or can obtain absolute positioning information by taking UEs with known locations into account (e.g., RSUs), via positioning measurements over SL. 
Standalone sidelink positioning is thus a reasonable solution for out-of-coverage scenarios. In contrast, in-coverage scenarios assume that network coverage is available hence SL positioning is not the only positioning solution. As a result, we propose prioritizing the out-of-coverage scenario (as opposed to the in-coverage) as the scenario where standalone sidelink positioning is studied. 
Proposal 1: Prioritize the Study first SL-standalone positioning in out-of-coverage (OOC) scenario for the study of standalone sidelink positioning. conditions.

Besides standalone positioning, Tthe SL interface can also undertake other roles when positioning a target UE, especially when in-coverage and partial coverage scenarios [3]:
· SL communications to offload Uu control signalling: UEs can exploit SL communications in order to offload control signalling on the Uu link for positioning purposes. A UE can act as a relay between the other UEs and the network (as well as between different UEs), by forwarding data related to positioning procedures, such as assistance data, positioning measurements, location information requests, capability information, location information, etc. In this way, 1-to-1 signalling between each UE and the network as in legacy positioning procedures can be avoided, while requiring only one of the UEs to be in coverage.

· SL positioning to offload Uu positioning: UEs can engage in positioning by using the SL interface, which can be again used to offload positioning procedures using the Uu interface. In this case, one UE can be positioned via Uu positioning, while the other UEs in proximity can be positioned by combining SL positioning results on top of the positioned UE. This approach enables multiple UEs to be positioned, while only requiring only one of the UEs to be positioned via the Uu link. 

· SL positioning to enhance Uu positioning: SL positioning can be further utilized to enhance the performance of Uu-based positioning. Under limited network deployment or harsh NLOS conditions, UEs can make use of SL anchors with known/fixed locations (e.g., RSUs) in addition (or alternative) to the gNBs. Such approach would enable increased positioning accuracy. 
· 

Observation 2: SL Sidelink can be also utilized to enhance or offload Uu-based positioning, or simply offload Uu control signalling for positioning purposes via SL communications.   

As a result, we consider the in-coverage scenario for studying joint Uu/SL positioning.
Proposal 2: For in-coverage (IC) positioning, study joint Uu/SL positioning.

Given their complexity and dependency on other technical features, UE-to-network relaying should not be a priority until in-coverage and out-of-coverage mechanisms are fully understood and established.

Proposal 3: Partial coverage and relaying aspects of SL positioning are left for future study.

2.2	Resource allocation aspects
Apart from the transmission from of SL PRS, SL positioning will certainly involve also the transmissions of control information, assistance data, measurement reports and other exchanges of positioning-related data. These transmissions are closely associated with the SL PRS transmissions that will form the basis of sidelink positioning.

These auxiliary transmissions may be of random, / complex, / on-demand, and / implementation-specific nature whose timing and other parameters may be difficult to predict. Consequently, the assignment of static resources for SL positioning purposes may be inefficient. It would be therefore of interest to study the sharing of SL PRS transmissions with other sidelink transmissions to avoid the well-known issues associated with statically assigned resources such as inflexibility with respect to variations of SL UE density and local resource usage.

The bandwidth availability is another limiting factor considering that high accuracy required for the SL positioning use cases (V2V, public safety, IoT, commercial) using time-based methods is achieved only with wide bandwidth. Given the scarcity of spectrum, SL resources can be more efficiently utilized if SL PRS transmissions can co-exist with other SL transmissions. Otherwise, reserving a certain band or sub-band for SL PRS transmission might create over-provisioning problem and thereby waste these resources when they are not utilized.

Proposal 4: Study SL positioning in a shared resource pools accommodating also SL communications.


Shared resource pools accommodating SL communication and SL positioning are however characterized by co-existence and backward-compatibility issues. Additional mechanisms are required to ensure that legacy SL communication transmissions are not impacted. This would include multiplexing of SL PRS with other SL transmissions, as well as multiplexing of SL PRS belonging to different users, such as in time, frequency, or code. It is noted that resulting SINR (or decoding) performance of SL-PRS may be degraded at the respective receiver UE e.g. (e.g., target UEs) when multiple e.g. anchor UEs (such as anchor UEs) select the same time-frequency resources for their SL-PRS sequences transmission that may be non-orthogonal at the target UEsreceiver. Such degradation would in turn significantly affect the quality of positioning measurements (based on time, power, etc. over SL-PRS), hence the accuracy of location information to be estimated. Hence, coordination with the target UE may be needed for multiplexing of SL PRS.

Observation 3: Sharing of resource pools between SL communication and SL positioning introduces co-existence & backward compatibility issues.

Proposal 5: Study mechanisms to support efficient co-existence of SL PRS with other SL transmissions, and multiplexing of SL PRS belonging to different users in time, frequency or code domain such as coordination with thebetween the target UE and anchor UEs.

In shared resource pools, efficient mechanisms for scheduling of SL PRS are required. While SL PRS transmissions could be scheduled by the network when UEs are in (or partially) coverage, UEs should be able to schedule their own SL PRS transmissions when outside the network coverage. For these purposes, NR SL resource allocation modes 1 and 2 seem to be suitable, respectively. However, any necessary modifications for SL positioning should be studied.
Proposal 6: Prioritize re-using existing resource allocation modes 1 and 2 from NR SL communications for scheduling SL PRS transmissions, and study any necessary modifications to accommodate SL positioning requirements.

2.3	Signalling aspects

SLSidelink positioning will require also the necessitates several procedures including:	Comment by Sahin, Taylan (Nokia - DE/Munich): Discuss how functions of LMF would appear in OOC
Kind of introduction

· Discovery and selection of positioning anchors
Cconfiguration, activation , / deactivation, , triggering of SL PRSs as well as  and related measurement procedures procedures for e
Exchange of assistance data, measurement reports,  and location estimates. , etc.
The above procedure can be effectively realized by a central coordinating entity. The LMF can take this role as in the case of Uu-based positioning if UEs are under in- (or partial-) coverage. However, in out-of-coverage scenarios, network could also (pre)-configure a UE to help coordinating and/or configuring SL positioning. Similarly, UEs can configure themselves autonomously for SL positioning, which can be coordinated by e.g., the target UE, when considering out-of-coverage scenarios. However, such roles and the coordination would depend on capability, eligibility, and suitability of the UEs.
[bookmark: Proposal5548]Proposal: UEs may perform functionalities related to coordination and/or configuration of a SL positioning session, especially in out-of-coverage scenarios. Such role may depend on the capability, eligibility, and suitability of UEs that might be potentially involved in SL positioning.

While in in-coverage scenarios, the core-based LMF can actively support sidelink positioning in addition to legacy Uu positioning, out-of-coverage scenarios will require the instigation of a “local” LMF functionality dedicated to sidelink positioning purposes. In general, this function can be assumed by a local node capable of sidelink communications and performing necessary tasks.

Proposal 7: UEs may perform LMF functionalities for a SL positioning session, especially in out-of-coverage scenarios. Such role is determined based on the capability and availability of the UEs that might be involved in SL positioning.
The exact information exchange with such a dedicated “local location server” must be studied in detail. The exact procedures would depend on the positioning method (e.g., TDOA or RTT) to be used for a given SL positioning session. In this context, enabling the support of key positioning methods supported by RAN1 should be the prime objective. 



With regards to the configuration/activation/deactivation/triggering of SL-PRS, tThere is a also the general question what role to what extent to involve higher and lower layers in the signalling will play in in order to minimize latency and overhead. LLower ower layers - understood here as SL-MAC-CE or SCI or DCI – permit quick signalling of short information messages but  RRC – deemed as a higher- layer mechanisms such as RRC – is are more suited for the delivery of infrequent but potentially lengthy messages such as measurement reports. 
The trade-off between latency and efficiency is relevant in at least the V2X use cases as requirement on end-to-end latency may be related to the UE speed (e.g., lower permissible latency for faster UEs, and vice versa). 




Proposal 8: Study procedures for configuration and (de-)activation/triggering of SL PRS as well as procedures for exchange of positioning-related information such as assistance data, measurement reports and location estimate, for SL positioning, including UE-to-UE and UE-to-Network signalling.


	Comment by Michalopoulos, Diomidis (Nokia - DE/Munich): I would rather leave this out at the moment as it seems a bit too early 	Comment by Sahin, Taylan (Nokia - DE/Munich): I agree.


High-layer signalling may be used for SL-PRS configuration and lower layer signalling may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource 


Observation: Measurement reporting is large data which may not fit in MAC or lower-layer signaling à RRC makes sense. The trade off is the latency, and SL RRC only applies to unicast. 

 
V2X: latency budget will be speed-dependent
Anchor (re)selection / (de)activation is another factor that influences the overall positioning quality (e.g., geometric dilution of precision - GDOP) and which may lead to random interruptions of an ongoing positioning session. The proper anchor UE (re)selection would lead to increased performance as opposed to a random anchor UE selection, but at the same time it can be source of significant delay, especially in larger topologies with multiple available anchors and under mobility. 	Comment by Keshavamurthy, Prajwal (Nokia - DE/Munich): @Kucera, Stepan (Nokia - DE/Munich): I think, this line somehow says there is always a trade-off (so excludes any potential smart solutions). Could we remove this line. I have added an alternative line which can help our IRs. 

RAN1: For Rel-18 studies on SL positioning, R1 focus on positioning accuracy. End-to-end positioning latency is expected to satisfy a latency budget of X second(s). o FFS: value of X



Proposal 9: sStudy procedures for UE tudy flexibility, overhead, latency, and reliability aspects of anchor (re)selection, /(de)activationconsidering the as well as SL PRS configuration/(de)activation/triggeringimpact on signalling overhead, and latency..



3	Conclusion
This document has made the following observations:
Observation 1: For V2X and public safety use-cases, at least in-coverage and out-of-coverage scenarios are considered.Observation 1: aaa

Observation 2: Sidelink can be also utilized to enhance or offload Uu-based positioning, or simply offload Uu control signalling for positioning purposes via SL communications.   

Observation 3: Sharing of resource pools between SL communication and SL positioning introduces co-existence & backward compatibility issues.


And proposed the following proposals:
Proposal 1: Prioritize the out-of-coverage (OOC) scenario for the study of standalone sidelink positioning. 
Proposal 2: For in-coverage (IC) positioning, study joint Uu/SL positioning.
Proposal 3: Partial coverage and relaying aspects of SL positioning are left for future study.
Proposal 4: Study SL positioning in shared resource pools accommodating also SL communications.

Proposal 5: Study mechanisms to support efficient co-existence of SL PRS with other SL transmissions, and multiplexing SL PRS belonging to different users in time, frequency or code domain such as coordination between the target UE and anchor UEs.

Proposal 6: Prioritize re-using existing resource allocation modes 1 and 2 from NR SL communications for scheduling SL PRS transmissions, and study necessary modifications to accommodate SL positioning requirements.
Proposal 7: UEs may perform LMF functionalities for a SL positioning session, especially in out-of-coverage scenarios. Such role is determined based on the capability and availability of the UEs that might be involved in SL positioning.
Proposal 8: Study procedures for configuration and (de-)activation/triggering of SL PRS as well as procedures for exchange of positioning-related information such as assistance data, measurement reports and location estimate, for SL positioning, including UE-to-UE and UE-to-Network signalling.

Proposal 9: Study procedures for UE anchor selection, considering the impact on signalling overhead, and latency.

Proposal 1: aaa
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