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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, 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 resource allocation schemes for SL-PRS resource configuration, triggering and reporting. 


2 Resource Allocation Schemes for SL positioning:
As positioning and ranging solutions should support the in/partial coverage and OOC scenarios, during study the network centric (scheme 1) and UE autonomous resource selection (scheme 2) schemes of SL-PRS resources are studied extensively. It is agreed that both schemes are important and should be supported in the specification. Scheme 1 is suitable at least in in coverage and partial coverage scenarios whereas the scheme 2 is mainly targeting OOC scenario. 

I. Scheme 1:
In this type of resource allocation, anchor UEs and target UEs will be assisted with SL-PRS resource configurations and reporting configurations by the gNB(s). In sidelink communication such resource configuration can be configured using dynamic grant and configured grant signalling from gNB to the participating UEs. In positioning case, if positioning server is residing in the one of the participating UE or in the network (i.e., in the core in case of UEs connected to the network) then gNB can share the information to the positioning serve and positioning server will configure the resources to the anchor and target UE. In this case gNB can provide the dynamic triggering with DCI or can provide activation or deactivation similar like the configured grant of type 2 in the sidelink. 
Proposal 1: In scheme 1 type of resource allocation, gNB provides the suitable resource allocation information to the positioning server, and further positioning serve will provide this information to participating UEs using positioning protocol.
Proposal 2: In scheme 1 type of resource allocation, gNB may provide the activation and deactivation trigger to the resources configured by the positioning server.

II. Scheme 2:
In case of the scheme 2 for SL positioning, sidelink sensing procedure should be reused to get the available subchannels. This operation can be left to each anchor UE and target UE depending on SL-PRS direction configured or can be performed by one of the UE namely reference Anchor UE. Latter type of operation is helpful for partial coverage scenario where anchor UE acting as relay node can act as reference Anchor UE and shares/configures the SL-PRS resources to all participating anchor and target UEs. To avoid the resource congestion and/or conflict, inter UE -coordination solution should be adopted. Both IUC scheme 1 and scheme 2 should be considered for inter UE resource coordination.
Proposal 3: In scheme 2 type of resource allocation, sidelink sensing procedure should be reused for resource selection.
Proposal 4: In scheme 2 type of resource allocation, resource selection can be performed by 
a) Anchor UE or Target UE depending on direction of SL-PRS configured 
b) Reference anchor UE which will coordinate the resources among the anchor UEs and the target UE.
Proposal 5: For SL positioning resource allocation scheme, at least in the scheme 2, inter UE-coordination solution should be adopted. Both IUC scheme 1 and scheme 2 should be considered as a baseline for inter UE SL-PRS resource coordination.
3  SL resource pool 
During the study phase, it is concluded that both the dedicated and shared resource pool can be used for SL-PRS resource configuration and measurement reporting. 

I. Dedicated Resource Pool: 
The reason for dedicated resource pool is that the bandwidth requirement to achieve the SL positioning accuracy for various use cases which may not be satisfied by legacy resource pool or may be difficult to control the subchannel configuration for positioning purpose in presence of legacy sidelink channels. So it will be beneficial to have dedicate resource pool for positioning purpose. Additionally, it will avoid the backward compatibility issues.
A configuration of SL positioning resource pool should be provided by the positioning server. gNB may indicate the configuration of SL resource pool to the positioning server. SL resource pool will define by ‘N’ subchannels in frequency domain formed by ‘M’ consecutive RBs which will span in few symbols in the slot. Time domain granularity can be slot level. 
Dedicated SL position resource pool can be used to configure the SL-PRS transmission, positioning protocol message transmission including capability exchange, assistance information transmission and location information transfer including request location information and provide location information. Further it is not optimum to use two different type of resource pool for co-related  data/channel transmission (like SL_PRS on dedicated but other information message of legacy resource pool) and it is important to be dedicate resource pool self-sufficient. Therefore, dedicated SL resource pool should multiplex SL-PRS, corresponding PSCCH and PSSCH transmission as well. Further a dedicated SCI format should be defined for SL-PRS configuration, indication and/or triggering. Both first stage and second stage SCI formats can be used to convey the resource configuration.
Observation 1: To overcome the bandwidth limitation of the legacy resource pool and to avoid the backward compatibility issues dedicated resource pool is beneficial. 
Observation 2: From SL positioning point of view, it not desirable to use dedicated resource pool only for SL-PRS configuration and for other information messages to use legacy resource pool. Further it is important to be dedicate resource pool self-sufficient.
Proposal 6: For SL positioning purpose, the dedicate SL resource pool configuration should be provided by the positioning server. Positioning server may receive the configuration from gNB.
Proposal 7: For SL positioning purpose, the dedicated SL resource pool is defined by ‘N’ subchannels in frequency domain formed by ‘M’ consecutive RBs. Time domain granularity will be slot level. 
Proposal 8: The dedicated SL resource pool will include configuration of SL-PRS, corresponding PSCCH and PSSCH. PSCCH and PSSCH will be carrying the positioning protocol related messages.

II. Shared Resource Pool: 
UE can use the legacy sidelink resource pool for SL PRS transmission and positioning protocol message exchange. A new reference signal (SL-PRS) will be introduced wrt legacy sidelink. The configuration can be indicated using first stage SCI and second stage SCI to the receiving UE. If the slot will be configured for SL-PRS transmission or positioning related signalling, then first SCI can be reinterpreted to convey that the subchannel is used for positioning purpose. PRS resource trigger and reporting signal should be considered in first stage SCI.
Subchannel used for SL positioning will carry the SL-PRS, PSSCH with SL positioning protocol message, PSCCH with first stage SCI and second stage SCI piggybacked on PSSCH. If the band width of configured subchannel is less than the required then subchannel aggregation should be supported where adjacent subchannel are aggregated for SL-PRS transmission to match the positioning bandwidth requirement.
Reporting of the measurement can be triggered by the first stage SCI and resource reservation mechanism can be used for measurement reporting using resource reservation field from stage 1 SCI and providing PRS report trigger field as additional signal using reserved bit. 
Proposal 9: For legacy SL resource configuration for SL positioning, SL-PRS will be indicated using first stage SCI and/or second stage SCI.
Proposal 10: For legacy SL resource configuration for SL positioning, first stage SCI will be reinterpreted to convey subchannel is used for SL positioning.
Proposal 11: For legacy SL resource configuration for SL positioning, Subchannel will carry the SL-PRS, PSSCH with SL positioning protocol message, PSCCH with first stage SCI and second stage SCI piggybacked on PSSCH.
Proposal 12: For legacy SL resource configuration for SL positioning, reporting of positioning measurement can happen in the same sub channel or in next subchannel reserved by resource reservation field in SCI.
4 Conclusion

The contribution provides the following observations and proposal towards SL positioning and ranging resource allocation and coordination:
Proposal 1: In scheme 1 type of resource allocation, gNB provides the suitable resource allocation information to the positioning server, and further positioning serve will provide this information to participating UEs using positioning protocol.
Proposal 2: In scheme 1 type of resource allocation, gNB may provide the activation and deactivation trigger to the resources configured by the positioning server.
Proposal 3: In scheme 2 type of resource allocation, sidelink sensing procedure should be reused for resource selection.
Proposal 4: In scheme 2 type of resource allocation, resource selection can be performed by 
a) Anchor UE or Target UE depending on direction of SL-PRS configured. 
b) Reference anchor UE which will coordinate the resources among the anchor UEs and the target UE.
Proposal 5: For SL positioning resource allocation scheme, at least in the scheme 2, inter UE-coordination solution should be adopted. Both IUC scheme 1 and scheme 2 should be considered as a baseline for inter UE SL-PRS resource coordination.
Observation 1: To overcome the bandwidth limitation of the legacy resource pool and to avoid the backward compatibility issues dedicated resource pool is beneficial. 
Observation 2: From SL positioning point of view, it not desirable to use dedicated resource pool only for SL-PRS configuration and for other information messages to use legacy resource pool. Further it is important to be dedicate resource pool self-sufficient.
Proposal 6: For SL positioning purpose, the dedicate SL resource pool configuration should be provided by the positioning server. Positioning server may receive the configuration from gNB.
Proposal 7: For SL positioning purpose, the dedicated SL resource pool is defined by ‘N’ subchannels in frequency domain formed by ‘M’ consecutive RBs. Time domain granularity will be slot level. 
Proposal 8: The dedicated SL resource pool will include configuration of SL-PRS, corresponding PSCCH and PSSCH. PSCCH and PSSCH will be carrying the positioning protocol related messages.
Proposal 9: For legacy SL resource configuration for SL positioning, SL-PRS will be indicated using first stage SCI and/or second stage SCI.
Proposal 10: For legacy SL resource configuration for SL positioning, first stage SCI will be reinterpreted to convey subchannel is used for SL positioning.
Proposal 11: For legacy SL resource configuration for SL positioning, Subchannel will carry the SL-PRS, PSSCH with SL positioning protocol message, PSCCH with first stage SCI and second stage SCI piggybacked on PSSCH.
Proposal 12: For legacy SL resource configuration for SL positioning, reporting of positioning measurement can happen in the same sub channel or in next subchannel reserved by resource reservation field in SCI.

5 References
[1] RP-223549 New WID on Expanded and Improved NR Positioning
[2] TR 38.859 V0.3.0 (2022-11) Study on Expanded and Improved NR Positioning; (Release 18)
[3] TR 23.700-86 V1.3.0 Study on Architecture Enhancement to support Ranging based services and sidelink positioning (Release 18)
[4] R1-2301696 View on SL positioning methods, measurements and reporting for SL positioning.
[5] R1-2301695 View on View on SL positioning reference signal design.




[bookmark: _Hlk117841894]
