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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. The positioning framework is being extended over sidelink 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. 
In the RAN1#112 meeting, initial agreements towards normative work are drawn on resource allocation for sidelink positioning reference signal (SL-PRS) considering dedicated SL positioning resource pool and legacy SL resource pool shared for SL-PRS transmission for network assisted resource configuration (scheme 1) and autonomous resource configuration by SL UEs (scheme 2).
The present contribution provides the further details on positioning resource allocation schemes for SL-PRS resource configuration, triggering and reporting considering previous agreements. 








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. Considering both the schemes some initial agreements are derived in last meeting. 

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) or LMF. In sidelink communication such resource configurations can be configured using dynamic grant and configured grant signalling from gNB to the participating UEs. In the last meeting following agreement is drawn on scheme 1.

Agreement
Regarding Scheme 1 SL-PRS resource allocation, do not further consider a transmitting UE to receive the SL-PRS resource allocation through higher layers from the LMF (i.e., Option 1 is not pursued further). 
This precludes the transmission on resource configuration of SL-PRS from the LMF. So, the remaining option is to configure directly by the gNB/TRP to UEs using dynamic grant and configured grant signalling.  gNB/TRP should configure the SL-PRS resources using both dynamically using DCI and configured grant type 1 and type 2. 
Proposal 1: In scheme 1 type of resource allocation, gNB provides the suitable resource allocation information to the UEs using dynamic grant and configured grant type 1 & 2.
Further gNB/TRP can report this resource configurations to the LMF at least in when the final positioning is being estimated by the LMF.
Proposal 2: In scheme 1 type of resource allocation, gNB may provide resource configuration information to the positioning server/LMF.

II.  Scheme 2:
In the last meeting, the discussion related to resource selection methods in scheme 2 including sensing based and random selection, exact sensing mechanism for shared and dedicated resource pool, congestion control and inter-UE coordination for SL-PRS is carried out with some agreement on them. 
Regarding the scheme 2 resource selection, sensing based and random resource selection is agreed to support. In case of shared resource pool Rel 16 and 17 sensing procedure will be reused for resource selection. Whereas for dedicated resource, it is considered as baseline with indication to study any changes are needed. Following agreements suggest that.

Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool,
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.

Agreement
With regards to random resource selection, reuse existing Rel-17 random selection mechanism from sidelink communications. 
· Study if any changes are needed.

Agreement
For the scheme 2 sensing-based resource allocation, 
· Rel-16/17 resource (re)-selection procedure is reused for SL-PRS in the shared resource pool. 
· Study if/what changes are needed.
· Rel-16[/17] resource (re)-selection procedure with periodic and without periodic reservations is the starting point for the design of SL-PRS in the dedicated resource pool. 
· Study what changes, if any, are needed at least with regards to the following: sensing window, resource selection window, reservation interval, Resource exclusion mechanism (e.g., definition of resource set for SL-PRS, how RSRP is measured, etc)
· From RAN1 perspective, priority value for SL PRS should be provided by higher layers from Tx UE perspective.

Agreement
For SL-PRS transmission, at least support the following,
· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication.
· FFS: whether/what changes are needed
· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.
· FFS: Maximum number of reservations and transmissions after triggering

For shared resource pool, Rel 16/17 resource (re)-selection procedure can be used without change. But for the dedicated resource Rel 16/17 resource (re)-selection procedure can be re used with some modifications. In legacy resource selection mechanism, T2 value depends on packet delay budge (PDB). In dedicated resource pool, selection window should be dependent on positioning allowable latency e.g. Localization delay budge (LDB) which need to be specified. Further, T0 value has limited configuration in legacy sensing procedure which need to be increase. For SL-PRS transmissions without periodic reservation, the repetition should be associated with PRS resource configuration as well TB (if slot includes PSSCH) and number of reservation should depend on number of SL-PRS configurations to be measured.  

Proposal 3: For dedicated resource pool, T2 value in resource selection procedure should be dependent on location delay budge (LDB). LDB is latency budge for localization set by higher layer.

Proposal 4: For SL-PRS transmissions without periodic reservation, the repetition should be associated with PRS resource configuration as well TB (if slot includes PSSCH). Further the number of reservations should depend on number of SL-PRS configurations to be measured.

Regarding the triggering the SL-PRS resources by the UE following agreement is derived.

Agreement
In Scheme 2, with regards to the triggering of SL-PRS, support one or both of the following options: 
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signalling sent by UE-A. 
· FFS: Whether lower-layer signalling is SCI or SL MAC-CE

Option 1 support triggering of SL-PRS at physical layer by its own higher layer which is important to UE to self-initiate the SL-PRS transmission case e.g., when anchor UE is coordinating the positioning estimation of the target UE with other UEs and the anchor UE itself want to transmit the SL-PRS as well then option 1 is useful. Whereas to activate the SL-PRS transmission in other UE (other anchors UE) coordinated by the anchor UE, a physical layer trigger is necessary. Therefore, the option 2 as well is necessary. So, it is necessary to support both option 1 and option from the last agreements. The periodic reservation triggering can be performed by MAC-CE in the option 2 while a periodic reservation triggering can be performed by SCI so both MAC-CE based and SCI based triggering should be supported.

Proposal 5: In Scheme 2, with regards to the triggering of SL-PRS, support the following options:
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signalling sent by UE-A. 
· lower-layer signalling is one of the SCI and SL MAC-CE.

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. Dedicated resource pool will be important to have more flexibility to manage SL-PRS resource bandwidth to achieve desired accuracy and latency constraints. The following agreement is drawn in last meeting regarding the SL resource pool. 

Agreement
· A UE can be configured to perform either resource allocation Scheme 1 or Scheme 2, applicable to all resource pools (dedicated or shared resource pools).
· SL PRS unicast/groupcast/broadcast can occur in either a shared or a dedicated resource pool.

Further it is discussed that whether SL BWP should include both dedicated and shared resource configurations simultaneously. Only one SL-BWP will be active in the UE at any point in time and UE might be doing SL legacy operation as well as positioning measurement/estimation simultaneously. Therefore, it is necessary to configure the dedicated and shared resources in the same SL-BWP. But it should not restrict the use of dedicated resource pool only for SL-PRS while legacy resource pool for other positioning related transmission including reporting, triggering etc. Dedicated resource pool should be self-sufficient and it should be possible to complete all positioning related procedures using only dedicated resource pool as well. This is important for some use cases where positioning is the only task the UEs perform and do not have legacy SL transmission requirement.  

Observation 1: As UE might perform legacy SL and SL positioning operation simultaneously, it is necessary to configure the both dedicated and shared resource pool in the SL-BWP, but this does not    mean that it is mandatory.

Proposal 6: For SL-PRS transmission, it is allowed to (pre-)configure both dedicated resource pool and shared resource pool in the SL-BWP of a carrier optionally.
· Note 1: It does not preclude the case of only either of the resource pool is configured in the SL-BWP
· Note 2: It does mandate the use of dedicated resource pool only fo SL-PRS transmission and reception.


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 sub-channel 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.
In the last meeting some initial discussions on the dedicated resource pool structure are started. One of such discussion was related to one or many the dedicated resource pool configuration per SL-BWP. It will be beneficial to (pre)-configure the multiple dedicated resources as it will give flexibility in term of resource selection as per use case and requirement e.g., different bandwidth.
Last meeting following agreement is drawn on dedicated resource pool slot structure.


Agreement
For a dedicated resource pool for positioning:
· The set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).
· FFS: additional slots that can be used for SL PRS is not precluded
· Study what the dedicated resource pools for positioning (pre-)configuration should include, and consider at least the following: The start PRB position, the number of contiguous PRBs, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration, sub-channel size and sub-channel count, time-domain bitmap, reporting configuration.

Further it is open to discuss the content of the dedicated resource pool. Resource pool should specify the details on time-frequency domain resources in the SL-BWP and possible channels it can transmit along with SL-PRS with their configuration. Dedicated resource pool should include the time domain bit map of slots, reserved slots bit map, sl-StartSymbol per slot, start PRB position, the number of contiguous PRBs, sub-channel size and sub-channel count, SL-PRS configuration, SL-PSCCH configuration, SL-PSSCH configuration related to SL-PRS, power control configuration, reporting configuration, IUC configurations. Further if shared resources are allowed to multiplied it should be in TDMed with dedicated resources to avoid unnecessary complication to identify the resources. 

Proposal 7: For a dedicated resource pool for positioning, multiple resource pool for positioning can be (pre-)configured associated with the one SL BWP of the carrier.

Proposal 8: Dedicated resource pool (pre)-configuration should include the time domain bit map of slots, reserved slots bit map, SL-start symbol per slot, start PRB position, the number of contiguous PRBs, sub-channel size and sub-channel count, SL-PRS configuration, SL-PSCCH configuration, SL-PSSCH configuration related to SL-PRS, power control configuration, reporting configuration, IUC configurations.

Proposal 9: Shared resource pool can be multiplexed in TDMed manner with dedicated resources in SL-BWP.

Further regarding the multiplexing the other channel with SL-PRS in dedicated resource pool following agreement is drawn. 

Agreement
For a dedicated resource pool for Positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, option 1 (No other channel can be included beyond SL-PRS) is NOT pursued further. 
· Continue discussion between Option 2 and 3, and whether any other channel could also be included (e.g. PSFCH).

It is necessary to design the dedicated resource pool self-sufficient i.e., it should perform all positioning related operation without the use of shared resource pool used for legacy SL operation. 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 may not be 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 therefore, it is important to be dedicate resource pool self-sufficient. Hence, dedicated SL resource pool should multiplex SL-PRS, corresponding PSCCH and PSSCH transmission as well. Further a dedicated SCI format in PSCCH should be defined for SL-PRS configuration, indication and/or triggering. Only new first stage SCI can be used for SL-PRS configuration in dedicated resource pool.
Observation 2: From SL positioning point of view, it may not be 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 10: The dedicated SL resource pool will include configuration of SL-PRS, corresponding PSCCH and PSSCH. PSCCH and PSSCH will be carrying the positioning protocol and SL-PRS related messages.
Proposal 11: In the dedicated SL resource pool, dedicated SCI format in PSCCH should be defined for SL-PRS configuration, indication and/or triggering.
Proposal 12: For Dedicated SL resource configuration for SL positioning, reporting of the measurement can be triggered by TX UE in the first stage SCI. Resource reservation mechanism of first stage SCI (e.g. SCI 1-A) can be used to decide the measurement reporting resources using resource reservation field from stage 1 SCI and providing PRS report trigger field as additional signal using reserved bit.

With regard to bandwidth of the SL-PRS following agreement is drawn,

Agreement
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, down select from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
· FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)

It will be flexible enough to configure the bandwidth for positioning over dedicated resource pool. Therefore, it is better to have SL-PRS bandwidth same or smaller than that of the resource pool.
Proposal 13: For a dedicated resource pool for positioning, the bandwidth of SL-PRS transmission can be same or smaller than that of the resource pool.

II. Shared Resource Pool: 
It is agreed that UE can use the legacy sidelink resource pool for SL PRS transmission and positioning protocol message exchange. The configuration can be indicated using first stage SCI and second stage SCI to the receiving UE. If the slot is configured for SL-PRS transmission or positioning related signalling, then first stage SCI can be reinterpreted to convey that the subchannel is used for positioning purpose if no legacy channel is multiplied in the subchannel. Otherwise, reserved bit can be used to indicate the presence of SL-PRS and other channels. PRS resource trigger and reporting triggering should be considered in first stage SCI. Whereas a new second stage SCI should be designed to covey source and destination ID, the positioning reporting configuration and corresponding PSSCH channel reservations.
Subchannel used for SL positioning may carry the SL-PRS, PSSCH with SL positioning protocol message, PSCCH with first stage SCI and second stage SCI piggybacked on PSSCH. SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in a slot. The PSSCH will be multiplexed with SL-PRS in TDM manner only to avoid any interference issues with SL-PRS. Further, it should be possible to multiplex the SL-PRS and associated PSCCH without PSSCH carrying data in the slot. 
If the bandwidth 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 to decide the measurement reporting resources using resource reservation field from stage 1 SCI and providing PRS report trigger field as additional signal using reserved bit. This will be provided by SL-PRS transmitting UEs to the Rx UEs for better resource co-ordination.
Proposal 14: For legacy SL resource configuration for SL positioning, SL-PRS will be indicated using first stage SCI and new second stage SCI.
Proposal 15: For legacy SL resource configuration for SL positioning, first stage SCI will be reinterpreted to convey subchannel is used for SL positioning if no legacy channel is multiplied in the subchannel. Otherwise, reserved bit can be used to indicate the presence of SL-PRS and other channels.
Proposal 16: 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.  The PSSCH will be multiplexed with SL-PRS  in TDM manner only
Proposal 17: For legacy SL resource configuration for SL positioning, reporting of the measurement can be triggered by TX UE in the first stage SCI. Resource reservation mechanism of first stage SCI (SCI 1-A) can be used to decide the measurement reporting resources using resource reservation field from stage 1 SCI and providing PRS report trigger field as additional signal using reserved bit.
4 Conclusion

The contribution provides the following proposals towards SL positioning and ranging resource allocation and coordination:
Proposal 1: In scheme 1 type of resource allocation, gNB should provide the suitable resource allocation information to the UEs using dynamic grant and configured grant type 1 & 2.
Proposal 2: In scheme 1 type of resource allocation, gNB may provide resource configuration information to the positioning server/LMF.

Proposal 3: For dedicated resource pool, T2 value in resource selection procedure should be dependent on location delay budge (LDB). LDB is latency budge for localization set by higher layer.

Proposal 4: For SL-PRS transmissions without periodic reservation, the repetition should be associated with PRS resource configuration as well TB (if slot includes PSSCH). Further the number of reservations should depend on number of SL-PRS configurations to be measured.

Proposal 5: In Scheme 2, with regards to the triggering of SL-PRS, support the following options:
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signalling sent by UE-A. 
· lower-layer signalling is one of the SCI and SL MAC-CE.

Observation 1: As UE might perform legacy SL and SL positioning operation simultaneously, it is necessary to configure the both dedicated and shared resource pool in the SL-BWP but this does not    mean that it is mandatory.

Proposal 6: For SL-PRS transmission, it is allowed to (pre-)configure both dedicated resource pool and shared resource pool in the SL-BWP of a carrier optionally.
· Note 1: It does not preclude the case of only either of the resource pool is configured in the SL-BWP
· Note 2: It does mandate the use of dedicated resource pool only fo SL-PRS transmission and reception.

Proposal 7: For a dedicated resource pool for positioning, multiple resource pool for positioning can be (pre-)configured associated with the one SL BWP of the carrier.

Proposal 8: Dedicated resource pool (pre)-configuration should include the time domain bit map of slots, reserved slots bit map, SL-start symbol per slot, start PRB position, the number of contiguous PRBs, sub-channel size and sub-channel count, SL-PRS configuration, SL-PSCCH configuration, SL-PSSCH configuration related to SL-PRS, power control configuration, reporting configuration, IUC configurations.

Proposal 9: Shared resource pool can be multiplexed in TDMed manner with dedicated resources in SL-BWP.
Observation 2: From SL positioning point of view, it may not be 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 10: The dedicated SL resource pool will include configuration of SL-PRS, corresponding PSCCH and PSSCH. PSCCH and PSSCH will be carrying the positioning protocol and SL-PRS related messages.
Proposal 11: In the dedicated SL resource pool, dedicated SCI format in PSCCH should be defined for SL-PRS configuration, indication and/or triggering.
Proposal 12: For Dedicated SL resource configuration for SL positioning, reporting of the measurement can be triggered by TX UE in the first stage SCI. Resource reservation mechanism of first stage SCI (e.g., SCI 1-A) can be used to decide the measurement reporting resources using resource reservation field from stage 1 SCI and providing PRS report trigger field as additional signal using reserved bit.

Proposal 13: For a dedicated resource pool for positioning, the bandwidth of SL-PRS transmission can be same or smaller than that of the resource pool.

Proposal 14: For legacy SL resource configuration for SL positioning, SL-PRS will be indicated using first stage SCI and new second stage SCI.
Proposal 15: For legacy SL resource configuration for SL positioning, first stage SCI will be reinterpreted to convey subchannel is used for SL positioning if no legacy channel is multiplied in the subchannel. Otherwise, reserved bit can be used to indicate the presence of SL-PRS and other channels.
Proposal 16: 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.  The PSSCH will be multiplexed with SL-PRS in TDM manner only.
Proposal 17: For legacy SL resource configuration for SL positioning, reporting of the measurement can be triggered by TX UE in the first stage SCI. Resource reservation mechanism of first stage SCI (SCI 1-A) can be used to decide the measurement reporting resources using resource reservation field from stage 1 SCI and providing PRS report trigger field as additional signal using reserved bit.
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