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1. [bookmark: _Ref118382196]Introduction
The study on expanded and improved NR positioning had been completed in RAN1#111, and the item was converted into work item in RAN#98 with following objectives on SL positioning[1]:
· Specify solutions for support of SL positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of SL positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-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 SL 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 SL 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].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for SL positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for SL positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].
In the last meeting resource allocation for SL positioning reference signal was discussed with considerable number of agreements, in this paper we further discuss potential issues on this topic and gave our views.
2. Discussion
2.1 Scheme 1
[bookmark: _Hlk131695644]In the last meeting following agreement was achieved on Scheme 1[2]:
	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). 


Basically, resource allocation Mode 1 in SL communication can be used as starting point for SL positioning Scheme 1. The resource granularity of resource allocation Mode 1 is one slot in time domain and one sub-channel in frequency domain, while the granularity for SL PRS in time and frequency domain may be different as discussed in our companion contribution [3]. For instance, in dedicated resource pool one SL PRS resource may consist of part of OFDM symbols within a slot, and in frequency domain different RE offset within same bandwidth may correspond to different SL PRS resources. In the sense, some adaptation to resource allocation Mode 1 is necessary to fit in the new resource granularity in SL positioning.
[bookmark: _Toc131755510]Proposal 1: Regarding Scheme 1 SL PRS resource allocation, resource allocation Mode 1 for SL communication is used as starting point, and some enhancement should be considered if new time/frequency resource granularity is introduced for SL positioning.
2.2 Scheme 2
[bookmark: _Hlk131715882]In the last meeting following agreement was achieved on Scheme 2 [2]:
	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



[bookmark: _Hlk127438907]One open issue left in the last meeting is whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool. In Rel-17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof, but no enhancement was introduced at the end for the co-existence between random resource selection and other resource selection schemes in a same resource pool. The issue being considered here is rather similar as that in Rel-17 SL communication, therefore, in our view there is no need to consider any enhancement for SL positioning either.
[bookmark: _Toc131755511]Proposal 2: No enhancement is needed for coexistence of random selection and sensing-based resource selection in a resource pool.
2.2.1 Sensing-based resource selection
It was agreed in the last meeting that priority value for SL PRS should be provided by higher layers from Tx UE perspective. In case of SL PRS is transmitted within the same resource pool as SL communication, the priority of SL PRS and the priority of SL data should be comparable.
[bookmark: _Toc131755512]Proposal 3: The priority of SL PRS provided by higher layer and the priority of SL data should be comparable.
[bookmark: _Hlk127462242]As agreed in the last meeting, Rel-16/17 resource (re-)selection procedure is the starting point for Scheme 2 sensing-based resource selection. Rel-16/17 resource (re-)selection procedure includes 2 steps:
· Step 1: Identification of candidate resources within the resource selection window
· A resource is not considered as a candidate resource if the resource is indicated in a received SCI and the associated L1 SL-RSRP measurement is above an SL-RSRP threshold
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
Note that both the Step 1 and Step 2 are performed on top of a resource set, and all UEs using the resource pool have common understanding on the resource set. In SL communication the resource within the set is defined as {slot, sub-channel}. However, in SL positioning the SL PRS resource may be different, e.g., in time domain it could include only a few OFDM symbols within a slot, and in frequency domain it could include only a certain RE offset under a given comb size. In the Scheme 2 resource pool, the parameters used to determine a SL PRS resource and to form the resource set, e.g., the number of OFDM symbols included in a SL PRS resource, comb size, etc., should be clearly (pre-)configured.
[bookmark: _Toc131755513]Proposal 4: In the Scheme 2 resource pool, the parameters used to determine a SL PRS resource for sensing based resource selection should be (pre-)configured.
As also discussed in our companion contribution[3], when TDM-based multiplexing of SL PRS from different UEs in a slot is supported, in order to reuse current resource allocation Mode 2 for SL communication for scheme 2 resource selection, and also simply UE implementation, it is necessary to restrict that one UE can only use/reserve one and the same one SL PRS time resource in a slot. That is at most one SL PRS resource in a slot is included in the resource set used for sensing-based resource selection of a UE.
[bookmark: _Toc131693949][bookmark: _Toc131755514]Proposal 5: When TDM-based multiplexing of SL PRS from different UEs in a slot is supported, one UE can only use/reserve one and the same one SL PRS time resource in a slot. 
2.2.2 Congestion control
Congestion control is supported in both LTE and NR SL system, it is an important feature to avoid the break-down of SL system caused by traffic explosion. Therefore, the feature should be supported in SL positioning as well.
To support congestion control in SL positioning, the following principles similar as congestion control mechanism for SL communication can be considered: 
· [bookmark: _Hlk127462288]Congestion control processing time is same as SL communication;
· Up to 16 CBR ranges as SL communication are defined;
· CBR measurement time window is [100ms or 100 slots];
· CR measurement time window is [1000ms or 1000 slots];
· In shared resource pool, the definition of CBR and CR are same as SL communication;
· In dedicated resource pool, the definition of CBR and CR should be adapted to the definition of SL PRS resource.
[bookmark: _Toc131755515]Proposal 6: Use the following principles for congestion control in SL positioning:
· Congestion control processing time is same as SL communication;
· Up to 16 CBR ranges as SL communication are defined;
· CBR measurement time window is [100ms or 100 slots];
· CR measurement time window is [1000ms or 1000 slots];
· In shared resource pool, the definition of CBR and CR are same as SL communication;
· In dedicated resource pool, the definition of CBR and CR should be adapted to the definition of SL PRS resource.
2.2.3 Inter-UE Coordination
For resource selection Mode 2 in Rel-17, two inter-UE coordination (IUC) schemes were introduced to mitigate the performance degradation caused by hidden node problem and half duplex problem. In IUC scheme 1, if receiving an explicit request from UE-B or triggered by a condition, UE-A can provide preferred or non-preferred resource set to UE-B with MAC CE and/or SCI-2C. The resource set is taken into account by UE-B during mode 2 resource selection. As UE autonomous resource selection will be introduced for SL PRS transmission as well, IUC scheme 1 can be applied to SL PRS resource selection at least when SL PRS is transmitted in the shared resource pool with SL communication. For the dedicated SL PRS resource pool, as there may be no PSSCH transmission in side, how to transmit the IUC information and explicit request (both are carried by PSSCH) is a problem.
[bookmark: _Toc131755516]Proposal 7: IUC scheme 1 should be supported for SL PRS resource selection at least when SL PRS is transmitted within the shared resource pool with SL communication.  FFS for dedicated SL PRS resource pool.
[bookmark: _Hlk127462607]IUC scheme 2 introduced in Rel-17 is used to indicate potential resource conflict on resources reserved by UE-B in the future, and the conflict information is carried by PSFCH. In study item, it was agreed that SCI can be used for reserving one or more SL PRS resources, which means resource reservation is also considered for SL PRS transmission. It is desirable to also support IUC scheme 2 for SL PRS so as to reduce resource collision between one SL PRS and another SL PRS or PSCCH/PSSCH. For shared resource pool, the PSFCH resource configured for IUC Scheme 2 can be used to indicate resource conflict between SL PRS and another SL transmission. For dedicated resource pool, PSFCH resources should also be configured if IUC scheme 2 is supported. . Note that in Rel-17 SL communication, the PRBs in the OFDM symbols for PSFCH can be (pre-)configured for either HARQ-ACK feedback or conflict information indication, hence the slots with PSFCH resources can be included in both dedicated resource pool for SL PRS and another resource pool to share the resources in the PSFCH symbols.
[bookmark: _Toc131755517]Proposal 8: IUC scheme 2 should be applied to SL PRS resource selection in shared resource pool and dedicated resource pool for SL positioning.
In the beginning of Rel-17 IUC Scheme 2 was also considered to indicate the resource collision on already used resource(s), however, as HARQ feedback is supported in SL communication, this feature is not supported at the end. This feature may be beneficial for SL positioning as HARQ feedback is not applicable for PRS. If PSFCH resources are included in the resource pool for SL PRS, the collision on the already used SL PRS resource(s) can also be supported to trigger additional SL PRS transmission.
[bookmark: _Toc131755518]Proposal 9: Conflict indication for the already used SL PRS resource(s) should be supported for SL positioning.
2.3 Resource pool
In study item, the following conclusion was achieved on resource pool for SL PRS [4]:
	-	With regards to the SL PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication are recommended for normative work.
-	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.


For shared resource pool, the resource pool configuration mechanism as SL communication should be fully reused. 
In SL communication, the number of OFDM symbols that can be used for SL operation within a slot is not smaller than 7 to accommodate a PSCCH/PSSCH and corresponding DMRS. For dedicated SL PRS resource pool, this restriction can be relaxed as SL PRS may not need so much OFDM symbols. Furthermore, to support IUC scheme 2 PSFCH resources should be configured within the dedicated SL PRS resource pool. 
[bookmark: _Toc131755519]Proposal 10: For a dedicated SL PRS resource pool, slots with less than 7 OFDM symbols for SL operation and slots configured with PSFCH resources can be included.
2.4 Triggering for SL PRS transmission
In the last meeting following agreement was achieved on triggering for SL PRS transmission [2]:
	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

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
· [bookmark: _Hlk131755476]Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· FFS: Whether lower-layer signaling is SCI or SL MAC-CE



According to the agreement above SL PRS can be transmitted with periodic reservation or without periodic reservation, for any case when should a UE select a SL grant for SL PRS transmission should be decided by higher layer of the UE. However, as UE may also be controlled by gNB even it is performing Scheme 2 resource selection, higher layer triggering from gNB should also be included. Furthermore, for triggering of SL PRS, the mechanism(s) should be common for Scheme 1 and Scheme 2.
[bookmark: _Toc127484941][bookmark: _Toc131755520]Proposal 11: In Scheme 1 or Scheme 2, support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers, this also includes higher layer triggering from another UE or gNB.
As discussed below in current SL communication destination ID is included in SCI to support unicast or groupcast, if the mechanism is reused for unicast or groupcast of SL PRS the receiver can know whether it is the intended receiver of the SL PRS, in this case the SCI that contains the destination ID can be used to trigger the receiver to transmit SL PRS in RTT-based positioning.
[bookmark: _Toc131755521]Proposal 12: In Scheme 1 or Scheme 2, support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A, the lower layer signaling is SCI.
2.5 [bookmark: _Hlk127378595]Unicast, Groupcast, Broadcast
In SL communication 4 cast types are supported, i.e., Unicast, groupcast when HARQ information includes both ACK or NACK, groupcast when HARQ information includes only NACK, and broadcast. The cast type is indicated by “Cast type indicator” field in SCI-2A/B/C, in addition, a “Destination ID” field is also included to indicate the target receiver(s) in different cast types, where the destination ID is provided by higher layer. In SL positioning, “Cast type indicator” and “Destination ID” fields as SL communication can be included SCI to support the 3 cast types. Note that the SCI used to convey the 2 fields should be 1st stage SCI in SL positioning to avoid the multiplexing between SL PRS and PSSCH within one slot.
[bookmark: _Toc127484942][bookmark: _Toc131755522]Proposal 13: “Cast type indicator” and “Destination ID” fields as SL communication should be included in SCI to support unicast, groupcast and broadcast, where the destination ID is provided by higher layer.
3. Conclusion
In this contribution, we discussed the potential issues on resource allocation for SL PRS, we have following and proposals:
Proposal 1: Regarding Scheme 1 SL PRS resource allocation, resource allocation Mode 1 for SL communication is used as starting point, and some enhancement should be considered if new time/frequency resource granularity is introduced for SL positioning.
Proposal 2: No enhancement is needed for coexistence of random selection and sensing-based resource selection in a resource pool.
Proposal 3: The priority of SL PRS provided by higher layer and the priority of SL data should be comparable.
Proposal 4: In the Scheme 2 resource pool, the parameters used to determine a SL PRS resource for sensing based resource selection should be (pre-)configured.
Proposal 5: When TDM-based multiplexing of SL PRS from different UEs in a slot is supported, one UE can only use/reserve one and the same one SL PRS time resource in a slot.
Proposal 6: Use the following principles for congestion control in SL positioning:
· Congestion control processing time is same as SL communication;
· Up to 16 CBR ranges as SL communication are defined;
· CBR measurement time window is [100ms or 100 slots];
· CR measurement time window is [1000ms or 1000 slots];
· In shared resource pool, the definition of CBR and CR are same as SL communication;
· In dedicated resource pool, the definition of CBR and CR should be adapted to the definition of SL PRS resource.
Proposal 7: IUC scheme 1 should be supported for SL PRS resource selection at least when SL PRS is transmitted within the shared resource pool with SL communication.  FFS for dedicated SL PRS resource pool.
Proposal 8: IUC scheme 2 should be applied to SL PRS resource selection in shared resource pool and dedicated resource pool for SL positioning.
Proposal 9: Conflict indication for the already used SL PRS resource(s) should be supported for SL positioning.
Proposal 10: For a dedicated SL PRS resource pool, slots with less than 7 OFDM symbols for SL operation and slots configured with PSFCH resources can be included.
Proposal 11: In Scheme 1 or Scheme 2, support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers, this also includes higher layer triggering from another UE or gNB.
Proposal 12: In Scheme 1 or Scheme 2, support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A, the lower layer signaling is SCI.
Proposal 13: “Cast type indicator” and “Destination ID” fields as SL communication should be included in SCI to support unicast, groupcast and broadcast, where the destination ID is provided by higher layer.
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