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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#98-e the New WID on Expanded and Improved NR Positioning was approved [RP-223549]. The first objective of the WID is the support of positioning for sidelink:
· “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 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].
· [bookmark: _Hlk125464011]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]. 
· [bookmark: _Hlk127189304]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 Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink 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 this contribution, we focus on potential solutions for SL positioning resource allocation including details related to the support of unicast/groupcast/broadcast of SL PRS transmissions. 
Agreements reached in RAN1 #112bis-e
Agreement
For Scheme 1 SL-PRS resource allocation, a transmitting UE can receive a SL-PRS resource allocation signaling from gNB through a
· Dynamic grant
· FFS Reuse DCI format 3_0 for signalling SL-PRS resource allocation or Support a new DCI format (3_X) and consider DCI format 3_0 as a starting point
· Configured grant type 1
· the SL-PRS transmission(s) follows the higher layer configuration
· Configured grant type 2
· Support activating and releasing the configured grant using a new DCI format 3_X or 3_0 (to be down-selected between the two DCI formats)
· The above mechanisms use NR Rel-16 mode-1 signaling as a starting point
· FFS: whether same/different DCI format(s) are applied for shared pool and dedicated pool.
· FFS: Further details

Agreement
For a dedicated resource pool for positioning:
· No additional slots are needed to be supported

Agreement
For SL-PRS transmission, either dedicated resource pool(s) or shared resource pool(s) or both can be (pre-)configured in the only SL BWP of a carrier. 
· A UE can be (pre-)configured with one or more dedicated SL resource pools.
· A UE can be (pre-)configured with one or more shared SL resource pools.

Agreement
Confirm the working assumption: Sensing-based and random selection can be allowed in the same resource pool.
· Note: It is possible to (pre-)configure a resource pool to exclusively use sensing-based resource allocation.

Agreement
For Scheme 2 SL-PRS resource allocation, specify congestion control mechanisms using the existing congestion control mechanisms as a starting point. 
· Study at least the following aspects on potential changes over the existing congestion control mechanisms: 
· CBR and CR definition for SL-PRS
· Which parameters  of a SL-PRS configuration could be impacted by the congestion control mechanism, the mapping between congestion measurements, SL-PRS priority and SL-PRS parameters
· CR and CBR measurement time window
· Congestion control processing time
· Number of CBR ranges
· Whether any proposed changes could be applicable to shared resource pools in addition to the dedicated resource pool

Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI
Agreement
In a shared resource pool: 
· SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot
· With regards to PSSCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. A.1: Only TDMing is supported
· Alt. A.2: Only FDMing of PSSCH and SL-PRS is supported
· FFS: Rate-matched around SL-PRS REs and/or PRB/sub-channel-level FDMing are supported potentially for different cases 
· Note: Rate-matched around SL-PRS REs is not applicable to comb-1 SL-PRS
· Alt. A.3: Both Alt. A.1 and A.2 are supported in the specification
· With regards to PSCCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. B.1: Only TDMing is supported
· Alt. B.2: TDMing or PRB/sub-channel-based FDMing is supported
· The PSSCH is used for (downselect one of the following alternatives in RAN1#113 meeting):
· Alt. C.1: 2nd SCI only
· Alt. C.2: 2nd SCI and SL-SCH
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”
· FFS: Handling of PT-RS and SL-PRS

Agreement
For a dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH

Agreement
For the scheme 2 sensing-based resource allocation: 
· Alt. 2: Rel-16 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. 
· Note: This means that Rel-17 partial sensing is not considered a starting point for the design

Agreement
For Scheme 2, in a dedicated resource pool, using Rel-16 resource (re)-selection procedure as the starting point, consider at least the following potential modifications:
· Modification 1: For the RS used to derive L1 SL-RSRP for resource exclusion:
· Option 1: SL-PRS
· Option 2: PSCCH DMRS
· Option 3: PSSCH DMRS (if PSSCH is included in the dedicated resource pool)
· Modification 2: For the resource selection window: 
· Option 1: for the derivation of the window, using the legacy approach as a starting point, substitute the Packet Delay Budget (PDB) with a new delay budget
· Option 2: the selection window is provided by higher layers 
· Modification 3: For the SL-PRS priority:
· Option 1: A single L1 SL-PRS priority is allowed in a resource pool
· Option 2: Multiple L1 SL-PRS priority are allowed  in a resource pool
· Modification 4: For the definition of a candidate resource within the resource selection window:
· Options TBD 
· Modification 5: For the reservation interval of SL-PRS: 
· Option 1: Provided by UE’s higher layers with values TBD. The set of values is (pre-)configured.
· Modification 6: For the sensing window length (): 
· Option 1: Use the legacy (pre-)configuration with values (100 msec, 1100 msec)
· Option 2: Equal to or larger than the largest reservation interval
· Option 3: Provided by higher layers with values TBD
· Modification 7: For the initial S-RSRP threshold & stepsize, target resource ratio X(%):
· Options TBD
· Modification 8: For the pre-emption of the reserved resources:
· Options TBD 
· Note 1: Other potential modifications and/or other options within each modification are not precluded
· Note 2: Multiple options for each potential modification may be supported


Agreement
In Scheme 2, with regards to the triggering of SL-PRS,
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Up to UE-B’s own higher layers to transmit SL-PRS in response to the lower layer request from UE-A
· FFS: Lower layer signaling corresponds to SCI, MAC-CE, or SL-PRS

General aspects
In RAN1#112bis-e, the working assumption that sensing-based and random selection can be allowed in the same resource pool was confirmed. We note that these types of resource selection are associated only with Scheme 2 (Mode 2) resource allocation. Moreover, the note of the agreement mentions that it is allowed that a resource pool to be (pre-)configured exclusively for sensing-based resource selection.
In Mode 2, as defined in 8.1.4 of TS 38.214, the higher layer can request the UE to determine a subset of resources from which the higher layer will select resources for PSSCH/PSCCH transmission. The indication of resource selection mechanism(s) is provided as sl-AllowedResourceSelectionConfig, which may comprise of full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof. 
An agreement in RAN1 #112bis-e supports that one UE can be (pre-)configured with one or more dedicated resource pools and respectively one or more shared resource pools. There is no restriction that the resource pools cannot overlap.
After the decision to support sensing-based and random selection in the same resource pool, an open question remains: how to avoid resource selection collisions and resource allocation unfairness when, for instance, sensing-based and random selection are applied in the same slot?
A remaining FFS point is whether any enhancements are needed for the coexistence of random selection and sensing-based resource selection in a resource pool. Companies observed that a possible fairness issue can occur as well as collisions with higher priority transmissions by random allocations from lower priority requests. 
A straightforward solution is to have sensing-based resource selection and random based resource selection in separate resources of the same RP, for instance separate slots or in the same slot in separate symbols. For instance, in the same slot have selected resources that can FDM/TDM based on sensing and other resources where random selection can be applied. Alternatively, to limit the impact of random based selection, sensing-based resource selection may be used on all resources and just a subset of all resources to be allocated using a random based selection.  
[bookmark: _Hlk131669746]Proposal 1: For the coexistence between random and sensing-based resource selection in the same resource pool, the random-based selection resources are separate from or a subset of the sensing-based resources.
 
Dedicated resource pool
For the dedicated resource pools RAN1 #112bis-e decided that only a single stage SCI is used and the PSCCH and associated SL-PRS are TDMed in the same slot.
[bookmark: _Hlk131014043]Because SL-PRS TDM from multiple UEs is supported in the same slot, the SL-PRS configurations may require that in a single slot more than 6 symbols are occupied with SL-PRS from different UEs.  For instance, if an AGC symbol is associated with SL-PRS symbols from the same UE, 12 symbols are required for 4 SL-PRS TDM transmissions, where each transmission occupies 1 AGC symbol and 2 SL-PRS symbols.  For 3 SL-PRS TDM transmissions where two transmissions each occupy 5 symbols (1 AGC + 4 SL-PRS) and one transmission occupies 3 symbols (1 AGC+ 2 SL-PRS repetitions) 13 symbols are necessary, the last one being left as gap symbol. We also note that some gap symbols may be added between SL-PRS from different SL UEs for the Tx/Rx switching (ongoing discussion).
Proposal 2: In dedicated resource pools support slot formats that carry only SL-PRS (no PSCCH).
Note that this proposal does not exclude other slot formats for the dedicated resource pools.
It was agreed in AI 9.5.1.3 that SL-PRS transmissions with periodic reservation and SL-PRS transmissions without periodic reservation will be supported, and the Rel 16 sensing-based selection procedure will be used as the starting point in the design for the dedicated resource pools. 
It is preferable if SL Positioning reuses the SL legacy solutions as much as possible. To this end, for aperiodic SL-PRS transmission up to 3 resources should be indicated in the associated SCI (2nd SCI). In the legacy sidelink resource allocation, a maximum number of 32 retransmissions is possible when the first transmission fails. We note that the concept of re-transmission is not yet defined for SL-PRS. The reliability can be solved by repeating the SL-PRS transmission multiple times.
RAN1 defined IUC scheme 1 to assist other UEs for SL resource selection. In this IUC scheme a UE uses a received non-preferred resource set when performing resource selection to exclude non-preferred resources. Similarly, for SL positioning to avoid SL-PRS collisions, due to the hidden node problem, IUC scheme 1 may be used in SL-PRS resource selection. 
For instance, a target UE that requires SL-PRS transmissions from one or multiple anchor UEs, it could provide the non-preferred resource sets for the SL-PRS reception. An IUC method may be used for the reception of measurements reports from the sidelink that receives SL-PRS.
Proposal 3: Use the IUC Scheme 1 to provide non-preferred resource sets for SL-PRS transmission.
We note that this scheme is suitable for both dedicated and shared resource pool transmissions for this reason PSFCH should be supported in dedicated resource pools.

Shared resource pool
In RAN1 #112bis-e an agreement identified several options for the SL-PRS and PSCCH and respectively PSSCH multiplexing in shared resource pools. 
With regards to PSSCH and SL-PRS multiplexing, one of the following alternatives needs to be selected:
· Alt. A.1: Only TDMing is supported
· Alt. A.2: Only FDMing of PSSCH and SL-PRS is supported
· FFS: Rate-matched around SL-PRS REs and/or PRB/sub-channel-level FDMing are supported potentially for different cases 
· Note: Rate-matched around SL-PRS REs is not applicable to comb-1 SL-PRS
· Alt. A.3: Both Alt. A.1 and A.2 are supported in the specification

Regarding Alt A.2 we observe that it may substantially reduce the BW of SL-PRS, thus reducing the accuracy of SL positioning procedures. In addition, this alternative would require additional design discussions as the FFS indicates. Given the short remaining time for Rel-18 discussions, and the relatively low gain provided by Alt. A.2, this alternative is not preferable. Alt. A.3 would increase the complexity of UE implementation while having the same drawbacks as Alt. A.2. 
Proposal 4: With regards to PSSCH and SL-PRS multiplexing,
· Alt. A.1: Only TDMing is supported.

With regards to PSCCH and SL-PRS multiplexing, similar options were identified. Following the same arguments as in the previous proposal, we prefer only TDMing between PSCCH and SL-PRS.
Proposal 5: With regards to PSCCH and SL-PRS multiplexing
· Alt. B.1: Only TDMing is supported.
Another issue to be clarified is whether in SL-PRS slots the PSSCH carries more than 2nd stage SCI. We observe that if the SL-PRS and PSSCH are scheduled in the same slot, latency of some positioning procedures may be reduced. For instance, PSSCH in addition to 2nd stage SCI may carry the Rx-Tx information for RTT or double-sided RTT procedure.  For this reason, Alt. C.3 is preferred.
Proposal 6: The PSSCH is used for 
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”.

In shared resource pools not all the PSFCH occasions are necessarily used. If there are no data transmissions, or data transmission does not require feedback, or data transmissions require scarce feedback, the PSFCH resources may remain unused.  Therefore, it is preferable in such situations, the PSFCH available resources to be reused for SL-PRS transmissions.
Proposal 7: Support SL-PRS transmission in the available PSFCH occasions.
 
Scheme 1 (Mode 1 of resource allocation)
In Scheme 1, a SL UE is in gNB coverage, and the SL-PRS resources are provided by the gNB. It was agreed in RAN1#112 that 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). 
Thus, a transmitting UE receives resource allocation only via Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB.
For Scheme 1, the specs [7.3.1, TS38.212] define DL signalling (DCI Format 3_0) for scheduling of NR PSCCH and NR PSSCH in one cell. Given that in shared resource pools, the PSSCH and SL-PRS may be transmitted (multiplexed) in the same slot, it is convenient to further extended DCI Format 3_0 to provide the necessary frequency, time and power resources for SL-PRS transmission. For dedicated resource pools, if RAN1 decides that no PSSCH is supported in addition to SL PRS, the DCI 3_0 may be further simplified. 
Proposal 8: For Scheme 1 (Mode 1) SL PRS resource allocation use DCI Format 3_0 signalling as a starting point.

Scheme 2 (Mode 2 of resource allocation)
In Scheme 2 the SL-PRS resource allocation is done autonomously by at least one of the UE(s) participating in the sidelink positioning operation. As specified in the WID, both sensing-based and random resource selection should be supported.
In sensing-based resource selection, as defined in TS38.214, the UE shall monitor slots which belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the selection based on PSCCH decoded and RSRP measured in these slots.  
The RSRP measure associated with PSCCH is based on the average linear power measured over the DMRS resources associated with that PSCCH.
In RAN1#112bis-e in AI 9.5.1.1 the SL PRS resource definition was agreed. A SL PRS resource refers to a time-frequency resource within a slot of a dedicated SL PRS resource pool that is used for SL PRS transmission.  Characteristics of a SL PRS resource are comb offset, and comb size, which are new for SL transmissions. Therefore, the granularity of resource selection should be extended to consider the type of multiplexing supported. For instance, if the SL-PRS is multiplexed in frequency using a different comb index and offset, the comb index and the offset shall be considered as a resource that can be selected and reported to upper layer when available. For TDM the transmission symbols in a slot can be a resource to select as well. 
Proposal 9: For multiple SL-PRS multiplexed in a single slot, extend the granularity of the resource selection procedure. 
For RTT-based positioning methods, it is important that the duration between received and transmit positioning RS is minimized. A reduced Rx-Tx duration will limit the impact of the clock drift between transmitter and receiver, which leads to better accuracy. To achieve a lower latency, it would be preferable if a UE initiator of the SL positioning would allocate resources for both transmit and receive of SL-PRS. 
In the RAN1#112bis-e meeting most companies however indicated that they would prefer that a UE recommends rather than allocates resources for other UEs
To this end, the UE may use the preferred or non-preferred SL-PRS resources from the other UE(s) participating in the SL positioning. For instance, a SL UE may reserve resources for its own SL-PRS transmission and recommend resources for SL-PRS transmission to a second UE. 
Proposal 10: A SL UE may recommend preferred or non-preferred SL-PRS resources for other SL UEs participants in the positioning process.
When a SL UE requests or triggers SL-PRS transmissions from multiple SL UEs, the latency is substantially reduced if multiple SL-PRS can be multiplexed in the same slot. To this end, the SL UE requesting SL-PRS transmission should be able to recommend the preferred resources for one or multiple UEs SL-PRS transmissions. This can be achieved using IUC Scheme 2.
Proposal 11: Use the IUC Scheme 2 to provide the preferred resources for multiple SL-PRS same slot multiplexing.
SCI format 2-C is used for providing inter-UE coordination information or requesting inter-UE coordination information (1 bit information), while the IUC preferred/non-preferred resources are signaled over PSFCH. Therefore, in a shared resource pool, where 2nd stage SCI and PSFCH are already supported legacy IUC approach can be re-used.
Proposal 12: For the SL-PRS shared resource pools reuse the existing IUC signaling to provide preferred resources for SL-PRS.
For the dedicated resource pools, one bit of IUC coordination information can be added to the single stage SCI, and PSFCH can be supported to carry the preferred resources.
Proposal 13: For the dedicated SL-PRS resource pools support PSFCH to provide the preferred resources for SL-PRS.

Cast types
Based on WID, RAN1 should specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions.
Methods such multi-RTT requires multiple measurements of the Rx-Tx duration between SL-PRS received and transmitted signals. Such methods may be implemented as successive RTT procedures where the originator UE unicasts SL-PRS successively to multiple UEs, which are unicasting back their SL-PRS transmissions. An alternative, which reduces overhead and latency, is for the UE to multicast a SL-PRS transmission to multiple UEs. Each UE successively responds with its unicast SL-PRS transmissions. In this case, a group of anchor UEs (responder UEs) may be formed by the upper layers for instance, using anchor UEs signal strength, synchronization source or the LOS/NLOS propagation between the target and anchor UEs. For some scenarios, such as the highway, the RSU may periodically broadcast the SL-PRS to all UEs in its coverage.
Proposal 14: For multi-RTT support SL-PRS multicast transmission, where multicast groups may be defined by some specific criteria (e.g., location-zone, RSRP, LOS/NLOS, requirement on its sync source/location information).
As pointed out in our contribution R1-2302327, out-of-order SL-PRS transmission for multi-RTT is supported. In these scenarios, the Rx-Tx time difference may become quite large, and therefore may be affected by clock drifts, or other sources of errors. It is preferable if the Rx-Tx time difference is limited to a maximum value. If due to the resource selection conditions the Rx-Tx time difference may become too large, a retransmission of SL-PRS can be requested, or just triggered at the transmitter by a timer expiration.
Proposal 15: For RTT-based positioning a maximum time gap (allowable) between the first SL-PRS transmission and the last SL-PRS transmission from the responding SL UE should be supported.

Conclusions
Proposal 1: For the coexistence between random and sensing-based resource selection in the same resource pool, the random-based selection resources are separate from or a subset of the sensing-based resources.
Proposal 2: In dedicated resource pools support slot formats that carry only SL-PRS (no PSCCH).
Proposal 3: Use the IUC Scheme 1 to provide non-preferred resource sets for SL-PRS transmission.
Proposal 4: With regards to PSSCH and SL-PRS multiplexing,
· Alt. A.1: Only TDMing is supported.

Proposal 5: With regards to PSCCH and SL-PRS multiplexing
· Alt. B.1: Only TDMing is supported.
Proposal 6: The PSSCH is used for 
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”.
Proposal 7: Support SL-PRS transmission in the available PSFCH occasions.
Proposal 8: For Scheme 1 (Mode 1) SL PRS resource allocation use DCI Format 3_0 signalling as a starting point.
Proposal 9: For multiple SL-PRS multiplexed in a single slot, extend the granularity of the resource selection procedure. 
Proposal 10: A SL UE may recommend preferred or non-preferred SL-PRS resources for other SL UEs participants in the positioning process.
Proposal 11: Use the IUC Scheme 2 to provide the preferred resources for multiple SL-PRS same slot multiplexing.
Proposal 12: For the SL-PRS shared resource pools reuse the existing IUC signaling to provide preferred resources for SL-PRS.
Proposal 13: For the dedicated SL-PRS resource pools support PSFCH to provide the preferred resources for SL-PRS.
Proposal 14: For multi-RTT support SL-PRS multicast transmission, where multicast groups may be defined by some specific criteria (e.g., location-zone, RSRP, LOS/NLOS, requirement on its sync source/location information).
Proposal 15: For RTT-based positioning a maximum time gap (allowable) between the first SL-PRS transmission and the last SL-PRS transmission from the responding SL UE should be supported.
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