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1. [bookmark: _Ref115425183][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new work item on expanded and improved NR positioning was approved in RANP#98e [1]. The work item is basically based on the study item outcome as reported in TR 38.859 [2]. Sidelink positioning is identified as a new important feature in Rel-18. Hence, the work item has defined the objective related to the sidelink positioning in Rel-18 as shown below [1]:
	· 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].
· 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].
· 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].



During RAN1#112b-e meeting, the following selected agreements were made [3]:
	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

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

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.

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.

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

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

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

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

For the scheme 2 sensing-based resource allocation, resolve the brackets below by: 
· 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

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

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




This contribution provides our views on the resource allocation for sidelink positioning reference signal.
2. Discussion
SL Positioning Using Shared Resource Pool 
In case of the sidelink positioning using shared resource pool, coexistence between SL communication (e.g., PSCCH, PSSCH) and SL positioning (e.g., SL-PRS) is the important aspects, including backward compatibility. As the SL-PRS is to be transmitted in a shared resource pool then the multiplexing of the legacy PHY channel (PSCCH, PSSCH, PSFCH) and SL-PRS within a shared resource pool should be investigated. These aspects were discussed in RAN1#112b-e meeting. There can be two possible multiplexing aspect here, on  the multiplexing between PSCCH and SL-PRS as well as PSSCH and SL-PRS. The SL positioning resources can be allocated in TDD manner as illustrated in Figure 1, such that it is allocated after the SL communication resources and separated with a guard period (GP). The GP is needed to avoid/minimize any potential interference of SL communication to SL positioning.
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[bookmark: _Ref111194077]Figure 1: Illustration of shared resource pool for SL communication and SL positioning.
[bookmark: _Toc134781644][bookmark: _Toc111194525][bookmark: _Toc115439757][bookmark: _Toc118724192]Proposal 1: In a shared resource pool, only TDM-ing is supported for both PSSCH and SL-PRS multiplexing (known as Alt A.1) and PSCCH and SL-PRS multiplexing (known as Alt B.1). 
[bookmark: _Toc134781645]Proposal 2: In a shared resource pool, SL-PRS is TDM-ed multiplexed with PSSCH/PSCCH and separated with a guard period.
In V2X positioning or any other sidelink positioning use-cases, a UE may need to determine the distance to the surrounding UEs. For example, a moving vehicle needs to discover whether there are surrounding VRUs and subsequently estimate the relative distance to those VRUs. The determination operation should be performed in a quick manner. Hence, in case one or more VRUs are detected to be very close, the moving vehicle and/or VRUs can perform the necessary action to avoid potential collision. The ranging of surrounding UEs (VRUs) can be facilitated by allowing concurrent transmission of SL-PRS from multiple UEs. For example, multiple VRU(s) can transmit “SL-PRS” concurrently and/or within the same set of resources. The transmitted SL-PRS can be received by moving vehicle(s), VRU(s), or RSU(s). The concurrent transmission of “SL-PRS” can be arranged by allowing multiplexing of SL-PRS from multiple UEs within a given set of resources (e.g., time-division multiplexing (TDM), frequency-division multiplexing (FDM), and/or Code-division Multiplexing (CDM)).
Specifically on the multiplexing of SL-PRS from different UEs in a shared resource pool, we consider it can be multiplexed in time division multiplexed (TDM-ed) and/or time division multiplexed (FDM-ed). The network can configure which configuration to be used in a given resource pool or in a given occasion. Furthermore, it should also be applicable in the case of SL positioning using dedicated resource pool.
[bookmark: _Toc134781646]Proposal 3: In both shared and dedicated resource pool, SL-PRS from different UEs can be multiplexed in TDM-ed and/or FDM-ed within a sidelink resource.
The transmission of SL-PRS occupies certain frequency allocation or bandwidth within a resource pool. The bandwidth of SL-PRS within a resource pool were discussed during study item phase. The SL-PRS bandwidth should be configured by the network and it does not have to be the same as the resource pool bandwidth. Practically, the SL-PRS bandwidth should be equal to the sidelink sub-channel bandwidth within a resource pool. This will provide flexibility and also enable forward compatibility.
[bookmark: _Toc134781647]Proposal 4: In both shared and dedicated resource pool, the bandwidth of SL-PRS can be configured, such that it can be the same as the sub-channel bandwidth within a resource pool. 

SL Positioning Using Dedicated Resource Pool 
In our view, a dedicated resource pool for positioning can support multiple resources (e.g., multiple sub-channels, multiple slots). In RAN1#112b-e meeting, it was agreed that only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot. In our view, this should also be extended so that the PSCCH can also be associated with SLPRS in another slot(s). For example, the subsequent slot(s). This would enable the case where the SL-PRS is transmitted with repetitions.
[bookmark: _Toc134781648]Proposal 5: SL-PRS can be transmitted in a slot without associated PSCCH (i.e, the PSCCH is in the previous slot).
In addition to SL-PRS and a single stage SCI, the dedicated resource pool can contain other channel(s) to be used for positioning purposes. Ideally, the SL-PRS transmission and reception result in a good positioning measurement such that the positioning estimation can be accurately obtained. However, due to the nature of radio propagation, a good positioning measurement result may not always be obtained. Limited transmit power, limited bandwidth transmission, blocking / obstacle between both UEs, long distance between UEs are among the factor affecting bad positioning measurement. The positioning estimation based on bad positioning measurement results in inaccurate positioning estimation. Hence, the positioning estimation may not be useful at all.

It would be beneficial for the SL-Tx-UE to know whether the SL-Rx-UE can obtain a good positioning measurement result or not. By knowing this information, the SL-Tx-UE can perform necessary action, such as retransmission of SL-PRS. In order for the SL-Tx-UE to know this information, there should be a feedback mechanism between SL-Rx-UE and SL-Tx-UE. This can be facilitated by supporting PSFCH-like channel but for positioning purpose.

[bookmark: _Toc134781649]Proposal 6: Support a dedicated resource pool to include PSFCH-like channel to be used for positioning purpose.
In time domain, a dedicated resource pool should be designed to support multiple slots. This is quite similar to the legacy sidelink resource pool. Multiple UEs can be expected to exploit a resource pool. Furthermore, when the UE performs positioning measurement, it can be based on the SL-PRS in a few OFDM symbol(s) and not necessarily the entire slot. Hence, we consider to support sub-slot based SL-PRS resource allocation.
[bookmark: _Toc134781650]Proposal 7: support slot- or sub-slot-based SL-PRS resource allocation

Signalling to support the operation of SL-PRS transmission
The aspects on configuration, activation/deactivation/triggering of SL-PRS were studied and concluded in [2]. A UE supporting SL-PRS should be aware of the SL-PRS configuration. It includes, for example, the SL-PRS resources, SL-PRS parameters (comb-type, etc), and also possible set of SL-PRS resources that the UE can use. These parameters may require relatively large packet size and not expected to be changed frequently. Hence, they can be conveyed via RRC message. 
Unlike the configuration, the activation/deactivation of the selected SL-PRS configuration typically requires a small packet size and preferably be conveyed to the UE in a quick manner. This information can be conveyed via lower layer signalling, such as SL-MAC-CE, DCI. Alternatively, it can also be carried by SCI, in case the TX-SL-UE convey the information to RX-SL-UE.
[bookmark: _Toc111194526][bookmark: _Toc115439758][bookmark: _Toc118724193][bookmark: _Toc134781651]Proposal 8: Support high-layer and lower-layer signalling involvement in the SL-PRS configuration.
A related discussion were discussed during RAN1#112b-e and we support to confirm the working assumption.
[bookmark: _Toc134781652]Proposal 9: Confirm the working assumption on 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
Furthermore, the lower layer signalling should correspond to the SCI. Hence, the latency can be kept low.
[bookmark: _Toc134781653]Proposal 10: The lower layer signalling to request SL-PRS transmission from UE-A to UE-B is using SCI.
The SL-Rx-UE is expected to receive the configuration of SL-PRS for the upcoming SL-PRS transmission from the SL-Tx-UE. The configuration can be carried out in SCI (e.g., SCI-1 and SCI-2 for positioning. To support both flexible allocation and minimize the latency, we consider the SCI containing the SL-PRS configuration can be allocated in the same slot or in different slot as the SL-PRS.
[bookmark: _Toc134781654]Proposal 11: Support SCI contains the SL-PRS configuration in the same slot or different slot as the SL-PRS.
In SL Mode 1, the above high and lower layer signalling is expected to be provided from serving gNB to the UE. High layer configuration can also be provided by LMF. However, we consider the serving gNB has a better knowledge in term of the current cell resource utilization. Hence, we prefer the serving gNB to provide such signalling. In practice, the SL-PRS resource allocation can come from LMF and/or from gNB. In this context, we prefer the configuration comes from gNB. This is a similar operation as the SRS resource allocation where the configuration comes from the serving gNB. 
In legacy sidelink communication, the gNB provide resource allocation information (e.g., dynamic grant) via DCI 3-1 and 3-2. A similar approach is needed to convey the SL-PRS transmission. However, some parameters in the existing DCI may not be applicable for SL-PRS transmission, which may require new parameters. Hence, we propose RAN1 to define new DCI for SL-PRS resource allocation purpose.
[bookmark: _Toc134781655]Proposal 12: RAN1 to define new DCI format (3_x) for SL-PRS resource allocation purpose.
Furthermore, the intended receiver of sidelink communication receives the configuration of the sidelink communication via SCI. For the same reasons as above, we propose RAN1 to define new SCI for SL-PRS resource allocation purpose. In some cases, we also consider the receiver of sidelink communication may receive the configuration of the SL-PRS via RRC signalling from gNB. This is particularly important for the case when the periodic PRS is transmitted by RSU.
[bookmark: _Toc134781656]Proposal 13: RAN1 to define new SCI format for SL-PRS resource allocation purpose.
3. Conclusion
In this contribution, we provide our views related to sidelink positioning reference signals allocation. The proposals are listed below.
Proposal 1: In a shared resource pool, only TDM-ing is supported for both PSSCH and SL-PRS multiplexing (known as Alt A.1) and PSCCH and SL-PRS multiplexing (known as Alt B.1).
Proposal 2: In a shared resource pool, SL-PRS is TDM-ed multiplexed with PSSCH/PSCCH and separated with a guard period.
Proposal 3: In both shared and dedicated resource pool, SL-PRS from different UEs can be multiplexed in TDM-ed and/or FDM-ed within a sidelink resource.
Proposal 4: In both shared and dedicated resource pool, the bandwidth of SL-PRS can be configured, such that it can be the same as the sub-channel bandwidth within a resource pool.
Proposal 5: SL-PRS can be transmitted in a slot without associated PSCCH (i.e, the PSCCH is in the previous slot).
Proposal 6: Support a dedicated resource pool to include PSFCH-like channel to be used for positioning purpose.
Proposal 7: support slot- or sub-slot-based SL-PRS resource allocation
Proposal 8: Support high-layer and lower-layer signalling involvement in the SL-PRS configuration.
Proposal 9: Confirm the working assumption on 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

Proposal 10: The lower layer signalling to request SL-PRS transmission from UE-A to UE-B is using SCI.
Proposal 11: Support SCI contains the SL-PRS configuration in the same slot or different slot as the SL-PRS.
Proposal 12: RAN1 to define new DCI format (3_x) for SL-PRS resource allocation purpose.
Proposal 13: RAN1 to define new SCI format for SL-PRS resource allocation purpose.
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