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1. Introduction
The scope of the work item on Expanded and Improved NR Positioning [1] includes specifying solutions for sidelink (SL) positioning. One of the objectives with respect to SL positioning is to specify support of resource allocation for SL positioning reference signal (PRS) as given in the below excerpt from the objectives of the work item description (WID) [1]:
	· 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.



In this contribution we wish to highlight some issues that could arise in meeting the above objectives, and solutions to help address them. 
2. Discussion
2.1. RP selection by UEs (pre-)configured with multiple RPs
In RAN1#112-bis-e it was agreed that a UE could be (pre-)configured with multiple dedicated and/or shared RPs.
	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.




However, in this case, it is not clear which RP a UE should choose for transmission. If the decision of which RP should be used for transmission is left to UE implementation, UEs may always choose dedicated RP(s) (if available), since there is more bandwidth available, causing excessive congestion in those, while the shared RP(s) remain unused. Or if multiple RPs of the same kind (dedicated or shared) are (pre-)configured, it is not clear which RP a UE should select for a SL positioning operation. 
Observation 1: When dedicated and/or shared RPs are (pre-)configured for a UE, it is not clear which RP a UE should select for a particular SL positioning session. 
Therefore, we need methods to enable a UE to select between multiple dedicated and/or shared RP(s). To this end we propose that whenever a UE is (pre-)configured with more than one dedicated and/or shared RP(s), it is provided an indication by the network to use dedicated and/or shared RP(s) for SL positioning, where the network determines the indication based on the priority/ QoS of SL positioning and/or other parameters (e.g., geographical zone ID the UE is in). 
The priority/ QoS of an SL positioning service may be mapped to a physical layer priority/QoS indication and the physical layer priority/ QoS indication for SL positioning must be transmitted as part of the control information in dedicated and/or shared RP(s), like the priority indication in SL communication. 
The UE may be provided a mapping between the physical layer priority/ QoS value and the type and identification (ID) of the RP(s) to be used for the SL positioning transmission corresponding to this priority/ QoS value by the network; this maybe provided via system information or RRC (pre-)configuration. 
Proposal 1. 1: When dedicated and/or shared RPs are (pre-)configured for a UE, the network indicates to the UE which RP to select. 
Proposal 1.2: The UE selects the RP based on parameters related to the SL positioning operation (e.g., priority). 
2.2. Congestion control for SL positioning
In the RAN WG1 #112-bis-e meeting the following agreement was reached [3].
	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



Congestion control mechanisms play an important role in SL communication. However, congestion control for SL positioning is yet undefined, and suitable measurements and procedures need to be defined for SL positioning congestion control in both dedicated and shared RPs. 
In general, we propose that new measurements are defined for SL positioning based on the definitions of corresponding measurements used for SL communication congestion control, as elaborated in our companion contribution to RAN WG1 #113 [5]. 
Namely, we propose to have the following measurements for SL positioning for both dedicated and shared RPs:
1. SL positioning received signal strength indicator (SL-P RSSI) 
2. SL positioning channel occupancy ratio (SL-P CR) which may be computed for each SL positioning priority value
3. SL positioning channel busy ratio (SL-P CBR) 
In a dedicated RP, we envision that the UE would follow a similar procedure for congestion control as in SL communication but using the above measurements and corresponding CBR tables for SL positioning. 
Proposal 2.1: In a dedicated RP, the UE could follow a similar congestion control mechanism as used for SL communication, but with corresponding measurements SL-P RSSI, SL-P CR and SL-P CBR performed on resources used for SL positioning. 
Since a shared RP is used for both SL communication and SL positioning, if using the conventional method, the UE would need to perform congestion control for communication and positioning separately. However, this would imply that separate CBR tables be maintained for communication and positioning in a shared RP and separate indications about these be provided to the UE by the network. 
Observation 2: In a shared RP, using separate measurements for SL positioning and SL communication congestion control creates additional overhead and signaling requirements. 
To avoid this additional signaling and computation in the same RP, we propose to use a new set of shared measurements and shared priority values, which may be computed using an appropriate weighting between SL communication and positioning indicated by the network. 
In essence we envision that all the shared measurements and the shared priority value may be computed using a new weight parameter that may be indicated by the network for each RP. If  is a weighting parameter for the shared RP, the UE can compute a shared priority value as , where  is the SL positioning priority value in the slot and  is the SL communication priority value in the slot. E.g., if ,  and , then .
The new measurements in the shared RP are the following:
1. SL shared received signal strength indicator (SL-Sh RSSI)
2. SL shared channel occupancy ratio (SL-Sh CR) which may be computed for each SL shared priority value 
3. SL shared channel busy ratio (SL-Sh CBR) 
More details on the definitions of the shared measurements are in our companion contribution to RAN WG1 #113 [5]. Essentially, they are constructed by weighting the measurements for congestion control on the resources used for SL positioning and SL communication using the weighting parameter  provided by the network.
Proposal 2.2: Use shared measurements and a shared priority value for congestion control for both SL positioning and SL communication in a shared RP. 
Proposal 2.3: The shared measurements in the shared RP may be computed by the UE by appropriately weighting and combining the measurements on SL positioning and SL communication resources using a weighting parameter provided by the network.  
Upon computation of the above measurements either in the shared or dedicated RP(s), we propose that a transmit UE may modify the following SL positioning related transmission parameters for congestion control:
· Periodicity of SL PRS: a UE can decrease the SL-P CR (or SL-Sh CR) by increasing the time period between periodic SL PRS transmissions
· Number of subchannels for SL positioning: a UE can reduce its SL-P CR (or SL-Sh CR) by limiting the number of sub-channels it can use for SL positioning
· Maximum number of SL PRS or measurement report (re-)transmissions: a UE can reduce its SL-P CR (or SL-Sh CR) by limiting the number of SL PRS or other SL positioning related (re-)transmissions
· Maximum SL PRS transmission power: a UE can decrease SL-P CR (or SL-Sh CR) by reducing its SL PRS transmission power. 
Proposal 2.4: At least the following parameters of a SL PRS configuration should be impacted by the congestion control mechanism in both dedicated and shared RPs:
· Periodicity of SL PRS
· Number of subchannels used for SL positioning related transmissions
· Maximum number of SL PRS or measurement report (re-)transmissions
· Maximum SL PRS transmission power
The congestion control procedure in a shared RP would then echo that for SL communication, with the difference that the network provides the weighting parameter  to the UE, and the UE computes SL-Sh CBR and SL-Sh CR (for each shared priority value). The UE then checks if the sum of SL-Sh CR values for this and all other higher shared priority values present in the slots in the measurement window does not exceed the SL-Sh CR limit provided by the higher layers for this shared priority value. If the condition is satisfied, the UE transmits in the shared RP with the chosen parameters, and if not satisfied, the UE may adjust any of the above SL positioning parameters or the legacy SL communication parameters until the SL-Sh CR limit is satisfied.
Proposal 2.5: The UE adjusts the transmission parameters for SL positioning and/or SL communication in a shared RP so that the SL shared CR limit is satisfied for each shared priority value.
2.3. SL positioning resource allocation in a shared RP
As reproduced from the WID [1] in Section 1, for SL positioning resource (pre-)configuration in a shared RP with Rel-16/17/18 SL communication, backward compatibility with legacy Rel-16/17 UEs should be ensured. For Scheme 2 (UE autonomous) resource allocation it was agreed in RAN#112-bis-e to have only SCI1-A and a 2nd stage SCI format for resource allocation indication in a shared RP [3]. 
	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



2.3.1. Scheme 1 (network centric) resource allocation in a shared RP
For Scheme 1 SL PRS resource allocation the following agreement was reached in RAN1#112-bis-e [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



 
Observation 3: Since the existing DCI format 3_0 contains indications for SL communication resource assignment, which would be required by prior to Rel-18 UEs as well, it is not advisable to reuse or repurpose DCI format 3_0 for signaling SL PRS resource allocation. 
For Rel-18 and beyond UEs with SL positioning capability: we propose that the gNB sends the SL positioning resource allocation indication via a new DCI format in the shared RP. For the contents of the new DCI format, we propose two options.
· Option 1, explicit indication of resource allocation parameters: In this case, the new DCI format would contain at least the following fields/parameters in addition or in combination with the existing fields in DCI format 3_0
· Frequency resource assignment for SL positioning: specifies the location and number of subchannels to be used for SL positioning
· Time resource assignment for SL positioning: specifies the symbols within a slot that are to be used for SL positioning
· Configuration indexes for SL positioning: used to indicate if the SL positioning resource allocation is a CG (periodic/semi-persistent) or not (dynamic).
If any of the above parameters are same as for SL communication in the same shared RP, then there could be two sub-options for indication:
· Sub-option 1: An additional bit in the corresponding field in DCI format 3_0 for SL communication could indicate whether this field is shared by SL positioning or not, and a separate indication need not be provided in the corresponding field in the new DCI format for SL positioning. 
A potential benefit of this sub-option is that it can reduce the number of bits in the proposed new DCI format when some resources or configurations are shared between SL positioning and communication. A potential disadvantage is that the new DCI format size could change depending on whether some of the SL positioning resource allocation parameters are same as those for SL communication. 
· Sub-option 2: Separate indications are always used in the new DCI format for SL positioning. This sub-option has the benefit that the DCI size will not change depending on the resource allocation, which would make it easier for the UE to decode.
· Option 2, indication of resource allocation parameters via resource index: Alternatively, instead of indicating the resource allocation parameters explicitly, the new DCI format could carry a resource index which maps to a pattern or combination of time and frequency resources, in addition to the configuration index; this resource index may be chosen by the UE in its SR for dynamic resource allocation or by the network gNB for dynamic and/or CG resource allocation, depending on mobility, channel conditions, etc., which are up to implementation. The mapping between the conditions and the index may be given by a pre-configured table in the higher layer. A benefit of this option is the potentially lower amount of signaling overhead than explicitly indicating the resource allocation parameters. 
For Rel-16/17 and beyond UEs with SL positioning capability: To ensure backward compatibility with Rel-16/17 UEs, we propose that the gNB avoid assigning overlapping time/frequency resources with SL communication for SL positioning to Rel-18 UEs. E.g., either the slot (depending on time granularity of SL PRS to be decided) or the subchannel assigned to a Rel-18 UE for SL positioning could be shared with SL communication, but not both, to ensure backward compatibility and no interference to Rel-16/17 UEs. 
In summary, we have the below proposals, and Figure 2 shows a high-level illustration of the same.
Proposal 3.1: Introduce new DCI format for Scheme 1 resource allocation to Rel-18 and beyond UEs by a network gNB for SL positioning in a shared RP. 
Proposal 3.2: The new DCI format would contain one of the following alternatives in any combination with already existing fields in DCI format 3_0.
· Option 1: Explicit indication of time and frequency resource assignment for SL positioning, and configuration indexes to indicate the type of resource allocation.
· Option 2: Indication of resource allocation via a resource index which maps to a combination of resource allocation parameters.
Proposal 3.3: With a new DCI format, backward compatibility with Rel-16/17 UEs can be ensured, provided the gNB does not allocate overlapping resources for SL communication to such UEs in the same shared RP.Figure 1: Proposed backward compatible Scheme 1 SL positioning resource allocation procedure for a shared RP.
Prior to Rel-18 UE
Rel-18 and beyond UE
Exchange of SR and BSR
Grant of dynamic/CG SL communication resources via DCI format 3_0
Exchange of SR and details of SL positioning resource allocation
Grant of dynamic/CG SL positioning resources via new DCI format

2.4. On the definition of dedicated and shared RPs
From the discussions in previous RAN WG1 meetings, there is still different understanding on the purpose and definitions of a dedicated and shared resource pool (RP) for SL positioning. Hence, we repeat our observations and proposals from our previous contribution in RAN WG1 #112-bis-e [4] as follows.
Observation 4: It is necessary to seek a common understanding on the definitions and purposes of dedicated and shared RPs.
Proposal 4.1: [Definition of dedicated RP for SL positioning] An RP in which only signals or data strictly necessary for SL positioning (e.g., SL PRS, SL positioning measurement data) may be exchanged. If there are data channels defined within such an RP, they may only carry reference signals and/or control and/or measurement information necessary for an ongoing, completed, or future positioning operation.
Proposal 4.2: [Definition of shared RP for SL positioning] An SL communication RP as defined in 3GPP TS 38.211 [2], which may also be used for exchanging reference signals and/or control and/or measurement information necessary for an ongoing, completed, or future positioning operation, while using only the existing control and data channels. 

2.5. Challenges in implementing Scheme 1 (network centric) resource allocation for SL positioning
Figure 6 illustrates two potential scenarios that could arise in SL positioning. In one scenario, all the UEs involved in SL positioning belong to the same cell, while in the other, one anchor UE belongs to a different cell from the target and other anchor UEs. In the first scenario, only one gNB needs to be involved in the Scheme 1 resource allocation for SL positioning, while in the second, both the gNBs may need to be involved. We had made the following observation in our previous contribution in RAN WG1 #112-bis-e [4].Figure 2 Illustration of two different scenarios in Scheme 1 SL positioning resource allocation.
Target UE
All UEs belonging to the same cell
One anchor UE belonging to a different cell
Anchor UE
gNB

Observation 5: When deploying Scheme 1 (network centric) resource allocation for SL positioning, there could be situations where the UEs involved in the positioning operation belong to different cells. In this case, it is not clear which cell would be responsible for performing resource allocation for the UEs.
When UEs involved in SL positioning belong to different cells, it is necessary to have some form of coordination in the resource allocation to ensure an efficient positioning operation. We proposed a few potential approaches to achieve such coordination for Scheme 1 SL positioning resource allocation in our previous contribution in RAN WG1 #112-bis-e [4], which are repeated below. 
Proposal 5: To enable Scheme 1 SL positioning resource allocation for UEs belonging to different cells, consider the following options:
· Option 1: Indirect resource allocation with one UE acting as initiator/mediator for all UEs
· Option 2: Direct resource allocation where UEs first coordinate among each other for resources required and individually request their own serving cells for resources
· Option 3: Indirect or direct resource allocation depending on factors such as the participation of out-of-coverage UEs in the SL positioning operation.

3. Conclusion
In this contribution we have highlighted some issues and potential solutions related to resource allocation for SL positioning and made the below observations and proposals:
Observation 1: When dedicated and/or shared RPs are (pre-)configured for a UE, it is not clear which RP a UE should select for a particular SL positioning session. 
Proposal 1. 1: When dedicated and/or shared RPs are (pre-)configured for a UE, the UE receives indication from the network on which RP to select. 
Proposal 1.2: The UE selects the RP based on parameters related to the SL positioning operation (e.g., priority). 
Proposal 2.1: In a dedicated RP, the UE could follow a similar congestion control mechanism as used for SL communication, but with corresponding measurements SL-P RSSI, SL-P CR and SL-P CBR performed on resources used for SL positioning. 
Observation 2: In a shared RP, using separate measurements for SL positioning and SL communication congestion control creates additional overhead and signaling requirements.
Proposal 2.2: Use shared measurements and a shared priority value for congestion control for both SL positioning and SL communication in a shared RP. 
Proposal 2.3: The shared measurements in the shared RP may be computed by the UE by appropriately weighting and combining the measurements on SL positioning and SL communication resources using a weighting parameter provided by the network. 
Proposal 2.4: At least the following parameters of a SL PRS configuration should be impacted by the congestion control mechanism:
· Periodicity of SL PRS
· Number of subchannels used for SL positioning related transmissions
· Maximum number of SL PRS or measurement report (re-)transmissions
· Maximum SL PRS transmission power
Proposal 2.5: The UE adjusts the transmission parameters for SL positioning and/or SL communication in a shared RP so that the SL shared CR limit is satisfied for each shared priority value.
Observation 3: Since the existing DCI format 3_0 contains indications for SL communication resource assignment, which would be required by prior to Rel-18 UEs as well, it is not advisable to reuse or repurpose DCI format 3_0 for signaling SL PRS resource allocation. 
Proposal 3.1: Introduce new DCI format for Scheme 1 resource allocation to Rel-18 and beyond UEs by a network gNB for SL positioning in a shared RP. 
Proposal 3.2: The new DCI format would contain one of the following alternatives in any combination with already existing fields in DCI format 3_0.
· Option 1: Explicit indication of time and frequency resource assignment for SL positioning, and configuration indexes to indicate the type of resource allocation.
· Option 2: Indication of resource allocation via a resource index which maps to a combination of resource allocation parameters.
Proposal 3.3: With a new DCI format, backward compatibility with Rel-16/17 UEs can be ensured, provided the gNB does not allocate overlapping resources for SL communication to such UEs in the same shared RP.
Observation 4: It is necessary to seek a common understanding on the definitions and purposes of dedicated and shared RPs.
Proposal 4.1: [Definition of dedicated RP for SL positioning] An RP in which only signals or data strictly necessary for SL positioning (e.g., SL PRS, SL positioning measurement data) may be exchanged. If there are data channels defined within such an RP, they may only carry reference signals and/or control and/or measurement information necessary for an ongoing, completed, or future positioning operation.
Proposal 4.2: [Definition of shared RP for SL positioning] An SL communication RP as defined in 3GPP TS 38.211 [2], which may also be used for exchanging reference signals and/or control and/or measurement information necessary for an ongoing, completed, or future positioning operation, while using only the existing control and data channels. 
Observation 5: When deploying Scheme 1 (network centric) resource allocation for SL positioning, there could be situations where the UEs involved in the positioning operation belong to different cells. In this case, it is not clear which cell would be responsible for performing resource allocation for the UEs.
Proposal 5: To enable Scheme 1 SL positioning resource allocation for UEs belonging to different cells, consider the following options:
· Option 1: Indirect resource allocation with one UE acting as initiator/mediator for all UEs
· Option 2: Direct resource allocation where UEs first coordinate among each other for resources required and individually request their own serving cells for resources
· Option 3: Indirect or direct resource allocation depending on factors such as the participation of out-of-coverage UEs in the SL positioning operation.
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