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Introduction
A SID defining objectives for a study on expanded and improved NR positioning was agreed in RAN #94 [1],  with the following justification for sidelink positioning: 
· There is a need for 3GPP to study and develop sidelink positioning solutions that can support the use cases, scenarios and requirements identified for V2X, public safety, commercial and IIOT use cases.
and the following objective:
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc., reusing existing reference signals, procedures, etc. from sidelink communication and from positioning as much as possible [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc., reusing existing reference signals, procedures, etc. from sidelink communication and from positioning as much as possible [RAN1]
[bookmark: _Hlk58595024]The conclusion to the SID was captured in a Technical Report [2]. A Work Item description with the following objective was made [3]:
· 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 signaling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
In this contribution, we discuss resource allocation for the SL positioning reference signal.
Discussion
Time Domain resource allocation
In the study item the following relevant agreements were made:

	Agreement 
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS

Agreement
With regards to the SL Positioning resource allocation, support
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.
· Note: this does not imply that the design is the same for both types of resources pools
· Note: shared resources pool(s) should be supported with backward compatibility
Agreement
Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider one or more of the following options:
· Opt. 1: through higher layers from the LMF
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Up to further discussion which one or more of these shall be applicable

Agreement
For Scheme 2, with regards to Resource allocation mechanism for SL-PRS, pick one or both of the following options:
· Option 1: A sensing-based resource allocation should be introduced 
· Option 2: A random resource selection should be introduced
· In either option 1 or 2, the legacy designs for UE autonomous resource allocation should be used as a starting point. Study if/what enhancements may be needed. 




In  NR V2X, only certain slots are (pre-)configured to accommodate SL PSCCH/PSSCH/PSFCH transmissions. This is known as a “resource pool” and consists of contiguous PRBs and contiguous or non-contiguous slots that have been (pre-)configured for SL transmissions and defined within a SL BWP with a bitmap of size X. S-SSB are transmitted in dedicated slots.

For the SL positioning reference signal transmissions, it is possible that the slots for transmitting the SL positioning reference signal are within the slots configured for the legacy resource pool (shared resource pool). Alternatively, the slots for transmitting SL positioning reference signal can be separate from the slots configured for the resource pool, e.g., in a similar manner as in for S-SSB transmission (a dedicated resource pool). 

With regards to the SL Positioning resource allocation, either dedicated resource pool(s) and/or shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS. 

Note that it is be necessary to clarify if a slot dedicated for SL-PRS transmission within a SL communication resource pool or the SL-PRS requires its own dedicated RP to be defined as  a dedicated RP. 

For Scheme 1 SL-PRS resource allocation (i.e., Network-centric operation SL-PRS resource allocation), resource allocation can be through Dynamic grant, or through configured grant type 1/type 2 from gNB similar to the legacy Mode 1 solution for sidelink communications. This may require an update to the DCI format and resource configuration.

For Scheme 2 SL-PRS resource allocation (i.e. UE autonomous SL-PRS resource allocation), support both sensing-based allocation and random resource allocation. For the sensing-based allocation, the UE excludes those SCI resources reserved by other Usain this alternative, the SCI not only reserves periodic, semi-persistent or aperiodic SL-PRS resources, but also reserves SCI resources in periodic or aperiodic way. Selection of SCI resources follows the legacy PSCCH/PSSCH resource selection procedure. For the random resource allocation, the UE randomly selects a SCI resource for transmission. In this alternative, the SCI does not reserve any other SCI resources and only reserves periodic, semi-persistent or aperiodic SL-PRS resources. 

For Scheme 2 SL-PRS resource allocation,  support both congestion control and inter-UE coordination. Inter-UE coordination Scheme 1 and Inter-UE coordination Scheme 2 may be supported with the Rel-17 design used as a starting point. Congestion control may be defined for SL-PRS with a SL Channel Busy Ratio (CBR) and a SL Channel Occupancy Ratio (CR) defined for SL-PRS especially for the dedicated resource pool. The congestion control mechanism in the shared resource pool may re-use the existing scheme. 


Proposal 1: It is necessary to clarify if a slot dedicated for SL-PRS transmission within a SL communication resource pool or the SL-PRS requires its own dedicated RP to be defined as  a dedicated RP. 

Proposal 2: For Scheme 1 SL-PRS resource allocation (i.e. Network-centric operation SL-PRS resource allocation), resource allocation can be through Dynamic grant, or through configured grant type 1/type 2 from gNB similar to the legacy Mode 1 solution for sidelink communications. This may require an update to the DCI format and resource configuration.

Proposal 3: For Scheme 2 SL-PRS resource allocation (i.e. UE autonomous SL-PRS resource allocation), support both sensing-based allocation and random resource allocation. 

Proposal 4: For Scheme 2 SL-PRS resource allocation,  support both congestion control and inter-UE coordination. Inter-UE coordination Scheme 1 and Inter-UE coordination Scheme 2 may be supported with the Rel-17 design used as a starting point.


Frequency Domain resource allocation 

In the study item the following relevant agreements were made:

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




In  NR V2X, a resource pool is divided into a (pre-)configured number of L sub channels, where a sub-channel is a group of consecutive PRBs in a slot. For SL positioning, the frequency resources allocated to the SL positioning reference signal should also be (pre-)configured based on sub-channels. Overall, the SL positioning reference signal should be in a wide band to achieve high positioning accuracy.

The frequency resources used for SL positioning  can be set equal or smaller than the  shared channel frequency domain allocation size for both the shared and dedicated resource pools. 

Proposal 5: The frequency resources used for SL positioning  can be set equal or smaller than the  shared channel frequency domain allocation size for both the shared and dedicated resource pools. 

Dedicated Resource Pools and Slot Structure

In the study item the following relevant agreements were made:

	Agreement
For a dedicated resource pool for SL positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, consider the following options:
· Opt. 1: No other channel can be included beyond SL-PRS
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· Opt. 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included
· FFS: Details
· FFS: definition of PSSCH associated with SL-PRS transmission(s)
· Note: Companies are encouraged to provide their analysis and views on the above

With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication

Agreement
A dedicated SL-PRS resource pool is (pre-)configured in the only SL BWP of a carrier.





Frame Structure: SL positioning reference signal can be configured in independent/dedicated SL positioning slots. In this case, a new SL positioning slot structure is needed (for example as shown in Figure 1) with the possible need for AGC and gap symbols and an independent resource allocation method (agreed to as Scheme 1 and Scheme 2 in RAN1 #110). 
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[bookmark: _Ref102065330]Figure 1: SL Positioning Signal configured in independent slot

Resource Allocation: With regards to which channels can be included in the resource pool in addition to SL-PRS, RAN1 is considering  the following options:
· Opt. 1: No other channel can be included beyond SL-PRS
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· Opt. 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included

Option 1 will require the support of cross-resource pool SCI scheduling where an SCI in the SL communications resource pool will be required for reserving/indicating one or more SL-PRS resource(s) in the dedicated PRS resource pool. 

Option 2 will require a new SCI in the SL PRS resource pool for reserving/indicating one or more SL-PRS resource(s) in the dedicated PRS resource pool. In this case, a single stage SCI can be designed. For  scheme 2 in this option, the sensing-based resource allocation needs to support (pre-)configuration of a sensing window with dynamic, periodic  and semi-persistent scheduling and procedures to select the PRS resource and a new PSSCH resource.  SL-PRS transmissions from multiple UE pairs may be supported as shown in Figure 2 below.
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[bookmark: _Ref127468217]Figure 2: SCI and SL-PRS transmission for multiple SL-UE pairs in Option 2
Option 3 (PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included) may be considered for any feedback with IUC.


Proposal 6: With regards to which channels can be included in the resource pool in addition to SL-PRS, the following options require some specification updates:
· Opt. 1: No other channel can be included beyond SL-PRS: requires support for cross-resource pool SCI scheduling
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included: should support a single stage SCI, sensing-based and  random resource allocation. 
· Option 3 (PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included ): may be needed to support IUC feedback.

Proposal 7: Single Stage SCI should be supported for PSSCH signaling for SL-PRS. 

Shared Resource Pools and Slot Structure

In the study item the following relevant agreements were made:

	Agreement
With regards to the SL Positioning resource allocation, for SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication (if supported), backward compatibility with legacy Rel-16/17 UEs should be ensured.





Frame Structure: For the shared resource, a discussion is needed on the modifications to the SL-slot frame structure including:
· the P-SRS placement within the slot (e.g., the PSSCH region, the PSFCH region or in an independent region of the SL slot). The SL PRS can be transmitted as a few symbols or occupy the entire slot. They can be:
· transmitted within the PSSCH
· transmitted within dedicated slots within an existing resource pool containing the  PSSCH/PSSCH/PSFCH
· transmitted within the PSFCH
· transmitted in an independent section within the slot similar to the PSFCH
· The need for a  new AGC symbol and additional gap symbols between the different signals/channels

In Figure 3, we show a scenario in which the positioning reference signal is placed in the PSSCH region of the slot (immediately after the DMRS symbol). Note that in this case, the positioning reference signal has the same frequency resources as the PSSCH and as such there is no need for a gap or AGC symbol. If they are set to different frequency resource sizes, additional symbols may be needed. 

Resource Allocation: For the shared resource, the SL positioning symbols can use the same resource allocation method as PSSCH/PSCCH/PSFCH i.e.  the legacy Mode 1 or Mode 2 solution. Modifications may be needed to enable signaling of the SL-PRS transmission within the current signaling framework e.g. an update to the SCI.

Backwards Compatibility: For Rel-16 and Rel-17 SL UEs, the current physical sidelink shared channel (PSSCH), occupies the entire time-frequency resource after the sidelink control information (SCI) and before the physical sidelink feedback channel (PSFCH). Thus, if a shared resource is used when transmitting to a Rel-16/Rel-17 UE, there may be a backwards compatibility issue as the Rel16/el-17 UE expects to use the entire PSCCH resource till the gap before the PSFCH and no there is no resource to transmit a sidelink positioning reference signal (SL-PRS). This can be resolved by one or more of the following: 
· specifying that only slots that are used for transmission to Rel-18 and above UEs may use a shared resource pool
· signaling to indicate the resources that the PSSCH/PSFCH should avoid due to use by the positioning reference signal 
· limiting shared resources to aperiodic SL-PRS transmission and/or 
· modifying the behaviour of shared periodic or semi-persistent SL-PRS in shared resources.
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[bookmark: _Ref102065124]Figure 3: SL Positioning Signal Configured in same slot in PSSCH region

Proposal 8: For the shared resource, a discussion is needed on the modifications to the SL-slot frame structure including:
· the P-SRS placement within the slot (e.g., the PSSCH region, the PSFCH region or in an independent region of the SL slot). The SL PRS can be transmitted as a few symbols or occupy the entire slot. They can be:
· transmitted within the PSSCH
· transmitted within dedicated slots within an existing resource pool containing the  PSSCH/PSSCH/PSFCH
· transmitted within the PSFCH
· transmitted in an independent section within the slot similar to the PSFCH
· The need for a  new AGC symbol and additional gap symbols between the different signals/channels


Proposal 9: For the shared resource, the SL positioning symbols can use the same resource allocation method as PSSCH/PSCCH/PSFCH

Proposal 10: To support backwards compatibility for Rel-17/Rel-17 UEs for the shared resource pool, the following options should be considered: 
· specifying that only slots that are used for transmission to Rel-18 and above UEs may use a shared resource pool
· signaling to indicate the resources that the PSSCH/PSFCH should avoid due to use by the positioning reference signal 
· limiting shared resources to aperiodic SL-PRS transmission and/or 
· modifying the behavior of shared periodic or semi-persistent SL-PRS in shared resources



Group-based resource allocation 	
In RAN1 110-bis-e, the following agreement were made with regards to resource allocation [6]:

	Agreement
From RAN1 perspective, the following cast types of SL-PRS transmission can be introduced for SL positioning: Unicast, Groupcast (not including many to one)
· Broadcast (as a working assumption).
· FFS: Applicability of the above cast types





Broadcast and multicast types may be needed in the shared resource pool to match the transmission of the PSSCH (and reduce need for extra overhead signaling).

For broadcast and multicast SL PRS in the shared resource pool, RAN1 should down-select from the following two options in the case of shared resource allocation:
· Option 1: Grouping is the same as PSSCH i.e. the PSSCH and the PRS are bundled together
· Option 2: Grouping is independent of the PSSCH

Note that for the second option, signaling may be needed to indicate the UEs that may need the PRS independent of the PSSCH signaling.

Broadcast and multicast transmission in the dedicated resource pool should also be supported in the new SL-PRS SCI.

Proposal 11: The SL PRS may be unicast, broadcast or multi-cast. For broadcast and multicast SL PRS/SRS in the shared resource pool, RAN1 should study the following two options:
· Option 1: Grouping is the same as PSSCH i.e. the PSSCH and the PRS are bundled together
· Option 2: Grouping is independent of the PSSCH

Proposal 12: Broadcast and multicast transmission in the dedicated resource pool should also be supported in the new SL-PRS SCI.
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Conclusion
In this contribution, the following observations and proposals were made:

· Proposal 1: It is necessary to clarify if a slot dedicated for SL-PRS transmission within a SL communication resource pool or the SL-PRS requires its own dedicated RP to be defined as  a dedicated RP. 
· 
· Proposal 2: For Scheme 1 SL-PRS resource allocation (i.e., Network-centric operation SL-PRS resource allocation), resource allocation can be through Dynamic grant, or through configured grant type 1/type 2 from gang similar to the legacy Mode 1 solution for sidelink communications. This may require an update to the DCI format and resource configuration.
· 
· Proposal 3: For Scheme 2 SL-PRS resource allocation (i.e., UE autonomous SL-PRS resource allocation), support both sensing-based allocation and random resource allocation. 
· 
· Proposal 4: For Scheme 2 SL-PRS resource allocation,  support both congestion control and inter-UE coordination. Inter-UE coordination Scheme 1 and Inter-UE coordination Scheme 2 may be supported with the Rel-17 design used as a starting point.

Proposal 5: The frequency resources used for SL positioning  can be set equal or smaller than the  shared channel frequency domain allocation size for both the shared and dedicated resource pools. 

Proposal 6: With regards to which channels can be included in the resource pool in addition to SL-PRS, the following options require some specification updates:
· Opt. 1: No other channel can be included beyond SL-PRS: requires support for cross-resource pool SCI scheduling
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included: should support a single stage SCI, sensing-based and  random resource allocation. 
· Option 3 (PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included ): may be needed to support IUC feedback.

Proposal 7: Single Stage SCI should be supported for PSSCH signaling for SL-PRS. 

Proposal 8: For the shared resource, a discussion is needed on the modifications to the SL-slot frame structure including:
· the P-SRS placement within the slot (e.g., the PSSCH region, the PSFCH region or in an independent region of the SL slot). The SL PRS can be transmitted as a few symbols or occupy the entire slot. They can be:
· transmitted within the PSSCH
· transmitted within dedicated slots within an existing resource pool containing the  PSSCH/PSSCH/PSFCH
· transmitted within the PSFCH
· transmitted in an independent section within the slot similar to the PSFCH
· The need for a  new AGC symbol and additional gap symbols between the different signals/channels


Proposal 9: For the shared resource, the SL positioning symbols can use the same resource allocation method as PSSCH/PSCCH/PSFCH

Proposal 10: To support backwards compatibility for Rel-17/Rel-17 UEs for the shared resource pool, the following options should be considered: 
· specifying that only slots that are used for transmission to Rel-18 and above UEs may use a shared resource pool
· signaling to indicate the resources that the PSSCH/PSFCH should avoid due to use by the positioning reference signal 
· limiting shared resources to aperiodic SL-PRS transmission and/or 
· modifying the behavior of shared periodic or semi-persistent SL-PRS in shared resources

Proposal 11: The SL PRS may be unicast, broadcast or multi-cast. For broadcast and multicast SL PRS/SRS in the shared resource pool, RAN1 should study the following two options:
· Option 1: Grouping is the same as PSSCH i.e. the PSSCH and the PRS are bundled together
· Option 2: Grouping is independent of the PSSCH

Proposal 12: Broadcast and multicast transmission in the dedicated resource pool should also be supported in the new SL-PRS SCI.
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Additional Study Item Agreements for SL PRS Resource allocation
In RAN1 #109-e, the following agreements were made with regards to resource allocation [4]:

	Agreement
With regards to the SL Positioning resource allocation, study further the following 2 options for SL Positioning resource (pre-)configuration:
· Option 1: Dedicated resource pool for SL-PRS 
· Include in the study at least the following aspects:
· which slots can be used, SL frame structure, SL positioning slot structure, multiplexing of SL-PRS with control information (if included in the same slot)
· positioning measurement report
· whether a dedicated frequency allocation (e.g., layer/BWP) is needed for SL PRS
· resource allocation procedure(s) of SL-PRS
· This option may or may not include control information (i.e., configuration/activation/deactivation/triggering of SL-PRS) for the purpose of SL positioning operation
· Option 2: Shared resource pool with sidelink communication.
· Include in the study at least the following aspects:
· co-existence between SL communication and SL positioning, backward compatibility
· Multiplexing considerations of SL-PRS with other PHY channels (PSCCH, PSSCH, PSFCH) and any modifications in the SL-slot structure


Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g., similar to a legacy Mode 1 solution)
· The network (e.g., gNB, LMF, gNB & LMF) allocates resources for SL-PRS 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g., similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g., IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report




In RAN1 #110, the following agreements were made with regards to resource allocation [5]:
	
Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging: 
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed
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