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Introduction
Regarding resource allocation for the transmission of SL positioning reference signal, the following is stated in the 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. 

The following agreements were made during the RAN1 #112 meeting:
	Agreement
· A UE can be configured to perform either resource allocation Scheme 1 or Scheme 2, applicable to all resource pools (dedicated or shared resource pools).
· SL PRS unicast/groupcast/broadcast can occur in either a shared or a dedicated resource pool.
Agreement
· For a dedicated resource pool for positioning:
· The set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).
· FFS: additional slots that can be used for SL PRS is not precluded
· Study what the dedicated resource pools for positioning (pre-)configuration should include, and consider at least the following: The start PRB position, the number of contiguous PRBs, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration, sub-channel size and sub-channel count, time-domain bitmap, reporting configuration
Agreement
· For a dedicated resource pool for Positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, option 1 (No other channel can be included beyond SL-PRS) is NOT pursued further. 
· Continue discussion between Option 2 and 3, and whether any other channel could also be included (e.g. PSFCH).
Agreement
· Regarding Scheme 1 SL-PRS resource allocation, do not further consider a transmitting UE to receive the SL-PRS resource allocation through higher layers from the LMF (i.e. Option 1 is not pursued further). 
Agreement
· Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.
 
Agreement
· With regards to random resource selection, reuse existing Rel-17 random selection mechanism from sidelink communications. 
· Study if any changes are needed
Agreement
· In Scheme 2, with regards to the triggering of SL-PRS, support one or both of the following options: 
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· FFS: Whether lower-layer signaling is SCI or SL MAC-CE
Agreement
· For SL-PRS transmission, at least support the following
· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication 
· FFS: whether/what changes are needed
· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.
· FFS: Maximum number of reservations and transmissions after triggering
Agreement
· For the scheme 2 sensing-based resource allocation, 
· Rel-16/17 resource (re)-selection procedure is reused for SL-PRS in the shared resource pool. 
· Study if/what changes are needed
· Rel-16[/17] resource (re)-selection procedure with periodic and without periodic reservations is the starting point for the design of SL-PRS in the dedicated resource pool. 
· Study what changes, if any, are needed at least with regards to the following: sensing window, resource selection window, reservation interval, Resource exclusion mechanism (e.g. definition of resource set for SL-PRS, how RSRP is measured, etc)
· From RAN1 perspective, priority value for SL PRS should be provided by higher layers from Tx UE perspective




[bookmark: _Ref111129351]It is further agreed that SL PRS should support RTT-type solutions using SL, SL-AoA, and SL-TDOA. In this contribution we discuss resource allocation and sensing for SL PRS, more specifically the following issues:
· For scheme 1, how does the network configure and trigger SL PRS transmission 
· For scheme 2, how should SL PRS resources availability or occupancy be sensed by the UEs using these resources for one of the agreed positioning methods, but also by UEs outside of the procedures (for example, UEs using V2X communications, or UEs involved in a separate positioning session). 
· For scheme 2, how the sensed-based resource selection and random resource selection can be performed
· How do listening UEs receive the configuration of the SL PRS to be measured
· Which SL resource pools to use for higher layer signalling
· How resources transmission is triggered, and what is the time domain behaviour for SL PRS (periodic, aperiodic, semi persistent)

Additional issues are discussed in our companion contributions on reference signal design in [2] and SL positioning measurements and reporting in [3].
General issues
Configurations of both shared and dedicated pools
As mentioned below, one of the questions raised in the FL summary for RAN1#112 was whether SL-PRS configuration should support both shared and dedicated pools.

	[CLOSED] Feature Lead Proposal 3.1-v0
· For SL-PRS transmission, either dedicated resource pool(s) or shared resource pool(s) can be (pre-)configured in the only SL BWP of a carrier. In addition, 
· Alt. 1: It is not allowed to (pre-)configure both dedicated resource pool and shared resource pool in the SL-BWP of a carrier.
· Alt. 2: It is allowed to (pre-)configure both dedicated resource pool and shared resource pool in the SL-BWP of a carrier.
· A UE can be configured to perform either resource allocation Scheme 1 or Scheme 2, applicable to all resource pools (dedicated or shared resource pools).
· SL PRS unicast/groupcast/broadcast can occur in either a shared or a dedicated resource pool.




Our understanding is that the legacy pools will always be present for data communication. Thus, even if the dedicated pool is configured, there will always be a legacy pool. The alternatives proposed in the FL aim to address the presence of SL PRS resources in both the shared pool and the dedicated pool simultaneously. From the network perspective, alt2 is feasible and offers more flexibility. The network may choose to allocate different amounts of SL PRS resources in either shared or dedicated pools, based on its positioning and V2X data requirements. Additionally, this would allow for the network to configure support for random resource selection in a shared pool, but not in a dedicated pool.  

[bookmark: _Toc131753830]The network is allowed to configure SL PRS resources in both the shared resource pool and the SL PRS dedicated resource pool in the SL BWP of a carrier.

Regarding the use of scheme 1 and scheme 2, we propose to re-use the mechanism in the current sidelink configuration where the list of configured pools contains pools with resources for mode 1 and mode 2 separately. As it is shown below, the mode1 pool is in the “slTxPoolScheduling” IE and the mode2 pool is in the “SlTxPoolSelectedNormal”.
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[bookmark: _Toc131753831]The network assigns SL PRS resource pools for scheme 1 and scheme 2, similarly to sl-TxPoolScheduling (mode 1 resource pools) and sl-TxPoolSelectedNormal (mode 2 resource pools) for legacy sidelink. Note that:
a. [bookmark: _Toc131753832]each resource pool can be only associated with either scheme 1 or scheme 2.
b. [bookmark: _Toc131753833] an SL PRS resource set can be assigned to both a scheme 1 and a scheme 2 resource pool simultaneously, which may result in an overlap between the two pools.
Resource allocation of SL PRS
Resource allocation for the transmitting UE and Assistance data delivery to the listening UE 
Resource allocation for the transmitting UE in scheme 1

	Agreement
Regarding Scheme 1, SL-PRS resource allocation, do not further consider a transmitting UE to receive the SL-PRS resource allocation through higher layers from the LMF (i.e. Option 1 is not pursued further). 

From the SI:
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




When the transmitting UE is using Scheme 1, SL-PRS is transmitted in ways very similar to UL SRS, i.e., under control of the gNB. Thus, it makes sense to translate the SRS functionalities of aperiodic, periodic and semi-persistent to SL PRS. Therefore, SL-PRS can be transmitted either in an aperiodic (one-shot) fashion, or over longer time periods, either in a semi-persistent way with start/stop orders, or periodically. Periodic transmission is particularly suitable if the UE coverage situation is known, e.g., for RSUs with network coverage. 
[bookmark: _Toc131753834]When the transmitting UE is operating with Scheme 1, resource allocation is controlled by the gNB.
[bookmark: _Toc131753835]For SL-PRS in Scheme 1, support aperiodic (DCI based), semi-persistent and periodic (RRC configured) resource allocation of the SL PRS to the transmitting UE 
c. [bookmark: _Toc131753836]FFS: how to start and stop semi-persistent transmission
d. [bookmark: _Toc131753837]FFS: whether this affects the SCI sent by the transmitting UE. 

For the listening UE, it may be of interest to signal in SLPP or LPP the duration of the SL transmission. This would allow the UE to know whether it should respond with measurement failure if a SL PRS reception attempt is not successful, or if it can try to measure the signal again. 
[bookmark: _Toc131753838]For the measuring UEs, SLPP / LPP assistance data includes periodicity or start/stop information for the SL PRS resource.
Resource allocation for the transmitting UE in scheme 2
When SL UE is operating under resource allocation Scheme 2, it is enabled to autonomously select and reserve its needed resources from the pools associated with transmission in Scheme 2. In the case of legacy SL transmission mode 2, UEs can reserve the resource either dynamically or semi-persistently. Therefore, we suggest that SL-PRS Scheme 2 should also support both dynamic and semi-persistent resource reservation.
[bookmark: _Toc131753839]For SL-PRS transmission in Scheme 2, similar to legacy mode 2 SL, support dynamic and semi-persistent resource reservation.
For sensing-based resource allocation, the UE must depend on the receiving SCI (sensing information) from other UEs to identify available resources. Additionally, it should notify other UEs of the reserved resources.. Thus, at least for the transmitting UEs, periodic and aperiodic transmissions are handled the same way via the resource reservation mechanism. 
[bookmark: _Toc131753873]For sensing and resource allocation purpose, for the transmitting UEs, periodic and aperiodic transmissions are handled the same way via the resource reservation mechanism in SCI/DCI.
Higher layer signaling for listening UEs
We propose to decouple the SL PRS resource configuration mechanism between the transmitting UE and listening UEs. For the receiving UE, SL PRS information should be received as for DL PRS, i.e. via higher layers (SLPP or LPP). If the listening UEs are in coverage, it can receive the SL PRS configuration as assistance data from the LMF. For UE assisted positioning, the measurement report is sent to the LMF. For the partial coverage case where the listening UE is out of network coverage, the transmitting UE is in range of the listening UE and can act as a relay for LPP messages between the listening UE and the LMF. When both UEs are out of coverage, SLPP delivers the SL PRS information to the receiving UE. 
[bookmark: _Toc131753840]The listening UEs receives the SL PRS configuration via higher layers, i.e. from the LMF when the UE is in LMF coverage.  
e. [bookmark: _Toc131753841]This includes UEs connected to a LMF via a relaying UE, using UE assisted positioning.
[bookmark: _Toc131753842]When out of coverage, the listening UE receives the SL PRS configuration via higher layers, i.e., from the transmitting UE’s higher layer, via SLPP.
Triggering SL PRS
Regarding the triggering of SL-PRS in Scheme 2, an agreement was reached during the RAN1#112 meeting, to down-select between the following two options:

· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· FFS: Whether lower-layer signaling is SCI or SL MAC-CE

Considering the security issues, we suggest the SL PRS transmission should be triggered by either UE’s own higher layers, or another UE’s higher layer after performing the authentication procedure. 
[bookmark: _Toc131753843]For triggering of SL PRS under Scheme 2, we support option 1; The triggering of the SL PRS transmission is over either UE’s own higher layers or another UE’s higher layer after performing the authentication procedure.
Periodic reservation
During RAN1#112, we agreed on the following:

	Agreement
For SL-PRS transmission, at least support the following
· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication 
· FFS: whether/what changes are needed
· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.
· FFS: Maximum number of reservations and transmissions after triggering




SCI based reservation is provided to let other UEs be aware of upcoming traffic, for the purpose of sensing-based resource allocation. However, reservation in SCI does not mean that the transmitting UE will always transmit SL PRS in the reserved slot. Rather, it only signals its intentions. 
For the listening UE, we propose to also include information similar to reservation in LPP/SLPP assistance data. This will allow to secure that the UE knows the periodicity (if any) of the SL PRS even if it misses one or more SCI associated with SL PRSs transmission. 
[bookmark: _Toc131753844]For the UE receiving SL PRS, periodicity (if any) is included in assistance data (LPP/SLPP) and reflected in the SCI reservation field. 
Regarding the maximum number of transmissions, and the values for periodic reservations, we propose to follow what is currently available in legacy sidelink. 
[bookmark: _Toc131753845]For the SL-PRS transmissions without periodic reservation, use the maximum number of transmission from legacy sidelink (i.e. up to 3 occasions in time resource assignment).
[bookmark: _Toc131753846]For periodic reception of SL PRS, reservation periodicity values are the same as for legacy sidelink. 
 
Congestion control  
From FL summary:
	[CLOSED] Feature Lead Proposal 3.5.3-v0

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: 
· 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




There are two metrics introduced for congestion control: 1) channel busy ratio (CBR) and channel occupancy ratio (CR).
· CBR is the ratio of the occupied subchannels within the previous 100 subframes.
· CR is generated by TX UE, and it is the ratio of the number of sub-channels that the Tx UE utilize or selects within a period of 1000 subframes.
The UE can use these parameters to adopt its transmission parameters in order to reduce the channel load. However, for the dedicated pool, these parameters can be redefined based on the granularity of the SL-PRS resource reservation. Moreover to adjust the load of the transmission on a pool the UE can switch the resource reservation between the pools.

[bookmark: _Toc131753847]For the dedicated pool, redefine CBR and CR based on the granularity of the resource reservation.
[bookmark: _Toc131753848]To adjust the load of the transmission on a pool the UE can switch the resource reservation between the pools

Sensing and indication of SL PRS resources
Support on random resource selections
	Agreement
With regards to random resource selection, reuse existing Rel-17 random selection mechanism from sidelink communications. 
· Study if any changes are needed

Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.




During RAN1#112, coexistence of sensing-based and random resource selection for the same resource pool was made a working assumption. There were comments that this was allowed in legacy sidelink, and that the performance was evaluated to be acceptable. One difference between sidelink for communication and sidelink positioning is that PSSCH can benefit from error control coding gain to suppress interference, while SL PRS is only combatting interference through processing gain. We already know from DL PRS experience that interference must be managed when receiving the PRS in order to have a reliable estimate. This is the reason why comb and muting based multiplexing was set in place for DL PRS. 
[bookmark: _Toc131753874]SL PRS sensitivity to interference from random resource selection may degrade the positioning measurements. 
However, configuration of the type of resource selection could be flexible and left up to the network configuration. In sidelink, the IE sl-AllowedResourceSelectionConfig provides the flexibility to configure sensing-based and random resource selection for a given resource pool. We propose to re-use the same mechanism for the dedicated and shared resource pool. 
[bookmark: _Toc131753849]For the applicable resource allocation schemes, support re-using the different schemes in AllowedResourceSelectionConfig for legacy sidelinks. 
Sensing of SL PRS resources in shared resource pools
[bookmark: _Hlk127220178]
	Agreement
· For the scheme 2 sensing-based resource allocation, 
· Rel-16/17 resource (re)-selection procedure is reused for SL-PRS in the shared resource pool. 
· Study if/what changes are needed
· Rel-16[/17] resource (re)-selection procedure with periodic and without periodic reservations is the starting point for the design of SL-PRS in the dedicated resource pool. 
· Study what changes, if any, are needed at least with regards to the following: sensing window, resource selection window, reservation interval, Resource exclusion mechanism (e.g. definition of resource set for SL-PRS, how RSRP is measured, etc)
· From RAN1 perspective, priority value for SL PRS should be provided by higher layers from Tx UE perspective




PRS RSRP measurement for sensing
Within the sensing window, the UE measures RSRP of the DMRS for either PSSCH or PSCCH for resource selection purpose. In a dedicated pool, PRS-RSRP should be included in the list of possible RS that can be configured for measurements in the resource selection procedure. In a shared pool, PRS-RSRP should be also added for resource that only contain SCI+PRS, and no PSSCH. If a resource includes PRS and PSSCH, we should discuss whether the RSRP should be measured on both the DMRS and PRS. 

[bookmark: _Toc131753850]Include PRS in the list sl-RS-ForSensing for candidate reference signals for RSRP measurement in the sensing procedure
f. [bookmark: _Toc131753851]FFS: include a DMRS+PRS RSRP measurement in the list of possible RS for sensing. 

Priority
An open question is how to assess the priority of positioning services relative to other V2X services, as well as relative to other positioning services. Since the priority is central for the resource allocation procedures, this need to be studied. Related to this is how the resource allocation procedure should handle potential collisions between SL PRS and data transmissions.
[bookmark: _Toc131753852]Priority handling of SL positioning and other V2X services, and potential modifications to resource allocation procedures, need to be studied.

SCI fields for sensing
In a shared resource pool, non-positioning V2X UEs need to be able to assess whether a slot is taken by other UEs, irrespectively of if they are using positioning or other V2X resources, as previously stated. It is therefore important that SL PRS resource allocation support legacy sensing. 

[bookmark: _Hlk127547147][bookmark: _Toc131753875]Resource allocated for SL PRS in the shared resource pools should be possible to sense by non-positioning (legacy) UEs.
 
[bookmark: _Toc131753853]Resource allocation for the SL PRS in a shared resource pool uses SCI for the purpose of sensing. SCI for SL PRS allocation contains the same resource allocation information as legacy V2X:
g. [bookmark: _Toc131753854]Frequency resource assignment in subchannels
h. [bookmark: _Toc131753855]Time resource assignment
i. [bookmark: _Toc131753856]Resource reservation period
· [bookmark: _Toc131753857]FFS: use of additional fields for positioning 
Issue of SCI hearability
Once the resources have been selected for SL PRS transmission, in our view, the higher layers configures the positioning UEs about where to transmit and receive SL PRS, and additionally inform legacy UEs about allocations in the SCI. Unlike for communication, multiple UEs may TDM their transmissions within a slot due to the short nature of the SL PRS, as discussed in our companion paper [2]. 
For positioning events involving a number of UEs distributed over a larger geographical area, multiplexing their PRSs in the same slot, hearability of the transmitted reservation message may become an issue. It may happen that the reservation message for a SL-PRS transmission to a target UE is not heard at a UE on the opposite side of the UE positioning deployment. To alleviate such problems, it could be considered that two or more UEs involved in a positioning session jointly reserves the resources, by transmitting the same SCI message. The content of the reservation message could be coordinated through higher layer signaling and repeated by multiple UEs.
[bookmark: _Toc131753858]To reduce the probability of collisions, coordinated transmission of reservation messages in SCI should be studied 
dedicated resource pool configuration

	[CLOSED] Feature Lead Proposal 3.2.1-v0
For a dedicated resource pool for positioning (DEDICATED RESOURCE POOL FOR POSITIONING):
· Multiple DEDICATED RESOURCE POOL FOR POSITIONINGs can be (pre-)configured associated with the one SL BWP of the carrier
· The set of slots that may be used is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).
· Study what the DEDICATED RESOURCE POOL FOR POSITIONING (pre-)configuration should include and consider at least the following: The start PRB position, the number of contiguous PRBs, the start symbol and the length of symbols in a slot, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration
· With regards to the multiplexing between DEDICATED RESOURCE POOL FOR POSITIONING and shared resource pool (S-RP) (if supported that they can be both (pre-)configured, see Proposal 3.1), study whether DEDICATED RESOURCE POOL FOR POSITIONING and S-RP should always be TDMed from configuration perspective. 




The resource allocation Scheme 1 and Scheme 2 cannot be assigned to a single resource pool. To configure these resource allocation schemes, separated pools are needed. Moreover, having multiple dedicated pools, allows both the network and the UEs to more efficiently allocate resources based on the requirements of each service or application. 

[bookmark: _Toc131753859]Support configuration of multiple dedicated resource pool for positioning.

Available slots and pre-configured parameters for SL PRS

	Agreement
For a dedicated resource pool for positioning:
· The set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).
· FFS: additional slots that can be used for SL PRS is not precluded
· Study what the dedicated resource pools for positioning (pre-)configuration should include, and consider at least the following: The start PRB position, the number of contiguous PRBs, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration, sub-channel size and sub-channel count, time-domain bitmap, reporting configuration




Regarding the parameters that the configuration of the dedicated pool should include, as of now, the design of SL-PRS is still being discussed under agenda item 9.5.1.1. Therefore, it would be reasonable to await the outcomes of these discussions before making any agreement.
Bandwidth of SL PRS in dedicated pool
	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 a dedicated resource pool, we should thus discuss the following options:
· Follow alt 1, frequency allocation uses FRIV is provided in SCI, as in legacy
· Follow alt 1, with FRIV provided in assistance data via higher layers, e.g. as for DL PRS
· Follow alt 2 and FRIV is provided by resource pool configuration, i.e. the bandwidth and starting RB are fixed for a resource

In our view, alt1 offers more flexibility to efficiently use the available resources.  The bandwidth of the SL PRS should also be part of the assistance data sent to the listening UE, and included in SCI for sensing purpose.

[bookmark: _Toc127532899][bookmark: _Toc131753860]The resolution of frequency domain allocation for the SL PRS is 1 subchannel.
[bookmark: _Toc127532900][bookmark: _Toc131753861]For shared pools, the frequency domain allocation is included in the SCI and in the higher layer assistance data.  
j. [bookmark: _Toc127532901][bookmark: _Toc131753862][bookmark: _Toc127532903]For dedicated pool m the bandwidth of SL-PRS can be smaller than the resource pool
· [bookmark: _Toc127532904][bookmark: _Toc131753863]FFS: The starting subchannel and number of subchannel occupied by the SL PRS resource is either provided in the SL PRS resource configuration or allocated when the resource is in use (via e.g. SCI or higher layer signalling).

[bookmark: _Toc127532905][bookmark: _Toc131753864]The following SL PRS parameters are configured in the pool containing the SL PRS (dedicated or shared)
k. [bookmark: _Toc127532906][bookmark: _Toc131753865]Starting PRB for the FDRA (lowest RB index of the subchannel with the lowest index)
l. [bookmark: _Toc127532907][bookmark: _Toc131753866]Subchannel size (at least for shared resource pool) 
m. [bookmark: _Toc127532908][bookmark: _Toc131753867]Maximum bandwidth


Signals and Channels in the dedicated pools

In RAN1#112, the following was agreed:
	Agreement
For a dedicated resource pool for Positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, option 1 (No other channel can be included beyond SL-PRS) is NOT pursued further. 
· Continue discussion between Option 2 and 3, and whether any other channel could also be included (e.g. PSFCH).





During the study item phase, RAN1 discussed whether PSSCH and PSCCH for the purpose of carrying data, e.g., to carry positioning signalling, should be part of a dedicated positioning pool together with SL PRS.
In all likelihood, for most scenarios dedicated SL PRS pools will coexist with existing resource pools for sidelink V2X. In order not to further diminish the resource availability for V2X, it is desirable not to take more resources than needed in a dedicated pool. Thus, we support the use of existing SL V2X pools for data communications needed for positioning, e.g., for positioning higher layer signalling for assistance data, positioning measurements configuration and reporting. 

[bookmark: _Toc131753868]A dedicated pool for positioning does not include any channel for payload data, e.g. PSSCH.
SCI based sensing
	[CLOSED] Feature Lead Proposal 3.2.3-v1 
In the dedicated resource pool for positioning, with regards to the SCI for SL-PRS, downselect between the following alternatives:
· Alt. 1: A new single-stage SCI in PSCCH is introduced
· Alt 2: A 2-stage SCI design is introduced
Study at least the following aspects:
· The contents of the SCI(s) (e.g., Time/Frequency resource assignment; Resource reservation period, SL-PRS resource indication, priority, source ID, destination ID) and mapping rule between PSCCH and SL-PRS. 




[bookmark: _Toc131753869]In the dedicated resource pool, we support having only single-stage SCIs.

In a dedicated resource pool, there is no need to be backward compatible with V2X UEs. Therefore, the SCI can be compressed and only include what is strictly required for SL PRS sensing. The fields to be included should allow sensing, and depend on: 
· whether the SL PRS bandwidth can vary or if it is constant for all resources in the pool,
· depends on whether resource indication should be in SCI or over higher layer. 
Additionally, omitting destination ID in the SCI can be a good way to preserve the privacy of the UE transmitting the SL PRS.  

[bookmark: _Toc131753870]SCI for SL PRS in dedicated resource pool is used to assist sensing and includes at least time domain resource allocation and resource reservation periods.
· [bookmark: _Toc131753871]FFS: additional fields, including priority, frequency domain resource allocation and SL PRS resource indication

Resource reservation in shared pool for SL PRS in dedicated pool
One design option is to use signaling in the shared pool to reserve SL-PRS resources in a dedicated pool. The benefit of this would be that the dedicated pool can contain SL-PRS only, apart from potential guard and AGC settling symbols, simplifying the design. Additionally, the reservation message, depending on designs, could get protection by HARQ retransmissions. 
To allow for coexistence between different positioning and ranging sessions, taking place between different set of UEs, sensing based on resource reservation messages should be allowed to reduce interference and mange quality of service. To allow for that, the reservation message need to be broadcasted, either in the form of an SCI or in a predefined message format in PSSCH. The options are at least the following,
· Define a new SCI format for positioning, allowing a new second stage SCI to contain a reservation message.
· Reuse existing zf/PSSCH design, and target positioning UEs with a dedicated Layer 2 ID, and with PSSCH carrying a predefined message format. 
Even though resource reservation in a shared pool may be attractive to simplify the design of the dedicated pool, it comes with some drawbacks. There need to always be a one-to-one mapping between a shared and a dedicated pool. Additionally, if a new second stage SCI is defined for resource reservation in a shared pool, the data payload of the PSSCH will likely be empty, wasting resources. Additionally, the complexity of sensing would increase compared to a design with a reservation message in a dedicated channel in the dedicated pool. Finally, since it has been agreed that the dedicated pool will not consist of only SL PRS, it will always be possible to do resource allocation within the dedicated pool. 

[bookmark: _Toc131753872]PRS Resource allocation for a PRS in a dedicated pool using a reservation from a shared pool is not supported. 

Conclusions
 In the previous sections we made the following observations and proposals: 
Observation 1	For sensing and resource allocation purpose, for the transmitting UEs, periodic and aperiodic transmissions are handled the same way via the resource reservation mechanism in SCI/DCI.
Observation 2	SL PRS sensitivity to interference from random resource selection may degrade the positioning measurements.
Observation 3	Resource allocated for SL PRS in the shared resource pools should be possible to sense by non-positioning (legacy) UEs.
 
Proposal 1	The network is allowed to configure SL PRS resources in both the shared resource pool and the SL PRS dedicated resource pool in the SL BWP of a carrier.
Proposal 2	The network assigns SL PRS resource pools for scheme 1 and scheme 2, similarly to sl-TxPoolScheduling (mode 1 resource pools) and sl-TxPoolSelectedNormal (mode 2 resource pools) for legacy sidelink. Note that:
a.	each resource pool can be only associated with either scheme 1 or scheme 2.
b.	an SL PRS resource set can be assigned to both a scheme 1 and a scheme 2 resource pool simultaneously, which may result in an overlap between the two pools.
Proposal 3	When the transmitting UE is operating with Scheme 1, resource allocation is controlled by the gNB.
Proposal 4	For SL-PRS in Scheme 1, support aperiodic (DCI based), semi-persistent and periodic (RRC configured) resource allocation of the SL PRS to the transmitting UE
a.	FFS: how to start and stop semi-persistent transmission
b.	FFS: whether this affects the SCI sent by the transmitting UE.
Proposal 5	For the measuring UEs, SLPP / LPP assistance data includes periodicity or start/stop information for the SL PRS resource.
Proposal 6	For SL-PRS transmission in Scheme 2, similar to legacy mode 2 SL, support dynamic and semi-persistent resource reservation.
Proposal 7	The listening UEs receives the SL PRS configuration via higher layers, i.e. from the LMF when the UE is in LMF coverage.
a.	This includes UEs connected to a LMF via a relaying UE, using UE assisted positioning.
Proposal 8	When out of coverage, the listening UE receives the SL PRS configuration via higher layers, i.e., from the transmitting UE’s higher layer, via SLPP.
Proposal 9	For triggering of SL PRS under Scheme 2, we support option 1; The triggering of the SL PRS transmission is over either UE’s own higher layers or another UE’s higher layer after performing the authentication procedure.
Proposal 10	For the UE receiving SL PRS, periodicity (if any) is included in assistance data (LPP/SLPP) and reflected in the SCI reservation field.
Proposal 11	For the SL-PRS transmissions without periodic reservation, use the maximum number of transmission from legacy sidelink (i.e. up to 3 occasions in time resource assignment).
Proposal 12	For periodic reception of SL PRS, reservation periodicity values are the same as for legacy sidelink.
Proposal 13	For the dedicated pool, redefine CBR and CR based on the granularity of the resource reservation.
Proposal 14	To adjust the load of the transmission on a pool the UE can switch the resource reservation between the pools
Proposal 15	For the applicable resource allocation schemes, support re-using the different schemes in AllowedResourceSelectionConfig for legacy sidelinks.
Proposal 16	Include PRS in the list sl-RS-ForSensing for candidate reference signals for RSRP measurement in the sensing procedure
a.	FFS: include a DMRS+PRS RSRP measurement in the list of possible RS for sensing.
Proposal 17	Priority handling of SL positioning and other V2X services, and potential modifications to resource allocation procedures, need to be studied.
Proposal 18	Resource allocation for the SL PRS in a shared resource pool uses SCI for the purpose of sensing. SCI for SL PRS allocation contains the same resource allocation information as legacy V2X:
a.	Frequency resource assignment in subchannels
b.	Time resource assignment
c.	Resource reservation period
-	FFS: use of additional fields for positioning
Proposal 19	To reduce the probability of collisions, coordinated transmission of reservation messages in SCI should be studied
Proposal 20	Support configuration of multiple dedicated resource pool for positioning.
Proposal 21	The resolution of frequency domain allocation for the SL PRS is 1 subchannel.
Proposal 22	For shared pools, the frequency domain allocation is included in the SCI and in the higher layer assistance data.
a.	For dedicated pool m the bandwidth of SL-PRS can be smaller than the resource pool
-	FFS: The starting subchannel and number of subchannel occupied by the SL PRS resource is either provided in the SL PRS resource configuration or allocated when the resource is in use (via e.g. SCI or higher layer signalling).
Proposal 23	The following SL PRS parameters are configured in the pool containing the SL PRS (dedicated or shared)
a.	Starting PRB for the FDRA (lowest RB index of the subchannel with the lowest index)
b.	Subchannel size (at least for shared resource pool)
c.	Maximum bandwidth
Proposal 24	A dedicated pool for positioning does not include any channel for payload data, e.g. PSSCH.
Proposal 25	In the dedicated resource pool, we support having only single-stage SCIs.
Proposal 26	SCI for SL PRS in dedicated resource pool is used to assist sensing and includes at least time domain resource allocation and resource reservation periods.
-	FFS: additional fields, including priority, frequency domain resource allocation and SL PRS resource indication
Proposal 27	PRS Resource allocation for a PRS in a dedicated pool using a reservation from a shared pool is not supported.
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SL-BWP-PoolConfig-rlé ::= SEQUENCE {
s1-RxPool-rlé SEQUENCE (SIZE (1..maxNrofRXPool-rl6)) OF SL-ResourcePool-rlé OPTIONAL, cond HO
s1l-TxPoolSelectedNormal-rlé SL-TxPoolDedicated-rl6 OPTIONAL, Need M
s1-TxPoolScheduling-r16 SL-TxPoolDedicated-rl6 OPTIONAL, Need N
s1-TxPoolExceptional-rlé SL-ResourcePoolConfig-rlé OPTIONAL Need M
}
SL-TxPoolDedicated-rlé :: SEQUENCE {
sl-PoolToReleaseList-rl6 SEQUENCE (SIZE (1..maxNrofTXPool-rl6)) OF SL-ResourcePoolID-r16 OPTIONAL, Need N
s1-PoolToAddModList-rl6 SEQUENCE (SIZE (1..maxNrofTXPool-rl6)) OF SL-ResourcePoolConfig-rlé OPTIONAL Need N
}
SL-ResourcePoolConfig-rlé ::= SEQUENCE {
s1l-ResourcePoolID-rlé SL-ResourcePoolID-rl6,
s1l-ResourcePool-rlé SL-ResourcePool-rl6 OPTIONAL —— Need M
}

SL-ResourcePoolID-rl6

INTEGER (1..maxNrofPoolID-rl6)

—— TAG-SL-BWP-POOLCONFIG-STOP
—— ASN1STOP
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SL-BWP-PoolConfig field descriptions

sl-RxPool
Indicates the receiving resource pool on the configured BWP. For the PSFCH related configuration, if configured, will be used for PSFCH transmission/reception. If the field is
included, it replaces any previous list, i.e. all the entries of the list are replaced and each of the SL-ResourcePool entries is considered to be newly created.
sl-TxPoolExceptional
Indicates the resources by which the UE is allowed to transmit NR sidelink communication in exceptional conditions on the configured BWP. For the PSFCH related

configuration, if configured, will be used for PSFCH transmission/reception.
sl-TxPoolScheduling
Indicates the resources by which the UE is allowed to transmit NR sidelink communication based on network scheduling on the configured BWP. For the PSFCH related
configuration, if configured, will be used for PSFCH transmission/reception.
sl-TxPoolSelectedNormal

Indicates the resources by which the UE is allowed to transmit NR sidelink communication by UE autonomous resource selection on the configured BWP. For the PSFCH
related configuration, if configured, will be used for PSFCH transmission/reception.





