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[bookmark: _Ref513464071]Introduction
In RAN#112 meeting, the following solutions for resource allocation for SL-PRS were agreed [1].
	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


In this contribution, we discuss design details for Scheme 1 and Scheme 2 resource allocation for SL-PRS transmissions. 
Discussion
SL positioning group
It was agreed in RAN1 #111 meeting that RTT-type solution(s) using SL, SL-AoA and SL-TDOA are supported and recommended for normative work [2]. These SL positioning methods are based on SL-PRS transmissions performed by a Target UE and one or more Anchor UE(s). A Target UE is the UE to be positioned and an Anchor UE is the UE supporting the positioning of a Target UE [4]. 
A Target UE and Anchor UE(s) can perform resource selection for SL-PRS transmissions specific to a SL positioning session using one of aforementioned SL positioning methods. It can thus be beneficial to define a SL positioning group to facilitate discussions on resource allocation by group member with potential coordination within the group, group-based resource allocation, etc. 
In addition to absolute positioning information, SL positioning supports relative positioning and ranging information [4]. A target UE obtains the information based on ranging, which is defined as a determination of the distance and/or the direction between a target UE and another SL entity, e.g., anchor UE [4]. It would be helpful to discuss SL relative position and/or ranging information with respect to a reference UE. Therefore, we propose additional SL positioning terminology. 
Proposal 1: Consider the following terminology for the purpose of continued RAN1 discussion:
· Reference anchor UE: An reference entity e.g., anchor UE, based on which a target UE’s relative position and/or ranging information is determined. 
· Sidelink positioning group: A group of UEs including a target UE and one or more anchor UEs, who participate in a SL positioning session using one of the supported SL positioning method.
SL-PRS resource allocation granularity 
Time domain 
RAN1 agreed in #110bis-e meeting to study further the time domain SL-PRS resource allocation granularity. The time domain resource selection granularity for PSCCH/PSSCH transmission is a single slot. For SL-PRS transmission, a SL-PRS time domain resource can include AGC symbol(s), RxTx Turnaround symbol(s) and M SL-PRS symbols as indicated in RAN1 #110bis-e meeting agreement below [3]. In the same agreement, potential candidate values for M is for further study and might include same values as N to support fully staggered SL-PRS pattern. Therefore, the duration of SL-PRS time domain resource can be variable depending on the value of M.
	Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.
Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose



Thus, in our view, due to the invariable duration of a SL-PRS time resource, it is not desirable to consider it as the granularity of time domain resource allocation for SL-PRS transmission. Also, as RAN1 agreed to use SCI for reserving/indicating one or more SL-PRS resources [2], a SL-PRS time domain resource allocation can include symbol(s) for PSCCH. A symbol-based SL-PRS time domain resource allocation can thus increase SCI decoding processing and UE battery power consumption. We prefer to have a SL-PRS time domain resource allocation granularity based a slot (1 SCI per slot) or a sub-slot (1 SCI per sub-slot) that may include 7 symbols, i.e., up to two SCI decoding in one slot.
In a shared resource pool, the PSSCH time resource granularity is a slot, which can apply naturally to a multiplexed PSSCH/SL-PRS transmission. For stand-alone SL-PRS transmission, a sub-slot-based SL-PRS transmission can cause PSSCH reception AGC issue due to the power difference between two sub-slots. Therefore, we prefer the granularity of time domain resource allocation for SL-PRS transmission to be a slot in a shared resource pool.  
Proposal 2: Support slot-based SL-PRS resource allocation in a shared resource pool. 
In a dedicated resource pool, there may not be legacy PSSCH transmissions on a slot basis so a sub-slot-based SL-PRS time domain resource can be considered to reduce the positioning latency. However, when a dedicated SL-PRS resource pool and a PSSCH resource pool are multiplexed in frequency (FDM) in a SL BWP, PSSCH reception AGC issue can occur if the two resource pools have different granularity. Thus, we think the granularity of a time domain resource allocation for SL-PRS transmission in a dedicated SL-PRS resource pool can be (pre)configured as a slot or a sub-slot. 
Proposal 3: (Pre)configured slot- or sub-slot-based SL-PRS resource allocation in a dedicated resource pool. 
It has been mentioned in RAN1 that a SL-PRS transmission can include NAGC AGC symbol(s), NPSCCH PSCCH symbols, M SL-PRS symbol(s) and NTX/RX TX/RX turn-around symbol. The values of NAGC, NPSCCH, M and NTX/RX are discussed in AI 9.5.1.1. However, it is conceivable that with a small value of M (e.g., 1 or 2), there can be remaining unassigned symbols in a slot or a sub-slot selected for a SL-PRS transmission. It can be further studied how to utilize these symbols, e.g., a repetition of the SL-PRS symbols. 
Proposal 4: Study how to use unassigned symbols in a slot or a sub-slot allocated for SL-PRS transmission. 
0. Frequency domain 
It was agreed [3] the bandwidth of SL-PRS transmission can be same or smaller than that of the resource pool. In a share resource pool, if the bandwidth of SL-PRS transmission is not allocated based on a sub-channel configured in the resource pool, some PRBs can become unused as the PSSCH resource allocation is sub-channel-based. To utilize the spectrum efficiently, we prefer to have SL-PRS frequency domain resource granularity based on sub-channel, e.g., the bandwidth of a SL-PRS resource is an integer number of sub-channels configured in the resource pool. 
Proposal 5: SL-PRS bandwidth allocation is based on sub-channel in a shared resource pool.  
Within an allocated SL-PRS bandwidth, a SL-PRS resource allocation can occupy a set of sub-carriers according to a comb pattern (N). Thus, the frequency domain SL-PRS resource allocation granularity can be either based on sub-channel or comb pattern (i.e. multiple orthogonal comb patterns within a same SL-PRS bandwidth. For a multiplexed SL-PRS and PSSCH transmission in a slot, we think the frequency domain resource allocation granularity can be a sub-channel and the PSSCH and SL-PRS transmission can have the same bandwidth. 
Proposal 6: Sub-channel-based SL-PRS resource allocation for SL-PRS transmission multiplexed with PSSCH transmission in a shared resource pool.  
For a stand-alone SL-PRS transmission in either a shared or dedicated resource pool, a frequency domain resource allocation granularity based on comb pattern, i.e. comb-based multiplexing of SL-PRS from different UEs in a slot can be beneficial. For example, multiple SL-PRS resources within a same bandwidth can be allocated using orthogonal comb patterns, which will improve spectrum efficiency. In RAN1 #112 meeting, comb-based multiplexing is agreed as indicated below for dedicated resource pools. 
	Agreement 
· [bookmark: _Hlk131413556]Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs


In our view, the comb-based multiplexing can be enabled in both dedicated and shared resource pool. In shared resource pools, the multiplexing can be limited to only resources used for stand-alone SL-PRS transmissions.
Proposal 7: Support comb-based multiplexing of SL PRS from different UEs in a slot in shared resource pool for stand-alone SL-PRS transmissions.
SL-PRS resource allocation Scheme 1
Dedicated resource pool
SL-PRS time domain behaviour (as indicated in RAN1 #110 agreement below) can include periodic, semi-persistent and aperiodic SL-PRS transmission. 
	Agreement
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:
· Periodic SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: any additional details, including whether or not higher layers can start/stop transmission.
· Semi-persistent SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· FFS: any additional details
· Aperiodic SL-PRS 
· SL-PRS is transmitted at least once after [triggering/request] 
· Note: the brackets in the above means that companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions. 
· FFS: any additional details
· FFS: Applicability of the above time behaviors for scheme 1 & scheme 2
· FFS: Rx UE behavior is separately discussed.
· FFS: What mechanism(s) are used for activation/deactivation/triggering is part of the study


In SL communication Mode 1, Type 1 and Type 2 CG (activation and deactivation by received DCI) can be configured by gNB to schedule periodic PSSCH transmission resources. For aperiodic SL traffic, gNB can schedule up to 3 resources in a dynamic grant (DG) using DCI format 3_0. Similarly, in SL-PRS resource allocation Scheme 1, Type 1 CG, Type 2 CG and DG can be introduced to support the time behaviour of periodic, semi-persistent and aperiodic SL-PRS transmissions, respectively.
Proposal 8: Support Type 1 CG, Type 2 CG and DG in SL-PRS resource allocation Scheme 1 to support periodic, semi-persistent and aperiodic SL-PRS transmissions. 
Note in legacy Mode 1 CG and DG, a gNB allocates resources specific to a UE for its SL transmissions. Accordingly, in a similar SL-PRS resource allocation Scheme 1, a UE in a SL positioning group will request and receive SL-PRS resource allocation from gNB independently. For example, in a DL-like TDoA positioning session, each Anchor UE can perform UL transmission (e.g., SR/BSR) to request SL-PRS resource and receive a resource allocation in DL (e.g., DCI) for SL-PRS transmissions to a Target UE. Also, in a single-RTT-based positioning session, when an Anchor UE receives a SL-PRS transmission from a Target UE, it will perform the same procedure to acquire a resource for SL-PRS transmission back to the Target UE. The required Uu signalling and latency can be sub-optimal for SL positing performance. 
Therefore, we think it is beneficial to study a group-based SL-PRS resource allocation Scheme 1 in which a Target UE or Anchor UE can request resources for SL-PRS transmissions by peer UEs in the same SL positioning group. When the UE has received the resource allocation from gNB, it can indicate the resources to peer UEs, e.g., in a SCI or MAC CE. For example, in a single-RTT-based SL positioning session, a Target UE can indicate the received resource for a unicast backward SL-PRS transmission in the SCI associated with a unicast forward SL-PRS transmission to the Anchor UE.
Proposal 9: Study a SL-PRS resource allocation Scheme 1 in which a UE requests and receives resources for SL-PRS transmissions by peer UEs in a SL positioning group. 
Shared resource pool
In a shared resource pool, we think it is important to support a stand-alone SL-PRS transmission, because a UE may not always have SL communication data in the buffer when SL-PRS transmissions are configured for a SL positioning session. For such stand-alone SL-PRS transmissions in a shared resource pool, we prefer to have a unified SL-PRS resource allocation Scheme 1 as discussed in section 2.3.1 for a dedicated resource pool. For example, same UL BSR and DL DCI content and format can be considered. 
Proposal 10: Strive for a unified SL-PRS resource allocation Scheme 1 between a dedicated resource pool and at least stand-alone SL-PRS transmissions in a shared resource pool.
For resource allocation of a multiplexed SL-PRS and PSSCH transmission in a shared resource pool, we think further study is needed to evaluate what enhancements for SL Mode 1 resource allocation for PSSCH transmissions are needed. The study can depend on considerations including e.g. the multiplexing scheme of SL-PRS and PSSCH transmissions in a slot and more importantly backward compatibility with R16/R17 SL UEs in the same resource pool. 
 Proposal 11: Study enhancements for SL Mode 1 resource allocation for multiplexed SL-PRS and PSSCH transmission in a shared resource pool.
SL-PRS resource allocation Scheme 2
Dedicated resource pool
It is agreed in RAN1 #111 meeting [2] that “For resource allocation mechanism for SL-PRS in Scheme 2, a sensing based resource allocation, or a random resource selection, or both, should be introduced, where the legacy designs for UE autonomous resource allocation are used as a starting point”. 
In the legacy design for UE autonomous resource allocation in SL communication, i.e. Mode 2 sensing, a set of TB-specific parameters are indicated by higher layers including e.g., remaining packet delay budget, L1 priority, number of sub-channels, the resource pool, reservation interval and resource selection mechanism. Additional parameters such as sensing window, RSRP threshold, resource percentage, etc. are semi-statically configured. A UE may also determine a number of re-transmissions for each TB and select the resources for re-transmissions as well in a resource selection window based on the indicated remaining packet delay budget. 
Mode 2 sensing of SL communication supports semi-persistent and aperiodic resource reservation. The semi-persistently reserved resource (for a new TB) is indicated in resource reservation interval indication in a SCI. For aperiodic resource reservation, the value of the resource reservation interval SCI indication in the initial PSSCH/PSCCH transmission is set as zero and the reserved aperiodic resources (for re-transmissions of the same TB) are indicated in the same SCI using a TRIV value based on the time gap between reserved resources. 
In RAN1 #112 meeting, SL-PRS transmissions with and without periodic reservation are agreed. 
	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


For resource reservation of the supported SL-PRS transmissions with and without periodical reservation, we think the abovementioned PSSCH/PSCCH resource reservation indication may be re-used. For example, for SL-PRS transmissions with periodic reservation, the periodicity may be indicated in a SL-PRS reservation interval indication in a SCI associated with the SL-PRS transmission. For SL-PRS transmissions without periodic reservation, a similar TRIV indication can be used to indicate the reserved resources (e.g., used for SL-PRS repetition). 
Proposal 12: Re-use SCI indications of resource reservation interval and TRIV in SL communication for periodic and aperiodic SL-PRS resource reservation, respectively. 
In addition to the SCI reservation interval indication and TRIV discussed above, we think it can be helpful to evaluate all applicable parameters for a SL-PRS Scheme 2 sensing. For example, a SL-PRS L1 priority can be beneficial to differentiate resources selected for SL-PRS transmission for different types of SL positioning method and/or with different levels of SL positioning accuracy requirement. A SL-PRS delay budget can be also considered to determine a period in which all SL-PRS transmissions include repetitions for a SL positioning session can be performed. Also, since both sensing-based and random selection-based resource allocation Scheme 2 are agreed [2], the type of resource selection mechanism can be included as a parameter. Specifically for SL-PRS transmission, the bandwidth and comb pattern can be indicated to determine the frequency resources. 
Proposal 13: Consider at least the following parameters for SL-PRS resource allocation Scheme 2.
· SL-PRS L1 priority
· SL-PRS bandwidth and comb pattern
· SL-PRS time resource, e.g. TRIV
· SL-PRS delay budget
· Reservation interval
· Resource selection mechanism
Legacy Mode 2 sensing for a TB is based on PSCCH decoding in a (pre)configured sensing window. The resource reservation and L1 priority information decoded from a SCI-1 in a PSCCH and the associated RSRP measurement are applied to determine available candidate resources in a resource selection window. Thus, to support a sensing-based SL-PRS resource allocation Scheme 2, a SCI associated with SL-PRS transmission to indicate one or more resource reservation can be required. As indicated below in RAN1 #110bis-e agreement, a such SCI and its associated SL-PRS can be transmitted in the same slot or sub-slot, i.e. included in a SL-PRS transmission as shown in Figure 1 after Mode 2 resource selection.   
	Agreement
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


The SCI can include resource information of the associated SL-PRS transmission including comb pattern and bandwidth. The SCI can include reservation of a number of resources for SL-PRS transmission repetition. A reservation interval SCI indication can indicate the same resources reserved in this SCI are semi-persistently reserved. 
Thus, in our view, a new SCI-1 format associated with a SL-PRS transmission can be supported for dedicated resource pool. The new SCI-1 format should at least include the aforementioned resource reservation information. Further study can be done to determine whether more information e.g., UE IDs can be included in the new SCI-1 format or in a new SCI-2 format (using a two stage SCI) in dedicated SL-PRS resource pools. Note for a shared pool, a stand-alone SL-PRS transmission should still use a legacy SCI-1 format to maintain R16/R17 backward compatibility.   
Proposal 14: Support a new SCI-1 format including resource reservation information of associated SL-PRS transmissions in a dedicated resource pool.
The R16/R17 Mode 2 sensing-based resource allocation was agreed as the baseline for SL-PRS Scheme 2 resource allocation. 
	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


Mode 2 sensing is based on exclusion of candidate resources which are reserved and whose measured RSRP is above a threshold. A PSSCH candidate resource is single-slot resource multiplexed on sub-channel level. On the other hand, a SL-PRS candidate resource can be a time-domain-multiplexed (TDM) resource (e.g., slot- or symbol-based) or a frequency-domain-multiplexed (FDM) resource (e.g., comb-based). A TDM resource can have lower interference than a FDM resource due to IBE. Thus, SL-PRS Scheme 2 sensing can take the resource type into consideration and prioritize to select TDMed resources and include FDMed resources when the (pre)configured X% of available candidate resources is not reached. 
Additional Mode 2 sensing enhancement can be considered to improve SL-PRS transmission reliability. In one option, a (pre)configured absolute SL-RSRP threshold based on required positioning accuracy can be applied in SL-PRS resource allocation Scheme 2. Also, for a SL-PRS resource of large bandwidth, when the Scheme 2 sensing detects high interference in part of the bandwidth in a selected resource, a resource re-selection can be triggered to select multiple resources each with smaller bandwidth to perform a SL-PRS bandwidth aggregation. It should be further studied how potential enhancements can be designed to minimize SL-PRS collisions.     
Proposal 15: Study Scheme 2 sensing enhancements to improve SL-PRS transmission reliability, e.g., prioritizing TDMed candidate resources. 
[image: ]
Figure 1 An example of signaling between anchor UE and target UE for out-of-coverage SL positioning
The SL-PRS resource allocation Scheme 2 is performed to select resources for a UE’s own SL-PRS transmissions. This can be applicable for example when a Target UE selects resources for a groupcast SL-PRS transmission to Anchor UEs in a UL-like TDoA-based SL positioning session. However, in a DL-like TDoA- or single-RTT-based positioning session, as discussed in section 2.3.1, it can be advantageous for a Target or Anchor UE to select resources for SL-PRS transmissions by peer UEs in a SL positioning group.  
For example, in a single-sided RTT-based positioning, latency can be reduced when a Target UE select and reserve the resources for both the forward transmissions by itself and backward transmission by the Anchor UE. The Target UE can indicate the resource reservation in the SCI of the forward transmission so the Anchor UE can transmit the backward SL-PRS in the reserved resource indicated in the receive SCI. 
It can be further studied how Scheme 2 sensing parameter and signaling can be modified to enable resource allocation for a group of UEs. For example, new sensing conditions can be considered to distinguish resources for different UEs in a single resource selection window and also additional SCI indication(s) can be used to indicate resources for peer UEs. Note this group-based resource selection Scheme 2 is different from Inter-UE-Coordination (IUC) Scheme 1, because in IUC a UE does not reserve any resources included in a preferred resource set provided to another UE. 
Proposal 16: Support a UE to transmit SL-PRS in resources selected and indicated by a peer UE in a position group using SL-PRS resource allocation Scheme 2.
Shared resource pool 
To support a stand-alone SL-PRS transmission in a shared resource pool, the SL-PRS resource allocation Scheme 2 as discussed in section 2.4.1 for a dedicated resource pool can be a baseline. The Scheme 2 sensing parameter, procedure and potential enhancements can conceivably be common. However, the related signalling should be different. 
To maintain the backward compatibility with R16/R17 UEs, the legacy SCI-1 format should be used for a stand-alone SL-PRS transmission, because R16/R17 UEs decode SCI-1 to perform sensing. Thus, one option is to consider a new SCI-2 format for SL-PRS related information, e.g., comb pattern indication. Also, we think the reserved bits in SCI-1 format can be used to indicate a R18-specific interpretation of existing resource reservation SCI indications. For example, one reserved bit can be specified in R18 to indicate a resource reservation is for SL-PRS transmission by a peer UE in a SL positioning group. R16/R17 UEs will regard the decoded reservations simply as resources reserved for PSSCH transmissions.
Proposal 17: Design a common SL-PRS resource allocation Scheme 2 for stand-alone SL-PRS transmissions in a shared resource pool and SL-PRS transmissions in a dedicated resource pool.
Additionally, in a shared pool, a SL-PRS transmission can be multiplexed with SL data transmission and a joint resource allocation in Scheme 2 for multiplexed transmission can be evaluated. One option is to re-use a Mode 2 legacy sensing for PSSCH transmission with additional mechanism to consider different reliability required for the data and SL-PRS transmission. For example, a SL-PRS priority based on its associated positioning accuracy requirement can be used in the sensing and the Scheme can apply the highest priority between the SL-PRS and PSSCH. 
Proposal 18: Support a joint resource allocation Scheme 2 for multiplexed SL-PRS and PSSCH/PSCCH transmissions based on legacy Mode 2 sensing procedure. 
Further Enhancement
The following was agreed in RAN1 #112 meeting.
	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.


In SL communication, more than one sensing schemes, e.g., sensing-based and random selection can be (pre)configured in a resource pool. A UE can perform one of the (pre)configured schemes based on higher layers indication for power saving purpose and thus the sensing schemes used is UE-specific. Similarly, for SL-PRS resource selection in Scheme 2, a UE should be able to perform different sensing schemes (pre)configured in a resource pool. 
Proposal 19: Confirm WA to allow both sensing-based and random selection in the same resource pool.  
Further enhancement can thus be desired to mitigate interferences resulting from SL-PRS transmission using random resource selection and enable coexistence of random selection and sensing-based resource selection in a resource pool. One example is Inter UE Coordination (IUC) as indicated in RAN1 #110 agreement below. IUC-based resource allocation was introduced in R17 SL as a PSSCH reliability enhancement and include IUC Scheme 1 resource set provision and Scheme 2 conflict indication.
	Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS


For example, in a DL-TDoA-based positioning session, it may incur high latency for each Anchor UE to perform SL-PRS resource allocation Scheme 2. A Target UE can perform Scheme 2 sensing to select a set of SL-PRS resources (e.g., within a coordinated measurement period) and indicate the resources in a preferred resource set (e.g. using groupcast) to Anchor UEs. Each Anchor UE can randomly select a resource from the groupcasted preferred resources set. 
Proposal 20: A transmitting UE selects SL-PRS resources in a received resource set based on IUC Scheme 1.  
In addition, IUC Scheme 2 can be supported to enable a UE to inform a peer UE in a SL positioning group about a conflict in a SL-PRS resource reservation. The conflict can be an overlapping with SL-PRS or PSSCH resources reserved by another UE. When a UE receives a conflict indication in a PSFCH, the UE can exclude the resource in conflict and perform a resource re-selection for SL-PRS transmission to resolve the conflict. We think the conflict indication mechanism can effectively mitigate SL-PRS transmission collision e.g., caused by random resource selection.  
Proposal 21: Support conflict indication for SL-PRS resource reservation based on IUC Scheme 2.  
Additionally, the SL positioning performance can be degraded when a UE receives and measures a desired SL-PRS from a peer UE in the presence of interfering SL-PRS and/or PSSCH transmission by another nearby UE. One such scenario can be for example as described in RAN1 #112 agreement below where the desired and interfering SL-PRS transmissions from different UEs are comb-based multiplexed. 
	Agreement 
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs


An equivalent situation in Uu positioning between a near and far TRP site is handled with DL muting with a semi-statically configured muting pattern. However, a dynamic muting solution can be needed to address the issue considering the UE mobility. For example, a UE can transmit a muting indication to nearby UEs including a muting pattern based on resources reserved for its own SL-PRS transmission or SL-PRS transmissions the UE is about to receive and measure. Moreover, the muting can be applied to SL-PRS transmissions in the resources based on random selection to avoid collision.
Proposal 22: Study SL muting indication and signalling.  
It was agreed in RAN1 #110 meeting [4] that “Aperiodic SL-PRS is transmitted at least once after [triggering/request]” and “companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions.” Subsequently, two options were agreed in RAN1 #112 meeting for further discussion as shown below
	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


In Option 1, a triggering of an aperiodic SL-PRS transmission can be an internal indication from higher layers to physical layers to perform a SL-PRS transmission. Furthermore, we think a request via lower layer signalling in Option 2, e.g., a Target UE requesting an Anchor UE to perform a SL-PRS transmission can also be beneficial. A SL-PRS transmission by an Anchor UE based on Scheme 2 sensing can experience interferences (e.g., due to hidden node issue) and it can be advantageous to enable a Target UE to send a feedback to trigger another SL-PRS transmission.
Proposal 23: Support both Option 1 and Option 2 regarding the triggering of SL-PRS. 
Moreover, we think the lower layer signalling for the request can apply SCI or PSFCH. In SL communication, PSFCH is used to request a PSSCH/PSCCH HARQ re-transmission and a similar mechanism using a PSFCH-like channel can be considered for SL-PRS transmission triggering. 
Proposal 24: Study UE request SL-PRS transmission using a SCI and/or PSFCH. 
In SL-PRS shared pools, PSFCH can be (pre)configured for both PSSCH and SL-PRS transmissions. In SL-PRS dedicated resource pools, it was agreed in RAN1#112 meeting to continue discussing which channels are included in a dedicated resource pool based on Options listed in a RAN1 #110bis agreement. 
	Agreement (#112)
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 (#110bis)
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


In our view, to include PSSCH in a dedicated resource pool, there will be additional design complexity related to e.g., SCI format and sensing design. Share resource pools and/or SL communication resource pools can be used for PSSCH transmissions including SL positioning related information. Thus, we support Option 2 with addition of PSFCH in a dedicated SL-PRS resource pool. 
Proposal 25: Include the following channels in a dedicated resource pool in addition to SL-PRS:
· PSCCH which carries SCI associated with SL-PRS transmission
· PSFCH which carries feedback information associated SL-PRS transmission 
Congestion control
R16/R17 SL congestion control is based on CBR and CR measurement to deal with the congestion in a resource pool due to high traffic load. Depending on the accuracy requirement of SL positioning, SL-PRS transmissions can be performed with large bandwidth in bursts and increase the congestion, it is thus essential to enhance the legacy congestion control mechanisms to include aspects specific to SL-PRS transmissions. 
One aspect is the definition of CBR measurement for stand-alone SL-PRS transmission with the legacy PSSCH/PSCCH CBR measurement defined in TS 38.215 as a baseline. Since a SL-PRS transmission may not fully occupy a sub-channel due to comb configuration, it should be further studied if the RSSI threshold for a SL-PRS CBR measurement can be different from PSSCH/PSCCH CBR measurement. 
Proposal 26: Introduce a CBR measurement for SL-PRS transmission. 
Another aspect is the differentiation of CR measurement between PSSCH/PSCCH transmissions and SL-PRS transmission in a shared resource pool. The legacy CR measurement is based on the number of sub-channels used for both performed and reserved PSSCH/PSCCH transmissions by a UE within a (pre)configured measured period. When a CR is above a threshold, a UE may drop SL transmissions to avoid overloading the channel. 
While PSSCH/PSCCH transmissions follow the SL traffic pattern, the pattern of SL-PRS transmissions can depend on the positioning method and requirements. If both types of transmissions are counted the same in CR evaluation, it could lead to drop of SL-PRS transmissions due to heavy data traffic, which may not be desirable. It can thus be considered to study separate CR measurements for PSSCH/PSCCH and SL-PRS transmissions. 
Proposal 27: Study separate CR measurement for SL-PRS and PSSCH transmission in a shared resource pool. 
Conclusion
In this contribution, the following proposals are made.
Proposal 1: Consider the following terminology for the purpose of continued RAN1 discussion:
· Reference anchor UE: An reference entity e.g., anchor UE, based on which a target UE’s relative position and/or ranging information is determined. 
· Sidelink positioning group: A group of UEs including a target UE and one or more anchor UEs, who participate in a SL positioning session using one of the supported SL positioning method.
Proposal 2: Support slot-based SL-PRS resource allocation in a shared resource pool. 
Proposal 3: (Pre)configured slot- or sub-slot-based SL-PRS resource allocation in a dedicated resource pool. 
Proposal 4: Study how to use unassigned symbols in a slot or a sub-slot allocated for SL-PRS transmission. 
Proposal 5: SL-PRS bandwidth allocation is based on sub-channel in a shared resource pool.  
Proposal 6: Sub-channel-based SL-PRS resource allocation for SL-PRS transmission multiplexed with PSSCH transmission in a shared resource pool.  
Proposal 7: Support comb-based multiplexing of SL PRS from different UEs in a slot in shared resource pool for stand-alone SL-PRS transmissions.
Proposal 8: Support Type 1 CG, Type 2 CG and DG in SL-PRS resource allocation Scheme 1 to support periodic, semi-persistent and aperiodic SL-PRS transmissions. 
Proposal 9: Study a SL-PRS resource allocation Scheme 1 in which a UE requests and receives resources for SL-PRS transmissions by peer UEs in a SL positioning group. 
Proposal 10: Strive for a unified SL-PRS resource allocation Scheme 1 between a dedicated resource pool and at least stand-alone SL-PRS transmissions in a shared resource pool.
Proposal 11: Study enhancements for SL Mode 1 resource allocation for multiplexed SL-PRS and PSSCH transmission in a shared resource pool.
Proposal 12: Re-use SCI indications of resource reservation interval and TRIV in SL communication for periodic and aperiodic SL-PRS resource reservation, respectively. 
Proposal 13: Consider at least the following parameters for SL-PRS resource allocation Scheme 2.
· SL-PRS L1 priority
· SL-PRS bandwidth and comb pattern
· SL-PRS time resource, e.g. TRIV
· SL-PRS delay budget
· Reservation interval
· Resource selection mechanism
Proposal 14: Support a new SCI-1 format including resource reservation information of associated SL-PRS transmissions in a dedicated resource pool.
Proposal 15: Study Scheme 2 sensing enhancements to improve SL-PRS transmission reliability, e.g., prioritizing TDMed candidate resources. 
Proposal 16: Support a UE to transmit SL-PRS in resources selected and indicated by a peer UE in a position group using SL-PRS resource allocation Scheme 2.
Proposal 17: Design a common SL-PRS resource allocation Scheme 2 for stand-alone SL-PRS transmissions in a shared resource pool and SL-PRS transmissions in a dedicated resource pool.
Proposal 18: Support a joint resource allocation Scheme 2 for multiplexed SL-PRS and PSSCH/PSCCH transmissions based on legacy Mode 2 sensing procedure. 
Proposal 19: Confirm WA to allow both sensing-based and random selection in the same resource pool.  
Proposal 20: A transmitting UE selects SL-PRS resources in a received resource set based on IUC Scheme 1.  
Proposal 21: Support conflict indication for SL-PRS resource reservation based on IUC Scheme 2.  
Proposal 22: Study SL muting indication and signalling.  
Proposal 23: Support both Option 1 and Option 2 regarding the triggering of SL-PRS. 
Proposal 24: Study UE request SL-PRS transmission using a SCI and/or PSFCH. 
Proposal 25: Include the following channels in a dedicated resource pool in addition to SL-PRS:
· PSCCH which carries SCI associated with SL-PRS transmission
· PSFCH which carries feedback information associated SL-PRS transmission 
Proposal 26: Introduce a CBR measurement for SL-PRS transmission. 
Proposal 27: Study separate CR measurement for SL-PRS and PSSCH transmission in a shared resource pool. 
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