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In RAN #98e e-meeting, specify resource allocation for SL PRS has been captured in the WID [1]. In this contribution, we present our views on the resource allocation for SL PRS. 
	· 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 signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].



Resource allocation for SL-PRS 
Dedicated resource pool for SL-PRS
	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
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
For a dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH


In RAN1 112 meeting, option 1 has been precluded, and only a single stage SCI is used. The remaining issue is whether PSSCH or any other channel can be included in the dedicated resource pool. If the PSSCH is transmitted with SL-PRS in a slot, multiplexing SL-PRS onto PSSCH will reduce the positioning performance. The bandwidth of PSSCH may not equal the required bandwidth of SL-PRS. Therefore, it is difficult to guarantee the positioning accuracy of SL-PRS in this case. If the bandwidth of SL-PRS and that of PSSCH is not the same, it would require a large specification change to support. So, we prefer to transmit SL-PRS without PSSCH transmission in the dedicated resource pool. 
Proposal 1: 
· PSCCH which carries SCI associated with SL-PRS transmission(s) is included in the dedicated resource pool (i.e., Option 2 is supported). 
In legacy NR sidelink, if a SCI reserves a resource for PSSCH in the future slot, the associated SCI in the reserved slot should be also transmitted in that slot to reduce the impact of half-duplexing. For SL-PRS scheduling, the same principle can be reused. Otherwise, if the control information and the associated SL-PRS are transmitted in different slots, the SL-PRS can transmit successfully only when the control information and the SL-PRS in two slots are transmitted successfully. Due to the half-duplex, it may decrease the transmission success probability. And the advantage of cross-slot scheduling for SL-PRS is not clear. 
Therefore, we propose
Proposal 2: 
· In the dedicated resource pool, PSCCH and the associated SL-PRS should be transmitted in the same slot (i.e., SL-PRS cannot be transmitted in a slot without associated PSCCH).
The single stage SCI is used for SL-PRS resource reservation in the dedicated resource pool. Considering the content of SCI, the following information should be carried in the SCI at least: SL PRS timing/ frequency resource, destination ID, source ID, period indication, priority, SL PRS resource ID.
Proposal 3: 
· For the single stage SCI used for the reservation/indication of SL-PRS, the following information should be carried in the SCI.
· [bookmark: OLE_LINK1]SL PRS timing/frequency resource, destination ID, source ID, period indication, priority, SL PRS resource ID.
	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


It has been discussed what SL-PRS configuration parameters should be included in the (pre-)configuration of the dedicated resource pool. In our opinion, the higher layer signaling can configure some parameters per resource pool and SCI is used to reserve /indicate resource(s) instead of only higher layer signaling is used to reserve /indicate. The one or more SL PRS resources with a list of parameters (e.g., SL PRS resource ID, comb N, RE offset, symbol M, symbol offset) should be (pre-)configured per resource pool. Further, the selected SL PRS resource ID can be determined based on the associated SCI to achieve the RE-level multiplexing to increase the capacity of the SL-PRS in the resource pool. 
Proposal 4: 
· The higher layer signaling can be used to pre-configure SL PRS resource(s) per resource pool.
	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
Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
· FFS: whether or not this is a separate UE capability


The comb-based and TDMed-based multiplexing of SL-PRS from different UEs in a slot for a dedicated resource pool has been supported in the previous meeting.  An example was listed in the following:
[image: ]             [image: ]
[bookmark: _Ref115361095][bookmark: _Ref131668868]Figure 1 An example of multiple slot based SL-PRS multiplexed in a slot
In this case, an SL-PRS can easily occupy the whole bandwidth of the resource pool. And multiple SL-PRS can be orthogonal which is beneficial for the capacity of SL-PRS. The resource for PSCCH and SL PRS are multiplexed in the TDMed manner. The resource in the frequency domain for PSCCH can be associated with the symbol index and/or RE offset of the SL-PRS in the slot to avoid collision with other PSCCH. 
In the NR SL, for a PSSCH transmission, the lowest sub-channel for sidelink transmission is the sub-channel on which the lowest PRB of the associated PSCCH is transmitted. In SL positioning, the lowest frequency resource for SL-PRS can be the same as or different from the subchannel/PRB of the associated PSCCH. For example, the starting PRB/subchannel of SL-PRS 2 is different from the PRB/subchannel of the PSCCH 2 as illustrated in Figure 1. And for SL-PRS 1, the starting PRB/subchannel is the same as the PRB/subchannel of PSCCH 1. To support comb-based multiplexing, the RB/subchannel offset should be defined to determine the resource of SL-PRS. 
The UE can determine the RE-offset, PRB/subchannel offset, and/or starting symbol of the SL-PRS based on the following options:
· Option 1. Based on the pre-defined mapping rule between the SL PRS resource and the frequency resource of the PSCCH. 
· Option 2. Parameters are indicated in the PSCCH. 
For Option 1, if a UE decodes a PSCCH, the UE can determine the resource of SL-PRS based on the location of the PSCCH, and no additional bits need to be carried in the SCI. For Option 2, if a UE decodes a PSCCH, the UE can obtain the indicated RE-offset, PRB/subchannel offset, and/or starting symbol of SL-PRS to determine the resource of SL-PRS, which can be indicated flexibly. 
Proposal 5: 
· For the support of the multiple SL-PRS transmitted in a slot, the following parameters should be preconfigured to determine the resource of SL-PRS. 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation, the parameters can be determined based on the following options:
· Option 1. Based on the pre-defined mapping rule of PSCCH and SL-PRS;
· Option 2. Indicate SL PRS in the PSCCH. 
Shared resource pool for SL-PRS
	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.
Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI
Agreement
In a shared resource pool: 
· SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot
· With regards to PSSCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. A.1: Only TDMing is supported
· Alt. A.2: Only FDMing of PSSCH and SL-PRS is supported
· FFS: Rate-matched around SL-PRS REs and/or PRB/sub-channel-level FDMing are supported potentially for different cases 
· Note: Rate-matched around SL-PRS REs is not applicable to comb-1 SL-PRS
· Alt. A.3: Both Alt. A.1 and A.2 are supported in the specification
· With regards to PSCCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. B.1: Only TDMing is supported
· Alt. B.2: TDMing or PRB/sub-channel-based FDMing is supported
· The PSSCH is used for (downselect one of the following alternatives in RAN1#113 meeting):
· Alt. C.1: 2nd SCI only
· Alt. C.2: 2nd SCI and SL-SCH
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”
· FFS: Handling of PT-RS and SL-PRS


In the shared resource pool, as we discussed in our companion contribution [2], considering the backward compatibility, we prefer that the resource of SL-PRS is restricted in the bandwidth of PSSCH (i.e., The bandwidth and the starting PRB of SL-PRS can be the same as that of PSSCH). So, the legacy SL UE in the shared resource pool can exclude the resource of SL-PRS and would not impact the performance of the legacy UE. And considering the backward compatibility, the SL-PRS, PSCCH, and PSSCH should be included in a slot. Otherwise, the specification effort is large to guarantee backward compatibility with the Rel-16/17 UE.


Figure 2 An example of the slot format of SL-PRS for a UE in the shared resource pool
Proposal 6: 
· The resource of SL-PRS should be restricted in the resource of the PSSCH in the slot scheduled by the associated SCI. 
The multiplexing of SL-PRS associated PSCCH and PSSCH scheduled by the PSCCH has been discussed in the previous meeting. 
With regards to PSSCH and SL-PRS multiplexing, it prefers that the PSSCH and SL-PRS are multiplexed in the TDMed manner in the slot for a UE. The starting symbol and/or the number of symbols of SL-PRS can be configured by the higher layer signaling or indicated by SCI. If the FDMing of PSSCH and SL-PRS is supported, we think the rate-matched around SL-PRS RE can be supported to improve the resource utilization of the resource pool, which SL-PRS is not used in the slot. 
Proposal 7: 
· For a shared resource pool,
· The PSSCH and SL-PRS should be TDMed in the slot for a UE. 
· The starting symbol and/or the number of SL-PRS should be configured by higher layer signaling and/or indicated by SCI.
· If FDMing of PSSCH and SL-PRS is supported in a slot, the PSSCH should rate-match around SL-PRS RE to improve the resource utilization of the resource pool. 
With regards to PSCCH and SL-PRS multiplexing, only TDMing is supported which is beneficial to increase the positioning accuracy of the SL-PRS and simplify the design. 
Proposal 8: 
· For a shared resource pool, the PSCCH and SL-PRS should be TDMed in a slot for a UE. 
Considering the compatibility of the legacy Rel-16/17 UEs, the TRIV and FRIV in the PSCCH should be the same as that in SCI format 1-A. The simplest way is that the frequency resource indicated by FRIV is the resource for PSSCH and SL-PRS. Whether SL-PRS is present or not in the PSSCH can be indicated by the SCI (e.g., SL-PRS flag indication). If 1st stage SCI is used, the reserved bits or new SCI format indication (if the new SCI format for SL-PRS is defined in the shared resource pool) can be used to flag that SL-PRS is present in the following PSSCH. 
Proposal 9: 
· For the SCI in the shared resource pool, 
· SCI format 1-A can be reused.  
· SL-PRS flag indication can be indicated by the SCI.
For a shared resource pool, the SL measurement report for SL-PRS can be transmitted in a slot without the transmission of SL-PRS. The SL measurement report should be carried in the PSSCH with the associated PSCCH in the slot. It means that the PSSCH can carry 2nd SCI only if SL data is not present and carry the 2nd SCI and SL-SCH) if the SL data is present in a slot. Therefore, in our opinion, the following transmissions in a resource can be supported:
· PSCCH+ PSSCH+SL-PRS
· PSCCH+PSSCH
Proposal 10: 
· The PSSCH in a slot can carry 2nd SCI only, or carry 2nd SCI and SL-SCH. 
It has discussed whether comb-based multiplexing can be supported in the shared resource pool, and needs further study. In our view, there are some potential problems to support comb-based multiplexing in the shared resource pool.
· The legacy UE cannot exclude the periodicity frequency resource that the index of PRB/subchannel is smaller than the index of PRB/subchannel of PSCCH. If the legacy UE decodes the PSCCH 1 in the slot, the legacy UE would think the lowest PRB of the indicated resource is the same as the lowest PRB of the PSCCH in the slot.  If the PSCCH 1 indicates a periodicity value that is not zero, the legacy UE would think the frequency resource of the following periodically reserved resource is the same as the frequency resource in the slot of the PSCCH 1. Then, the legacy would consider the index of PRB/subchannel smaller than that of PSCCH is not occupied. The legacy UE may schedule resources within the resource (i.e., the resource in the black box in the following figure).


Figure 3 An example of conflict between legacy UE and Rel-18 positioning UE when periodic resource reservation is performed for SL-PRS
· Based on the DMRS pattern of legacy UE, the majority of DMRS patterns include the symbol 1. In this case, the DMRS and PSCCH are multiplexed in the FDMed manner in symbol 1. If comb-based multiplexing is supported as we discussed in the dedicated resource pool in the above section, the resource of PSCCH 1 and the resource of DMRS would collide in the symbol 1. Then, the performance of DMRS would be affected. In this case, it would impact the backward compatibility of the legacy UE.



Figure 4 An example of conflict between resource of DMRS of UE 1 and the resource of PSCCH of UE 2 in symbol 1
Besides, considering the support of SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot, and the FDM multiplexing between PSSCH and PSSCH, the comb-based multiplexing cannot be supported.
Observation 1: 
· The backward compatibility cannot be guaranteed if comb-based multiplexing for SL-PRS is supported in the shared resource pool. 
Proposal 11: 
· Comb-based multiplexing for SL-PRS is not supported in the shared resource pool. 
Scheme 2 SL-PRS resource allocation
Resource selection mechanism for SL-PRS 
	
Agreement
For the scheme 2 sensing-based resource allocation: 
· Alt. 2: Rel-16 resource (re)-selection procedure with periodic and without periodic reservations is the starting point for the design of SL-PRS in the dedicated resource pool. 
· Note: This means that Rel-17 partial sensing is not considered a starting point for the design

Agreement
For Scheme 2, in a dedicated resource pool, using Rel-16 resource (re)-selection procedure as the starting point, consider at least the following potential modifications:
· Modification 1: For the RS used to derive L1 SL-RSRP for resource exclusion:
· Option 1: SL-PRS
· Option 2: PSCCH DMRS
· Option 3: PSSCH DMRS (if PSSCH is included in the dedicated resource pool)
· Modification 2: For the resource selection window: 
· Option 1: for the derivation of the window, using the legacy approach as a starting point, substitute the Packet Delay Budget (PDB) with a new delay budget
· Option 2: the selection window is provided by higher layers 
· Modification 3: For the SL-PRS priority:
· Option 1: A single L1 SL-PRS priority is allowed in a resource pool
· Option 2: Multiple L1 SL-PRS priority are allowed  in a resource pool
· Modification 4: For the definition of a candidate resource within the resource selection window:
· Options TBD 
· Modification 5: For the reservation interval of SL-PRS: 
· Option 1: Provided by UE’s higher layers with values TBD. The set of values is (pre-)configured.
· Modification 6: For the sensing window length (): 
· Option 1: Use the legacy (pre-)configuration with values (100 msec, 1100 msec)
· Option 2: Equal to or larger than the largest reservation interval
· Option 3: Provided by higher layers with values TBD
· Modification 7: For the initial S-RSRP threshold & stepsize, target resource ratio X(%):
· Options TBD
· Modification 8: For the pre-emption of the reserved resources:
· Options TBD 
· Note 1: Other potential modifications and/or other options within each modification are not precluded
· Note 2: Multiple options for each potential modification may be supported

Agreement
In Scheme 2, with regards to the triggering of SL-PRS,
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Up to UE-B’s own higher layers to transmit SL-PRS in response to the lower layer request from UE-A
· FFS: Lower layer signaling corresponds to SCI, MAC-CE, or SL-PRS



For the sensing procedure, the UE performs SCI decoding and RSRP measurement. In NR sidelink the RSRP measurement can be based on PSCCH DMRS and PSSCH DMRS which are determined by configuration. For SL positioning, in a dedicated resource pool, only SL-PRS and the associated PSCCH are transmitted. We think the RSRP measurement can be derived based on SL-PRS or PSCCH DMRS. Then, UE performs resource exclusion in the resource selection window based on PSCCH decoding and RSRP measurement results. 
One example of Scheme 2 resource allocation for SL PRS is illustrated in Figure 5.



[bookmark: _Ref101882255]Figure 5 An example of Scheme 2 resource allocation for SL-PRS in the dedicated resource pool
Proposal 12: 
· For a dedicated resource pool, the SL-PRS can be used for RSRP measurement for sensing in scheme 2.
In the dedicated resource pool, the comb-based multiplexing and TDMed multiplexing of SL-PRS in a slot have been supported in the previous meeting. For a UE, if it reserves an SL-PRS resource that is multiplexed in the FDMed manner with another SL-PRS resource reserved by another UE, the RE-level resource exclusion should be supported. It is similar for a UE to support TDMed multiplexing with other SL-PRS resources reserved by other UE in a slot, the symbol level resource exclusion should be defined. Therefore, we think the resource exclusion and allocation based on RE offset and/or starting symbol (i.e., SL PRS resource) should be supported. 
For the definition of candidate resource within the resource selection window, the SL-PRS resource should be used as the granularity for SL-PRS resource exclusion and resource allocation. 
Proposal 13: 
· In the dedicated resource pool, the SL PRS resource level resource exclusion should be supported in Scheme 2 resource allocation.
 For the resource selection window, it can be provided by higher layers. The detailed value is up to implementation and may need to consider the remaining PDB of the SL-PRS. 
Proposal 14: 
· In the dedicated resource pool, the resource selection window is provided by higher layers. 
For the reservation interval of SL-PRS, it has been approved to support aperiodic and periodic reservation. For the aperiodic resource reservation, 5bits in the 1st SCI can be used to provide to resource in the following 32 slots as legacy sidelink which is indicated by TRIV. For the periodic resource reservation, the candidate values of the reservation period can be configured by higher layer parameter, and further detailed value is indicated in the SCI. 
Proposal 15: 
· In the dedicated resource pool
· For periodic resource reservation, the candidate values of reservation period can be configured by higher layer parameter, and further detailed value is indicated in SCI.
· For aperiodic resource reservation, the reservation interval can be indicated by TRIV in the SCI.  
For the sensing window length, in NR sidelink, considering 1000ms is the largest reservation period for PSSCH and 100ms is considering the aperiodic resource reservation which is reserved in the following 32 slots, 100 ms and 1100ms are used for the sensing window for SL PSSCH. And it is (pre-)configured by the higher layer parameter. In our opinion, the periodic resource reservation has been supported for SL-PRS, and the supported periodicity for SL-PRS should be taken into consideration for the sensing window length. And the length can be (pre-)configured by the higher layer parameter. 
Proposal 16: 
· In the dedicated resource pool, 
· The sensing window length should be provided by higher layers (option 3), and the values can be associated with the largest reservation period of SL-PRS. 
For the priority of SL-PRS, it has been agreed that a higher layer indicates the SL-PRS priority. Considering different positioning procedure requires different positioning accuracy, we think multiple L1 SL-PRS priority should be supported to let some UE with higher SL-PRS priority can reserve resource with higher probability. 
Proposal 17: 
· In the dedicated resource pool, multiple L1 SL-PRS priorities are allowed in a resource pool to let UE with higher SL-PRS priority can reserve resource with higher probability. 
For the initial RSRP threshold & stepsize, target resource ratio X(%), the value in the NR sidelink can be considered as the starting point. The initial S-RSRP can be derived according to a higher layer configured table and each combination of a received priority and the priority of the transmission of the UE selecting resource for SL-PRS. The stepsize for RSRP threshold can be 3dB as in NR sidelink for SL-PRS, and X% is configured by higher layers. 
Proposal 18: 
· The legacy value in the NR sidelink can be considered for the initial RSRP threshold & stepsize, target resource ratio for SL-PRS as the starting point. 
For the pre-emption of the reserved resource, we should first discuss whether pre-emption and re-evaluation mechanism should be supported for SL-PRS in the dedicated resource pool. If supported, then we can discuss details of pre-emption and re-evaluation procedure. 
Proposal 19: 
· Whether to support re-evaluation and pre-emption for SL-PRS should be discussed first. 
Inter-UE coordination 
The inter-UE coordination (i.e., IUC) resource allocation is introduced for Scheme 2 resource allocation. In R17 SL, scheme 1 and scheme 2 IUC are introduced. In the scheme 1 IUC procedure, preferred resource sets or non-preferred resource sets are recommended from RX UE to TX UE. In that case, the IUC information is carried on the SCI and/or MAC CE. In the scheme 2 IUC procedure, the PSFCH is used to indicate whether the next indicated resource is conflicted or not. Then, the TX UE would take the resource sets/conflict indication of the next resource into consideration in the resource selection procedure. The IUC is used for resource recommendation and the determination of the selected resource is up to the TX UE. In our opinion, the preferred resource sets, and non-preferred resource sets carried on SCI or MAC CE (i.e., NR SL IUC scheme 1 mechanism) can be specified first. Especially for the DL-TDOA like SL-TDOA positioning methods, the preferred resource(s)/non-preferred resource(s) provided by target UE to the anchor UE is beneficial if anchors cannot sense each other. 
[image: ]
Figure 6 An example of a hidden node question in DL-TDOA like SL positioning
Proposal 20:  
· The preferred resource sets and non-preferred resource sets can be considered as the IUC information in scheme 2 SL-PRS resource allocation.
Congestion control mechanism for SL-PRS in scheme 2
	Agreement
For Scheme 2 SL-PRS resource allocation, specify congestion control mechanisms using the existing congestion control mechanisms as a starting point. 
· Study at least the following aspects on potential changes over the existing congestion control mechanisms: 
· CBR and CR definition for SL-PRS
· Which parameters  of a SL-PRS configuration could be impacted by the congestion control mechanism, the mapping between congestion measurements, SL-PRS priority and SL-PRS parameters
· CR and CBR measurement time window
· Congestion control processing time
· Number of CBR ranges
· Whether any proposed changes could be applicable to shared resource pools in addition to the dedicated resource pool



CBR and CR definition for SL-PRS
[bookmark: OLE_LINK20]It has been agreed to specify congestion control mechanisms using the existing congestion control mechanisms as a starting point. In NR sidelink, the Channel Occupancy Ratio (CR) and Channel Busy Ratio (CBR) are defined to calculate based on the subchannel granularity. However, the RE-level multiplexing (i.e., comb) has been supported for SL-PRS in the dedicated resource pool, the subchannel may not reflect the congestion in the resource pool. In our opinion, the SL PRS resource can be used in the calculation of CR/CBR for SL-PRS at least in the dedicated resource pool. In the shared resource pool, the granularity of the subchannel can be reused for backward compatibility. 
Proposal 21: 
· The number of SL PRS resources can be used in the calculation CR/CBR for SL-PRS in the dedicated resource pool.
· The number of subchannels can be reused in the calculation CR/CBR for SL-PRS in the shared resource pool. 
Another issue for the CR/CBR measurement is whether PSSCH and SL-PRS should be defined separately in the shared resource pool. It has been agreed that the multiplexing of TDM-based and comb based SL-PRS in a slot is not supported in the shared resource pool. And as we discussed above, the SL-PRS should be restricted in the bandwidth of PSSCH, and the SL-PRS and PSSCH are both measured in the granularity of subchannel. Therefore, the CR/CBR for PSSCH measurement can be reused in the SL-PRS and/or PSSCH CR/CBR measurement in SL positioning. For example, if PSSCH and SL-PRS (the bandwidth for SL-PRS can be equal to or smaller than the bandwidth of PSSCH) are transmitted in a slot, the CR/CBR for PSSCH is used for CR/CBR calculation. If only SL-PRS is transmitted in a slot, the CR/CBR for SL-PRS (i.e., subchannel based) is used for the CR/CBR calculation in the slot. In both above cases, the number of subchannels used for PSSCH and/or SL-PRS is used to calculate the CR/CBR. Therefore, one measurement parameter for PSSCH and/or SL-PRS is enough to calculate CR/CBR in the shared resource pool. And it is better for the backward compatibility in the shared resource pool.
Proposal 22: 
· One CR/CBR measurement parameter for both PSSCH and SL-PRS for positioning in the shared resource can be defined. (i.e., Separate CR/CBR measurements for SL-PRS and PSSCH in the shared resource pool are not needed.) 

Some enhancement on the CR/CBR definition for SL-PRS
The CR/CBR is calculated by the transmitting UE when the UE wants to reserve resources. In sidelink positioning, the SL-PRS transmitting of the anchor UE is used to assist the positioning procedure of the target UE. If the resource budget is calculated in the CR of the anchor UE, the anchor UE is not allowed to reserve resources when the CR is equal to or larger than the CR limitation. And it would decrease the transmission performance of the anchor UE(e.g., the transmission latency would be larger). Therefore, we think the SL-PRS resource transmitted by anchor UE can be calculated in the CR/CBR of the target UE at least in the unicast scenario. An example is illustrated in the following. The SL-PRS transmitted by anchor UE 1 and anchor UE 2 is used for the positioning of target UE. The CR of the target UE would increase and the CR of UE 1/UE 2 remains unchanged.
[image: ]
Figure 7 An example of CR/CBR calculation for unicast
Proposal 23: [bookmark: OLE_LINK5]
· The resource of SL-PRS transmitted by anchor UE can be calculated in the CR/CBR of the target UE at least in the unicast scenario. 

CR and CBR measurement time window
In the NR sidelink, the CBR measurement window is [n-a, n-1], wherein a is equal to 100 or 100·2µ slots, according to the higher layer parameter sl-TimeWindowSizeCBR. And the CR measurement time window is in slots [n-a, n+b]. In our opinion, the measurement time window for CR/CBR for full sensing can be reused in the SL-PRS measurement. 
Proposal 24: 
· The CR and CBR measurement window defined in NR sidelink can be reused for SL-PRS CR and CBR measurement separately (i.e., [n-a, n-1] for CBR measurement and [n-a, n+b] for CR measurement). 
Number of CBR ranges
In NR sidelink, the number of CBR ranges is defined as 8, considering the compatibility in the shared resource pool, the value can be reused in SL positioning. 
Proposal 25: 
· The number of CBR ranges defined as 8 in NR sidelink can be reused in SL positioning. 
Scheme 1 SL-PRS resource allocation
	Agreement
For Scheme 1 SL-PRS resource allocation, a transmitting UE can receive a SL-PRS resource allocation signaling from gNB through a
· Dynamic grant
· FFS Reuse DCI format 3_0 for signalling SL-PRS resource allocation or Support a new DCI format (3_X) and consider DCI format 3_0 as a starting point
· Configured grant type 1
· the SL-PRS transmission(s) follows the higher layer configuration
· Configured grant type 2
· Support activating and releasing the configured grant using a new DCI format 3_X or 3_0 (to be down-selected between the two DCI formats)
· The above mechanisms use NR Rel-16 mode-1 signaling as a starting point
· FFS: whether same/different DCI format(s) are applied for shared pool and dedicated pool.
· FFS: Further details



Dynamic grant based and configured grant type 1 and type 2 based resource allocation for SL-PRS has been approved in the previous RAN1 meeting. Considering the comb-based multiplexing and TDM-based multiplexing of SL-PRS have been supported in the dedicated resource pool, the new DCI format should be supported for dynamic grant based and configured grant type 2-based SL-PRS scheduling in scheme 1. In our opinion, the comb size and candidate starting symbol for SL-PRS should be configured per resource pool as discussed in our companion contribution [2], and the detailed allocated RE-offset and starting symbol for the scheduled SL-PRS should be included in the DCI (i.e., dynamic grant or configured grant). 
Proposal 26: 
· New DCI format including some parameters (e.g., SL PRS resource, starting symbol for SL-PRS, etc) indication should be defined for scheme 1 SL-PRS resource allocation. 
Conclusion
In this contribution, we discuss potential positioning enhancements with the following observations and proposals.
Observation 1: 
· The backward compatibility cannot be guaranteed if comb-based multiplexing for SL-PRS is supported in the shared resource pool. 
Proposal 1: 
· PSCCH which carries SCI associated with SL-PRS transmission(s) is included in the dedicated resource pool (i.e., Option 2 is supported). 
Proposal 2: 
· In the dedicated resource pool, PSCCH and the associated SL-PRS should be transmitted in the same slot (i.e., SL-PRS cannot be transmitted in a slot without associated PSCCH).
Proposal 3: 
· For the single stage SCI used for the reservation/indication of SL-PRS, the following information should be carried in the SCI.
· SL PRS timing/frequency resource, destination ID, source ID, period indication, priority, SL PRS resource ID.
Proposal 4: 
· The higher layer signaling can be used to pre-configure SL PRS resource(s) per resource pool.
Proposal 5: 
· For the support of the multiple SL-PRS transmitted in a slot, the following parameters should be preconfigured to determine the resource of SL-PRS. 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation, the parameters can be determined based on the following options:
· Option 1. Based on the pre-defined mapping rule of PSCCH and SL-PRS;
· Option 2. Indicate SL PRS in the PSCCH. 
Proposal 6: 
· The resource of SL-PRS should be restricted in the resource of the PSSCH in the slot scheduled by the associated SCI. 
Proposal 7: 
· For a shared resource pool,
· The PSSCH and SL-PRS should be TDMed in the slot for a UE. 
· The starting symbol and/or the number of SL-PRS should be configured by higher layer signaling and/or indicated by SCI.
· If FDMing of PSSCH and SL-PRS is supported in a slot, the PSSCH should rate-match around SL-PRS RE to improve the resource utilization of the resource pool. 
Proposal 8: 
· For a shared resource pool, the PSCCH and SL-PRS should be TDMed in a slot for a UE. 
Proposal 9: 
· For the SCI in the shared resource pool, 
· SCI format 1-A can be reused.  
· SL-PRS flag indication can be indicated by the SCI.
Proposal 10: 
· The PSSCH in a slot can carry 2nd SCI only, or carry 2nd SCI and SL-SCH. 
Proposal 11: 
· Comb-based multiplexing for SL-PRS is not supported in the shared resource pool. 
Proposal 12: 
· For a dedicated resource pool, the SL-PRS can be used for RSRP measurement for sensing in scheme 2.
Proposal 13: 
· In the dedicated resource pool, the SL PRS resource level resource exclusion should be supported in Scheme 2 resource allocation.
Proposal 14: 
· In the dedicated resource pool, the resource selection window is provided by higher layers. 
Proposal 15: 
· In the dedicated resource pool
· For periodic resource reservation, the candidate values of reservation period can be configured by higher layer parameter, and further detailed value is indicated in SCI.
· For aperiodic resource reservation, the reservation interval can be indicated by TRIV in the SCI.  
Proposal 16: 
· In the dedicated resource pool, 
· The sensing window length should be provided by higher layers (option 3), and the values can be associated with the largest reservation period of SL-PRS. 
Proposal 17: 
· In the dedicated resource pool, multiple L1 SL-PRS priorities are allowed in a resource pool to let UE with higher SL-PRS priority can reserve resource with higher probability. 
Proposal 18: 
· The legacy value in the NR sidelink can be considered for the initial RSRP threshold & stepsize, target resource ratio for SL-PRS as the starting point. 
Proposal 19: 
· Whether to support re-evaluation and pre-emption for SL-PRS should be discussed first. 
Proposal 20: 
· The preferred resource sets and non-preferred resource sets can be considered as the IUC information in scheme 2 SL-PRS resource allocation.
Proposal 21: 
· The number of SL PRS resources can be used in the calculation CR/CBR for SL-PRS in the dedicated resource pool.
· The number of subchannels can be reused in the calculation CR/CBR for SL-PRS in the shared resource pool. 
Proposal 22: 
· One CR/CBR measurement parameter for both PSSCH and SL-PRS for positioning in the shared resource can be defined. (i.e., Separate CR/CBR measurements for SL-PRS and PSSCH in the shared resource pool are not needed.) 
Proposal 23: 
· The resource of SL-PRS transmitted by anchor UE can be calculated in the CR/CBR of the target UE at least in the unicast scenario. 
Proposal 24: 
· The CR and CBR measurement window defined in NR sidelink can be reused for SL-PRS CR and CBR measurement separately (i.e., [n-a, n-1] for CBR measurement and [n-a, n+b] for CR measurement). 
Proposal 25: 
· The number of CBR ranges defined as 8 in NR sidelink can be reused in SL positioning. 
Proposal 26: 
· [bookmark: _GoBack]New DCI format including some parameters (e.g., SL PRS resource, starting symbol for SL-PRS, etc) indication should be defined for scheme 1 SL-PRS resource allocation. 
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