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1. Introduction
The following agreements on the resource allocation for SL positioning reference signal were made in RAN1 #113 meeting.
	Agreement
For a dedicated resource pool for SL positioning, SL-PRS cannot be transmitted in a slot without associated PSCCH.

Agreement
PSSCH is not included in dedicated resource pool for SL positioning.

Agreement
With regards to the SCI signaling in a shared resource pool, 
· Support a new format for 2nd stage SCI.
· FFS how to indicate the new 2nd stage SCI format
· FFS: If a 2nd stage SCI indicates both SL-PRS and SL-SCH, the cast type, destination ID, source ID are shared.

Agreement
In shared resource pools,
· With regards to PSCCH and SL-PRS multiplexing, support Alt. B.1. from previous agreement (i.e., Only TDMing is supported)

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, only TDMing is supported for the already agreed comb sizes 1, 2, 4

Agreement
In a shared resource pool, SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot:
· The PSSCH is used for 2nd SCI and SL-SCH
· Note: the UE may not have data available for transmission. Up to RAN2 how to define the specification support for this case.

Agreement
For the shared resource pool, reuse the existing IUC signaling of both Scheme 1 and Scheme 2.
· SL-PRS transmissions are treated as any other legacy transmission for SL communication when considering IUC information exchanges. 

Conclusion
For Rel-18 sidelink positioning:
· For the dedicated resource pool, IUC signalling is not supported
· Do not support that a UE can reserve a SL-PRS resource for the transmission of another UE

Conclusion
Do not support ACK/NACK feedback for SL-PRS or lower-layer feedback-based retransmissions in Release 18.

Agreement
PSFCH is not included in dedicated resource pool for SL positioning.

Agreement
In the dedicated resource pool, 
· with regards to the SL-PRS time-domain resource allocation within the resource pool support a
· SL-PRS-resource-based allocation	
· SCI for SL-PRS should at least indicate the following values:
· Source ID
· Destination ID
· Resource reservation period
· SL-PRS Priority
· Cast type
· With regards to the SL-PRS configuration and/or SL-PRS time assignment information, select one alternative at RAN1#114:
· Alt. 3.1: support a one-to-one mapping relationship between a PSCCH resource and an associated SL-PRS resource in the same slot. 
· Note: In this case, there is no need of an explicit signaling of which SL PRS resource for the same slot
· Note: Same number of PSCCH resource(s) and SL-PRS resource(s) 
· Alt. 3.2: explicit signaling of SL PRS resource in the same slot
· Alt. 3.3: support a mapping relationship between a PSCCH resource and one or more associated SL-PRS resource(s) in the same slot and explicit signaling of SL PRS resource
· Only a one-to-one mapping is used between a PSCCH resource and an associated SL-PRS resource in the same slot if explicit signalling is not used
· Note: with a one-to-one mapping, some SL-PRS resources might not be mapped
· FFS: details, including (pre)configuration
· FFS: Whether and how to indicate SCI resource(s) or SL-PRS resource (s) for a future slot
· FFS: Additional information, e.g. SL-PRS request, Positioning Session ID, number of resource reservation periods


Agreement
In Scheme 2, with regards to the triggering of SL-PRS, confirm the related WA for shared and dedicated resource pools.
· With regards to the lower-layer signalling, support SCI associated with SL-PRS transmission
· FFS: whether this is enabled by (pre)configuration
· FFS: to support also SL-PRS

Agreement
For Scheme 2, in a dedicated resource pool, 
· Multiple L1 SL-PRS priority are allowed in a resource pool
· A SL PRS resource within the resource selection window is used as a candidate resource
· with regards the reservation interval of SL-PRS, it is provided by UE’s higher layers with values TBD. The set of values is (pre-)configured.
· Use the periodicities available for legacy SL communication and the ones defined for DL-PRS as a starting point.
· with regards to the resource (re)-selection procedure
· support re-evaluation & pre-emption for SL-PRS using the Rel-16 re-evaluation and pre-emption respectively as a starting point. 

Agreement
In dynamic grant type resource allocation in scheme 1,
· For shared resource pool, DCI format 3_0 is being used as a starting point, down-select between the two alternatives below:
· Alt. 1: Indication SL-PRS specific information is explicitly included in DCI
· FFS: Which SL-PRS specific information
· Alt. 2: Indication SL-PRS specific information is not explicitly included in DCI
· FFS: Dedicated resource pool

Agreement
In Scheme 2, congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority. Consider further the following parameter(s): 
· Option 1: SL PRS transmission power
· Option 2: Periodicity of SL PRS
· Option 3: Number of occupied subchannels of SL-PRS (for shared resource pool)
· Option 4: Number of SL PRS resources in a slot
· Option 5: comb-size of a SL PRS resource in a slot
· Option 7: Number of OFDM symbols of a SL PRS resource in a slot
· Option 8: Number of SL PRS (re-)transmissions
· FFS: Other options are not precluded

Agreement
In a dedicated resource pool, with regards to the PSCCH, reuse the PSCCH channel structure of SL communications, at least with regards to the following aspects:
· the first PSCCH symbol is mapped to the 2nd symbol available for SL transmissions in a slot 
· Note: 1st symbol available for SL transmissions in a slot is for PSCCH AGC similar to legacy
· PSCCH DM-RS in the slot is being reused from legacy
· The number of PSCCH symbol(s) is (pre-)configured to (down-select at RAN1#114):  
· Alt. 1: 2 or 3 symbols (same as legacy)
· Alt. 3: 1, or 2 or 3 symbols
· The number of PRBs is (pre-)configured using the legacy values
· FFS: reconsider if 1-symbol PSCCH is supported



In this contribution, we discuss the potential technical solutions to meet the requirements for SL positioning.
2. Resource allocation
	Agreement
PSSCH is not included in dedicated resource pool for SL positioning.


There was agreement that no SL-SCH is transmitted in a dedicated resource pool. It means that PSSCH carrying the associated SLPP or the measurement report should be transmitted in a shared resource pool. One possible way is to associate a dedicated resource pool with a shared resource pool for SLPP or the measurement report transmission. How to build such association can be further discussed.
Proposal 1: If SL PRS is transmitted in a dedicated resource pool, there should be an associated resource pool for transmission of the related PSSCH.
· FFS on how to relate a dedicated resource pool and the associated resource pool
	Agreement
In the dedicated resource pool, 
· with regards to the SL-PRS time-domain resource allocation within the resource pool support a
· SL-PRS-resource-based allocation	
· SCI for SL-PRS should at least indicate the following values:
· Source ID
· Destination ID
· Resource reservation period
· SL-PRS Priority
· Cast type
· With regards to the SL-PRS configuration and/or SL-PRS time assignment information, select one alternative at RAN1#114:
· Alt. 3.1: support a one-to-one mapping relationship between a PSCCH resource and an associated SL-PRS resource in the same slot. 
· Note: In this case, there is no need of an explicit signaling of which SL PRS resource for the same slot
· Note: Same number of PSCCH resource(s) and SL-PRS resource(s) 
· Alt. 3.2: explicit signaling of SL PRS resource in the same slot
· Alt. 3.3: support a mapping relationship between a PSCCH resource and one or more associated SL-PRS resource(s) in the same slot and explicit signaling of SL PRS resource
· Only a one-to-one mapping is used between a PSCCH resource and an associated SL-PRS resource in the same slot if explicit signalling is not used
· Note: with a one-to-one mapping, some SL-PRS resources might not be mapped
· FFS: details, including (pre)configuration
· FFS: Whether and how to indicate SCI resource(s) or SL-PRS resource (s) for a future slot
· FFS: Additional information, e.g. SL-PRS request, Positioning Session ID, number of resource reservation periods


There were discussions in the last meeting on the mapping of PSCCH to the slot. Since TDM of SL PRS resources from different UEs can be (pre-)configured in a dedicated resource pool, if the legacy mapping between PSCCH and PSSCH in SL communication is reused, all the PSCCHs will overlap in the lowest subchannels, if supported.
To avoid such overlapping between PSCCHs associated with the SL PRS from different UEs in a slot in a dedicated resource pool, the frequency domain location of PSCCH can be determined based on the location of SL PRS in time and frequency domain. For example, PSCCH location can be a function of SL PRS resource ID. With this one-to-one mapping, PSCCHs associated with SL PRS may not overlap or minimally overlap in frequency domain. The relationship between PSCCH and SL PRS resource ID can be determined based on a rule, which is common to all UEs.
There were discussions whether additional signaling is necessary because the BW of a dedicated resource pool may not support the max. number of possible TDM-based and/or comb-based multiplexed SL PRS resources in a slot. To investigate this issue, the max. possible number of multiplexed SL PRS resources and the required resource pool bandwidth were analyzed. As analyzed in our companion proposal [1], based on max. comb size of 6 agreed so far, the max. number of SL PRS resources that can be multiplexed within a slot is 13. Considering the min. subchannel size of 10 RBs in SL communication, the min. required resource pool BW to support non-overlapped PSCCHs corresponding to max. 13 SL PRS resources is around 23.4 MHz for 15kHz SCS.
According to the analysis above, we think that one-to-one mapping can avoid overlapping between PSCCHs in most cases. A dedicated resource pool will normally have a large bandwidth for high-resolution SL positioning, so there is sufficient resource pool bandwidth to support at most 13 multiplexed SL PRS resources in a slot. We need to note that all the multiplexing combinations should be available for all resource pool bandwidth case. For example, in a dedicated ITS spectrum with 20MHz BW, the network can configure to only allow a small number of multiplexed SL PRS resources or no multiplexing in a slot.
One possible solution for minimizing the overlapping or interference between PSCCHs in a small BW of a resource pool is to configure a gap between the start of the adjacent PSCCH in frequency domain. As a conclusion, we don’t see a critical issue in supporting one-to-one mapping (Alt 3.1) between PSCCH location and SL PRS resource location in a dedicate resource pool.
Observation 1: Given the agreed comb patterns, the maximum number of TDM durations is 3, and the maximum number of SL PRS resources that can be multiplexed within a slot 13. The number of multiplexed SL PRS resources can be controlled by the network configuration so that one-to-one mapping between PSCCH and SL PRS resource is valid.
Proposal 2: For a dedicated resource pool, support one-to-one mapping between a PSCCH resource and an associated SL-PRS resource in the same slot (Alt 3.1).
Proposal 3: For a dedicated resource pool, PSCCH bandwidth is (pre-)configured.
Proposal 4: For a dedicated resource pool, the gap between the start positions of the adjacent PSCCHs in frequency domain is (pre-)configured in a resource pool.
	Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.

Agreement
Multiple (M,N) pairs within a slot in a dedicated resource pool is supported only when the different (M, N) pairs are always multiplexed via TDM to different sets of symbols in a slot. Only a single (M,N) value can be mapped within one TDM duration (i.e. one set of symbols).


Based on the above agreement made in RAN1#113, and to avoid AGC problem in RX UE side that can happen if the starting positions of SL PRS resources multiplexed from different UEs are not aligned within a slot, all the UEs using the dedicated resource pool should have common understanding on the TDM configuration in a slot. In addition, TDM configuration within a slot should be static rather than dynamic to reduce the issues above. For this purpose, TDM configuration within a slot is (pre-)configured in a dedicated resource pool. TDM configuration include at least the TDM index, the start and length of the TDM duration, and the allowed comb pattern within the TDM duration.
Proposal 5: For a dedicated resource pool, SL PRS TDM configuration within a slot is (pre-)configured. TDM configuration includes at least the following fields.
· TDM index
· Starting symbol index of TDM duration
· Number of symbols in TDM duration
· Comb pattern used in TDM duration
· Number of SL PRS symbols (M)
· Comb size (N)
Regarding the issue of PSSCH transmission in a slot where SL PRS is transmitted, we prefer PSSCH to carry the 2nd-stage SCI only. The SL-SCH should be transmitted in a separate slot where no SL PRS is transmitted. With this approach, more symbols can be available for SL PRS transmission in a slot.
Proposal 6: For a shared resource pool, in a slot where SL PRS is transmitted, the associated PSSCH can carry the 2nd-stage SCI only.
Following the previous agreement, we basically prefer to reuse Rel.16 SL resource (re)selection procedure as much as possible. In this sense, the sensing window can be (pre)configured among {100ms, 1100ms} with UE processing time margin Tproc,0 from the resource (re)selection triggering time in a dedicated resource pool, similar to Rel.16 SL communication.
Proposal 7: For scheme 2 in a dedicated resource pool, the sensing window is determined with the (pre)configured values (100ms, 1100ms), similar to Rel.6 SL.
In Rel.16 SL communication, the resource selection window is selected by UE within the associated packet delay budget with the UE processing time margin Tproc,1 from the resource (re)selection triggering time. There is no packet transmission in SL positioning, so no packet delay budget. However, there is latency requirement from the associated SL positioning service, which can be used as a delay budget for determining the resource selection window in SL positioning.
Proposal 8: For scheme 2 in a dedicated resource pool, the resource selection window is determined within a delay budget for SL PRS transmission, similar to Rel.6 SL.
· FFS how the delay budget is determined
Similar to Rel.16 SL communication, UE select the candidate SL PRS resources, of which the number is not less than the (pre)configured minimum number, within the resource selection window. The difference from Rel.16 SL communication is that the candidate resources are not the single-slot resources, but the resources based on the comb patterns to be used for SL PRS transmission.
Proposal 9: For scheme 2 in a dedicated resource pool, the (pre)configured min. number of the candidate SL PRS resources are selected by UE implementation with the resource selection window, similar to Rel.6 SL.
As discussed in our companion proposal [1], using SL PRS for sensing restricts the way of SL PRS sequence ID generation in a dedicated resource pool. That is, it prevents a higher layer from providing SL PRS sequence ID. We think that SL PRS sequence ID generation should be independent from the sensing configuration. On the other hand, using PSCCH DMRS has no issue for sensing in the legacy SL communication. Therefore we propose to use only PSCCH DMRS for sensing in SL positioning in a dedicated resource pool.
Proposal 10: For scheme 2 in a dedicated resource pool, only PSCCH DMRS is used for L1 SL RSRP measurement in sensing.
Similar to Rel.16 SL communication, the initial RSRP threshold, the increment step size, and the target resource ratio for SL PRS resource (re)selection are (pre)configured in a dedicated resource pool. In a shared resource pool, to protect the legacy SL communication performance, the initial RSRP threshold, the increment step size, and the target resource ratio for SL PRS resource (re)selection are (pre)configured separately from those for SL communication.
Proposal 11: For scheme 2 in a dedicated resource pool, the initial RSRP threshold, the RSRP threshold increment step size, and the target resource ratio are (pre)configured per resource pool.
Allowing only a single SL PRS priority is too restrictive considering various SL positioning service QoS. In this sense, multiple SL PRS priorities need to be allowed, and SL PRS priority can be derived from the associated SL positioning service priority.
Proposal 12: SL PRS priority is determined based on the priority of the associated SL positioning service.
For periodic or semi-persistent SL PRS transmission, the resource reservation interval field in SCI helps other UE to avoid resource collision based on sensing. It significantly reduces the resource collision probability, so needs to be applied at least for scheme 2.
Proposal 13: For periodic or semi-persistent SL PRS transmission, the resource reservation interval in SCI carries the periodicity of SL PRS transmission at least for scheme 2. Otherwise, the resource reservation interval field is set to zero.
Similar to Rel.16 SL communication, SL PRS resource reselection based on pre-emption is supported for SL positioning. Depending on the priority and the RSRP value associated with SL PRS resource reserved by other UE, UE can drop its own SL PRS transmission and trigger SL PRS resource reselection procedure. Rel. 16 pre-emption related procedure is reused as much as possible.
Proposal 14: Rel.16 pre-emption procedure is reused based on SL PRS priority and RSRP value of other UE’s reserved resource.
	Agreement
With regards to the SCI signaling in a shared resource pool, 
· Support a new format for 2nd stage SCI.
· FFS how to indicate the new 2nd stage SCI format
· FFS: If a 2nd stage SCI indicates both SL-PRS and SL-SCH, the cast type, destination ID, source ID are shared.


It was agreed in the last meeting that a new format for 2nd stage SCI is introduced for SL positioning in a shared resource pool. In association with this agreement, there were discussions how to indicate the new 2nd stage SCI format. The simplest way is to use the unused code point of the 2nd stage SCI format field in the current 1st stage SCI. An alternative is to use the reserved field of the current 1st stage SCI because there is a need also for a new 2nd stage SCI format indicating SL-U COT sharing in SL evolution WI. The remaining unused code point is a single code point “11”, which cannot be used for indicating two new 2nd stage SCI formats. However, it is possible to differentiate the new 2nd stage SCI format based on the operating spectrum band – that is, if UE is operating in SL-U spectrum band, then the code point “11” can be interpreted differently. As a conclusion, we propose to use the code point “11” of the 2nd stage SCI format field in the current 1st stage SCI for indicating a new 2nd stage SCI format for SL positioning.
Proposal 15: For a shared resource pool, the code point “11” of the 2nd stage SCI format field in the current 1st stage SCI is used to indicate a new 2nd stage SCI format for SL positioning.
For a shared resource pool, the current 1st stage SCI format is reused for backward compatibility. For resource reservation perspective, the 1st stage SCI format already includes the information about the reserved slots and the resource reservation period. Therefore, the new 2nd stage SCI format only have to include SL PRS resource ID of the reserved SL PRS resource of each reserved slot, and L2 source and destination ID. For a shared resource pool, as no SL PRS multiplexing is allowed, there is only one TDM duration. Therefore, SL PRS resource ID is only determined based on the comb RE offset within the TDM duration (see more details in [1]).
Regarding L2 source and destination ID, there are two possibilities depending on whether PSSCH carries at least SL MAC sub-header or not. If PSSCH carries only the 2nd stage SCI, a full L2 source and destination ID should be carried by the 2nd stage SCI. If at least SL MAC sub-header is carried in PSSCH together with the 2nd stage SCI, then the legacy signaling method can be reused – L2 source and destination IDs are carried partially by both the 2nd stage SCI and SL MAC sub-header. It needs further discussion and agreement, but we propose to allow that PSSCH can carry the 2nd stage SCI only, so suggest to have full L2 source and destination ID in the new 2nd stage SCI format.
One issue is how to indicate SL PRS resources that can be used for combining in RX UE side. As we agreed SL PRS resource is uniquely identified by SL PRS resource within a slot, there are two possibilities for combining. In one way, similar to the legacy Uu positioning, SL PRS resources associated with the same SL PRS resource ID can be combined in RX UE side for detection performance improvement. One issue of this approach comes with the scheme 2 resource allocation. Based on sensing, it is not guaranteed that UE always selects SL PRS resources having same SL PRS resource ID, which is determined by the time/frequency location of SL PRS resource. Depending on the sensing results, the remaining candidate resources for SL PRS transmission can be located in different resource location across the slots. Otherwise, UE is forced to select SL PRS resources of same location in a slot for SL PRS repetition, which may degrade the performance due to high interference.
In other way, the combining ID can be included in the 2nd stage SCI. Regardless of SL PRS resource ID, which is determined by the sensing results, SL PRS resource associated with the same combining ID can be combined together in RX UE side. Similar to HARQ process ID, 4 bits of the combining ID can be sufficient. In addition, new SL PRS indicator can also be included to indicate that the same combining ID can be reused for a new combining process.
If UE uses multiple antennas or antenna panels for SL PRS transmission and/or reception, the target to be positioned is not the whole UE but the specific ARP. For this purpose, we have an agreement that per-ARP measurement is supported in SL positioning. This is not only an issue of measurement, but the ARP location of TX UE needs to be known to other UE or LMF. For example, in UE-based RSTD-based SL TDOA positioning, the target UE should know the locations of the anchor UE’s ARPs for the calculation of the target UE location. For this purpose, TX UE sends ARP ID of ARP used for SL PRS transmission in SCI, so that RX UE can identify which ARP ID is used for SL PRS transmission. As a result, ARP ID associated to SL RPS transmission needs to be included in the new 2nd stage SCI format.
Proposal 16: For a shared resource pool, a new 2nd stage SCI format 2-X includes at least the followings.
· SL PRS resource IDs of the current and 1 or 2 future slots – 8 bits/12bits
· Full L2 source ID – 24 bits
· Full L2 destination ID – 24 bits
· SL PRS combining ID – 4 bits
· New SL PRS indicator – 1 bit
· ARP ID associated with SL PRS transmission
For a dedicated resource pool, only a new single SCI is transmitted so the new SCI should include all the necessary information carried by the 1st and the 2nd SCI in a shared resource pool. In addition to the new 2nd stage SCI format discussed above, the reserved slot information should be included for resource reservation signaling. Based on one-to-one mapping, SL PRS resource within the slot containing the new single SCI is indicated by the location of PSCCH. Therefore reusing the legacy method of time resource allocation enables to reserve the future 1 or 2 additional slots for SL PRS transmission. ARP ID associated with SL PRS transmission is also added in the new SCI format 1-X.
In the following proposal, we summarized the necessary fields to be included in the new single SCI for a dedicated resource pool.
Proposal 17: For a dedicated resource pool, a new SCI format 1-X includes at least the followings.
· Priority- 3 bits
· SL PRS repetition period – 14 bits
· Number of remaining repetitions
· 1 or 2 future slots within 32 slots (as in SCI format 1-A) – 5bits/9 bits
· 2 or 3 SL PRS resource IDs of the current and 1 or 2 future slots – 8 bits/12bits
· SL PRS combining ID – 4 bits
· New SL PRS indicator – 1 bit
· Cast type
· ARP ID associated with SL PRS transmission
	Agreement
In dynamic grant type resource allocation in scheme 1,
· For shared resource pool, DCI format 3_0 is being used as a starting point, down-select between the two alternatives below:
· Alt. 1: Indication SL-PRS specific information is explicitly included in DCI
· FFS: Which SL-PRS specific information
· Alt. 2: Indication SL-PRS specific information is not explicitly included in DCI
· FFS: Dedicated resource pool


There were discussions whether DCI format 3_0 can be reused without explicit signaling for SL PRS resource allocation. For a shared resource pool, gNB can allocate a slot-based resources based on the legacy sub-channel granularity. As UE may report the necessary SL PRS configuration to request SL PRS resource, gNB can determine the allocated slot can accommodate the request SL PRS resource and PSSCH if needed. The actual mapping of SL PRS resources to a slot can be done by UE based on a rule. For example, SL PRS resource can be mapped at the end of the slot before PSFCH resources for backward compatibility. Then, there will be no difference for gNB to allocate a slot-based resource for SL positioning, compared to SL communication.
Proposal 18: For a shared resource pool, reuse DCI format 3_0 without explicit information for SL PRS (Alt. 2).
For a dedicated resource pool, a new DCI format 3_X needs to be defined because there are fields that are not necessary for SL PRS resource allocation in the legacy DCI format 3_0. For example, there is neither PSSCH nor PSFCH transmission, and the frequency resource allocation field is not necessary because SL PRS will be transmitted through a full bandwidth of a dedicated resource pool. The mapping between SL PRS combining IDs in the new DCI format 3_X and the new SCI format 1_X follows the relation between HARQ process numbers in DCI format 3_0 and SCI format 2-A. Following the design principle in SL communication, DCI is to include the associated SCI fields regarding resource allocation. The necessary fields for a new DCI format 3_X are listed in the following proposal.
Proposal 19: For a dedicated resource pool, a new DCI format 3_X is introduced for scheme 1 resource allocation. The new DCI format 3_X includes at least the following fields.
· Resource pool index
· Time gap – 3 bits
· SL PRS combining ID – 4 bits
· New SL PRS indicator – 1 bit
· SCI format 1-X fields
· 1 or 2 future slots within 32 slots – 5bits/9 bits
· 2 or 3 SL PRS resource IDs of the current and 1 or 2 future slots – 8 bits/12bits
· Configured grant index
Depending on whether gNB allocates the dynamic grant or the configured grant, some field such as the configured grant index can be interpreted differently. To enable UE to differentiate between two types of grant resources allocated by gNB, the different RNTIs are used for DCI format 3_X for the dynamic and the configured grant.
Proposal 20: For scheme 1 resource allocation in a dedicated resource pool, a different new RNTI is used for a new DCI format 3_X for indicating either a dynamic or a configured grant.
	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


There were discussions in RAN1#112bis-e meeting on the signaling method of resource allocation in scheme 1. Regarding the configured grant, we propose to reuse the legacy signaling mechanism used in SL communication for the configure grant type 1 and type 2. That is, for configured grant type 1 resource allocation, RRC is used to provide the periodicity and the offset associated to indicate the configured grant type 1 resources. RRC is also used for activating or releasing the configured grant type 1 resources.
Proposal 21: For configured grant type 1 resource allocation, RRC is used for indicating the periodicity, the offset and the activation/release of the configured grant resources, as same as Rel.16.
Similarly, for configured grant type 2 resource allocation, RRC is used to provide the periodicity and the offset associated to indicate the configured grant type 2 resources. But DCI is used to indicate the activation and release of the configured grant type 2 resources.
Proposal 22: For configured grant type 2 resource allocation, RRC is used for indicating the periodicity and the offset of the configured grant resources, and DCI is used for the activation/release of the configured grant resources, as same as Rel.16.
As we proposed to use DCI format 3_0 for a shared resource pool and to use a new DCI format 3_X for a dedicated resource pool, each DCI format is used for configured grant type 2 resource allocation in the corresponding resource pool.
Proposal 23: For configured grant type 2 resource allocation, DCI format 3_0 and a new DCI format 3_X are used in a shared and a dedicated resource pool respectively.
	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


There were discussions and agreement in RAN1#112bis-e meeting on the SL PRS transmission triggering signaling. As well as the higher layer signaling, it was agreed as working assumption that the other UE’s lower layer signaling can also trigger SL PRS transmission. One point that needs to be clarified is about the UE’s higher layer when the lower layer signaling request is received by other UE.
In SL communication, when TX UE received PSFCH from RX UE, TX UE’s MAC layer can decide retransmission triggered by PSFCH. Similar to SL communication, if UE2 receives SL PRS#1 from UE1 in SL RTT, UE2’s MAC layer can decide SL PRS#2 transmission to UE1 because the necessary assistance data for SL RTT were already exchanged between UE1 and UE2. In general, if SLPP procedure is already performed between UEs for SL positioning, UE’s MAC layer can transmit SL PRS in response to the lower layer request from other UE. This point needs to be clarified.
Proposal 24: Confirm WA for SL PRS resource selection triggering with understanding that MAC layer can be UE-B’s higher layer to transmit SL PRS in response to UE-A’s lower layer request.
	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


There was FFS point on the details of the dedicated resource pool configuration for SL positioning. In addition to the legacy fields defined for SL resource pool, PSCCH bandwidth and the gap between adjacent PSCCH start frequency positions needs to be configured, as discussed above. The SL positioning method such as SL RTT, SL TDOA and SL AoA can be included in the configuration. Regarding multiplexing scheme, the enable/disable flag of TDM-based and comb-based multiplexing can be separately configured. If TDM is enabled in a resource pool, TDM configuration needs to be included in a resource pool configuration. In addition, the index of the associated (shared) resource pool that carries PSSCH for SLPP or the measurement report can be included.
Proposal 25: SL positioning resource pool configuration includes at least the following parameters.
· Resource pool bandwidth
· PSCCH configuration
· Number of symbols
· PSCCH bandwidth
· PSSCH configuration
· Allowed SL positioning method (e.g. SS/DS SL RTT, SL TDOA, SL AoA)
· Enable/disable of TDM-based SL PRS multiplexing
· If enabled, TDM configuration within a slot
· TDM index
· Start symbol index of TDM duration
· Number of symbols of TDM duration
· Comb pattern used in TDM duration
· Number of SL PRS symbols (M)
· Comb size (N)
· Enable/disable of comb-based SL PRS multiplexing
· Associated resource pool information (e.g. for transmission of SLPP or measurement report)
Considering the fast changing channel condition and the availability of the peer UE due to UE mobility especially in V2X case, it is desirable to limit the responding time of the RX UE over the SL PRS transmission from TX UE. For example in SL RTT, if UE-1 transmits the 1st SL PRS to UE-2, it’s expected that UE-2 transmits the 2nd SL PRS to UE-1 within a time limit. In another example in SL TDOA, if UE-1 transmits SL PRS to UE-2, it is expected that UE-2 report the measurement over the receive SL PRS to UE-1 within a time limit.
As a solution to guarantee the time limit of the response from the peer UE, TX UE can indicate to UE-B the required maximum responding time, within which e.g. the responding SL PRS in SL RTT or the measurement report in SL TDOA should be transmitted to TX-UE.
Proposal 26: When UE-A transmits SL PRS to UE-B, UE-A indicates to UE-B the required maximum responding time, within which e.g. the responding SL PRS in SL RTT or the measurement report in SL TDOA should be transmitted to UE-A.
There could be some improvement with IUC-based SL PRS resource selection. For example in RTOA-based SL TDOA, T-UE sends SL PRS to the multiple A-UEs and the multiple A-UE send measurement to T-UE. In this case, the multiple A-UEs send the multiple IUC messages according to their own sensing results. In SL PRS resource selection procedure, if T-UE only consider one part of the multiple non-preferred resources, A-UEs that sent the other part of the multiple non-preferred resource may suffer the resource conflict or high interference. Therefore, T-UE can exclude from the candidate resources the sum of the multiple non-preferred resources indicated by the multiple IUC messages. 
At the same time, the best resources that satisfy all the A-UEs’ reception perspective may be the intersection of the multiple preferred resources. T-UE can prioritize the intersection of the multiple preferred resources among the candidate resources, considering its own sensing results together.
Proposal 27: In IUC-based SL PRS resource selection for SL TDOA positioning, the handling of the multiple IUC messages are needed.
If SL PRS and PSCCH/PSSCH for SL communication are transmitted in a same resource pool, a slot can be used either for SL PRS transmission or for PSCCH/PSSCH transmission. If the transmission resource is selected by UE based on sensing, there are possibilities of resource conflict due to improper sensing results. The interference from SL PRS to PSSCH/PSSCH can be significantly high if a large com size is used and resultantly the power of SL PRS RE is highly boosted.
One possible solution to avoid or minimize such interference is to apply RE-level muting when PSCCH/PSSCH transmission resources are selected. If SL PRS configuration used in a slot or in a resource pool is known to UE, UE can apply RE-level muting to PSCCH/PSSCH resources of the RE locations of potential SL PRS resource. This can minimize the potential interference from SL PRS resource to PSCCH/PSSCH resource.
Proposal 28: Resource allocation can be improved for backward compatibility if SL PRS is transmitted on the shared resource pool.
There are SL PRS resource collision issues in SL positioning. Examples include the SL PRS resource collision between UEs due to the imperfect sensing, a half-duplex issue caused by a same SL PRS resource for both transmission and reception, a collision between two different SL PRS transmissions or receptions or both through a single SL PRS resource. Similar to SL communication operation, a rule based on e.g. prioritization for dropping of either SL operation may be necessary to handle these collision cases. The priority of the SL PRS can be determined based on the priority of the associated SL positioning service.
Proposal 29: When TX and RX SL PRS resources collide each other, a prioritization rule is necessary to drop either operation.
As the UL resources are shared with the SL Resources, a similar collision issue may happen between the resources for UL transmission/reception and those for SL positioning. For example, the resources for the control channel associated with the SL PRS or the measurement report in SL positioning can collide with the resource for UL transmission/reception. Similar to SL PRS resource collision cases, a rule based on e.g. prioritization for dropping of either SL or UL operation may be necessary to handle these collision cases.
Proposal 30: When SL PRS resource and UL transmission resource collide each other, a prioritization rule is necessary to drop either operation.
3. Congestion control, synchronization and other issues
In SL communication, the granularity of the resource allocation is the sub-channel. Consequently, the RSSI measurement for CBR estimation in congestion control is performed based on the sub-channels (pre)configured in a resource pool.
We have discussed in this document that SL PRS resource can be the granularity of the SL PRS resource allocation. The purpose is to allow TDM of the multiple SL PRS resources in a slot. As a consequence, congestion control can also be performed to check how much portion of the candidate SL PRS resources are occupied in a resource pool. That is, SL PRS resource can be the granularity of RSSI measurement for CBR estimation in SL positioning.
Proposal 31: SL PRS resource is the granularity of RSSI measurement for CBR estimation in SL positioning.
	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


There was agreement in RAN1#112bis-e meeting on CBR and CR definition. For a dedicated resource pool, it was agreed to allow code-based or TDM multiplexing of multiple SL PRS resources from different UEs within a slot. As SL PRS resource is the basic unit for resource allocation for SL PRS, CBR and CR measurement can also be based on the unit of SL PRS resource, rather than subchannel in SL communication. The other parameters including the measurement window can be reused as much as possible from Rel.16 SL communication.
Proposal 32: For a dedicated resource pool, SL PRS CBR is estimated as follows.
· SL PRS Channel Busy Ratio (CBR) measured in slot n is defined as the portion of SL PRS resources in the resource pool used for SL PRS transmission, whose SL RSSI measured by the UE exceed a (pre-)configured threshold sensed over a CBR measurement window [n-a, n-1], wherein a is equal to 100 or 100•2µ slots (µ=SCS), according to higher layer parameter sl-TimeWindowSizeCBRforSLPRS.
Proposal 33: For a dedicated resource pool, SL PRS CR is estimated as follows.
· SL PRS Channel Occupancy Ratio (SL PRS CR) evaluated at slot n is defined as the total number of SL PRS resources used for its transmissions in slots [n-a, n-1] and granted in slots [n, n+b] divided by the total number of configured SL PRS resources in the transmission pool over [n-a, n+b], which is used for SL PRS transmission.
For a shared resource pool, as SL PRS resource granularity is subchannel as same as in SL communication, and no TDM or code-based multiplexing is allowed within a slot, the legacy CBR and CR definition used for Rel.16 SL communication can be reused for SL positioning.
Proposal 34: For a shared resource pool, CBR and CR definition in Rel.16 NR SL are reused.
	Agreement
In Scheme 2, congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority. Consider further the following parameter(s): 
· Option 1: SL PRS transmission power
· Option 2: Periodicity of SL PRS
· Option 3: Number of occupied subchannels of SL-PRS (for shared resource pool)
· Option 4: Number of SL PRS resources in a slot
· Option 5: comb-size of a SL PRS resource in a slot
· Option 7: Number of OFDM symbols of a SL PRS resource in a slot
· Option 8: Number of SL PRS (re-)transmissions
· FFS: Other options are not precluded


There were discussion on which parameters can be controlled based on the measured CBR and priority. In addition to the list of candidate parameters in the above agreement, we think that the multiplexing can also be enabled/disabled according to the CBR level. For example, if CBR level is relatively high, UE cannot try to transmit SL PRS through multiplexing within a slot. An alternative is to restrict the max. number of multiplexed SL RPS resources within a slot. If CB level is relatively high, the max. number of multiplexed SL PRS resources can be reduced so that UE drops SL PRS transmission if the monitored number of reserved multiplexed SL PRS resources is above a threshold, for example.
Proposal 35: The following parameters can be additionally controlled by CBR and priority.
· Whether or not to allow TDM or code-based multiplexing of SL PRS resources within a slot
· Max. number of the multiplexed SL PRS resources within a slot
4. Conclusions
In this contribution, the solutions for the resource allocation for SL positioning reference signal were discussed. The following proposals were made as a conclusion.
Proposal 1: If SL PRS is transmitted in a dedicated resource pool, there should be an associated resource pool for transmission of the related PSSCH.
· FFS on how to relate a dedicated resource pool and the associated resource pool
Observation 1: Given the agreed comb patterns, the maximum number of TDM durations is 3, and the maximum number of SL PRS resources that can be multiplexed within a slot 13. The number of multiplexed SL PRS resources can be controlled by the network configuration so that one-to-one mapping between PSCCH and SL PRS resource is valid.
Proposal 2: For a dedicated resource pool, support one-to-one mapping between a PSCCH resource and an associated SL-PRS resource in the same slot (Alt 3.1).
Proposal 3: For a dedicated resource pool, PSCCH bandwidth is (pre-)configured.
Proposal 4: For a dedicated resource pool, the gap between the start positions of the adjacent PSCCHs in frequency domain is (pre-)configured in a resource pool.
Proposal 5: For a dedicated resource pool, SL PRS TDM configuration within a slot is (pre-)configured. TDM configuration includes at least the following fields.
· TDM index
· Starting symbol index of TDM duration
· Number of symbols in TDM duration
· Comb pattern used in TDM duration
· Number of SL PRS symbols (M)
· Comb size (N)
Proposal 6: For a shared resource pool, in a slot where SL PRS is transmitted, the associated PSSCH can carry the 2nd-stage SCI only.
Proposal 7: For scheme 2 in a dedicated resource pool, the sensing window is determined with the (pre)configured values (100ms, 1100ms), similar to Rel.6 SL.
Proposal 8: For scheme 2 in a dedicated resource pool, the resource selection window is determined within a delay budget for SL PRS transmission, similar to Rel.6 SL.
· FFS how the delay budget is determined
Proposal 9: For scheme 2 in a dedicated resource pool, the (pre)configured min. number of the candidate SL PRS resources are selected by UE implementation with the resource selection window, similar to Rel.6 SL.
Proposal 10: For scheme 2 in a dedicated resource pool, only PSCCH DMRS is used for L1 SL RSRP measurement in sensing.
Proposal 11: For scheme 2 in a dedicated resource pool, the initial RSRP threshold, the RSRP threshold increment step size, and the target resource ratio are (pre)configured per resource pool.
Proposal 12: SL PRS priority is determined based on the priority of the associated SL positioning service.
Proposal 13: For periodic or semi-persistent SL PRS transmission, the resource reservation interval in SCI carries the periodicity of SL PRS transmission at least for scheme 2. Otherwise, the resource reservation interval field is set to zero.
Proposal 14: Rel.16 pre-emption procedure is reused based on SL PRS priority and RSRP value of other UE’s reserved resource.
Proposal 15: For a shared resource pool, the code point “11” of the 2nd stage SCI format field in the current 1st stage SCI is used to indicate a new 2nd stage SCI format for SL positioning.
Proposal 16: For a shared resource pool, a new 2nd stage SCI format 2-X includes at least the followings.
· SL PRS resource IDs of the current and 1 or 2 future slots – 8 bits/12bits
· Full L2 source ID – 24 bits
· Full L2 destination ID – 24 bits
· SL PRS combining ID – 4 bits
· New SL PRS indicator – 1 bit
· ARP ID associated with SL PRS transmission
Proposal 17: For a dedicated resource pool, a new SCI format 1-X includes at least the followings.
· Priority- 3 bits
· SL PRS repetition period – 14 bits
· Number of remaining repetitions
· 1 or 2 future slots within 32 slots (as in SCI format 1-A) – 5bits/9 bits
· 2 or 3 SL PRS resource IDs of the current and 1 or 2 future slots – 8 bits/12bits
· SL PRS combining ID – 4 bits
· New SL PRS indicator – 1 bit
· Cast type
· ARP ID associated with SL PRS transmission
Proposal 18: For a shared resource pool, reuse DCI format 3_0 without explicit information for SL PRS (Alt. 2).
Proposal 19: For a dedicated resource pool, a new DCI format 3_X is introduced for scheme 1 resource allocation. The new DCI format 3_X includes at least the following fields.
· Resource pool index
· Time gap – 3 bits
· SL PRS combining ID – 4 bits
· New SL PRS indicator – 1 bit
· SCI format 1-X fields
· 1 or 2 future slots within 32 slots – 5bits/9 bits
· 2 or 3 SL PRS resource IDs of the current and 1 or 2 future slots – 8 bits/12bits
· Configured grant index
Proposal 20: For scheme 1 resource allocation in a dedicated resource pool, a different new RNTI is used for a new DCI format 3_X for indicating either a dynamic or a configured grant.
Proposal 21: For configured grant type 1 resource allocation, RRC is used for indicating the periodicity, the offset and the activation/release of the configured grant resources, as same as Rel.16.
Proposal 22: For configured grant type 2 resource allocation, RRC is used for indicating the periodicity and the offset of the configured grant resources, and DCI is used for the activation/release of the configured grant resources, as same as Rel.16.
Proposal 23: For configured grant type 2 resource allocation, DCI format 3_0 and a new DCI format 3_X are used in a shared and a dedicated resource pool respectively.
Proposal 24: Confirm WA for SL PRS resource selection triggering with understanding that MAC layer can be UE-B’s higher layer to transmit SL PRS in response to UE-A’s lower layer request.
Proposal 25: SL positioning resource pool configuration includes at least the following parameters.
· Resource pool bandwidth
· PSCCH configuration
· Number of symbols
· PSCCH bandwidth
· PSSCH configuration
· Allowed SL positioning method (e.g. SS/DS SL RTT, SL TDOA, SL AoA)
· Enable/disable of TDM-based SL PRS multiplexing
· If enabled, TDM configuration within a slot
· TDM index
· Start symbol index of TDM duration
· Number of symbols of TDM duration
· Comb pattern used in TDM duration
· Number of SL PRS symbols (M)
· Comb size (N)
· Enable/disable of comb-based SL PRS multiplexing
· Associated resource pool information (e.g. for transmission of SLPP or measurement report)
Proposal 26: When UE-A transmits SL PRS to UE-B, UE-A indicates to UE-B the required maximum responding time, within which e.g. the responding SL PRS in SL RTT or the measurement report in SL TDOA should be transmitted to UE-A.
Proposal 27: In IUC-based SL PRS resource selection for SL TDOA positioning, the handling of the multiple IUC messages are needed.
Proposal 28: Resource allocation can be improved for backward compatibility if SL PRS is transmitted on the shared resource pool.
Proposal 29: When TX and RX SL PRS resources collide each other, a prioritization rule is necessary to drop either operation.
Proposal 30: When SL PRS resource and UL transmission resource collide each other, a prioritization rule is necessary to drop either operation.
Proposal 31: SL PRS resource is the granularity of RSSI measurement for CBR estimation in SL positioning.
Proposal 32: For a dedicated resource pool, SL PRS CBR is estimated as follows.
· SL PRS Channel Busy Ratio (CBR) measured in slot n is defined as the portion of SL PRS resources in the resource pool used for SL PRS transmission, whose SL RSSI measured by the UE exceed a (pre-)configured threshold sensed over a CBR measurement window [n-a, n-1], wherein a is equal to 100 or 100•2µ slots (µ=SCS), according to higher layer parameter sl-TimeWindowSizeCBRforSLPRS.
Proposal 33: For a dedicated resource pool, SL PRS CR is estimated as follows.
· SL PRS Channel Occupancy Ratio (SL PRS CR) evaluated at slot n is defined as the total number of SL PRS resources used for its transmissions in slots [n-a, n-1] and granted in slots [n, n+b] divided by the total number of configured SL PRS resources in the transmission pool over [n-a, n+b], which is used for SL PRS transmission.
Proposal 34: For a shared resource pool, CBR and CR definition in Rel.16 NR SL are reused.
Proposal 35: The following parameters can be additionally controlled by CBR and priority.
· Whether or not to allow TDM or code-based multiplexing of SL PRS resources within a slot
· Max. number of the multiplexed SL PRS resources within a slot
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