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1. Introduction
The following agreements on the resource allocation for SL positioning reference signal were made in RAN1 #112bis-e meeting.
	Conclusion 
· For SL-PRS based RTOA definition, the selection between SFN0 vs DFN0 and SFN vs DFN is determined based on the selection of the synchronization source for SL PRS transmission, as in legacy specifications.
· When the UE selects a cell as the synchronization reference source, SFN0/SFN is used for SL-PRS based RTOA. 
· Otherwise, DFN/DFN0 is used for the definition of the SL-PRS based RTOA.
· FFS on indication of whether SFN or DFN is used along with the RTOA measurement reporting

Agreement
· SFN/DFN Initialisation Time can be provided by UE or by LMF.
· FFS: which UEs can provide initialisation time (note: which may be decided by other WGs)
· FFS: further details of the definition of DFN Initialisation Time
· For the definition of SL-PRS based RTOA, update the definition of reference timing as:
· the reference timing is defined as , where
· T0 is the nominal beginning time of SFN 0 or DFN0 provided by SFN/DFN Initialisation Time
· tSL-PRS = (10nf + nsf) x 10-3, where nf and nsf are the SFN or DFN and the subframe number of the SL-PRS, respectively
· FFS: The timing of SFN0/SFN for RTOA reference timing is determined by advancing DL SFN0/SFN with TA/2 when the UE is in-coverage and in connected state

Agreement
Support both the case with and without translation of the LCS to GCS for SL-PRS based Azimuth of arrival (AoA) and zenith of arrival (ZoA) measurement.

Agreement
SL Angle of Arrival (SL AoA) is defined as the estimated azimuth angle and vertical angle of a transmitting UE with respect to a reference direction, wherein the reference direction is defined:
· In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
· In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relative to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to TS 38.901.
The SL AoA is determined at the receiving UE’s antenna(s) for a SL channel corresponding to the transmitting UE.

Agreement
Support SL-based RSTD, Rx-Tx time difference, RToA, AoA, RSRPP measurement and report for the first path and optionally additional path.
· No specification impact for how to set the additional path measurements
· From RAN1 perspective, no performance requirements are expected to be defined for the additional-path measurements in Rel-18.

Agreement
For provision of assistance information for absolute SL positioning, the anchor UE location information can be provided to LMF or UE.
FFS: which UEs can receive the anchor UE location information (note: which may be decided by other WGs)
FFS on quality information of anchor UE location information.

Agreement
Support per ARP based measurement in sidelink positioning. The ARP related information can be reported along with the SL measurement.
FFS on details of ARP related information, including whether TEG ID can be reused for such purpose. 

Agreement
For definition of SL-PRS based Rx-Tx measurement, further consider Alt1 and Alt3 until RAN1#113:
· Alt1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement
· Alt3: based on the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu

Agreement
SL reference signal time difference (SL RSTD) is the SL relative timing difference between the UE j and the reference UE i, defined as TSubframe_SL-Rxj – TSubframe_SL-Rxi, where:
· TSubframe_SL-Rxj is the time when the UE receives the start of one subframe from UE j.
· TSubframeSL-Rxi is the time when the UE receives the corresponding start of one subframe from UE i that is closest in time to the subframe received from UE j.
FFS: whether or not impact due to mobility or synchronization timing change should be considered for SL RSTD

[bookmark: _Hlk133401205]Agreement
Support higher layer signaling for sidelink positioning measurement report and report triggering.
· Up to RAN2 to discuss detailed signaling design. 
FFS on SCI based report triggering.




In this contribution, we discuss the potential technical solutions to meet the requirements for SL positioning.
2. Resource allocation
There were discussions in RAN1#112bis-e meeting on whether the stand-alone SL positioning can be possible only with the dedicated resource pool or not. In one sense, if the stand-alone SL positioning is not supported in a dedicated resource pool, there should always be a resource pool associated with the dedicated resource pool for SL positioning. This could be a restriction in the resource pool configuration.
On the other sense, if the stand-alone SL positioning is supported in a dedicated resource pool, there are two possible ways. In one way, the slot where SL PRS is transmitted and the slot where SL-SCH is transmitted can be separated. With this slot-based separation, the whole symbols within a slot can be used only for SL PRS transmission, which is best suit for the purpose of configuring a dedicated resource pool. However, the sensing operation needs to differentiate those two kinds of slot, which complicates the sensing procedure and degrade the sensing performance. In the other way, SL PRS and SL-SCH can be multiplexed within a slot. This approach significantly restrict the number of symbols available for SL PRS transmission, which is not desirable due to insufficient channel capacity for SL PRS transmission.
Considering all the aspects discussed above, we prefer to separate SL PRS transmission in a pool basis. That is, only SL PRS can be transmitted and no SL-SCH is transmitted in a dedicated resource pool. Based on this approach, a dedicated resource pool can provide sufficient channel capacity for SL PRS transmission.
Proposal 1: For a dedicated resource pool, no PSSCH is transmitted.
Proposal 2: 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
We have proposed to support the feedback-based SL PRS retransmission. Even though there is no PSSCH transmission in a dedicated resource pool, PSFCH can be used for the feedback for SL PRS retransmission. Therefore, PSFCH transmission needs to be allowed by (pre)configuration.
Proposal 3: For a dedicated resource pool, PSFCH transmission can be (pre)configured for the feedback-based SL PRS retransmission.
During the SI phase, there were discussions on the definition of SL PRS resource. Our understanding on the SL PRS resource is similar to DL PRS resource defined for DL positioning. Based on the DL PRS resource defined in the conventional DL positioning method, we can define SL PRS resource as a set of resources for a single sample or instance of measurement. That is, the SL PRS resource is defined according to the SL PRS comb size, SL PRS RE offset, and the number of symbols for SL PRS. This is the single instance as a minimum resource unit for SL positioning measurement. The SL PRS resources can be repeated or multiplexed within a slot.
Proposal 4: SL PRS resource is defined as a set of SL resources, which is used for the measurement of a single sample/instance of SL PRS.
	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


There was agreement in RAN1#112 meeting that TDM of SL PRS from different UEs is allowed in a dedicated resource pool. This is to maximize the SL resource usage especially when the number of SL PRS symbols is small. In addition, it also needs to be supported that a single UE can transmit multiple SL PRS resources based on sensing in a slot. For example, if a single UE is to repeat SL PRS transmissions, allowing those repetitions in a single slot reduces the SL PRS transmission latency.
Proposal 5: TDM of multiple SL PRS resources from a single UE in a slot is supported in a dedicated resource pool.
In a shared resource pool, the frequency location of SCI associated to SL PRS is determined based on the rule used in SL communication. That is, if SL PRS occupies multiple subchannels in frequency domain, SCI is transmitted in the lowest subchannel among them.
If TDM of multiple SL PRS from different UEs is allowed in a shared resource pool, those SL PRS occupies the same bandwidth and subchannels in frequency domain. As a result, all the SCIs associated to those multiple SL PRS from different UE come to overlap each other. This will severely degrade the SCI decoding performance. From the reason above, TDM of multiple SL PRS from different UEs should not be allowed in a shared resource pool.
The same SCI overlapping issue happens if comb-based multiplexing of SL PRS from different UEs is allowed in a shared resource pool. As the overall same size of bandwidth is used for each SL PRS transmission, all the SCIs will overlap each other. With this reason, comb-based multiplexing of multiple SL PRS from different UEs should not be allowed in a shared resource pool.
Proposal 6: Comb-based multiplexing of the multiple SL PRS resources from different UEs within a slot in a shared resource pool is not supported.
Different from the case of TDM of multiple SL PRS from different UEs, TDM of multiple SL PRS from a single UE is possible in a shared resource pool. This is because a UE can transmit all the control information associated to the multiple SL PRS TDMed in a slot through a single SCI. There is neither SCI overlapping problem nor the performance degradation. Therefore, TDM of multiple SL PRS from a single UE is possible in a shared resource pool is supported.
Proposal 7: TDM of multiple SL PRS resources from a single UE in a slot is supported in a shared resource pool.
Proposal 8: SCI indicates the information of all the SL PRS resources reserved by a UE, which are TDMed within a slot in a shared resource pool.
To avoid the overlapping of SCIs associated with the multiple SL PRS from different UEs in a slot in a dedicated resource pool, the frequency domain location of SCI can be determined based on the location of SL PRS in time and frequency domain. For example, SCI location can be a function of TDM index and/or comb RE offset. With this mechanism, SCIs associated with SL PRS in different TDM index and/or comb RE offset will not overlap in frequency domain. The relationship between SCI and SL PRS location is derived by a rule, which is common to all UEs.
Proposal 9: The location of PSCCH and PSSCH for SCI transmission is determined based on TDM index and/or comb RE offset of the associated SL PRS resource within a slot in a dedicated resource pool.
When SL PRS resource configurations are (pre)configured and TDM of SL PRS is allowed in a resource pool, the candidate positions of SL PRS resource are determined. As an example of the extended CP mode shown in Figure 1, if the number of SL PRS symbols configured in a resource pool is 2, each SL PRS resource occupies 4 symbols with addition of AGC and TX/RX turnaround symbol. Then the candidate SL PRS resource positions in a slot are symbol index of {0,1,2,3}, {4,5,6,7} and {8,9,10,11}. If SL PRS resource is allocated to different positions other than those three positions, AGC issue occurs (see our companion contribution on SL positioning reference signal [1]).
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[bookmark: _Ref127474299]Figure 1. Candidate SL PRS resource positions when the number of symbols of SL PRS resource=2
Proposal 10: The candidate positions of SL PRS resource in a slot are determined based on the number of symbols of SL PRS resource.
	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


There were discussions in RAN1#112bis-e meeting on multiplexing of PSCCH, PSSCH and SL PRS within a slot in a shared resource pool. First of all, we prefer to reuse the subchannel as SL PRS resource granularity in frequency domain, similar to SL communication. Regarding the multiplexing between SL PRS and PSCCH, we prefer only TDM of SL PRS and PSCCH. Otherwise, there could be a case where SL PRS is transmitted only through a part of a symbol, which unnecessarily complicates SL PRS detection operation. In summary, if SL PRS is transmitted through the (pre)configured number of subchannels, the associated PSCCH is transmitted in the lowest subchannel among them, similar to SL communication, and there is no FDM between SL PRS and PSCCH.
Proposal 11: For a shared resource pool, only TDM of SL PRS and the associated PSCCH is allowed in a slot.
With the same reason applied for multiplexing between SL PRS and PSCCH, we prefer only TDM between SL PRS and PSCCH. If SL PRS is transmitted through the (pre)configured number of subchannels, the associated PSCCH is transmitted in the lowest subchannel among them, and PSSCH can be transmitted through the remaining subchannels of the PSCCH symbol and the entire number of subchannels of the other symbols. That is, PSCCH and PSSCH can be both TDM and FDM, similar to SL communication. But, between PSSCH and SL PRS, only TDM is allowed.
Proposal 12: For a shared resource pool, only TDM of SL PRS and the associated PSSCH is allowed in a slot.
One point needs to be mentioned is that PSSCH should occupies the same number of subchannels as SL PRS. As only TDM is allowed between SL PRS and PSSCH, there is no reason not to transmit PSSCH through the same bandwidth of SL PRS.
Proposal 13: For a shared resource pool, SL PRS and the associated PSSCH have the same bandwidth.
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 14: For a shared resource pool, in a slot where SL PRS is transmitted, the associated PSSCH carries the 2nd-stage SCI only.
Similar to the case of a dedicated resource pool, PSFCH can be transmitted in a slot where SL PRS is transmitted, for the purpose of feedback-based SL PRS retransmission based on (pre)configuration.
Proposal 15: For a shared resource pool, in a slot where SL PRS is transmitted, PSFCH can be transmitted by (pre)configuration.
Regarding the issue of SL PRS transmission without PSCCH in a slot, we prefer that both SL PRS and the associated PSCCH are always transmitted together in a slot. Otherwise, cross-slot scheduling issue arises, where PSCCH in one slot indicates SL PRS transmission in another slot. This issue were already discussed in Rel.16 SL communication WI, and the group concluded not to adopt the cross-slot scheduling for SL communication. Cross-slot scheduling degrades SL PRS detection performance because both PSCCH slot and SL PRS slot needs to be successfully decoded, compared to a single slot decoding. Cross-slot scheduling unnecessarily complicates the signaling mechanism and degrades the performance.
Proposal 16: For a dedicated resource pool, SL PRS and the associated PSCCH are always transmitted together in a slot.
	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


There were discussions and agreement in RAN1#112bis-e meeting on SL PRS resource (re)selection procedure in scheme 2 in a dedicated resource pool. The following paragraphs will treat the issues. First of all, we need to define the concept of SL PRS resource as a resource allocation granularity for SL positioning.
Once a set of allowed SL PRS resource configurations are configured in a resource pool, the candidate SL PRS resource positions are determined in a slot. As a consequence, all the sensing operation and the subsequent resource allocation can be performed with the resource resolution of the SL PRS resource. That is, if the sensing results show that a certain position of the candidate SL PRS resource is available, UE can select the position for SL PRS resource transmission.
Proposal 17: SL PRS resource is the granularity of the SL PRS resource allocation.
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 18: For scheme 2 in a dedicated resource pool, for scheme 2 SL PRS resource (re)selection, 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 19: For scheme 2 in a dedicated resource pool, for scheme 2 SL PRS resource (re)selection, 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 20: For scheme 2 in a dedicated resource pool, for SL PRS resource (re)selection, 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.
Similar to Rel.16 SL communication, UE performs sensing over the sensing window and excludes the candidate resources conflicting with the resources reserved by other UEs. The candidate resource exclusion is based on RSRP level associated to SCI reserving other UE’s SL PRS resources. There are two possible candidate RS for RSRP measurement in this resource exclusion procedure. One is PSCCH DMRS and the other is SL PRS. Unlike in SL communication pool, there is no PSSCH transmission in a dedicated resource pool, using only PSCCH DMRS may be somewhat restrictive especially in that the number of PSCCH symbols in a dedicated resource pool may be very small. Considering this aspect, we prefer to allow SL PRS to be used for RSRP measurement for resource exclusion by (pre)configuration.
Proposal 21: For scheme 2 in a dedicated resource pool, for SL PRS resource (re)selection, either PSCCH DMRS or SL PRS is (pre)configured to be used for L1 SL RSRP measurement.
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 22: For scheme 2 in a dedicated resource pool, for SL PRS resource (re)selection, the initial RSRP threshold, the increment step size, and the target resource ratio are (pre)configured per resource pool.
There were discussions whether multiplexing of different comb patterns is allowed or not in a dedicated resource pool. SL PRS is a sequence so the detection performance may not be severely degraded due to partial overlapping with other UE’s SL PRS. In this sense, if the RE overlap portion between candidate SL PRS resource and other UE’s reserved SL PRS resource is less than a threshold, the candidate SL PRS resource can be included in the final candidate SL PRS resource set.
Proposal 23: For scheme 2 in a dedicated resource pool, for SL PRS resource (re)selection, if the multiplexing of different SL PRS comb patterns is allowed, the candidate resources that partially overlap with other UE’s reserved resources are excluded if
· RSRP related to other UE’s reserved resource is above a (pre)configured threshold, and
· the RE overlap portion of either candidate resource or SL PRS resource reserved by other UE is above a (pre)configured threshold.
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 24: 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 25: 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 26: Rel.16 pre-emption procedure is reused based on SL PRS priority and RSRP value of other UE’s reserved resource.
All the resource reservation information are carried by SCI in SL communication. Similar mechanism can be used for SL positioning. Considering the backward compatible SL PRS transmission issue in a shared resource pool, SCI should consist of 2 stages. The 1st-stage SCI is carried by PSCCH and indicates the resource reservation information of PSSCH that carries the 2nd-stage SCI. By introducing a new 2nd-stage SCI indication field in the 1st-stage SCI, we can allow a new format of the 2nd-stage SCI while keeping the backward compatibility with the existing SL communication.
Proposal 27: The 1st-stage SCI associated with SL PRS carries at least the following information.
· Resource reservation information of PSSCH carrying the 2nd-stage SCI
· Indication of a new 2nd-stage SCI format for SL PRS resource information
As we introduced a new format of the 2nd-stage SCI without any backward compatibility issue, it’s reasonable that the 2nd-stage SCI indicates the resource reservation information of SL PRS resources. An alternative way is to carry the resource reservation information of SL PRS resource through SL MAC-CE, which is carried by PSSCH. The benefit of the alternative may be to reuse the existing 2nd-stage SCI format, and to allow both the SL PRS resource reservation and e.g. the measurement report in the same PSSCH as a payload. We prefer to use the 2nd-stage SCI for SL PRS resource reservation signaling. The 2nd-stage SCI carries the resource reservation information of SL PRS resource, which includes SL PRS resource ID, SL PRS resource TDM index within a slot, comb RE offset for comb-based multiplexing, and the layer-2 source and destination ID.
Proposal 28: For a shared resource pool, a new 2nd SCI format is introduced for indicating the SL PRS resource reservation, which includes at least the followings.
· SL PRS resource ID
· SL PRS resource starting symbol index within a slot
· RE offset of the first symbol of SL PRS resource
· Full L2 source ID
· Full L2 destination ID
For a shared resource pool, if the above mechanism of the 1st-stage and the 2nd-stage SCI is introduced, in resource allocation scheme-2, the resource allocation of the 2nd-stage SCI (that is PSSCH) is based on sensing over the 1st-stage SCI (that is PSCCH), as done in legacy SL communication. The resource allocation of SL PRS resource is based on sensing over both 1st-stage and 2nd-stage SCI. The 1st-stage SCI carries information about the slot and subchannels where SL PRS is transmitted, and the 2nd-stage SCI carries information about the symbol index and RE offset that are used for SL PRS transmission.
Proposal 29: In scheme-2, the SL PRS resources are selected based on the sensing results over both 1st-stage and 2nd-stage SCIs.
· FFS whether the sensing results over the SL PRS resources (e.g. SL PRS RSRP) are additionally used for resource selection.
	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 DCI format to be used for scheme 1 resource allocation. For dynamic grant, a new DCI format is needed to indicate SL PRS comb pattern information, comb RE offset, and SL PRS starting symbol index, which are not present in the legacy DCI for mat 3_0 or DCI format 3_1. The required field for a new DCI format is listed as below. The red texts are included for SL positioning in addition to the legacy DCI format 3_0 field. The number of the reserved resources that can be indicated by a single SCI is 2 or 3, as same as SL communication case.
	A new DCI format 3_X
Resource pool index –  bits
Time gap – 3 bits
HARQ process number – 4 bits
New data indicator – 1 bit
SL PRS resource ID – [TBD] bits
Lowest index of the subchannel allocation to the initial transmission – bits
SCI format 1-X fields:
  - Frequency resource assignment
  - Time resource assignment.
Comb RE offset –  bits, where N= number of the reserved SL PRS resources
SL PRS starting symbol index –  bits, where L is the number of the possible starting symbols in a slot
PSFCH-to-HARQ feedback timing indicator – bits
PUCCH resource indicator – 3 bits
Configuration index – 0 bit/3 bits
Counter sidelink assignment index – 2 bits
Padding bits, if required


Proposal 30: For both dedicated and shared resource pool, a new DCI format 3_X is introduced for scheme 1 resource allocation. The new DCI format 3_X field above are supported.
Proposal 31: For configured grant type 1, RRC is used for indicating the periodicity, the offset and the activation/release of the configured grant resources, as same as Rel.16.
Proposal 32: For configured grant type 2, RRC is used for indicating the periodicity and the offset of the configured grant resources, and a new DCI format 3_X is used for and the activation/release of the configured grant resources, as same as Rel.16.
	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


For a shared resource pool, it was agreed in RAN1#112bis-e meeting to reuse the legacy SCI format 1-A. Regarding the 2nd-stage SCI, a new 2nd-stage SCI format 2-X is needed to indicate the newly introduced field in a new DCI format 3_X. The required field for a new SCI format is listed as below. The red texts are included for SL positioning in addition to the legacy SCI format 2-A field.
	A new SCI format 2-X
HARQ process number – 4 bits.
New data indicator – 1 bit.
Source ID – 24 bits
Destination ID – 24 bits
HARQ feedback enabled/disabled indicator – 1 bit
Cast type indicator – 2 bits
CSI request – 1 bit
SL PRS resource ID – [TBD] bits
Comb RE offset –  bits, where N= number of the reserved SL PRS resources
SL PRS starting symbol index –  bits, where L is the number of the possible starting symbols in a slot


Proposal 33: For a shared resource pool, a new 2nd-stage SCI format is introduced. The new SCI format 2-X field above are supported.
	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


For a dedicated resource pool, it was agreed to support only a single SCI. As there is no 2nd-stage SCI, a new single SCI should contains both 1st- and 2nd-stage legacy SCI, and a newly introduced field for SL positioning. The required field for a new SCI format is listed as below.
	A new SCI format 1-X
Priority – 3 bits
Frequency resource assignment as defined in SCI format 1-A
Time resource assignment as defined in SCI format 1-A
Resource reservation period as defined in SCI format 1-A
HARQ process number – 4 bits.
New data indicator – 1 bit.
Source ID – 24 bits
Destination ID – 24 bits
HARQ feedback enabled/disabled indicator – 1 bit
Cast type indicator – 2 bits
CSI request – 1 bit
SL PRS resource ID – [TBD] bits
SL PRS comb pattern ID – K bits, where K is the number of SL PRS comb patterns allowed in a resource pool
Comb RE offset –  bits, where N= number of the reserved SL PRS resources
SL PRS starting symbol index –  bits, where L is the number of the possible starting symbols in a slot


Proposal 34: For a shared resource pool, a new 2nd-stage SCI format is introduced. The new SCI format 1-X field above are 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


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 35: 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 36: In SL RTT, UE-A’s SL PRS can be a lower layer request to trigger UE-B’s SL PRS transmission.
In the existing Uu link positioning, LMF and gNB schedules every PRS transmission and the related resources, thus every transmission and reception can be guaranteed by the scheduling. In SL positioning where the SL PRS resources are selected by UE based on sensing, it is possible that a certain SL PRS reception is not possible in case of e.g. half duplex case (as shown in Figure 2), or due to the prioritization in the RX UE side. Another possibility is that the received SL PRS cannot meet a certain condition from SL positioning QoS requirement point of view due to e.g. high interference level from other UEs or NLOS reception (as shown in Figure 3 and Figure 4).
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[bookmark: _Ref115340680]Figure 2 SL PRS reception failure due to half-duplex
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[bookmark: _Ref115340695]Figure 3 Bad quality of SL PRS reception due to high interference
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[bookmark: _Ref115340703]Figure 4 Bad quality of SL PRS reception due to blockage of LOS path
In this case, feedback-based SL PRS retransmission is helpful. That is, RX UE sends a feedback to TX UE to indicate that RX UE fails to receive SL PRS or the quality of the received SL PRS is too bad. In this case TX UE retransmits the SL PRS to complete the SL PRS transmission. This feedback-based SL PRS retransmission improves the SL positioning performance, especially in SL multi-RTT or SL TDOA. Let’s take an example of SL TDOA, where N anchor UEs(A-UE) transmit SL PRS to the target UE(T-UE) so that T-UE measures N RSTD values. When SL PRS reception from K A-UEs are too poor to be included in the T-UE location calculation, T-UE uses only (N-K) RSTD values for its positioning.
However, if feedback-based SL PRS retransmission based on feedback is used, T-UE sends feedback to those K A-UEs, then those K A-UEs retransmit SL PRS to T-UE. As a result, if those K SL PRSs are successfully received by T-UE, T-UE can fully utilized all the N RSTD values, which improves the SL positioning accuracy. 
The simulation results showing the performance gain of the feedback based feedback-based SL PRS retransmission are shown in Table 1 to Table 3 for SL TDOA. The simulation parameters are listed in Table 4. From the results, the feedback based SL PRS retransmission provides significant gain up to 0.45m error reduction, compared to SL PRS transmission without feedback. More simulation results with the various conditions and parameters can be found in our companion contribution [2].

[bookmark: _Ref115340833]Table 1 SL TDOA positioning error(m) @90% CDF under highway scenario (3 anchor nodes)
	3 nodes case
	comb (1,1)
	comb (6,6)
	comb (12,12)

	No feedback
	2.26
	2.29
	2.30

	Feedback-based retransmission
	1.94
	1.89
	1.88



Table 2 TDOA positioning error(m) @90% CDF under highway scenario (5 anchor nodes)
	5 nodes case
	comb (1,1)
	comb (6,6)
	comb (12,12)

	No feedback
	1.99
	2.08
	2.06

	Feedback-based retransmission
	1.71
	1.68
	1.71



[bookmark: _Ref115340838]Table 3 SL TDOA positioning error(m) @90% CDF under highway scenario (7 anchor nodes)
	7 nodes case
	comb (1,1)
	comb (6,6)
	comb (12,12)

	No feedback
	1.97
	1.92
	1.92

	Feedback-based retransmission
	1.55
	1.47
	1.48



[bookmark: _Ref115340877]Table 4 Simulation parameters for SL TDOA
	Parameter
	Details

	Channel model, scenario
	TR 37.885, Highway scenario

	Carrier frequency
	6 GHz

	Subcarrier spacing
	60 kHz

	Bandwidth
	40 MHz
Oversampling 245.760 MHz 

	RSTD estimation technique
	FANG estimator [3] (when 3 RSU are used for position estimation)
CHAN estimator [4] (when 5 or 7 RSU are used for position estimation)

	Network synchronization assumptions
	Ideal synchronization

	PRS configuration
	Downlink PRS
Comb pattern (comb size, number of symbols) = (1, 1), (6,6) and (12,12)

	Deployment
	HL (Highway Length) = 3500m
6 lanes total with 4m width

Vehicles drop type Option A 
(140kph, 100% vehicles type 2, rear rooftop antenna position)

Vehicle self-blockage model is used

RSU deployment
Option 1: Staggered layout with ISD = 200 m on every side
Option 2: Symmetric layout with ISD = 200 m on every side.

	SL PRS resource allocation
	Network-scheduled allocation
UE-selected resource allocation

	Traffic model
	No data transmission


Feedback-based SL PRS retransmission is also beneficial for efficient utilization of the resources from TX UE side. For example, in SL RTT, TX UE transmits SL PRS#1 to RX UE, and waits for RX UE to transmit SL PRS#2 as a response. Assume that RX UE successfully decoded the associated control channel, but fails to receive the SL PRS#1 due to the reasons discussed above. In this case, RX UE cannot send SL PRS#2 as it didn’t receive SL PRS#1, and TX UE will wait until it receives SL PRS#2 from RX UE. This causes a bottleneck of endless waiting from both UE sides, and can be solved if such kind of feedback is sent from RX UE to TX UE.
Observation 1: It is beneficial for efficient use of SL PRS resources and UE power saving if RX UE confirms the reception or the quality of the received SL PRS, which triggers feedback-based SL PRS retransmission.
Based on the observation above, same SL PRS can be transmitted multiple times in two way. In one way, the multiple SL PRS transmissions are (pre-)configured from the beginning, and SL PRSs are repeatedly transmitted as determined without any feedback, which is similar to blind retransmission in SL communication.
In the other way, SL PRS is ‘retransmitted’ based on the feedback as discussed above. The benefit of this approach in resource allocation point of view is that it avoids unnecessary transmission of SL PRS. The transmission of SL PRS is performed conditionally based on the feedback, which significantly enhances the resource usage efficiency and congestion control.
Proposal 37: SL PRS repetition or retransmission is supported as follows.
· Blind repetition
· Feedback-based retransmission
	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 SL resource pool configuration such as PSCCH/PSSCH configuration and frequency domain resource granularity, we think that the SL PRS resource configuration and SL positioning method allowed in a resource pool needs to be included in the configuration. In addition, based on agreements on multiplexing, the multiplexing scheme allowed in a resource pool and the enable/disable flag can also be added. As discussed above, the enable/disable flag of the feedback based SL PRS retransmission needs to be included. And finally, if PSSCH carrying SL positioning data such as SLPP or the measurement report in a dedicated resource pool, the associated shared resource pool information should be included in a dedicated resource pool configuration.
Proposal 38: SL positioning resource pool configuration includes at least the following parameters.
· Frequency domain resource granularity
· PSCCH configuration
· PSSCH configuration
· Allowed SL positioning method (e.g. SL RTT, SL TDOA, SL AoA)
· SL PRS resource configuration
· Allowed multiplexing scheme (e.g. comb-based, TDM)
· Enable/disable of each multiplexing scheme
· Enable/disable of the feedback-based retransmission
· Associated resource pool information (e.g. for SLPP, measurement report transmission)
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 39: 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.
Inter-UE coordination (IUC) based resource selection is already specified in Rel.17 SL communication, which include the preferred, non-preferred and resource conflict information. It’s beneficial especially for the cases having so-called hidden node problem or for a UE having no sensing capability. The similar mechanism can be reused for SL positioning. RX UE can transmit IUC messages to TX UE so that TX UE can select SL PRS resources based on the received IUC message and its own sensing results.
Proposal 40: The resource selection based on the inter-UE coordination message defined in Rel.17 SL is supported for SL PRS resource selection.
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 41: 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 42: 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 43: 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 44: 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 45: 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 46: 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 47: 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 48: For a shared resource pool, CBR and CR definition in Rel.16 NR SL are reused.
Depending on the resource pool options, SL PRS and the associated PSCCH/PSSCH are transmitted in a same or a different slot. In addition, a slot can be shared between SL positioning and SL communication. Given this situation, the existing RSSI measurement on PSCCH/PSSCH doesn’t work for SL positioning. At least RSSI measurement over SL PRS should be additionally considered for CBR estimation.
Proposal 49: CBR estimation for SL positioning can be based on the followings.
· RSSI measurement on SL PRS
· RSSI measurement on PSCCH/PSSCH
At least for SL TDOA positioning, the synchronization between anchor UEs of the SL positioning group is important for high accuracy positioning. Especially the synchronization between anchor UEs significantly affects the SL positioning performance. As one of the solution for the synchronization, anchor UEs that performs SL positioning needs to perform the SL synchronization procedure based on S-SSB, which is defined for SL communication. As any UE can possibly become anchor UE in SL positioning, every UE performing SL positioning should follow the synchronization procedure based on S-SSB. Or at least if UE joins a SL positioning group as anchor UE for SL TDOA, the UE should follow the synchronization procedure based on S-SSB.
Proposal 50: SL synchronization procedure is performed by the UE that performs SL positioning.
There were discussion in RAN1#112 meeting on the impact of the synchronization error on SL TDOA and some possible solutions. One of the argument was that developing such solutions is out of scope of Rel.18 WI. We disagree to this argument because SL TDOA is apparently included in WI scope, and the solution to mitigate the synchronization error is critical to the performance of SL TDOA. Also, it does not require any additional procedure to the existing SL synchronization procedure. The solutions under discussion at the last meeting just required some reporting operation to mitigate the synchronization error impact.
Observation 2: Mitigation of the synchronization error between anchor UEs is critical to support SL TDOA for SL positioning.
The issue of synchronization error to the positioning performance degradation is well known from the past. However, as discussed above, it’s more likely that anchor UEs will not be synchronized with each other than gNBs. Therefore the synchronization issue is quite important especially for SL positioning.
We think there is a necessary condition for a UE to be an anchor UE for SL TDOA operation. A hard condition is that the anchor UEs for SL TDOA should be synchronized to the same SL synchronization reference. For example, UE1 synchronized to gNB/eNB and UE2 synchronized to GNSS cannot participate together in the same SL TDOA as an anchor UE. This condition is simples but also most restrictive. A softer condition may be that the synchronization error between anchor UEs for SL TDOA is less than a threshold. It releases the condition of the exactly same SL synchronization reference, and allows both gNB/eNB and GNSS to be SL synchronization source of anchor UEs if the synchronization timing difference is sufficiently small.
Proposal 51: The synchronization errors between anchor UEs for SL TDOA shall be less than a (pre)configured threshold.
Even though the anchor UEs are synchronized to the same SL synchronization reference, there is still a synchronization timing error between anchor UEs because of the different distance between anchor UE and the SL synchronization reference. Because of the distance, the synchronization timing perceived by each anchor UE can be different by the corresponding latency. There are two kinds of approach to mitigate such synchronization error between anchor UEs, depending on the type of SL synchronization source of anchor UEs.
When the SL synchronization source of the anchor UEs is gNB/eNB, the timing delay caused by the distance from gNB/eNB can be compensated by the anchor UE. The timing delay is nothing but the timing advance (TA), which is used for UL transmission of the anchor UE. Therefore if the anchor UE transmits SL PRS by advancing the transmission time by TA/2, the transmission timing becomes identical to gNB/eNB timing. Then, all anchor UEs’ SL PRS transmission timing will be aligned as same as gNB/eNB transmission timing. This can be used as one of the solution for the synchronization impact mitigation.
Proposal 52: For RSTD-based SL TDOA, If anchor UE is directly synchronized to gNB/eNB, anchor UE transmits SL PRS with advancing the transmission time by TA/2, where TA is the timing advance used for UL transmission.
A more general approach of mitigating the impact of the synchronization error regardless of the SL synchronization source of the anchor UEs is depicted in Figure 5. There is no restriction on selection of the anchor UEs with regard to the synchronization timing error in this approach. The impact of the synchronization error is automatically cancelled by a target UE when the target UE calculates the location.
Considering there is a SL positioning group for SL TDOA comprising of the target UE and anchor UEs, within which SL PRS is group-casted to all group members, any SL PRS transmitted by a group member can be received by all the group members. If the anchor UEs A-UE#1 and A-UE#2 transmit SL PRS to the target T-UE in different timing for RSTD measurement, those two anchor UEs can receive the SL PRS each other and perform SL RTT without any separate SL PRS transmission.
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[bookmark: _Ref115341249]Figure 5 Synchronization of SL PRS between UEs for SL TDOA
Let’s derive the RSTD measurement. If A-UE#1 transmits SL PRS#1 at time t0, and A-UE#2 transmits SL PRS#2 at time Δt after receiving SL PRS#1, and T-UE receives SL PRS#1 and SL PRS#2 at time t1 and t2 respectively, the RSTD can be calculated as follows.
t1 = t0 + TOF1
t2 = t0 + RTT/2 + Δt + TOF2
RSTD = (t2 – t1) – RTT/2 – Δt
where,
TOF1 = TOF from A-UE#1 to T-UE
TOF2 = TOF from A-UE#2 to T-UE
RTT = Roundtrip time between A-UE#1 and A-UE#2
As shown above, the exact RSTD can be measured regardless of the synchronization error between two anchor UEs. In the above equations, Rx-Tx time different Δt and RTT measurement already exist, so no new operation needs to be defined. The necessary operation is to report Rx-Tx time difference of an anchor UE and RTT measurement between anchor UEs.
Proposal 53: In RSTD-based SL TDOA, RTT measurement between anchor UEs and Rx-Tx time difference measurement of anchor UE are reported to a target UE.
In RTT, the distance between target and anchor UE is estimated based on the average of the two estimated ToF (time of flight) values based on the 1st and the 2nd SL PRS transmission. Considering SL positioning for V2X use cases, if UE is moving, two locations where UE transmits the 1st SL PRS and the 2nd SL PRS become different. Because of this UE movement, the RTT positioning error increases according to the UE speed and the time interval between two SL PRS transmissions.
Figure 6 shows the RTT positioning error vs. SL PRS time interval when the target UE is moving with 140km/h speed while the anchor UE is fixed in location. As shown in the Figure 6, when the time interval reaches 10 to 15 ms, the positioning error of single-side RTT and double-side RTT becomes non-negligible up to 0.6m, which is already larger than the Set B requirement.
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[bookmark: _Ref118734023]Figure 6 Single- and double-side RTT positioning error vs. SL PRS time interval
Figure 7 shows the RTT positioning error vs. SL PRS time interval when both target and anchor UE is moving in opposite direction. As shown in the Figure 7, when the relative speed is 140 km/h (each vehicle speed of 70 km/h), the positioning error of single-side RTT and double-side RTT becomes non-negligible up to 0.8m, which is already larger than the Set B requirement.
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[bookmark: _Ref118734234]Figure 7 Single- and double-side RTT positioning error vs. vehicle speed
There could be two ways of solution to this problem. One way is to apply some compensation algorithm to mitigate the impact of the UE’s moving in UE position calculation. The other way is to indicate that UE is moving so the positioning accuracy based on SL positioning may not be accurate. The second approach seems simpler and easier. As a result, the UE speed or velocity can be used as an indicator of the SL positioning accuracy.
Observation 3: Single-side and double-side RTT performance are significantly degraded by UE mobility if UE speed is high or the time interval between two SL PRSs is large.
Especially for V2X positioning use case, SL positioning accuracy can be degraded because of UE mobility. For example, UE1 sends SL PRS#1 to UE2 for SL RTT, and UE1 or UE2 can move before the subsequent SL PRS#2 transmission from UE2 to UE1. These movement will change the location of UE1 or UE2, which results in difference in distance between UE1 and UE2 from the original distance when SL PRS#1 is transmitted. As a result, the measured RTT based on Rx-Tx time difference will not be accurate because two ToF values of SL PRS#1 and SL PRS#2 are different.
One possible solution to compensate the impact of UE mobility is to report UE’s displacement between SL PRS#1 and SL PRS#2. As the displacement is a vector, it includes both distance and direction caused by UE movement. When UE reports SL PRS measurement, UE can report both distance and direction value related to SL PRS measurement.
Proposal 54: Displacement of UE by UE movement between transmission(s) and receptions(s) is included in the measurement report to the location calculation entity (e.g. LMF or server UE).
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: For a dedicated resource pool, no PSSCH is transmitted.
Proposal 2: 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
Proposal 3: For a dedicated resource pool, PSFCH transmission can be (pre)configured for the feedback-based SL PRS retransmission.
Proposal 4: SL PRS resource is defined as a set of SL resources, which is used for the measurement of a single sample/instance of SL PRS.
Proposal 5: TDM of multiple SL PRS resources from a single UE in a slot is supported in a dedicated resource pool.
Proposal 6: Comb-based multiplexing of the multiple SL PRS resources from different UEs within a slot in a shared resource pool is not supported.
Proposal 7: TDM of multiple SL PRS resources from a single UE in a slot is supported in a shared resource pool.
Proposal 8: SCI indicates the information of all the SL PRS resources reserved by a UE, which are TDMed within a slot in a shared resource pool.
Proposal 9: The location of PSCCH and PSSCH for SCI transmission is determined based on TDM index and/or comb RE offset of the associated SL PRS resource within a slot in a dedicated resource pool.
Proposal 10: The candidate positions of SL PRS resource in a slot are determined based on the number of symbols of SL PRS resource.
Proposal 11: For a shared resource pool, only TDM of SL PRS and the associated PSCCH is allowed in a slot.
Proposal 12: For a shared resource pool, only TDM of SL PRS and the associated PSSCH is allowed in a slot.
Proposal 13: For a shared resource pool, SL PRS and the associated PSSCH have the same bandwidth.
Proposal 14: For a shared resource pool, in a slot where SL PRS is transmitted, the associated PSSCH carries the 2nd-stage SCI only.
Proposal 15: For a shared resource pool, in a slot where SL PRS is transmitted, PSFCH can be transmitted by (pre)configuration.
Proposal 16: For a dedicated resource pool, SL PRS and the associated PSCCH are always transmitted together in a slot.
Proposal 17: SL PRS resource is the granularity of the SL PRS resource allocation.
Proposal 18: For scheme 2 in a dedicated resource pool, for scheme 2 SL PRS resource (re)selection, the sensing window is determined with the (pre)configured values (100ms, 1100ms), similar to Rel.6 SL.
Proposal 19: For scheme 2 in a dedicated resource pool, for scheme 2 SL PRS resource (re)selection, 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 20: For scheme 2 in a dedicated resource pool, for SL PRS resource (re)selection, 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 21: For scheme 2 in a dedicated resource pool, for SL PRS resource (re)selection, either PSCCH DMRS or SL PRS is (pre)configured to be used for L1 SL RSRP measurement.
Proposal 22: For scheme 2 in a dedicated resource pool, for SL PRS resource (re)selection, the initial RSRP threshold, the increment step size, and the target resource ratio are (pre)configured per resource pool.
Proposal 23: For scheme 2 in a dedicated resource pool, for SL PRS resource (re)selection, if the multiplexing of different SL PRS comb patterns is allowed, the candidate resources that partially overlap with other UE’s reserved resources are excluded if
· RSRP related to other UE’s reserved resource is above a (pre)configured threshold, and
· the RE overlap portion of either candidate resource or SL PRS resource reserved by other UE is above a (pre)configured threshold.
Proposal 24: SL PRS priority is determined based on the priority of the associated SL positioning service.
Proposal 25: 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 26: Rel.16 pre-emption procedure is reused based on SL PRS priority and RSRP value of other UE’s reserved resource.
Proposal 27: The 1st-stage SCI associated with SL PRS carries at least the following information.
· Resource reservation information of PSSCH carrying the 2nd-stage SCI
· Indication of a new 2nd-stage SCI format for SL PRS resource information
Proposal 28: For a shared resource pool, a new 2nd SCI format is introduced for indicating the SL PRS resource reservation, which includes at least the followings.
· SL PRS resource ID
· SL PRS resource starting symbol index within a slot
· RE offset of the first symbol of SL PRS resource
· Full L2 source ID
· Full L2 destination ID
Proposal 29: In scheme-2, the SL PRS resources are selected based on the sensing results over both 1st-stage and 2nd-stage SCIs.
· FFS whether the sensing results over the SL PRS resources (e.g. SL PRS RSRP) are additionally used for resource selection.
Proposal 30: For both dedicated and shared resource pool, a new DCI format 3_X is introduced for scheme 1 resource allocation. The new DCI format 3_X field above are supported.
Proposal 31: For configured grant type 1, RRC is used for indicating the periodicity, the offset and the activation/release of the configured grant resources, as same as Rel.16.
Proposal 32: For configured grant type 2, RRC is used for indicating the periodicity and the offset of the configured grant resources, and a new DCI format 3_X is used for and the activation/release of the configured grant resources, as same as Rel.16.
Proposal 33: For a shared resource pool, a new 2nd-stage SCI format is introduced. The new SCI format 2-X field above are supported.
Proposal 34: For a shared resource pool, a new 2nd-stage SCI format is introduced. The new SCI format 1-X field above are supported.
Proposal 35: 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 36: In SL RTT, UE-A’s SL PRS can be a lower layer request to trigger UE-B’s SL PRS transmission.
Observation 1: It is beneficial for efficient use of SL PRS resources and UE power saving if RX UE confirms the reception or the quality of the received SL PRS, which triggers feedback-based SL PRS retransmission.
Proposal 37: SL PRS repetition or retransmission is supported as follows.
· Blind repetition
· Feedback-based retransmission
Proposal 38: SL positioning resource pool configuration includes at least the following parameters.
· Frequency domain resource granularity
· PSCCH configuration
· PSSCH configuration
· Allowed SL positioning method (e.g. SL RTT, SL TDOA, SL AoA)
· SL PRS resource configuration
· Allowed multiplexing scheme (e.g. comb-based, TDM)
· Enable/disable of each multiplexing scheme
· Enable/disable of the feedback-based retransmission
· Associated resource pool information (e.g. for SLPP, measurement report transmission)
Proposal 39: 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 40: The resource selection based on the inter-UE coordination message defined in Rel.17 SL is supported for SL PRS resource selection.
Proposal 41: In IUC-based SL PRS resource selection for SL TDOA positioning, the handling of the multiple IUC messages are needed.
Proposal 42: Resource allocation can be improved for backward compatibility if SL PRS is transmitted on the shared resource pool.
Proposal 43: When TX and RX SL PRS resources collide each other, a prioritization rule is necessary to drop either operation.
Proposal 44: When SL PRS resource and UL transmission resource collide each other, a prioritization rule is necessary to drop either operation.
Proposal 45: SL PRS resource is the granularity of RSSI measurement for CBR estimation in SL positioning.
Proposal 46: 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 47: 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 48: For a shared resource pool, CBR and CR definition in Rel.16 NR SL are reused.
Proposal 49: CBR estimation for SL positioning can be based on the followings.
· RSSI measurement on SL PRS
· RSSI measurement on PSCCH/PSSCH
Proposal 50: SL synchronization procedure is performed by the UE that performs SL positioning.
Observation 2: Mitigation of the synchronization error between anchor UEs is critical to support SL TDOA for SL positioning.
Proposal 51: The synchronization errors between anchor UEs for SL TDOA shall be less than a (pre)configured threshold.
Proposal 52: For RSTD-based SL TDOA, If anchor UE is directly synchronized to gNB/eNB, anchor UE transmits SL PRS with advancing the transmission time by TA/2, where TA is the timing advance used for UL transmission.
Proposal 53: In RSTD-based SL TDOA, RTT measurement between anchor UEs and Rx-Tx time difference measurement of anchor UE are reported to a target UE.
Observation 3: Single-side and double-side RTT performance are significantly degraded by UE mobility if UE speed is high or the time interval between two SL PRSs is large.
Proposal 54: Displacement of UE by UE movement between transmission(s) and receptions(s) is included in the measurement report to the location calculation entity (e.g. LMF or server UE).
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