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1. Introduction
The following agreements on the measurements and reporting for SL positioning were made in RAN1#112 meeting.
	Agreement
SL PRS reference signal received power (SL PRS-RSRP)
· is defined as the linear average over the power contributions (in W) of the resource elements that carry SL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth 
With regard to the reference point
· For frequency range 1, the reference point for the SL PRS-RSRP shall be the antenna connector of the UE.
· For frequency range 1, if receiver diversity is in use by the UE, the reported SL PRS-RSRP value shall not be lower than the corresponding SL PRS-RSRP of any of the individual receiver branches.

Agreement
SL PRS reference signal received path power (SL PRS-RSRPP),
· is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry SL PRS signal configured for the measurement, where SL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.
With regard to the reference point
· For frequency range 1, the reference point for the SL PRS-RSRPP shall be the antenna connector of the UE.
· For frequency range 1, if receiver diversity is in use by the UE, the reported SL PRS-RSRPP value shall not be lower than the corresponding SL PRS-RSRPP of any of the individual receiver branches.

Agreement
SL-PRS based RTOA TSL-RTOA is defined as the beginning time of SL subframe #i containing SL-PRS received from a UE, relative to the RTOA Reference Time. The SL RTOA reference time is defined as , where
· T0 is the nominal beginning time of SFN 0 or DFN0.
· FFS on how to select between SFN 0 or DFN 0 for determination of T0.
· FFS: the source for the reference timing
· tSL-PRS = (10nf + nsf) x 10-3tSRS=10nf+nsf×10-3, where nf and nsfnsf are the SFN or DFN and the subframe number of the SL-PRS, respectively
· FFS on how to select between SFN or DFN

Agreement
Support both GCS and LCS for SL-PRS based Azimuth of arrival (AoA) and zenith of arrival (ZoA) measurement.
· FFS on the applicable scenario/service for AoA/ZoA relative to LCS without translation of the LCS to GCS

Agreement
For definition of SL-PRS based Rx-Tx measurement, downselect one of the following alternatives in RAN1# 112b to minimize the impact of UE reference timing offset and mobility
· Alt1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement
· Alt2: SL-PRS transmission time based on the sidelink PRS receiving symbol 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
Study measurement report content for both the cases of sidelink positioning measurement reported to LMF and UE.

Agreement
For SL-PRS based Rx-Tx measurement for double sided RTT, consider sidelink PRS transmission without order restriction between multiple rounds of PRS transmission of involved UEs. 
· FFS on how to differentiate different PRS transmissions for sidelink PRS Rx-Tx measurement and report
· FFS on impact of Scheme 2 resource allocation when the different orders in double sided RTT is considered and whether and how to minimize number of different orders
· Aspects related to scheme 2 resource allocation are to be discussed in agenda 9.5.1.3

Agreement
Study the necessity and scenarios of including location information and quality information of the location of a UE in sidelink positioning measurement report, considering different measurements and different reporting targets (LMF and UE).

Agreement
Study the following candidates for identification information in sidelink positioning report, considering different measurements and different reporting targets (LMF and UE):
· SL-PRS resource ID/SL-PRS resource set ID if multiple resources/resource sets are configured to a UE
· FFS: whether SL-PRS resource set is supported
· Source ID and/or destination ID
· Other identification information not precluded

Agreement
LoS/NLoS indicator can be included in a sidelink positioning measurement report, considering different reporting targets (LMF and UE).
· LOS/NLOS indicator specified in Rel-17 positioning is reused as much as possible.
· No specification impact for how to set this indicator.
· From RAN1 perspective, no performance requirements are expected to be defined for setting indicator in Rel-18.

Agreement
Companies are encouraged to provide expected measurement report content in the following table to facilitate discussion in RAN1 #112bis-e.
Note: this does not imply a different measurement report content for reporting to LMF or to UE.
Table 6.2 Collection of measurement report content
	
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	
	

	SL-PRS based RSTD measurement
	
	

	SL-PRS based RSRP measurement
	
	

	SL-PRS based RSRPP measurement
	
	

	SL-PRS based RTOA measurement
	
	

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	
	

	etc
	
	






In this contribution, we discuss the solutions for SL positioning measurement and reporting.
2. SL positioning measurement & report
There were agreements in RAN1 #112 meeting on the definition of SL RTOA, and FFS points on how to select between SFN and DFN for SL RTOA reference time.
	Agreement
SL-PRS based RTOA TSL-RTOA is defined as the beginning time of SL subframe #i containing SL-PRS received from a UE, relative to the RTOA Reference Time. The SL RTOA reference time is defined as , where
· T0 is the nominal beginning time of SFN 0 or DFN0.
· FFS on how to select between SFN 0 or DFN 0 for determination of T0.
· FFS: the source for the reference timing
· tSL-PRS = (10nf + nsf) x 10-3tSRS=10nf+nsf×10-3, where nf and nsfnsf are the SFN or DFN and the subframe number of the SL-PRS, respectively
· FFS on how to select between SFN or DFN


The selection between SFN0 or DFN0 for T0 of SL RTOA reference time depends on whether the anchor UEs are synchronized to gNB/eNB or not. If the anchor UEs are directly synchronized to gNB/eNB, the synchronization timing of the anchor UEs is directly derived based on the DL SFN of gNB/eNB. As a result, DL SFN is the common timing source for the anchor UEs, and SFN0 timing can be a basis for T0.
Though SFN0 can be commonly used by the anchor UEs, the exact timing of SFN0 can be different among the anchor UEs. This is because the SSB timing received by the anchor UE is delayed by the distance between the anchor UE and gNB/eNB. To make the exactly aligned common timing between the anchor UEs, it is necessary to apply the timing advance (TA) that is used for UL transmission by the anchor UE. If SFN0 timing received by the anchor UE is advanced by TA, the resultant timing is identical to SFN0 timing of gNB/eNB. This timing can be used for T0
The same mechanism can also be applied for tSL-PRS. That is, the timing of SFN and the subframe number of the SL PRS can be advanced by TA so that they are common to all the anchor UEs. With these timing advance of SFN and the subframe number timing, all the anchor UEs come to have a synchronized reception timing reference. This operation can be supported by (pre-)configuration at least for the RRC connected UE.
Proposal 1: It is supported that at least when the anchor UEs are directly synchronized to gNB/eNB, SL RTOA  is determined as follows.
· T0 is the nominal beginning time of SFN0 - TA/2, where TA is the timing advance for UL transmission.
· tSL-PRS = (10nf + nsf) x 10-3tSRS=10nf+nsf×10-3, where nf and nsfnsf are the SFN and the subframe number of the SL-PRS respectively, which are determined based on SFN timing - TA/2.
· Applying TA for RTOA timing reference determination is (pre-)configured.
If the anchor UEs are directly synchronized to GNSS, the timing different between the anchor UEs are relatively small compare to the case where the anchor UEs are directly synchronized to gNB/eNB. This is because GNSS is much far from the anchor UEs than gNB/eNB, the distance difference between GNSS and the anchor UE will be very small among the different anchor UEs. In this case, T0 and tSL-PRS are DFN0 and DFN/subframe number, which are derived based on the GNSS timing.
Proposal 2: At least when anchor UEs are directly synchronized to GNSS, SL RTOA  is determined as follows.
· T0 is the nominal beginning time of DFN0.
· tSL-PRS = (10nf + nsf) x 10-3tSRS=10nf+nsf×10-3, where nf and nsfnsf are the DFN and the subframe number of the SL-PRS respectively.
There were discussions in RAN1#112 meeting on how to measure Rx-Tx time difference for SL RTT. The issue is that the existing Rx-Tx time difference definition in Uu link positioning may not work for SL positioning because the SL synchronization reference can be changed during RX and TX of SL PRS due to e.g. UE mobility.
	Agreement
For definition of SL-PRS based Rx-Tx measurement, downselect one of the following alternatives in RAN1# 112b to minimize the impact of UE reference timing offset and mobility
· Alt1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement
· Alt2: SL-PRS transmission time based on the sidelink PRS receiving symbol 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.


For SL RTT, If UE1 transmits the first SL PRS to UE2, and after receiving the 1st SL PRS, if UE2 transmits the 2nd SL PRS to UE1, FFS point from the previous agreement is about the case where the synchronization timing of UE2 changes after receiving the 1st SL PRS and before transmitting the 2nd SL PRS. In the existing Rx-Tx time difference defined for Uu link positioning, this issue was not considered into account, so Alt 3 may provide an inaccurate Rx-Tx time difference measurement in this case. Alt 1 requires much more signaling overhead that the legacy operation in Alt 3. The meaning of Alt 2 is not clear, so we need further clarification.
In our opinion, one of the solution is to keep the benefit of the reduced signaling overhead of Alt 3, while measuring the 2nd SL PRS transmission time based on the synchronization timing that was used for measuring the 1st SL PRS reception. By doing so, we can improve the legacy Rx-Tx time difference measurement to be adapted for SL positioning.
Proposal 3: The following definition is used for SL Rx-Tx time difference measurement by the UE that transmits the responding SL PRS in SL RTT.
	The responding UE SL Rx-Tx time difference is defined as TUE-RX - TUE-TX

Where:
TUE-RX is the UE received timing of the start of SL subframe #i received from a UE, defined by the first detected path in time.
TUE-TX is the UE transmit timing of the start of SL subframe #j that is closest in time to the subframe #i received from the UE, measured based on the synchronization timing that was used for measuring TUE-RX.


Considering the main use case of SL RTT is the relative positioning between two UEs, it is not only the issue of UE2’s measuring the 2nd SL PRS transmission time, but also the issue of UE1’s measuring the 2nd SL PRS reception time. SL synchronization timing of UE1 can also change after transmitting the 1st SL PRS and before receiving the 2nd SL PRS. UE1’s reporting of Rx-Tx time difference is necessary when LMF or Server UE entity calculates the location based on the measurement.
A similar approach can be used also for this case. To avoid the imperfect Rx-Tx time difference measurement by UE1 due to e.g. SL synchronization timing change, UE1 can measure the 2nd SL PRS reception time based on the synchronization timing that was used for measuring the 1st SL PRS transmission.
Proposal 4: The following definition is used for SL Rx-Tx time difference measurement by the UE that transmits the initiating SL PRS in SL RTT.
	The initiating UE SL Rx-Tx time difference is defined as TUE-RX - TUE-TX

Where:
TUE-TX is the UE transmit timing of the start of SL subframe #i transmitted to a UE.
TUE-RX is the UE received timing of the start of SL subframe #j, defined by the first detected path in time, that is closest in time to the subframe #i transmitted to the UE, measured based on the synchronization timing that was used for measuring TUE-TX.


Proposal 5: The above definitions are added as a new option for SL Rx-Tx time difference.
Similar issue arises in RSTD-based SL TDOA when SL PRSs from each anchor UEs are transmitted in different timings. The RSTD measurement defined in DL TDOA positioning is as follows.
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) j and the reference TP i, defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from TP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j.


For example, if the SL synchronization source of a target UE is changed after receiving SL PRS from the reference anchor UE and before receiving SL PRS from the target anchor UE, the legacy measurement will produce inaccurate RSTD measurement because there is a synchronization timing difference between two SL PRS measurements.
To resolve this issue, a similar solution as in SL RTT can be used also for RSTD-based SL TDOA. The measurement of the reference and target anchor UEs can be performed based on the same synchronization timing. The synchronization timing that was used for measuring the earlier SL PRS between two SL PRS receptions should be used for measuring the later SL PRS between two SL PRS receptions.
Proposal 6: The following definition is used for SL RSTD measurement for RSTD-based SL positioning.
	SL reference signal time difference (SL RSTD) is the SL relative timing difference between the anchor UE j and the reference anchor UE i, defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from UE j.
TSubframeRxi 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.
Both TSubframeRxj and TSubframeRxi are measured based on the same SL synchronization timing, which is the synchronization timing used for the measurement of the earlier SL PRS among SL PRS’s from UE i and UE j.


If such a change of the SL synchronization source is caused by UE mobility, it’s more than the issue of reporting the actual SL PRS transmission time. If UE1 or UE2 moves after SL PRS transmission or reception from the location A to the location B, the distance between two UEs changes. As a result, the positioning accuracy of SL RTT will be severely degraded. This issue was pointed out in our companion contribution [1]. If this issue needs to be resolved, the only solution is to report the displacement between SL PRS reception and transmission. This issue is valid regardless of the change of SL synchronization source.
Proposal 7: The displacement of UE between SL PRS transmission and reception is reported to the location calculation entity in SL RTT.
The payload of the measurement report is too large to be transmitted by physical layer signaling, so the higher layer signaling is thought to be more reasonable solution. If the measurement report are carried by the existing higher layer signaling, there are three options for the container of the measurement report in SL positioning. The first option is PC5-RRC, which requires a unicast connection between UEs. PC5-RRC is beneficial due to its secure connection, and can provide a large payload size for the measurement report. In SL positioning group, the measurement report of the anchor UEs can be transmitted to the target UE through the unicast communication.
The second option is PC5-S, which is defined in V2X layer and can be used for unicast and broadcast transmission. PC5-S is beneficial in that it can be used for broadcast as well, as compared to PC5-RRC. Secure transmission is also supported in PC5-S signaling.
The third option is SL MAC-CE, which has a benefit that it can be used for both unicast and groupcast connection. SL MAC-CE can also provide a sufficient amount of payload for the measurement report. One issue of using SL MAC-CE is that it may have some issues with the secure communication between UEs. As the location information belongs to the private information, PC5-RRC seems to be more appropriate container for the measurement report.
Proposal 8: SL measurement report is transmitted by the existing higher layer signaling (e.g. PC5-RRC, PC5-S or SL MAC CE).
	Agreement
Study the following candidates for identification information in sidelink positioning report, considering different measurements and different reporting targets (LMF and UE):
· SL-PRS resource ID/SL-PRS resource set ID if multiple resources/resource sets are configured to a UE
· FFS: whether SL-PRS resource set is supported
· Source ID and/or destination ID
· Other identification information not precluded


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.
Proposal 9: 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.
There was FFS point on whether the SL PRS resource set is supported. In Uu link positioning, the DL PRS resources within a DL PRS resource set are used for positioning measurement in each beam direction for FR2 positioning. As we agreed not to optimize SL positioning for FR2 in Rel.18, we don’t think it is necessary to define the concept of SL PRS resource set in Rel.18
Proposal 10: SL PRS resource set is not defined for SL positioning in Rel.18.
In a resource pool, SL PRS resources based on SL PRS resource configuration that are (pre)configured to be allowed in the resource pool. SL PRS resource configuration should include the basic comb pattern information such as comb size and the number of symbols of SL PRS. RE offset of the comb pattern should not be included in SL PRS resource configuration because RE offset is related to the detailed SL PRS resource location, which can be determined dynamically by UE based on sensing in SL positioning. Similar reasons apply to the parameter such as periodicity, time gap and offset, which were included in DL PRS resource configuration. Those parameters can be carried by SCI as the SL PRS resource reservation information, instead of (pre)configuration in a resource pool. SL PRS resource ID can represent a specific configuration of SL PRS resource.
Proposal 11: SL PRS resource configuration includes at least the followings.
· SL PRS resource ID
· Comb size of SL PRS resource
· Number of symbols of SL PRS resource
If the multiple SL PRS resources can be TDMed within a slot, the resolution of time stamp used for representing reception timing of SL PRS resource needs to be in a symbol level, rather than a subframe or a slot level. As a result, time stamp for SL positioning measurement report should include a frame number, a slot number, and a symbol number.
The frame number in time stamp can be based on DL reference timing or SL reference timing. If DL reference timing is used, SFN is included in time stamp. If SL reference timing is used, DFN is included in time stamp. Regarding the symbol number, as there will be only a possible number of SL PRS resources that can be TDMed in a slot, depending on the number of symbols of SL PRS resource, a symbol number can be replaced with a SL PRS resource index in a slot for overhead reduction. SL PRS resource index represents the order of the candidate SL PRS resource positions in a slot.
Proposal 12: Time stamp for SL positioning measurement report includes at least the followings.
· SFN/DFN
· Slot number
· Symbol number (or SL PRS resource index within a slot)
There was FFS point on whether or not to include the location and its quality information of a UE in SL measurement report. The location information and the relevant quality information of the anchor UE is necessary for absolute SL positioning. So it needs to be supported for absolute SL positioning.
Proposal 13: The anchor UE location and the relevant quality information are included in SL measurement report for absolute SL positioning.
Similar to DL TDOA measurement report, RSTD-based SL TDOA measurement report can include the information about the reference anchor UE with its SL PRS resource, and the associated anchor UE with its SL PRS resource for RSTD measurement. Those two anchor UEs can be represented by UE ID, or the associated SL PRS ID that is mapped to only one UE.
About the measurement value, a time stamp is used to indicate the timing of the received SL PRS resource of the associated anchor UE. For RSTD-based SL TDOA based positioning, RSTD between the reference SL PRS resource and the associated SL PRS resource is measured and reported. Similar to DL TDOA case, expected RSTD range and uncertainty can be included in the measurement report as additional information.
The resultant RSTD-based SL TDOA measurement report fields are listed in the following proposal.
Proposal 14: RSTD-based SL TDOA measurement report includes at least the followings.
· Reference SL PRS ID (or the reference anchor UE ID)
· Reference SL PRS resource ID
· SL PRS ID (or the associated anchor UE ID)
· SL PRS resource ID
· Time stamp of SL PRS resource
· Measured RSTD
· Expected RSTD and uncertainty
As discussed earlier, the RTOA reference time is determined based on the SL synchronization source. That is, SFN and subframe number are used when gNB/eNB is selected as SL synchronization source of the anchor UE. If GNSS is selected as SL synchronization source of the anchor UE, DFN and subframe number are used for defining RTOA reference time. It is beneficial to include the SL synchronization source in the RTOA-base SL TDOA measurement report.
Proposal 15: RTOA-based SL TDOA measurement report includes at least the followings.
· SL synchronization source (gNB/eNB or GNSS)
· SL PRS ID (or the associated anchor UE ID)
· SL PRS resource ID
· Time stamp of SL PRS resource
· Measured RTOA
· Expected RTOA and uncertainty
Similar to SL TDOA, the information about the received SL PRS resource needs to be included in the measurement report. They include the received SL PRS ID or the ID of UE that transmitted SL PRS, the received SL PRS resource ID and index.
As discussed above, some information about the identification of the transmitted SL PRS resource can help. For example, the transmitted SL PRS resource ID and index can be included in the measurement to avoid any ambiguity of timing. Another example is that RE index of the transmitted SL PRS resource can be included to indicate the TX beam index when the different TX beam transmission is based on the different RE index. This helps RX UE to exactly identify which beam needs to be used for proper reception, given the reception timing based on the RX-TX time difference. Which information can be included as the identification of the transmitted SL PRS resource needs further discussion.
The resultant SL single-sided RTT measurement report fields are listed in the following proposal.
Proposal 16: SL single-sided RTT measurement report includes at least the followings.
· Received SL PRS ID (or target/anchor UE ID)
· Received SL PRS resource ID
· Time stamp of the received SL PRS resource
· Measured RX-TX time difference
· Expected RX-TX time difference and uncertainty
There were FFS points regarding the details of double-sided SL RTT without SL PRS transmission order restriction. The following paragraphs treat these issue.
	Agreement
For SL-PRS based Rx-Tx measurement for double sided RTT, consider sidelink PRS transmission without order restriction between multiple rounds of PRS transmission of involved UEs. 
· FFS on how to differentiate different PRS transmissions for sidelink PRS Rx-Tx measurement and report
· FFS on impact of Scheme 2 resource allocation when the different orders in double sided RTT is considered and whether and how to minimize number of different orders
· Aspects related to scheme 2 resource allocation are to be discussed in agenda 9.5.1.3


The possible issue of double-side RTT for SL positioning is the fixed order of SL PRS transmissions (e.g. UE1 to UE2, then UE2 to UE1 followed by again UE1 to UE2). This fixed order makes the SL PRS resource allocation inflexible from the resource utilization point of view. Especially when UE determines the SL resources for SL PRS transmission, such an order may reduce the possible combinations of the available resources and enlarge the latency due to inflexible resource selection. Instead, more flexible order can be used to remove the issues discussed above.
For example, the only rule to be satisfied can be the asymmetric number of SL PRS transmissions between UEs. Either UE1 or UE2 can transmits two SL PRSs while the other UE transmits only one SL PRS. The order of the SL PRS transmissions are not fixed, so the SL PRS resources can be selected more flexibly considering the SL transmission channel status and the delay requirement. The example of SL PRS transmission order of the modified double-sided RTT are depicted in Figure 2 and Figure 3 while the original SL PRS transmission order is in Figure 1. This flexible way of SL PRS transmission for double-side RTT should keep the benefit of insensitivity to the clock offset, which is provided by the original double-side RTT.
[image: ]
[bookmark: _Ref115340606]Figure 1 SL PRS transmission of double-sided RTT (type-1)
[image: ]
[bookmark: _Ref115340571]Figure 2 SL PRS transmission of the modified double-sided RTT (type-2)
[image: ]
[bookmark: _Ref115340593]Figure 3 SL PRS transmission of the modified double-sided RTT (type-3)
We have simulated the three types of SL RTT shown in Figure 1 to Figure 3, to see whether there is any performance impact on robustness to the clock frequency offset depending on the order of SL PRS transmission. Figure 4 shows the positioning errors of the three type of SL RTT are almost identical and negligible. Therefore, the order of SL PRS transmissions can be changed without performance loss according to the channel state or UE transmission condition.
[image: ]
[bookmark: _Ref127532234]Figure 4 Performance of SL RTT with different SL PRS transmission order
Observation 1: The order of three SL PRS transmissions for the double-side RTT can be changed without any performance degradation.
Proposal 17: Double-sided SL RTT without SL PRS transmission order restriction is supported.
There are 2 types of double-sided(DS) SL RTT methods. The type 1 is the case where UE1 is a target UE and UE2 is an anchor UE in Figure 1 to Figure 3. In this type, a target UE transmits SL PRS two times while an anchor UE transmits SL PRS one time. The type 2 is the case where UE2 is a target UE and UE2 is an anchor UE in Figure 1 to Figure 3. In this type, a target UE transmits SL PRS one time while an anchor UE transmits SL PRS two times. Considering the network-based DS SL RTT operation, there is no signaling overhead difference between two types of DS SL RTT methods.
Observation 2: There are 2 types of double-sided SL RTT methods. In Type 1, a target UE transmits SL PRS two times while an anchor UE one time. In Type 2, an anchor UE transmits SL PRS two times while a target UE one time.
Regarding the order of SL PRS transmission, there are 3 types of SL PRS transmission order set for each DS SL RTT method, as shown in Figure 1 to Figure 3. For example of the type-1 DS SL RTT method, in type 1 SL PRS transmission order, the target UE and the anchor UE transmits and receives in turn, as shown in Figure 1. In type 2, the target UE first transmits SL PRS two times, then receives SL PRS one time from the anchor UE, as shown in Figure 2. In type 3, the target UE first transmits SL PRS one time, then receives SL PRS two times from the anchor UE, as shown in Figure 3.
Observation 3: There are 3 types of SL PRS transmission orders for each type of double-sided SL RTT method.
Observation 4: For LMF-based SL positioning, there is no difference in signaling overhead among the types of double-side SL RTT method and SL PRS transmission order set.
Those two kinds of type information – one for DS SL RTT method, and the other for SL PRS transmission order set – needs to be reported to the location calculation entity, so that it calculates the location with the proper set of SL PRS transmission resources.
Proposal 18: The measurement report of double-sided SL RTT includes the information on which type of double-sided SL RTT methods and which type of SL PRS transmission order are used.
Proposal 19: SL double-sided RTT measurement report includes at least the followings.
· Type of double-sided SL RTT method
· Type of SL PRS transmission order
· SL PRS ID (or target/anchor UE ID)
· Received SL PRS resource ID #1
· Time stamp of the received SL PRS resource #1
· If two SL PRS resources are received
· Received SL PRS resource ID #2
· Time stamp of the received SL PRS resource #2
· Measured RX-TX time difference #1
· Expected RX-TX time difference #1 and uncertainty
· Measured RX-TX time difference #2
· Expected RX-TX time difference #2 and uncertainty
Another issue in SL positioning is related to the use of multi-panel antenna. In V2X use case, it was reported that the use of the multiple panels mounted on different locations of a vehicle significantly improves the SL communication performance, by getting the diversity gain through the multiple panels [1-3]. If a multi-panel antenna is mounted on a vehicle, the positioning should be performed for each antenna panel so that the exact vehicle position can be accurately calculated based on the location estimation of all the antenna panels. If the vehicle position is estimated assuming co-located antenna as in the conventional Uu link positioning, the positioning accuracy will be degraded.
Observation 5: At least in V2X use case, a vehicle can use multiple panels to get the TX/RX diversity gain. To meet the high positioning accuracy, the measurement and report need to be performed for each panel location separately.
Proposal 20: SL positioning supports per-panel location measurement if UE uses multiple panels.
In multi-panel based SL positioning, if UE reports measurement to the position calculation entity, the measurement report should include the information about each panel. The possible panel information includes the panel ID and the location information of each panel. The location information may include the relative distance between each panel and the relative direction between each panel. The position calculation entity can estimate the UE positioning by considering both measurements and the panel information.
Proposal 21: Panel ID and each panel’s location information are included in the measurement report for multi-panel-based SL positioning.
3. Conclusions
In this contribution, the solutions for SL positioning measurement and reporting were discussed. The following proposals were made as a conclusion.
Proposal 1: It is supported that at least when the anchor UEs are directly synchronized to gNB/eNB, SL RTOA  is determined as follows.
· T0 is the nominal beginning time of SFN0 - TA/2, where TA is the timing advance for UL transmission.
· tSL-PRS = (10nf + nsf) x 10-3tSRS=10nf+nsf×10-3, where nf and nsfnsf are the SFN and the subframe number of the SL-PRS respectively, which are determined based on SFN timing - TA/2.
· Applying TA for RTOA timing reference determination is (pre-)configured.
Proposal 2: At least when anchor UEs are directly synchronized to GNSS, SL RTOA  is determined as follows.
· T0 is the nominal beginning time of DFN0.
· tSL-PRS = (10nf + nsf) x 10-3tSRS=10nf+nsf×10-3, where nf and nsfnsf are the DFN and the subframe number of the SL-PRS respectively.
Proposal 3: The following definition is used for SL Rx-Tx time difference measurement by the UE that transmits the responding SL PRS in SL RTT.
	The responding UE SL Rx-Tx time difference is defined as TUE-RX - TUE-TX

Where:
TUE-RX is the UE received timing of the start of SL subframe #i received from a UE, defined by the first detected path in time.
TUE-TX is the UE transmit timing of the start of SL subframe #j that is closest in time to the subframe #i received from the UE, measured based on the synchronization timing that was used for measuring TUE-RX.


Proposal 4: The following definition is used for SL Rx-Tx time difference measurement by the UE that transmits the initiating SL PRS in SL RTT.
	The initiating UE SL Rx-Tx time difference is defined as TUE-RX - TUE-TX

Where:
TUE-TX is the UE transmit timing of the start of SL subframe #i transmitted to a UE.
TUE-RX is the UE received timing of the start of SL subframe #j, defined by the first detected path in time, that is closest in time to the subframe #i transmitted to the UE, measured based on the synchronization timing that was used for measuring TUE-TX.


Proposal 5: The above definitions are added as a new option for SL Rx-Tx time difference.
Proposal 6: The following definition is used for SL RSTD measurement for RSTD-based SL positioning.
	SL reference signal time difference (SL RSTD) is the SL relative timing difference between the anchor UE j and the reference anchor UE i, defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from UE j.
TSubframeRxi 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.
Both TSubframeRxj and TSubframeRxi are measured based on the same SL synchronization timing, which is the synchronization timing used for the measurement of the earlier SL PRS among SL PRS’s from UE i and UE j.


Proposal 7: The displacement of UE between SL PRS transmission and reception is reported to the location calculation entity in SL RTT.
Proposal 8: SL measurement report is transmitted by the existing higher layer signaling (e.g. PC5-RRC, PC5-S or SL MAC CE).
Proposal 9: 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 10: SL PRS resource set is not defined for SL positioning in Rel.18.
Proposal 11: SL PRS resource configuration includes at least the followings.
· SL PRS resource ID
· Comb size of SL PRS resource
· Number of symbols of SL PRS resource
Proposal 12: Time stamp for SL positioning measurement report includes at least the followings.
· SFN/DFN
· Slot number
· Symbol number (or SL PRS resource index within a slot)
Proposal 13: The anchor UE location and the relevant quality information are included in SL measurement report for absolute SL positioning.
Proposal 14: RSTD-based SL TDOA measurement report includes at least the followings.
· Reference SL PRS ID (or the reference anchor UE ID)
· Reference SL PRS resource ID
· SL PRS ID (or the associated anchor UE ID)
· SL PRS resource ID
· Time stamp of SL PRS resource
· Measured RSTD
· Expected RSTD and uncertainty
Proposal 15: RTOA-based SL TDOA measurement report includes at least the followings.
· SL synchronization source (gNB/eNB or GNSS)
· SL PRS ID (or the associated anchor UE ID)
· SL PRS resource ID
· Time stamp of SL PRS resource
· Measured RTOA
· Expected RTOA and uncertainty
Proposal 16: SL single-sided RTT measurement report includes at least the followings.
· Received SL PRS ID (or target/anchor UE ID)
· Received SL PRS resource ID
· Time stamp of the received SL PRS resource
· Measured RX-TX time difference
· Expected RX-TX time difference and uncertainty
Observation 1: The order of three SL PRS transmissions for the double-side RTT can be changed without any performance degradation.
Proposal 17: Double-sided SL RTT without SL PRS transmission order restriction is supported.
Observation 2: There are 2 types of double-sided SL RTT methods. In Type 1, a target UE transmits SL PRS two times while an anchor UE one time. In Type 2, an anchor UE transmits SL PRS two times while a target UE one time.
Observation 3: There are 3 types of SL PRS transmission orders for each type of double-sided SL RTT method.
Observation 4: For LMF-based SL positioning, there is no difference in signaling overhead among the types of double-side SL RTT method and SL PRS transmission order set.
Proposal 18: The measurement report of double-sided SL RTT includes the information on which type of double-sided SL RTT methods and which type of SL PRS transmission order are used.
Proposal 19: SL double-sided RTT measurement report includes at least the followings.
· Type of double-sided SL RTT method
· Type of SL PRS transmission order
· SL PRS ID (or target/anchor UE ID)
· Received SL PRS resource ID #1
· Time stamp of the received SL PRS resource #1
· If two SL PRS resources are received
· Received SL PRS resource ID #2
· Time stamp of the received SL PRS resource #2
· Measured RX-TX time difference #1
· Expected RX-TX time difference #1 and uncertainty
· Measured RX-TX time difference #2
· Expected RX-TX time difference #2 and uncertainty
Observation 5: At least in V2X use case, a vehicle can use multiple panels to get the TX/RX diversity gain. To meet the high positioning accuracy, the measurement and report need to be performed for each panel location separately.
Proposal 20: SL positioning supports per-panel location measurement if UE uses multiple panels.
Proposal 21: Panel ID and each panel’s location information are included in the measurement report for multi-panel-based SL positioning.
4. References
[1] 3GPP R1-2302928 “Discussion on resource allocation for SL positioning reference signal,” LGE
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