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1. Introduction
The following agreements on the potential solutions for SL positioning measurement were made in Rel.18 study item phase on SL positioning agenda.
	Agreement
With regards to the Sidelink Positioning measurement report,
· Study the contents of the measurement report  (e.g. time stamp(s), quality metric(s), ID(s), angular/timing/power measurements, etc)
· Study the time domain behavior of the measurement report (e.g. one-shot, triggered, aperiodic, semi-persistent, periodic)
· FFS whether the Sidelink Positioning measurement can be a high-layer report and/or a lower layer report.

Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above

Agreement
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements are considered:
· SL Rx-Tx measurement
· SL RSTD measurement
· SL RSRP measurement
· SL RSRPP measurement 
· SL RTOA measurement
· SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
· Companies are encouraged to study other measurements (e.g., time difference of arrival of 2 SL-PRS transmitted at 2 different times from the same anchor) and provide their analysis into why they are needed in light of the above measurements. 
· Companies are encouraged to study potential enhancements, such as SL Rx-Tx measurement not being reported but the transmit time of SL-PRS being adjusted based on the measurement
· FFS any additional measurements

Agreement
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements should be introduced:
· 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



In this contribution, we discuss the solutions for SL positioning measurement and reporting.
2. SL positioning measurement & report
In SL positioning, the measurement can be reported to UE, depending on the scenario. The UE that receives the measurement report can be a target UE that initiates SL positioning, or a server UE that has capability of calculating location based on the measurement. If the location is calculated by LMF as in Uu link positioning, the existing LPP or a new SLPP can be used for the measurement report.
Proposal 1: If a UE calculates a location for SL positioning, the measurement from other UEs can be reported to the UE through SL communication.
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 2: SL measurement report is transmitted by the existing higher layer signaling (e.g. PC5-RRC, PC5-S or SL MAC CE).
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 3: 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.
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 4: 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 5: 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)
Similar to DL TDOA measurement report, 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 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 SL TDOA measurement report fields are listed in the following proposal.
Proposal 6: SL TDOA measurement report includes at least the followings.
· Reference SL PRS ID (or the reference anchor UE ID)
· Reference SL PRS resource ID
· Reference SL PRS resource index
· SL PRS ID (or the associated anchor UE ID)
· SL PRS resource ID
· SL PRS resource index
· Time stamp associated with the received SL PRS resource
· Measured RSTD
· Expected RSTD and uncertainty
In SL positioning, the timings of UEs are not exactly aligned each other because of the different distance from the synchronization reference entity (e.g. gNB or other UE). So the timing interpretation between TX-UE and RX-UE can be different. In addition, TX-UE can transmit the multiple SL PRSs and RX UE corresponding can receive the multiple SL PRSs. In SL RTT positioning, UE-2 can select one of the SL PRSs received from UE-1 as the 1st SL PRS resource, and select one of the SL PRSs to be transmitted to UE-1 as the 2nd SL PRS resource for SL RTT positioning. Taking all these points into consideration, if UE-2 reports the measurement to UE-1, the explicit indication of the 2nd SL PRS resource in the measurement report would help UE-1 to avoid any ambiguity interpreting the timing of the 2nd SL PRS resource.
Proposal 7: For SL RTT, the measurement report includes the identification of the received and transmitted SL PRS resources associated with RX-TX time difference measurement.
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 8: 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
· Received SL PRS resource index
· Time stamp associated with the received SL PRS resource
· Identification of the transmitted SL PRS resource
· Measured RX-TX time difference
· Expected RX-TX time difference and uncertainty
The possible issue of double-side RTT for SL positioning is the fixed order of SL PRS transmissions (e.g. UE-A to UE-B, then UE-B to UE-A followed by again UE-A to UE-B). 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 UE-A or UE-B can send two SL PRSs while the other sends 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.
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[bookmark: _Ref115340606]Figure 1 SL PRS transmission of double-sided RTT (type-1)
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[bookmark: _Ref115340571]Figure 2 SL PRS transmission of the modified double-sided RTT (type-2)
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[bookmark: _Ref115340593]Figure 3 SL PRS transmission of the modified double-sided RTT (type-3)
Proposal 9: For double-sided SL RTT, the order of SL PRS transmission/reception are selected by UE that transmits SL PRS.
· FFS the criteria for the order selection
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.
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[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.
As the order of the SL PRS transmissions in double-side RTT can be dynamically determined based on the channel status, the associated measurement report should include the type of the double-side RTT so that the corresponding location calculation can be performed.
Proposal 10: For double-sided SL RTT, the measurement report includes the information about the selected SL PRS transmission/reception order.
In addition to the SL PRS transmission order, the type of UE in SL double-sided RTT needs to be reported in the measurement report. For example in Figure 1, UE-1 transmits 2 SL PRS resources and receives 1 SL PRS resource, while UE-2 transmits 1 SL PRS resource and receives 2 SL PRS resources. Depending on which UE reports the measurements, the content of the measurement report can be different. Therefore, the type of UE (UE-1 or UE-2 in the above example) in SL double-sided RTT needs to be included in the measurement report.
There could be two time stamps for the reception of two SL PRS resources, depending on the type of UE (UE-2 in the above example). But if one reception timing is reported, the other reception timing can be calculated based on the reported two RX-TX time differences and the type of SL PRS transmission order information. Therefore, only one time stamp needs to be reported.
The resultant SL double-sided RTT measurement report fields are listed in the following proposal.
Proposal 11: SL double-sided RTT measurement report includes at least the followings.
· Type of SL PRS transmission/reception order
· Type of UE for SL double-sided RTT
· SL PRS ID (or target/anchor UE ID)
· Transmitted(or received) SL PRS resource information #1
· Received(or transmitted) SL PRS resource information
· Transmitted(or received) SL PRS resource information #2
· Time stamp associated with the first received SL PRS #1
· 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 2: 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 12: 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 13: 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: If a UE calculates a location for SL positioning, the measurement from other UEs can be reported to the UE through SL communication.
Proposal 2: SL measurement report is transmitted by the existing higher layer signaling (e.g. PC5-RRC, PC5-S or SL MAC CE).
Proposal 3: 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 4: 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 5: 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 6: SL TDOA measurement report includes at least the followings.
· Reference SL PRS ID (or the reference anchor UE ID)
· Reference SL PRS resource ID
· Reference SL PRS resource index
· SL PRS ID (or the associated anchor UE ID)
· SL PRS resource ID
· SL PRS resource index
· Time stamp associated with the received SL PRS resource
· Measured RSTD
· Expected RSTD and uncertainty
Proposal 7: For SL RTT, the measurement report includes the identification of the received and transmitted SL PRS resources associated with RX-TX time difference measurement.
Proposal 8: 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
· Received SL PRS resource index
· Time stamp associated with the received SL PRS resource
· Identification of the transmitted SL PRS resource
· Measured RX-TX time difference
· Expected RX-TX time difference and uncertainty
Proposal 9: For double-sided SL RTT, the order of SL PRS transmission/reception are selected by UE that transmits SL PRS.
· FFS the criteria for the order selection
Observation 1: The order of three SL PRS transmissions for the double-side RTT can be changed without any performance degradation.
Proposal 10: For double-sided SL RTT, the measurement report includes the information about the selected SL PRS transmission/reception order.
Proposal 11: SL double-sided RTT measurement report includes at least the followings.
· Type of SL PRS transmission/reception order
· Type of UE for SL double-sided RTT
· SL PRS ID (or target/anchor UE ID)
· Transmitted(or received) SL PRS resource information #1
· Received(or transmitted) SL PRS resource information
· Transmitted(or received) SL PRS resource information #2
· Time stamp associated with the first received SL PRS #1
· 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 2: 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 12: SL positioning supports per-panel location measurement if UE uses multiple panels.
Proposal 13: Panel ID and each panel’s location information are included in the measurement report for multi-panel-based SL positioning.
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