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Introduction
A work item has been agreed for positioning in RAN #98-e with the following objective for sidelink positioning [1]:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In this contribution, we discuss sidelink positioning measurements and associated signaling.
Specifying Unified or Separate Methods
RAN1 has left the issue of whether SL positioning methods are separate methods or one unified positioning method. In our view, specification as separate method provides more flexibility and forward compatibility. In sidelink, UEs can have a long lifetime, e.g. automobiles, and it is necessary to ensure that old devices and new devices can exist together in the same resource pool. The requirement for devices to operate in out of coverage scenarios means that per-UE configuration can be used to update the configuration for different UEs either.
Under those circumstances, it becomes infeasible to change the unified report format to accommodate new measurements or methods without impacting compatibility between devices supporting different releases. 
[bookmark: _Toc131757460]Observation 1: A unified positioning method is limited in terms of forward compatibility and its ability to support devices implementing different releases.
By specifying the positioning methods separately, new methods and associated measurements can be introduced in future releases without impacting existing methods. Consequently, it is simple to support a mix of releases and device generations in the same resource pool: UEs can discard reports and requests for unsupported or unknown methods. Given, their forward compatibility, we propose to have separate sidelink positioning methods specified.
[bookmark: _Toc131757463]Proposal 1: Separate methods are specified for sidelink positioning.
Reporting Type
During the sidelink positioning study phase, RAN1 agreed to consider the time-domain behavior of the measurement report and the layer used to report it [2]:
	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.



A measurement report requires significant computations on the UE side and the measuring process itself has processing time that is comparable or longer than that required to process lower layer signals. Furthermore, the final destination of the report is higher layers. Hence, the low latency of lower layer triggering and signaling will not results in noticeable delay gains, which could be also masked by resource selection latency. On the other hand, lower layer signaling lacks security features present in higher-layer signaling and could limit forward compatibility and introduction of new features due to backward compatibility constraints arising from coexistence of UE supporting different releases in the same resource pool. Hence, we propose to have measurement report triggering be done by higher layers and to have the measurements reported in a higher-layer report. A higher-layer report would be transmitted as any other sidelink data in a resource pool that support sidelink communications and would use existing sidelink procedures.
[bookmark: _Toc131757464]Proposal 2: Measurement report is a higher-layer report in a resource pool that support sidelink communications.
[bookmark: _Toc131757465]Proposal 3: Measurement report is triggered by higher layers.
Similar to triggering, deactivation can also be by higher layers, enabling support for periodic/semi-persistent transmission of measurement reports, while minimizing control overhead. In some scenarios, it is desirable to have a single measurement report, e.g. for stationary objects. Here, supporting one-shot report triggering would be more efficient than activating, then deactivating, reporting. Both one-short (aperiodic) and periodic (semi-persistent) reporting are beneficial and we propose to support both.
[bookmark: _Toc131757466]Proposal 4: One-shot (aperiodic) and periodic (semi-persistent) reports are supported.
[bookmark: _Toc131757467]Proposal 5: Higher layers can deactivate a periodic (semi-persistent) reporting process.
Reported Measurements
RAN1 agreed to introduce a number of measurements for sidelink positioning and to consider reporting additional elements [2][3]:
	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

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



In this section, we discuss details of the measurements.
1 
2 
3 
4 
RSRP Measurements
RAN1 agreed on definitions for SL PRS-RSRP and SL PRS-RSRP:
	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.


These definitions include the reference point for FR1, but not FR2. The latter was discussed, but not agreed in RAN1 #112. In our view, defining a reference point for the FR2 measurement is consistent with the WID, since not defining these reference points leaves SL positioning on FR2 unsupported, counter to the WID. Hence, we propose to reuse the reference point definition from DL-PRS:
[bookmark: _Toc131757468]Proposal 6: For SL PRS-RSRP measurement and for frequency range 2, SL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 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
[bookmark: _Toc131757469]Proposal 7 For SL PRS-RSRP measurement and for frequency range 2, SL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. If receiver diversity is in use by the UE for SL PRS-RSRPP measurements, the reported SL PRS-RSRPP value shall be provided for the same receiver branch(es) as applied for SL PRS-RSRP measurements
Time Measurements
Rx-Tx time difference measurement is required for RTT calculations, and one question is whether the transmit time used in the calculation is the actual transmission time or the closest subframe time. RAN1 listed three alternatives to consider:
	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.



In Uu, the Rx-Tx time difference is defined using the time of the subframe closest in time to the subframe in which PRS is received. In sidelink, a more robust solution is needed due to high UE mobility in some application, changes in synchronization reference between Rx and Tx, and changes in TA and differences in its value between UEs when uplink timing is used. Using the actual transmission time addresses these issues without increasing signaling or procedure complexity.
[bookmark: _Toc131757461]Observation 2: Using time of the subframe closest in time to the subframe in which SL-PRS is received would increase measurement uncertainty due to UE mobility, differences and changes in synchronization sources, and differences and changes in TA.
[bookmark: _Toc131757470]Proposal 8: Actual SL-PRS transmission time is used for the definition of the UE SL Rx-Tx time difference measurement (i.e. Alt 1).
RAN1 agreed to define the RTOA measurement as the beginning of the subframe containing the received SL-PRS relative to a 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


Similar to sidelink synchronization, a selection between SFN and DFN is needed. The same approach can be used, i.e. when the UE uses DFN according to the synchronization procedure, it uses DFN for calculating RTOA; and when the UE uses SFN according to the synchronization procedure, it uses SFN for calculating RTOA.
[bookmark: _Toc131757471]Proposal 9: DFN is used for RTOA calculation when the UE would use DFN for sidelink communications.
[bookmark: _Toc131757472]Proposal 10: SFN is used for RTOA calculation when the UE would use SFN for sidelink communications.
When double-sided RTT transmissions without order are supported, per the RAN1 agreement, it is important to differentiate the different SL-PRS transmissions for measurements and reports. This can be achieved using an SCI accompanying the SL-PRS.
[bookmark: _Toc131757462]Observation 3: The SCI accompanying SL-PRS can be used to distinguish the different SL-PRS transmissions in double-sided RTT without order restriction.
Angular Measurements
An angle of arrival can be provided in a global coordinate system (GCS) or a local coordinate system (LCS). Both systems are useful and relevant to different scenarios. For example, GCS can be used for absolute positioning. LCS is applicable to relative positioning scenarios, even without translation of the LCS to GCS. For example, if a vehicle determines that it is 0 degrees away from another vehicle’s direction of travel, it can deduce that a collision is likely and take proper action to avoid it. In our view, it is not necessary to discuss scenarios or services when AoA/ZoA can be reported using LCS without translation to GCS. However, reporting the conversion parameters, if available and when necessary, can be discussed.
[bookmark: _Toc131757473]Proposal 11: RAN1 to study reporting parameters needed for converting LCS to GCS, if conversion is necessary and when the required parameters are available.
Report Content
In addition, to measurement, it is necessary for the report to contain identification information for the resource pool where SL-PRS is received, in addition to any source, destination, and session identifiers. Other than identification, the report should contain the measurement(s), and quality metrics as in the SI agreement.
[bookmark: _Toc131757474]Proposal 12: The measurement report contains the measurement, information to identify the resource pool where SL-PRS was received, source ID, destination ID, session ID, and quality metrics.
Synchronization errors among anchor UEs is an issue that affects TDoA positioning in general. This was noted in the RAN1 agreement defining SL-TDoA and an observation:
	Agreement
With regards to SL-TDOA positioning method for SL-only positioning,
· It corresponds to a method where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation) at least for the purpose of absolute positioning estimation of the target UE
· Study the detailed procedure, necessary signalling for SL-TDOA, method(s) to mitigate impact of synchronization error between multiple anchor UEs including whether such method(s) are needed.
Observation
SL absolute positioning performance may be degraded due to uncertainty in the anchor UEs’ location coordinates and synchronization error (for SL-TDOA) between anchor UEs.


 
The same issue was also identified for Uu TDoA positioning, where no solution was specified. We propose to also apply the same to sidelink. For sidelink positioning, TDoA could be deployed in many different scenarios, e.g. anchors are RSUs connected by a wired link, anchors are RSUs connected wirelessly via sidelink or a network, anchors are in a factory, … Given the large number of different scenarios, it is preferrable to leave methods of mitigating synchronization error up to deployment. Synchronization quality metrics could be reported if helpful.
[bookmark: _Toc131757475]Proposal 13: Methods to mitigate impact of synchronization error between multiple anchor UEs are not specified and are left up to deployment. FFS whether a synchronization quality metric is reported.
It is possible to have the report content tailored based on whether the report is sent to an LMF or to UE. However, such micro-optimization is unnecessary and could be limiting in practice. First, it is not clear how a distinction is made regarding whether an element should be reported to LMF or UE but not the other, requiring significant discussion. Second, this could limit the system. For example, if additional functionality is introduced to the LMF or the UE that enabled it to use a previously unusable element, a system where the same content is used when reporting measurements to LMF or to UE would be immediately able to utilize this functionality without additional changes. However, a system where the reported content is different, would require specification changes to introduce the missing content first. We therefore propose to have the same report content for both reporting to LMF and to UE.
[bookmark: _Toc131757476]Proposal 14: The same measurement report content is used for both reporting to LMF and reporting to UE and contains at least the following: 
	
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	Yes
	Yes

	SL-PRS based RSTD measurement
	Yes
	Yes

	SL-PRS based RSRP measurement
	Yes
	Yes

	SL-PRS based RSRPP measurement
	Yes
	Yes

	SL-PRS based RTOA measurement
	Yes
	Yes

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

	SL-PRS Timestamp
	Yes
	Yes

	Identification information
	Yes
	Yes



Conclusions
Observation 1: A unified positioning method is limited in terms of forward compatibility and its ability to support devices implementing different releases.
Observation 2: Using time of the subframe closest in time to the subframe in which SL-PRS is received would increase measurement uncertainty due to UE mobility, differences and changes in synchronization sources, and differences and changes in TA.
Observation 3: The SCI accompanying SL-PRS can be used to distinguish the different SL-PRS transmissions in double-sided RTT without order restriction.

Proposal 1: Separate methods are specified for sidelink positioning.
Proposal 2: Measurement report is a higher-layer report in a resource pool that support sidelink communications.
Proposal 3: Measurement report is triggered by higher layers.
Proposal 4: One-shot (aperiodic) and periodic (semi-persistent) reports are supported.
Proposal 5: Higher layers can deactivate a periodic (semi-persistent) reporting process.
Proposal 6: For SL PRS-RSRP measurement and for frequency range 2, SL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 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
Proposal 7 For SL PRS-RSRP measurement and for frequency range 2, SL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. If receiver diversity is in use by the UE for SL PRS-RSRPP measurements, the reported SL PRS-RSRPP value shall be provided for the same receiver branch(es) as applied for SL PRS-RSRP measurements
Proposal 8: Actual SL-PRS transmission time is used for the definition of the UE SL Rx-Tx time difference measurement (i.e. Alt 1).
Proposal 9: DFN is used for RTOA calculation when the UE would use DFN for sidelink communications.
Proposal 10: SFN is used for RTOA calculation when the UE would use SFN for sidelink communications.
Proposal 11: RAN1 to study reporting parameters needed for converting LCS to GCS, if conversion is necessary and when the required parameters are available.
Proposal 12: The measurement report contains the measurement, information to identify the resource pool where SL-PRS was received, source ID, destination ID, session ID, and quality metrics.
Proposal 13: Methods to mitigate impact of synchronization error between multiple anchor UEs are not specified and are left up to deployment. FFS whether a synchronization quality metric is reported.
Proposal 14: The same measurement report content is used for both reporting to LMF and reporting to UE and contains at least the following:

	
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	Yes
	Yes

	SL-PRS based RSTD measurement
	Yes
	Yes

	SL-PRS based RSRP measurement
	Yes
	Yes

	SL-PRS based RSRPP measurement
	Yes
	Yes

	SL-PRS based RTOA measurement
	Yes
	Yes

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

	SL-PRS Timestamp
	Yes
	Yes

	Identification information
	Yes
	Yes
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