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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To support sidelink positioning and ranging, the following objectives were identified:
	· 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 further provide our views on measurements and reporting to support RTT-type solutions using SL, SL-AoA, and SL-TDOA, based on the outcomes of previous RAN1 meetings [2].

Sidelink positioning measurements
[bookmark: _Ref31533076]2.1 SL PRS-based RSTD measurement
In NR R16/17 positioning, UE DL RSTD measurement was defined to support DL-TDOA positioning method, of which the definition in TS 38.215 is provided as follows:
	Definition
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) [18] 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.

Multiple DL PRS resources can be used to determine the start of one subframe from a TP.

For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



2.1.1 Necessity of DL-SL RSTD measurement
During the study item, joint Uu- and PC5-based positioning was recommended for normative work and this objective was included in the WID. To consider such scenario, we would like to first clarify whether DL-SL RSTD considering the time difference of a DL PRS and a SL PRS is included or not. 
Observation 1: Whether DL-SL RSTD considering the time difference of a DL PRS and a SL PRS for joint Uu- and PC5-based positioning should be clarified.
In our views, if DL-SL RSTD measurement considering the time difference of a DL PRS and a SL PRS is included in the scope, further enhancements may be introduced for legacy LPP signalling. For example, as shown in below, considering the in-coverage or partial coverage scenarios where joint Uu- and PC5-based positioning is used, if a UE determines the anchor UE and/or the SL PRS resource as the reference for the RSTD measurement, the corresponding measurement reporting should be enhanced. To limit the workload of the normative work, our preference is to de-prioritize this case. 


Figure 1: Illustration of SL RSTD measurement with time difference of a DL PRS and a SL PRS.
Proposal 1: DL-SL RSTD measurement considering time difference of a DL PRS and a SL PRS for joint Uu- and PC5-based positioning is de-prioritized.

2.1.2 Definition of SL PRS-based RSTD measurement
During the last meeting, the following agreement was reached for the definition of SL PRS-based RSTD measurement:
	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



During the discussion, some companies raised a point to consider the impact of synchronization timing change, as discussed in Section 2.3 regarding the debate of Alt. 1 and Alt. 3 on the definition of SL PRS-based Rx-Tx time difference, no measurement requirement is defined for UE’s movement during UE performing measurements and we don’t think it should be taken into account in the definition.
Proposal 2: Do not consider UE mobility and synchronization timing change in the definition of SL RSTD.

2.1.3 Reference UE/reference SL PRS
In NR positioning, a UE can be indicated by the network the reference information for DL RSTD measurements. The reference information may include TRP ID, DL PRS resource set ID, or one or more DL PRS resource ID. Meanwhile, the UE may use different TRP, DL PRS resource or resource set to determine the DL RSTD measurement. In NR positioning, as the network is able to obtain some priori information of the UE location or UE measurements, it can determine a “best” TRP/DL PRS resource set/DL PRS resource as the reference to perform measurement. 
In sidelink positioning, however, as it is applicable in out-of-coverage scenarios, whether and how the reference anchor UE/SL PRS resources is (pre-)configured should be discussed, and this issue is also related to who and how the SL PRS configuration is provided to the target UE. To our understanding, the most straightforward solution is to let UE determine the reference anchor UE and/or SL PRS resource by itself and carry the corresponding information in measurement reporting.
Proposal 3: For sidelink positioning, whether and how the reference anchor UE/SL PRS resources is (pre-)configured should be discussed.
Proposal 4: The UE can determine the reference anchor UE and/or SL PRS resource by itself and carry the corresponding information in the measurement reporting.

2.1.4 RSTD search window
In NR positioning, RSTD search window per neighbouring TRP is provided to target UE in the assistance data based on expectedRSTD and expectedRSTD-Uncertainty. The RSTD search window is predicted by LMF based on a priori UE location by, e.g., applying E-CID positioning method. By providing the RSTD search window, it assists the target UE to locate and monitor a PRS from neighbouring TRPs. 
In sidelink positioning, as the communication range between two UEs via sidelink is limited, e.g., several hundred meters. In our views, it seems not necessary to define RSTD search window for a target UE to receive SL PRS from anchor UEs. On the other hand, in NR positioning, LMF is the entity and has priori information to provide the RSTD search window. In sidelink positioning, however, it is not clear who and how to provide the RSTD search window.
Observation 2: As the communication range between two UEs via sidelink is limited, it seems not necessary to define RSTD search window for a target UE to receive SL PRS from anchor UEs.
Observation 3: In sidelink positioning, it is not clear who and how to provide the RSTD search window.
Proposal 5: RSTD search window is not required to be configured/provided to the UE.


2.2 Synchronization for SL-TDOA methods
During RAN1#112 meeting, the issue on whether/how to mitigate the synchronization errors for SL-TDOA methods were discussed, no consensus was reached unfortunately. The latest intermediate proposal is as follows:
	[ROUND3][High] FL proposal 3.2.3-v1: 
Study whether and how to mitigate impact of synchronization errors between anchor UEs for TDoA measurement, considering the following alternatives:
· Alt1: indication/reporting of e.g., synchronization source type, synchronization error or quality of synchronization information 
· Alt2: SL-PRS transmission between anchor UEs
· Alt3: (pre-)configuration and capability report of the clock source’s accuracy requirement/threshold. If a UE does not satisfy the requirement, it does not participate in the positioning.
· Others are not precluded


Some companies argued that no specification impact is required to mitigate the impact of synchronization errors, and it should be up to UE implementation to solve the issue. Note that in NR positioning, RTD information has been defined to provide time synchronization information between a reference TRP and a list of neighbour TRPs, which helps mitigate the network synchronization errors. In this sense, it is weird that the same issue is resolved with specification impact in NR positioning while up to UE implementation in sidelink positioning. 
In sidelink positioning, as a UE can select GNSS, a cell, or a reference UE as its synchronization source and to obtain the DL timing and TDD pattern, therefore, different anchor UEs to support SL TDOA positioning may have different DFN or SFN initialization time. One straightforward solution is to indicate anchor UEs by higher layer to synchronize to the same synchronization source, e.g., GNSS. It should be noted that except the synchronization source is GNSS, even if the anchor UEs can synchronize to the same cell or same reference UE, the synchronization between anchor UEs can still be different due to the near-far effect. For the scenarios where anchor UEs are NW in-coverage (e.g., RSUs deployed by operators in V2X use case), the synchronization source can be indicated as a cell, and the cell can further adjust the timing of each anchor UE based on TA to mitigate the synchronization errors caused by near-far effect, as shown in the following figure. For the scenarios where anchor UEs are NW out-of-coverage, and in case that GNSS is not reliable, the synchronization errors can be further mitigated by SL PRS transmissions between anchor UEs. The anchor UE can then estimate and compensate the synchronization errors.


Figure 2 Illustration of TDOA for RSU-reference case
Proposal 6: The following can be considered to mitigate the impact of synchronization errors between the anchor UEs for SL TDOA measurements:
· Alt. 1: Indication of synchronization source (e.g., GNSS), and timing adjustment information for in-coverage anchor UEs.
· Alt. 2: SL PRS transmission between anchor UEs to estimate and compensate the synchronization errors for out-of-coverage anchor UEs.

2.4 SL PRS-based Rx-Tx time difference measurement
To support RTT-type solutions using SL, SL Rx-Tx time difference measurement was also agreed to be defined during the normative work. In RAN1#112 meeting, the following agreement on the definition of SL PRS-based Rx-Tx time difference measurement was made:
	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.


The main controversial part of the SL-PRS based Rx-Tx time difference measurement is whether to follow the gNB/UE Rx-Tx time difference measurement to use the nominal transmission timing of UL subframe, or to use the actual transmission timing of SL PRS. During the discussion in the last RAN1 meeting, understandings of Alt. 1 and Alt, 3 and their pros and cons were intensively discussed, and it was agreed to make further down-selection in the next meeting:
	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


Alt. 1 of using actual transmission time has been intensively discussed in Rel-17 to mitigate the UE Tx timing errors; however, no consensus was reached. In sidelink positioning, proponents of Alt. 1 stated that this definition is more robust against high UE mobility and potential changes of synchronization source. We admit that UE mobility and synchronization time change has impact on positioning accuracy; however, in such cases, the UE’s location between the measurement of Rx timing and Tx timing changes, where no measurement requirement is defined. On the other hand,  Alt. 1 may have larger measurement latency than that of Alt. 3 and cause ambiguity of associating different transmission occasions to a Rx timing. Therefore, we prefer to reuse the definition of gNB/UE Rx-Tx time difference from R16/17.
Proposal 7: For definition of SL-PRS based Rx-Tx measurement, support Alt. 3 agreed in RAN1#112bis-e meeting, i.e.,
· UE SL Rx – Tx time difference is defined as TUE-RX – TUE-TX, where
· TUE-RX is the UE received timing of sidelink subframe #i from another Tx UE, defined by the first detected path in time.
· TUE-TX is the UE transmit timing of sidelink subframe #i.


 Sidelink positioning measurement reporting
During the last RAN1 meeting, the following high-level agreements on reporting signalling and contents were achieved:
	[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.

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
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.




When the SL measurements are reported to LMF or a server UE for location calculation, for example, DL/UL-like SL TDOA methods, we think that at least SL PRS resource ID, time stamp, quality, LOS/NLOS indicator and identification information of UE transmitting SL PRS should be included in the reporting content. If the SL measurements are exchanged between two UEs performing relative positioning/ranging, the UE ID may not be needed.
Proposal 8: 
· The following contents can be reported to a third party (e.g., LMF or a server UE):
· SL PRS resource ID
· Time stamp
· Quality
· LOS/NLOS indicator
· Identification information of UE transmitting SL PRS.
· Identification information of UE is not needed if the SL measurements are exchanged between two UEs performing relative positioning/ranging.

Conclusions
In this contribution, we provide our views on measurements and reporting for SL positioning, and the following observations and proposals are made:
Observation 1: Whether SL RSTD considering the time difference of a DL PRS and a SL PRS for joint Uu- and PC5-based positioning should be clarified.
Observation 2: As the communication range between two UEs via sidelink is limited, it seems not necessary to define RSTD search window for a target UE to receive SL PRS from anchor UEs.
Observation 3: In sidelink positioning, it is not clear who and how to provide the RSTD search window.

Proposal 1: SL RSTD measurement considering time difference of a DL PRS and a SL PRS for joint Uu- and PC5-based positioning is de-prioritized.
Proposal 2: Do not consider UE mobility and synchronization timing change in the definition of SL RSTD.
Proposal 3: For sidelink positioning, whether and how the reference anchor UE/SL PRS resources is (pre-)configured should be discussed.
Proposal 4: The UE can determine the reference anchor UE and/or SL PRS resource by itself and carry the corresponding information in the measurement reporting.
Proposal 5: RSTD search window is not required to be configured/provided to the UE.
Proposal 6: The following can be considered to mitigate the impact of synchronization errors between the anchor UEs for SL TDOA measurements:
· Alt. 1: Indication of synchronization source (e.g., GNSS), and timing adjustment information for in-coverage anchor UEs.
· Alt. 2: SL PRS transmission between anchor UEs to estimate and compensate the synchronization errors for out-of-coverage anchor UEs.
[bookmark: _GoBack]Proposal 7: For definition of SL-PRS based Rx-Tx measurement, support Alt. 3 agreed in RAN1#112bis-e meeting, i.e.,
· UE SL Rx – Tx time difference is defined as TUE-RX – TUE-TX, where
· TUE-RX is the UE received timing of sidelink subframe #i from another Tx UE, defined by the first detected path in time.
· TUE-TX is the UE transmit timing of sidelink subframe #i.
Proposal 8: 
· The following contents can be reported to a third party (e.g., LMF or a server UE):
· SL PRS resource ID
· Time stamp
· Quality
· LOS/NLOS indicator
· Identification information of UE transmitting SL PRS.
· Identification information of UE is not needed if the SL measurements are exchanged between two UEs performing relative positioning/ranging.
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