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[bookmark: OLE_LINK1]Introduction
In RAN#98-e meeting, various features have been recommended for normative work [1] for support of sidelink (SL) ranging/positioning. The following shows the expected enhancements for SL positioning measurements and reporting in the WID:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].


In this contribution, we provide our solutions for SL positioning measurements and reporting considering RTT-type solutions using SL, SL-AoA, SL-TDOA. 
Discussion
The following agreements were made in previous RAN1 meetings where SL-RTT, SL-AoA and SL-TDOA are supported. SL-AoD is not introduced in Rel-18 SL positioning but SL PRS RSRP and SL PRS RSRPP are defined in order to assist other positioning methods:
	Agreement in RAN1#112
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 in RAN1#112
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 in RAN1#112
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 in RAN1#112bis-e
Support both the case with and without translation of the LCS to GCS for SL-PRS based Azimuth of arrival (AoA) and zenith of arrival (ZoA) measurement.
Agreement in RAN1#112bis-e
SL Angle of Arrival (SL AoA) is defined as the estimated azimuth angle and vertical angle of a transmitting UE with respect to a reference direction, wherein the reference direction is defined:
· In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
· In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relative to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to TS 38.901.
The SL AoA is determined at the receiving UE’s antenna(s) for a SL channel corresponding to the transmitting UE.


In this section, we mainly focus on the discussion on RTT-type, and SL-TDOA method and measurements considering all SL positioning methods supported.
2.1 SL-TDOA
2.1.1 SL-TDOA
The legacy DL-TDOA/UL-TDOA positioning methods need time synchronization information between a reference TRP and a list of neighboring TRPs in Rel-16/17 to meet the positioning accuracy requirements. For SL-TDOA positioning methods, the target UE position is estimated based on measurements taken from multiple anchor UEs (shown in Figure 2.1-1) and/or based on measurements at the target UE. 
[image: ]
Figure 2.1-1: UL-TDOA like method for sidelink positioning
The following agreements and proposal were achieved/discussed in previous RAN1 meetings:
	Agreement in RAN1#111
For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation should be introduced.
· A UE is not required to support both DL-TDOA-like operation and UL-TDOA-like operation
Proposal in RAN1#112bis-e
Support at least the following mechanism to mitigate the impact of synchronization errors between anchor UEs for SL-TDoA based measurement
· Exchange of synchronization information of anchor UEs between anchor UE and target/server UE/ LMF
· FFS detailed synchronization information. E.g: synchronization source, synchronization error, [SFN/DFN Initialisation Time]
· No changes are introduced to sidelink synchronization procedure
· FFS other mechanisms


Currently, the synchronization errors for sidelink transmission include both UE’s transmission timing error and propagation delay. Also, there is no perfect synchronization between UEs in current SL communication even if two UEs share the same synchronization reference source, and it’s hard to guarantee the SL positioning accuracy. In RAN1#112, 3 alternatives were discussed on how to mitigate synchronization errors. Analyses are present as follows:
Alt1: indication/reporting of e.g., synchronization source type, synchronization error or quality of synchronization information
For Uu positioning, the IE NR-RTD-Info is used by the location server to provide time synchronization information between a reference TRP and a list of neighbour TRPs, and NR-RTD-Info is contained in NR-PositionCalculationAssistance to enable UE-based downlink positioning.
Similar mechanism can be applied for SL positioning, for example, suppose a reference UE is selected, time synchronization information between a reference UE and a list of anchor UE (e.g. NR-SL-RTD-Info) can be provided to the target UE for UE-based positioning or provided to LMF for LMF-based positioning. The time synchronization information can include both time related information of the reference UE (including the quality of the timing of reference UE) and the relative synchronization time offset (including the quality) between reference UE and a list of anchor UEs.
As for the indication of synchronization source type (e.g. gNB, LMF), it can be a part of the procedures for discovering anchor UEs. For example, UEs shall report its synchronization source type and some of the UEs can be determined as anchor UEs where they share the same synchronization reference source.
Alt2: SL PRS transmission between anchor UEs
In our view, SL PRS transmission between anchor UEs cannot make any significant improvement for SL synchronization especially when there is no LOS links between anchor UEs. Further, anchor UEs can transmission SL PRS to each other and there is no additional spec impact. 
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.
[bookmark: _Hlk131151067]Similar as reporting of synchronization source type, clock source’s accuracy may also be used in discovering anchor UEs. However, we support reporting synchronization information between reference UE and a list of anchor UEs including quality of the synchronization information. Clock source’s accuracy can be one of the factors that determine quality of the synchronization information.
Proposal 1: With regards to mitigate impact of synchronization errors between anchor UEs for SL-TDOA method, support reporting synchronization difference between reference UE and a list of anchor UEs.
· The quality of the synchronization difference can also be reported.
· Note: Clock source’s accuracy can be one of the factors that determine quality of the synchronization information.

2.1.2 Measurements
SL PRS based RTOA measurement can be defined based on UL-TDOA in Uu positioning [3], also, SL PRS based RSTD measurement is defined as the relative timing difference between anchor UEs and a reference UE. The following agreements were reached in RAN1#112 and RAN1#112bis-e:
	Agreement in RAN1#112
[bookmark: _Hlk131153203]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 10-3, where nf and nsf are the SFN or DFN and the subframe number of the SL-PRS, respectively
· FFS on how to select between SFN or DFN
Conclusion in RAN1#112bis-e
· For SL-PRS based RTOA definition, the selection between SFN0 vs DFN0 and SFN vs DFN is determined based on the selection of the synchronization source for SL PRS transmission, as in legacy specifications.
· When the UE selects a cell as the synchronization reference source, SFN0/SFN is used for SL-PRS based RTOA. 
· Otherwise, DFN/DFN0 is used for the definition of the SL-PRS based RTOA.
· FFS on indication of whether SFN or DFN is used along with the RTOA measurement reporting
Agreement in RAN1#112bis-e
· SFN/DFN Initialisation Time can be provided by UE or by LMF.
· FFS: which UEs can provide initialisation time (note: which may be decided by other WGs)
· [bookmark: _Hlk134860918]FFS: further details of the definition of DFN Initialisation Time
· For the definition of SL-PRS based RTOA, update the definition of reference timing as:
· the reference timing is defined as , where
· T0 is the nominal beginning time of SFN 0 or DFN0 provided by SFN/DFN Initialisation Time
· tSL-PRS = (10nf + nsf) x 10-3, where nf and nsf are the SFN or DFN and the subframe number of the SL-PRS, respectively
· FFS: The timing of SFN0/SFN for RTOA reference timing is determined by advancing DL SFN0/SFN with TA/2 when the UE is in-coverage and in connected state
Agreement in RAN1#112bis-e
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


· Whether indicate the use of SFN or DFN along with the RTOA measurement reporting
Whether a UE use SFN or DFN depends on what the synchronization source is. For example, UE chooses its synchronization source depending on synchronization priority, DFN is used if UE is synchronized to GNSS, otherwise SFN is used if UE is synchronized to a gNB. The synchronization procedure (or selection between SFN or DFN) happens before UE transmits SL PRS to another UE.
From measurement report perspective, it might be of LMF/server UE’s interest to know whether SL-PRS based RTOA is measured according to SFN or DFN (i.e., LMF or server UE may need to know the synchronization source information). However, as we elaborate in Section 2.3.2, time stamp for SL positioning can be defined either relative to SFN or DFN. If SFN is used, the time stamp should include SFN and slot number within the SFN and optionally include nr-PhysCellID, nr-ARFCN, nr-CellGlobalID; otherwise, the time stamp should include DFN and slot number within DFN or current UTC time obtained from GNSS. Given such condition, no other explicit signaling is needed in SL-PRS based RTOA measurement report for indication of whether SFN or DFN is used.
· SFN/DFN Initialization Time
In current Uu positioning [5], LMF can request the NG-RAN node to configure a positioning measurement where the request signaling includes an SFN initialisation Time IE. If this IE is provided by LMF, TRP shall use this SFN initialisation Time for UL RTOA reference time, otherwise, the TRP may assume that the value is same as its own SFN initialisation time.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	SFN initialisation Time
	O
	
	Relative Time 1900
9.2.36
	If this IE is not present, the TRP may assume that the value is same as its own SFN initialisation time.
	YES
	ignore


[bookmark: _Hlk134859062]Similarly, in RAN1#112bis-e, we agreed that SFN/DFN Initialisation Time can be provided by UE or by LMF for SL-PRS based RTOA measurement. There remains an FFS on which UEs can provide initialisation time, SFN/DFN Initialisation Time for SL positioning shall also be one element of measurement request similar as what defined in NRPPa. Also, according to SA2 and RAN2’s agreements, a server UE offers location calculation for SL positioning and ranging based service and either target UE or anchor UE can act as server UE. Therefore, a natural procedure can be: server UE provides initialisation time in measurement request and UEs can report the RTOA accordingly to facilitate server UE’s location calculation. Moreover, given the situation that either target UE or anchor UE can be a server UE, there is no need to restrict the type of UE from RAN1’s perspective.
As for the definition of DFN Initialisation Time, Relative Time 1900 defined in NRPPa (shown below) can be reused.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	[bookmark: _Hlk134861010]Relative Time 1900
	M
	
	BIT STRING (SIZE(64))
	Time in seconds relative to 00:00:00 on 1 January 1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second


Proposal 2: Regarding SFN/DFN for SL-PRS based RTOA:
· There is no need to have explicit indication of whether SFN or DFN is used along with the RTOA measurement reporting
· The definition of DFN initialisation time refers to Relative Time 1900 defined in NRPPa.

2.2 SL RTT
SL-RTT positioning method makes use of measurements of sidelink signals received from one or multiple other UEs, measured by the target UE and the measurements at the one or multiple other UEs of sidelink signals transmitted from target UE. UE location is estimated based on measurements performed between UEs. According to agreements achieved in previous RAN1 meeting, both single-sided RTT (SS-RTT) and double-sided RTT (DS-RTT) methods were agreed for Rel-18 positioning specification
	Agreement in RAN1#112bis-e
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


Regarding how to minimize the impact of UE reference timing offset and mobility, actual SL PRS transmission time should be used for the definition of SL PRS based Rx-Tx time difference measurement even for single-sided RTT method. Consider this situation where the synchronization reference source is changed (e.g. change from GNSS to gNB) during RTT’s SL PRS transmission procedure, subframe boundary and SL PRS transmit timing can be changed according to TS 38.133 [7]. 
	12.2.2	GNSS as synchronization reference source
The requirements in this subclause are applicable when the reference timing used by the UE for V2X sidelink communication is derived from GNSS.



The sidelink transmissions takes place  before the subframe starting boundary as defined in TS 38.331 [2], where  = 0 and=0.
12.2.3	NR Cell as synchronization reference source
The requirements in this subclause are applicable when the reference timing used for sidelink transmissions is a NR serving cell on a non-V2X sidelink carrier or a V2X sidelink carrier.




The sidelink transmissions takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell, where  = 0. If uplink transmission and sidelink transmission are in the same band,  is defined in Table 7.1.2-2, otherwise  is 0.


Using the actual SL PRS transmission time and actual receiving time (i.e. , ) is beneficial to address this problem and further increase SL positioning accuracy. Also, in such case, same definition of UE Rx-Tx time difference can be applied for both single-sided RTT and double-sided RTT. For us, the Rx-Tx time difference can either be defined as actual round/reply time or be constrained within -0.5ms to 0.5ms. Specifically:
· Alt 1-1: The total Rx-Tx time difference is the sum of a slot-level UE Rx – Tx time difference and a finer granularity UE Rx – Tx time difference within a slot. Specifically, TUE-RX is the UE received timing of sidelink subframe #i from another UE, defined by the first detected path in time, TUE-TX is the UE transmit timing of sidelink subframe #j based on actual transmission time.
· Alt 1-2: SL Rx – Tx time difference is defined as mod(TUE-RX – TUE-TX+0.5ms, 1ms) – 0.5ms, where TUE-RX is the UE received timing of sidelink subframe #i from another UE, defined by the first detected path in time, TUE-TX is the UE transmit timing of sidelink subframe #j in which the UE transmits SL-PRS.
The main difference between Alt.1-2 and Alt.3 is how many time stamps needed along with a Rx-Tx time different report. For Alt.3, one Rx-Tx time difference along with a time stamp is enough for LMF/server UE to get the TOF. For Alt.1-2, both Rx time stamp and Tx time stamp associated with that Rx-Tx time difference should be reported. Otherwise, as shown in Figure 2.2-1, it is hard to tell whether the Rx-Tx time difference of UE 2 is based on measurement between slot 1 and slot 3 or between slot 1 and slot 0. If there are timing changing between slot 0 and slot 3, only reporting Rx time stamp cannot capture such a timing change.
[image: ]
Figure 2.2-1: Double-sided RTT with timing change between slot 0 and slot 3.
Proposal 3: UE Rx – Tx time difference for SL positioning is based on the actual SL-PRS transmission time, down-select from the following alternatives:
· Alt 1-1: The total Rx-Tx time difference is the sum of a slot-level UE Rx – Tx time difference and a finer granularity UE Rx – Tx time difference within a slot.
· Alt 1-2: SL Rx – Tx time difference is defined as mod(TUE-RX – TUE-TX+0.5ms, 1ms) – 0.5ms, where TUE-RX is the UE received timing of sidelink subframe #i from another UE, defined by the first detected path in time, TUE-TX is the UE transmit timing of sidelink subframe #j in which the UE transmits SL-PRS
· Both Rx time stamp and Tx time stamp associated with that Rx-Tx time difference should be reported.

Furthermore, higher layer signaling (e.g. SLPP) can provide information to UE regarding whether SS-RTT or DS-RTT positioning method is requested in the location request signaling. If DS-RTT is requested, that means UE is expected to at least report two Rx-Tx time differences. If this request signaling is not supported, UE may only report measurement results with a single-side RTT measurement in each measurement element similar as Uu reporting, which is inefficient for double-side RTT calculation. 
Proposal 4: Support to use higher layer signalling to determine single-sided RTT and double-sided RTT.

2.3 SL positioning measurement report
In order to support multiple legacy positioning methods, at least UE Rx-Tx time difference, SL PRS RSRP (reference signal received power), SL-AoA (angle of arrival including both azimuth and zenith of arrival), SL PRS RSTD (reference signal time difference), SL PRS RTOA (Relative Time of Arrival) should be supported. Besides, SL PRS RSRPP (reference signal received path power) is introduced for accuracy improvement. The contents of SL positioning measurement report are studied and discussed in previous RAN1 meetings, the agreements shown in the following box were achieved accordingly.
	Agreement in RAN1#112
Study measurement report content for both the cases of sidelink positioning measurement reported to LMF and UE.
Agreement in RAN1#112
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 in RAN1#112
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 in RAN1#112
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 in RAN1#112bis-e
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.


2.3.1 Unified measurement report
According to current Rel-16/17 positioning design, UE measurements are requested/reported for each positioning method as shown in Table 2.3-1. LMF can firstly send a RequestLocationInformation message to UE to request location information, indicating the type of location information needed, accordingly, ProvideLocationInformation message sent from UE to LMF should match or be a subset of the location information requested by LMF.
Table 2.3-1: Measurements reported by UE for each positioning method in Rel-16/17
	Methods
	Measurements performed at UE side
	Location information elements [7]

	DL-TDOA
	DL RSTD, Quality for each measurement, DL-PRS-RSRP, DL-PRS-RSRPP, Time stamp, LOS/NLOS information
	NR-DL-TDOA-ProvideLocationInformation

	RTT
	UE Rx-Tx time difference, Quality for each measurement, DL-PRS-RSRP, DL-PRS-RSRPP, Time stamp, LOS/NLOS information
	NR-Multi-RTT-ProvideLocationInformation

	DL-AoD
	DL-PRS receive beam index, DL-PRS-RSRP, DL-PRS-RSRPP, Time stamp, LOS/NLOS information
	NR-DL-AoD-ProvideLocationInformation


Apparently all three positioning methods which need measurement results transferred from UE to the LMF include measurement elements “DL-PRS-RSRP”, “DL-PRS-RSRPP”, “Time stamp” and “LOS/NLOS information”. It is not signaling-efficient enough since measurement results derived from timing-based positioning method and angle-based positioning method can be merged for location calculation. Similar as the measurement information transfer framework defined in TS 38.455 [5], we prefer SL positioning measurements report per UE in order to save signaling overhead, instead of measurement report per positioning method. 
Proposal 5: SL positioning measurements is based on the structure of NRPPa, i.e. not reported per SL positioning method.

2.3.2 Measurement report contents
	Agreement in RAN1#112bis-e
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. 


In our understanding, the report structure in TS 38.455 can be reused, i.e. SL measurement report can consider at least the following information:
· One or more sidelink positioning measurement(s): UE Rx-Tx time difference, SL PRS RSRP, SL PRS RSRPP, SL-AoA (including both azimuth and zenith of arrival), SL PRS RSTD, SL PRS RTOA
· Time stamps at which the measurements are performed
· Quality metric(s): timing quality or measurement quality
· Location information and quality information of the location of a UE in sidelink positioning measurement report
· LoS/NLoS indicator
· Identification Information
· UE identification information
· SL PRS information: SL PRS resource ID and/or SL PRS resource set ID 
· ARP related information
Among the contents of SL measurement report, the present of SL positioning measurement elements (e.g. UE Rx-Tx time difference, SL PRS RSRP, SL PRS RSTD) can be set as optional and the presence of time stamp, timing quality, and SL PRS identification information should be set as mandatory. UE identification is mandatory for LMF-based positioning since LMF need to know the measurements’ corresponding anchor UE ID or UE pair information. For UE-based positioning, it is optional depending on scenarios. The following measurement report messages can be supported: 
Proposal 6: The following elements for SL PRS based measurements can be reported to LMF or UE:
	
	Reporting to LMF
	Reporting to UE

	SL PRS based measurement
	UE identification information             (Mandatary for reporting to LMF)
(Optional for reporting to UE)
SL PRS resource/resource set ID info		Mandatory
SL PRS RSTD     				Optional
SL PRS RTOA    				Optional
SL PRS AOA      				Optional 
SL PRS ZOA      				Optional
SL PRS RSRP					Optional
SL PRS RSRPP					Optional
SL Rx-Tx time difference				Optional
Time stamp					Mandatory
Timing quality					Mandatory
LOS/NLOS indicator                          Optional
ARP related information                        Optional
…


Next, we will focus on the details for some measurement contents.
· UE identification information
UE identification information can be reported along with measurements in order to let calculation entity aware of corresponding UE pair. In other words, it is necessary to let calculation entity know whether this measurement is obtained by transmit SL PRS from UE1 to UE2 or from UE 1 to UE 3.
When it comes to how to define UE identification information in SL positioning measurement report, all UE’s ID, PC5 unicast link identifier, V2X service identifier, UE’s application layer ID, destination layer-2 ID, source layer-2 ID, Source user info, target user info are potential candidates. Whether source ID, destination ID or other UE ID information can be up to RAN2’s design.
Proposal 7: UE identification information can be included in SL positioning measurement report.
· How to define this UE identification information is up to RAN2

· Time stamp
In Uu positioning, NR-TimeStamp defines the UE measurement associated time stamp where each time stamp mandatorily includes dl-PRS-ID, SFN and slot number within the SFN and optionally includes nr-PhysCellID, nr-ARFCN, nr-CellGlobalID.
NR-TimeStamp-r16 ::= SEQUENCE {
	dl-PRS-ID-r16				INTEGER (0..255),
	nr-PhysCellID-r16			NR-PhysCellID-r16			OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16			NCGI-r15					OPTIONAL,	-- Need ON
	nr-ARFCN-r16				ARFCN-ValueNR-r15			OPTIONAL,	-- Need ON
	nr-SFN-r16					INTEGER (0..1023),
	nr-Slot-r16					CHOICE {
			scs15-r16				INTEGER (0..9),
			scs30-r16				INTEGER (0..19),
			scs60-r16				INTEGER (0..39),
			scs120-r16				INTEGER (0..79)
	},
	...
}
Similar mechanism can be applied for time stamp for SL positioning. Time stamp for SL positioning can be defined either relative to SFN or DFN, if SFN is used, the time stamp should include SFN and slot number within the SFN and optionally include nr-PhysCellID, nr-ARFCN, nr-CellGlobalID; if DFN is used, the time stamp should include DFN and slot number within DFN or current UTC time obtained from GNSS. Moreover, in order to increase the accuracy of time stamp, symbol number within a slot can also be supported.
Proposal 8: Time stamp supported in SL positioning measurement report can be defined either relative to SFN or relative to DFN:
· SFN: including SFN and slot number within the SFN and optionally including nr-PhysCellID, nr-ARFCN, nr-CellGlobalID, 
· DFN: including DFN and slot number within DFN or current UTC time obtained from GNSS
· For either SFN or DFN, symbol number within a slot can also be included in time stamp

· ARP related information
According to the agreement achieved in last RAN1 meeting, ARP related information is supported to be transmitted along with the SL measurements. The details can refer to the design in 38.455, where gNB can provide the geographical coordinates of the ARP for the DL-PRS resources of a TRP to LMF and LMF may further deliver such information to UE in assistance data. Also, in measurement report, ARP ID is optionally present as one of TRP measurement results. Similarly, UE can provide ARP ID along with a SL measurement.
Proposal 9: ARP ID can be reported along with the SL measurement.

2.3.3 Measurement report signaling
In RAN1#112bis-e, the following proposals were discussed but not agreed yet:
	Agreement in RAN1#112bis-e
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.
Proposal in RAN1#112bis-e
Support at least one shot and periodic report for sidelink positioning measurement report. 


Issue 1: higher layer signaling or lower layer signaling for SL positioning measurement report
In Rel-16/17, UE position is estimated and calculated based on measurements and only high-layer may have the capability to calculate position. In other words, the location calculation is not performed at physical layer. Also, higher-layer-signaling (LPP signaling) [4] is used for location information request and report in NR Rel-16/17. Therefore, it is straightforward to support SL positioning measurement request/report in high-layer signaling. The candidate higher layer signaling at least includes: PC5-RRC, PC5-S, SLPP and which of them is used should be up to RAN2. Physical layer is not suitable for SL measurement report since the location calculation entity is in the application layer. 
The remaining issue is whether SCI can be used for SL positioning measurement triggering. we can refer to SL CSI-RS reporting. SL CSI-RS measurement is not pure low layer triggered report in our understanding. UE can transmit SL CSI-RS only within a unicast PSSCH transmission when the following conditions are met:
· CSI reporting is enabled by higher layer parameter sl-CSI-Acquisition, and
· The “CSI request” field in the corresponding 2nd stage SCI is set to 1.
In other words, For SL CSI-RS, its reporting not only depends on SCI, but also related to higher layer signaling (i.e. RRC) on whether CSI reporting is enabled in sidelink unicast. If SCI triggered SL measurement report is supported, we are ok with adding only one bit in SCI, for example, “1” corresponds to SL positioning measurement report is required/triggered and “0” corresponds to measurement report is not required.
Proposal 10: SCI based SL-PRS based measurement report triggering is supported.
Issue 2: time domain behavior of SL positioning measurement report
As defined in TS 37.355, LMF can request UE for periodic measurements reporting or triggered measurement reporting as follows:
CommonIEsRequestLocationInformation ::= SEQUENCE {
	locationInformationType		LocationInformationType,
	triggeredReporting			TriggeredReportingCriteria	OPTIONAL,	-- Cond ECID
	periodicalReporting			PeriodicalReportingCriteria OPTIONAL,	-- Need ON
	additionalInformation		AdditionalInformation		OPTIONAL,	-- Need ON
	qos							QoS							OPTIONAL,	-- Need ON
	environment					Environment					OPTIONAL,	-- Need ON
	locationCoordinateTypes		LocationCoordinateTypes		OPTIONAL,	-- Need ON
	velocityTypes				VelocityTypes				OPTIONAL,	-- Need ON
	...,
	[[
		messageSizeLimitNB-r14	MessageSizeLimitNB-r14		OPTIONAL	-- Need ON
	]],
	[[
		segmentationInfo-r14	SegmentationInfo-r14		OPTIONAL	-- Need ON
	]],
	[[
		scheduledLocationTime-r17
								ScheduledLocationTime-r17	OPTIONAL,	-- Need ON
		targetIntegrityRisk-r17
								TargetIntegrityRisk-r17		OPTIONAL	-- Need ON
	]]
}
For higher layer triggered SL positioning measurement report, similar as Uu positioning, LMF or UE may request a UE for either periodic reporting or triggered reporting. 
Proposal 11: With regards to time domain behavior for sidelink positioning measurement report, LMF or UE may request a UE for either periodic reporting or triggered reporting.

2.4 Joint SL and Uu positioning methods and measurements
According to RAN1’s discussion in SI phase, both SL-only-based positioning and joint SL & Uu positioning are studied and recommended for normative work.
	Agreement in RAN1#111
From RAN1 perspective, at least the following 2 operation scenarios are recommended for normative work:
· Operation Scenario 1: PC5-only-based positioning.
· Operation Scenario 2: Combination of Uu- and PC5-based positioning.


DL-TDOA-like method is a typical technique for joint positioning where both DL-PRS from multiple TRPs and SL PRS from multiple anchor UEs are transmitted to target UE. Take Figure 2.5-1 as an example, target UE’s position cannot be calculated by either Uu positioning or SL positioning since DL-TDOA-like positioning requires at least 3 anchor nodes wherein one of them is a reference node. In such case, we have to merge both Uu measurements (i.e. measured between target UE and TRP 1/2) and SL measurements (i.e. measured between target UE and anchor UE 1/2). 
[image: ]
Figure 2.5-1: DL-TDOA-like joint SL & Uu positioning
However, usually anchor UEs and TRPs are not accurately synchronized and reference nodes for SL and Uu positioning are selected separately. For Uu positioning, a reference TRP (e.g. TRP 1) is selected as reference node, Uu RSTD measurement is obtained by calculating relative timing difference between the anchor TRP and a reference TRP. For SL positioning, a reference UE (e.g. anchor UE 1) is selected as reference node, SL measurement RSTD is obtained by calculating relative timing difference between the anchor UE and the SL reference node. For UE-assisted positioning, DL measurement and SL measurement can be reported to LMF jointly. In order for the LMF to know the time difference or time synchronization error between Uu session and SL session, a special RSTD measurement can be introduced and reported from target UE to LMF. This special RSTD is used to specify the measurement of the relative timing difference between SL reference node and Uu reference node.
Proposal 12: Support DL-TDOA-like joint SL & Uu positioning:
· For a target UE, Support reporting a RSTD for the timing difference between SL reference node and Uu reference node.

High layer signaling
Based on the agreements achieved in RAN1#112 and RAN#112bis-e, the following higher layer signaling should be introduced for SL positioning measurements and reporting (the corresponding parameters are shown in Appendix):
· Measurement report to LMF in 37.355
· SL-based RSTD, Rx-Tx time difference, RToA, AoA, RSRPP measurement and report
· LOS/NLOS indicator
· first path and optionally additional path
· ARP related information
· Measurement report to UE in SLPP spec
· SL-based RSTD, Rx-Tx time difference, RToA, AoA, RSRPP measurement and report
· LOS/NLOS indicator
· first path and optionally additional path
· ARP related information
· Measurement request from LMF in 37.355
· SFN/DFN Initialisation Time
· Measurement request from UE in SLPP spec
· SFN/DFN Initialisation Time
· Assistance data provided by LMF in 37.355
· anchor UE location information
· Assistance data provided by UE in SLPP spec
· anchor UE location information
Proposal 13: The following higher layer signaling should be introduced for SL positioning measurements and reporting:
· Measurement report transmitted from UE to LMF
· Measurement report transmitted from UE to UE
· Measurement request transmitted from LMF to UE
· Measurement request transmitted from UE to LMF
· Assistance data transmitted from LMF to UE
· Assistance data transmitted from UE to UE

Conclusion
In this contribution, we discuss potential solutions for SL positioning measurements and reporting considering RTT-type solutions using SL, SL-AoA, SL-TDOA, and we have the following observations and proposals:
Proposal 1: With regards to mitigate impact of synchronization errors between anchor UEs for SL-TDOA method, support reporting synchronization difference between reference UE and a list of anchor UEs.
· The quality of the synchronization difference can also be reported.
· Note: Clock source’s accuracy can be one of the factors that determine quality of the synchronization information.
Proposal 2: Regarding SFN/DFN for SL-PRS based RTOA:
· There is no need to have explicit indication of whether SFN or DFN is used along with the RTOA measurement reporting
· The definition of DFN initialisation time refers to Relative Time 1900 defined in NRPPa.
Proposal 3: UE Rx – Tx time difference for SL positioning is based on the actual SL-PRS transmission time, down-select from the following alternatives:
· Alt 1-1: The total Rx-Tx time difference is the sum of a slot-level UE Rx – Tx time difference and a finer granularity UE Rx – Tx time difference within a slot.
· Alt 1-2: SL Rx – Tx time difference is defined as mod(TUE-RX – TUE-TX+0.5ms, 1ms) – 0.5ms, where TUE-RX is the UE received timing of sidelink subframe #i from another UE, defined by the first detected path in time, TUE-TX is the UE transmit timing of sidelink subframe #j in which the UE transmits SL-PRS
· Both Rx time stamp and Tx time stamp associated with that Rx-Tx time difference should be reported.
Proposal 4: Support to use higher layer signalling to determine single-sided RTT and double-sided RTT.
Proposal 5: SL positioning measurements is based on the structure of NRPPa, i.e. not reported per SL positioning method.
Proposal 6: The following elements for SL PRS based measurements can be reported to LMF or UE:
	
	Reporting to LMF
	Reporting to UE

	SL PRS based measurement
	UE identification information             (Mandatary for reporting to LMF)
(Optional for reporting to UE)
SL PRS resource/resource set ID info		Mandatory
SL PRS RSTD     				Optional
SL PRS RTOA    				Optional
SL PRS AOA      				Optional 
SL PRS ZOA      				Optional
SL PRS RSRP					Optional
SL PRS RSRPP					Optional
SL Rx-Tx time difference				Optional
Time stamp					Mandatory
Timing quality					Mandatory
LOS/NLOS indicator                          Optional
ARP related information                        Optional
…


Proposal 7: UE identification information can be included in SL positioning measurement report.
· How to define this UE identification information is up to RAN2
Proposal 8: Time stamp supported in SL positioning measurement report can be defined either relative to SFN or relative to DFN:
· SFN: including SFN and slot number within the SFN and optionally including nr-PhysCellID, nr-ARFCN, nr-CellGlobalID, 
· DFN: including DFN and slot number within DFN or current UTC time obtained from GNSS
· For either SFN or DFN, symbol number within a slot can also be included in time stamp
Proposal 9: ARP ID can be reported along with the SL measurement.
Proposal 10: SCI based SL-PRS based measurement report triggering is supported.
Proposal 11: With regards to time domain behavior for sidelink positioning measurement report, LMF or UE may request a UE for either periodic reporting or triggered reporting.
Proposal 12: Support DL-TDOA-like joint SL & Uu positioning:
· For a target UE, Support reporting a RSTD for the timing difference between SL reference node and Uu reference node.
Proposal 13: The following higher layer signaling should be introduced for SL positioning measurements and reporting:
· Measurement report transmitted from UE to LMF
· Measurement report transmitted from UE to UE
· Measurement request transmitted from LMF to UE
· Measurement request transmitted from UE to LMF
· Assistance data transmitted from LMF to UE
· Assistance data transmitted from UE to UE
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Appendix

	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parent IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment
	Status

		Measurement report transmitted from UE to LMF
	
	 
	 
	 ProvideLocationInformation

	 
	 
	 New
	 
	Agreement
Study measurement report content for both the cases of sidelink positioning measurement reported to LMF and UE.
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
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. 
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.
	 
	 
	 
	 
	 37.355
	 
	 

	Measurement report transmitted from UE to UE
	
	
	
	
	
	New
	
	Agreement
Study measurement report content for both the cases of sidelink positioning measurement reported to LMF and UE.
	
	
	
	
	SLPP
	
	

	Measurement request transmitted from LMF to UE
	
	
	
	RequestLocationInformation
	
	
	New
	
	Agreement
· SFN/DFN Initialisation Time can be provided by UE or by LMF.
· FFS: which UEs can provide initialisation time (note: which may be decided by other WGs)
· FFS: further details of the definition of DFN Initialisation Time
	
	
	
	
	37.355
	
	

	Measurement request transmitted from UE to LMF
	
	
	
	
	
	New
	
	Agreement
· SFN/DFN Initialisation Time can be provided by UE or by LMF.
· FFS: which UEs can provide initialisation time (note: which may be decided by other WGs)
FFS: further details of the definition of DFN Initialisation Time
	
	
	
	
	SLPP
	
	

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

	
	
	
	
	37.355
	
	

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

	
	
	
	
	SLPP
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