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In RAN #98 e-meeting, the measurements and reporting for SL positioning have been captured in NR_pos_enh2 [1]. In this contribution, we present our views on the issue.
	· [bookmark: _GoBack]Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].


Positioning measurement 
	[bookmark: Pro2]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


RTT-type solution(s) using SL, SL-AoA and SL-TDOA positioning techniques should be introduced for SL positioning. In this section, we present our views on those measurements for SL positioning.
The measurement for RTT
SL-PRS based Rx-Tx measurement
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



In Rel-16 positioning, the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX for Multi-RTT. 
Where:
· TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.
But, for SL, there is no difference between the received timing of sidelink subframe and transmit timing of sidelink subframe. So, if referring to the Rel-16 definition, the Rx-Tx measurement can be defined as the time difference with respect to the Rx time and the nominal SL subframe timing.
In the Rel-17, UE Rx – Tx time difference has been considered to associate with the actual SRS transmission subframe, but it wasn’t agreed upon. Following this idea, the UE Rx – Tx time difference can be defined as the difference between the UE received timing of SL-PRS and the actual UE transmits timing of SL-PRS (e.g.,  ).
In this case, Rx-Tx timing difference can also be TUE-RX – TUE-TX 
Where:
· TUE-RX is the UE received timing of sidelink subframe #i from another UE that is transmitted the SL-PRS, defined by the first detected path in time.
· TUE-TX  can be one of two options as follows 
Op 1: TUE-TX   is the UE transmit timing of sidelink subframe #i considering the nominal SL-PRS transmission time
Op 2: TUE-TX  is the UE transmit timing of sidelink subframe #j considering the actual SL-PRS transmission time


                  
Figure 1 the example of Rx-Tx timing difference 
Actually, considering the above figure, the two options are complementary and the other can be achieved by either (e.g., Op1=3ms-Op2) if there is no timing adjustment. But, if the synchronization reception timing is changed due to UE movement as in the following figure 2, the sidelink transmission timing may be changed between subframe#i and subframe#j.
	12.2.5	SyncRef UE as synchronization reference source
The requirements in this subclause are applicable when the reference timing used for deriving sidelink transmission is from SyncRef UE transmitting sidelink synchronization signals.
The sidelink transmissions takes place [image: ] before the reception of the first detected path (in time) of the corresponding timing reference frame from the SyncRef UE, where [image: ] = 0 and[image: ]=0.
The transmission timing error for sidelink transmissions shall be less than or equal to Te where the timing error limit value Te is defined in Table 12.2.5-1.
Table 12.2.5-1: Te Timing Error Limit
	Frequency Range of sidelink
	SCS of sidelink signals (kHz)
	Te

	FR1
	15
	12*64*Tc

	
	30
	8*64*Tc

	
	60
	5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6].





For example, for the SyncRef UE case, the UE 2 sidelink transmission timing equals to the reception timing of the corresponding timing reference frame from the UE1. That is, Rx-Tx timing difference can be
Op 1:  0, if SL-PRS reception time is equal to the #i subframe transmission time
Op 2: (j-i) *1ms+T1, T1 is timing adjustment due to the UE movement



Figure 2 the change in subframe transmission time
The actual difference between Op1 and Op 2 is whether considers the timing adjustment (e.g., T1 in figure 2) due to UE movement between subframe#i and subframe#j. Based on figure 3, we can find the T-reply will be different for two cases, but UE2 Rx-Tx timing difference may be the same if Op1 is adopted. So, an additional error will be introduced for Op1.


Figure 3 the change in subframe transmission time
In NR, a similar TA issue has been discussed in Rel-17, but it wasn’t agreed upon due to the performance also being impacted by clock drift error. But for SL, the clock drift between two UE can be mitigated greatly based on double-sided RTT.  Therefore, for us, Op 2 is preferred.
Proposal 1: [bookmark: _Hlk127463231]
· For RTT,  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 UE, defined by the first detected path in time.
· TUE-TX is the UE transmit timing of sidelink subframe #j considering the actual SL-PRS transmission time.
single-sided and double-sided RTT
Based on the SI agreement, both single-sided and double-sided RTT are agreed upon, in this section, we would like to discuss the measurement for single-sided and double-sided RTT
	· both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT






single-sided RTT                                                               double-sided RTT
Figure4 single-sided and double-sided RTT 
According to the figure 4, regardless of option 1 and option 2 as discussed above, there is no difference in the Rx-Tx timing difference definition.
In addition, even for measurement reports, except to report multiple Rx-Tx measurements, there is no difference between single-sided RTT and double-sided RTT for option 1.
For option 2, the two received SL-PRS should be associated with the same transmit SL-PRS for double-sided RTT calculation. 
So, we can find that
Observation 1: [bookmark: _Hlk127463240]
· There is no difference in the Rx – Tx time difference definition for single-sided RTT and double-sided RTT
The measurement for SL-TDOA
	Agreement
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
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.




For TDOA, studying the method to mitigate the impact of synchronization error is a part of work. In NR positioning, the SFN Initialisation time which can be exchanged between LMF and TRPs is used to align the reference time between multiple TRPs or mitigate the synchronization error between TRPs. The SFN Initialisation time is captured in TS 38.455 as follows
NG-RAN to LMF
	SFN Initialisation Time
	O
	
	Relative Time 1900 
9.2.36
	
	YES
	ignore


LMF to NG-RAN
	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



	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	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



[bookmark: OLE_LINK4]For DL-TDOA-like operation and UL-TDOA-like operation, we think it can also reuse the corresponding method to mitigate the synchronization error or align the reference timing. That is, for each measurement, the anchor UE needs to inform itself SFN/DFN Initialisation Time to target/server UE/LMF same as the above definition in TS 38.455, and then anchor UE can be provided SFN/DFN Initialisation time from target/server UE/LMF to align the reference time. 


Figure5  RTOA reference time 
Proposal 2: [bookmark: _Hlk127463259]
· Exchange of SFN/DFN Initialisation Time between anchor UE and target/server UE/ LMF can be used to mitigate the synchronization error or align the reference timing between anchor UEs.
SL-PRS based RTOA

	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in Reception Point (RP) [18]  j, relative to the RTOA Reference Time [16]. 

The UL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by SFN Initialization Time [15, TS 38.455]
-	, where  and  are the system frame number and the subframe number of the SRS, respectively.

Multiple SRS resources can be used to determine the beginning of one subframe containing SRS received at a RP.

The reference point for TUL-RTOA shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.



According to the discussion about synchronization, the SFN/DFN Initialisation Time can be reused for SL. So, reusing the NR RTOA definition for SL-PRS based RTOA measurement is logical. That is, SL-PRS based RTOA TSL-RTOA is the beginning time of SL subframe #i containing SL-PRS received from anchor UE j, relative to the RTOA Reference Time.
The SL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by SFN Initialization Time, or  the nominal beginning time of DFN 0 provided by DFN Initialization Time
-	, where  and  are the system frame number and the subframe number of the SL-PRS, respectively.



Figure6 RTOA measurement of multiple anchor UEs 

Proposal 3: [bookmark: _Hlk127463312]
· SL-PRS based RTOA TSL-RTOA is the beginning time of SL subframe #i containing SL-PRS received from anchor UE j, relative to the RTOA Reference time.
· The SL RTOA reference time is defined as , where
·  is the nominal beginning time of SFN 0 provided by SFN Initialization Time, or  the nominal beginning time of DFN 0 provided by DFN Initialization Time
· , where  and  are the system frame number and the subframe number of the SL-PRS, respectively.
SL-PRS based RSTD
	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


In Rel-16, the RSTD measurement in TDOA is the relative timing difference between different TRPs. For SL, the RSTD measurement is the relative timing difference between different anchor UEs.
So, we propose
Proposal 4: [bookmark: _Hlk127463321]
· SL-PRS based RSTD is the SL relative timing difference between the anchor UE j and the reference anchor UE i.
The measurement for SL-AoA
	Definition
	UL Angle of Arrival (UL AoA) is defined as the estimated azimuth angle and vertical angle of a 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 relatize 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 [15].
The UL AoA is determined at the gNB antenna for an UL channel corresponding to this UE.


For SL-AoA, we can also refer to the NR definition. And, the potential issue is the LCS or GCS. For us, LCS needs to be supported at least for some relative positioning, and whether the GCS can be supported or not is up to UE capability (ie., whether accurate geographic direction information can be obtained by the UE in real-time).
Proposal 5: [bookmark: _Hlk127463337]
· With regards to SL-AoA
· SL Angle of Arrival (UL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction 
· Both LCS and GCS can be supported.
In addition, we would like to note the LCS between target UE and anchor UE may be different. In this case, for relative positioning, maybe only target UE can measure the AoA by LCS.
[image: ]
Figure7 The LCS of a UE at different time  
In Rel-17, the maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp is 8.
For SL, we propose a similar value can be reused. 
Proposal 6: [bookmark: _Hlk127463348]
· The maximum number of SL-AOAs values (pair of AOA & ZOA values) to be reported per SL-PRS for the first arrival path corresponding to the same timestamp can be 8. 
SL-PRS RSRP 
	Definition
	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE


For SL- PRS RSRP, we can also refer to the NR definition, so, we propose
Proposal 7: [bookmark: _Hlk127463365]
· 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.

SL-PRS RSRPP
	Definition
	DL PRS reference signal received path power (DL 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 DL PRS signal configured for the measurement, where DL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.

For frequency range 1, the reference point for the DL PRS-RSRPP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE


For SL- PRS RSRPP, it can be defined similar to the NR definition as follows
Proposal 8: [bookmark: _Hlk127463376]
· 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.	
The measurement for Hybrid positioning
For hybrid positioning, combining NR measurement and SL measurement by implementation is preferred. That is, we prefer to define NR measurement and SL measurement separately, and no additional measurement is defined for hybrid positioning (i.e., hybrid RSTD measurement based on DL-PRS and SL-PRS). 
Proposal 9: [bookmark: _Hlk127463383]
·  Combine NR measurement and SL measurement by the implementation. 
In addition, DL PRS only can be measured in MG or PPW window. The potential question is, within the MG or PPW, whether the SL-PRS can be measured.
For PPW, based on the discussion in Rel-17, there is no restriction for UL within PPW, and SL is transmitted in UL symbol. So, the SL-PRS can be transmitted or measured in PPW if configured.
But for MG, no UL can be transmitted, and one frequency layer DL-PRS can be measured, in this case, we prefer no SL signal can be transmitted or measured within MG.
Measurement 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


Separate method VS unified method
	· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified, or whether there will be a unified SL Positioning method.  



In the SID, whether there will be separate SL positioning methods or unified SL positioning methods specified is discussed. For us, unified SL positioning methods are preferred since the combination of multiple measurement results on the UE side is suggested under different positioning methods in Rel-17, and choosing one or more measurement results reporting which is not tied to the positioning method based on measurement request is supported in the TRP side. 
So, for sidelink positioning, we propose to refer to the UL positioning solution on the TRP side to choose one or more measurement results reporting for SL positioning based on measurement request and independent of the positioning method.
Proposal 10: [bookmark: _Hlk127463399]
· A unified positioning method is supported, and to support one or more measurement reporting associated with the same identification can be reported together. 
Timestamp
In the SI phase, the timestamp has been agreed to associate with measurement. In this section, we discuss the detailed information on the timestamp in MR. In NR, the timestamp related descriptions are as follow
	For the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, and UE Rx-Tx time difference measurements the UE reports an associated higher layer parameter nr-TimeStamp. The nr-TimeStamp can include the dl-PRS-ID, the SFN and the slot number for a subcarrier spacing. These values correspond to the reference which is provided by nr-DL-PRS-ReferenceInfo. 



For SL, the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if the serving cell timing reference is in use, or DFN 0 otherwise. So, an additional indication can be included in the SL timestamp to indicate the timestamp is relative to SFN 0 of the serving cell or DFN 0
In addition, the sync source also can be different for DFN0(e.g., UE or GNSS), for GNSS, some parameters (e.g., Tref, offset DFN) will be used to calculate the DFN and slot number.
	[bookmark: _Toc60777072][bookmark: _Toc115428831] 5.8.12	DFN derivation from GNSS
When the UE selects GNSS as the synchronization reference source, the DFN, the subframe number within a frame and slot number within a frame used for NR sidelink communication/discovery are derived from the current UTC time, by the following formulae:
DFN= Floor (0.1*(Tcurrent –Tref–OffsetDFN)) mod 1024
SubframeNumber= Floor (Tcurrent –Tref–OffsetDFN) mod 10
SlotNumber= Floor ((Tcurrent –Tref–OffsetDFN)*2μ) mod (10*2μ)
Where:
Tcurrent is the current UTC time obtained from GNSS. This value is expressed in milliseconds;
Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900). This value is expressed in milliseconds;
OffsetDFN is the value sl-OffsetDFN if configured, otherwise it is zero. This value is expressed in milliseconds.
μ=0/1/2/3 corresponding to the 15/30/60/120 kHz of SCS for SL, respectively.
NOTE 1:	In case of leap second change event, how UE obtains the scheduled time of leap second change to adjust Tcurrent correspondingly is left to UE implementation. How UE handles to avoid the sudden discontinuity of DFN is left to UE implementation.
NOTE 2:	Void.



To accompany the SFN and the slot number, nr-TimeStamp can also indicate the reference of the value through nr-DL-PRS-ReferenceInfo. Similarly, for the SL time stamp, if the timing is related to SFN 0 of the serving cell, the cell index of the serving cell can be included. If the timing is related to DFN 0, the synchronization reference source (e.g., GNSS or UE) can be reported. 
So, the nr-TimeStamp can be
· SFN and the slot number relative to SFN 0 of the serving cell
· And the nr-PhysCellID, nr-ARFCN, nr-CellGlobalID can be included to identify the serving cell (NR).
· DFN and the slot number relative to DFN 0 
· The synchronization reference source indication (e.g., GNSS or UE), the DFN time (e.g., Tref, offset DFN) can be included
· [bookmark: OLE_LINK5]UTC time, if UE selects GNSS as the synchronization reference source
Proposal 11: [bookmark: _Hlk127463475]
· The nr-TimeStamp can be the SFN and the slot number relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if the serving cell timing reference is in use, or DFN otherwise. 
· The nr-TimeStamp can also be UTC time.
Quality
In NR, only timing quality has been defined on the UE side.
	[bookmark: _Hlk24184832]TS 38.214
The UE may be configured to report quality metrics NR-TimingQuality corresponding to the DL RSTD and UE Rx-Tx time difference measurements which include the following fields:
-	timingQualityValue which provides the best estimate of the uncertainty of the measurement
-	timingQualityResolution which specifies the resolution levels used in the timingQualityValue field.



For the TRP side, timing and angle quality are defined as follows.
	Ta 38.455 9.2.43 Measurement quality
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Measurement Quality
	M
	
	
	

	>Timing Measurement Quality
	
	
	
	

	>>Measurement Quality
	M
	
	INTEGER(0..31)
	TS 37.355 [14]

	>>Resolution
	M
	
	ENUMERATED(0.1m, 1m, 10m, 30m, …)
	TS 37.355 [14]

	>Angle Measurement Quality
	
	
	
	

	>>Azimuth Quality
	M
	
	INTEGER(0..255)
	

	>>Zenith Quality
	O
	
	INTEGER(0..255)
	

	>>Resolution
	M
	
	ENUMERATED (0.1deg, …)
	





Considering the support of SL AoA, we propose both timing quality corresponding to the UE Rx-Tx time difference, RSTD, and RTOA and angle quality corresponding to the AoA are supported.
Proposal 12: [bookmark: _Hlk127463486]
· Both timing quality corresponding to the timing related measurements and angle quality corresponding to the AoA measurement are supported. 
Identification Information for a sidelink positioning measurement
[bookmark: OLE_LINK3]Based on the following specification, TRP ID, nr-DL-PRS-ResourceSetID and nr-DL-PRS-ResourceID-r16 are used to uniquely identify a DL PRS resource in NR positioning.
	[bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292][bookmark: _Toc36645522][bookmark: _Toc45810567][bookmark: _Toc114223814]5.1.6.5	PRS reception procedure

The UE expects that one of these dl-PRS-ID along with a nr-DL-PRS-ResourceSetID and a nr-DL-PRS-ResourceID-r16 can be used to uniquely identify a DL PRS resource


Naturally, for the signaling between UEs, the UE ID is used to identify the SL-PRS measurement report for which UE is analyzed and summarized in the following table.
	
	Targert UE<-> anchor UE
	Targert UE<-> server UE/LMF

	Rx-Tx 
	UE ID (e.g., source ID/destination ID)
	Unique UE identification, otherwise, the server UE or LMF can not sure the anchor UE

	TDOA
	Unique UE identification, due to multiple UE results needs to be reported 
	Unique UE identification, otherwise, the server UE or LMF can not sure the anchor UE

	RTOA
	UE ID (e.g., source ID/destination ID)
	Unique UE identification, otherwise, the server UE or LMF can not sure the anchor UE

	AoA
	UE ID (e.g., source ID/destination ID)
	Unique UE identification, otherwise, the server UE or LMF can not sure the anchor UE

	RSRP/RSRPP
	UE ID (e.g., source ID/destination ID)
	Unique UE identification, otherwise, the server UE or LMF can not sure the anchor UE


Based on the analysis in the above table, the existing SL ID (e.g source ID/destination ID) may be sufficient for identifying the UE for the signaling between two UEs (Target UE and anchor UE). But,  for the TDOA method or reporting measurement to other UE or LMF, only the existing ID may be difficult to help other UE or LMF map the ID to a UE since the existing ID is per session per UE. In this case, additional information may be needed to identify the UE on the server UE/LMF side in addition to the existing SL ID. The potential option that can be used to uniquely identify the UE are listed as follows
Option 1: Unique UE identification (e.g., 5G-S-TMSI)
Option 2: Sequence ID if it is configured per UE
Option 3: Location information
In our opinion, Option 1 is preferred to uniquely identify a UE for some SL positioning.
For resource ID, it is dependent on whether multiple resource and resource set ID is defined or configured for one UE. Usually, the multiple resources mean the multiple beams from UE. But for existing SL signals, beam management is not supported, and no resource ID is defined for SL-CSI-RS.  So, we propose SL-PRS resource ID may be included after multiple resources are agreed to configure for a UE.
Proposal 13: [bookmark: _Hlk127463505]
· For identification information for a sidelink positioning measurement, the following option can be supported.
· Source ID and/or destination ID
· Unique UE identification (e.g., 5G-S-TMSI)
· SL-PRS resource ID if multiple resources are agreed to configure for a UE
Panel identification for multi-panel cases
In NR positioning enhancement, ARP and TEG ID have been introduced for multi-panels to achieve high-accuracy positioning.
The current antenna configuration in TR37.885 for V2X is placed as option 2 shown below which is a distributed antenna system. Besides, according to the analysis in the 5GAA LS, the distributed antennas on the vehicle may affect the positioning performance and reduce the required number of gNB/RSUs to achieve the target positioning accuracy.
	TR 37.885 6.1.4[6]
-	Option 2: Two panels are placed in the vehicle as follows and the antenna pattern for each location is given by Tables 6.1.4-10 and, 6.1.4-11. The antenna array configuration is given by Table 6.1.4-12.
-	For vehicle type 1, one panel at the front bumper and one panel at the rear bumper
-	For vehicle type 2, one panel at the front rooftop and one panel at the rear rooftop
-	For vehicle type 3, one panel at the front rooftop and one panel at the rear rooftop


In addition, the panel information is helpful for determining the location (e.g., front or rear of a car) of the collision.


Figure7 The ambiguity of the direction of the coming vehicle
Lastly, we evaluate positioning metrics based on the existing antenna configuration and multiple panels configuration (that is option 2 for the vehicle) in V2X positioning. We can find the performance gain with the distributed multiple antenna panels system for V2X positioning in our companion contribution [3]
Therefore, the following proposals are proposed. 
Proposal 14: [bookmark: _Hlk127463519]
· The ARP ID or panel ID can be identification information to associate measurement information.
The reference identification for RSTD
[bookmark: OLE_LINK1]Based on the NR positioning, and section 2.2.2, the RSTD is defined as the timing difference between the target and reference. 
Besides, the NR reference includes TRP ID, resource set ID, and resource ID.
	DL-PRS-ID-Info
The IE DL-PRS-ID-Info provides the IDs of the reference TRPs' DL-PRS Resources.
-- ASN1START
 
DL-PRS-ID-Info-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-DL-PRS-ResourceID-List-r16	SEQUENCE (SIZE (1..nrMaxResourceIDs-r16)) OF
													NR-DL-PRS-ResourceID-r16
																			OPTIONAL, -- Need ON
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16
																			OPTIONAL  -- Need ON
}
 



So, for SL TDOA, the UE ID and SL-PRS resource ID (if more than one resource is introduced) can be used to indicate the reference ID.
Proposal 15: [bookmark: _Hlk127463569]
· The UE ID and SL-PRS resource ID (if more than one resource is introduced) can be used to indicate the reference of SL-TDOA.
The reference direction for SL-AoA
	Agreement:
Modify the previous agreement on the definition of the AoA (ϕ) and ZoA (θ) as follows:
· AoA (ϕ) and ZoA (θ) define the estimated angles of a user with respect to a reference direction which are determined at the TRP antenna for an UL channel corresponding to this UE.
· The reference directions can be defined according to either one of the following options (both options are supported in specifications) 
· Option 1: 
· The reference directions are defined with respect to the Global Coordinate System (GCS) as follows: 
· For AoA, the geographical North, positive in a counter-clockwise direction.
· For ZoA, the zenith/vertical
· Note:  θ=0 pointing to the zenith and  pointing to the horizon.
· Option 2: 
· For AoA and ZoA, tThe reference directions are defined is with respect to the Local Coordinate System (LCS) defined in TR 38.901 as follows:
· For AoA, the x-axis, positive in a counter-clockwise direction.
· For ZoA, the z-axis 
· Note: θ=0 pointing to the z-axis and pointing to the x-y plane.
· The translation of the GCS to LCS uses the set of angles  (bearing angle),  (downtilt angle),   (slant angle) ,which are reported together with the AoA (ϕ) and ZoA (θ) in LCS.



[bookmark: OLE_LINK6]Similar to the discussion of section 2.3, if both LCS and GCS can be supported, an indication of Coordinate System can be reported to indicate the angle measurement is relative to LCS or GCS. In addition, for some cases, UE can report LCS to GCS translation. 
[bookmark: _Hlk127519615]
Proposal 16: [bookmark: _Hlk127463582]
· An indication of the Coordinate System (e.g., GCS or LCS) can be included in MR to indicate the associated angle measurement is relative to LCS or GCS.
Additional Content of measurement reporting
	[HIGH] Feature Lead Proposal 5.1-v0
For the content of the sidelink positioning measurement report, additional potential elements may include at least the following:
· UE location information (e.g. latitude/longitude/altitude, or location coordinates), and qualifying information about location, e.g., associated uncertainty, time-stamp, etc.
· LOS/NLOS indicators
· Transmission power of SL-PRS


In the SI phase, the above content has been suggested as additional content of MR.
For us, all the information can be candidate content of measurement reporting. For example, reporting UE location information can be reported for UE-based SL positioning. LOS/NLOS indicators can help UE to mitigate the multipath impaction.
In addition, the transmission power of SL-PRS can be combined with the RSRP/RSRPP measurement to assist the device to confirm the reliability of timing or angle measurement. Even in NR, the Tx power of pathloss reference signal needs to be informed to UE for SRS transmission. Besides, the transition power of SL-PRS may be different for different received UE or different times since the transmission power may be changed as the Rx reflection. In this case, reporting the transition power of the SL-PRS is helpful for confirming the pathloss and measurement quality. For example,
Case 1: For RTT, UE can reflect Tx power of transmitting SL-PRS of the UE, RSRP, Rx-Tx timing difference to another UE 
Case 2: For UL-like TDOA, Target UE can provide transition power if target UE is not the element to calculate the UE location to serve UE or LMF
Case 3: For DL-like TDOA, anchor UE can provide transition power

Proposal 17: [bookmark: _Hlk127463596]
· For the content of the sidelink positioning measurement report, additional potential elements may include at least the following:
· UE location information (e.g. latitude/longitude/altitude, or location coordinates), and qualifying information about location, e.g., associated uncertainty, time-stamp, etc.
· LOS/NLOS indicators
· The transmission power of SL-PRS
Additional path measurement  
In SI, the SL-RSRPP is agreed upon, in this case, there are some issues that need to be further discussed.
Issue 1:  the number of additional paths at least for SL-RSRPP for an SL-PRS
Issue 2:  whether the timing and angle measurement can be supported per the first and additional path or not.
For us, considering NR positioning, reporting the first path and additional path measurement for timing and angle measurement has been supported. And the number of additional paths for different methods are summarized as the following
	Method
	RSTD
	Rx-Tx 
	RTOA
	AoA
	RSRPP

	Path number
	{2, 4, 8}
	{2, 4, 8}
	{2, 4, 6, 8}
	{1, 2, 4, 8}
	Support for timing-based positioning


So we propose
Proposal 18: [bookmark: _Hlk127463606]
· The SL-based RSTD, Rx-Tx time difference, RToA, AoA of the first path and additional path can be supported.
· The additional path can be [2, 4, 8] for an SL-PRS.
Signaling for measurement or measurement report
Signaling for measurement reports 
	[bookmark: _Hlk112217539][MEDIUM] Feature Lead Proposal 5.2-v0
With regards to the sidelink positioning measurement report,
· RAN1 assumes as a starting point that higher layer signaling for the positioning measurement report shall be used. 
· FFS: Whether other signaling (e.g. low-layer signaling) could also be applicable. 


Considering the payload and flexibility transmission of the measurement report, the MAC CE or high-layer signaling (e.g., SLPP) can be used to carry SL measurement report for SL-PRS. In addition, considering the SLPP has been agreed to support, we prefer to carry SL-PRS measurement reports by SLPP. 
Proposal 19: [bookmark: _Hlk127463614]  
· SLPP is used to carry the SL-PRS measurement report.
Signaling for measurement report requests
In addition, in NR, the measurement report can be triggered by the LMF or UE itself by LPP as follow.



     LMF-initiated                                                    UE-initiated 
Figure8  LMF-initiated/UE-initiated Location Information Transfer Procedure
For SL, the measurement report also can be triggered by the LMF or UE itself. In addition, the measurement report can also be triggered by another UE. The remaining issue is which signaling is used to trigger the MR. Considering CSI reports in NR SL can be triggered by SCI or MAC CE, and it has agreed to support SLPP in SL positioning, we prefer that SL-PRS measurement report can be triggered by SLPP at least, and FFS triggered by lower layer.
 [image: ]                                                          [image: ]Anchor UE 1
Target UE
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Figure9  A typical Location Information Transfer Procedure between UEs
Proposal 20: [bookmark: _Hlk127463644]
· SL-PRS measurement reports can be triggered by SLPP
· FFS whether SCI can be used to trigger feedback SL-PRS or measurement report. 
In addition, considering the multiple measurements (e.g., RSTD, Rx-Tx difference, RSRP) is supported for SL. The measurement report request can include the type of measurement.
Latency condition
For SL CSI reporting, the MAC entity maintains an sl-CSI-ReportTimer for each pair of the Source Layer-2 ID and the Destination Layer-2 ID. Sl-CSI-ReportTimer is used for an SL-CSI reporting UE to follow the latency requirement signalled from a CSI triggering UE. The value of sl-CSI-ReportTimer is the same as the‎ latency requirement of the SL-CSI reporting in sl-LatencyBoundCSI-Report configured by RRC.
Similar to sl-CSI-ReportTimer, a latency boundary used for positioning measurement reporting can be introduced.
Proposal 21: [bookmark: _Hlk127463650]
· Positioning measurement reporting latency boundary can be considered to be introduced. 
Conclusion
In this contribution, we discuss potential positioning enhancements with the following observation and proposals.
Observation 1: 
· There is no difference in the Rx – Tx time difference definition for single-sided RTT and double-sided RTT.
Proposal 1: 
· For RTT, 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 UE, defined by the first detected path in time.
· TUE-TX is the UE transmit timing of sidelink subframe #j considering the actual SL-PRS transmission time.
Proposal 2: 
· Exchange of SFN/DFN Initialisation Time between anchor UE and target/server UE/ LMF can be used to mitigate the synchronization error or align the reference timing between anchor UEs.
Proposal 3: 
· SL-PRS based RTOA TSL-RTOA is the beginning time of SL subframe #i containing SL-PRS received from anchor UE j, relative to the RTOA Reference time.
· The SL RTOA reference time is defined as , where
·  is the nominal beginning time of SFN 0 provided by SFN Initialization Time, or the nominal beginning time of DFN 0 provided by DFN Initialization Time
· , where  and  are the system frame number and the subframe number of the SL-PRS, respectively.
Proposal 4: 
· SL-PRS based RSTD is the SL relative timing difference between the anchor UE j and the reference anchor UE i.
Proposal 5: 
· With regards to SL-AoA
· SL Angle of Arrival (UL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction 
· Both LCS and GCS can be supported.
Proposal 6: 
· The maximum number of SL-AOAs values (pair of AOA & ZOA values) to be reported per SL-PRS for the first arrival path corresponding to the same timestamp can be 8. 
Proposal 7: 
· 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.
Proposal 8: 
· 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.	
Proposal 9: 
·  Combine NR measurement and SL measurement by the implementation. 
Proposal 10: 
· A unified positioning method is supported, and to support one or more measurement reporting associated with the same identification can be reported together. 
Proposal 11: 
· The nr-TimeStamp can be the SFN and the slot number relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if the serving cell timing reference is in use, or DFN otherwise. 
· The nr-TimeStamp can also be UTC time.
Proposal 12: 
· Both timing quality corresponding to the timing related measurements and angle quality corresponding to the AoA measurement are supported. 
Proposal 13: 
· For identification information for a sidelink positioning measurement, the following option can be supported.
· Source ID and/or destination ID
· Unique UE identification (e.g., 5G-S-TMSI)
· SL-PRS resource ID if multiple resources are agreed to configure for a UE
Proposal 14: 
· The ARP ID or panel ID can be identification information to associate measurement information.
Proposal 15: 
· The UE ID and SL-PRS resource ID (if more than one resource is introduced) can be used to indicate the reference of SL-TDOA.
Proposal 16: 
· An indication of the Coordinate System (e.g., GCS or LCS) can be included in MR to indicate the associated angle measurement is relative to LCS or GCS.
Proposal 17: 
· For the content of the sidelink positioning measurement report, additional potential elements may include at least the following:
· UE location information (e.g. latitude/longitude/altitude, or location coordinates), and qualifying information about location, e.g., associated uncertainty, time-stamp, etc.
· LOS/NLOS indicators
· The transmission power of SL-PRS
Proposal 18: 
· The SL-based RSTD, Rx-Tx time difference, RToA, AoA of the first path and additional path can be supported.
· The additional path can be [2, 4, 8] for an SL-PRS.
Proposal 19:   
· SLPP is used to carry the SL-PRS measurement report.
Proposal 20: 
· SL-PRS measurement reports can be triggered by SLPP
· FFS whether SCI can be used to trigger feedback SL-PRS or measurement report. 
Proposal 21: 
· Positioning measurement reporting latency boundary can be considered to be introduced. 
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