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Introduction
The RAN WG approved work item on Expanded and Improved NR Positioning [1], that includes the following objective:
	· 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].


At the RAN1#112 meeting, the following agreements and working assumptions were made regarding measurements and reporting for sidelink positioning [2].
Agreement
SL PRS reference signal received power (SL PRS-RSRP)
· is defined as the linear average over the power contributions (in W) of the resource elements that carry SL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth 
With regard to the reference point
· For frequency range 1, the reference point for the SL PRS-RSRP shall be the antenna connector of the UE.
· For frequency range 1, if receiver diversity is in use by the UE, the reported SL PRS-RSRP value shall not be lower than the corresponding SL PRS-RSRP of any of the individual receiver branches.

Agreement
SL PRS reference signal received path power (SL PRS-RSRPP),
· is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry SL PRS signal configured for the measurement, where SL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.
With regard to the reference point
· For frequency range 1, the reference point for the SL PRS-RSRPP shall be the antenna connector of the UE.
· For frequency range 1, if receiver diversity is in use by the UE, the reported SL PRS-RSRPP value shall not be lower than the corresponding SL PRS-RSRPP of any of the individual receiver branches.

Agreement
· SL-PRS based RTOA TSL-RTOA is defined as the beginning time of SL subframe #i containing SL-PRS received from a UE, relative to the RTOA Reference Time. The SL RTOA reference time is defined as , where
· T0 is the nominal beginning time of SFN 0 or DFN0.
· FFS on how to select between SFN 0 or DFN 0 for determination of T0.
· FFS: the source for the reference timing
· tSL-PRS = (10nf + nsf) x 10-3, 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

Agreement
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
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.

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

Agreement
For SL-PRS based Rx-Tx measurement for double sided RTT, consider sidelink PRS transmission without order restriction between multiple rounds of PRS transmission of involved UEs. 
· FFS on how to differentiate different PRS transmissions for sidelink PRS Rx-Tx measurement and report
· FFS on impact of Scheme 2 resource allocation when the different orders in double sided RTT is considered and whether and how to minimize number of different orders
· Aspects related to scheme 2 resource allocation are to be discussed in agenda 9.5.1.3

Agreement
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
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
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
Companies are encouraged to provide expected measurement report content in the following table to facilitate discussion in RAN1 #112bis-e.
Note: this does not imply a different measurement report content for reporting to LMF or to UE.
Table 6.2 Collection of measurement report content
	
	reporting to LMF
	reporting to UE

	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
	
	

	etc
	
	


In this contribution, we present our views on measurements and reporting for sidelink positioning. Our views on SL-PRS design, and resource allocation for SL positioning are described in our companion contributions [3] and [4], respectively. 
Sidelink Positioning Measures
In our understanding all the following measures can be derived on the corresponding positioning measures defined for Uu positioning: 
· SL-PRS based Rx-Tx time difference measurement
· SL-PRS based RSTD measurement
· SL-PRS based RSRP measurement
· SL-PRS based RSRPP measurement
· SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
In the following paragraphs we discuss the open topics regarding each of these measures. In our understanding the definitions of SL-PRS based RSRP and SL-PRS based RSRPP are finalized and do not need further work. 
0. SL-PRS based Rx-Tx time difference measurement
During last meetings discussion two primary solution directions for the case that the synchronization source and therefore the reference timing does change between the reception and transmission for the Rx-Tx time difference measure. In our understanding these two solution directions are technically equivalent but need to be implemented in the slightly different way. The following paragraph illustrates both solutions and why they are equivalent in terms of their ranging performance. 
· Solution 1 (Alt. 1) In this case the definition of the Rx-Tx time is changed, and the actual transmit time is used. This means that any synchronization source changes, or other reference timing updates are implicitly considered. Note that this solution is accompanied by an expanded range of time difference in the measurement report relative to the solution used for positioning in the past. This does also mean that the measurement report can only be send after the transmission of signal used for Rx-Tx time difference measurement.
· Solution 2 (Alt. 3) In this case the Rel-16/17 definition for the transmission time is reused. However, to account for any synchronization source changes the measurement report does include the UEs reference timing offset. As in this case the reference timing offset is only know after the actual transmission this means the measurement report cannot be send before the transmission of signal used for Rx-Tx time difference measurement. 
In terms so measurement performance both solutions are equivalent, also both reports can only be transmitted after the SL-PRS transmission occurred. However, from the specification complexity perspective it is in our opinion slightly simpler to implement Solution 1. 

Proposal 1: 
· For the transmission time considered for the Rx-Tx time difference measure the actual SL-PRS transmission time is used (Alt. 1).

0. SL-PRS based RSTD measurement
The definition of SL RSTD is derived from the definition of DL RSTD defined in section 5.1.29 of [4] (38.215).
[bookmark: _Ref127530560]Table 1 SL reference signal time difference definition.
	Definition
	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.

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

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

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



Proposal 2: 
· Adopt the definition for SL reference signal time difference in Table 1 

0. SL-PRS based RTOA measurement
For SL-PRS based RTOA the two open topics remained after the last meeting. The first topic is the derivation of the SFN/DFN. We think multiple cases need to be distinguished: 
· Network used for synchronization: The SFN can be obtained from the network and thus can directly be used by the device. 
· SL synchronization across different UEs: As the PSBCH used for synchronization contains information about the DFN, the DFN can be used for the definition of SL-PRS based RTOA.
· External synchronization source (including GNSS): In this case the DFN can be derived from the absolute time information that is received alongside the synchronization information. This means the DFN can be used for the definition of the SL-PRS based RTOA in this case. 

Proposal 3: 
· When the UE uses the network as a synchronization source the SFN can be used for SL-PRS based RTOA. 
· When the UE uses SL synchronization or an external synchronization source like GNSS the DFN is used for the definition of the SL-PRS based RTOA.

The second open topics is the source for the reference timing. In our understanding to achieve sufficient accuracy in UL like SL-TDOA, synchronization of the participating UEs with a higher accuracy than the one that is required for SL communication is necessary. Like for Uu positioning it is our understanding that when these systems will be deployed this synchronization is required, but not specified by 3GPP. However, under the assumption of tight synchronization between the receiving UEs, a reference time for RTOA computation may be provided by a server UE or the LMF when in coverage.

Proposal 4: 
· For the definition of SL-PRS based RTOA the reference timing is a UE reference timing defined for positioning that may be provided by server UE or by LMF when in coverage.


0. SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
The definition of SL Angle of Arrival (SL AoA) is derived from the definition of UL AoA defined in section 5.2.4 of [4] (38.215).
[bookmark: _Ref127532457]Table 2 SL Angle of Arrival definition.
	Definition
	SL Angle of Arrival (SL 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 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 for an SL channel corresponding to the transmitting UE.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



Proposal 5: 
· Adopt the definition for SL AoA in Table 2.

In our understanding there are case were a translation from an LCS to the GCS is not possible. For example, when ranging is performed between two UEs in an underground tunnel without any other positioning information being available as for example GNSS could not be received. It is not clear what information can be gained from reporting LCS that is not possible to be interpreted by another device. 

Measurement reports
0. SL RTT (single and double sided RTT)
In our understanding the same report should be defined for single and double side RTT. The report for double sided RTT just contains multiple UE SL Rx – Tx time difference measures as well as time stamps, SL PRS-RSRP and/or SL PRS-RSRPP values for each of the transmission associated with double sided RTT.

Proposal 6: 
· A single report format is defined for single and double sided RTT
· Reused definition of RTT measurement report defined for Uu positioning whenever possible

In our understanding the hardware of a SL device might be distinct from the hardware that is used for Uu communication even if a UE has both capabilities. In our understanding this means that the uncalibrated error associated with a Timing Error Group (TEG) can be different compared to the one defined for Uu positioning. It is even possible that one device has substantially different error values associated with both interfaces. Thus, we think a SL TEG should be defined for each timing-based SL positioning measure. 

Proposal 7: 
· A SL TEG for UE SL Rx – Tx time measures is defined. The definition is based on the TEG definition for Uu positioning.

0. UL like SL-TDOA
Most of the information fields define for UL-TDOA can directly be reused for the UL like SL-TDOA measurement report. A few of the present fields need to be adapted to reflect SL communication

Proposal 8: 
· The measurement report for UL like SL-TDOA reuses the definition of UL TDOA whenever possible.

For UL like SL-TDOA the same argument about the TEG as for RTT can be made. Therefore, we would also like to define a TEG for SL RTOA. 

Proposal 9: 
· A SL TEG for SL RTOA is defined. The definition is based on the TEG definition for Uu positioning.

0. DL like SL-TDOA
Most of the information fields define for DL-TDOA can directly be reused for the DL like SL-TDOA measurement report. A few of the present fields need to be adapted to reflect SL communication

Proposal 10: 
· The measurement report for DL like SL-TDOA reuses the definition of DL TDOA whenever possible.

For DL like SL-TDOA the same argument about the TEG as for RTT and UL like SL-TDOA can be made. Therefore, we would also like to define a TEG for SL RTOA. 

Proposal 11: 
· A SL TEG for SL RSTD is defined. The definition is based on the TEG definition for Uu positioning.

0. SL AOA
Most of the information fields define for UL-AOA can directly be reused for the SL-AOA measurement report. A few of the present fields need to be adapted to reflect SL communication

Proposal 12: 
· The measurement report for SL-AOA reuses the definition of UL-AOA whenever possible.

0. Source ID and/or Destination ID
For SL communication their different types of source and destination IDs. In our understanding for V2X they are derived form a security context that is defined outside of 3GPP. Note that the physical layer IDs are not the same as the higher layer IDs. In addition, now it is not clear what IDs will be used to identify SL-PRS in the dedicated resource pool. Therefore, it is necessary to wait till all lower and higher layer aspects of the UE identification for positioning is clear before defining the related fields in the measurement report. 

Proposal 13: 
· The identification information should be designed to enable consistent identification of the UEs and the SL-PRS across all layers. 

0. Collection of measurement report content
During last meeting the FL asked to input fields for measurement reports in the form of a table. In the table below we collected or understanding of the required information fields. Note that we prefer to have a combined design for the report to the LMF and to other UEs. 
Collection of measurement report content
	
	Reporting to LMF
	Reporting to UE

	SL-PRS based Rx-Tx measurement
	UE Identification
SL-PRS resource Identification
SL Rx – Tx time difference for the first RTT exchange
SL Rx – Tx time difference for the second RTT exchange (only for double side RTT)
SL-PRS RSRP
SL-PRS RSRPP
Time stamp of each measurement
Quality of each measurement
Los/NLOS information for each measurement
UE SL TEG information (Rx + Tx + RxTx)
	UE Identification
SL-PRS resource Identification
SL Rx – Tx time difference for the first RTT exchange
SL Rx – Tx time difference for the second RTT exchange (only for double side RTT)
SL-PRS RSRP
SL-PRS RSRPP
Time stamp of each measurement
Quality of each measurement
Los/NLOS information for each measurement
UE SL TEG information (Rx + Tx + RxTx)

	SL-PRS based RSTD measurement
	UE Identification
SL-PRS resource Identification
SL-PRS based RSTD measurement
SL-PRS RSRP
SL-PRS RSRPP
Time stamp of each measurement
Quality of each measurement
Los/NLOS information for each measurement
UE SL TEG information (Rx)
	UE Identification
SL-PRS resource Identification
SL-PRS based RSTD measurement
SL-PRS RSRP
SL-PRS RSRPP
Time stamp of each measurement
Quality of each measurement
Los/NLOS information for each measurement
UE SL TEG information (Rx)

	SL-PRS based RSRP measurement
	No separate report for RSRP needed. 
	No separate report for RSRP needed. 

	SL-PRS based RSRPP measurement
	No separate report for RSRPP needed. 
	No separate report for RSRPP needed. 

	SL-PRS based RTOA measurement
	UE Identification
SL-PRS resource Identification
SL-PRS based RTOA measurement
SL-PRS RSRP
SL-PRS RSRPP
Time stamp of each measurement
Quality of each measurement
Los/NLOS information for each measurement
UE SL TEG information (Rx)
	UE Identification
SL-PRS resource Identification
SL-PRS based RTOA measurement
SL-PRS RSRP
SL-PRS RSRPP
Time stamp of each measurement
Quality of each measurement
Los/NLOS information for each measurement
UE SL TEG information (Rx)

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	UE Identification
SL-PRS resource Identification
SL AOA measurement (azimuth and/or elevation)
SL-PRS RSRP
SL-PRS RSRPP
Time stamp of each measurement
Quality of each measurement
Los/NLOS information for each measurement
	UE Identification
SL-PRS resource Identification
SL AOA measurement (azimuth and/or elevation)
SL-PRS RSRP
SL-PRS RSRPP
Time stamp of each measurement
Quality of each measurement
Los/NLOS information for each measurement




Conclusions
In this contribution, we have provided our views on sidelink positioning measures and reports. In summary, we have the following list of proposals:
Proposal 1: 
· For the transmission time considered for the Rx-Tx time difference measure the actual SL-PRS transmission time is used (Alt. 1).
Proposal 2: 
· Adopt the definition for SL reference signal time difference in Table 1 
Proposal 3: 
· When the UE uses the network as a synchronization source the SFN can be used for SL-PRS based RTOA. 
· When the UE uses SL synchronization or an external synchronization source like GNSS the DFN is used for the definition of the SL-PRS based RTOA.
Proposal 4: 
· For the definition of SL-PRS based RTOA the reference timing is a UE reference timing defined for positioning that may be provided by server UE or by LMF when in coverage.
Proposal 5: 
· Adopt the definition for SL AoA in Table 2.
Proposal 6: 
· A single report format is defined for single and double sided RTT
· Reused definition of RTT measurement report defined for Uu positioning whenever possible
Proposal 7: 
· A SL TEG for UE SL Rx – Tx time measures is defined. The definition is based on the TEG definition for Uu positioning.
Proposal 8: 
· The measurement report for UL like SL-TDOA reuses the definition of UL TDOA whenever possible.
Proposal 9: 
· A SL TEG for SL RTOA is defined. The definition is based on the TEG definition for Uu positioning.
Proposal 10: 
· The measurement report for DL like SL-TDOA reuses the definition of DL TDOA whenever possible.
Proposal 11: 
· A SL TEG for SL RSTD is defined. The definition is based on the TEG definition for Uu positioning.
Proposal 12: 
· The measurement report for SL-AOA reuses the definition of UL-AOA whenever possible.
Proposal 13: 
· The identification information should be designed to enable consistent identification of the UEs and the SL-PRS across all layers. 
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