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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].


Further, regarding SL positioning measures and report the following agreements were reach during the last meetings:
Agreement
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements should be introduced:
· SL-PRS based Rx-Tx measurement
· SL-PRS based RSTD measurement
· SL-PRS based RSRP measurement
· SL-PRS based RSRPP measurement
· SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above
In this contribution, we present our views on SL positioning measurements and reports. Our views on SL-PRS design, and resource allocation for SL positioning are described in our companion contributions [2] and [3], 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 a definition for each of the measures is presented. 
0. SL-PRS based Rx-Tx time difference measurement
For RTT type of positioning both single and double sided RTT should be designed. The related SL positioning measures UE SL Rx – Tx time difference can be used for both single and double sided RTT based SL positioning. For single sided RTT reporting a single UE SL Rx – Tx time difference is sufficient. For double sided RTT two different instantiation of UE SL Rx – Tx time difference are reported. Note that one of these is negative. 
The following definition of UE SL Rx – Tx time difference is based on the definition of the measure UE Rx – Tx time difference defined in section 5.1.30 of [4] (38.215).
[bookmark: _Ref127529764]Table 1 UE SL Rx - Tx time difference definition.
	Definition
	The UE SL Rx – Tx time difference is defined as TUE.SL-RX – TUE.SL-TX

Where:
TUE.SL-RX is the UE received timing of sidelink subframe #i from another UE, defined by the first detected path in time.
TUE-SL-TX is the UE transmit timing of sidelink subframe #j that is closest in time to the subframe #i received from the other UE.

Multiple SL PRS resources can be used to determine the start of one subframe of the first arrival path of the UE.

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

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

	
	



Note that in this case we do not consider that the synchronization source could change between the different transmissions belonging to the same RTT exchange. In our understanding there is a large specification impact of considering the case that the SL synchronization source changes between the different transmissions belonging to the same RTT exchange. Thus, we would prefer that this case is not included in the SL positioning measurement considerations. 

Proposal 1: 
· Adopt the definition for UE SL Rx – Tx time difference in Table 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 2 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 2 

0. SL-PRS based RSRP measurement
The definition of SL PRS-RSRP is derived from the definition of PSSCH-RSRP defined in section 5.1.23 of [4] (38.215).
[bookmark: _Ref127530788]Table 3 SL PRS reference signal received power definition.
	Definition
	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.

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.

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



Proposal 3: 
· Adopt the definition for SL PRS reference signal received power in Table 3

0. SL-PRS based RSRPP measurement
The definition of SL PRS-RSRPP is derived from the definition of PSSCH-RSRP defined in section 5.1.23 of [4] (38.215) combined with the definition of the DL PRS-RSRPP in section 5.1.35 of [4] (38.215). Note that as no AoD is to be defined for SL positioning during Rel-18 it is not possible use AoD to cover the case of a receiver diversity.


[bookmark: _Ref127530915]Table 4 SL PRS reference signal received path power definition.
	Definition
	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.

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 for SL SPS-RSRPP measurements:
-	The reported SL PRS-RSRPP value for the first and additional paths shall be provided for the same receiver branch(es) as applied for SL PRS-RSRP measurements, or
-	The reported SL PRS-RSRPP value for the first path shall not be lower than the corresponding SL PRS-RSRPP for the first path of any of the individual receiver branches and the reported SL PRS-RSRPP for the additional paths shall be provided for the same receiver branch(es) as applied SL PRS-RSRPP for the first path.

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



Proposal 4: 
· Adopt the definition for SL PRS reference signal received path power in Table 4

0. SL-PRS based RTOA measurement
The definition of SL Relative Time Of Arrival (RTOA) is derived from the definition of UL-RTOA defined in section 5.2.2 of [4] (38.215).
[bookmark: _Ref127531603]Table 5 SL Relative Time of Arrival definition.
	Definition
	The SL Relative Time of Arrival (TSL-RTOA) is the beginning of subframe i containing SL PRS received in UE j, relative to the RTOA Reference Time. 

The SL RTOA reference time is defined as the start time of a subframe. This is derived from the reference time for SFN0 that can be provided to receiving UEs by the LMF or server UE in combination with the subframe number of the subframe that does contain SL-PRS.

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

For frequency range 1, the reference point for the SL RTOA 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 5: 
· Adopt the definition for SL RTOA in Table 5.

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 6 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 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.
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 6: 
· Adopt the definition for SL AoA in Table 6.

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 7: 
· 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 8: 
· 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 9: 
· 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 10: 
· 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 11: 
· 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 12: 
· 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 13: 
· The measurement report for SL-AOA reuses the definition of UL-AOA whenever possible.



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: 
· Adopt the definition for UE SL Rx – Tx time difference in Table 1
Proposal 2: 
· Adopt the definition for SL reference signal time difference in Table 2 
Proposal 3: 
· Adopt the definition for SL PRS reference signal received power in Table 3
Proposal 4: 
· Adopt the definition for SL PRS reference signal received path power in Table 4
Proposal 5: 
· Adopt the definition for SL RTOA in Table 5.
Proposal 6: 
· Adopt the definition for SL AoA in Table 6.
Proposal 7: 
· 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 8: 
· A SL TEG for UE SL Rx – Tx time measures is defined. The definition is based on the TEG definition for Uu positioning.
Proposal 9: 
· The measurement report for UL like SL-TDOA reuses the definition of UL TDOA whenever possible
Proposal 10: 
· A SL TEG for SL RTOA is defined. The definition is based on the TEG definition for Uu positioning.
Proposal 11: 
· The measurement report for DL like SL-TDOA reuses the definition of DL TDOA whenever possible.
Proposal 12: 
· A SL TEG for SL RSTD is defined. The definition is based on the TEG definition for Uu positioning.
Proposal 13: 
· The measurement report for SL-AOA reuses the definition of UL-AOA whenever possible.
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