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Introduction
The WID on sidelink positioning is approved in [1]. 
	The specific objectives of this work item are:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


In this contribution, we share our initial views on measurements and reporting for sidelink positioning.
Sidelink Positioning Measurements

SL-PRS based Rx-Tx measurement
In RAN1#112b, the following agreements on SL-PRS based Rx-Tx measurement had been achieved [2].
	Agreement
For definition of SL-PRS based Rx-Tx measurement, further consider Alt1 and Alt3 until RAN1#113:
· Alt1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement
· Alt3: based on the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu


For Alt3, the SL Rx-Tx time difference for single-sided RTT is based on the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu. The SL Rx-Tx time difference can be defined as TUE-RX – TUE-TX, 
Where,
· TUE-RX is the received timing of subframe #i containing SL PRS, defined by the first detected path in time.
· TUE-TX is the transmit timing of subframe #j that is closest in time to the subframe #i received from the UE.
However, in this case, additional Timing Adjust error in UE1 Rx-Tx timing error will be introduced due to the acute SL-PRS transmission timing change on the UE2 side. We prefer actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement.
Proposal 1: Actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement.

SL-PRS based RTOA measurement
In RAN1#112, the following agreement on SL-PRS based RTOA measurement had been achieved [3].
	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


For the issue of how to mitigate impact of synchronization errors between anchor UEs for RTOA measurement, the following three Options had been discussed in last meeting.
· Option 1: Indication/reporting of synchronization source, synchronization error or quality of synchronization information.
· Option 2: SL-PRS transmission between anchor UEs.
· Option 3: (Pre-)configuration of the clock source’s accuracy requirement/threshold.
In SL communication, multiple synchronization source types will be used for different UEs, such as GNSS, gNB, UE. Different synchronization sources will have different transmit timing, and even for the same type synchronization source. To solve this issue, one way is that transmission UE indicates synchronization source, synchronization error or quality of synchronization information. Other way is to introduce SL-PRS transmission between the anchor UEs.
Proposal 2: Both Option 1and Option 2 can be supported to mitigate impact of synchronization errors between anchor UEs for RTOA measurement.

SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
In RAN1#112b, the following agreement on SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement had been achieved [2].
	Agreement
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 antennas for a SL channel corresponding to the transmitting UE.


In the traditional AoA estimation method in Uu interface, AoA can be estimated based on the phase difference of the received signals across different antenna element. In this case, only one-shot SL-PRS transmission is required. However, considering the complexity of UE hardware, the UE may only have one RF chain architecture. In this case, UE needs to receive SL PRS through antenna switching. Therefore, the multi-shot SL-PRS transmissions/receptions need to be supported for antenna switching based AoA positioning method. 
Proposal 3: The multi-shot SL-PRS transmissions/receptions need to be supported for antenna switching based AoA positioning method.

SL Positioning Measurements Report
Contents of the positioning measurement report
In RAN1#112, the following agreement on contents of the SL positioning measurement report had been achieved [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
	[bookmark: OLE_LINK1]
	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
	
	






For the content of the sidelink positioning measurement report, the following elements need to be included:
· 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
Therefore, the measurement report contents for different measurements are provided in the following table.
	
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID

	SL-PRS based RSTD measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue
ARP ID or panel ID

	SL-PRS based RSRP measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),

	identification information,
LOS/NLOS indicators,
Timestamp(s),


	SL-PRS based RSRPP measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
	identification information,
LOS/NLOS indicators,
Timestamp(s),

	SL-PRS based RTOA measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	identification information,
indication of the Coordinate System,

	identification information,
indication of the Coordinate System,

	etc
	
	



Proposal 4: The measurement report contents for different measurements are provided in the following table.
	
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID

	SL-PRS based RSTD measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue
ARP ID or panel ID

	SL-PRS based RSRP measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),

	identification information,
LOS/NLOS indicators,
Timestamp(s),


	SL-PRS based RSRPP measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
	identification information,
LOS/NLOS indicators,
Timestamp(s),

	SL-PRS based RTOA measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	identification information,
indication of the Coordinate System,

	identification information,
indication of the Coordinate System,



Time domain behavior of the measurement report
For the time domain behavior of the measurement report, the following three options had been discussed in previous meeting.
· Option 1: Periodic measurement report
· Option 2: Semi-persistent measurement report
· Option 3: Aperiodic measurement report
[bookmark: _GoBack]For periodic measurement report, it may cause resource waste and resource collision especially for sidelink resource selection mode 2. In our view, semi-persistent and aperiodic measurement report should be supported.
 Proposal 5: Semi-persistent and aperiodic measurement report should be supported.
[bookmark: OLE_LINK40]
Joint SL and Uu Positioning
In Uu positioning, the LOS component from gNB in direct-link may be limited due to buildings and obstructions. In this case, hybrid positioning methods wherein one or more of the UE(s) perform SL measurements and UE position/ranging is estimated using measurements derived on both SL and Uu positioning can be used to improve positioning accuracy. For in-coverage scenarios, UE can use hybrid positioning method to achieve absolute positioning. In absolute positioning, the UE needs to measure the positioning reference signals sent by more than three positioning nodes whose positions are known and report the measurement results to the network. If a UE can act as a positioning node (that is, the location information is known), the UE needs to identify itself as a positioning node to target UEs. Therefore, the anchor UE needs to send indication information to the target UE to indicate whether it can act as a positioning node. 


Figure 4.2: Example of hybrid positioning scenarios.
Proposal 6: The anchor UE needs to send indication information to the target UE to indicate whether it can act as a positioning node.

Conclusion
In this contribution, we provided initial views on measurements and reporting for SL positioning. In summary, we have following proposals:

Proposal 1: Actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement.
Proposal 2: Both Option 1and Option 2 can be supported to mitigate impact of synchronization errors between anchor UEs for RTOA measurement.
Proposal 3: The multi-shot SL-PRS transmissions/receptions need to be supported for antenna switching based AoA positioning method.
Proposal 4: The measurement report contents for different measurements are provided in the following table.
	
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID

	SL-PRS based RSTD measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue
ARP ID or panel ID

	SL-PRS based RSRP measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),

	identification information,
LOS/NLOS indicators,
Timestamp(s),


	SL-PRS based RSRPP measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
	identification information,
LOS/NLOS indicators,
Timestamp(s),

	SL-PRS based RTOA measurement
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID
	identification information,
LOS/NLOS indicators,
Timestamp(s),
timingQualityValue,
ARP ID or panel ID

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	identification information,
indication of the Coordinate System,

	identification information,
indication of the Coordinate System,


Proposal 5: Semi-persistent and aperiodic measurement report should be supported.
Proposal 6: The anchor UE needs to send indication information to the target UE to indicate whether it can act as a positioning node.
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