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The work item objectives related to SL positioning/ranging in RP-223549 [1] includes:
	· 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 discuss reporting aspects for SL positioning and measurements to support RTT type solutions.

RTT-type solutions using SL
Report-free RTT  
In the FL summary [2], applicability of report free was discussed during RAN1 #112. Majority of sources agrees on relevance while some concerns were raised to study first the applicability before supporting this feature.
Motivation
The positioning service requirements identified in TR 38.845 or TS 22.261 demand for latencies which can be as low as 10 ms. By enabling RTT procedures which does not rely on the Rx-Tx measurement report will enable extremely low latency ranging operation. 
Furthermore, the report free operation enables determining the RTT even in scenarios where there are limitations in the transmit power.  This is because the SL-PRS itself can be decoded at very low SINR (e.g. -20dB or even lower, depending on the configuration), whereas for exchanging measurements using higher layer signaling, a higher SINR is required for transferring the messages (for example the ProvideLocationInformation). The higher SINR requirements of the physical channels used for reporting may require a SL signal with narrow bandwidth to increase SINR for the utilized bandwidth of PSSCH, for example.  
 
In a different aspect, report-free reduces the signaling overload especially when large number of devices (responders) are participating the SL-positioning. Furthermore, with respect to the responder UE, report-free allows for completing the RTT operation over the dedicated resource pools since no measurement report is required over the communication channels.

Operation

NR Multi-RTT method relies on the UE Rx–Tx and gNB Rx–Tx time difference measurement to determine the round trip time between the TRP and UE. A second well popular approach, is to estimate the range from a single measurement report or even without reporting, when the reply-time is known at the range determining device. Assuming for example UE1 as the range measurement device, the time of flight () for a signal propagationwith UE2 is:
 
.

UE1 needs only to have prior information on  to determine the time-of-flight  from the round trip delay. The range can also be determined at a different node, such as the LMF, from a UE Rx–Tx measurement report of UE1 only. Hence, reporting-free RTT refers that at least one of the ranging devices is not required to report its measurements. Instead of reporting the Rx-Tx delay the Rx-Tx delay is either known or configured.

From the perspective of UE2, the transmit time for the SL-PRS must fulfill network synchronization requirements to avoid interference. Using a constant  may violate this condition, if the  defines the time of the first sample of the SL-PRS transmitted as response to the received SL-PRS. To avoid this a cyclic shift can be applied to the SL-PRS and  applies to a “virtual time of transmit”, which differs from the time of the first sample by the cyclic shift. This allows to set the transmit time related to the first sample of the SL-PRS according to the network synchronization and timing advance requirements, while the cyclic shift ensures that the receiver detects a ToA according the “virtual” time-of-transmit. 

Cyclic shift is already an established concept in 3GPP (used, for example, to transmit reference signals in parallel over different antennas ports or for the PFSCH). For positioning it can utilize the implementation of a constant (configurable) delay, while maintaining the OFDM symbol timing. The principle of the adjustment of the effective time-of-transmit is depicted in Figure 1.
· A OFDM symbol (before cyclic prefix insertion) is “cyclic shifted”. This can be performed in the time-domain or equivalently in the frequency domain by applying a phase ramp to the REs
· Performing a cyclic correlation with the (not shifted) reference signal will result in a delay offset according to the cyclic shift value. 
· The cyclic prefix is inserted after applying the cyclic shift to the main symbol. This ensures a correct measurement also for non-ideal symbol timing recovery by the receiving UE.  

[image: ]
[bookmark: _Ref131505611]Figure 1: Adjustment of effective time-of-transmit using cyclic shift

The method can be employed to implement a report-free RTT as depicted in Figure 2: 
· UE1 (“initiator”) transmits a SL-PRS to a second UE (“UE2”) 
· UE2 (“responder”) detects the ToA (t2 in the figure) for the SL-PRS received from UE1 (initiator)
· The OFDM transmit framing of UE2 may be derived from the network or the signal received from the initiator and it is assumed that UE2 transmits aligned to this framing according the timing-advance (TA) setting. This defines the ToTSym, (t3 in the figure), wherein ToTSym may represent the time of the first sample of the SL-PRS
· The effective (“virtual”) time of transmit of the SL-PRS with the desired  can be calculated by 
 		ToTeff = ToA + 
· The SL-PRS is modified by applying a cyclic shift to the SL-PRS, where the required cyclic shift can be calculated by 
  		tCS = ToTeff - ToTSym

Proposal 1: 	With regards to RTT methods, SL Rx-Tx measurement not being reported but the transmit time of SL-PRS being adjusted based on the measurement shall be supported:
· The mechanism shall not have any impact on the OFDM symbol timing requirements
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[bookmark: _Ref118302658]Figure 2: Example of report-free RTT operation ( is the difference between t5 and t2)



Rx-Tx Measurement
Following agreement was made in RAN1#112b:
	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.




Alt1 provides a more clear approach to define the Rx-Tx time difference, while it may require some additional effort to clarify the actual transmission time when multiple transmissions are configured.

Proposal 2: 	Support using the actual SL-PRS transmission time for the definition of SL-PRS based Rx-Tx time difference measurement.
[bookmark: _GoBack]
UE coordinate system and ARP
Following agreements were made in RAN1#112:
	Agreement
Study measurement report content for both the cases of sidelink positioning measurement reported to LMF and UE.

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).




and RAN1#112b
	Agreement
For provision of assistance information for absolute SL positioning, the anchor UE location information can be provided to LMF or UE.
FFS: which UEs can receive the anchor UE location information (note: which may be decided by other WGs)
FFS on quality information of anchor UE location information.

Agreement
Support per ARP based measurement in sidelink positioning. The ARP related information can be reported along with the SL measurement.
FFS on details of ARP related information, including whether TEG ID can be reused for such purpose. 
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Figure 4 - UE uses two antenna panels which are located at different positions

For high accuracy positioning it is essential to take the position offset of the ARPs into account. For the TRPs this can be implemented by simply using different anchor positions in the common coordinate system used for the position of the TRP and UE (e.g. global coordinate system (GCS) or local coordinate system (LCS)). It should however be noted that a UE may require the definition of its own UE coordinate system (UCS) with its origin being set to the UE reference point. This allows the ARPs of the UE antennas or UE antenna panels to be defined with respect to this UCS.

Proposal 3: 	For SL-PRS transmissions and measurements, consider the UE reference point and ARP location information within the UE coordinate system. 
Conclusion
We made the following observations and proposals in this contribution:

Proposal 1: 	With regards to RTT methods, SL Rx-Tx measurement not being reported but the transmit time of SL-PRS being adjusted based on the measurement shall be supported:
· The mechanism shall not have any impact on the OFDM symbol timing requirements

Proposal 2: 	Support using the actual SL-PRS transmission time for the definition of SL-PRS based Rx-Tx time difference measurement.

Proposal 3: 	For SL-PRS transmissions and measurements, consider the UE reference point and ARP location information within the UE coordinate system. 
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