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Introduction
[bookmark: _Ref111129351] In the Rel-18 positioning WID [1], the following objectives related to SL measurements and reporting are included:

· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [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. 

In this paper, we provide Ericsson’s views on SL measurement and reporting.  Additional issues are discussed in our companion contributions on reference signal design in [2] and resource allocation in [3].
SL PRS based Measurements
SL PRS based RSRP measurement
In RAN1#112, the following agreement was made:
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.

One issue that has not been discussed yet is how to measure SL PRS-RSRP in frequency range 2.  Following the definition of DL PRS based RSRP, the measurement of SL PRS-RSRP in frequency range 2 can be based on the following:
· For frequency range 2, SL PRS-RSPR shall be measured based on the combined signal from the antenna elements corresponding to a given receiver branch;
· For frequency range 2, 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.

Hence, we make the following proposals:

[bookmark: _Toc131753328]For SL-PRS based RSRP definition in FR2, SL PRS-RSPR shall be measured based on the combined signal from the antenna elements corresponding to a given receiver branch.
[bookmark: _Toc131753329]For SL-PRS based RSRP definition in FR2, 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 based RSRPP measurement
In RAN1#112, the following agreement was made:
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.



Regarding how to handle the case with receiver diversity, we notice that the agreed definition above differs from the definition captured for DL PRS-RSRPP copied below:
“For frequency range 1 and 2, if receiver diversity is in use by the UE for DL PRS-RSRPP measurements, the reported DL PRS-RSRPP value included in the higher layer parameter NR-DL-AoD-MeasElement for the first and additional measurements shall be provided for the same receiver branch(es) as applied for DL PRS-RSRP measurements.”
We propose to align the receive diversity handling mechanism for SL PRS-RSPPP to that used for DL PRS-RSPPP.  Note that similar definition can be used for both FR1 and FR2.  Hence, we make the following proposal:

[bookmark: _Toc131753330]For frequency range 1 and 2, if receiver diversity is in use by the UE for SL PRS-RSRPP measurements, the reported SL PRS-RSRPP value for the first and additional measurements shall be provided for the same receiver branch(es) as applied for SL PRS-RSRP measurements.


Furthermore, how to measure SL PRS-RSRPP in frequency range 2 has not been discussed yet.  Following the definition of DL PRS based RSRPPP, the measurement of SL PRS-RSRPP in frequency range 2 can be based on the following:
· For frequency range 2, SL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch;
Hence, we make the following proposal:
[bookmark: _Toc131753331]For frequency range 2, SL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch


SL PRS based AoA/ZoA measurement
In RAN1#112, the following agreement was made:

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


Regarding the FFS, one scenario where AoA/ZoA relative to LCS without translation LCSGCS information is useful is relative positioning. For instance: Even if a car has unknown orientation (i.e. the LCSGCS translation is unknown), AoA/ZoA in LCS can still tell if it is heading straight at another car.
Another scenario where it is useful is to compute angle-difference-of-arrival: Consider a target UE with unknown orientation that measures the AoA/ZoA (in LCS) from multiple anchor UEs with known location. Let one of the anchor UEs be a reference for the other, then the angle-difference-of-arrival can be computed with respect to that one. The angle-difference of arrival is the same regardless of whether LCS or GCS is used, it cancels out the orientation effect of the Target UE. Angle-difference-of-arrival can be used for absolute positioning.
[bookmark: _Toc131753340]AoA/ZoA relative to LCS without translation of the LCS to GCS is useful for relative positioning.
[bookmark: _Toc131753341]Angle-difference-of-arrival is the same regardless of coordinate system and can be used for absolute positioning.
[bookmark: _Toc131753332]Support LCS for SL-PRS based Azimuth of arrival (AoA) and zenith of arrival (ZoA) measurement both with and without translation of the LCS to GCS.

SL PRS based RTOA measurement
In RAN1#112, the following agreement was made:
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




Regarding the FFS on how to select between SFN 0 or DFN 0 for determination of T0, the selection will depend on the synchronization source selected for SL PRS transmission. Similarly, for the FFS on how to select between SFN or DFN, this will also depend on the synchronization source selection for SL PRS transmission.

[bookmark: _Toc131753333]For SL-PRS based RTOA definition, the selection between SFN0 vs DFN0 and SFN vs DFN is determined based on the selection of the synchronization source for SL PRS transmission.


SL PRS based Rx-Tx measurement

In RAN1#112, the following agreement was made:

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.



As per Clause 8 of TS 38.214, SL symbols  (as configured via sl-StartSymbol and sl-LengthSymbols) in slots  that are not semi-statically configured as UL cannot be included in the set of resources that may belong to a sidelink resource pool.  Hence, Alt 3 does not work since the existing definition of using downlink subframe #i and uplink subframe #j to define Rx-Tx time difference is not suitable for defining SL PRS based Rx-Tx measurement.  This is because SL PRS transmission(s) and reception(s) have to take place during symbols that are semi-statically configured as UL and meeting other conditions described in Clause 8 of TS 38.214.
With Alt 2, the transmit time may not correspond to the actual SL-PRS transmission time.  Hence, there may be an offset between the Rx-Tx measurement and the actual difference between Rx time and Tx time since in Alt 2 the UE may not necessarily transmit SL PRS time in the SL PRS symbol.  With Alt 1, the transmit time corresponds to the actual SL-PRS transmission time and such offsets can be avoided.  Hence, we propose the following:

[bookmark: _Toc131753334]For SL-PRS based Rx-Tx definition, support Alt 1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement.


Procedures for SL multi-RTT
One issue that needs to be carefully considered is how to support SL based multi-RTT in Rel-18.  One approach is to perform pair-wise SL multi-RTT between pairs of UEs.  Let us consider an example with three UEs illustrated in Figure 2.  In the pair-wise SL multi-RTT example of Figure 2, for each pair of UEs , the following UE procedures are involved:
· UE  transmits SL PRS to UE 
· UE  transmits SL PRS to UE 
· UE  performs SL PRS based Rx-Tx measurement corresponding to UE  (denoted by )
· UE  performs SL PRS based Rx-Tx measurement corresponding to UE  (denoted by )
· RTT between each pair of UE  and UE  is then calculated using  and 
To compute SL multi-RTT using the pairwise approach, there will be  number of SL PRS transmissions needed from the UE’s participating in SL multi-RTT, where  is the number of UE pairs.  In the example of Figure 2, the number of UE pairs , and hence, there will be 6 different SL PRS transmissions needed.  If the number of UE’s involved in SL multi-RTT is large, then the number of SL PRS transmissions needed will be much larger and will result in large SL PRS overhead and potentially higher interference to other SL UEs.

[image: ]
[bookmark: _Ref127383210]Figure 2.  An example showing pair-wise SL multi-RTT involving 3 UEs

A more efficient way to perform SL multi-RTT is to follow a groupwise approach where each UE participating in the multi-RTT only transmits SL PRS once.  An example of group-based SL multi-RTT with three UEs is illustrated in Figure 3.  In the group-based SL multi-RTT example of Figure 3, the following UE procedures are involved:
· UE  transmits one SL PRS to all other UEs
· Each of the other UEs  performs SL PRS based Rx-Tx measurement corresponding to UE  (denoted by )
· RTT between each pair of UE  and UE  is then calculated using  and 
To compute SL multi-RTT using the group-based SL multi-RTT approach, there will be  number of SL PRS transmissions needed from the UE’s participating in SL multi-RTT, where  is the number of UE in the group.  In the example of Figure 3, the number of UEs is , and hence, there will be only 3 different SL PRS transmissions needed.  Hence, compared to the pair-wise SL multi-RTT approach of Figure 2, the number of different SL PRS transmissions needed is reduced by half which leads to much lower SL PRS overhead and lower interference to other SL UEs.  If the number of UE’s involved in the group-based SL multi-RTT is larger, then the overhead savings and interference reduction achieved by the group-based SL multi-RTT approach is much larger.  Hence, we propose to support group-based SL multi-RTT in NR Rel-18.
[bookmark: _Toc131753342]Compared to pair-wise SL multi-RTT approach, group-based SL multi-RTT approach significantly reduces the SL PRS overhead and the interference to other SL UEs.

[bookmark: _Toc131753335]For SL multi-RTT in NR Rel-18, support group-based SL multi-RTT where each UE in the group only transmits one single SL PRS and computes the SL UE Rx-Tx measurement corresponding to each other UE in the group.

[image: ]
[bookmark: _Ref127395823]Figure 3.  An example showing group-based multi-RTT

With regards to allocating SL PRS resources for group-based multi-RTT approach, each UE in the group needs to know when to transmit its SL PRS and also when to receive the SL PRS corresponding to each other UE in the group.  SL PRS resource allocation for group-based multi-RTT can be performed either using a network-centric approach (i.e., resource allocation Scheme 1) or a via UE autonomous SL PRS resource allocation (i.e., resource allocation Scheme 2).  In the network-centric approach, the network can allocate the resources to the group of UEs.  In the UE centric approach, one of the UEs in the group or another UE outside the group may allocate the resources to the group of UEs.  In addition, resource allocation for the two approaches should be considered for both shared resource pool and dedicated resource pool.  Details of how to allocate SL PRS resources for group-based multi-RTT can be discussed further.

[bookmark: _Toc131753336]Discuss further SL PRS resource allocation for group-based multi-RTT:
· [bookmark: _Toc131753337]Both network-centric and UE autonomous SL PRS resource allocation should be supported
· [bookmark: _Toc131753338]SL PRS resource allocation should be supported for both shared and dedicated resource pool

SL RTOA based one-way ranging
Ranging between devices over PC5 can have a large commercial value, enabling new services. Additionally, ranging measurements between devices can be used for device positioning, potentially with additional Uu measurements in the form of hybrid positioning. 
The ranging solutions presented by most companies so far are restricted to signals and measurements performed over the PC5 interface, providing similar solutions as to what is currently available in other standards. To fully leverage on the strengths of the 3GPP standards and ecosystem, solutions with network involvement should be carefully studied. 
In Figure 4, the necessity of involving gNB in the sidelink ranging is illustrated.  In the figure, the synthetic range computed by the network using the position estimates of UEs would be more correct than the range estimates between UEs. In such a case UEs can improve their range estimates by using synthetic range from the network.
[image: ]
[bookmark: _Ref127400913]Figure 4 An example of network constructing synthetic range when UEs are in NLOS.


For in-coverage scenarios, where the UE is connected to the network, resource efficient one-way-ranging can be performed over PC5, assuming additional measurements are made over Uu. One such measurement to use would be timing advance (TA), which can be used to calculate the timing offset between the transmitting and receiving UEs when preforming one-way-ranging over PC5. How this could be performed is described below.
Assume a set of UEs connected to the same gNB, with up-to-date TA for UL timing, and that NR Cell is used as the synchronization reference source for the SL transmissions. If one UE (or an LMF) is interested in estimating its range to one or several of the other UEs, this UE transmits a SL-PRS intended to be measured on by the other UEs. The other UEs measure the SL RTOA, along with their Uu UE Rx-Tx time difference (RxTx) in a parallel procedure. For SL RTOA Reference Time, we assume here the SL transmission timing. Restricting the description to the case of two UEs, UE1 and UE2, the principle is as follows.
Looking at Figure 5, the first UE transmits a SL PRS at time instance t1. The other UE measures the SL RTOA at t3. The relationship between the SL RTOA, time-of-flight (ToF), t1, t2, and t3 is then given by

To simplify the description, we assume that the Uu RxTx measurement of the involved UEs corresponds to their indicated timing advance, and that their UL transmissions are perfectly aligned at the gNB. Under those assumptions, we have that t1+RxTx1 = t2+RxTx2, where t1 and t2 are the SL transmit timing of UE1 and UE2 respectively, and similarly the RxTx1 and RxTx1 are the Uu RxTx measurements for the two UEs.
The time of flight (ToF) can then be solved for, yielding

Where we have used that t2=t1+RxTx1-RxTx2. The range then comes directly from the ToF by multiplying by the speed of light. Note that RxTx measurements may also be replaced by recordings of the timing advance at the gNB side, along with additional measurements of the time alignment of received UL transmissions of the involved UEs.
[bookmark: _Toc111211322][bookmark: _Toc131753339]Hybrid ranging involving gNBs and UEs should be specified, e.g., exploiting SL RToA measurements and Uu UE Rx-Tx measurements.


[image: ]
[bookmark: _Ref111055127]Figure 5: Network assisted one-way ranging





Conclusions
 In the previous sections we made the following observations: 
Observation 1	AoA/ZoA relative to LCS without translation of the LCS to GCS is useful for relative positioning.
Observation 2	Angle-difference-of-arrival is the same regardless of coordinate system and can be used for absolute positioning.
Observation 3	Compared to pair-wise SL multi-RTT approach, group-based SL multi-RTT approach significantly reduces the SL PRS overhead and the interference to other SL UEs.
 Based on the discussion in the previous sections we propose the following:

Proposal 1	For SL-PRS based RSRP definition in FR2, SL PRS-RSPR shall be measured based on the combined signal from the antenna elements corresponding to a given receiver branch.
Proposal 2	For SL-PRS based RSRP definition in FR2, 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 3	For frequency range 1 and 2, if receiver diversity is in use by the UE for SL PRS-RSRPP measurements, the reported SL PRS-RSRPP value for the first and additional measurements shall be provided for the same receiver branch(es) as applied for SL PRS-RSRP measurements.
Proposal 4	For frequency range 2, SL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch
Proposal 5	Support LCS for SL-PRS based Azimuth of arrival (AoA) and zenith of arrival (ZoA) measurement both with and without translation of the LCS to GCS.
Proposal 6	For SL-PRS based RTOA definition, the selection between SFN0 vs DFN0 and SFN vs DFN is determined based on the selection of the synchronization source for SL PRS transmission.
Proposal 7	For SL-PRS based Rx-Tx definition, support Alt 1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement.
Proposal 8	For SL multi-RTT in NR Rel-18, support group-based SL multi-RTT where each UE in the group only transmits one single SL PRS and computes the SL UE Rx-Tx measurement corresponding to each other UE in the group.
Proposal 9	Discuss further SL PRS resource allocation for group-based multi-RTT:
	Both network-centric and UE autonomous SL PRS resource allocation should be supported
	SL PRS resource allocation should be supported for both shared and dedicated resource pool
Proposal 10	Hybrid ranging involving gNBs and UEs should be specified, e.g., exploiting SL RToA measurements and Uu UE Rx-Tx measurements.
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