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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 Rx-Tx measurement
In RAN1#113, the following agreement was made:

Agreement
For definition of SL-PRS based Rx-Tx measurement, the actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement if the UE optionally reports the Tx time information, otherwise use the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu.
· FFS: details of the Tx time information
· FFS: whether additionally the network or LMF can request the UE to report the Tx time information
· Note: the value of Rx-Tx measurement is within [-0.5 0.5] ms



Furthermore, in the draft CR for TS 38.215 [4] following RAN1#113, the definition of SL-PRS based Rx-Tx measurement is captured as follows:

The SL Rx – Tx time difference at a UE is defined as TUE-RX – TUE-TX

Where:
[bookmark: _Hlk136897932][bookmark: _Hlk136897906]-	TUE-RX is the UE received timing of sidelink subframe #i from a transmitting UE, defined by the first detected path in time.
[bookmark: _Hlk136897376]-	If the UE reports the transmission time information of a SL PRS, TUE-TX is the transmit timing of the sidelink subframe #j of the SL PRS of the UE. Otherwise, TUE-TX is the transmit timing of the UE of sidelink subframe #j that is closest in time to the subframe #i received from the transmitting UE. 

According to the above definition in draft CR for TS 38.215, when the UE report the transmission time information of a SL PRS, TUE-Tx is defined as the transmit timing of the sidelink subframe #j in which the SL PRS is transmitted. An open issue is the details of the transmission time information. In case the UE transmits more than one SL PRS, it is important to include the identity of the SL PRS which is being used to define TUE-TX in the definition in draft CR of TS 38.215.  Furthermore, since the transmission time information is closely coupled with the SL Rx-Tx time difference measurement, the transmission time information shall be reported by the UE together with SL Rx-Tx time difference measurement. Hence, we make the following proposals:

[bookmark: _Toc142658112]The transmission time information shall be reported by the UE together with SL Rx-Tx time difference measurement.
[bookmark: _Toc142658113]In case the UE transmits more than one SL PRS, the transmission time information associated with the SL Rx-Tx time difference measurement shall include at least the SL PRS ID.

Another open issue is whether additionally the network or LMF can request the UE to report the Tx time information.  In our view, it is sufficient that the UE reports the Tx time information optionally along with the SL Rx-Tx time difference measurement. Hence, we do not see the need for the network or LMF to additionally request the UE to report the Tx time information.
[bookmark: _Toc142658114]Do not support the network or LMF to additionally request the transmission time information associated with SL Rx-Tx time difference measurement. 

Impact of TA on SL RTOA

In RAN1#112bis-e, the following agreement was made:
Agreement
· SFN/DFN Initialisation Time can be provided by UE or by LMF.
· FFS: which UEs can provide initialisation time (note: which may be decided by other WGs)
· FFS: further details of the definition of DFN Initialisation Time
· For the definition of SL-PRS based RTOA, update the definition of reference timing as:
· the reference timing is defined as , where
· T0 is the nominal beginning time of SFN 0 or DFN0 provided by SFN/DFN Initialisation Time
· 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: The timing of SFN0/SFN for RTOA reference timing is determined by advancing DL SFN0/SFN with TA/2 when the UE is in-coverage and in connected state

The last FFS in the above agreement raises the issue of what impact TA has on SL RTOA when the UE is in-coverage and in connected state.  In the draft CR for TS 38.215 [4] following RAN1#113, the definition of SL-RTOA measurement is captured as follows:
The SL relative time of arrival (TSL-RTOA) defined as the beginning time of SL subframe # i containing SL PRS received from a UE, relative to the relative time of arrival (RTOA) reference time. The SL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 or DFN 0.
-	, where  and are the SFN or DFN and the subframe number of the SL PRS, respectively.

Note that when the UE is in-coverage and in connected state, the timings of SL subframe #i, SFN 0 and SFN will be impacted by the TAs of the UE transmitting the SL PRS and the UE receiving the SL PRS.  Let us consider the example in Figure 1. In the figure, UE1 is the one that transmits the SL PRS, and UE2 is the one that receives the SL PRS and measures the SL RTOA.  In the figure,
· the DL timing of UE1 is given by adding a delay of 0.5*TA1 to the DL timing of gNB where TA1 is the timing advance associated with UE1;
· the DL timing of UE2 is given by adding a delay of 0.5*TA2 to the DL timing of gNB where TA2 is the timing advance associated with UE2;
· the time of flight (ToF) for SL PRS is the sum SL RTOA and the TA difference (i.e., TA diff = 0.5*TA2 – 0.5*TA1);
In the above definition of SL RTOA, the TA difference between the two UEs is not taken into account.  Hence, to derive an accurate SL RTOA, the TA difference term TA diff = 0.5*TA2 – 0.5*TA1 shall be taken into account in SL RTOA definition.  Hence, we make the following proposal:
[bookmark: _Toc142658115]The SL relative time of arrival (TSL-RTOA) is defined as the beginning time of SL subframe # i containing SL PRS received from a UE plus a TA_diff correction term, relative to the relative time of arrival (RTOA) reference time, where
· [bookmark: _Toc142658116]TA_diff = 0.5*TA2 – 0.5*TA1 when the UE transmitting the SL PRS and the UE receiving the SL PRS are both in-coverage and in connected state, wherein TA2 is the timing advance associated with the UE that receives the SL PRS and TA1 is the timing advance associated with the UE that transmits the SL PRS;
· [bookmark: _Toc142658117]TA_diff = 0, otherwise.


  
[image: ]
[bookmark: _Ref142440091]Figure 1  An example showing the relations between SL RTOA, ToF, and TA difference between the two UEs.

Procedures for SL multi-RTT
In RAN1#112bis-e, the following proposal was discussed although no agreement was made:
[ROUND1][Medium] FL proposal 3.1.4-v1: 
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.


With regards to supporting 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: _Toc142658120]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: _Toc142658118]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.  The specification impact here is mainly on how SL PRS resources are allocated to the UEs in the group (i.e., each UE knows when it has to transmit SL PRS and knows when to receive SL-PRS from each of the other UEs in the group). Details of how to allocate SL PRS resources for group-based multi-RTT can be discussed further.
It should be noted that the benefit of the group-based SL multi-RTT scheme over pairwise SL multi-RTT scheme is the higher resource utilization for SL PRS when the group size is large. 

[bookmark: _Toc142658119]Support group-based SL multi-RTT where each UE in the group only transmits one SL PRS, and one or more UEs in the group compute SL UE Rx-Tx measurement corresponding to other UEs in the group.


Conclusions
 In the previous sections we made the following observations: 
Observation 1	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	The transmission time information shall be reported by the UE together with SL Rx-Tx time difference measurement.
Proposal 2	In case the UE transmits more than one SL PRS, the transmission time information associated with the SL Rx-Tx time difference measurement shall include at least the SL PRS ID.
Proposal 3	Do not support the network or LMF to additionally request the transmission time information associated with SL Rx-Tx time difference measurement.
Proposal 4	The SL relative time of arrival (TSL-RTOA) is defined as the beginning time of SL subframe # i containing SL PRS received from a UE plus a TA_diff correction term, relative to the relative time of arrival (RTOA) reference time, where
	TA_diff = 0.5*TA2 – 0.5*TA1 when the UE transmitting the SL PRS and the UE receiving the SL PRS are both in-coverage and in connected state, wherein TA2 is the timing advance associated with the UE that receives the SL PRS and TA1 is the timing advance associated with the UE that transmits the SL PRS;
	TA_diff = 0, otherwise.
Proposal 5	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 6	Support group-based SL multi-RTT where each UE in the group only transmits one SL PRS, and one or more UEs in the group compute SL UE Rx-Tx measurement corresponding to other UEs in the group.
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