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1	Introduction
One of the study items for SL in RAN2 is 
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
In this paper, we discuss the potential signalling procedures for LPP extension to support SL ranging/positioning. 

2	Discussion
2.1	NW Assisted Ranging
When two UEs need to compute the range while they are in NW coverage then the NW can assist in performing the ranging. In particular, if the two UEs are in NLOS with respect to each other then the ranging estimation would be difficult to determine or would have large uncertainty and hence in such scenario NW can play an important role as shown in below Figure 1. The gNB can compute (synthetic) range between two UEs based upon determining their absolute position using existing positioning method. We further note that this information can also be relevant as to increase the reliability of a performed direct ranging between the same UEs, by adding an independent source of information (NW verified ranging). The two range measurements can either be (soft) combined, or one can be used to verify the other as to improve integrity.  
[bookmark: _Toc118445474]gNB can compute (synthetic) range between two UEs based on absolute positioning of the two UEs. This can be used to verify or improve direct ranging between the two UEs.

[image: ][bookmark: _Ref117684563]Figure 1: An example of network constructing synthetic range when UEs are in NLOS. In the above picture, 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.

[bookmark: _Toc118445522]NW assisted ranging calculation based upon absolute position between two UEs is supported.

Above, it was described how the network can improve the ranging service by providing additional information in the form of synthetic ranging. There is also possible for the network to assist in ranging events in different ways. 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 device when preforming one-way-ranging over PC5. How this could be performed is described below.
Assuming a set of UEs connected to the same gNB, with up-to-date TA for UL timing. Assuming further that one UE is interested in estimating its range to one or several of the other UEs, it transmits a preconfigured signal, e.g. a SL-PRS, intended to be measured on by the other UEs. The other UEs measure the time-of-arrival (TOA) relative to their UL or DL timing as configured via TA procedure. Restricting the description to the case of two UEs, the principle is as follows.
Looking at Figure 1, the first UE transmits a SL-PRS at time instance t1, which is the start of the UL symbol for UE1 given timing advance TA1 from the gNB. The other UE measure the ToA at t3, which is relative to its UL timing starting at t2. The relationship between the ToA, ToF, t1, t2, and t3 is then given by

Note that t1=t0-TA1 and t2=t0-TA2, with TA1 and TA2 being the aggregated timing advances for the first and second UE, respectively, and t0 being the reference time at the gNB corresponding to the expected start of the UL symbol at the gNB. The time of flight (ToF) can now be solved for, yielding

The range then comes directly from the ToF by multiplying by the speed of light.
[bookmark: _Toc111211322][bookmark: _Toc118445523]Hybrid ranging involving gNBs and UEs exploiting timing advance procedures is supported.


[image: ]
[bookmark: _Ref111055127]Figure 2: Network assisted one-way ranging

2.2	Rename SL Positioning UE Server to Master UE
SA2 has defined terminology as below.
SL Positioning Server UE: A UE offering location calculation, for Sidelink Positioning and Ranging based service. It interacts with other UEs over PC5 as necessary in order to calculate the location of the Target UE. Target UE or SL Reference UE can act as SL Positioning Server UE if location calculation is supported.
The above terminology appears incorrect as there is no client server paradigm in Out of Coverage (OOC) scenario. Based upon RAN2 agreement all companies agree that there is no need of SL Positioning client.
Proposal 7(20/20) (modified) RAN2 do not introduce SL positioning client UE for now.  If there is a need to introduce it later (e.g. in the normative work), we can introduce it then.

The purpose of the SL Positioning server UE appears to be more of a group leader (first truck in the platoon) which performs ranging with other UEs and hence the correct terminology is Master UE. An architecture and terminology where a UE can control another UE as a server is not the right principle. Having UE as server implies the other UE’s functionality/behaviour by configuring it in certain way. The term SL Positioning Server should not be used and if the intention is to use positioning/location server for ranging location computation of other UE then it can simply be done by any SL reference UE. However, if a separate dedicated UE is needed, it can be termed Master UE.

[bookmark: _Toc118445475]SL Positioning server UE appears to be more of a group leader (e.g., first vehicle in the platoon) which performs ranging with other UEs and hence the correct terminology is Master UE

[bookmark: _Toc118445524]Send LS to SA2 saying “Rename SL Positioning Server UE” to “Master UE.”

2.3	Scope of Master UE (aka. SL UE location server)
It should be discussed that the need to allocate a Master UE is only essential in out of coverage scenario where there is no NW coverage. The main advantage appears to be resource efficiency as it may be desired that the Master UE only computes the range of each UEs (centralized) rather than each performing (distributed) the range estimation. Thus, centralized approach can reduce overhead for other UEs. While in-coverage or partial coverage, the location server can do the computation on behalf of UE. Hence, there is as such no need to have duplicated functionality or to complicate the architecture. To simplify the procedure and architecture, we propose
[bookmark: _Toc118445525]Master UE exist only in out of coverage scenario.
2.4	Protocol is termed RSPP
There is pending decision to be taken whether it is Sidelink positioning protocol (SLPP) or ranging/sidelink positioning protocol (RSPP).
We would prefer to term it RPP mainly because:
· The new protocol is used for ranging; to meet ranging use cases.
· SA2 terminology uses Ranging in the beginning so to align with SA2 Ranging word is more apt.
· SLPP can be confused whether it stands for Sidelink LTE Positioning Protocol or SideLink Positioning Protocol

[bookmark: _Toc118445526]The protocol is termed RPP (Ranging Positioning Protocol).

2.5	Sidelink Positioning Assistance Data
A Target UE can find other nearby UEs with for instance a ProSe (Proximity Services) procedure. However, not all UEs are equally well suited to be used as anchor UEs, even if they have the capability to it. By providing relevant assistance data, an intelligent selection of anchor UEs for sidelink positioning of a Target UE can be done. This has many advantages
· The performed measurements will be more informative and have higher quality than a random selection of anchor UEs. A higher positioning accuracy can thus be achieved
· It can be possible to reduce the number of SL positioning measurements that must be performed since the measurements will have higher quality. This can reduce the number of reference signals that must be transmitted, resulting in more efficient use of the spectrum.

The assistance data should be provided to the node in charge of the positioning; this can be the Target UE itself in an out-of-coverage scenario, or it can be LMF in a partial-coverage or in-coverage scenario. Assistance data enables to efficiently establish ad-hoc networks of Sidelink capable UEs.
[bookmark: _Toc118445476]Assistance data can be used to make an intelligent selection of anchor UEs for a target UE. This can give higher positioning performance and more efficient spectrum usage.
Candidate Anchor UE Assistance Information
In the following, we denote by “candidate anchor UE” a UE that may or may not be selected as anchor UE for the positioning of the Target UE, this will be determined based on it’s assistance data. The assistance data for a candidate anchor UE may include
· Sidelink positionoing measurement capabilities,
· Sidelink reference signal transmission capabilities,
· State information
· Position / velocity / acceleration / orientation / angular velocity of the UE
· Uncertainty metrics for the above-mentioned state information
· The timestamp at which the state information was last updated/valid
· Stationary UE indicator – if the UE is known to be stationary
· UE type {Pedestrian/Vehicle/UAV/other}
· Battery status information: A reference UE needs to provide measurements on behalf of a target UE, thus in some cases the selection of reference UE may take into account remaining battery power or source of power (battery charging options) as an input criterion.
· Serving cell ID.
· Travelling path: A bus or a UAV or the front truck in a platoon may have a known predefined travelling path that it should follow.

All of these properties of a candidate reference UE can be used to value how informative measurements between it and the Target UE will be. The node in charge of positioning can select to proceed to establish positioning sessions including the Target UE and the Candidate Anchor UE.
[bookmark: _Toc118445527]The assistance data about a candidate anchor UE includes: Sidelink positioning capabilities, state information, stationary UE indicator, UE type, Battery status, Serving cell ID and travelling path.
3	Conclusion
Observation 1	gNB can compute (synthetic) range between two UEs based on absolute positioning of the two UEs. This can be used to verify or improve direct ranging between the two UEs.
Observation 2	SL Positioning server UE appears to be more of a group leader (e.g., first vehicle in the platoon) which performs ranging with other UEs and hence the correct terminology is Master UE
Observation 3	Assistance data can be used to make an intelligent selection of anchor UEs for a target UE. This can give higher positioning performance and more efficient spectrum usage.
 
Based on the discussion in the previous sections we propose the following:

Proposal 1	NW assisted ranging calculation based upon absolute position between two UEs is supported.
Proposal 2	Hybrid ranging involving gNBs and UEs exploiting timing advance procedures is supported.
Proposal 3	Send LS to SA2 saying “Rename SL Positioning Server UE” to “Master UE.”
Proposal 4	Master UE exist only in out of coverage scenario.
Proposal 5	The protocol is termed RPP (Ranging Positioning Protocol).
Proposal 6	The assistance data about a candidate anchor UE includes: Sidelink positioning capabilities, state information, stationary UE indicator, UE type, Battery status, Serving cell ID and travelling path.
[bookmark: _In-sequence_SDU_delivery]
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