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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	SA2 Terminology Discussion
[bookmark: _Hlk114760459][bookmark: _Toc352077766]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 UEsover 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.
[bookmark: _Hlk114760508]The above terminology appears incorrect as there is no client server paradigm in Out of Coverage (OOC) scenario. 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. The SL reference UE shall be capable of computing the position of those target UEs which are incapable of computing the position on its own.
If the Location service UE is neither Reference UE nor Target UE, then extra procedures have to be introduced, e.g., location server UE discovery, authorization, establishing extra PC5 link for the SL reference/Target UE. The original intention of introducing Location server UE is to reduce the complexity but the extra effort in fact departs from that and are not necessary indeed. 
By the change, the number of UE terminologies is reduced which helps to decrease the complexity of Architecture.
[bookmark: _Toc115372474]Send LS to SA2 saying “Remove SL Positioning Server UE from terminologies and consider that Target UE or SL Reference UE have the capability of location calculation on behalf of UE’s which are not capable of computing the location themselves.”

2. 2 	Extension of LPP where LMF is involved





Extending ASN.1 LPP for adding new feature is part of the normal work. The benefit of Sidelink can be also where there is NW coverage (for in coverage and partial coverage). LMF can improve positioning estimate of NLOS UEs by fusing Uu and sidelink measurements. NLOS UEs (with respect to gNB) may perform sidelink measurements with other UEs which have LOS with gNB and improve the positioning estimation. The sidelink is feature to improve positioning estimation similar to any other Rel-17 feature where enhancements were done to improve positioning estimation. The norm is to do LPP extension to support new feature. We do not foresee the need to deviate from that.
There will be more overhead if we use container-based solution. The LMF needs to implement RSPP and LPP needs to embed the RSPP message. In general, there is LPP segmentation when the message size is large. If RSPP message is long, segmentation mechanism may separately need to be defined also for RSPP.
In simple terms, when normal practices can easily be followed why deviate and introduce more overhead and complicate the specification.
We can have a simple rule; for in-coverage and partial coverage where LMF is involved; LPP is used/extended. For out of coverage where LMF is not involved RSPP is used.
[bookmark: _Toc115372475]For in-coverage and partial coverage where LMF is involved LPP is used/extended. For out of coverage where LMF is not involved RSPP is used. 

2.3	Sidelink ranging/positioning signalling
For SL ranging/positioning, signalling procedures including capability exchange, reference UE negotiation, assistance data transfer, ranging/sidelink positioning measurement, report and calculation are needed. Such signalling procedures are similar to the LPP procedures, and as LMF shall also be involved for SL ranging/positioning under IC and PC scenarios, it is natural to extend LPP with signalling procedures for SL ranging/positioning and let PC5 support this LPP extension. 
The example extended LPP protocol stack for IC and PC is illustrated in Figure 2 and that for OOC is illustrated in Figure 3. For IC the LPP signaling can either be sent directly using conventional LPP stack via Uu interface or relayed by relay UE via PC5 interface as in Figure 2, and for PC the LPP signaling is relayed by relay UE via PC5 interface. For OOC, LPP/SLPP (sidelink LPP the LCS is triggered between UEs) messages are directly exchanged between UEs via PC5 interface, and for this case, the LPP endpoints pair shall also support UE to UE. For OOC, whether we can extend LPP or use SLPP depends on whether LCS of LPP can extend to support UE to UE signalling exchange or E2E LCS request will only be supported with new specification SLPP, and this is decided by SA2. 
[image: ]
[bookmark: _Ref109737730][bookmark: _Ref109737718]Figure 2 LPP Protocol Stack with L2 NW-to-UE relay for IC and PC


[bookmark: _Ref109737777]Figure 3 LPP Protocol Stack with via PC5 interface for OOC
[bookmark: _Toc115372476]Extend LPP with signalling procedures for SL ranging/positioning and LPP messages should be relayed over PC5 for PC and optional IC. 
[bookmark: _Toc115372477]For OOC, new protocol is used which can be termed Ranging Sidelink Positioning Protocol (RSPP). 
For the discussion below, we do not differentiate LPP and RSPP, and just use LPP as a general term for the protocol for SL positioning/ranging.
The procedures for ranging/SL positioning is illustrated in the below Figure 4.


[bookmark: _Ref109738087]Figure 4 Ranging / SL positioning procedures

2.3.1 Capability exchange
To implement SL ranging/positioning, discovery procedure is needed to establish PC5 path, thus LMF should be able to retrieve ProSe Capability from AMF if stored, or directly request ProSe Capability from UE. For SL ranging/positioning, the UE capability to transmit SL-PRS (might reuse RS from traditional positioning or new RS for SL positioning), measure and calculate for each detailed SL ranging/positioning method such as RTT, positioning calculation should also be defined and supported by LPP. The PC5 capability may also be stored in AMF. 
[bookmark: _Toc115372478]LPP should support to request and provide 5G ProSe Capability.
[bookmark: _Toc115372479]The PC5 Capability for Ranging/SL positioning should be defined, and LPP should support to request and provide PC5 Capability for Ranging/SL positioning.
2.3.2 Reference UE negotiation for ranging
In [1], reference UE is defined as the UE who determines a reference plane and reference direction in the Ranging based service and Sidelink positioning, and target UE is defined as the UE whose distance, direction and/or position is measured comparing to the reference plane, reference direction and/or location of a Reference UE in the Ranging based service and Sidelink positioning.
If considering reference UE as the first transmit in the ranging procedure, it may consume more transmit power more than target UE with ranging methods for e.g., two-way RTT, thus power status can be used for reference UE negotiation. 
For one to multiple ranging or SL positioning, one UE (UE1) needs to perform ranging with multiple UEs. If UE1 is scheduled to transmit to other (anchor) UEs at the same time, it is beneficial to save resource and energy. Thus in this case, UE 1 may be assigned with higher priority to be reference UE. 
[bookmark: _Toc115372486]When implementing ranging with RTT, the UE that starts first with transmission may transmit more and consume more energy when for e.g using two-way RTT. 
[bookmark: _Toc115372480]Set reference UE as the UE to transmit first in the ranging process and discuss the priority rule to act as the reference UE. 
2.2.3 Anchor UE selection
For SL positioning or hybrid positioning with Uu and SL measurements, criteria to select anchor UEs may include 
· fixed position/low relative mobility, 
· LOS condition, 
· good GDOP among the selected anchor UEs for SL positioning, and among the selected anchor UEs and gNBs for hybrid positioning

[bookmark: _Toc115372481]Discuss the criteria to select anchor UEs for SL positioning or hybrid positioning considering the above factors.
2.3.4 Assistance data transfer
The assistance between LMF and UE and/or between UEs shall include the resource for ranging/SL positioning that consists of subchannels, subframe and slots. Considering the transmission of SL PRS should follow the OFDM frame structure and align with the symbol boundary, the resource assistance data may also include the start slot and symbol the first UE (UE1) transmit, and at which slots/symbols the other UEs should transmit after receiving UE1's SL PRS. 
In the in-coverage (IC) and partial-coverage (PC) scenarios, if UE request resource assistance from NW like Mode 1 of SL communication, all the involved device (UE/RSU) IDs should be included in the request message together with ranging periodicity, QoS, ranging method. If using Mode 2 to reserve radio resources in licensed/NW managed spectrum, UE should inform the NW about the resource it used and optionally later provide the position estimate and performance, which is beneficial for the NW to adapt/optimize the resource pool allocation for Mode 2. 
While in the out-of-coverage (OOC) scenario, the UE can only reserve the resource in the similar way of Mode 2 of SL communication, and the NW is not aware of the reserved resource. 
One other way is to transfer the positioning System information from relay UE to remote UE. This can also be the mechanism to provide assistance data to remote UE. However, not all sort of posSIB can be forwarded; e.g. the GNSS based AD may be suitable to be conveyed as opposed to RAT dependent DL-TDOA in some scenario. Further the posSIBs are also encrypted and whether the encrypted posSIB AD should be relayed or not is a question that needs to be studied, e.g. if the peer (recipient) has the valid key or not else it would be waste of sending the data.
[bookmark: _Toc115372487]posSIB relaying may be also one way to provide positioning assistance data; however which posSIB can be relayed and which cannot should be decided preferanbly by a NW node; and also whether remote UE shall receive an encypted posSIB content should be decided by NW node before relay UE relays such.

[bookmark: _Toc115372482]RAN2 to study which posSIBs can be relayed to remoted UE via relay UEs and how to handle encrypted posSIBs

[bookmark: _Toc115372483]LPP assistance data supports SL ranging assistance data and measurement report transfer.

[bookmark: _Toc115372484]In IC and PC scenarios when requesting radio resource from the NW, the request should include all the UE IDs in the ranging/SL positioning session, QoS, ranging method. 

[bookmark: _Toc115372485]When UEs autonomously select the resources in NW managed/licensed spectrum, it should inform the NW about the resource it used and later position estimate and performance report message. 




3	Conclusion
Observation 1	When implementing ranging with RTT, the UE that starts first with transmission may transmit more and consume more energy when for e.g using two-way RTT.
Observation 2	posSIB relaying may be also one way to provide positioning assistance data; however which posSIB can be relayed and which cannot should be decided preferanbly by a NW node; and also whether remote UE shall receive an encypted posSIB content should be decided by NW node before relay UE relays such.
 
Based on the discussion in the previous sections we propose the following:

Proposal 1	Send LS to SA2 saying “Remove SL Positioning Server UE from terminologies and consider that Target UE or SL Reference UE have the capability of location calculation on behalf of UE’s which are not capable of computing the location themselves.”
Proposal 2	For in-coverage and partial coverage where LMF is involved LPP is used/extended. For out of coverage where LMF is not involved RSPP is used.
Proposal 3	Extend LPP with signalling procedures for SL ranging/positioning and LPP messages should be relayed over PC5 for PC and optional IC.
Proposal 4	For OOC, new protocol is used which can be termed Ranging Sidelink Positioning Protocol (RSPP).
Proposal 5	LPP should support to request and provide 5G ProSe Capability.
Proposal 6	The PC5 Capability for Ranging/SL positioning should be defined, and LPP should support to request and provide PC5 Capability for Ranging/SL positioning.
Proposal 7	Set reference UE as the UE to transmit first in the ranging process and discuss the priority rule to act as the reference UE.
Proposal 8	Discuss the criteria to select anchor UEs for SL positioning or hybrid positioning considering the above factors.
Proposal 9	RAN2 to study which posSIBs can be relayed to remoted UE via relay UEs and how to handle encrypted posSIBs
Proposal 10	LPP assistance data supports SL ranging assistance data and measurement report transfer.
Proposal 11	In IC and PC scenarios when requesting radio resource from the NW, the request should include all the UE IDs in the ranging/SL positioning session, QoS, ranging method.
Proposal 12	When UEs autonomously select the resources in NW managed/licensed spectrum, it should inform the NW about the resource it used and later position estimate and performance report message.
[bookmark: _In-sequence_SDU_delivery]
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