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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]1	Introduction
This document addresses some basic principles for the Rel-18 sidelink positioning objective.
Several of the proposals made in this document depend on confirmation from RAN1 or SA2.  In the interests of progressing the work item, we consider that it would be useful for RAN2 to take initial assumptions on these proposals and adapt to ongoing information from those groups.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]2	Discussion
2.1	UE roles and terminology
Discussion in RAN1 as reported in [1] has converged on the concept of a “target UE” and a group of “anchor UEs”, where the target UE is the UE being positioned (equivalent to the target device in LPP) and the anchor UEs are sources and/or recipients of SL-PRS transmissions (similar to the role of the gNB in Uu positioning).
On the other hand, SA2 have introduced a set of concepts in [2] whose definitions overlap with, but are not always identical to, the RAN1 terms:
· The concept of a “target UE” is the same.
· SA2 have no “anchor UE” terminology.
· In various proposed solutions, SA2 have introduced additional UE roles:
· “reference UEs” (which determine a “reference plane and direction”);
· “assistant UEs” (which provide “assistance” for ranging or sidelink positioning when direct ranging/sidelink positioning between a target UE and a reference UE cannot be supported);
· “located UEs” (UEs whose location can be known from Uu based positioning and that can be used to determine the location of a target UE);
· “location server UEs” (which offer positioning server functionality).
We understand that there are at least three UE roles from the standpoint of functionality in RAN2 scope: the target UE (same definition as RAN1 and SA2), the anchor UEs (RAN1 definition), and potentially a server UE (SA2 definition).  The anchor UEs may also be “located UEs” in the sense of having their locations known to the position calculation entity.  SA2’s concept of an “assistant UE” is not entirely clear yet and may not need to be visible in RAN2.  The “reference UE” concept may also need to be elaborated in SA2 to clarify whether it is different from RAN1’s “anchor UE”.
Proposal 1: RAN2 discusses sidelink positioning considering at least the following entities (FFS if and where the definitions need to be captured):
1. Target UE: A UE to be positioned, in absolute or relative coordinates, using sidelink positioning.
2. Server: An entity (UE or network) that can coordinate sidelink positioning operations, analogous to the LMF.  It may or may not include the position calculation function.
3. Anchor UE: A UE that can send and/or measure SL-PRS to support sidelink positioning, and whose position may be knowable for the position calculation entity.
2.2	Models of sidelink positioning
To locate a target relative to the anchor UEs, the SL-PRS can be sent in a many-to-one or a one-to-many fashion (or both).  Figure 1 shows the many-to-one model (perhaps better described as “anchor-to-target”, since a minimal case with only one anchor UE is conceivable—e.g., for ranging).
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Figure 1: Anchor-to-target use of SL-PRS
Figure 1 assumes that assistance data (e.g., SL-PRS configurations) are collected at the server and delivered to the target.  A “decentralised” model in which the SL-PRS configurations are negotiated directly between the target and the anchors is also conceivable; this case is further discussed in section 2.4 below.
Figure 2 shows the one-to-many (or “target-to-anchor”) model.
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Figure 2: Target-to-anchor use of SL-PRS
Both figures show a UE in the server role, but a network node (LMF or potentially SLP) would also work.
Proposal 2: RAN2 assumes (subject to confirmation from RAN1) that both anchor-to-target and target-to-anchor uses of SL-PRS are supported.
Anchor-to-target SL-PRS broadly resembles downlink positioning on Uu, and target-to-anchor SL-PRS broadly resembles uplink positioning.  RAN2 should not go further into decisions about specific positioning methods without guidance from RAN1.
SA2 have not taken a conclusion on the supported locations of the position calculation function, but it seems reasonable to anticipate that it can be at the target (like UE-based Uu positioning) or the server (like UE-assisted Uu positioning).  We do not see a reason to consider other locations for the positon calculation function.  If we follow LPP terminology, these two cases would be “target-based” and “target-assisted” modes, but it seems more accurate to say “server-based” rather than “target-assisted”, because the measurements may come from the anchor UEs rather than the target.
Proposal 3: RAN2 assumes (subject to confirmation from SA2) that both target-based sidelink positioning (i.e., position calculation function at the target) and server-based sidelink positioning (i.e., position calculation function at the server) are supported.
2.3	Protocol design: target and server
The target and server need to communicate for the usual positioning functions: the request and delivery of location information such as measurements or a positioning fix, the delivery of assistance data, and the exchange of capabilities.  For this purpose, there should be an end-to-end protocol between the target and the server, valid for both network and UE servers.  We adopt the working name RSPP from SA2 (Ranging and Sidelink Positioning Protocol).
In case the server is in the network, it could be considered either to support RSPP with the network server or to embed sidelink positioning functions in LPP.  If RSPP is used with a server UE but LPP is used with an LMF or SLP, devices that support sidelink positioning will generally have to implement both protocols, resulting in a larger code footprint and testing impact.  Additionally, there would be significant redundancy between the two protocols, resulting in either duplication of code or a large set of imports.  We thus tend to think that RSPP should be used in both settings, meaning that the burden of supporting both protocols falls on the LMF rather than the UE.
Proposal 4: The target UE and the server (UE or network node) support an end-to-end RSPP protocol.
The protocol layering and transport are subject to confirmation from SA2 (e.g., we understand SA2 are discussing whether RSPP should be carried over PC5-S for the server UE case), but it should be possible to confirm as a general principle that the AS protocol layers are reused for transport similar to PC5-S (sidelink) and LPP (Uu), as shown in figure 3.  This principle has limited RAN impact.


Figure 3: Protocol stacks for RSPP on PC5
Proposal 5: RAN2 assume (subject to SA2 confirmation) that RSPP is carried over the PC5 AS protocol stack, similar to PC5-S transport, when operating between a target UE and a server UE, and over the AS protocol stack for NAS transport when operating between a target UE and a network server.  FFS if RSPP in the PC5 case is encapsulated in an upper layer of signalling such as PC5-S or carried directly over PDCP.
The functionality needed from RSPP is broadly similar to LPP, but it does not seem desirable to build it as part of LPP, which would force sidelink-only devices to support the code footprint of LPP and Uu-only devices to support the code footprint of RSPP.  It could be captured in TS 37.355 (similar to the inclusion of PC5-RRC in TS 38.331) or in a new 38-series specification.  Some reuse of IEs could be addressed by imports between the modules, again like the relationship between RRC and PC5-RRC.
Proposal 6: RSPP is implemented as a separate ASN.1 module from LPP, with IEs imported from LPP where needed.  FFS which spec it is captured in.
The general design of LPP has worked well, and it makes sense to inherit the procedures for RSPP, which needs to support similar functions.  The server needs to be aware of the target’s capability (and perhaps vice versa), the target needs to receive assistance data in the form of SL-PRS information about the anchor UEs, and the server and target need to exchange location information.
Proposal 7: RSPP between the target and the server includes procedures for capability exchange, assistance data delivery, and location information delivery.
2.4	Assistance data
It is natural to inherit the assistance data concept from LPP (and other positioning protocols), so that the SL-PRS configurations can be provided to the target UE as assistance data.  These configurations need to be negotiated between the server, target, and anchors.
Both “centralised” and “decentralised” models are reasonable: In a centralised model, the assistance data are collected at the server and delivered from the server to the target, while in a decentralised model, the SL-PRS configurations are determined (somehow) at each anchor UE and sent directly to the target UE, as shown in figure 4.


Figure 4: Decentralised assistance data
The two models may be appropriate for different use cases; for example, some RSU deployments may have static or semi-static SL-PRS configurations and be able to deliver them directly to a target, while cases with mobile anchor UEs would likely depend on the server to coordinate which anchor UEs needed to configure SL-PRS and their dynamic configurations.  Cases where many different devices need to be positioned would also benefit from involving the server, so that the assistance data are sent to the target in one large transaction for each positioning operation, rather than many small ones.
We understand RAN1 have started some discussion of signalling in different positioning scenarios.  Although the management of assistance data seems to come under RAN2 responsibility, it may be useful for RAN1 discussion to converge and the scenarios to be confirmed for RAN2.
Proposal 8: RAN2 assumes (subject to confirmation from RAN1) that both centralised and decentralised models of assistance data are supported.
These two cases can both be considered as assistance data delivery, which means that for the decentralised case, a protocol would be needed to carry assistance data between the anchor UEs and the target UE (step 2 of figure 4 above).  The most obvious approaches are to embed the assistance data in PC5-RRC (like the inclusion of assistance data in UMTS RRC) and to support RSPP between the anchor and the target.  Since the assistance data formats would be expected to be consistent between the centralised and decentralised cases (each SL-PRS configuration has the same format, irrespective of whether it is sent by an anchor or by the server), it is preferable to use RSPP and avoid code duplication.
Proposal 9: The anchor UEs and the target UE communicate using RSPP.
Proposal 10: RSPP between the target and the anchor UEs includes a procedure for assistance data delivery.
As with downlink positioning on Uu, the target UE may not always be allowed to know the locations of the anchor UEs.  This situation would lead to a server-based positioning operation comparable to UE-assisted downlink positioning on Uu, and it suggests that as with downlink positioning, there should be separate assistance data for measurement and calculation.
Proposal 11: Specify separate assistance data for measurement and position calculation.
2.5	Protocol design: anchors and server
In both the anchor-to-target and the target-to-anchor cases, some interaction between the anchor UEs and the server is required.
The required functionality is very much like the communication between an LMF and gNBs using NRPPa, so it may seem attractive to define a separate “RSPPa” protocol.  However, unlike the Uu situation, in sidelink positioning all participants are UEs, so the protocols would all be defined in RAN2.  In addition, some of the same functions of RSPP between the target and server may apply: The delivery of measurements from target to server (step 5 of figure 1 above) could be expected to resemble the delivery of measurements from anchors to server (step 5 of figure 2 above), and the signalling may be possible to reuse.  Accordingly, it seems more efficient to use RSPP for anchor/server communication.
Proposal 12: The anchor UEs and the server communicate using RSPP.
In the target-to-anchor case, the server needs to request SL-PRS measurements from the anchor UEs, analogous to uplink positioning on Uu (steps 2 and 5 of figure 2 above).  This operation could be represented as a measurement delivery procedure in RSPP, which might be the same procedure used for location information between the target and the server.
Proposal 13: RSPP between the anchor UE and the server includes a procedure for measurement delivery.  FFS if this is the same procedure used between the target and the server for location information transfer.
In the anchor-to-target case with centralised assistance data, the server needs to collect SL-PRS configurations from the anchor UEs (preparation for step 2 of figure 1 above).  Note that this is separate from how the SL-PRS configurations are determined and activated.  The operation is analogous to the TRP information exchange in NRPPa.  It could also be considered as a form of assistance data transfer, so it may be possible to reuse the assistance data procedure.
Proposal 14: RSPP between the anchor UE and the server includes a procedure for anchor UE information retrieval.  FFS if this is the same procedure used between the target and the server for assistance data transfer.
3	Conclusion
This document promulgated the following proposals:
Proposal 1: RAN2 discusses sidelink positioning considering at least the following entities (FFS if and where the definitions need to be captured):
1. Target UE: A UE to be positioned, in absolute or relative coordinates, using sidelink positioning.
2. Server: An entity (UE or network) that can coordinate sidelink positioning operations, analogous to the LMF.  It may or may not include the position calculation function.
3. Anchor UE: A UE that can send and/or measure SL-PRS to support sidelink positioning, and whose position may be knowable for the position calculation entity.
Proposal 2: RAN2 assumes (subject to confirmation from RAN1) that both anchor-to-target and target-to-anchor uses of SL-PRS are supported.
Proposal 3: RAN2 assumes (subject to confirmation from SA2) that both target-based sidelink positioning (i.e., position calculation function at the target) and server-based sidelink positioning (i.e., position calculation function at the server) are supported.
Proposal 4: The target UE and the server (UE or network node) support an end-to-end RSPP protocol.
Proposal 5: RAN2 assume (subject to SA2 confirmation) that RSPP is carried over the PC5 AS protocol stack, similar to PC5-S transport, when operating between a target UE and a server UE, and over the AS protocol stack for NAS transport when operating between a target UE and a network server.  FFS if RSPP in the PC5 case is encapsulated in an upper layer of signalling such as PC5-S or carried directly over PDCP.
Proposal 6: RSPP is implemented as a separate ASN.1 module from LPP, with IEs imported from LPP where needed.  FFS which spec it is captured in.
Proposal 7: RSPP between the target and the server includes procedures for capability exchange, assistance data delivery, and location information delivery.
Proposal 8: RAN2 assumes (subject to confirmation from RAN1) that both centralised and decentralised models of assistance data are supported.
Proposal 9: The anchor UEs and the target UE communicate using RSPP.
Proposal 10: RSPP between the target and the anchor UEs includes a procedure for assistance data delivery.
Proposal 11: Specify separate assistance data for measurement and position calculation.
Proposal 12: The anchor UEs and the server communicate using RSPP.
Proposal 13: RSPP between the anchor UE and the server includes a procedure for measurement delivery.  FFS if this is the same procedure used between the target and the server for location information transfer.
Proposal 14: RSPP between the anchor UE and the server includes a procedure for anchor UE information retrieval.  FFS if this is the same procedure used between the target and the server for assistance data transfer.
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