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Introduction
RAN2 has agreed to introduce a new Sidelink Positioning Protocol (SLPP) to support the use cases identified in the SID [1]. SLPP will support at least the functions of Sidelink (SL) Positioning Capability Transfer, SL Positioning Assistance Data exchange, SL Location Information Transfer, Error handling and Abort. Additionally, RAN2 reached the following agreements regarding SLPP definition and function [2]. 
	Agreements:
Proposal 1: For the transport layer of SLPP, RAN2 agrees to down select between PDCP and PC5-U. And tell SA2 that we have not decided which options to take. More discussion is needed.
Proposal 2: Ask SA2 about the meaning of QoS parameters for Service Authorization, i.e. whether it is LCS QoS information or PQI like QoS.
Proposal 3: Tell SA2 that RAN2 has not decided to support assistant UE, and has not decided whether there is RAN2 impact or not.
Proposal 4: Tell SA2 that RAN2 has not discussed the discovery procedure, and leaves the issue to normative work if in scope.
Proposal 5: Inform SA2 the agreement RAN2 made regarding protocol options between UE and LMF, and tell SA2 that extension of LPP is also feasible to allow UE to support only the extension.
Proposal 6: Tell SA2 that the issue of how Resource coordination and scheduling is performed is out of RAN2 scope, and should be addressed by RAN1.
Proposal 7: Tell SA2 that, for out-of-coverage scenario, the functionalities of method determination, assistant data distribution and anchor UE selection can be performed by SL positioning server UE.



	RAN2 confirm that from RAN2 perspective, it is feasible to send at least the following positioning signaling for groupcast/broadcast (in addition to unicast):
· SL positioning capability (5)
· SL positioning assistance data (6)  
Location information is not excluded and can be further considered in normative work.



	RAN2 to further discuss in normative work:
· the security issues (e.g., requirements for ciphering and/or integrity) on specific information of SL positioning capability and assistance data in groupcast/broadcast and consult to SA2 and SA3. 
· the use cases for applying groupcast/broadcast



	Sidelink positioning supports a session-based concept in SLPP, in which signalling messages within a session can be associated with one another by the involved UEs.  The relationship to upper-layer designs from SA2 can be discussed during normative work.
FFS if there is also sessionless operation and what aspects of session-based operation would not be included.



	At least in the case that positioning methods are supported that do not require a mutual exchange of SLPP messages associated with one another among UEs, SLPP sessionless operation can be supported.  FFS if sessionless operation can be operated with security.



	From RAN2 perspective, if it is determined to support group positioning, it is feasible to perform at least ranging with the estimate calculation at multiple UEs.



This contribution discusses SLPP remaining issues on transport, cast type and protocol functionality, suggesting recommendations for RAN2 to adopt.
Discussion
Sidelink Positioning for relative positioning, ranging and absolute positioning may include UE discovery, session-based operation, capability exchange, measurement configuration, and exchange of location information resulting from performed measurements. Depending on the deployment scenario and operational use case, sidelink positioning and ranging may occur between UEs, or between UEs and an LMF, over multiple cast types and access technologies. To realize this capability in a manner satisfying the desired use cases (V2X, public safety, commercial and IIOT) within the time frame and work scope of the release, RAN2 should adopt a design minimizing and/or not requiring changes to the underlying sidelink transport.  
Fundamental to sidelink positioning and ranging is UE peer-to-peer operation. As such, the current 5GS architecture, using network-based location servers (user plane location servers or control plane location servers), is not sufficient for sidelink positioning. A possible architecture for sidelink positioning and ranging is shown in Figure 1 [3]. The architecture illustrated is for a non-roaming, same PLMN operation, but is readily extensible to inter-PLMN and roaming scenarios. This architecture supports sidelink positioning and ranging for in-coverage, out-of-coverage, or partial-coverage operation and is suitable for both PC5-only positioning and for joint PC5-Uu positioning. A Sidelink Positioning/Ranging Function (SPRF) provides SLPP support between UEs to configure measurements and exchange measurement results. The SPRF may also provide location and range computation on behalf of other UEs. For scenarios involving an LMF, through the SPRF, the LMF may request UE capability information, configure measurements, receive measurement results, and perform location and range computation for, and/or on behalf of, participating UEs. Two or more UEs may participate in a one-to-many or many-to-one sidelink positioning and ranging session using discovery and positioning protocols over the SR5 reference point. SR5 is carried over the PC5 reference point and provides the interface for discovery and SLPP positioning protocol between UEs.  


[bookmark: _Ref106891003]Figure 1: Reference architecture for Sidelink Positioning and Ranging-based services for non-roaming and same PLMN operation
RAN2 has agreed to adopt RAN1 terminology for Target UE and Anchor UE, and agreed that UE roles are not captured in the diagram of the positioning architecture. The terms Target UE and Anchor describe specific UE functions or capabilities a UE may exercise when participating in sidelink positioning (see also 2.6). These roles are not entities of the architecture, but rather UE functions. The architectural entity/node is still a “UE”, and each UE in the architecture may act as a “target”, “anchor”, “server” etc., depending on its respective capabilities. In particular, a UE may support several roles simultaneously. For example, a UE may be a target of positioning while also assisting positioning of other UEs. Thus, the NG-RAN positioning architecture should be independent of “UE role” (function), with no need to define separate architecture diagrams for in-coverage, partial-coverage, or out-of-coverage UEs. 
The reference architecture described in Figure 1 can be directly mapped to the RAN2 UE overall positioning architecture [11] as shown in Figure 2. In-coverage UEs (UE A, UE B) and out-of-coverage UEs (UE C, UE D) conduct sidelink positioning and ranging over the PC5 reference point using SLPP. Network components, such as an LMF supporting SLPP, can provide UE assistance by requesting UE capabilities, configuring measurements, receiving measurement results, and computing resultant positions or relative locations, as further discussed in 2.4.  
[bookmark: _Hlk126912260]Proposal 1:	The UE Positioning Architecture applicable to NG-RAN should be applicable to all coverage scenarios (e.g., no separate architecture for in-coverage or out-of-coverage scenarios is needed).
[bookmark: _Hlk126912295]Proposal 2:	Extend the UE Positioning Architecture applicable to NG-RAN as shown in Figure 2.



[bookmark: _Ref126830753][bookmark: _Hlk126829379]Figure 2: UE Positioning Overall Architecture applicable to NG-RAN

Transport and Protocol Layering
SLPP transport mechanisms over the SR5 interface used for sidelink positioning and ranging should provide sufficient flexibility to address all use cases and cast types. RAN2 has agreed SLPP transport will be down-selected between PDCP and PC5-U. In a reply LS to RAN2 regarding whether PDCP or PC5-U should be used for SLPP transport [4], SA2 has indicated that SA2 prefers to use PC5-U for SLPP transport. In a separate reply LS to RAN2 [5], SA2 has further indicated that Ranging/SL Positioning signaling is assumed to be carried over PC5-U. 
[bookmark: _Hlk126912475]Observation 1: SA2 has indicated a preference for PC5-U over PDCP as the transport mechanism that should be used for SLPP. 
R2-2300076_S2-2301464 Reply LS on Reply LS on RAN dependency for Ranging/Sidelink Positioning [4]
	Regarding issue 1),  RAN2 concluded that the transport layer of SLPP is down selected between PDCP and PC5-U. 
SA2 Conclusion: SA2 has discussed this issue, and prefers to use PC5-U as the SLPP transport layer.



S2-2301782 Update to conclusions for KI#4: Control of Operations for Ranging/Sidelink positioning [5]
	[bookmark: _Toc117042847][bookmark: _Toc125976264][bookmark: _Toc125976539]8.4	Key Issue #4: Control of Operations for Ranging/Sidelink positioning
For Key Issue #4 "Control of Operations for Ranging/Sidelink positioning", the followings are taken as conclusions:
-	A Ranging/SL Positioning layer is introduced on the Target UE/Reference UE/SL Positioning Server UE under Application layer and above AS layer to handle service request received from application layer and to control the Sidelink Positioning and Ranging operation:
-	Functionalities supported by the Ranging/SL Positioning layer include discovery of the UE(s) in proximity that can participate in Sidelink Positioning and Ranging service sessions and control signalling between UEs or among a group of UEs or between UE and LMF to manage and coordinate the Sidelink Positioning and Ranging operations.
-	The group management can be performed at application layer, and the application layer may provide group identifier information to the Ranging/SL Positioning layer.
NOTE 1:	Potential group management within RSPP layer is out-of-scope of SA2.
-	Information exchanged between Ranging/SL Positioning layer and lower layer includes one time or periodic ranging, ranging for distance or direction measurement or both.
NOTE 2:	Further information may be identified in the normative phase.
-	If PC5-U is used, Ranging/SL Positioning signaling is carried over V2X/ProSe Layer as payload. The existing V2X/ProSe transport mechanism is reused to handle the Layer-2 ID and Application Layer ID information.
-	Ranging/Sidelink Positioning Protocol (RSPP) is introduced for SR5 over the PC5 reference point between the UEs (i.e. Target UE, Reference UE, Assistant UE, Located UE and SL Positioning Server UE), which includes the following procedures (to be decided by RAN WGs):
-	exchange the Ranging/Sidelink Positioning capability.
-	exchange the Ranging/Sidelink Positioning assistant data.
NOTE 3:	What assistant data are required to be exchanged will be coordinated with RAN WGs.
-	exchange Ranging/Sidelink positioning measurement data/result.
NOTE 4:	Further information may be identified in the normative phase.
-	V2X Communication procedures as defined in TS 23.287 [3] and 5G ProSe Direct Communication procedures as defined in TS 23.304 [4] are used for the RSPP communication between UEs over PC5.
-	Ranging/SL Positioning signalling is assumed to be carried over PC5-U.



In the following, additional evaluation of PDCP and PC5-U is provided against key development and performance criteria, to reinforce the recommendation provided by SA2.
Specification Impacts: 
As captured by SA2 [5], since SLPP over PC5-U is carried as payload over the V2X/ProSe layer, use of PC5-U enables SLPP to reuse the existing, defined procedures in TS 23.287 and TS 23.304 for group management and cast specification [5], [6]. Reusing these existing, well-defined procedures minimizes both the required SLPP specification work and UE implementation. Use of PC5-U also allows application of the existing, QoS procedures defined in TS 23.827, enabling sidelink positioning and ranging sessions the greatest flexibility in QoS. In contrast, SLPP over PDCP is limited to a single, default QoS associated with the specific SRB. 
For protocol layering, SLPP over PC5-U can reuse the existing SDU header type “non-IP”, by simply defining one additional V2X message family encoding value for the non-IP type used by SLPP (for example “SR5”) [6].  This enables SLPP signaling over SR5 to be handled per SA2’s guidance, as a V2X application and as payload over the V2X/ProSe layer using the PC5 user plane protocol layering illustrated in Figure 3. In contrast, for PDCP, a new SRB definition for SLPP is required, including SRB payload treatment, cast management, QoS treatment.  


[bookmark: _Ref118215105]Figure 3: SLPP protocol layering over PC5 reference point
A reply LS [7] has also been provided to RAN2 by SA3 regarding security for SLPP. SA3’s conclusion is that security solutions for broadcast/groupcast are feasible and can be addressed once RAN2 further matures SLPP procedures.
R2-2300084_S3-230430 Reply LS to LS on SL positioning groupcast and broadcast [7]
	Q1: RAN2 requests feedback on potential security requirements (e.g., for ciphering and/or integrity) and feasibility of protecting SL positioning capability (e.g. the capabilities of physical layer) and assistance data signaling transferred using groupcast/broadcast.
A1: SA3 has preliminarily agreed that unprotected broadcast/groupcast signaling has security issue, therefore ciphering and integrity protection are required for the signaling transferred using groupcast/broadcast. Currently, ciphering and integrity protection are not supported for broadcast/groupcast on sidelink. 
SA3 has also preliminarily agreed that it is feasible to work on the corresponding requirements and solutions for protecting broadcasted/groupcasted SL positioning signaling when the basic groupcast/broadcast procedure is stable. Therefore, SA3 would appreciate more information (e.g. user cases for broadcast/groupcast, detailed operations) from RAN2 for developing feasible solutions, if any.
In addition, SA3 would also appreciate feedback from SA2 on group management for SL positioning signalling groupcast.



[bookmark: _Hlk126912494]Observation 2: Security solutions for SLPP over PC5-U groupcast and broadcast are feasible and should not impede SLPP protocol design.  
[bookmark: _Hlk126912502]Observation 3: Using PC5-U as the transport mechanism for SLPP allows RAN2 to focus specification work on defining the set of SLPP messages and message payloads, while reusing existing, standardized procedures for SLPP encapsulation, cast type management and QoS treatment. 
Scalability
Unicast link establishment signalling overhead, and the requirement of at least as many unicast links as UE participants (for centralized operation (n-1) unicast links are required) significantly limits the scalability of unicast as a general solution for sidelink positioning and ranging. This can be appreciated for the V2X use case, a key use case called out on in the SID [1]. As the number of participating UEs (vehicles) increases, the additional unicast links required increases, resulting in increased signalling overhead, bandwidth consumption, and latency, thereby decreasing efficiency, and limiting the number of participants. This is illustrated in Figure 4 for a likely V2X sidelink positioning and ranging scenario, positioning and ranging at an intersection. Figure 4(A) and Figure 4(B) provide an illustration of centralized sidelink positioning and ranging at an intersection under conditions of (A) a limited number of UEs (vehicles), and (B) a large number of UEs (vehicles). Similarly, for public safety, commercial, and IIOT use cases, performance over unicast will be impacted as the number of UEs engaged in sidelink positioning and ranging increases.  
The value of groupcast/broadcast for sidelink positioning and ranging is reinforced by SA2’s reply LS to RAN2 [5] indicating that sidelink positioning and ranging use cases benefit from groupcast/broadcast. These use cases include the use cases captured in TR 38.845 [8], such as V2X (for example involving multiple vehicles as part of a platoon or multiple vehicles in communication with an RSU) and Public Safety, and in TR 22.855 [9], such as Museum Tour (a group of UEs consuming range-based service from a single UE), Smart Transportation Metro/Bus Validation and Clustering of Devices. 
R2-2300079_S2-2301786 Reply LS on SL positioning groupcast and broadcast [5]
	Regarding the questions from RAN2 on the use cases for groupcast/broadcast signalling for SL positioning, SA2 would like to point out that for the V2X use cases, for example those documented in TR 38.845, there are use cases of involving Road Side Unit (RSU) and multiple vehicles, or multiple vehicles in a platoon, which would benefit from groupcast/broadcast signalling support.  Additionally, the MCX service that relies on group communication would also benefit from groupcast/broadcast signalling support.
In addition, for Ranging based services, as documented in TR 22.855, there are multiple use cases that involve groups of UEs performing Ranging/Sidelink positioning services, e.g. Museum Tour, etc.



In addition to total the number of UEs in communication via sidelink at any one time, the rate of change in the number of UEs in communicating over sidelink also impacts scalability. For example, if traffic (the number of vehicles) increases from that shown in Figure 4(A) and Figure 4(B) over time interval T, the RSU shown in the figure would be required to establish communication with each of the new vehicles over the time interval T. The rate at which new connections must be established would be N/T (N being the number of vehicles entering the intersection during T). Solutions able to establish (and release) connections faster would then be preferred.
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[bookmark: _Ref126832683]Figure 4: Scalability examples for Sidelink Positioning and Ranging 
[bookmark: _Hlk126764779][bookmark: _Hlk126912518]Observation 4: Groupcast/broadcast operation provides significant benefit to numerous sidelink positioning and ranging use cases, both in scalability and efficiency of over-the-air resources.
[bookmark: _Hlk126764794][bookmark: _Hlk126912531]Proposal 3: 	Sidelink Positioning and Ranging supports unicast, groupcast and broadcast operation for Capability Transfer, Assistance Data Transfer and Location Information Transfer.
QoS: 
PC5-U has a well-defined Quality-of-Service (QoS) management procedure, enabling the upper layer to specify the exact QoS requirements to the AS layer per the procedures defined in TS 23.827 [10]. PC5-U supports QoS through the mapping of PC5 QoS Flow Identifier (PFI) from the application layer to the AS layer, including Resource Type, Priority Level, Packet Delay Budget, Packet Error Rate, thus providing flexibility in specification of QoS for different use cases. This is in contrast to the PDCP approach, where only default QoS settings can be applied to the SRB assigned. No mechanism is present to differentiate messages sent over an SRB in terms of QoS (all use the same, default QoS). 
Cast Type Support: 
SLPP transport over PC5-U as payload over V2X/ProSe layer enables the existing procedures defined in 23.287 and 23.304 for cast type specification to be reused (as captured by SA2 23.700-86 [6]). No additional standards specification work is required. In contrast, for SLPP over PDCP, new procedures for treatment and specification of cast type will need to be developed.  
Summary 
Using PC5-U as the transport mechanism for SLPP allows RAN2 to focus specification work on defining the set of SLPP messages and message payloads, while reusing existing, standardized procedures for SLPP encapsulation, cast type management and QoS treatment. The PC5-U approach for SLPP transport provides a solution scalable for arbitrary number of participants in a sidelink positioning and ranging session, all while requiring no modifications to the PC5 reference point. This conclusion is consistent with and reinforced by the reply LSs received from SA2 and the updated TR 23.700-86.  
[bookmark: _Hlk126764880]Observation 5: For one-to-one, one-to-many, and many-to-one, sidelink positioning/ranging PC5-U provides flexibility in QoS, cast type and reduced link establishment latency, with the minimal standards specification work required. 
[bookmark: _Hlk126912585]Observation 6: No modification is required to the PC5 reference point for SLPP transport over the PC5 user plane.
[bookmark: _Hlk126764887][bookmark: _Hlk126912605]Proposal 4: 	SLPP transport for Sidelink Positioning and Ranging is over the PC5 User Plane (PC5-U). 
[bookmark: _Ref110868742]Reliable transport
Sidelink communication may be susceptible to packet loss due to changes in UE separation/proximity, such as in the case of moving UEs, or due to occlusion between UEs. Such behavior is a characteristic of sidelink communication regardless of cast or transport type. This packet loss may lead to the loss of SLPP messages. 
In the case of LPP for Uu operation, loss of LPP messages is also possible when an LPP message is not successfully forwarded by an MME or AMF. Consequently, LPP already contains an acknowledgment and retransmission capability at the LPP level. Such an acknowledgment and retransmission capability could also be supported by SLPP. SLPP procedures can be designed with redundancy and tolerance to transport failure. With redundancy, and assuming groupcast or broadcast is used, a UE can send an SLPP request message to a group of UEs with each UE in the group then responding to acknowledge receipt of the message or acknowledge having performed or being able to later perform the requested operation (e.g., such transmitting and/or measuring sidelink reference signals). If each response also carries the original information from the SLPP request message, any UE that did not receive the SLPP request message but receives at least one response message will be able to infer and reconstruct the original SLPP request and thereby overcome the original SLPP message loss. With tolerance to transport failure, the sender of an SLPP request message to a group of UEs can expect that not all of the UEs may receive the request message (or successfully return a response) and thus when an SLPP response message is not received from all the UEs, the sender can take appropriate actions, such as resending the request message at a later time or not expecting the UEs from which a response was not received to take any requested actions. 
Support of acknowledgment and retransmission, redundancy and/or tolerance to transport failure may add some signalling and procedural overhead, but the greater robustness, efficiency and lower latency may more than compensate for this. 
[bookmark: _Hlk126912739]Observation 7: Communication over sidelink may incur packet loss due to changes in participating UE relative position and/or occlusion, potentially leading to SLPP message loss. RAN2 should support mechanisms to introduce SLPP robustness such as redundancy, acknowledgement and retransmission, and/or tolerance to transport failure. 
Proposal 5:	SLPP supports a mechanism for robustness and/or tolerance to transport failure, including redundancy, acknowledgement and retransmission. 
[bookmark: _Ref118292532]SLPP Session-based and Session-less Operation
RAN2 has reached the following agreements regarding session-based and session-less operation.
	Agreement: 
Sidelink positioning supports a session-based concept in SLPP, in which signalling messages within a session can be associated with one another by the involved UEs.  The relationship to upper-layer designs from SA2 can be discussed during normative work.
FFS if there is also sessionless operation and what aspects of session-based operation would not be included.



	Agreement: 
At least in the case that positioning methods are supported that do not require a mutual exchange of SLPP messages associated with one another among UEs, SLPP sessionless operation can be supported.  FFS if sessionless operation can be operated with security.



Sidelink positioning will support numerous use cases, including V2X, public safety, commercial, and IIOT [1]. These use cases may involve stationary UEs, moving UEs or a combination of stationary and moving UEs. An individual UE in one of these use cases may initiate a sidelink positioning session with one or more UEs in its vicinity (UEs with which it can establish sidelink communication). Those UEs may constitute all the UEs in the initiating UE’s vicinity, a subset of the UEs in the initiating UE’s its vicinity, or only a single UE in the initiating UE’s vicinity. A possible example is illustrated in Figure 5. In this example, UE1 initiates a sidelink positioning session with the sole UE in its vicinity in Figure 5(A). In Figure 5(B) UE1 initiates a sidelink positioning session with a subset of the four UEs in its vicinity, and in Figure 5(C) UE1 initiates a sidelink positioning session with all of the UEs in its vicinity. Note that although the example in the Figure 5 is for a V2X use case, the three scenarios illustrated are equally applicable to the public safety, commercial and IIOT use cases as well.  
[bookmark: _Hlk126847009][bookmark: _Hlk126912701]Observation 8: A UE may initiate a sidelink positioning session with one of the UEs in its vicinity, or with a group of UEs in its vicinity. When initiating a sidelink positioning session with a group of UEs, the group could constitute all, or a subset of the UEs in the initiating UE’s vicinity. 
[image: ]
[bookmark: _Ref118226195]Figure 5: Sidelink Positioning/Ranging example scenarios for a group of UEs
For sidelink positioning and ranging scenarios where the participating UEs are aware of each other’s presence (for example if the three participating UEs in Figure 5(B) or the five participating UEs in Figure 5(C) have an established awareness or association), RAN2 has agreed to support session-based operation [15]. The following section provides descriptions of possible SLPP session establishment, termination and modification.
[bookmark: _Ref127462328]SLPP Session Establishment
Figure 6 illustrates an SLPP session establishment procedure. The sidelink positioning and ranging procedures of Step 6 are described in section 2.6. 


[bookmark: _Ref126768359]Figure 6: SLPP Session establishment procedure
Note:	SLPP is carried as payload over the V2X/ProSe layer, with interaction and exchanges between the Application-layer and SLPP layer per procedures defined in TS 23.387 and TS 23.304. 
0. The Application layer in UE1 and other UEs may perform UE discovery, determine and verify required services and perform group management (e.g. create a group containing UEs 1 to n). The Application layer in UE1 also verifies that all of the UEs 1 to n support SLPP. The Application layer in UE1 then requests sidelink ranging and positioning results for UEs 1 to n from the SLPP layer in UE1, and provides the SLPP layer in UE1 the application layer IDs and layer 2 IDs for each of the UEs 1 to n, and may provide an application layer group ID and a layer 2 group ID for the group of UEs 1 to n.
1. UE1 sends an SLPP Create Session Request message to each of UEs 2 to n. The message may be sent broadcast to all UEs 2 to n, or sent groupcast to all UEs 2 to n, or sent unicast to each of the UEs 2 to n. The message includes an SLPP Session ID assigned by UE1 and may include a layer 2 group ID for the SLPP session.
2. Each (from the UEs 2 to n) which can accept the Session Request sends an SLPP Create Session Accept Message to UE1 via unicast, groupcast or broadcast. Otherwise, the UE sends a SLPP Create Session Reject message to UE1 via unicast, groupcast or broadcast.  
3. UE1 determines the UEs for the SLPP session from the UEs that return an SLPP Create Session Accept at step 2. In this example of Figure 6, all UEs 2 to n are assumed to accept the SLPP session request.
4. [bookmark: _Hlk126847978]UE1 transmits a SLPP Session Start Request message to the UEs 2-n determined for the session at step 3 to start the SLPP session. The SLPP Session Start Request message may be broadcast to all UEs 2 to n, groupcast to all UEs 2 to n, or sent unicast to each of the UEs 2 to n. This message includes the Application Layer ID and Layer-2 ID for each UE in the session and a UE1 assigned SLPP UE ID for each UE in the positioning session. The SLPP UE ID may be an integer (e.g. in the range 1 to n) identifying each UE within the SLPP session.
5. UEs 2-n acknowledge the session start with an SLPP Session Start Accept message, subsequent to which the positioning within the session can start. The SLPP Session Start Accept message may be sent via unicast, groupcast or broadcast.
NOTE:	After performing the session establishment at steps 4 and 5, all UEs 1 to n would be aware of all other UEs in the session, including their Application Layer IDs, Layer-2 IDs, SLPP IDs and the layer 2 group ID, etc. Only the SLPP UE ID and SLPP Session ID is then required in the subsequent SLPP transactions (e.g., at Step 6) when using the V2X/ProSe procedures for the SLPP transport between UEs over PC5.
6. The SL positioning/ranging procedures are carried out as described in section 2.4.
7-8. Once positioning has been completed (e.g., once the application layer request at step 0 is fulfilled), UE1 may send a SLPP Session End Request message to each participant UE 2-n via broadcast, groupcast or unicast, which each UE acknowledges by sending a SLPP Session End Response message back to UE1.
[bookmark: _Hlk126912824][bookmark: _Hlk127295188]Proposal 6: The SLPP Layer may assign an SLPP Session ID unique to the specific sidelink positioning session, and assign to each UE participating in that session an individual SLPP ID. The SLPP ID may be an integer (e.g. in the range 1 to n). The SLPP Session ID could be an integer value or might comprise a unique indication of UE1 plus a UE1 assigned local numeric ID.
SLPP Session Modification
An SLPP session may be modified through the addition or removal of UEs, for example as illustrated in Figure 7. Session modification is particularly relevant to sidelink positioning given the dynamic nature of sidelink use cases introduced by UE mobility. It is quite likely UE accessibility within any initial set of UEs in a sidelink ranging/positioning session will change during the ranging/positioning session. An initial set of UEs in a SLPP session may also change, for example, during Step 6 in Figure 6 after the SLPP session has been established because not all UEs may have the required SLPP positioning capabilities (e.g., SL-PRS, SL-position method capability, capability to act as an anchor UE, etc.). Hence, UEs may have to be removed from the SLPP session and newly discovered UEs may have to be added to the SLPP session. The Application Layer may also determine UE addition and removal for other reasons, e.g., due to a change of service requirements for some UEs.


[bookmark: _Ref126769206]Figure 7: SLPP Session modification Procedure
0. The Application Layer in UE1 may request the SLPP layer to add and/or remove UEs to a group of UEs for which an SLPP session was previously established as in clause 2.3.1. Alternatively, or in addition, the SLPP layer in UE1 may detect that some UEs in an SLPP session are no longer available for SLPP positioning (e.g., due to no longer being in PC5 range of other UEs or due to lack of sufficient resources or capabilities to perform SLPP positioning) and may need to remove these UEs from a previously established SLPP session.
1. UE1 sends an SLPP Modify Session Request to the modified set of UEs in the SLPP session (UEs currently in the session included in the modified session and any new UEs). The SLPP Modify Session Request message can be sent unicast, groupcast or broadcast to both current UEs and new UEs (e.g. using a new layer 2 group ID provided by the Application layer at step 0). The SLPP Modify Session Request message may include a new layer 2 group ID for the SLPP modified session and a new SLPP session ID. UEs currently included in the SLPP session can be addressed using their SLPP UE IDs and any new UEs can be addressed using their application layer IDs. If it is not possible or not allowed (e.g. for policy reasons) to groupcast or broadcast the message to both current UEs and new UEs, UE1 performs steps 1 and 2 of the SLPP establishment procedure to create the SLPP modified session for the new UEs. For existing UEs that will not be part of the modified session, UE1 may perform steps 7 and 8 of the SLPP establishment procedure to end the SLPP session for these UEs.
2. Each UE (from the UEs 2 to n) which can accept the Session modification request sends an SLPP Modify Session Accept message to UE1 via unicast, groupcast or broadcast. Otherwise, the UE sends a SLPP Modify Session Reject message to UE1 via unicast, groupcast or broadcast.
3. UE1 determines the UEs for the SLPP modified session from the UEs that return an SLPP Modify Session Accept message at step 2 or an SLPP Create Session Accept message in the case that steps 1 and 2 of clause 2.3.1 are performed for any new UEs. 
4. UE1 continues the SLPP modified session as per steps 4-8 for establishment of an SLPP session (2.3.1). In this case, new SLPP UE IDs are assigned to all UEs by UE1 at step 4.

[bookmark: _Hlk126913019]Proposal 7: In order to support sidelink positioning/ranging in a structured and coordinated manner, SLPP shall support at least the following message types for SLPP Session Operation: 
· SLPP Create Session Request/Accept/Reject 
· SLPP Session Start Request/Response (*)
· SLPP Session End Request/Response (*)
· SLPP Session Modify Request/Accept/Reject (*)
NOTE: Messages indicated by (*) may be combined into a single SLPP message using a setup/modify/release mechanism

SLPP Session-less Operation
In addition to session-based operation, many sidelink positioning/ranging use cases would benefit from session-less operation, and in support of session-less operation, RAN2 reached the following agreement. 
	Agreement
At least in the case that positioning methods are supported that do not require a mutual exchange of SLPP messages associated with one another among UEs, SLPP sessionless operation can be supported.  FFS if sessionless operation can be operated with security.


Session-less operation use cases include scenarios with dynamic or mobile UEs where it is desirable to minimize the signaling overhead and associated session-establishment latency that may be incurred with session-based operation. Applicable scenarios include one UE needing to determine position/range to UEs in its vicinity for temporary or brief time intervals, such as vehicles traversing an intersection, vehicles entering a freeway from an on-ramp, or public safety individuals moving about a theatre of operation. An example scenario is illustrated for the V2X use case in Figure 8, for the case of vehicles traversing an intersection with an RSU UE conducting sidelink positioning/ranging to the UEs. In such a scenario, the set of UEs proximate and of interest to the RSU for sidelink positioning changes often, lending itself to a more flexible, session-less operation. Note that although this scenario illustrates the benefit of session-less operation for fixed UE (RSU in Figure 8), session-less operation is equally applicable and beneficial for mobile UEs (vehicles) initiating sidelink positioning. 
[image: ]
[bookmark: _Ref118231653]Figure 8: Sidelink Positioning Session-less operation
For session-less operation, signaling overhead is minimized to accommodate the dynamic UE conditions. This is illustrated in Figure 9. 




[bookmark: _Ref127462057]Figure 9: SLPP session-less operation
1. The Application layer in UE1 may request the SLPP layer to initiate sidelink positioning for UEs that may be in the vicinity of UE1. The Application layer in UE1 may make this request of the SLPP layer periodically, through configuration, or based on determination of UEs in its vicinity or by other means. UE1 transmits an SLPP Provide Assistance Data message (see section 2.6) via connection-less groupcast or broadcast per the existing procedures of TS 23.287. The SLPP Provide Assistance Data message includes the SL-PRS configuration for UEs which are able to participate (e.g., based on compatible capabilities).
Note: UEs receiving an SLPP Provide Assistance Data message absent the mutual exchange of SLPP session establishment messages may determine this is for a session-less sidelink ranging/positioning session from an allocated space of SLPP Session ID, by omission of the SLPP Session ID, or by other means.
2. Each of UEs 2-n determines an SL-PRS configuration to be transmitted at step 4. This may be based on SL PRS configuration information received at step 1. Optionally, each of UEs 2-n transmits an SLPP Provide Assistance Data message (see section 2.6) via connection-less groupcast or broadcast per the existing procedures of TS 23.287. The SLPP Provide Assistance Data message includes the SL-PRS configuration that each UE will transmit at step 4 and an identity (e.g. an application layer ID) of the UE.
3. UE1 and optionally each of UEs 2-n transmits an SLPP Request Location Information message (see section 2.6) via connection-less groupcast or broadcast per the existing procedures of TS 23.287. The SLPP Request Location Information message indicates the measurements to be obtained at step 5 and/or the location results to be sent at step 6.
4. Each participating UE transmits its respective SL-PRS according to the SL-PRS configuration indicated at step 1 or determined at step 2. The duration of SL-PRS transmission may be controlled by a timer provided in the SLPP Provide Assistance Data message at step 1 or step 2.
5. Each participating UE performs SL-PRS measurements according to the configurations in the SLPP Provide Assistance Data message at step 1or step 2 or as requested at step 3. 
6. Upon completion of the SL-PRS transmission and SL-PRS measurements or periodically during this, the participating UEs transmit a SLPP Provide Location Information message with the measurement results obtained at step 5. SL-PRS transmission and SL-PRS measurement may be performed periodically, based on the configuration received in the SLPP Provide Assistance Data message.


[bookmark: _Hlk114592984][bookmark: _Hlk114751637]Proposal 8: 	Session-less operation is established without mutual exchange of SLPP session establishment signaling via transmission of the SLPP Provide Assistance Data message. 

[bookmark: _Ref114674779]SLPP Positioning Procedures
According to the RAN2#119-e agreement, at least the following two operation scenarios should be studied:
Study the architecture and signaling procedures to enable at least the following two operation scenarios:
-	Operation Scenario 1: PC5-only-based positioning.
-	Operation Scenario 2: Combination of Uu- and PC5-based positioning.

PC5-only based positioning 
SLPP Operation without LMF Support, PC5-only-based positioning 
RAN2 has reached the following agreements regarding range and position calculation by UEs participating in sidelink positioning and ranging, including for range/position calculation by one UE on behalf of other UEs (UE-assisted) and range/position calculation by multiple UEs (UE-based).  
	Agreement
RAN2 agrees to support at least unicast SLPP/RSPP "centralized" operation in the sense used in R2-2210911, i.e., operation where one UE performs range and/or position calculations based on measurement/location information relating to itself and/or other UEs.
Agreement
From RAN2 perspective, if it is determined to support group positioning, it is feasible to perform at least ranging with the estimate calculation at multiple UEs.



[bookmark: _Hlk127286908]Example procedural flows for SLPP UE-assisted (one UE performing range/position calculation on behalf of other UEs) and UE-based (multiple UEs performing range/position calculation) are illustrated in Figure 10 and Figure 11. Note that both UE-assisted and UE-based operation follow the same first five steps (discovery, session establishment, Capability Transfer, and Assistance Data exchange). 


[bookmark: _Ref118233848]Figure 10: Sidelink-only Positioning – UE-assisted Initiator (centralized) position calculation
1. UE B performs the SLPP Session Establishment procedure described in section 2.3.
2. UE B transmits a SLPP Request Capabilities message to the group of UEs established at Step 1 requesting the SL positioning capabilities from the UEs participating in this session. The SLPP Request Capabilities message may be sent by UE B to UE A, UE C, UE D via broadcast, groupcast or unicast, depending on the specific scenario. 
3. The UEs in Step 2 addressed by UE B respond with a SLPP Provide Capabilities message. The UE capabilities may refer to particular sidelink position methods (e.g., SL-RTT, SL-AoA, SL-TDOA, etc.) or may be common to multiple position methods. The capabilities may also include the SL-PRS capabilities, an indication of whether the UE can function as an anchor UE and/or location server UE, position/range calculation capabilities, etc., as described in section 2.6. If the UE can function as an anchor UE, the SLPP Provide Capabilities message may also include the location coordinates. The SLPP Provide Capabilities message may be sent by UE A, UE C, UE D via broadcast, groupcast or unicast, depending on the specific scenario.
4. The SLPP Session may be modified as described in section 2.3 based on the capability information from Step 3 (e.g., removal of UEs with incompatible capability such as SL positioning method, anchor capability, etc.). 
5. UE B transmits a SLPP Provide Assistance Data message to the group of UEs established at Step 1 or 4. The SLPP Provide Assistance Data message includes the SL-PRS configuration for each of the UEs in the group. The SLPP Provide Assistance Data message and may be sent via broadcast, groupcast or unicast, depending on the specific scenario. 
After receipt of the assistance data (or at an indicated starting time included in the message), each UE in the group transmits its respective SL-PRS. The duration of SL-PRS transmission may be controlled by a timer provided in the message or may continue until the SLPP session is terminated at Step 11.
6. UE B transmits a SLPP Request Location Information message to the group of UEs. The message indicates the type of location information needed and associated QoS (e.g., desired accuracy, response time, etc.). The message also includes an indication that range/position calculation will be performed by the initiating UE (UE B). The SLPP Request Location Information message may be sent via broadcast, groupcast or unicast, depending on the specific scenario.
7. Each participating UE performs the requested SL-PRS transmissions and measurements.
8. Upon completion of the transmission and measurements or periodically or after the response time received at Step 6 expired, the UEs each transmit a SLPP Provide Location Information message with the location results requested at Step 6. The message may also include an indication of whether other UEs (the initiating UE B in this case) is requested to provide the location result (e.g., calculated range and/or position) back to this UE. SL-PRS transmission and SL-PRS measurement may be performed periodically, based on the configuration received in the SLPP Provide Assistance Data message.
9. The initiating UE B performs the range/position computations using the location results received at Step 8 and the location results UE B has obtained at Step 7.
10. If requested at Step 8, UE B may distribute the location results to the other UEs in this session.
11. The SLPP session may be terminated as described in section 2.3.



[bookmark: _Ref126823758]Figure 11: Sidelink-only Positioning – UE-based (distributed) position calculation 
1.-5. Same as in Figure 10.
6.	UE B transmits a SLPP Request Location Information message to the group of UEs. The message indicates the type of location information needed and associated QoS (e.g., desired accuracy, response time, etc.). The message also includes an indication that range/position calculation should be performed by each of the participating UEs. The SLPP Request Location Information message may be sent by UE B to UE A, UE C, UE D via broadcast, groupcast or unicast, depending on the specific scenario.
7-8. Same as in Figure 10.
9.	Each participating UE performs the range/position computations using the location results received at Step 8 and the own location results obtained at Step 7.
[bookmark: _Hlk127290177]10.	If requested at Step 8, each UE may distribute its location results to the other UEs in this session.
11.	The SLPP session may be terminated as described in section 2.3.

[bookmark: _Hlk126913106]Observation 9: UE-based (distributed) sidelink positioning and ranging enables UE position calculation without the reliance on a separate UE, and can reduce overall SLPP signaling required for sidelink positioning. 
[bookmark: _Hlk127295335][bookmark: _Hlk127290343]Proposal 9:	SLPP should support UE-based (distributed) sidelink positioning enabling UEs to determine position and range based on exchanged location information.

[bookmark: _Ref110868798]SLPP Operation with LMF Support, PC5-only-based positioning 
The basic SLPP transaction types (capability transfer, assistance data transfer, location information transfer) suitable for supporting out-of-coverage sidelink positioning and ranging scenarios may also be applied to in-coverage and partial coverage scenarios. These scenarios include LMF-assisted (MO-LR) and LMF-initiated (MT-LR) sidelink positioning and ranging. When at least one participating UE is in network coverage and enabled via a subscription to access a PLMN, the UE may request LMF assistance for a sidelink positioning and ranging session, or may be requested by an LMF to participate in a sidelink positioning and ranging session. In this mode of operation, not all UEs may have PLMN access and be supported by, or provide support to, an LMF (LMF support may be restricted to just some UEs). Possible examples of LMF-assisted (MO-LR) and LMF-initiated (MT-LR) are illustrated in Figure 12 and Figure 13, respectively.
LMF-assisted Sidelink positioning (MO-LR)
Figure 12 shows an example of LMF-assisted sidelink positioning and ranging, where the LMF acts as an adjunct to UE B which is in network coverage and initiating a sidelink positioning and ranging session. 



[bookmark: _Ref114591912]Figure 12: LMF-assisted Sidelink positioning (MO-LR)
1.-4. Same as in Figure 10.
5.	The initiating UE B requests positioning assistance from the LMF by sending a supplementary services (e.g. MO-LR) request to the LMF via the serving AMF. UE B can indicate whether LMF assistance is needed in the form of assistance data and/or location calculation.
6.	The initiating UE B may include the SL-PRS capabilities of all UEs (step 6b) and a request for specific assistance data (step 6c) as part of step 5. Alternatively, the LMF may request the SL-PRS capabilities of all UEs at step 6a, UE B may then return the capabilities at 6b, and may send a request for specific assistance data at step 6c. The LMF then determines the requested assistance data and provides them to UE B in a SLPP Provide Assistance Data message at step 6d.
7.	If UE B requested location calculation assistance at step 5, the LMF sends an SLPP Request Location Information to UE B to request location measurement results consistent with the SL-PRS capabilities of all UEs received at step 6b and any assistance data sent at step 6d.
8.-11. Same as Steps 5.-8. in Figure 11.
12.	If step 7 did not occur, the initiating UE B may perform the range/position computations using the location results received at Step 11 and the location results UE B has obtained at Step 10.
13.	If Step 7 did occur, UE B provides the obtained location measurements from all participating UEs in the session to the LMF in an SLPP Provide Location Information message.
14.	The LMF performs the range/position computations.
15.	The LMF provides the computed ranges/positions to the UE B via the serving AMF in a supplementary services (e.g. MO-LR) response.
15.	The SLPP session may be terminated as described in section 2.3.

[bookmark: _Hlk126913158]Proposal 10:	Support a MO-LR or a new supplementary services operation for UE initiated SLPP transactions towards an LMF.

0. LMF-initiated Sidelink positioning (MT-LR)
Figure 13 shows an example of LMF-initiated sidelink positioning and ranging operation with a target UE (UE B) in network coverage to obtain MT-LR location results. The MT-LR could have been instigated by an external client or AF (not shown in Figure 13) which would have provided all necessary information for the MT-LR to the LMF (e.g. via a GMLC and AMF). 


[bookmark: _Ref110916673]Figure 13: LMF-initiated Sidelink positioning for an MT-LR
1. The LMF requests sidelink positioning from UE B via a Supplementary Service Request message for SL MT-LR.
The location request indicates the type of location results requested (e.g. location of UE B and/or of other UEs), identities and/or addresses of specific UEs to be involved (e.g. UEs A, C, D), or whether any UEs can be used, and whether a single set of location results is requested (immediate location), or whether deferred (e.g. periodic or triggered) location results are requested. The supplementary services request might also include an embedded SLPP Request Location Information message indicating specific SLPP location results or measurements to be provided by UE B and/or an embedded SLPP Provide Assistance Data message to provide assistance data for the SLPP positioning session to UE B (e.g. SL-PRS configurations).
2. UE B attempts to discover the other UEs A, C, D if not already discovered and establishes an SLPP session as described in section 2.3.
3. UE B transmits a SLPP Request Capabilities message to the group of UEs established at Step 2 requesting the SL positioning capabilities from the UEs participating in this session. 
4. The UEs in Step 3 addressed by UE B respond with a SLPP Provide Capabilities message.
5. UE B may instigate the SLPP Session Modification procedure as described in section 2.3. 
6. UE B confirms or acknowledges the supplementary services request from Step 1 with a supplementary services response, which may indicate whether any requested UEs are available for positioning (e.g. whether UEs A, C, D have been discovered by UE B). 
7. 	Sidelink positioning/ranging occurs as in Figure 10 steps 5-10, Figure 11 steps 5-10 or Figure 12 steps 6-12.
8.	UE B provides the obtained location results and/or measurements from all participating UEs in the session to the LMF in an SLPP Provide Location Information message.
9.	If not already included at step 8, the LMF performs the range/position computations for the UE(s) and returns location(s) to the external client or AF. For deferred (periodic or triggered) location, the SLPP positioning by UE B and return of location results to the LMF might be repeated.
10.	The SLPP session may be terminated as described in section 2.3.

[bookmark: _Hlk114593140][bookmark: _Hlk127295436][bookmark: _Hlk126913184]Proposal 11: Support a MT-LR or a new supplementary services operation for LMF-initiated SLPP transactions towards a UE.

Combination of Uu- and PC5-only based positioning 
The basic SLPP transaction types and procedures of capability transfer, assistance data transfer, location information transfer (see section 2.6) are suitable for supporting in-coverage, partial coverage and out-of-coverage sidelink positioning and ranging scenarios may also be applied to support joint sidelink-Uu positioning. This could simply be achieved by jointly performing the SLPP, LPP and NRPPa procedures for the desired positioning methods as shown in Figure 14. For Uu-only positioning, LPP and NRPPa are jointly used for UE positioning operation (e.g. for Multi-RTT). For joint Uu and SL positioning, any combination of LPP, SLPP, and NRPPa may be used, dependent on the desired positioning method(s) (UL-, DL-, SL-positioning).


[bookmark: _Ref110916931]Figure 14: Joint Uu-Sidelink Positioning
1.	The LMF may obtain the sidelink positioning capabilities from the target UE and may request sidelink location results from the target UE.
2.	The LMF may obtain the LPP positioning methods capabilities from the target UE and may request location results for one or more LPP positioning method.
3.	The LMF may request an UL-SRS configuration from the serving NG-RAN node of the target device and may configure TRPs for UL-SRS measurements.
NOTE: 	The procedures and transactions for Steps 1-3 may be serialized in any preferred order. For example, the LMF may first jointly obtain the SLPP and LPP capabilities, then jointly request SLPP and LPP location results, etc.
4. The target device performs the sidelink positioning procedures as described in Figure 10.
5. The target device provides the SLPP location results to the LMF.
6. The target device provides the LPP location results to the LMF.
7. The TRPs provide the NRPPa location results to the LMF.
The procedure described above in Figure 14 will support hybrid/joint Uu (including RAT-Independent methods) and sidelink positioning in the same way as it is supported today with LPP (and possibly NRPPa). For example, several LPP positioning methods can be used for the same positioning session. The LMF knows that the different positioning methods apply to the same positioning session. The UE does not know that unless the same LPP messages and transactions are used for the different positioning methods. When different LPP transactions and messages are used, the UE may not know if the different positioning methods refer to the same LPP session or to different LPP sessions. When both Uu and PC5 based procedures and signalling are used, then from the perspective of the coordinating entity (LMF in this case), the Uu and PC5 based positioning procedures are part of the same positioning session. This methodology allows SLPP, LPP and NRPPa to be defined and used independently even though a coordinating entity, such as an LMF, can be aware of a common positioning session. In particular, this means that SLPP signalling does not need to convey LPP session-related information and similarly, LPP signaling does not need to convey SLPP session-related information. This can significantly reduce SLPP and LPP impacts, RAN2 specification work, and requirements levied on the UE and the network.
[bookmark: _Hlk114593201][bookmark: _Hlk118412753][bookmark: _Hlk127295453][bookmark: _Hlk126913205]Proposal 12:	Support hybrid Uu, SL, and RAT-independent positioning by jointly using the SLPP, LPP, and NRPPa procedures.
Using SLPP transactions/procedures independently of LPP also means there are no additional impacts to those UEs (and LMFs) that do not need to support sidelink positioning and vice versa. For example, if an LMF or UE were to receive an LPP message with sidelink positioning content, then even if this content is not supported, the decoding of the LPP message might need to be “sidelink capable”. Similarly, if a sidelink positioning or ranging device (or LMF) does not need to support LPP positioning, there would be no need to support LPP just for the sidelink positioning or ranging content. This allows a smaller protocol to be defined to reduce ASN.1 footprint size and processing support. That could simplify UE implementation when LPP does not otherwise need to be supported.

[bookmark: _Hlk118412467][bookmark: _Hlk127295476][bookmark: _Hlk126913253]Observation 10: Using the LMF as an SLPP endpoint would not only allow embedding SLPP messages into Supplementary Services Operations (e.g., MT-LR, MO-LR, etc.), but would also enable joint sidelink and Uu positioning with minimal changes to existing protocols.
[bookmark: _Hlk127295493][bookmark: _Hlk126913260]Observation 11: Using the LMF as an SLPP endpoint would allow sidelink-only positioning (with LMF support) without a requirement for LPP support, which would reduce complexity for sidelink-only capable positioning and ranging devices and LMFs.
[bookmark: _Hlk127295503][bookmark: _Hlk126913267]Observation 12: Specifying the sidelink positioning functionality isolated within SLPP would require no modifications to LPP, and therefore, would not increase the LPP ASN.1 footprint for non-sidelink capable UEs and LMFs.

[bookmark: _Hlk118412760][bookmark: _Hlk126913225]	Proposal 13: The LMF should be a protocol endpoint for SLPP.

Common SLPP Transaction Modes
According to the RAN2#119-e agreement, at least the following two operation scenarios should be studied:
	Agreement: 
RAN2 confirm that from RAN2 perspective, it is feasible to send at least the following positioning signaling for groupcast/broadcast (in addition to unicast):
· SL positioning capability
· SL positioning assistance data
Location information is not excluded and can be further considered in normative work.



Therefore, SLPP should indicate the transaction (communication) mode to be used for each SLPP message, i.e., whether broadcast mode, groupcast mode or unicast mode is to be used (e.g., in a common SLPP message header).
SLPP should support at least the following generic transaction modes:
· Unicast transaction
· Group Transaction with Group Replies
· Group Transaction with Unicast Replies 
· Broadcast Transaction
SLPP Unicast Transaction


Figure 15: Generic SLPP Unicast Transaction
1. UE A sends a SLPP message to UE B. The message includes the SLPP Mode set to 'unicast'. The message includes the SLPP Session ID if applicable, a Transaction ID, and the source and destination UE IDs (e.g., Application Layer IDs, Layer 2 IDs, SLPP UE IDs (see also section 2.3)).
2. If the SLPP message from Step 1 requires a response, UE B sends a SLPP message to UE A with the SLPP Mode set to 'unicast', the Transaction ID and the destination ID for UE A as received in Step 1.

[bookmark: _Ref126855120]SLPP Group Transaction with Group Replies


Figure 16: Generic SLPP Group Transaction with Group Replies
1. UE A sends a SLPP message to a group of UEs (UE B, C, D, etc.). The message includes the SLPP Mode set to 'groupcast-group reply' indicating that the destination UEs should respond via groupcast, or set to 'groupcast' in the case the SLPP message does not require a response. The message includes the SLPP Session ID, if applicable, a Transaction ID, and the Group ID (e.g., application layer group ID, layer-2 group ID, or SLPP Group ID).
2. If the SLPP message from Step 1 received by destination UEs B, C, D, etc. requires a response (SLPP Mode was set to 'group cast-group reply'), UEs B, C, D, etc. send a SLPP message with the SLPP Mode set to 'groupcast' (which are thus also returned to the other UEs in the group). The message includes the Session ID if applicable, the Transaction ID and the Group ID received at Step 1.
SLPP Group Transaction with Unicast Replies


Figure 17: Generic SLPP Group Transaction with Unicast Replies
1. UE A sends a SLPP message to a group of UEs (UE B, C, D, etc.). The message includes the SLPP Mode set to 'groupcast - unicast reply' indicating that the destination UEs should respond via unicast. If no response is requested, the SLPP mode may indicate 'groupcast' as in section 2.5.2. The message includes the SLPP Session ID, if applicable, a Transaction ID and the Group ID (e.g., application layer group ID, layer-2 group ID, or SLPP Group ID).
2. If the SLPP message from Step 1 received by destination UEs B, C, D, etc. requires a response, UEs B, C, D, etc. each send a SLPP message with the SLPP Mode set to 'unicast'. The message includes the Session ID if applicable, the Transaction ID and source UE ID of the individual UE, and the destination ID for UE A received at Step 1.
SLPP Broadcast Transaction


Figure 18: Generic SLPP Broadcast Transaction
1. UE A sends a SLPP message with the SLPP Mode set to 'broadcast'. The message includes the SLPP Session ID if applicable and a Transaction ID.
2. If the SLPP message from Step 1 received by UEs B, C, D, etc. requires a response, UEs B, C, D, etc. send a SLPP message with the SLPP Mode set to 'broadcast'. The message includes SLPP Session ID if received at Step 1 and the Transaction ID.

[bookmark: _Hlk127295630][bookmark: _Hlk126913322]Proposal 14: SLPP should indicate the transaction (communication) mode to be used for each SLPP message, i.e. whether broadcast mode, groupcast mode or unicast mode is to be used (e.g., in a common SLPP message header). At least the following common transaction modes shall be supported:
· Unicast transaction
· Group Transaction with Group Replies
· Group Transaction with Unicast Replies
· Broadcast Transaction.
NOTE: Not all SLPP message types may be allowed for all transaction modes.
[bookmark: _Ref126829554]SLPP Positioning Messages
RAN2 has reached the following agreements regarding SLPP functionality:
	Agreement:
In order to enable sidelink positioning, SLPP/RSPP shall support at least the following functionalities:
1. SL Positioning Capability Transfer
2. SL Positioning Assistance Data exchange
3. SL Location Information Transfer
4. Error handling
5. Abort
This agreement does not imply any specific signalling structure.



This section summarizes the main functionality for the above message types based on the general positioning procedures shown in section 2.4 of this contribution.
SLPP Capability Transfer
Capabilities in an SLPP context should refer to the ability to support different position methods defined for SLPP (e.g., SL-RTT, SL-TDOA, etc.), different aspects of a particular position method (e.g. different types of measurements or assistance data) and features specific to certain UE roles (e.g. ability to operate as a server or anchor UE, etc.). 
The exchange of capabilities between different endpoints may be initiated by a request or sent as unsolicited information. If a request is used, an endpoint sends an SLPP Request Capabilities message using one of the allowed transaction modes in section 2.3 with a request for capability information. The addressed endpoint(s) then respond with an SLPP Provide Capabilities message.	


Figure 19: SLPP Capability Transfer Procedure
1. The transmitting endpoint may send a request for the SLPP related capabilities to one or more receiving endpoints using one of the SLPP Transaction Modes described in section 2.3.
2. The receiving endpoint(s) transfer their SLPP-related capabilities to the transmitting endpoint using one of the SLPP Transaction Modes described in section 2.3. The capabilities may refer to particular position methods or may be common to multiple position methods.
The SLPP Capability Indication procedure is used for unsolicited capability transfer.


Figure 20: SLPP Capability Indication Procedure
1. The transmitting endpoint provides the SLPP-related capabilities to one or more receiving endpoints using one of the SLPP Transaction Modes described in section 2.3.
The SLPP-related capabilities may include the general information summarized in Table 1 below.
	Information 

	SL Positioning Capability:

	-	Supported position methods and measurements per method (SL-RTT, SL-AoA, SL-TDOA)

	-	Supported SL-PRS details (RAN1)

	-	Supported position calculation capability

	-	UE-based: UE can calculate its own position using its own and other UEs measurements

	-	UE-assisted: UE can only perform measurements; requires a separate server (UE or LMF) for position calculation

	Anchor capability (yes/no):

	-	Location coordinates of UE (if available)
NOTE: Anchor UE location could also be obtained/updated via Location Information Transfer procedures.

	-	Stationary/non-stationary indication and/or velocity

	-	Timing/synchronization capability (e.g., for TDOA methods); e.g., GNSS-DFN accuracy.

	Location Server capability (yes/no):

	-	Position calculation functionality for other UEs

	-	Supported methods: RTT, AoA, TDOA

	-	Assistance Data generation/distribution functionality

	-	Supported assistance data types (TBD)

	-	May also indicate whether the UE can act as a server-UE with the help of an LMF 


[bookmark: _Ref126917563]Table 1: SLPP-related capabilities

[bookmark: _Hlk126913443]Proposal 15:	An SLPP Provide Capabilities message should provide information on the ability of the device to support different position methods defined for SLPP (e.g., SL-RTT, SL-TDOA, etc.), different aspects of a particular position method (e.g. different types of measurements or assistance data) and features specific to certain UE roles (e.g. ability to operate as a server or anchor UE, etc.).

SLPP Assistance Data Transfer
Assistance data in this Release comprises the SL-PRS configuration information and may be transferred either by request or unsolicited. If a request is used, an endpoint sends an SLPP Request Assistance Data message to a server (e.g., server UE or LMF (via MO-LR)) for SL-PRS assistance data and may indicate the assistance data needed. The addressed endpoint then responds with an SLPP Provide Assistance Data message.


Figure 21: SLPP Assistance Data Transfer Procedure
1. The transmitting endpoint may send a request for assistance data to a receiving endpoint (e.g., server UE or LMF) using one of the SLPP Transaction Modes described in section 2.3. The message may indicate the particular assistance data needed.
2. The receiving endpoint transfers assistance data to the transmitting endpoint using one of the SLPP Transaction Modes described in section 2.3. The transferred assistance data should match any assistance data requested in step 1.
3. The receiving endpoint may transfer additional assistance data to the transmitting endpoint in one or more additional SLPP Provide Assistance Data messages.
The SLPP Assistance Data Delivery procedure is used for unsolicited assistance data transfer.



Figure 22: SLPP Assistance Data Delivery Procedure

1. The transmitting endpoint transfers assistance data to one or more receiving endpoint(s) using one of the SLPP Transaction Modes described in section 2.3.
2. The transmitting endpoint may transfer additional assistance data to the receiving UE(s) in one or more additional SLPP Provide Assistance Data messages.

The assistance data details may be different for different positioning methods and depend largely on RAN1 but may comprise the general information summarized in Table 2.  
	Information 

	SL-PRS Configuration Information for participant UEs in a session.

	Start time and duration for SL-PRS (if the Provide Assistance Data is used to trigger the SL-PRS transmission at the receiver).


[bookmark: _Ref126855420]Table 2: SLPP-related assistance

[bookmark: _Hlk127295687][bookmark: _Hlk126913484]Proposal 16:	The SLPP Request Assistance Data message should allow a UE to request positioning assistance data (e.g., SL-PRS configuration information and resources) from a server (e.g., server UE or LMF). The SLPP Provide Assistance Data message should allow a server (e.g., server UE or LMF) to provide positioning assistance data (e.g., SL-PRS configuration information and resources) to participant UEs in a session.
SLPP Location Information Transfer
The term "location information" applies to both, an actual position estimate and to values used in computing position (SL positioning measurements). It can be delivered either in response to a request or unsolicited.


Figure 23: SLPP Location Information Transfer Procedure
1. The transmitting endpoint may send a request for location information to one or more receiving endpoints using one of the SLPP Transaction Modes described in section 2.3. The message indicates the type of location information needed and associated QoS.
2. In response to step 1, the receiving endpoint(s) transfer location information to the transmitting endpoint using one of the SLPP Transaction Modes described in section 2.3. The location information transferred should match the location information requested in step 1.
3. The receiving endpoint(s) may transfer additional location information to the transmitting endpoint in one or more additional SLPP Provide Location Information messages using one of the SLPP Transaction Modes described in section 2.3.
The SLPP Location Information Delivery procedure is used for unsolicited location information transfer.


Figure 24: SLPP Location Information Delivery Procedure
1. The transmitting endpoint transfers location information to one or more receiving endpoints using one of the SLPP Transaction Modes described in section 2.3. 
2. The transmitting endpoint may transfer additional location information to one or more receiving endpoints using one of the SLPP Transaction Modes described in section 2.3.
	Information 

	SLPP Request Location Information:

	-	Requested location measurements (e.g., RxTx, AoA, RSTD, etc.) (UE-assisted)

	-	Request for location coordinates and velocity (UE-based)

	-	Requested positioning QoS (e.g., accuracy, response time)

	-	Indication whether calculated location estimate is requested (centralized mode) or whether each UE is requested to calculate its own location (distributed mode).

	-	Optional Trigger Indication for SL-PRS transmission and measurement

	SLPP Provide Location Information:

	-	Location measurements

	-	Location coordinates and velocity


Table 3: SLPP-related location information

[bookmark: _Hlk127295726][bookmark: _Hlk126913616]Proposal 17:	The SLPP Request/Provide Location Information message should allow an endpoint to request/provide location measurements or location estimate from participant UEs in a session. 
[bookmark: _Hlk126913623]Proposal 18:	The SLPP design should allow support for individual SL positioning methods in a forward compatible manner to allow additional positioning methods to be added in future Releases (e.g., similar to LPP).

Summary
Observation 1: SA2 has indicated a preference for PC5-U over PDCP as the transport mechanism that should be used for SLPP. 
Observation 2: Security solutions for SLPP over PC5-U groupcast and broadcast are feasible and should not impede SLPP protocol design.  
Observation 3: Using PC5-U as the transport mechanism for SLPP allows RAN2 to focus specification work on defining the set of SLPP messages and message payloads, while reusing existing, standardized procedures for SLPP encapsulation, cast type management and QoS treatment. 
Observation 4: Groupcast/broadcast operation provides significant benefit to numerous sidelink positioning and ranging use cases, both in scalability and efficiency of over-the-air resources.
Observation 5: For one-to-one, one-to-many, and many-to-one, sidelink positioning/ranging PC5-U provides flexibility in QoS, cast type and reduced link establishment latency, with the minimal standards specification work required. 
Observation 6: No modification is required to the PC5 reference point for SLPP transport over the PC5 user plane.
Observation 7: Communication over sidelink may incur packet loss due to changes in participating UE relative position and/or occlusion, potentially leading to SLPP message loss. RAN2 should support mechanisms to introduce SLPP robustness such as redundancy, acknowledgement and retransmission, and/or tolerance to transport failure. 
Observation 8: A UE may initiate a sidelink positioning session with one of the UEs in its vicinity, or with a group of UEs in its vicinity. When initiating a sidelink positioning session with a group of UEs, the group could constitute all, or a subset of the UEs in the initiating UE’s vicinity. 
Observation 9: UE-based (distributed) sidelink positioning and ranging enables UE position calculation without the reliance on a separate UE, and can reduce overall SLPP signaling required for sidelink positioning. 
Observation 10: Using the LMF as an SLPP endpoint would not only allow embedding SLPP messages into Supplementary Services Operations (e.g., MT-LR, MO-LR, etc.), but would also enable joint sidelink and Uu positioning with minimal changes to existing protocols.
Observation 11: Using the LMF as an SLPP endpoint would allow sidelink-only positioning (with LMF support) without a requirement for LPP support, which would reduce complexity for sidelink-only capable positioning and ranging devices and LMFs.
Observation 12: Specifying the sidelink positioning functionality isolated within SLPP would require no modifications to LPP, and therefore, would not increase the LPP ASN.1 footprint for non-sidelink capable UEs and LMFs.

Architecture:
Proposal 1:	The UE Positioning Architecture applicable to NG-RAN should be applicable to all coverage scenarios (e.g., no separate architecture for in-coverage or out-of-coverage scenarios is needed).
Proposal 2:	Extend the UE Positioning Architecture applicable to NG-RAN as shown in Figure 2.

Cast-type support:
Proposal 3:	Sidelink Positioning and Ranging supports unicast, groupcast and broadcast operation for Capability Transfer, Assistance Data Transfer and Location Information Transfer.
SLPP Transport:
Proposal 4:	SLPP transport for Sidelink Positioning and Ranging is over the PC5 User Plane (PC5-U). 
Proposal 5:	SLPP supports a mechanism for robustness and/or tolerance to transport failure, including redundancy, acknowledgement and retransmission. 

SLPP Session Operation:
Proposal 6:	The SLPP Layer may assign an SLPP Session ID unique to the specific sidelink positioning session, and assign to each UE participating in that session an individual SLPP ID. The SLPP ID may be an integer (e.g. in the range 1 to n). The SLPP Session ID could be an integer value or might comprise a unique indication of UE1 plus a UE1 assigned local numeric ID.
Proposal 7:	In order to support sidelink positioning/ranging in a structured and coordinated manner, SLPP shall support at least the following message types for SLPP Session Operation: 
· SLPP Create Session Request/Accept/Reject 
· SLPP Session Start Request/Response (*)
· SLPP Session End Request/Response (*)
· SLPP Session Modify Request/Accept/Reject (*)
NOTE: Messages indicated by (*) may be combined into a single SLPP message using a setup/modify/release mechanism
Proposal 8:	Session-less operation is established without mutual exchange of SLPP session establishment signaling via transmission of the SLPP Provide Assistance Data message.

SLPP Positioning Procedures:
Proposal 9: 	SLPP should support UE-based (distributed) sidelink positioning enabling UEs to determine position and range based on exchanged location information 
Proposal 10: Support a MO-LR or a new supplementary services operation for UE initiated SLPP transactions towards an LMF. 
Proposal 11: Support a MT-LR or a new supplementary services operation for LMF-initiated SLPP transactions towards a UE.
Proposal 12: Support hybrid Uu, SL, and RAT-independent positioning by jointly using the SLPP, LPP, and NRPPa procedures.
Proposal 13: The LMF should be a protocol endpoint for SLPP.

SLPP Messages:
Proposal 14: SLPP should indicate the transaction (communication) mode to be used for each SLPP message, i.e. whether broadcast mode, groupcast mode or unicast mode is to be used (e.g., in a common SLPP message header). At least the following common transaction modes shall be supported:
· Unicast transaction
· Group Transaction with Group Replies
· Group Transaction with Unicast Replies
· Broadcast Transaction.
NOTE: Not all SLPP message types may be allowed for all transaction modes.
Proposal 15: An SLPP Provide Capabilities message should provide information on the ability of the device to support different position methods defined for SLPP (e.g., SL-RTT, SL-TDOA, etc.), different aspects of a particular position method (e.g. different types of measurements or assistance data) and features specific to certain UE roles (e.g. ability to operate as a server or anchor UE, etc.).
Proposal 16: The SLPP Request Assistance Data message should allow a UE to request positioning assistance data (e.g., SL-PRS configuration information and resources) from a server (e.g., server UE or LMF). The SLPP Provide Assistance Data message should allow a server (e.g., server UE or LMF) to provide positioning assistance data (e.g., SL-PRS configuration information and resources) to participant UEs in a session.
Proposal 17: The SLPP Request/Provide Location Information message should allow an endpoint to request/provide location measurements or location estimate from participant UEs in a session.
Proposal 18: The SLPP design should allow support for individual SL positioning methods in a forward compatible manner to allow additional positioning methods to be added in future Releases (e.g., similar to LPP).
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