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Introduction
This contribution discusses SLPP design issues including protocol layering, session operation, positioning procedures and transaction modes.
Protocol Layering
RAN2 reached the following agreement for transport of SLPP [3]. 
	PC5-U is used for transport of SLPP



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”) [8], as shown in Figure 2. This enables SLPP signaling over SR5 to be handled, as a V2X application and as payload over the V2X/ProSe layer using the PC5 user plane protocol layering illustrated in Figure 1. 



[bookmark: _Ref118215105]Figure 1: SLPP protocol layering over PC5 reference point


[bookmark: _Ref134162711]Figure 2: SLPP Non-IP type encoding

[bookmark: _Hlk134112911][bookmark: _Hlk134447823]Proposal 1: SLPP protocol layering over the PC5 reference point uses the PDCP SDU type Non-IP as shown in Figure 1 for Stage 2 (TS 38.305).
[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 a reliable transport mechanism, including acknowledgment and retransmission capability at the LPP level. Since PC5-U transport does not natively provide a reliable transport mechanism, the LPP acknowledgment and retransmission capability could also be supported by SLPP, enabling SLPP procedures to be designed with redundancy and tolerance to transport failure. With redundancy a UE can send an SLPP request message to a group of UEs with each UE in the group responding to acknowledge receipt of the message, or responding to acknowledge having performed or being able to later perform the requested operation (e.g., transmission and/or measurement of 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 LPP-based reliability applied to SLPP, the sender of an SLPP request message to a group of UEs can determine when the message was not received by target UEs, and subsequently take appropriate action(s), such as resending the request message at a later time, or not expecting the non-responding UEs to conduct the requested actions. 
LPP-based reliability implemented in SLPP is relevant to session-based operation, where a group of UEs engaged in a sidelink ranging and positioning session would benefit from reliable transport, in particular if the resulting range/position is applied to group operation. A session leader (initiator) could choose to invoke reliability if the leader determines it is appropriate for the session. In contrast, session-less operation seeks to minimize overhead and latency for ranging/positioning between UEs that have a temporally brief interaction, and as such, may not require reliable transport. Hence, the initiator of a session-based or session-less sidelink ranging and positioning transaction should have the flexibility of deciding whether or not to invoke SLPP reliable transport.  LPP-based reliability implemented in SLPP provides the additional advantage that SLPP can operate reliably between a UE and an LMF, as further discussed in section 5.2.
[bookmark: _Hlk134112957][bookmark: _Hlk126912739]Observation 1: 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 2: LPP reliable transport mechanisms of duplicate detection, acknowledgement and retransmission can be applied to SLPP.  
[bookmark: _Hlk134112939]Proposal 2:	SLPP supports at least the LPP reliable transport mechanisms for duplicate detection, 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 [3], [4].
	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.



	Agreements: 
R2 agree that for session-based SLPP, a SLPP session is used among UEs in PC5-only case in order to obtain location related measurements/location estimates, to transfer assistance data, or to exchange of capabilities.
RAN2 agree that for session-based SLPP, a single SLPP session is created to support a single location request at least in case of a single target UE; FFS how sessions work if there are multiple target Ues in a single location request.
RAN2 agree that, for session-based SLPP, SLPP transactions are indicated at the SLPP protocol level with a transaction ID in order to associate messages with one another (e.g., request and response)
RAN2 agree that for session-based SLPP, messages within a transaction are linked by a common transaction identifier.



	Agreements:
WA: RAN2 understand that group positioning is to acquire location estimates of multiple target UEs (absolute positioning) or multiple UE pairs (Ranging/relative positioning) per LCS request, in line with the guidance already received from SA2.
WA: At least part of the group management for group positioning is performed at upper/application layer.



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/group 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. The importance of group-based use cases for sidelink ranging and positioning has been further reinforced by SA2 in [20], citing as additional examples an RSU and multiple vehicles, multiple vehicles in a platoon, MCX service and Museum Tour.
A possible example is illustrated in Figure 3. In this example, UE1 initiates a sidelink positioning session with the sole UE in its vicinity in Figure 3(A). In Figure 3(B) UE1 initiates a sidelink positioning session with a subset of the four UEs in its vicinity, and in Figure 3(C) UE1 initiates a sidelink positioning session with all of the UEs in its vicinity. Note that although the example in the Figure 3 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 3: 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 3: 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 3(B) or the five participating UEs in Figure 3(C) have an established awareness or association), RAN2 has agreed to support session-based operation [17]. For sidelink positioning and ranging scenarios that do not require mutual exchange of SLPP messages associated with one another, RAN2 has agreed to support session-less operation (for example if participating UEs do not have an established association). Determination of session-based or session-less operation could be made by the Application layer based on the specific scenario, use case and determination of participant UEs (for example position/range a specific set of UEs or position/range a group of proximate UEs). The subsequent session-based or session-less transactions would then be instantiated by SLPP. The following section provides descriptions of possible SLPP session establishment, termination and modification.
[bookmark: _Ref127462328]SLPP Session and Service Management
LPP is designed and intended for Uu-based positioning. LPP does not support explicit management of LPP sessions and services. As a result, LPP-based SLPP messages may not be suited for all aspects of sidelink ranging and positioning.
To address this, as part of the Ranging/Sidelink Positioning layer, SLPP can include positioning, as well as session and service management. These can be considered as a positioning sublayer and a session and service management sublayer. The positioning sublayer would support the SLPP positioning procedures described in section 5, and could be based on LPP. The SLPP session and service management sublayer can support those aspects of SLPP session-based operation that LPP does not natively support, including accepting, rejecting and modifying SLPP sessions and services such as one-time location, periodic location or triggered location. 
An LPP session is always a one-to-one association between one UE and one location server, with the location server (e.g., LMF in the case of NR) always assumed to control the LPP session (LPP sessions are not controlled by the UE). In an LPP session, the UE can assume one-time location unless a supplementary services message was received previously indicating periodic or triggered location. The UE also allows the location server (e.g. LMF) to decide on the positioning methods and measurements based on the UE capabilities. There is no concept in LPP of a UE deciding not to participate in a session or requiring identities of other UEs in order to participate in a session or having service requirements or session participants being modified during a session.
In contrast, for sidelink positioning, a UE may participate simultaneously in multiple SLPP sessions, as a function of the particular use case (V2X, MCX, public safety, etc.). Each separate SLPP session a UE is participating in may be with a different UE, with a different group of UEs, or with overlapping groups of UEs. Each SLPP session may have different requirements for ranging, positioning, periodicity, duration, methods used, privacy, etc. A UE participating in multiple SLPP sessions, each with different session participants and different session requirements, must maintain knowledge and status of the distinct sessions, session participants and session services. Examples of such SLPP session criteria may include power consumption and privacy. A UE participating in multiple sessions should be able to invoke these criteria to accept session participation, reject session participation or terminate session participation based on its specific provisioning and/or positioning/ranging application requirements, capabilities not provided by LPP-based SLPP messages. 
SLPP could be designed such that UE support of the SLPP session and service management sublayer is optional, denoted as a UE capability by those UEs supporting it. UEs supporting only the SLPP positioning sublayer would support session-less operation (per section 4.4) and rudimentary SLPP session-based operation with one other UE, or with a server UE-managed group of UEs. 
Note that defining separate sublayers, or separate message classes, of a protocol is quite common in 3GPP. Some examples include TS 24.501 NAS, which distinguishes CM from MM messages, TS 38.311 RRC, which distinguishes Uu unicast, Uu broadcast and sidelink RRC messages and TS 38.413 NGAP, which distinguishes RAN management messages from broadcast messages and UE related messages. Applying this construct to SLPP provides a design with clean delineation between required protocol functionalities. 
The following descriptions of SLPP session establishment (4.2) and session modification (4.3) assume SLPP support for the positioning sublayer, and the session and service management sublayer. Note that for session-less operation (4.4), the latter is not required.  
[bookmark: _Ref134624953]SLPP Session Establishment
Figure 4 illustrates an SLPP session establishment procedure. The sidelink positioning and ranging procedures of Step 6 are described in section 7. 


[bookmark: _Ref126768359]Figure 4: SLPP Session establishment procedure
[bookmark: _Hlk131060338]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.
NOTE:	The exact API between Application Layer and SLPP layer can be regarded as implementation dependent.
1. UE1 sends an SLPP Create Session Request message to each of 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. The SLPP Create Session Request message also includes an SLPP transaction ID to associate the SLPP Create Session Request message with received SLPP Create Session Accept and SLPP Create Session Reject messages. The SLPP Create Session Request message may be sent via unicast, groupcast or broadcast.
2. Each (from the UEs 2 to n) which can accept the Session Request sends an SLPP Create Session Accept Message to UE1. Otherwise, the UE sends a SLPP Create Session Reject message to UE1. The SLPP Create Session Accept message and the SLPP Create Session Reject messages include the SLPP transaction ID associated with the SLPP Create Session Request message. The SLPP Create Session Accept message and the SLPP Create Session Reject message may be sent 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 4, 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 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. The SLPP Session Start Request message also includes an SLPP transaction ID to associate the SLPP Session Start Request message with received SLPP Session Start Response message. The SLPP Session Start Request message may be sent via unicast, groupcast or broadcast.
5. UEs 2-n acknowledge the session start with an SLPP Session Start Response message, subsequent to which the positioning within the session can start. The SLPP Session Start Response message includes the SLPP transaction ID associated with the SLPP Session Start Request message. The SLPP Session Start Response 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 are then required in the subsequent SLPP transactions (e.g., at Step 6).
6. The SL positioning/ranging procedures are carried out as described in section 5.1.
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, which each UE acknowledges by sending a SLPP Session End Response message back to UE1. The SLPP Session End Request and the SLPP Session End Response messages include an SLPP transaction ID to associate the Request and Response messages. The SLPP Session End Request message and the SLPP Session End Response message may be sent via unicast, groupcast or broadcast.
[bookmark: _Hlk134114081][bookmark: _Hlk126912824][bookmark: _Hlk127295188]Proposal 3: 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.

[bookmark: _Ref134624986]SLPP Session Modification
An SLPP session may be modified through the addition or removal of UEs, for example as illustrated in Figure 5. 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 4 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 5: 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 4.1. 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. The SLPP Modify Session Request message includes an SLPP transaction ID to associate the SLPP Modify Session Request message with received SLPP Modify Session Accept/Reject messages. 
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. Otherwise, the UE sends a SLPP Modify Session Reject message to UE1. The SLPP Modify Session Accept message and the SLPP Modify Session Reject message may be sent via unicast, groupcast or broadcast. The SLPP Modify Session Accept message and the SLPP Modify Session Reject messages include the SLPP transaction ID associated with the SLPP Modify Session Request message.
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 4.1 are performed for any new UEs. 
4. UE1 continues the SLPP modified session as per steps 4-8 for establishment of an SLPP session (4.1). In this case, new SLPP UE IDs are assigned to all UEs by UE1 at step 4.

[bookmark: _Hlk134123289][bookmark: _Hlk126913019]Proposal 4: SLPP shall support at least the following message types for SLPP Session-based operation: 
· SLPP Create Session Request/Accept/Reject 
· SLPP Session Start Request/Response
· SLPP Session End Request/Response
· SLPP Session Modify Request/Accept/Reject

[bookmark: _Ref134625000]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 [3]. 
	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 6, 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 6), session-less operation is equally applicable and beneficial for mobile UEs (vehicles) initiating sidelink positioning. 
[image: ]
[bookmark: _Ref118231653]Figure 6: Sidelink Positioning Session-less operation
For session-less operation, signaling overhead is minimized to accommodate the dynamic UE conditions. This is illustrated in Figure 7. 


[bookmark: _Ref127462057]Figure 7: SLPP session-less operation
1. [bookmark: _Hlk134695741]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 7) 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 7) 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 7) 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 1 or 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 5: 	Session-less operation is established without mutual exchange of SLPP session establishment signaling via transmission of the SLPP Provide Assistance Data message. 
Proposal 6: 	SLPP session-less operation can be denoted by a specific allocation of SLPP Session ID values or by omission of the SLPP Session ID. 

[bookmark: _Ref114674779]SLPP Positioning Procedures
[bookmark: _Ref131666421]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, multiple target UEs (UE-assisted) and range/position calculation by multiple target 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, multiple target UEs) and UE-based (multiple target UEs performing range/position calculation) are illustrated in Figure 8 and Figure 9, respectively. Note that both UE-assisted and UE-based operation follow the same first seven steps (session establishment, Capability Transfer, and Assistance Data exchange). 


[bookmark: _Ref118233848]Figure 8: Sidelink-only Positioning – UE-assisted Initiator (centralized) position calculation for multiple target UEs
1. UE B performs the SLPP Session Establishment procedure described in section 4.
2. UE B transmits a SLPP Request Capabilities message to the group of multiple target 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 multiple target 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 7. 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 4 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 multiple target 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 of multiple target UEs 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. The SL-PRS may be sent via broadcast, groupcast or unicast, depending on the specific scenario. 
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 multiple target 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. The SLPP Provide Location Information message may be sent via broadcast, groupcast or unicast, depending on the specific scenario.
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 for UEs A, C, D to the other UEs A, C, D in this session. The location results may be distributed via broadcast, groupcast or unicast, depending on the specific scenario. 
11. The SLPP session may be terminated as described in section 4.



[bookmark: _Ref126823758]Figure 9: Sidelink-only Positioning – UE-based (distributed) position calculation by multiple target UEs
1.-5. Same as in Figure 8.
6.	UE B transmits a SLPP Request Location Information message to the group of multiple target 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 8.
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. The location results may be distributed via broadcast, groupcast or unicast, depending on the specific scenario.
11.	The SLPP session may be terminated as described in section 4.

[bookmark: _Hlk134121064][bookmark: _Hlk126913106]Observation 4:	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: _Hlk134121070][bookmark: _Hlk127295335][bookmark: _Hlk127290343]Proposal 7:	SLPP should support UE-based (distributed) sidelink positioning enabling multiple target UEs to determine position and range based on exchanged location information.
[bookmark: _Hlk130316010]SLPP Location Information exchange over Groupcast/Broadcast 
RAN2#119-e reached the following agreements regarding groupcast and broadcast transmission of SLPP,
	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.



Both UE-assisted (Figure 8) and UE-based (Figure 9) sidelink ranging and positioning involve Capability exchange and Assistance Data transfer to multiple target UEs and between multiple target UEs, as demonstrated in Figure 8 and Figure 9. RAN2 has already agreed unicast, groupcast or broadcast may be used for transmission of Capability exchange and Assistance Data transfer [3]. RAN2 has also received from SA3 confirmation that security for sidelink ranging and positioning signaling over groupcast and broadcast is feasible [22], and that SA3 is actively designing a security solution. With regard to Location Information exchange, although RAN2 has not yet agreed to transmission of Location Information exchange over groupcast or broadcast, the following points suggest groupcast/broadcast transmission should be supported for Location Information exchange. 
· Security: SA3 has agreed that security can be implemented for sidelink ranging and positioning signaling sent over groupcast or broadcast and is actively designing a security solution to do so. An SA3 solution for secure SLPP transmission over groupcast or broadcast removes any impediments or obstacles to secure distribution of Capability, Assistance Data, and Location Information over groupcast or broadcast.  
· 3GPP Precedence: Existing application-layer messages carried as 3GPP V2X payload defined by SDOs including ETSI-ITS, SAE and CSAE include UE GNSS position and UE GNSS position accuracy (e.g., CAM, BSM, CPM, SDSM, etc.). Since SLPP is also carried as V2X payload, conveyance of location information should not present a risk to UE operation. 
· Sender UE Discretion: Distribution of Location Information can be at the discretion or choice of the sending (transmitting) UE.  If the sender is subject to policy or other restrictions regarding Location Information exchange, it may elect not to distribute Location Information. 
[bookmark: _Hlk134121758]Observation 5: Security for groupcast or broadcast transmission is not an impediment to Location Information exchange over groupcast/broadcast. 
Observation 6: Existing 3GPP V2X payload standardized messages support exchange of UE GNSS location and UE GNSS location accuracy over groupcast and broadcast. 
[bookmark: _Hlk134121814]Proposal 8:	SLPP supports Location Information exchange over unicast, groupcast and broadcast.
SLPP Group Positioning 
The importance of group positioning for sidelink ranging and positioning is evident from the WID-defined use cases [1], and from the input provided to RAN2 by SA2 in [20] and [21]. Since SLPP over PC5-U is carried as V2X payload, group management follows 23.287, with the upper/application layer providing group information to the V2X (SLPP) layer. Since the upper layer/application layer manages group composition, group identities and provides overall group management to the lower (SLPP) layer, RAN2 should migrate the RAN2 #121bis-e working assumptions regarding group positioning and group management to agreements.
Proposal 9:	RAN2 agrees to move the following WA to an agreement, “WA: RAN2 understand that group positioning is to acquire location estimates of multiple target UEs (absolute positioning) or multiple UE pairs (Ranging/relative positioning) per LCS request, in line with the guidance already received from SA2.”
Proposal 10: 	RAN2 agrees to move the following WA to an agreement, “WA: At least part of the group management for group positioning is performed at upper/application layer.”

[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 10 and Figure 11, respectively.
LMF-assisted Sidelink positioning (MO-LR)
Figure 10 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 10: LMF-assisted Sidelink positioning (MO-LR)
1.-4. Same as in Figure 8.
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 8.
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 service (e.g. MO-LR) response.
15.	The SLPP session may be terminated as described in section 4.

[bookmark: _Hlk134121847][bookmark: _Hlk126913158]Proposal 11:	Support a MO-LR or a new supplementary services operation for UE initiated SLPP transactions towards an LMF.

LMF-initiated Sidelink positioning (MT-LR)
Figure 11 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 11) which would have provided all necessary information for the MT-LR to the LMF (e.g. via a GMLC and AMF). 


[bookmark: _Ref110916673]Figure 11: 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 4.
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 4. 
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 8 steps 5-10, Figure 9 steps 5-10 or Figure 10 steps 5-12.
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 4.

[bookmark: _Hlk114593140][bookmark: _Hlk127295436][bookmark: _Hlk126913184]Proposal 12: Support a MT-LR or a new supplementary services operation for LMF-initiated SLPP transactions towards a UE.

[bookmark: _Ref130862295]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 7) 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 12. 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 12: 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 8.
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 12 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 13:	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 7: 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 8: 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 9: 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: _Hlk134121911][bookmark: _Hlk126913225]	Proposal 14: The LMF should be a protocol endpoint for SLPP.

[bookmark: _Ref130872827]Common SLPP Transaction Modes
As described in section 5, an SLPP message may be sent via broadcast, groupcast or unicast, depending on the specific scenario. 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
NOTE:	The exact API between SLPP layer and Transport layer can be regarded as implementation dependent.
SLPP Unicast Transaction


Figure 13: 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 4)).
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 14: 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 15: 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 6.2. 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 16: 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: _Hlk134121926][bookmark: _Hlk127295630][bookmark: _Hlk126913322]Proposal 15: 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 and Session Operation 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 Capability Transfer, Assistance Data exchange and Location Information transfer message types based on the general positioning procedures shown in section 5 of this contribution, and the message types for session-based operation shown in section 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 6 with a request for capability information. The addressed endpoint(s) then respond with an SLPP Provide Capabilities message.	
NOTE: An endpoint may be one or more UEs or an LMF.


Figure 17: 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 6.
2. The receiving endpoint(s) transfer their SLPP-related capabilities to the transmitting endpoint using one of the SLPP Transaction Modes described in section 6. 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 18: 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 6.
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 (e.g., 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: e.g., 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: _Hlk134121957][bookmark: _Hlk126913443]Proposal 16:	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 19: 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 6. 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 6. 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 20: 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 6.
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 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: _Hlk134121965][bookmark: _Hlk127295687][bookmark: _Hlk126913484]Proposal 17:	The SLPP Request Assistance Data message should allow an SLPP-capable endpoint 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 21: 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 6. 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 6. 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 6.
The SLPP Location Information Delivery procedure is used for unsolicited location information transfer.


Figure 22: 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 6. 
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 6.
	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: _Hlk134121973][bookmark: _Hlk127295726][bookmark: _Hlk126913616]Proposal 18:	The SLPP Request/Provide Location Information message should allow an SLPP-capable endpoint to request/provide location measurements or location estimate from participant UEs in a session. 

SLPP Session Creation
SLPP-capable UEs can initiate a Sidelink Ranging and Positioning session to other SLPP-capable UEs. The initiation of an SLPP session by an SLPP-capable UE can be done in an unsolicited manner based on an application-layer request for sidelink positioning and ranging results from one or more SLPP-capable UEs. 


Figure 23: SLPP Create Session Request/Accept/Reject procedure
1. The transmitting UE may send a request to create a Sidelink Ranging and Positioning session to one or more receiving UEs. The SLPP Create Session Request message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6. 
2. Receiving UE(s) electing to participate in the Sidelink Ranging and Positioning session proposed by the transmitting UE respond to the transmitting UE with an SLPP Create Session Accept message. The SLPP Create Session Accept message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6.
3. Receiving UE(s) electing not to participate in the Sidelink Ranging and Positioning session proposed by the transmitting UE respond to the transmitting UE with an SLPP Create Session Reject message. The SLPP Create Session Reject message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6.

The SLPP Create Session Request/Accept/Reject messages may include the general information summarized in Table 4 below.
	Information 

	SLPP Create Session Request:

	· SLPP session ID (assigned by transmitting entity)

	· Layer 2 Group ID

	SLPP Create Session Accept:

	· SLPP session ID (assigned by transmitting entity)

	· Layer 2 Group ID

	· Application Layer ID for each participating receiving UE

	· Layer-2 ID for each participating receiving UE

	SLPP Create Session Reject:

	· SLPP session ID (assigned by transmitting entity)

	· Layer 2 Group ID


[bookmark: _Ref130554191]Table 4: SLPP Create Session Request/Response/Reject

[bookmark: _Hlk134121982]Proposal 19:	The SLPP Create Session Request message should allow an SLPP UE to request creation of a sidelink ranging and positioning session and provide information on the sidelink ranging and positioning session proposed, including SLPP and Layer-2 IDs 
Proposal 20:	The SLPP Create Session Accept message should allow an SLPP UE to accept an SLPP session proposed by an SLPP-capable UE. 
Proposal 21:	The SLPP Create Session Reject message should allow an SLPP UE to reject an SLPP session proposed by an SLPP-capable UE.

SLPP Session Start 
An SLPP-capable UE that has created a Sidelink Ranging and Positioning session to other SLPP-capable UEs (an SLPP session) can start that SLPP session for the SLPP-capable UEs that have accepted the proposed SLPP session request. 

 
Figure 24: SLPP Session Start Request/Response procedure
1. The transmitting UE may start an SLPP session to one or more receiving UEs using SLPP Session Start Request message. The SLPP Session Start Request message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6.
2. Receiving UE(s) respond to the transmitting UE with an SLPP Session Start Response message. The SLPP Session Start Response message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6.

The SLPP Session Start Request/Response messages may include the general information summarized in Table 5 below.
	Information 

	SLPP Session Start Request:

	· SLPP session ID

	· Layer 2 Group ID

	· Application Layer ID for each participating receiving UE

	· Layer-2 ID for each participating receiving UE

	· SLPP ID for each participating receiving UE

	SLPP Session Start Response:

	· SLPP session ID

	· Layer 2 Group ID

	· Application Layer ID for responding receiving UE

	· Layer-2 ID for responding receiving UE

	· SLPP ID for responding receiving UE


[bookmark: _Ref130560361]Table 5: SLPP Session Start Request/Response
[bookmark: _Hlk134121995]Proposal 22:	The SLPP Session Start Request message should allow an SLPP UE to request the start of a sidelink ranging and positioning session proposed using the SLPP Create Session Request/Response messages and provide information on the session participating SLPP UEs.  
Proposal 23:	The SLPP Session Start Response message should allow an SLPP UE to acknowledge the start of an SLPP session. 

SLPP Session Modify 
An SLPP-capable UE that has created and started a Sidelink Ranging and Positioning session to other SLPP-capable UEs (an SLPP session) can modify that SLPP session for the SLPP-capable UEs that have accepted the proposed SLPP session.


Figure 25: SLPP Modify Session Request/Accept/Reject procedure
1. The transmitting UE may send a request to modify a Sidelink Ranging and Positioning session (an SLPP session) for the SLPP UEs participating in the SLPP session. The SLPP Modify Session Request message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6. 
2. Receiving UE(s) participating in the SLPP session electing to accept the proposed session modification respond to the transmitting UE with an SLPP Modify Session Accept message. The SLPP Modify Session Accept message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6.
3. Receiving UE(s) participating in the SLPP session electing not to participate in the Sidelink Ranging and Positioning session proposed by the transmitting UE respond to the transmitting UE with an SLPP Modify Session Reject message. The SLPP Modify Session Reject message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6.
The SLPP Modify Session Request/Accept/Reject messages may include the general information summarized in Table 6 below.
	Information 

	SLPP Modify Session Request:

	· Active SLPP session ID 

	· Active Layer 2 Group ID

	· New SLPP session ID

	· New Layer 2 Group ID

	· Active Participants

	· SLPP ID

	· Added Participants

	· Application Layer ID

	· SLPP ID

	SLPP Modify Session Accept:

	· SLPP session ID 

	· Layer 2 Group ID

	· Application Layer ID for each participating receiving UE

	· Layer-2 ID for each participating receiving UE

	SLPP Modify Session Reject:

	· SLPP session ID

	· Layer 2 Group ID


[bookmark: _Ref130562547]Table 6: SLPP Create Session Request/Response/Reject
[bookmark: _Hlk134122005]
Proposal 24:	The SLPP Modify Session Request message should allow an SLPP UE to request modification of an existing SLPP session and provide information on the modified SLPP session proposed and session participating SLPP UEs, including SLPP and Layer-2 IDs. 
Proposal 25:	The SLPP Modify Session Accept message should allow an SLPP UE to accept an SLPP session modification proposed by an SLPP-capable UE.
Proposal 26:	The SLPP Modify Session Reject message should allow an SLPP UE to reject an SLPP session modification proposed by an SLPP-capable UE.

SLPP Session Termination 
An SLPP-capable UE that has created a Sidelink Ranging and Positioning session to other SLPP-capable UEs (an SLPP session) can end that SLPP session for the SLPP-capable UEs participating in the SLPP session. 

 
Figure 26: SLPP Session End Request/Response procedure
1. The transmitting UE may end a Sidelink Ranging and Positioning session (an SLPP session) for the SLPP UEs participating in the SLPP session by sending a SLPP Session End Request message. The SLPP Session End Request messages may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6.
2. Receiving UE(s) respond to the transmitting UE with an SLPP Session End Response message. The SLPP Session End Response message may be sent by the transmitting UE using one of the SLPP Transaction Modes described in section 6.
The receiving UE(s) delete the SLPP Session ID and SLPP ID when the session is terminated.
The SLPP Session End Request/Response messages may include the general information summarized in Table 7 below.
	Information 

	SLPP Session End Request:

	· SLPP session ID 

	· Layer 2 Group ID

	SLPP Session End Response:

	· SLPP session ID

	· Layer 2 Group ID

	· SLPP ID for responding receiving UE


[bookmark: _Ref130563578]Table 7: SLPP Session Start Request/Response
[bookmark: _Hlk134122013]
Proposal 27:	The SLPP Session End Request message should allow an SLPP UE to request the termination of a sidelink ranging and positioning session.  
Proposal 28:	The SLPP Session End Response message should allow an SLPP UE to acknowledge the termination of an SLPP session. 
SLPP Discovery 
RAN2 reached the following agreements regarding discovery for sidelink positioning [4],
	Agreements: 
Discovery procedure is included in the sidelink positioning procedure at least for out of coverage scenario.
RAN2 confirms that discovery messages will be used to carry information for targeted discovery and candidate selection of SL positioning UEs, including at least the indication of anchor UE, target UE. and server UE roles.  FFS how much information is indicated about anchor UEs (e.g., knowledge of location).
The UE role information is indicated in the discovery SLPP metafield.  FFS if this applies to both discovery modes and which messages.



Regarding sidelink positioning discovery for in-coverage and partial coverage scenarios, SA2 has reached agreement on sidelink ranging and positioning procedures to 23.273 for SL-MT-LR [18] and SL-MO-LR [19]. These procedures (SL-MT-LR, SL-MO-LR) delineate steps for an LCS client and a UE, respectively to obtain sidelink Positioning/Ranging results over PC5 for a group of n UEs (n ≥ 2). For both SL-MT-LR and SL-MO-LR procedures, UEs perform discovery over PC5. As such, RAN2 should generalize the sidelink positioning discovery procedure for in-coverage and partial coverage, in addition to out of coverage. 
Proposal 29:	Discovery is included in the sidelink positioning procedure for all PC5 sidelink positioning scenarios (in-coverage, out-of-coverage, partial coverage). 
Considerations for SLPP ASN.1 Design
[bookmark: _Hlk130948344]Structuring SLPP ASN.1 in a manner similar to LPP enables reuse of the existing LPP design and facilitates commonality between the two designs. Specifically, an SLPP message may include common header information (e.g., session ID, UE IDs, transaction IDs, etc.) and a message body realizing the individual SLPP transaction types (capability transfer, assistance data transfer, location information transfer, etc.).
[bookmark: _Hlk134123756]Proposal 30:	An SLPP message contains a common header (including e.g., session ID, UE IDs, transaction IDs, etc.) and a message body realizing the individual SLPP transaction types (capability transfer, assistance data transfer, location information transfer, etc.).

In LPP, each message body IE is a SEQUENCE of individual IEs, applicable to all or individual positioning methods. For example, the LPP RequestCapabilities message body contains relevant IEs for each LPP positioning method (similar for all other LPP message body IEs):
RequestCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsRequestCapabilities		CommonIEsRequestCapabilities		OPTIONAL,	-- Need ON
	a-gnss-RequestCapabilities			A-GNSS-RequestCapabilities			OPTIONAL,	-- Need ON
	otdoa-RequestCapabilities			OTDOA-RequestCapabilities			OPTIONAL,	-- Need ON
	ecid-RequestCapabilities			ECID-RequestCapabilities			OPTIONAL,	-- Need ON
	epdu-RequestCapabilities			EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[	sensor-RequestCapabilities-r13	Sensor-RequestCapabilities-r13		OPTIONAL,	-- Need ON
		tbs-RequestCapabilities-r13		TBS-RequestCapabilities-r13			OPTIONAL,	-- Need ON
		wlan-RequestCapabilities-r13	WLAN-RequestCapabilities-r13		OPTIONAL,	-- Need ON
		bt-RequestCapabilities-r13		BT-RequestCapabilities-r13			OPTIONAL	-- Need ON
	]],
	[[	nr-ECID-RequestCapabilities-r16	NR-ECID-RequestCapabilities-r16		OPTIONAL,	-- Need ON
		nr-Multi-RTT-RequestCapabilities-r16
										NR-Multi-RTT-RequestCapabilities-r16	
																			OPTIONAL,	-- Need ON
		nr-DL-AoD-RequestCapabilities-r16	
										NR-DL-AoD-RequestCapabilities-r16	OPTIONAL,	-- Need ON
		nr-DL-TDOA-RequestCapabilities-r16
										NR-DL-TDOA-RequestCapabilities-r16	OPTIONAL,	-- Need ON
		nr-UL-RequestCapabilities-r16	NR-UL-RequestCapabilities-r16		OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

An implementation using this approach would have to compile the entire LPP ASN.1 even in the case of just a single positioning method supported. This is because each field in the SEQUENCE has an explicit ASN.1 definition (e.g., IEs CommonIEsRequestCapabilities, A-GNSS-RequestCapabilities, etc.). Therefore, the footprint size of the actual LPP encoder/decoder is the same, regardless of which/how many positioning methods are supported by a device. This can be a potential problem and cost impediment for low-cost devices having limited memory to support only a small subset of positioning methods they require. This issue was already discussed during Rel-14 when NB-IoT support was added to LPP.
Assuming SLPP will also evolve/increase in future Releases, the SLPP ASN.1 design should allow for "selective ASN.1 compilation", where an implementation needs to compile the ASN.1 for only the SLPP functionality supported. This could be achieved by grouping the "SLPP functionality" into separate, standalone modules. Using LPP as an example, each SLPP module/group could be an individual positioning method. Instead of using an explicit ASN.1 definition for each message body IE, it could be defined as just an OCTET STRING. For example, the RequestCapabilities-r9-IEs above could be defined as follows:
RequestCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsRequestCapabilities		OCTET STRING  OPTIONAL,	-- CommonIEsRequestCapabilities
	a-gnss-RequestCapabilities			OCTET STRING  OPTIONAL,	-- A-GNSS-RequestCapabilities
	otdoa-RequestCapabilities			OCTET STRING  OPTIONAL,	-- OTDOA-RequestCapabilities
	ecid-RequestCapabilities			OCTET STRING  OPTIONAL,	-- ECID-RequestCapabilities
	epdu-RequestCapabilities			OCTET STRING  OPTIONAL,	-- EPDU-Sequence
	...,
	[[	sensor-RequestCapabilities-r13	OCTET STRING  OPTIONAL,	-- Sensor-RequestCapabilities
		tbs-RequestCapabilities-r13		OCTET STRING  OPTIONAL,	-- TBS-RequestCapabilities
		wlan-RequestCapabilities-r13	OCTET STRING  OPTIONAL,	-- WLAN-RequestCapabilities
		bt-RequestCapabilities-r13		OCTET STRING  OPTIONAL	-- BT-RequestCapabilities
	]],
	[[	nr-ECID-RequestCapabilities-r16	OCTET STRING  OPTIONAL,	-- NR-ECID-RequestCapabilities
		nr-Multi-RTT-RequestCapabilities-r16
										OCTET STRING  OPTIONAL,	-- NR-Multi-RTT-RequestCapabilities
		nr-DL-AoD-RequestCapabilities-r16	
										OCTET STRING  OPTIONAL,	-- NR-DL-AoD-RequestCapabilities
		nr-DL-TDOA-RequestCapabilities-r16
										OCTET STRING  OPTIONAL,	-- NR-DL-TDOA-RequestCapabilities
		nr-UL-RequestCapabilities-r16	OCTET STRING  OPTIONAL	-- NR-UL-RequestCapabilities
	]]
}

-- ASN1STOP

The positioning method IEs would be defined in separate ASN.1 PDUs which are imported by the main SLPP PDU. In this way, any (sub) PDU containing an unsupported positioning method or functionality can be excluded from the protocol and would not need to be compiled. Therefore, the message encoder/decoder footprint size is reduced, since it does not contain the entire SLPP. Any unsupported received IE/message would still be correctly decoded (as an OCTET STRING), and then ignored, as is the case for an explicit ASN.1 definition. But in the above example, the content of a not supported OCTET STRING does not need to be decoded individually.
Annex A of this contribution provides an example structure using LPP as baseline. Note, this does not imply that SLPP must be structured like LPP as shown. It is only used as baseline to illustrate the proposal. 
Proposal 31:	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).
Proposal 32:	The SLPP ASN.1 design should allow for "selective ASN.1 compilation". The overall SLPP functionality is divided into "groups", where each group is defined as a separate ASN.1 module. A "group" may correspond to a positioning method, but other grouping may also be possible. An implementation needs to compile only the SLPP modules which contain a supported "group" (functionality, positioning method, etc.).

9. Summary

Observation 1: 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 2: LPP reliable transport mechanisms of duplicate detection, acknowledgement and retransmission can be applied to SLPP.
Observation 3: 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 4: 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 5: Security for groupcast or broadcast transmission is not an impediment to Location Information exchange over groupcast/broadcast. 
Observation 6: Existing 3GPP V2X payload standardized messages support exchange of UE GNSS location and UE GNSS location accuracy over groupcast and broadcast. 
Observation 7: 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 8: 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 9: 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.


SLPP Protocol Layering, Transport:
Proposal 1:	SLPP protocol layering over the PC5 reference point follows the PDCP SDU type Non-IP as shown in Figure 1 for Stage 2 (TS 38.305).
Proposal 2:	SLPP supports at least the LPP reliable transport mechanisms for duplicate detection, acknowledgement and retransmission. 

SLPP Session Operation:
Proposal 3:	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 4:	SLPP shall support at least the following message types for SLPP Session-based operation: 
· SLPP Create Session Request/Accept/Reject 
· SLPP Session Start Request/Response
· SLPP Session End Request/Response
· SLPP Session Modify Request/Accept/Reject
Proposal 5:	Session-less operation is established without mutual exchange of SLPP session establishment signaling via transmission of the SLPP Provide Assistance Data message.
Proposal 6:    SLPP Session ID can allocate specific ID values to denote session-less operation.
Proposal 7: 	RAN2 agrees to move the following WA to an agreement, “WA: RAN2 understand that group positioning is to acquire location estimates of multiple target UEs (absolute positioning) or multiple UE pairs (Ranging/relative positioning) per LCS request, in line with the guidance already received from SA2.”
Proposal 8: 	RAN2 agrees to move the following WA to an agreement, “WA: At least part of the group management for group positioning is performed at upper/application layer.”

SLPP Positioning Procedures:
Proposal 9: 	SLPP should support UE-based (distributed) sidelink positioning enabling multiple target UEs to determine position and range based on exchanged location information. 
Proposal 10:	SLPP supports Location Information exchange over unicast, groupcast and broadcast.
Proposal 11: 	Support a MO-LR or a new supplementary services operation for UE initiated SLPP transactions towards an LMF. 
Proposal 12: 	Support a MT-LR or a new supplementary services operation for LMF-initiated SLPP transactions towards a UE.
Proposal 13: 	Support hybrid Uu, SL, and RAT-independent positioning by jointly using the SLPP, LPP, and NRPPa procedures.
Proposal 14: 	The LMF should be a protocol endpoint for SLPP.

SLPP Messages:
Proposal 15: 	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 16: 	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 17: 	The SLPP Request Assistance Data message should allow an SLPP-capable endpoint 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 18: 	The SLPP Request/Provide Location Information message should allow an SLPP-capable endpoint to request/provide location measurements or location estimate from participant UEs in a session.
Proposal 19:	The SLPP Create Session Request message should allow an SLPP UE to request creation of a sidelink ranging and positioning session and provide information on the sidelink ranging and positioning session proposed, including SLPP and Layer-2 IDs 
Proposal 20:	The SLPP Create Session Accept message should allow an SLPP UE to accept an SLPP session proposed by an SLPP-capable UE. 
Proposal 21:	The SLPP Create Session Reject message should allow an SLPP UE to reject an SLPP session proposed by an SLPP-capable UE.
Proposal 22:	The SLPP Session Start Request message should allow an SLPP UE to request the start of a sidelink ranging and positioning session proposed using the SLPP Create Session Request/Response messages and provide information on the session participating SLPP UEs.  
Proposal 23:	The SLPP Session Start Response message should allow an SLPP UE to acknowledge the start of an SLPP session. 
Proposal 24:	The SLPP Modify Session Request message should allow an SLPP UE to request modification of an existing SLPP session and provide information on the modified SLPP session proposed and session participating SLPP UEs, including SLPP and Layer-2 IDs. 
Proposal 25:	The SLPP Modify Session Accept message should allow an SLPP UE to accept an SLPP session modification proposed by an SLPP-capable UE.
Proposal 26:	The SLPP Modify Session Reject message should allow an SLPP UE to reject an SLPP session modification proposed by an SLPP-capable UE.
Proposal 27:	The SLPP Session End Request message should allow an SLPP UE to request the termination of a sidelink ranging and positioning session.  
Proposal 28:	The SLPP Session End Response message should allow an SLPP UE to acknowledge the termination of an SLPP session. 

Sidelink Positioning Discovery
Proposal 29:	Discovery is included in the sidelink positioning procedure for all PC5 sidelink positioning scenarios (in-coverage, out-of-coverage, partial coverage).

SLPP ASN.1 Design
Proposal 30:	An SLPP message contains a common header (including e.g., session ID, UE IDs, transaction IDs, etc.) and a message body realizing the individual SLPP transaction types (capability transfer, assistance data transfer, location information transfer, etc.).
Proposal 31:	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).
Proposal 32:	The SLPP ASN.1 design should allow for "selective ASN.1 compilation". The overall SLPP functionality is divided into "groups", where each group is defined as a separate ASN.1 module. A "group" may correspond to a positioning method, but other grouping may also be possible. An implementation needs to compile only the SLPP modules which contain a supported "group" (functionality, positioning method, etc.).
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Annex A:
SLPP PDU Structure
[bookmark: _Toc27765135][bookmark: _Toc37680792][bookmark: _Toc46486362][bookmark: _Toc52546707][bookmark: _Toc52547237][bookmark: _Toc52547767][bookmark: _Toc52548297][bookmark: _Toc124534225]–	SLPP-PDU-Definitions
-- ASN1START

SLPP-PDU-Definitions 
DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

-- ASN1STOP

–	Imports
NOTE: 	An implementation needs to include only the supported "Method" PDUs. Not supported methods do not need to be included, and therefore, do not contribute to the protocol size. For example, if "Method-A" is not supported by an implementation, the SLPP-PDU-Method-A-Contents PDU does not need to be included in the protocol.  
-- ASN1START

IMPORTS
    CommonIEsRequestCapabilities,
    CommonIEsProvideCapabilities,
    CommonIEsRequestAssistanceData,
    CommonIEsProvideAssistanceData,
    CommonIEsRequestLocationInformation,
    CommonIEsProvideLocationInformation

FROM
    SLPP-PDU-Common-Contents

    Method-A-RequestCapabilities,
    Method-A-ProvideCapabilities,
    Method-A-RequestAssistanceData,
    Method-A-ProvideAssistanceData,
    Method-A-RequestLocationInformation,
    Method-A-ProvideLocationInformation


FROM
[bookmark: _Hlk130448453]    SLPP-PDU-Method-A-Contents

    Method-B-RequestCapabilities,
    Method-B-ProvideCapabilities,
    Method-B-RequestAssistanceData,
    Method-B-ProvideAssistanceData,
    Method-B-RequestLocationInformation,
    Method-B-ProvideLocationInformation

FROM
    SLPP-PDU-Method-B-Contents

    Method-C-RequestCapabilities,
    Method-C-ProvideCapabilities,
    Method-C-RequestAssistanceData,
    Method-C-ProvideAssistanceData,
    Method-C-RequestLocationInformation,
    Method-C-ProvideLocationInformation


FROM
    SLPP-PDU-Method-C-Contents;

-- ASN1STOP

–	SLPP-Message
-- ASN1START

SLPP-Message ::= SEQUENCE {
   slpp-MessageHeader       SLPP-MessageHeader,
   slpp-MessageBody         SLPP-MessageBody
}

-- ASN1STOP

–	SLPP-MessageHeader
-- ASN1START

SLPP-MessageHeader ::= CHOICE {
   c1                      CHOICE {
        slpp-message-header      SLPP-Message-Header,
        spare1                      NULL
   },
   messageClassExtension	SEQUENCE {}
}


SLPP-Message-Header ::= SEQUENCE {
   -- e.g., transaction ID, sequence number, etc.
}

-- ASN1STOP

–	SLPP-MessageBody
-- ASN1START

SLPP-MessageBody ::= CHOICE {
   c1                      CHOICE {
        requestCapabilities          RequestCapabilities,
        provideCapabilities          ProvideCapabilities,
        requestAssistanceData        RequestAssistanceData,
        provideAssistanceData        ProvideAssistanceData,
        requestLocationInformation  RequestLocationInformation,
        provideLocationInformation  ProvideLocationInformation,
        --
        -- additional SLPP messages FFS (e.g., session operation messages)
        --
        spare2 NULL, spare1 NULL
   },
   messageClassExtension	SEQUENCE {}
}

-- ASN1STOP

–	RequestCapabilities
-- ASN1START

RequestCapabilities ::= SEQUENCE {
   criticalExtensions        CHOICE {
       requestCapabilities            RequestCapabilities-IEs,
       criticalExtensionsFuture      SEQUENCE {}
   }
}

[bookmark: _Hlk130186247]RequestCapabilities-IEs ::= SEQUENCE {
      commonIEsRequestCapabilities         OCTET STRING    OPTIONAL, -- Containing CommonIEsRequestCapabilities
      method-A-RequestCapabilities         OCTET STRING    OPTIONAL, -- Containing Method-A-RequestCapabilities
      method-B-RequestCapabilities         OCTET STRING    OPTIONAL, -- Containing Method-B-RequestCapabilities
      method-C-RequestCapabilities         OCTET STRING    OPTIONAL, -- Containing Method-C-RequestCapabilities
      lateNonCriticalExtension              OCTET STRING    OPTIONAL,
      nonCriticalExtension                   SEQUENCE {}     OPTIONAL
}

-- ASN1STOP

–	ProvideCapabilities
-- ASN1START

ProvideCapabilities ::= SEQUENCE {
   criticalExtensions        CHOICE {
       provideCapabilities            ProvideCapabilities-IEs,
       criticalExtensionsFuture      SEQUENCE {}
   }
}

ProvideCapabilities-IEs ::= SEQUENCE {
      commonIEsProvideCapabilities         OCTET STRING    OPTIONAL, -- Containing CommonIEsProvideCapabilities
      method-A-ProvideCapabilities         OCTET STRING    OPTIONAL, -- Containing Method-A-ProvideCapabilities
      method-B-ProvideCapabilities         OCTET STRING    OPTIONAL, -- Containing Method-B-ProvideCapabilities
      method-C-ProvideCapabilities         OCTET STRING    OPTIONAL, -- Containing Method-C-ProvideCapabilities
      lateNonCriticalExtension              OCTET STRING    OPTIONAL,
      nonCriticalExtension                   SEQUENCE {}     OPTIONAL
}

-- ASN1STOP

–	RequestAssistanceData
-- ASN1START

RequestAssistanceData ::= SEQUENCE {
   criticalExtensions        CHOICE {
       requestAssistanceData          RequestAssistanceData-IEs,
       criticalExtensionsFuture      SEQUENCE {}
   }
}

RequestAssistanceData-IEs ::= SEQUENCE {
      commonIEsRequestAssistanceData       OCTET STRING    OPTIONAL, -- Containing CommonIEsRequestAssistanceData
      method-A-RequestAssistanceData       OCTET STRING    OPTIONAL, -- Containing Method-A-RequestAssistanceData
      method-B-RequestAssistanceData       OCTET STRING    OPTIONAL, -- Containing Method-B-RequestAssistanceData
      method-C-RequestAssistanceData       OCTET STRING    OPTIONAL, -- Containing Method-C-RequestAssistanceData
      lateNonCriticalExtension              OCTET STRING    OPTIONAL,
      nonCriticalExtension                   SEQUENCE {}     OPTIONAL
}

-- ASN1STOP

–	ProvideAssistanceData
[bookmark: _Hlk130444758]-- ASN1START

ProvideAssistanceData ::= SEQUENCE {
   criticalExtensions        CHOICE {
       provideAssistanceData          ProvideAssistanceData-IEs,
       criticalExtensionsFuture      SEQUENCE {}
   }
}

ProvideAssistanceData-IEs ::= SEQUENCE {
      commonIEsProvideAssistanceData       OCTET STRING    OPTIONAL, -- Containing CommonIEsProvideAssistanceData
      method-A-ProvideAssistanceData       OCTET STRING    OPTIONAL, -- Containing Method-A-ProvideAssistanceData
      method-B-ProvideAssistanceData       OCTET STRING    OPTIONAL, -- Containing Method-B-ProvideAssistanceData
      method-C-ProvideAssistanceData       OCTET STRING    OPTIONAL, -- Containing Method-C-ProvideAssistanceData
      lateNonCriticalExtension              OCTET STRING    OPTIONAL,
      nonCriticalExtension                   SEQUENCE {}     OPTIONAL
}

-- ASN1STOP

–	RequestLocationInformation
-- ASN1START

RequestLocationInformation ::= SEQUENCE {
   criticalExtensions        CHOICE {
       requestLocationInformation    RequestLocationInformation-IEs,
       criticalExtensionsFuture      SEQUENCE {}
   }
}

RequestLocationInformation-IEs ::= SEQUENCE {
      commonIEsRequestLocationInformation  OCTET STRING    OPTIONAL, -- Containing CommonIEsRequestLocationInformation
      method-A-RequestLocationInformation  OCTET STRING    OPTIONAL, -- Containing Method-A-RequestLocationInformation
      method-B-RequestLocationInformation  OCTET STRING    OPTIONAL, -- Containing Method-B-RequestLocationInformation
      method-C-RequestLocationInformation  OCTET STRING    OPTIONAL, -- Containing Method-C-RequestLocationInformation
      lateNonCriticalExtension               OCTET STRING    OPTIONAL,
      nonCriticalExtension                    SEQUENCE {}     OPTIONAL
}

-- ASN1STOP

–	ProvideLocationInformation
-- ASN1START

ProvideLocationInformation ::= SEQUENCE {
   criticalExtensions        CHOICE {
       provideLocationInformation    ProvideLocationInformation-IEs,
       criticalExtensionsFuture      SEQUENCE {}
   }
}

ProvideLocationInformation-IEs ::= SEQUENCE {
      commonIEsProvideLocationInformation    OCTET STRING    OPTIONAL, -- Containing CommonIEsProvideLocationInformation
      method-A-ProvideLocationInformation    OCTET STRING    OPTIONAL, -- Containing Method-A-ProvideLocationInformation
      method-B-ProvideLocationInformation    OCTET STRING    OPTIONAL, -- Containing Method-B-ProvideLocationInformation
      method-C-ProvideLocationInformation    OCTET STRING    OPTIONAL, -- Containing Method-C-ProvideLocationInformation
      lateNonCriticalExtension                 OCTET STRING    OPTIONAL,
      nonCriticalExtension                      SEQUENCE {}     OPTIONAL
}

-- ASN1STOP

–	End of SLPP-PDU-Definitions
-- ASN1START

END

-- ASN1STOP


SLPP PDU Common Contents
–	SLPP-PDU-Common-Contents
-- ASN1START

SLPP-PDU-Common-Contents 
DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

-- ASN1STOP

–	CommonIEsRequestCapabilities
-- ASN1START

CommonIEsRequestCapabilities ::= SEQUENCE {

}

-- ASN1STOP

–	CommonIEsProvideCapabilities
-- ASN1START

CommonIEsProvideCapabilities ::= SEQUENCE {

}

-- ASN1STOP

–	CommonIEsRequestAssistanceData
-- ASN1START

CommonIEsRequestAssistanceData ::= SEQUENCE {

}

-- ASN1STOP 

–	CommonIEsProvideAssistanceData
[bookmark: _Hlk130445505]-- ASN1START

CommonIEsProvideAssistanceData ::= SEQUENCE {

}

-- ASN1STOP

–	CommonIEsRequestLocationInformation
-- ASN1START

CommonIEsRequestLocationInformation ::= SEQUENCE {

}

-- ASN1STOP  

–	CommonIEsProvideLocationInformation
-- ASN1START

CommonIEsProvideLocationInformation ::= SEQUENCE {

}

-- ASN1STOP

–	End of SLPP-PDU-Common-Contents
-- ASN1START

END

-- ASN1STOP

SLPP PDU Method-A Contents
[bookmark: _Hlk130448565]–	SLPP-PDU-Method-A-Contents
-- ASN1START

[bookmark: _Hlk130448524]SLPP-PDU-Method-A-Contents 
DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

-- ASN1STOP

–	Method-A-RequestCapabilities
-- ASN1START

Method-A-RequestCapabilities ::= SEQUENCE {

}

-- ASN1STOP

–	Method-A-ProvideCapabilities
-- ASN1START

Method-A-ProvideCapabilities ::= SEQUENCE {

}

-- ASN1STOP

–	Method-A-RequestAssistanceData
-- ASN1START

Method-A-RequestAssistanceData ::= SEQUENCE {

}

-- ASN1STOP 

–	Method-A-ProvideAssistanceData
-- ASN1START

Method-A-ProvideAssistanceData ::= SEQUENCE {

}

-- ASN1STOP

–	Method-A-RequestLocationInformation
-- ASN1START

Method-A-RequestLocationInformation ::= SEQUENCE {

}

-- ASN1STOP  

–	Method-A-ProvideLocationInformation
-- ASN1START

Method-A-ProvideLocationInformation ::= SEQUENCE {

}

-- ASN1STOP

–	End of SLPP-PDU-Method-A-Contents
-- ASN1START

END

-- ASN1STOP

SLPP PDU Method-B Contents
–	SLPP-PDU-Method-B-Contents
-- ASN1START

SLPP-PDU-Method-B-Contents 
DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

-- ASN1STOP

–	Method-B-RequestCapabilities
-- ASN1START

Method-B-RequestCapabilities ::= SEQUENCE {

}

-- ASN1STOP

–	Method-B-ProvideCapabilities
-- ASN1START

Method-B-ProvideCapabilities ::= SEQUENCE {

}

-- ASN1STOP

–	Method-B-RequestAssistanceData
-- ASN1START

Method-B-RequestAssistanceData ::= SEQUENCE {

}

-- ASN1STOP 

–	Method-B-ProvideAssistanceData
-- ASN1START

Method-B-ProvideAssistanceData ::= SEQUENCE {

}

-- ASN1STOP

–	Method-B-RequestLocationInformation
-- ASN1START

Method-B-RequestLocationInformation ::= SEQUENCE {

}

-- ASN1STOP  

–	Method-B-ProvideLocationInformation
-- ASN1START

Method-B-ProvideLocationInformation ::= SEQUENCE {

}

-- ASN1STOP

–	End of SLPP-PDU-Method-B-Contents
-- ASN1START

END

-- ASN1STOP

SLPP PDU Method-C Contents
–	SLPP-PDU-Method-C-Contents
-- ASN1START

SLPP-PDU-Method-C-Contents 
DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

-- ASN1STOP

–	Method-C-RequestCapabilities
-- ASN1START

Method-C-RequestCapabilities ::= SEQUENCE {

}

-- ASN1STOP

–	Method-C-ProvideCapabilities
-- ASN1START

Method-C-ProvideCapabilities ::= SEQUENCE {

}

-- ASN1STOP

–	Method-C-RequestAssistanceData
-- ASN1START

Method-C-RequestAssistanceData ::= SEQUENCE {

}

-- ASN1STOP 

–	Method-C-ProvideAssistanceData
-- ASN1START

Method-C-ProvideAssistanceData ::= SEQUENCE {

}

-- ASN1STOP

–	Method-C-RequestLocationInformation
-- ASN1START

Method-C-RequestLocationInformation ::= SEQUENCE {

}

-- ASN1STOP  

–	Method-C-ProvideLocationInformation
-- ASN1START

Method-C-ProvideLocationInformation ::= SEQUENCE {

}

-- ASN1STOP

–	End of SLPP-PDU-Method-C-Contents
-- ASN1START

END

-- ASN1STOP
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Bit

000

011
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Description

IP

Non-IP

reserved

V2X message family (octet 4)

Bits

8 7 6 5 4 3 2 1

0 0 0 0 0 0 0 1 IEEE 1609, see IEEE 1609.3 [13]

0 0 0 0 0 0 1 0 ISO, see ISO 2981-1 [17]

0 0 0 0 0 0 1 1 ETSI-ITS, see ETSI EN 302 636-3 [12]

0 0 0 0 0 1 0 0 CCSA, see CCSA YD/T 3707-2020[24]

All other values reserved

0 0 0 0 0 X X X 3GPP Sidelink Positioning, SLPP

(24.587) Table 9.2.1: V2X message family
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