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Introduction
RAN2 has agreed to introduce a new protocol for sidelink positioning (SLPP/RSPP) to support the use cases identified in the SID [1], and has reached the following agreements regarding the definition and functionality of SLPP/RSPP. 
	· Introduce a new protocol for sidelink positioning procedures between UEs (name FFS, e.g., RSPP, SLPP).  FFS where it is specified. The new protocol is a separate ASN.1 module from LPP (this does not necessarily imply whether it is included in 37.355)
· Study the potential impact to LPP for support of sidelink positioning procedures between UE and LMF.  FFS how much impact (if any), e.g., only to carry the new protocol, and if the PC5-only and hybrid PC5+Uu cases are the same or different.
· RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server. FFS from RAN2 perspective if there are cases without a UE in the location server role.
· RAN2 wait for SA2 on the triggering of the positioning procedures from upper layers.
· RAN2 will study the question of cast type for positioning signalling.  For SL-PRS, follow RAN1 decision and consider cast type if something arises in RAN2 scope. 
· Unicast/one-to-one operation is assumed as baseline for exchange of sidelink positioning signaling.
· RAN2 shall study applicability of at least the following positioning signaling for groupcast/broadcast (in addition to unicast), including addressing any security aspects (involving SA3 where needed). FFS the specific use case:
· SL positioning capability transfer
· SL positioning assistance data
· FFS SL location information transfer
· RAN2 agrees to support unicast SLPP/RSPP session-based operation and to study the applicability of groupcast/broadcast to SLPP/RSPP group operation.  
FFS if groupcast/broadcast operation, if supported, would be session-based or sessionless.
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.  RAN2 will follow SA2 on which UE(s) can perform the calculation and related RAN1 definitions.



This contribution discusses SLPP/RSPP remaining issues on transport, cast type and functionality, suggesting recommendations for RAN2 to adopt.
Discussion
Sidelink Positioning for relative positioning, ranging and absolute positioning may include UE discovery, session-based operation, capability exchange, measurement configuration, and exchange of location information resulting from performed measurements. Depending on the deployment scenario and operational use case, sidelink positioning and ranging may occur between UEs, or between UEs and an LMF, potentially over multiple cast types and access technologies. To realize this capability in a manner satisfying the desired use cases (V2X, public safety, commercial and IIOT) and within the time frame and work scope of the release, RAN2 should study approaches minimizing and/or not requiring changes to the underlying sidelink transport.  
Fundamental to sidelink positioning and ranging is UE peer-to-peer operation. As such, the current 5GS architecture, using network-based location servers (user plane location servers or control plane location servers), is not sufficient for sidelink positioning. To address this limitation RAN2 has agreed that UEs should support a UE-to-UE Sidelink Positioning Protocol (SLPP) and should support operation where one UE performs range and/or position calculations based on measurement/location information relating to itself and/or other UEs be supported.  
RAN2 #119-e reached the following agreements on sidelink positioning architecture, supported scenarios and protocol [2]:
	Agreements on supported scenarios, architecture:
· Confirm that for sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios shall be supported. FFS if partial coverage case assumes anything about which UEs are in coverage. 
· Study the architecture and signaling procedures to enable at least the following two operation scenarios:
· Operation Scenario 1: PC5-only-based positioning.
· Operation Scenario 2: Combination of Uu- and PC5-based positioning.
· RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server. FFS from RAN2 perspective if there are cases without a UE in the location server role.




A possible architecture for sidelink positioning and ranging is shown in Figure 1 [3]. The illustrated architecture is for a non-roaming, same PLMN operation, but is readily extensible to inter-PLMN and roaming scenarios. This architecture supports sidelink positioning and ranging for in-coverage, out-of-coverage, or partial-coverage operation and is suitable for both PC5-only positioning and for joint PC5-Uu positioning. A Sidelink Positioning/Ranging Function (SPRF) provides SLPP support between UEs to configure measurements and exchange measurement results. The SPRF may also provide location and range computation on behalf of other UEs. For scenarios involving an LMF, through the SPRF, the LMF may request UE capability information, configure measurements, receive measurement results, and perform location and range computation for, and/or on behalf of, participating UEs. Two or more UEs may participate in a one-to-many or many-to-one sidelink positioning and ranging session using discovery and positioning protocols over the SR5 reference point. SR5 is carried over the PC5 reference point and provides the interface for discovery and SLPP positioning protocol between UEs.  



[bookmark: _Ref106891003]Figure 1: Reference architecture for Sidelink Positioning and Ranging-based services for non-roaming and same PLMN operation

Transport and Protocol Layering
Transport mechanisms over the SR5 interface used for SLPP for sidelink positioning and ranging should provide sufficient flexibility to address all use cases and cast types. RAN2 has not yet concluded whether SLPP transport is over PC5-S or PC5-U.  In the following, an evaluation of PC5-S and PC5-U is provided against several key development and performance criteria, with the results summarized in Table 1.
Specification Impacts: 
RAN2: Both PC5-S and PC5-U require RAN2 to define the set of SLPP messages and message payloads.  
CT1: For PC5-S, CT1 will need to define new PC5-S SLPP message types, and assign the new PC5-S SLPP message types to sidelink SRB/SRBs. For PC5-U, CT1 can reuse the existing SDU header type “non-IP”, simply by defining one additional V2X message family encoding value for the non-IP type used by SLPP (for example “SR5”) [3].  In this way, SLPP signaling over SR5 is handled as a V2X application, using the PC5 user plane protocol layering illustrated in Figure 2. 



[bookmark: _Ref118215105]Figure 2: SLPP protocol layering over PC5 reference point
SA3: From a security perspective, for one-to-one SLPP positioning and ranging, PC5-S unicast can apply existing unicast security establishment.  Group positioning/ranging over PC5-S will require SA3 define new security mechanisms, different from the unicast security.  For PC5-U, SA3 security definition is required, but could be expected to be common across one-to-one or group positioning/ranging.  
RAT Dependence: 
For PC5-U, both NR PC5 [7] and LTE PC5 [8] support the non-IP SDU type.  Therefore, an SLPP design reusing the non-IP SDU type operating over the PC5 user plane with the protocol layering of Figure 2 enables SLPP sidelink positioning and ranging independent of RAT, including providing forward compatibility with possible future RATs.  In contrast, PC5-S is supported only by NR PC5, and thus cannot support LTE PC5 application requiring sidelink positioning and ranging, such as V2X deployed over LTE PC5. This could restrict initial V2X deployment (e.g., preventing deployment in regions still dependent on LTE). 
Link Establishment Signalling: 
As shown in Figure 3, PC5-S unicast link establishment requires a sequence of at least 4 PC5-S messages (security establishment may require additional PC5-S messages) followed by the exchange of 4 PC5-RRC messages between the two participating UEs before any SLPP sidelink positioning signaling or data can be transmitted.  For sidelink positioning involving three UEs, at least 8 messages must be exchanged between the initiating UE and the two participating UEs before any SLPP sidelink positioning signaling or data can be transmitted. For n participating UEs, at least  messages must be exchanged before transmitting any SLPP signaling or data.  This inherent requirement for multiple rounds of unicast call link establishment signaling between two UEs over PC5-S burdens any sidelink positioning session with link establishment signaling overhead and latency, which may increase as the number of session participants increases.  For use cases with multiple UEs simultaneously participating in a sidelink positioning transaction, this overhead and latency could result in diminished efficiency and performance.  
In contrast to PC5-S, PC5-U link establishment enables data transmission immediately after UE determination of source and destination Layer-2 IDs without requiring multiple request-response exchanges between participating UEs, as is required for PC5-S.  This more efficient link PC5-U link establishment is illustrated in Figure 4 and Figure 5 for broadcast and groupcast, respectively.
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[bookmark: _Ref114583023]Figure 3: PC5-S Unicast link establishment
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[bookmark: _Ref114585843]Figure 4: PC5-U Broadcast link establishment

 
[bookmark: _Ref114585847]Figure 5: PC5-U Groupcast link establishment
Scalability
The unicast link establishment signalling overhead, and the requirement of at least as many unicast links as UE participants (for centralized operation (n-1) unicast links are required) significantly limits the scalability of PC5-S as a general solution for sidelink positioning and ranging. This can be appreciated for the V2X use case, a key use case called out on in the SID [1]. As the number of participating UEs (vehicles) increases, the additional unicast links required increases, resulting in increased signalling overhead, bandwidth consumption, and latency, thereby decreasing efficiency and limiting the number of participants. This is illustrated in Figure 6 for a likely V2X sidelink positioning and ranging scenario, positioning and ranging at an intersection. Figure 6(A) and Figure 6(B) provide an illustration of centralized sidelink positioning and ranging at an intersection under conditions of (A) a limited number of UEs (vehicles), and (B) a large number of UEs (vehicles). Similarly, for the public safety, commercial, and IIOT use cases when the number of UEs engaged in sidelink positioning and ranging increases, performance over PC5-S will be impacted as the number of UEs increases.  
In addition to the number of UEs in communication at any time, the rate of change in the number of UEs in communication would also impact scalability.  For example, if traffic increases from that shown in Figure 6(A) to Figure 6(B) over time interval T, the RSU shown in the figure would be required to establish communication with each of the new vehicles over the time interval T.  The rate at which new connections must be established would be N/T (N the number of vehicles entering the intersection during T).  Solutions able to establish (and release) connections faster would then be preferred.
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[bookmark: _Ref118294847]Figure 6: Scalability of PC5-S Sidelink Positioning and Ranging 

QoS: 
PC5-U has a well-defined Quality-of-Service (QoS) management procedure, enabling the upper layer to specify the exact QoS requirements to the AS layer [4].  PC5-U supports QoS through the mapping of PC5 QoS Flow Identifier (PFI) from the application layer to the AS layer, including Resource Type, Priority Level, Packet Delay Budget, Packet Error Rate, thus providing flexibility in specification of QoS for different use cases.  This is in contrast to PC5-S, where only default QoS settings can be applied, as no ProSe or V2X QoS control is defined for PC5-S. No mechanism is present to differentiate PC5-S messages in terms of QoS (all use the same, default QoS). 
Cast Type Support: 
SLPP transport over PC5-S limits sidelink positioning and ranging to unicast, excluding sidelink positioning support over broadcast/groupcast.  This constrains multi-UE, group positioning applications to invoke multiple unicast links, incurring the unicast link establishment signaling overhead and latency, resulting in a signaling- and bandwidth-inefficient, high overhead, high latency solution.  In principle, RAN2 could enhance PC5-S to support SLPP over groupcast and broadcast. Such an enhancement would introduce significant flexibility to PC5-S, but would require substantial specification modifications, a challenge that may be precluded considering the large scope of the current release.  This approach would also not enable sidelink positioning and ranging support for applications operating over currently deployed LTE PC5, including V2X. 
SLPP transport over PC5-U provides much greater flexibility than PC5-S, enabling UE-to-UE communication between two or more UEs, supporting not only one-to-one communication for two UEs (unicast) but also groupcast and broadcast for one-to-many.
Summary: 
A comparative evaluation of PC5-S and PC5-U as transport mechanisms for SLPP over the SR5 reference point identifies the following key points, summarized in Table 1: 
· Both PC5-S and PC5-U support inter-UE SLPP communication without network involvement.  
· For RAN2, both PC5-S and PC5-U levy similar requirement and level of effort to define SLPP message structure and payload.
· For CT1, PC5-S requires the definition of PC5-S message types and SRB assignments, while for PC5-U the non-IP SDU type can be reused, requiring only one additional value for the V2X message family encoding. 
· PC5-S SLPP transport supports one-to-one unicast communication with multiple UE-to-UE request-response transactions for link establishment. PC5-S does not support SLPP groupcast or broadcast. 
· PC5-U SLPP transport supports one-to-one (unicast) and one-to-many (broadcast/groupcast). 
· PC5-U does not incur the link establishment signaling overhead and latency associated with PC5-S multiple request-response unicast link establishment (no inter-UE messaging is required for groupcast/broadcast link establishment). 
· PC5-U supports QoS via PFI as part of the Layer-2 link establishment.  
· PC5-S SRBs are constrained to a default QoS
From the above analysis, it is evident transport over PC5-S and PC5-U will support SLPP for sidelink positioning and ranging, differing in their applicable use cases and relative performance, with PC5-U providing greater flexibility for sidelink positioning and ranging, while requiring no modifications to the PC5 reference point.  
Observation 1: Both PC5-S and PC5-U may be used for sidelink positioning/ranging use cases for in-coverage, partial-coverage and out-of-coverage, with both levying similar requirements on RAN2 for SLPP protocol design.  For one-to-one sidelink positioning/ranging, PC5-S unicast can be applied, subject to restrictions in QoS and link establishment latency.  For one-to-one, one-to-many, and many-to-one, sidelink positioning/ranging PC5-U can be applied, providing flexibility in QoS, cast type and reduced link establishment latency. 
Observation 2: No modification is required to the PC5 reference point for SLPP transport over the PC5 user plane.
Observation 3: Unless PC5-S can be enhanced to support groupcast and broadcast or enabled to establish communication links with much lower signalling overhead (which seems doubtful for Release 18), it will remain less scalable than PC5-U in terms of supporting large numbers of communicating UEs and/or a high rate of change in communicating UEs. For V2X or use cases with large numbers of participating UEs, this could result in failure to support more congested or more dynamic situations.
Proposal 1: 		SLPP transport over PC5 User Plane is supported as one of the SLPP transport mechanisms. 
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	Criterion
	PC5-S
	PC5-U
	Comments

	1. Transport
	Sidelink SRB
	Sidelink DRB
	· Sidelink SRB (PC5-S): 
· PC5-S message type mapped to specific SRB. New SLPP messages require mapping to specific SRB
· Single, default QoS
· Sidelink DRB (PC5-U): 
· Handled through the definition of a Service Type. 
· Flexible QoS (per 23.287)

	2. Link Establishment
	PC5-S link establishment requires at least 8 messages to be exchanged between UEs before SLPP signaling for each link. 
· 4 PC5-S messages (at least) 
Security establishment may require additional PC5-S messages
· 4 PC5-RRC messages
	PC5-U can be transmitted immediately after UE determination of source and destination Layer-2 IDs. 
	· PC5-S: Link establishment latency  
· PC5-U: No link establishment latency

	3. QoS
	[bookmark: _Hlk118217473]Default QoS value only (no ProSe or V2X QoS control defined for PC5-S). 
No mechanism to differentiate PC5-S messages in terms of QoS (all use the same, default QoS).
	Defined QoS management procedure per 23.287.  Upper layer (V2X/ProSe) specifies exact QoS requirements to the AS layer. 
· The PC5 QoS Flow Identifier (PFI) maps QoS from the application layer to the AS layer, including Resource Type, Priority Level, Packet Delay Budget, Packet Error Rate
	· PC5-S: Single, default QoS 
· PC5-U: QoS flexibility via PFI

	4. Scalability
	Restriction to Unicast limits scalability.  Larger numbers of participants results in increased bandwidth utilization, signaling overhead. 
	Support for groupcast/broadcast eliminates scalability issues
	· PC5-S: Restriction to Unicast limits scalability  
· PC5-U: No scalability limitation

	5. RAT dependence
	NR-specific
	No RAT dependence
	· PC5-S: NR-only
· PC5-U: RAT-independent 

	6. Standards impact
· SA3
	· Unicast security via PC5-S pair-wise link establishment.
· SA3 definition required for Groupcast/Broadcast (will differ from unicast)
	· SA3 definition required for Unicast/Groupcast/Broadcast (common for all cast types)
	· PC5-S: Defined unicast security.  Groupcast/Broadcast requires SA3 definition 
· PC5-U: SA3 definition required

	7. Standards Impact
· CT1
	· Define PC5-S message extension definition (24.587)
· Define how SLPP PC5-S messages are mapped to which specific SRB(s)
	· SR5 signaling is handled as a V2X application through the PDCP Non-IP SDU type header, with the Non-IP type indicating the V2X message family encoding (24.587) denoting SLPP [3]. 
	PC5 requires adding only one additional V2X message family encoding value, while PC5-S requires PC5-S message definition and SRB assignment. 

	8. Standards Impact
· RAN2
	· Define RSPP messages
	· Define SLPP messages
	No difference

	9. Cast Type support
	· Unicast only
	· All cast types
	· PC5-S: unicast only 
· PC5-U: unicast, groupcast, broadcast 
(no restriction)


[bookmark: _Ref118227925]Table 1: PC5-S, PC5-U comparative criteria

[bookmark: _Ref114464698]Architecture 
At RAN2 #119-e, the following agreements related to the sidelink positioning architecture were made:
Study the architecture and signaling procedures to enable at least the following two operation scenarios:
-	Operation Scenario 1: PC5-only-based positioning.
-	Operation Scenario 2: Combination of Uu- and PC5-based positioning.
RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server.  FFS from RAN2 perspective if there are cases without a UE in the location server role.

RAN2 has also agreed to adopt RAN1 terminology for Target UE and Anchor UE. These two terms describe specific UE functions or capabilities a UE may exercise when participating in sidelink positioning (see also 2.5). These roles are not entities of the architecture, but rather UE functions. The architectural entity/node is still a “UE”, and each UE in the architecture may act as a “target”, “anchor”, “server” etc., depending on its respective capabilities. In particular, a UE may support several roles simultaneously. For example, a UE may be both a target of positioning and assisting positioning of other UEs. Therefore, like the SA2 architecture summarized in section 2.2 above, the NG-RAN positioning architecture should be independent of “UE role” (function). As such, there is no need to define separate architecture diagrams for in-coverage, partial-coverage, or out-of-coverage UEs. 
The reference architecture described in Figure 1 can be directly mapped to the RAN2 UE overall positioning architecture [5] as shown in Figure 7. In-coverage UEs (UE A, UE B) and out-of-coverage UEs (UE C, UE D) conduct sidelink positioning and ranging over the PC5 reference point using SLPP. Network components, such as an LMF supporting SLPP, can provide UE assistance by requesting UE capabilities, configuring measurements, receiving measurement results, and computing resultant positions or relative locations, as further discussed in 2.5.  
[bookmark: _Hlk113851685][bookmark: _Hlk114592764]Proposal 2:	The UE Positioning Architecture applicable to NG-RAN should not introduce additional entities/nodes (e.g., “anchor UE”, “server UE”, “target UE”, etc.) and should be applicable to all coverage scenarios (e.g., no separate architecture for in-coverage or out-of-coverage scenarios is needed).
Proposal 3:	Extend the UE Positioning Architecture applicable to NG-RAN as shown in Figure 7.



[bookmark: _Ref106717924][bookmark: _Hlk113926312]Figure 7: UE Positioning Overall Architecture applicable to NG-RAN
[bookmark: _Ref110868742]Reliable transport
Sidelink communication for both PC5-U and PC5-S may be susceptible to packet loss due to changes in UE separation/proximity, such as in the case of moving UEs, or due to occlusion between UEs. Such behavior is a characteristic of sidelink communication regardless of cast or transport type. This packet loss may lead to the loss of SLPP messages. 
In the case of LPP for Uu operation, loss of LPP messages is also possible when an LPP message is not successfully forwarded by an MME or AMF. Consequently, LPP already contains an acknowledgment and retransmission capability at the LPP level. Such an acknowledgment and retransmission capability could also be supported by SLPP. SLPP procedures can be designed with redundancy and tolerance to transport failure. With redundancy, and assuming groupcast or broadcast is used, a UE can send an SLPP request message to a group of UEs with each UE in the group then responding to acknowledge receipt of the message or acknowledge having performed or being able to later perform the requested operation (e.g., such transmitting and/or measuring sidelink reference signals). If each response also carries the original information from the SLPP request message, any UE that did not receive the SLPP request message but receives at least one response message will be able to infer and reconstruct the original SLPP request and thereby overcome the original SLPP message loss. With tolerance to transport failure, the sender of an SLPP request message to a group of UEs can expect that not all of the UEs may receive the request message (or successfully return a response) and thus when an SLPP response message is not received from all the UEs, the sender can take appropriate actions, such as resending the request message at a later time or not expecting the UEs from which a response was not received to take any requested actions. 
Support of acknowledgment and retransmission, redundancy and/or tolerance to transport failure may add some signalling and procedural overhead, but the greater robustness, efficiency and lower latency may more than compensate for this. 
Observation 4: Communication over sidelink may incur packet loss due to changes in participating UE relative position and/or occlusion, potentially leading to SLPP message loss.  RAN2 should support mechanisms to introduce SLPP robustness such as redundancy, acknowledgement and retransmission, and/or tolerance to transport failure. 
Proposal 4: SLPP supports mechanism for robustness and/or tolerance to transport failure, including redundancy, acknowledgement and retransmission. 
[bookmark: _Ref118292532]SLPP Session-based and Session-less Operation
Sidelink positioning will support numerous use cases, including V2X, public safety, commercial, and IIOT [1].  These use cases may involve stationary UEs, moving UEs or a combination of stationary and moving UEs.  An individual UE in one of these use cases may initiate a sidelink positioning session with one or more UEs in its vicinity (UEs with which it can establish sidelink communication). Those UEs may constitute all the UEs in the initiating UE’s vicinity, a subset of the UEs in the initiating UE’s its vicinity or only a single UE in the initiating UE’s vicinity. A possible example is illustrated in Figure 8. In this example, UE1 initiates a sidelink positioning session with the sole UE in its vicinity in Figure 8(A).  In Figure 8(B) UE1 initiates a sidelink positioning session with a subset of the four UEs in its vicinity, and in Figure 8(C) UE1 initiates a sidelink positioning session with all of the UEs in its vicinity.  Note that although the example in the Figure 8 is for a V2X use case, the three scenarios illustrated are equally applicable to the public safety, commercial and IIOT use cases as well.  
Observation 5: 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 8: Sidelink Positioning/Ranging 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 in Figure 8(B) or the five participating UEs in Figure 8(C) have an established awareness or association) RAN2 has agreed to support session-based operation [9].  Example SLPP procedural flows for session establishment among a subset of UEs within a group of UEs and session establishment among all the UEs in a group are shown in Figure 9 and Figure 10, respectively.  In both cases, following UE discovery in Step 1, an SLPP session is established in Step 2.  In Step 3, sidelink ranging/positioning is conducted using the SLPP functions for Capability transfer, Assistance Data exchange and Location Information transfer.  In Step 4 the SLPP session may be modified, if necessary, through the addition or removal of UEs.  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 positioning session will change. It may also be noted UE identification at the SLPP level is required for sidelink positioning, and as such SLPP lends itself well to session participant management.  Even for a rather stationary scenario, any initial set of UEs in a SLPP session may change. For example, once a SLPP session has been established and capabilities have been exchanged, UEs may need to be removed/added from/to the SLPP session, since not all UEs from the initial set may support the desired capability (e.g., may not support the desired SL positioning method, may not be able to act as an anchor UE, etc.).  
Observation 6: Session-based sidelink positioning and ranging may involve session establishment, session termination and session modification.  
Proposal 5:	SLPP should support sidelink positioning session establishment, session termination and session modification (adding or removing UEs to a session).




[bookmark: _Ref110868574]Figure 9: SLPP Session establishment among 2 UEs within a group



[bookmark: _Ref118230752]Figure 10: SLPP Session establishment among all UEs within a group

In addition to session-based operation, some sidelink positioning/ranging use cases could benefit from session-less operation. Such 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. An example scenario is illustrated for the V2X use case in Figure 11, 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 for sidelink positioning changes often, lending itself to a more flexible, session-less operation.  .  Although this scenario illustrates the benefit of session-less operation for fixed UE (RSU in Figure 11), session-less operation is equally applicable and beneficial for mobile UEs (vehicles) initiating sidelink positioning.
[image: ]
[bookmark: _Ref118231653]Figure 11: Sidelink Positioning Session-less operation
For session-less operation, signaling overhead is minimized to accommodate the dynamic UE conditions. Figure 12 provides an example SLPP procedural flow for session-less operation. In Step 1 each UE transmits its Assistance data, comprising the SL-PRS configuration, for example via broadcast or groupcast.  In Step 2 UEs transmit their respective SL-PRS signals and conduct sidelink positioning measurements of received SL-PRS signals.  In Step 3, UEs exchange location information, and may subsequently use the exchanged information to determine range/position.



[bookmark: _Ref118232006]Figure 12: SLPP session-less operation

[bookmark: _Hlk114592984][bookmark: _Hlk114751637]Proposal 6: SLPP should support session-less operation to enable sidelink positioning with no discovery, no UE associations and no SLPP session. 

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

PC5-only based positioning 
SLPP Operation without LMF Support, PC5-only-based positioning 
Sidelink positioning use cases lend themselves to calculation of range and/or position either by one of the UEs participating in a sidelink positioning session (centralized operation) or by multiple UEs participating in the sidelink positioning session (distributed operation).  Examples of centralized operation, which RAN2 has agreed to support, and distributed operation are shown in Figure 13 (A) and (B), respectively. Although these examples are illustrated for the V2X use case, centralized and distributed sidelink positioning is generally applicable to other sidelink positioning use cases, including public safety, commercial and IIOT.  In Figure 13 (A) UE1 (an RSU) determines range/position for UE2, UE3 and UE4. Alternatively, as shown in Figure 13 (B), the three UEs participating in sidelink positioning may perform position/range calculations on their own based on the SLPP session Location Information exchanged. In some scenarios distributed operation is a more efficient means for participating UEs to establish range and/or position without the need for one UE to disseminate position/range calculations to other UEs. 

[image: ]
[bookmark: _Ref118232934]Figure 13: Centralized (A) and Distributed (B) Sidelink Positioning/Ranging

Example procedural flows for SLPP centralized and distributed operation are illustrated in Figure 14. Both centralized and distributed modes of operation follow the same first six steps (discovery, session establishment, Capability Transfer, and Assistance Data exchange).  However, by enabling participating UEs to perform range/position calculations, the distributed mode of operation requires one less step than the centralized mode of operation (distribution of range/position by an SLPP Provide Location Information is not required), resulting in a more expedient sidelink positioning session, a potentially significant benefit for UEs with dynamically changing position.  In addition to greater efficiency, distributed operation should also be more robust, since centralized operation requires the central UE be able to communicate directly with each of the other UEs, whereas distributed operation can be possible when not all pairs of UEs can communicate with one another. For example, centralized operation would fail completely if the central UE were to be blocked from communicating with the other UEs whereas blockage with distributed operation need affect only the one, blocked UE.


[bookmark: _Ref118233848]Figure 14: SLPP centralized (left), distributed (right) operation
Observation 7: Distributed (decentralized) 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.  
Proposal 7:	SLPP should support distributed sidelink positioning enabling UEs to determine position and range based on exchanged location information.


[bookmark: _Ref110868798]SLPP Operation with LMF Support, PC5-only-based positioning 
The basic SLPP transaction types (capability transfer, assistance data transfer, location information transfer) suitable for supporting out-of-coverage sidelink positioning and ranging scenarios may also be applied to in-coverage and partial coverage scenarios. These scenarios include LMF-assisted (MO-LR) and LMF-initiated (MT-LR) sidelink positioning and ranging. When at least one participating UE is in network coverage and enabled via a subscription to access a PLMN, the UE may request LMF assistance for a sidelink positioning and ranging session, or may be requested by an LMF to participate in a sidelink positioning and ranging session. In this mode of operation, not all UEs may have PLMN access and be supported by, or provide support to, an LMF (LMF support may be restricted to just some UEs). Possible examples of LMF-assisted (MO-LR) and LMF-initiated (MT-LR) are illustrated in Figure 15 and Figure 16, respectively.
LMF-assisted Sidelink positioning (MO-LR)
Figure 15 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: _Ref110916546]
[bookmark: _Ref114591912]Figure 15: LMF-assisted Sidelink positioning (MO-LR)
1.-5. Discovery, session establishment, capability exchange, optional session modification.
6.	The initiating UE B requests positioning assistance data from the LMF (assistance data could include SL-PRS configurations) via an SLPP Request Assistance Data message. To enable the LMF to determine suitable SL-PRS configurations for all UEs, UE B may also provide the obtained SL-PRS capabilities of all UEs in the session to the LMF in a SLPP Provide Capabilities message.
The SLPP transactions towards the LMF might be part of a location session between UE B and the LMF, e.g. initiated by an MO-LR or a new supplementary services operation. Thus, one possibility would be for UE B to send a supplementary services (e.g. MO-LR) message to the LMF and include the SLPP Provide Capabilities message for step 6a and possibly the SLPP Request Assistance Data message for step 6b to increase signalling efficiency.
7.	The LMF determines the requested assistance data and provides them to UE B in a SLPP Provide Assistance Data message.
8.-11. Same as Steps 6.-9. in Figure 14 (left).
12.	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 12 did not occur, UE B may provide the obtained location measurements from all participating UEs in the session to the LMF in an SLPP Provide Location Information message.
The SLPP transactions towards the LMF might be part of a location session between UE B and the LMF, e.g. initiated by an MO-LR or a new supplementary services operation.
NOTE:	The SLPP transactions towards the LMF at Steps 6 and 13 may be part of the same MO-LR operation or may be separate MO-LR operations.
14.	The LMF performs the range/position computations.
15.	The LMF provides the computed ranges/positions to the UE B.
16.	The SLPP session may be terminated as described in section 2.4.

Proposal 8:	Support a MO-LR or a new supplementary services operation for UE initiated SLPP transactions towards an LMF.

Figure 16 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 16) which would have provided all necessary information for the MT-LR to the LMF (e.g. via a GMLC and AMF). 


[bookmark: _Ref110916673]Figure 16: LMF-initiated Sidelink positioning for an MT-LR
1.	The LMF requests the sidelink positioning capabilities from the target UE via SLPP Request Capabilities message.
2.	The target UE provides the sidelink positioning capabilities in a SLPP Provide Capabilities message to the LMF.
NOTE:	Steps 1 and 2 may be embedded in Step 3.
3. The LMF requests location results from the target UE using a supplementary services operation request, which indicates the type of location results requested (e.g. location of the target UE 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 the target UE and/or an embedded SLPP Provide Assistance Data message to provide assistance data for the SLPP positioning session to the target UE (e.g. SL-PRS configurations).
NOTE:	The reason for using a supplementary services request would be to allow inclusion of information such as UE addresses and identities, and use of immediate versus deferred location which might not be suitable for inclusion in an SLPP message. However, it is possible that an SLPP message could be used instead (e.g. an SLPP Request Location Information).
4.	The target UE performs the discovery procedures as specified in [6].
5.	The target UE confirms or acknowledges the supplementary services request from Step 3 with a supplementary services response, which may indicate whether any requested UEs are available (e.g. whether UEs A, C, D have been discovered by the target UE B). 
NOTE:	This Step 5 may also be performed after Step 8. Once the target UE has obtained the sidelink positioning capabilities from UEs A, C, and D, the supplementary services response could indicate to the LMF the available UEs with required capability.
6.-14. Same as Steps 2.-10 in Figure 14 (left).
15.	The target 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.
NOTE: 	This Step 15 may be a Supplementary Services Operation with embedded SLPP message. This Service Operation may be part of Step 3, or may be a separate Service Operation (e.g., an enhancement of the existing Event Report).
16.	The LMF performs the range/position computations for the target UE and possibly for the other UEs and return location(s) to the external client or AF. For deferred (periodic or triggered) location, the SLPP positioning by the target UE and return of location results to the LMF might be repeated.
17.	The SLPP session may be terminated as described in section 2.4.

[bookmark: _Hlk114593140]Proposal 9:	Support a MT-LR or a new supplementary services operation for LMF-initiated SLPP transactions towards a UE.

Figure 17 shows the same scenario as Figure 16, but where the LMF actively assists with the SLPP positioning of the four UEs as in Figure 15. For example, the LMF might indicate in the supplementary services request whether no LMF assistance is preferred as in Figure 16 or whether assistance is preferred (or required) as in Figure 17. 


[bookmark: _Ref110916758]Figure 17: LMF-initiated Sidelink positioning for an MT-LR with additional LMF Assistance
1.-2. Same as in Figure 16.
3.	Same as in Figure 16.
The supplementary services request also indicates that LMF assistance is allowed or preferred.
4.-9. Same as in Figure 16.
10.	If indicted at Step 3, the initiating UE B may request positioning assistance data from the LMF (assistance data could include SL-PRS configurations) via an SLPP Request Assistance Data message. To enable the LMF to determine suitable SL-PRS configurations for all UEs, UE B may also provide the obtained SL-PRS capabilities of all UEs in the session to the LMF in a SLPP Provide Capabilities message.
The SLPP transactions towards the LMF might be part of a location session between UE B and the LMF, e.g. initiated by an MO-LR, or part of the MT-LR from Step 3, or a new supplementary services operation.
11.	The LMF determines the requested assistance data and provides them to UE in a SLPP Provide Assistance Data message.
12.-18. Same as Steps 8-14 in Figure 14.
19. The SLPP session may be terminated as described in 2.4.

Observation 8:	An LMF initiated sidelink/SLPP MT-LR can be supported on the target UE side using the same SLPP procedures as applicable to UE initiated sidelink/SLPP positioning and with either no LMF support during the positioning or active LMF support during the positioning.

Combination of Uu- and PC5-only based positioning 
The basic SLPP transaction types (capability transfer, assistance data transfer, location information transfer) 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 18. 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 18: 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.
1. The target device performs the sidelink positioning procedures as described in Steps 6.-14 in Figure 16, or Steps 6.-16 in Figure 17.
2. The target device provides the SLPP location results to the LMF.
3. The target device provides the LPP location results to the LMF.
4. The TRPs provide the NRPPa location results to the LMF.
The procedure described above in Figure 18 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 and 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]Proposal 10:	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]Observation 9: The three fundamental transaction types from LPP (capability transfer, assistance data transfer, and location information transfer) are also suitable for the SLPP positioning operation over sidelink for both operation scenarios agreed to by RAN2, including operation Scenario 1 (PC5-only-based positioning) with or without LMF support, and operation Scenario 2 (Combination of Uu- and PC5-based positioning).
Observation 10: Using the LMF as an SLPP endpoint would not only allow embedding SLPP messages into Supplementary Services Operations (e.g., MT-LR, MO-LR, etc.), but would also enable joint sidelink and Uu positioning with minimal changes to existing protocols.
Observation 11: Using the LMF as an SLPP endpoint would allow sidelink-only positioning (with LMF support) without a requirement for LPP support, which would reduce complexity for sidelink-only capable positioning and ranging devices and LMFs.
Observation 12: Specifying the sidelink positioning functionality isolated within SLPP would require no modifications to LPP, and therefore, would not increase the LPP ASN.1 footprint for non-sidelink capable UEs and LMFs.

[bookmark: _Hlk118412760]	Proposal 10: The LMF should be a protocol endpoint for SLPP.

Conclusion
In this paper, we have addressed key issues for the development of SLPP, including architecture, transport, cast type, procedures and joint Uu-sidelink positioning, summarized as follows.  
Architecture: The SA2 reference architecture can be directly mapped to the RAN2 UE overall positioning architecture. This architecture is applicable for all operational scenarios, such that a separate architecture is not required for in-coverage, partial coverage or out-of-coverage scenarios.  
Transport: For SLPP transport, PC5 User Plane (PC5-U) enables UE-to-UE communication with no network involvement (just as PC5-S transport), but PC5-U enables lower latency, higher efficiency, greater flexibility in cast type and QoS than PC5-S, including:
· PC5-U link establishment allows immediate data transmission without incurring the latency associated with multiple request-response message exchanges required for PC5-S link establishment. 
· PC5-U supports one-to-one communication between two UEs (unicast) and one-to-many (broadcast/groupcast). All three cast types are applicable to SLPP for the three fundamental transactions (Capability, Assistance, Location Information) as a function of operational scenario supported. Unicast may be used for sidelink positioning sessions involving only two UEs, while broadcast/groupcast may be used for sidelink positioning sessions involving larger groups of UEs. 
· PC5-U supports QoS through the PC5 QoS Flow Identifier (PFI) from the application layer to the AS layer, including Resource Type, Priority Level, Packet Delay Budget, Packet Error Rate. 
· All transport types (PC5-U, PC5-S) will be susceptible to SLPP message loss due to changes in participating UE relative position and/or occlusion. However, there are potential remedies for this which can be studied and supported if found to be suitable.
In view of the very low latency requirements of sidelink applications such as V2X, and the limited ITS spectrum, using multiple unicast connections between pairs of UEs (e.g. vehicles on a crowded roadway) may not only lead to unacceptably high delay but also bandwidth congestion, potentially negatively impacting the performance of sidelink positioning.
Joint Uu-sidelink positioning: 
· Using the LMF as an SLPP endpoint allows embedding SLPP messages into Supplementary Services Operations (e.g., MT-LR, MO-LR, etc.), and enables joint sidelink and Uu positioning with minimal changes to existing protocols. Using the LMF as an SLPP endpoint also allows sidelink-only positioning (with LMF support) without a requirement for LPP support, which reduces complexity for sidelink-only capable positioning and ranging devices and LMFs. 
· When both Uu and PC5 based procedures and signalling are used, from the perspective of the coordinating entity (i.e., the LMF), the Uu and PC5 based positioning procedures are part of the same positioning session. This methodology allows SLPP and 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. As such, SLPP signalling does not need to convey LPP session-related information and similarly, LPP signaling does not need to convey SLPP session-related information, thereby significantly reducing SLPP and LPP impacts, RAN2 specification work, and requirements levied on the UE and the network. 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, even if this content is not supported, decoding that LPP message might required the LMF/UE 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, thus reducing the ASN.1 footprint size and processing support. This simplifies UE implementation when LPP does not need to be supported.

Summary
Observation 1: 	Both PC5-S and PC5-U may be used for sidelink positioning/ranging use cases for in-coverage, partial-coverage and out-of-coverage, with both levying similar requirements on RAN2 for SLPP protocol design.  For one-to-one sidelink positioning/ranging, PC5-S unicast can be applied, subject to restrictions in QoS and link establishment latency.  For one-to-one, one-to-many, and many-to-one, sidelink positioning/ranging PC5-U can be applied, providing flexibility in QoS, cast type and reduced link establishment latency.
Observation 2: 	No modification is required to the PC5 reference point for SLPP transport over the PC5 user plane. 
Observation 3: 	Unless PC5-S can be enhanced to support groupcast and broadcast, or enabled to establish communication links with much lower signalling overhead (which seems doubtful for Release 18), it will remain less scalable than PC5-U in terms of supporting large numbers of communicating UEs and/or a high rate of change in communicating UEs. For V2X or use cases with large numbers of participating UEs, this could result in failure to support more congested or more dynamic situations.
Observation 4: 	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 5: 	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 6: 	Session-based sidelink positioning and ranging may involve session establishment, session termination and session modification.  
Observation 7: 	Distributed (decentralized) 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 8: 	An LMF initiated sidelink/SLPP MT-LR can be supported on the target UE side using the same SLPP procedures as applicable to UE initiated sidelink/SLPP positioning and with either no LMF support during the positioning or active LMF support during the positioning. 
Observation 9: 	The three fundamental transaction types from LPP (capability transfer, assistance data transfer, and location information transfer) are also suitable for the SLPP positioning operation over sidelink for both operation scenarios agreed to by RAN2, including operation Scenario 1 (PC5-only-based positioning) with or without LMF support, and operation Scenario 2 (Combination of Uu- and PC5-based positioning).
Observation 10: Using the LMF as an SLPP endpoint would not only allow embedding SLPP messages into Supplementary Services Operations (e.g., MT-LR, MO-LR, etc.), but would also enable joint sidelink and Uu positioning with minimal changes to existing protocols.
Observation 11: Using the LMF as an SLPP endpoint would allow sidelink-only positioning (with LMF support) without a requirement for LPP support, which would reduce complexity for sidelink-only capable positioning and ranging devices and LMF's.
Observation 12: Specifying the sidelink positioning functionality isolated within SLPP would require no modifications to LPP, and therefore, would not increase the LPP ASN.1 footprint for non-sidelink capable UEs and LMFs.
Proposal 1:	SLPP transport over PC5 User Plane is supported as one of the SLPP transport mechanisms. 
Proposal 2:	The UE Positioning Architecture applicable to NG-RAN should not introduce additional entities/nodes (e.g., "anchor UE", "server UE", "target UE", etc.) and should be applicable to all coverage scenarios (e.g., no separate architecture for in-coverage or out-of-coverage scenarios is needed).
Proposal 3:	Extend the UE Positioning Architecture applicable to NG-RAN as shown in Figure 6.
Proposal 4:	SLPP supports mechanism for robustness and/or tolerance to transport failure, including redundancy, acknowledgement and retransmission.
Proposal 5:	SLPP should support sidelink positioning session establishment, session termination and session modification (adding or removing UEs to a session).
Proposal 6: 	SLPP should support session-less operation to enable sidelink positioning with no discovery, no UE associations an no SLPP session. 
Proposal 7:	SLPP should support distributed sidelink positioning enabling UEs to determine position and range based on exchanged location information.
Proposal 8:	Support a MO-LR or a new supplementary services operation for UE initiated SLPP transactions towards an LMF.
Proposal 9:	Support a MT-LR or a new supplementary services operation for LMF-initiated SLPP transactions towards a UE.
Proposal 10:	Support hybrid Uu, SL, and RAT-independent positioning by jointly using the SLPP, LPP, and NRPPa procedures.
Proposal 11: The LMF should be a protocol endpoint for SLPP.
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