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1 Introduction:
In Rel. 18 study phase, a study on expanded and improved NR positioning is concluded and a TR 38.859 [1] has been endorsed in RAN#98 and the normative work started in RAN2 from meeting RAN2#121 and further carried over to RAN2#121bis-e. The study was focussing on improving the accuracy of the positioning methods and extending the positioning to different verticals, including sidelink. The main motivation behind the extending positioning framework over sidelink is to guarantee more accurate localization for many critical sidelink applications like V2X, IIoT public safety, and commercial sidelink (D2D) in in-coverage, partial-coverage, and out-of-coverage NR positioning use cases as emphasized in TR 38.845 [2].
Considering the study outcome, normative phase objectives were agreed upon for the work item phase of expanded and improved NR positioning in [3]. The present contribution provides the details on positioning architecture and signalling procedure for in-coverage (IC), partial-coverage (PC), and out-of-coverage (OOC) scenarios and further discusses the possible signalling mechanism for various positioning methods considering the last meeting agreement and the discussions [4]. 



2  UE and LMF communication protocol over sidelink

During the study phase, it is recommended that both PC5-only and hybrid PC5+Uu positioning will be supported for SL positioning and ranging. It is necessary to realize different scenarios considered in SL positioning and ranging study namely in coverage, partial coverage, and out of coverage. At least for out-of-coverage cases, only PC-5 is feasible whereas for in-coverage and partial-coverage cases PC5 + Uu will help to meet the KPIs of use cases with respect to positioning accuracy. 
It is recommended that sidelink positioning protocol (SLPP) over PC5 be defined as a protocol between positioning server and UE at least for OOC case. Further, it will be beneficial to have LPP in case of in-coverage scenario. For partial-coverage case remote UE can be connected to LMF through a relay UE using UE-to-Network L2/L3 relay and establish LPP connection. Here relay UE can play the role of converting the LPP message to SLPP or transparently route the LPP PDU to remote UE. Both options should be considered in normative phase. 

The ASN.1 definition for SLPP information elements can take LPP structure defined in TS 37.355 as the baseline. SLPP should be defined as part of the existing LPP message body instead of defining it as a separate ASN.1 structure.

The partial-coverage case signalling can follow the same procedure as there for in-coverage scenario since the protocols defined for the latter would work for the former thereby avoiding any additional signalling overheads. The SLPP signalling and protocol layering for the partial-coverage case in which the anchor UE is SL positioning capable is depicted in Figure 1. SLPP message is transported as a container inside LPP.
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Figure 1: SLPP Signalling and Protocol Layering for Partial-Coverage Scenario

The partial-coverage cases in which a relay unit is used to connect a remote UE with the LMF, two types of protocol layering can be considered. These approaches do not need the relay unit to support SL positioning capability as in the case of Figure 1. In the first method shown in Figure 2, L2 UE-to-network relay unit is used to connect the remote UE with LMF. The sidelink relay adaptation (SRAP) protocol layer relays the packets from the NG-RAN PDCP layer to the remote UE PDCP. In the second method shown in Figure 3, the remote UE is connected to NG-RAN via PC-5 link using L3 UE-to-network relay unit. Here, PC5-RRC layer relays the packets from LMF to remote UE and vice-versa. Both L2 UE-to-network and L3 UE-to-network relay units consists of user plane stacks.






[image: ]Figure 2: SLPP Signalling and Protocol Layering for Partial-Coverage with L2 UE-to-Network Relay Unit

[image: ]Figure 3: SLPP Signalling and Protocol Layering for Partial-Coverage case with L3 UE-to-Network Relay Unit


Proposal 1: For in-coverage and out-of-coverage scenarios, SLPP signalling should be transported transparently within LPP, i.e., SLPP should be used for PC5-only positioning and existing LPP should be used for Uu-based positioning, and SLPP should be defined as a container inside LPP message.

Proposal 2: SLPP-Message IE should be defined inside LPP-MessageBody IE.

Proposal 3: For partial-coverage case, SLPP signalling should be transported within LPP transparently, similar to the in-coverage case.

Proposal 4: For partial-coverage cases in which anchor UE is capable of SL positioning, SLPP protocol layering shown in Figure 1 can be followed.

Proposal 5:  For partial-coverage cases where the anchor UE in-coverage does not have positioning capability, two methods can be considered for connecting LMF to the remote UE:
1. L2 UE-to-network relay unit
2. L3 UE-to-network relay unit


3 Groupcast/Broadcast

It is discussed during the study whether to support groupcast and broadcast positioning message exchange for SL positioning over SLPP. Main concern is the security but for use cases like V2X where UEs will be mobile with high speed (140 Km./hr considered in RAN 1 evaluation [1]), it will not be feasible to have exchanges over session-based SL-positioning messages and achieve the desired performance in terms of the latency. So, session-less operation is necessary in certain use cases. To support session-less SL positioning, groupcast/broadcast-based SL-PRS configuration is needed. So at least for SL positioning capability exchange and SL positioning assistance information exchange, groupcast and broadcast modes should be supported. 

Capability and assistance information exchanges shall be in groupcast/broadcast mode since it can help in anchor UE selection and coordination. The security issues need to be considered based on SA3 inputs.

For location information exchange, the requests can be in groupcast/broadcast while the response can be unicast. The anchor UE needs to groupcast/broadcast location information request to all participating UEs while the individual responses from the UEs can be unicast since the location estimates are computed at the anchor itself. Furthermore, since location information is of utmost importance with respect to privacy, the security issues are eliminated with unicast response mode.



Proposal 6: For SL capability and assistance information exchange, groupcast/broadcast can be supported with security aspects aligned with SA3 inputs.

Proposal 7: For location information exchange, groupcast/broadcast can be supported for the request message whereas response messages can be unicast.

 
4 Signalling Procedure

In the last meeting, it is agreed that discovery and anchor selection can be included in the sidelink positioning procedures at least for the out-of-coverage scenario.

RAN1 positioning methods like SL-TDOA and RTT-based methods require selection of multiple anchors to obtain higher accuracy. Therefore, anchor UE selection procedure is needed at the positioning layer signalling in RAN2 scope. The signalling procedure for in-coverage scenario is shown in Figure 4. A similar approach can be used for partial-coverage as well.

In partial-coverage case, e.g. for NI-LR, if the target UE is in out-of-coverage, the network shall look out for an anchor UE(s) which can establish a PC5 link with the target UE. Therefore, discovery and selection of anchor UE(s) are necessary in the SL positioning signalling procedure.




Proposal 8: For IC/PC scenarios, signalling flow depicted in Figure 4 should be adopted for stage 2 SL positioning signalling procedures.

[image: ]Figure 4: Sidelink Positioning Signalling Procedures for In-coverage and Partial-coverage Scenarios

Proposal 9: For in-coverage scenarios, anchor UE discovery, selection and session establishment should be added after sidelink positioning capability exchange.

Proposal 10: For partial-coverage scenarios, anchor UE discovery, selection and session establishment should be added after sidelink positioning capability exchange.


5 Session-based vs Session-less

In the last meeting RAN2 has agreed the following:
· 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.
· 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.
· 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).
· For session-based SLPP, messages within a transaction are linked by a common transaction identifier.

Considering the use case scenario of high-speed mobile devices, such as roadside unit communication with vehicles on a highway, SLPP session management should rely on proactive session creation compared to the legacy location service requests such as MT-LR, MO-LR, or NI-LR. This ensures support for low latency requirements.

RAN2 has agreed that at least in the case that SL positioning methods that do not require a mutual exchange of SLPP messages associated with one another among UEs, SLPP session-less operation can be supported. 

Session-less approach is preferred in cases where minimal signalling overhead and lower latency are desired. It can also find applications in an use case where continuous UE tracking is necessary.



Proposal 11: Session management operation supported by SLPP should have the following steps:

· SLPP Create Session Request/Accept/Reject
· SLPP Session Start Request/Response 
· SLPP Session End Request/Response
· SLPP Session Modify Request/Accept/Reject

Proposal 12: Session-less approach can be used in cases where always ON positioning function requests are required. 


6 SL Positioning Server UE

RAN2 has confirmed in the last meeting that for cases without LMF involvement, besides method determination, assistant data distribution and anchor UE selection (agreed in RAN2), the SL positioning server UE may perform SL-PRS configuration coordination and location calculation.

For in-coverage and partial-coverage scenarios, the SL positioning server can be used to improve the accuracy of the positioning methods.

Depending upon capability, connectivity, and application, target, anchor UE or a third party UE that may not may not have SL positioning capabilities can perform SL positioning server tasks. For example, multiple roadside units can handle SL positioning server functionalities for the target vehicle, out of which only one need to have SL positioning capabilities. Other RSUs would just need to report SL-PRS measurements to the server UE equiped with SL positioning capability.


Proposal 13: SL positioning server UE may be involved in sidelink positioning procedure for IC and PC scenarios.

Proposal 14: SL positioning server UE functionality can be handled by either target, anchor UE or a third-party UE.


7 Anchor UE

During last meeting it was decided that Anchor UE selection can be included in the sidelink positioning procedures at least for out of coverage scenario. Anchor UE selection is important in some scenarios e.g., the positioning request is generated by the Target UE itself (i.e. UE is expected to localize itself) in such case it is important for the target UE to find the suitable anchor(s) depending on capability. For Anchor UE selection, application layer procedures may not be sufficient and need some AS layer criteria for the selection. The criteria can be based on discovery on UEs in the vicinity and initiating SL positioning capability exchange to determine the right/suitable Anchor(s).  



Proposal 15: RAN2 should define and specify AS layer criteria for selection/reselection of anchor UE(s) as part of the SL positioning procedure. 
· At least the following criteria is considered for anchor UE (re-)selection: 
· Supported sidelink positioning methods. 
· Ability to transmit SL-PRS and perform measurements. 
· Coverage information (e.g., inside of network coverage, outside of network coverage) 
· Accuracy of location information of Anchor UE(s)
· Willingness to act as anchor.		


8 Discovery Procedure

In the last meeting, it was agreed that discovery procedure is included in the sidelink positioning procedure at least for the 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.

The discovery message should provide a minimal information to prepare the list of possible anchor/server UE(s) for the target UE and later in SLPP session, the selection of anchor/server UE(s) is performed based on SLPP message exchanges such as capability message. 

The discovery message payload should be small. UE role, SLPP capability with possible SL positioning methods and positioning reference unit (PRU) capability should be included in the discovery message.


Proposal 16: The discovery message should have the following attributes:
· UE roles.
· SLPP capability.
· SL positioning methods. 
· Positioning reference unit capability.




9 	Conclusion
The contribution provides the following proposal towards signalling procedures for SL positioning:

Proposal 1: For in-coverage and out-of-coverage scenarios, SLPP signalling should be transported transparently within LPP, i.e., SLPP should be used for PC5-only positioning and existing LPP should be used for Uu-based positioning, and SLPP should be defined as a container inside LPP message.

Proposal 2: SLPP-Message IE should be defined inside LPP-MessageBody IE. 

Proposal 3:  For partial-coverage case, SLPP signalling should be transported within LPP transparently, similar to the in-coverage case.

Proposal 4:  For partial-coverage cases in which anchor UE is capable of SL positioning, SLPP protocol layering shown in Figure 1 can be followed.

Proposal 5:  For partial-coverage cases where the anchor UE in-coverage does not have positioning capability, two methods can be considered for connecting LMF to the remote UE:
1. L2 UE-to-network relay unit
2. L3 UE-to-network relay unit

Proposal 6: For SL capability and assistance information exchange, groupcast/broadcast can be supported with security aspects aligned with SA3 inputs.

Proposal 7: For location information exchange, groupcast/broadcast can be supported for the request message whereas response messages can be unicast.

Proposal 8: For IC/PC scenarios, signalling flow depicted in Figure 4 should be adopted for stage 2 SL positioning signalling procedures.

Proposal 9: For in-coverage scenarios, anchor UE discovery, selection and session establishment should be added after sidelink positioning capability exchange.

Proposal 10: For partial-coverage scenarios, anchor UE discovery, selection and session establishment should be added after sidelink positioning capability exchange.

Proposal 11: Session management operation supported by SLPP should have the following steps:

· SLPP Create Session Request/Accept/Reject
· SLPP Session Start Request/Response 
· SLPP Session End Request/Response
· SLPP Session Modify Request/Accept/Reject

Proposal 12: Session-less approach can be used in cases where always ON positioning function requests are required.

Proposal 13: SL positioning server UE may be involved in sidelink positioning procedure for IC and PC scenarios.

Proposal 14: SL positioning server UE functionality can be handled by either target, anchor UE or a third-party UE.

Proposal 15: RAN2 should define and specify AS layer criteria for selection/reselection of anchor UE(s) as part of the SL positioning procedure. 
· At least the following criteria is considered for anchor UE (re-)selection: 
· Supported sidelink positioning methods. 
· Ability to transmit SL-PRS and perform measurements. 
· Coverage information (e.g., inside of network coverage, outside of network coverage) 
· Accuracy of location information of Anchor UE(s)
· Willingness to act as anchor.		

Proposal 16: The discovery message should have the following attributes:
· UE roles.
· SLPP capability.
· SL positioning methods. 
· Positioning reference unit capability.
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