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[bookmark: _heading=h.wt7xoax1kbms]1	Introduction
According to WID [1], sidelink positioning based on NR PC5-link will support absolute/relative positioning and ranging-based services for numerous use cases (e.g. V2X, public safety, commercial, and IIoT) in various coverage scenarios (e.g. in-coverage, partial coverage, out-of-coverage) per TS 22.261 and TR 38.845. Accordingly, multiple UE types (e.g. stationary UE, moving UE, normal UE, RSU, etc) with different network coverage (inside or outside of network coverage) may be involved in sidelink positioning instead of gNB with a fixed position used in Uu-based positioning. 

In this paper, we provide views on remaining issues for stage-2 work and on further discussion for stage-3 for sidelink positioning.
[bookmark: _heading=h.fj5477v6w1xv]2	Discussion 
[bookmark: _heading=h.7d8wirgfq0z5]2.1	Role of UE and LMF 
So far, RAN1/2 and SA2 have discussed UE types and roles for sidelink positioning. RAN2 agreed to introduce Target UE and Anchor UE (SL Reference UE), and to follow SA2's decision on SL Positioning Server UE, but not to introduce Located UE, Assistant UE and SL Positioning Client UE at least for now (may in this release). 
· RAN2#119-e
Agreement:
Proposal 4 (modified): Align with SA2/RAN1 on the terms for sidelink positioning, and introduce the  following terms of UE role as the baseline for further discussion:
-	Target UE: UE to be positioned
-	Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface.  FFS: clarification of the knowledge of the anchor UE.
Additional roles can be considered.
· RAN2#119b-e
Agreements:
Proposal 1(20/20): RAN2 adopts the RAN1 definition of ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE. SA2 definition is not conflicted with RAN2 definition, there is no need to ask SA2 to follow RAN2 definition.
Proposal 2.1 (16/20): RAN2 wait for RAN1 conclusion on the FFS part of anchor UE definition, and adopt whatever agreed by RAN1.
Proposal 2.2 (16/20): RAN2 does not introduce the definition of located UE of SA2 for now. If there is a need to introduce it later (e.g. in the normative work), we can introduce it then.
Proposal 2.3 (18/20): RAN2 understands that SL reference UE refers to and is aligned with anchor UE, which can be reflected in the reply LS. SL reference UE can be used in absolute positioning, relative positioning and ranging, no clarification on this from SA2 is needed.
Proposal 5.1(18/20): RAN2 do not consider RAT-independent SL positioning in this release.
Proposal 5.2(17/20): RAN2 adopts RAN1 definition on SL positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information. There is no need to ask SA2 to follow RAN2 definition(i.e. introduce reference signal into the definition).
Proposal 7(20/20) (modified) RAN2 do not introduce SL positioning client UE for now.  If there is a need to introduce it later (e.g. in the normative work), we can introduce it then.

Agreements:
Proposal 3 (14/20) : RAN2 think the definition of target UE from SA2 is generally aligned with RAN2, but RAN2 stick to the RAN1 definition. There is no need to ask SA2 to follow RAN2’s definition.
Proposal 8(12/20): RAN2 to wait RAN1 on the definition of relative positioning.
Proposal 9(13/20): Do not ask SA2 to align the use of “-assisted” with RAN2. RAN2 can tell SA2 about RAN2’s use of “-assisted”, it is up to SA2 to decide whether to align with RAN2 or not.

Agreement:
Proposal 4(14/20) (modified): RAN2 do not decide to support the role of assistant UE for now.  FFS if there is spec impact in RAN2 from the assistant UE.

Agreement:
Indicate in the reply to SA2 that RAN2 have not concluded on the server UE functionalities but have agreed to follow SA2 decision on the definition of the server UE, and discussion continues.
· RAN2#120
Agreements:
Proposal 12	RAN2 to discuss the details of functionalities of LMF for supporting SL positioning in normative work.

Agreements:
Proposal 3: Tell SA2 that RAN2 has not decided to support assistant UE, and has not decided whether there is RAN2 impact or not.
Proposal 7:  Tell SA2 that, for out-of-coverage scenario, the functionalities of method determination, assistant data distribution and anchor UE selection can be performed by SL positioning server UE.
· RAN#121
Agreement:
RAN2 do not intend to discuss assistant UE functionality in Rel-18.
To be indicated in the LS to SA2 in discussion [409].

Direct ranging between two UEs with the server providing assistance to both sides is not precluded.

Agreement:
RAN2 confirm 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.

The roles of target UE and anchor UE are clear, while the involvement and functionalities of SL Positioning Server UE and LMF are not clear yet. To design the architecture and signaling procedure for sidelink positioning, RAN2 should define the role of UE and LMF. 

In this chapter, we discuss the role of SL Positioning Server UE and LMF for sidelink positioning.

[bookmark: _heading=h.rbil00y3botk]2.1.1	UE terminologies
In RAN2#119-e meeting, RAN2 defined “Anchor UE” instead of “SL Reference UE” used in SA2 to align with RAN1. For clarification, a note was added in TR 23.700-86 [2] as below:
	SL Reference UE: A UE, supporting positioning of target UE, e.g. by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc. using sidelink.
NOTE 2:	SL Reference UE is understood as "Anchor UE" in RAN WG1 TR 38.859 [21].



During RAN2 discussions, two terms “Server UE” and “SL Positioning Server UE” have been used. It would be wanted to use the same terminologies between working groups and as simple terminologies as possible. Accordingly, the simple terminology “Server UE” instead of “SL Positioning Server UE” can be used by RAN2. For clarification, a note can be added to TR 23.700-86, if needed. 

Proposal 1.	RAN2 to term “Server UE” instead of SL Positioning Server UE.

[bookmark: _heading=h.3xyol2sr4461]2.1.2	Location server
The LMF is an essential function in current LCS (location service) architecture. The LMF works as a location server playing the key roles of Uu-based positioning signaling such as: processes the location services request/response interacting with the AMF, and manages overall coordination and scheduling of resources for positioning of a target UE through positioning protocols (i.e. LPP and NRPPa), and compute or verify the final location and QoS (velocity and accuracy) estimate by obtaining measurements and other location information and providing assistance data to help determine this. In addition, the LMF decides on the position methods to be used, based on factors that may include the LCS Client type, the required QoS, UE positioning capabilities, gNB/ng-eNB positioning capabilities. 

According to [2], functionalities of server UE seem to be the same as those of LMF. The server UE therefore can play the role of LMF as a location server for sidelink positioning.
	SL Positioning Server UE: A UE offering method determination, assistant data distribution and/or location calculation functionalities and/or location calculation functionalities for Sidelink Positioning and Ranging based service. It interacts with other UEs over PC5 as necessary in order to determine Ranging/SL Position method, distribute assistant data and calculate the location of the Target UE. Target UE or SL Reference UE can act as SL Positioning Server UE if any of the functionalities is supported.
<omitted>
-	A SL Positioning Server UE can be discovered and selected for result calculation, method determination, assistant data distribution and SL reference UE selection in case of out-of-coverage or for UE-only Operation if no Ranging/SL Positioning capable LMF is available. If LMF is capable for Ranging/SL Positioning and is reachable by Target UE and/or Reference UE, the LMF can still decide that SL Positioning Server UE executes the result calculation.
NOTE 10:	Functionalities of the SL Positioning Server UE will be determined by RAN WGs.



Observation 1.	LMF and server UE can work as a location server in LCS architecture. 

In sidelink positioning, the LMF can be involved if target UE and/or anchor UE are/is inside of network coverage (i.e. in-coverage and partial coverage), otherwise (i.e. out-of-coverage), the server UE can play the role of a location server. But the roles are different in different coverage scenarios. 

In below, we discuss the role of the LMF and the server UE as a location server in three coverage scenarios.

In-coverage:
If the LMF is involved in in-coverage for sidelink positioning, the LMF can work as a location server as it does in Uu-based positioning. LMF can perform full functionalities of location server, where target/anchor UE can be managed by LMF through LPP protocol, as well as gNB/ng-eNB for joint Uu+PC5 positioning. 

Out-of-coverage:
In out-of-coverage, the LMF cannot be involved, and the server UE can play the role of location server. In this case, the server UE should be discovered then it will manage sidelink positioning operation.

Partial coverage:
The LMF can be connected with UEs in partial coverage, however, it is difficult for the LMF to work as a location server. The LMF can manage UEs inside of network coverage, but the server UE should manage UEs outside of network coverage. It is possible but very complex and it needs complicated signaling procedures. Besides, joint Uu+PC5 positioning will be supported in in-coverage. We could not find significant benefit to support joint LMF/Server UE operation in partial coverage. Therefore, the server UE can play the role of location server as it does in out-of-coverage at least in this release. (See chapter 2.5.3 in this paper for further discussion).  

Apart from role of location server, the LMF can be involved for location service request/response. According to [2], target UE can initiate MO-LR or the LMF can initiate MT-LR based on legacy procedures via direct Uu-link (if target UE is inside of network) or via U2N relay (if anchor UE is inside of network), as below;
	-	A LMF may be involved when at least one of the Target UE and the Reference UE are in the network coverage. In that case, a suitable LMF needs to be selected by the AMF based on the LMF Ranging/SL Positioning capabilities defined in clause 6.27.2 and the service requests. The protocol used between UE and LMF will be decided by RAN and could be an extension of LPP, a new protocol or both, including the following procedures (to be confirmed by RAN WGs):
<omitted>
NOTE 8:	When Target UE is connected via L3 U2N Relay with N3IWF, LMF is only involved for triggering Ranging/Sidelink positioning and delivering Ranging/Sidelink positioning service request/response.
<omitted>
-	Legacy functionality specified in TS 23.273 [11] for location services shall be reused including MO-LR, MT-LR for both regulatory and commercial use, when the Target UE has NAS connection with AMF (directly or indirectly via a ProSe UE-to-Network Relay).
NOTE 1:	When the target UE has pending LCS request e.g., per deferred MT-LR and if there is no direct connection available, the target UE can try to discover U2N Relay (layer-2 or layer-3 with N3IWF) and setup indirect connection for handling the pending LCS request, e.g., location report.



[bookmark: _Hlk131691609]Proposal 2.	LMF or server UE takes the role of location server in sidelink positioning, depending on coverage scenario: 
· In in-coverage, the LMF can work as a location server.
· In out-of-coverage, the server UE can play the role of location server.
· In partial coverage, the server UE can play the role of location server, while LMF can be involved for location service request/response.

[bookmark: _heading=h.b7bf0121ibe0]2.1.3	Location calculation
With respect to location calculation (i.e. positioning mode), current specifications already support UE-based mode as well as UE-assisted (NW-based/LMF-based) mode according to TS 38.305 and TS 37.355;
	As used in this document, the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate is described as "UE-assisted" (and could also be called "LMF-based"), while one in which the UE computes its own position is described as "UE-based".



	–	PositioningModes
The IE PositioningModes is used to indicate several positioning modes using a bit map.
-- ASN1START

PositioningModes ::= SEQUENCE {
	posModes	BIT STRING {	standalone	(0),
									ue-based	(1),
									ue-assisted	(2)
	} (SIZE (1..8)),
	...
}

-- ASN1STOP

	PositioningModes field descriptions

	posModes
This field specifies the positioning mode(s). This is represented by a bit string, with a one-value at the bit position means the particular positioning mode is addressed; a zero-value means not addressed.



<omitted>

The IE NR-DL-TDOA-ProvideAssistanceData is used by the location server to provide assistance data to enable UE-assisted and UE-based NR DL-TDOA. It may also be used to provide NR DL-TDOA positioning specific error reason.
<omitted>

The IE NR-DL-AoD-ProvideAssistanceData is used by the location server to provide assistance data to enable UE-assisted and UE-based NR DL-AoD. It may also be used to provide NR DL-AoD positioning specific error reason.



From standard perspective, target UE already has an ability to calculate its own position based on measurements with assistance of the LMF. In sidelink positioning, SL-PRS is transmitted and measured between a target UE and anchor UE(s), not the server UE. So, if the server UE unconditionally takes a role of location calculation in UE-based mode, additional signaling may be needed between the target/anchor UE and the server UE to deliver measurement reports, which could increase signaling overhead and latency. From RAN1/2 point of view, location calculation UE can be selected for better positioning service depending on various conditions.

In below, we discuss considerations on selecting of location calculation UE for UE-based positioning mode.

Positioning method: 
· If DL-type positioning method is used, SL-PRS is transmitted from anchor UEs to target UE i.e., many-to-one/anchors-to-target scenario. In this case, target UE conducts SL-PRS measurement so that position calculation by target UE can avoid unnecessary delivery of measurement reports between a target UE and server UE, which could reduce signaling overhead and latency.
· If UL-type positioning method is used. SL-PRS is transmitted from target UEs to anchor UEs i.e., one-to-many/target-to-anchors scenario. In this case, anchor UEs conduct SL-PRS measurement so that measurement data should be delivered to one UE to calculate location, where one UE can be any UE (e.g. target UE or server UE or anchor UE) having ability to calculate location based on measurement reports.  
· If RTT-type positioning method is used, whether information for a final calculation is fulfilled is an important consideration on which UE calculates a location to reduce the latency in RAN1 point of view. For example, if anchor UE initiates SL-PRS transmission, it would be beneficial for anchor UE to calculate a location for latency reduction, otherwise (i.e. target UE initiates SL-PRS transmission), it would be beneficial for target UE to calculate a location from the same reason.

Type of server UE:
· If type of server UE is RSU, it may have unlimited power. In addition, RSU-type UE can connect to a server node that has an ability to calculate positioning like an LMF (but it may depend on implementation and deployment). Anyway, in this case, it has some benefit for the server UE to compute a location estimate so as to higher accuracy result and/or off-loading operation (power-saving of target/anchor UE) even though additional signaling. 

Mobility support:
· If target UE or server UE moves outside of PC5 coverage between UEs, target UE should find a new server UE, in worst case, target UE restarts the discovery procedure, capacity exchange and negotiation process again, which could lead additional delay on position acquisition.
· Considering UE’s dynamic situation in sidelink positioning, it is beneficial that target UE calculates its own location from general mobility support aspect.
· For fast positioning, session-less operation can be considered at least in V2X use case. UE positioning operation can be performed without message exchange between UEs. Practically, ranging estimate using RTT-method may be applicable for this case, wherein the server UE is not needed. 

[bookmark: _Hlk131691626]Proposal 3.	Role of location calculation is separated from roles of location server. Location calculation UE can be either target UE, anchor UE or the server UE, depending on positioning method, type of anchor UE and mobility support.

Once positioning method and anchor UE selection are determined by LMF or server UE as a role of location server, location calculation UE can be selected by LMF or server UE. Hence, rule of selection should not be specified in standard but leaved on LMF/UE implementation for flexibility support on various use cases and scenarios. RAN2 needs specification for UE capacities exchange and notification through LPP/SLPP signaling.  

[bookmark: _Hlk131691632]Proposal 4.	Location calculation UE is selected by LMF or server UE based on implementation, and notified through LPP/SLPP signaling. 

[bookmark: _heading=h.j3ttuceyyfej]2.1.4	Positioning method
In Uu-based positioning, the LMF is responsible for selecting the positioning methods, where the selection of positioning methods is based on the location client, the accuracy and latency according to required QoS, the UE and gNB positioning capabilities. According to TS 23.273, how the LMF decides the positioning method is an implementation aspect, not pre-determined by QoS criteria. It is hard to specify determination rule of positioning method in 3GPP specification for sidelink positioning as well as in Uu-based positioning. 

[bookmark: _Hlk131691641]Proposal 5.	Positioning method is determined by LMF or server UE based on implementation. 

[bookmark: _heading=h.oyrq66ehfrve]2.1.5	Server UE
Due to that the server UE performs anchor UE selection, target UE should discover and select server UE, then anchor UE selection can be performed by the server UE. But, so far, SA2 has not defined whether the server UE is the type of UE (physically third UE except target/anchor UE) or the role of UE (logically role of target or anchor UE). 

We do not see the critical reason to introduce new type UE for the server UE. If target UE takes the role of the server UE, extra procedures can be avoided such as: at least, server UE discovery and (re-)selection. Target UE can discover the server UE and demand location server role when it is necessary due to some reason. 

[bookmark: _Hlk131691651]Proposal 6.	RAN2 to send LS to SA2 for confirmation that the server UE is either target UE or one of anchor UEs (target UE is preferred).

[bookmark: _heading=h.w7olbtz9kpb]2.2	Architectural enhancement to support sidelink positioning
In RAN2#119-e meeting, RAN2 agreed to follow SA2 on the architecture. 
Agreement:
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.

In [2], SA2 provides reference architectures for sidelink positioning and ranging-based services (based on 5G System architecture for V2X communication over PC5 and Uu reference points presented in TS 23.287) in cases of non-roaming operation, inter-PLMN non-roaming operation and inter-PLMN roaming operation. But normative work for inter-PLMN cases will not be done by SA2 in Rel-18, as below; 
	-	No normative work will be done by SA2 in Rel-18 to support inter PLMN Network Assisted SL Positioning i.e., when the Target UE and Located UE are registered in different PLMNs.
-	Roaming is supported when Target UE and Located UE are registered in the same PLMN i.e., each UE is either registered in VPLMN or HPLMN, but both are registered in the same PLMN.
NOTE 3:	No normative work will be performed on inter-PLMN case in SA WG2 for Rel-18.



Focusing on non-roaming operation, Figure 4.3.1-1 in [2] shows the reference architecture for sidelink positioning and ranging-based services for non-roaming and same PLMN operation, as below; 
	[image: ]
Figure 4.3.1-1 Reference architecture for Sidelink Positioning and Ranging-based services for non-roaming and same PLMN operation



Wherein, UE-A or UE-B or both are not registered to the network or not in coverage, but UE C and UE D may be out of coverage, or with partial network coverage. 

In addition, RAN2 agreed in RAN2#120 meeting that UE roles are not captured in an architecture diagram and LTE-PC5 is not included in this release:
Agreements:
UE roles are not captured in the diagram of the positioning architecture.  Can discuss in normative work if some information is needed in stage 2 in association with the architecture (e.g., a NOTE with the figure).
RAN2 confirm the intention to follow SA2 architecture design.
RAN2 will not work on LTE PC5 in the study item.  RAN2 leave it to RAN to determine if LTE PC5 is in scope of a future WI.

As a result, based on Figure 4.3.1-1 in TR 23.700-86 and RAN2 agreements, we now propose figure 1 in below for UE positioning overall architecture applicable to NG-RAN, which is modified from Figure 5.1-1 in TS 38.305.

[bookmark: _Hlk131691689][image: ]
Note: UE A, UE B, UE C and UE D can be Target UE, Anchor UE and SL Positioning Server UE.

Figure 1: UE Positioning Overall Architecture applicable to NG-RAN

Figure 1 shows extended architecture to support R18 sidelink positioning, which covers R18 sidelink positioning requirements:
· Three network coverage scenarios: in-coverage (e.g. UE A and B), partial coverage (e.g. UE A and C), out-of-coverage (e.g. UE C and D)
· Two operation scenarios: PC5-only-based positioning (e.g. UE C and D), combination of Uu- and PC5-based positioning (e.g. UE A and B)
· Three UE roles: UE A, UE B, UE C and UE D can be Target UE, Anchor UE and SL Positioning Server UE

[bookmark: _Hlk131691660]Proposal 7.	RAN2 to capture figure 1 for architecture diagram to support sidelink positioning in TS 38.305.

[bookmark: _heading=h.ktkip618k2ix]2.3	Signalling between UEs
RAN2 introduced a new protocol for sidelink positioning procedures between UEs, named “SLPP” (Sidelink Positioning Protocol). 
· RAN2#119-e
Agreements:
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).
· RAN2#120
Agreements:
Proposal 1 (modified)	Abbreviation of SLPP is used as the working name of new protocol for sidelink positioning between UEs at least for RAN2’s TP to TR 38.859, and inform other WGs, i.e. SA2 and RAN1:
-	SLPP: Sidelink Positioning Protocol
· RAN2#121
Agreement:
Use “SLPP” (without hyphen) as the name of the new protocol.

In RAN#121 meeting, RAN2 agreed that PC5-U is used for the exchange of SLPP messages between UEs.  
Agreement:
PC5-U is used for transport of SLPP.

Correspondingly, PC5-U solution is to add the SLPP protocol layer on top of existing direct communication protocol specified in TS 23.304 and TS 23.287 for the SLPP signaling interaction between UEs. Therefore, SLPP over PC5-U carries SLPP messages as payload over the V2X/ProSe layer via PC5-U interface, as below; 

[bookmark: _Hlk131691680][image: ]
Figure 2: SLPP over PC5-U

[bookmark: _Hlk131691670]Proposal 8.	RAN2 to capture figure 2 for protocol layering and transport in TS 38.305.

[bookmark: _heading=h.4smwk9mxr6le]2.4	Signalling between UE and LMF 
In RAN2#119bis-e meeting, three options were proposed for signaling between UE and LMF, i.e. “Extension of LPP”, “Enhancement of LPP (i.e. container in LPP)” and “Use of SLPP’. But RAN2 could not make a consensus in the last meeting. Three options are still on the table.
· RAN2#119-e
Agreement:
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#119b-e
Agreement:
Protocol options between UE and LMF for hybrid PC5+Uu positioning and PC5-only positioning in-coverage are studied and RAN2 will down-select during normative work.
1.	Extension of LPP, whereby new signaling shall be defined to support hybrid Uu and PC5 based positioning, i.e. extend the existing LPP to support sidelink based positioning between UE and LMF
2.	Enhancement of LPP whereby SLPP/RSPP signaling can be transported within LPP transparently, i.e. use the newly defined SLPP/RSPP to support sidelink based positioning and use the existing LPP to support Uu based positioning; and the SLPP/RSPP is carried as a container in LPP
3.	Use of SLPP/RSPP between the UE and the LMF
· RAN2#120
Agreements:
Proposal 5: Inform SA2 the agreement RAN2 made regarding protocol options between UE and LMF, and tell SA2 that extension of LPP is also feasible to allow UE to support only the extension.

Actually, three options listed in RAN2#119b-e meeting are all possible solutions. The biggest of pros and cons is an impact on legacy LPP specification. “Enhancement of LPP (i.e. container in LPP)” and “Use of SLPP’ may have a small impact on current LPP specification, which could enable an ease maintenance of legacy devices. Also, since RAN2 can focus on SLPP specification only through either way, specification effort could be reduced by avoiding duplicate specification on LPP and SLPP.  

We understand intention and benefits in above, but we would like to provide our view on other aspects to decide the solution in below.

Principle:
We already have existing principle of the use of positioning protocol; Positioning protocol is independent from positioning technologies and radio technologies. For example, LPP supports GNSS, BT, WiFi, LTE, NR and so on. As following this principle, LPP is supported between UE and LMF, separated from RAN/AS technologies.

LPP therefore would support whatever new positioning technology (including sidelink positioning and something in future) between UE and LMF if LMF help is needed. Also, it is better to align the relationship between the protocol and reference point, i.e., LPP protocol is used in Uu-link between UE and LMF but SLPP protocol is used in PC5-link between UEs, regardless of positioning and radio technologies. From the view of LPP principle, “Use of SLPP” does not follow existing principle and relationship. 

Parsing of ASN.1:
In addition, RAN2 agreed that SLPP has a separate ASN.1 module from LPP in RAN2#119-e meeting:
Agreements:
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).

Due to separate ASN.1 module, “Enhancement of LPP (i.e. container in LPP)” needs two-step parsing of ASN.1, i.e. LPP then SLPP, which could introduce additional processing delay. The amount of processing delay may depend on internal processing power and implementation, in some cases (or most cases), it could be very small and allowed within current positioning requirement. Nevertheless, it will not be the way of future standard. 

“Extension of LPP” is a conventional and straightforward way by adding NR PC5-based positioning as usual e.g. NR Uu-based positioning was added in LPP. That follows existing principle and relationship, also does not need two-step parsing. Note that the problem of duplicate specification could be easily resolved by referencing SLPP in LPP specification. 

[bookmark: _Hlk131691702]Proposal 9.	Extension of LPP is supported for signaling between UE and LMF.

[bookmark: _Hlk131691710][image: ]
Figure 3: Protocol Layering for LMF to UE Signalling
Proposal 10.	RAN2 to capture figure 3 for protocol layering for LMF to UE signalling in TS 38.305.

[bookmark: _heading=h.fqcnhzx9bb4]2.5	Procedural extension to support sidelink positioning
In RAN2#119-e meeting, RAN2 agreed three coverage scenarios and two operations scenarios shall be supported for R18 sidelink positioning procedure. 
Agreements:
Proposal 1 (modified): 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.

Agreements:
Proposal 2: 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.

In RAN2#121 meeting, RAN2 agreed the overall signaling procedure for PC5-only positioning from step 1 to step 7 as high level view. 
Agreement:
[bookmark: _heading=h.gjdgxs]With respect to the overall signaling procedure for PC5-only positioning (including at least IC and OOC; FFS if there are differences for PC), it is proposed to agree that the sidelink positioning procedure comprises the following series of steps as a baseline, between the LMF/positioning server UE/NG-RAN/candidate Anchor UE(s) and Target UE(s):
1. Triggering event
2. Sidelink positioning capability exchange 
3.	Sidelink positioning assistance data transfer
4.	SL Positioning Request Location Information
5.	Measurement of SL-PRS
6.	Location calculation
7.	SL Positioning Provide Location Information
Some steps may have dependencies on SA2 and can be revisited in this light.  The order is subject to further discussion.  FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.
LS to SA2 to ask for confirmation and guidance on the SA2 aspects.

In this chapter, we discuss procedural extension to support sidelink positioning, including PC5-only positioning and combination of Uu- and PC5 positioning. 

[bookmark: _heading=h.jzvx3yuhpd3b]2.5.1	UE positioning procedure 
The traditional LCS service procedure in NG-RAN is presented in Figure 5.2-1 of TS 38.305, as below;
	[bookmark: _heading=h.4f1mdlm]To support positioning of a target UE and delivery of location assistance data to a UE with NG-RAN access in 5GS, location related functions are distributed as shown in the architecture in Figure 5.1-1 and as clarified in greater detail in TS 23.501 [2] and TS 23.273 [35]. The overall sequence of events applicable to the UE, NG-RAN and LMF for any location service is shown in Figure 5.2-1.
Note that when the AMF receives a Location Service Request in case of the UE is in CM-IDLE state, the AMF performs a network triggered service request as defined in TS 23.502 [26] and TS 23.273 [35] in order to establish a signalling connection with the UE and assign a specific serving gNB or ng-eNB. The UE is assumed to be in connected mode before the beginning of the flow shown in the Figure 5.2-1; that is, any signalling that might be required to bring the UE to connected mode prior to step 1a is not shown. The signalling connection may, however, be later released (e.g. by the NG-RAN node as a result of signalling and data inactivity) while positioning is still ongoing.
[image: ]
Figure 5.2-1: Location Service Support by NG-RAN
1a.	Either: some entity in the 5GC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving AMF.
1b.	Or: the serving AMF for a target UE determines the need for some location service (e.g. to locate the UE for an emergency call).
1c.	Or: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving AMF at the NAS level.
2.	The AMF transfers the location service request to an LMF.
3a.	The LMF instigates location procedures with the serving and possibly neighbouring ng-eNB or gNB in the NG-RAN – e.g. to obtain positioning measurements or assistance data.
3b.	In addition to step 3a or instead of step 3a, the LMF instigates location procedures with the UE – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.
4.	The LMF provides a location service response to the AMF and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE.
5a.	If step 1a was performed, the AMF returns a location service response to the 5GC entity in step 1a and includes any needed results – e.g. a location estimate for the UE.
5b.	If step 1b occurred, the AMF uses the location service response received in step 4 to assist the service that triggered this in step 1b (e.g. may provide a location estimate associated with an emergency call to a GMLC).
5c.	If step 1c was performed, the AMF returns a location service response to the UE and includes any needed results – e.g. a location estimate for the UE.



We provide overall high level procedure, which is extended from Uu-based positioning (above Figure 5.2-1 of TS 38.305) based on architectural enhancement (Figure 1 in this paper), as below;

[bookmark: _Hlk131691747][image: ]
Figure 4: Location Service Support by NG-RAN and/or UE
1.	Location Request is invoked between the UE, AMF and LMF:
1a.	Either: some entity in the 5GC (e.g. GMLC) requests some location service (e.g. positioning) for the UE to the serving AMF.
1b.	Or: the serving AMF for UE determines the need for some location service (e.g. to locate the UE for an emergency call).
1c.	Or: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving AMF at the NAS level via direct Uu-link (i.e. when/where UE is inside of network coverage).
1d.	Or: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving AMF at the NAS level via U2N L3 relay (i.e. when/where UE is outside of network coverage).
1e: Or: the UE invokes some location service (e.g. positioning) for the UE’s own self (i.e. when/where all UEs are outside of network coverage).
2.	The AMF transfers the location service request to an LMF, except in the case of 1e.
3.	Positioning service is triggered between LMF and the UE: 
· Uu-based poisoning, PC5-only-based positioning, or Uu+PC5 joint positioning.  
4.	Server UE is discovered and selected by the UE for sidelink positioning: 
· Server UE is used as a location server, if LMF is not involved.
5.	Anchor UE is discovered and selected by LMF or Server UE for sidelink positioning.
6.	LPP and/or SLPP procedures	
6a.	LPP and/or SLPP sessions are established.
6b.	The LMF instigates location procedures with the serving and possibly neighbouring ng-eNB or gNB in the NG-RAN – e.g. to obtain positioning measurements or assistance data.
6c.	In addition to step 6b or instead of step 6b, the LMF instigates location procedures with the UE – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.
6d.	In addition to step 6b/6c or instead of step 6b/6c, the server UE in step 4 instigates location procedures with the UE and anchor UE(s) in step 5 – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.
7.	The LMF provides a location service response to the AMF and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE, if LMF is involved.
8.	Location Response 	is returned between UE, AMF and LMF.
8a.	If step 1a was performed, the AMF returns a location service response to the 5GC entity in step 1a and includes any needed results – e.g. a location estimate for the UE.
8b.	If step 1b occurred, the AMF uses the location service response received in step 4 to assist the service that triggered this in step 1b (e.g. may provide a location estimate associated with an emergency call to a GMLC).
8c.	If step 1c was performed, the AMF returns a location service response to the UE and includes any needed results – e.g. a location estimate for the UE, via direct Uu-link.
8d.	If step 1d was performed, the AMF returns a location service response to the UE and includes any needed results – e.g. a location estimate for the UE, via U2N L3 relay.
8e.	If step 1e was performed, the location calculation UE returns a location service response to the UE and includes any needed results – e.g. a location estimate for the UE.

[bookmark: _Hlk131691755]Proposal 11.	RAN2 to capture figure 4 for Location Service Support by NG-RAN and/or UE in TS 38.305.

[bookmark: _heading=h.fi0n7nuplg7d]2.5.2	Location service request/response
In RAN2#119-e meeting, RAN2 agreed to wait for SA2 decision for triggering from upper layers, but not to introduce the SL Positioning Client UE at least in this release. 
Agreement:
RAN2 wait for SA2 on the triggering of the positioning procedures from upper layers.

Agreements:
Proposal 7(20/20) (modified) RAN2 do not introduce SL positioning client UE for now.  If there is a need to introduce it later (e.g. in the normative work), we can introduce it then.

According to SA2 decision [2], legacy functionality specified in TS 23.273 for location services shall be reused including MO-LR, MT-LR when target UE has NAS connection with AMF. In addition, U2N L3 relay can be used for triggering of sidelink positioning and delivering of sidelink positioning service request/response, as below;
	-	A LMF may be involved when at least one of the Target UE and the Reference UE are in the network coverage. In that case, a suitable LMF needs to be selected by the AMF based on the LMF Ranging/SL Positioning capabilities defined in clause 6.27.2 and the service requests. The protocol used between UE and LMF will be decided by RAN and could be an extension of LPP, a new protocol or both, including the following procedures (to be confirmed by RAN WGs):
<omitted>
NOTE 8:	When Target UE is connected via L3 U2N Relay with N3IWF, LMF is only involved for triggering Ranging/Sidelink positioning and delivering Ranging/Sidelink positioning service request/response.
<omitted>
-	The Target UE can initiate MO-LR or the LMF can initiate MT-LR based on legacy procedures.
<omitted>
-	Legacy functionality specified in TS 23.273 [11] for location services shall be reused including MO-LR, MT-LR for both regulatory and commercial use, when the Target UE has NAS connection with AMF (directly or indirectly via a ProSe UE-to-Network Relay).
NOTE 1:	When the target UE has pending LCS request e.g., per deferred MT-LR and if there is no direct connection available, the target UE can try to discover U2N Relay (layer-2 or layer-3 with N3IWF) and setup indirect connection for handling the pending LCS request, e.g., location report.
<omitted>
-	Either the Target UE or LMF determines if network assisted SL positioning will be applied. When LMF determines that network assisted SL positioning is used, LMF may trigger the Target UE to perform the discovery of Located UE(s).
<omitted>
-	The LMF provides the location estimate to the AMF which forwards it either to the Target UE over NAS or to the GMLC, or to the 5GC NF according to legacy functionality.



As legacy procedures, a location service can be invoked by LCS clients residing in target UE (for MO-LR) as well as LMF (for MT-LR). Therefore, the location service request/response can be delivered to the AMF via direct Uu-link or via U2N L3 relay. If there is no connection between target UE and AMF (i.e. out-of-coverage scenario), the target UE will discover the server UE for PC5-only-based positioning.  

[bookmark: _Hlk131691767]Proposal 12.	Location service is invoked by LMF and target UE as legacy procedure, and the location service request/response can be delivered to AMF via direct Uu-link or via U2N L3 relay. 

[bookmark: _heading=h.rs3ieig4wn6]2.5.3	Operation mode
Theoretically, PC5-only-based positioning can be utilized in all coverage scenarios and combination of Uu- and PC5-based positioning (a.k.a. joint Uu+PC5 positioning) is possible only where a target UE is inside of network coverage i.e. connectable to NG-RAN node and LMF via direct Uu-link. 

	Coverage scenarios
	PC5-only-based positioning
	Combination of Uu- and PC5-based positioning

	In-coverage
	Support 
	Support

	Partial coverage
	Support
	Support only if target UE is inside of network coverage

	Out-of-coverage
	Support 
	Not support



Practically, as discussed in chapter 2.1.2, we could not find significant benefit to support joint Uu+PC5 positioning in partial coverage. Joint Uu+PC5 positioning would be supported in in-coverage scenario by LMF manage, but it could not be supported in partial coverage due to complexity of joint LMF/Server UE operation. Further enhancement of joint Uu+PC5 positioning as well as joint LMF/Server UE operation can be discussed in next release if benefit is addressed.

[bookmark: _Hlk131691617]Proposal 13.	Joint Uu+PC5 positioning is supported in in-coverage, but not in partial coverage at least in this release. 

Once operation mode is decided, its mode can be changed/transited even during positioning operation to achieve successful results and QoS requirements as a change of coverage scenarios. Typically, joint Uu+PC5 positioning can enable to achieve and improve positioning quality in in-coverage. For instance, PC5 positioning is triggered and added onto ongoing Uu-based positioning if Uu-based positioning is not sufficient, e.g. LOS (line of sight) UE instead of NLOS (non-LOS) gNB. Second, Uu positioning is triggered and added onto ongoing PC5-based-only positioning if PC5-only-based positioning is not sufficient. 
[bookmark: _Hlk131691776]
Proposal 14.	Positioning operation mode is determined at triggering and during the operation by LMF and target UE. 

[bookmark: _heading=h.jen5uorq6uj5]2.5.4	Server UE discovery and selection
[bookmark: _heading=h.yrnk35mxto8d]Upon a sidelink positioning request if LMF not involved, the target UE will perform to discover server UE. Then the server UE will perform anchor UE selection.
[bookmark: _heading=h.zelwg5kc2c38][bookmark: _Hlk131691781]
Proposal 15.	Server UE discovery/selection is performed upon sidelink positioning request if LMF not involved.

[bookmark: _heading=h.fgxmgj77sjti]2.5.5	Anchor UE discovery and selection
In RAN2#121 meeting, RAN2 postponed whether anchor/server UE discovery and selection are part of SLPP or not.
Agreement:
FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.

After server UE discovery/selection if LMF not involved, anchor UE discovery/selection can be performed by the server UE. Otherwise, it can be performed by the LMF. 
[bookmark: _Hlk131691787]
Proposal 16.	Anchor UE discovery/selection is performed by LMF or server UE.

UE discovery procedure is essential for sidelink (PC5) communication. To support sidelink positioning in addition to sidelink communication, UE information including capabilities should be exchanged (or delivered) for higher as well as AS layer 

In [2], UE capabilities can be reflected in discovery procedures, e.g., the expected roles of the UEs (e.g. target UE, anchor UE). 
	-	The expected roles of the UEs (e.g. Target UE, SL Reference UE) can be reflected in discovery procedure.
NOTE 1:	The parameters used in Ranging/Sidelink Positioning device discovery procedures can be decided in normative phase.
NOTE 2:	The Ranging/Sidelink Positioning device discovery procedures and the parameters used in the procedures should be aligned with RAN WGs.



Some information for higher layer criteria (e.g. authentication/autorization, ability to support sidelink positioning, etc) between UEs may need to be exchanged on higher layers (e.g. V2X/ProSe layer) on UE discovery procedure. In addition, static capabilities (e.g. roles of the UE, type of UE, etc) are unchangeable and can be exchanged on UE discovery procedure before SLPP procedures. 

Some information for AS layer criteria may need to be exchanged on SLPP layer during SLPP procedures. To decide on which UEs are anchor UEs for sidelink positioning is very important to achieve successful acquisition and desired accuracy, especially considering UE dynamic nature in sidelink positioning. Proper anchor UE (re-)selection can be enabled under positioning session management at the SLPP layer. Correspondingly, anchor UE selection can include SLPP Capability Transfer/Indication procedures.
[bookmark: _Hlk131691793]
Proposal 17.	RAN2 to confirm anchor UE (re-)selection is supported at the SLPP level.

[bookmark: _heading=h.ocrf4hvl55ow]2.6	UE Positioning Sessions
RAN2 agreed to support both session-based and session-less operations. 
· RAN2#119b-e
Agreements:
Proposal 1 (modified): 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.
Proposal 3 (modified): 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.

· RAN2#120
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.

[bookmark: _heading=h.4794c4mclqa0]2.6.1	Session establishment
According to TS 37.355, an LPP session is initiated by sending an LPP message between endpoints (i.e. UE and LMF).
	The purpose of this procedure is to support an LPP session comprising a sequence of LPP transactions. The procedure is described in Figure 4.2-1.
[image: ]
Figure 4.2-1 LPP Session Procedure
1.	Endpoint A, which may be either the target or the server, initiates an LPP session by sending an LPP message for an initial LPP transaction j to the other endpoint B (which has an opposite role to A).
2.	Endpoints A and B may exchange further messages to continue the transaction started in step 1.
3.	Either endpoint may instigate further transactions by sending additional LPP messages.
4.	A session is terminated by a final transaction N in which LPP messages will be exchanged between the two endpoints.
Within each transaction, all constituent messages shall contain the same transaction identifier. The last message sent in each transaction shall have the IE endTransaction set to TRUE. Transactions that occur in parallel shall use different transaction IDs; transaction IDs for completed transactions may be reused at any time after the final message of the previous transaction with the same ID is known to have been received.



An initial LPP message may be sent upon positioning service request. Thus, legacy LPP session establishment can be coupled with sending of an initial LPP message. 

Observation 2.	LPP session is established by sending an initial LPP message.

However, as discussed in chapter 2.5.5, an SLPP session should be established with proper anchor UEs after anchor UE selection in accordance with LCS requirements. 
[bookmark: _Hlk131691801]
Proposal 18.	SLPP session is established after anchor UE selection by LMF or server UE.

In sidelink positioning, the initial SLPP message may be for UE capability exchange. So the legacy LPP session establishment method cannot be applied to SLPP session establishment. One simple way is that an SLPP session is established by explicitly sending a session creation message to selected anchor UEs after anchor UE selection by LMF or server UE. Another way is implicitly sending of SLPP assistance data transfer to selected anchor UEs after anchor UE selection by LMF or server UE. 

Proposal 19.	SLPP session establishment can be aware of explicit SLPP session creation message or implicit SLPP assistance data procedure.

2.6.2	Session ID and multiple sessions
According to TS 37.355, LPP protocol is used point-to-point between target UE and LMF. A single LPP session between target UE and LMF is used to support a single location request (i.e., for a single MT-LR, MO-LR or NI-LR) and multiple LPP sessions can be used to support multiple different location requests, as below;
	[bookmark: _heading=h.1fob9te]An LPP session is used between a Location Server and the target device in order to obtain location related measurements or a location estimate or to transfer assistance data. A single LPP session is used to support a single location request (e.g., for a single MT-LR, MO-LR or NI-LR). Multiple LPP sessions can be used between the same endpoints to support multiple different location requests (as required by TS 23.271 [3]). Each LPP session comprises one or more LPP transactions, with each LPP transaction performing a single operation (capability exchange, assistance data transfer, or location information transfer). In E-UTRAN and NG-RAN, the LPP transactions are realized as LPP procedures. The instigator of an LPP session will always instigate the first LPP transaction, but subsequent transactions may be instigated by either end. LPP transactions within a session may occur serially or in parallel. LPP transactions are indicated at the LPP protocol level with a transaction ID in order to associate messages with one another (e.g., request and response).



Observation 3.	Single LPP session between target UE and LMF is supported for a single location request.

In Uu-based positioning, a single UE positioning session is used for a single location service at the LPP level, and multiple UE positioning sessions are used for multiple different location services at the higher (i.e. application layer) level. On UE side, each session can be identified with different location service/request at LPP and higher level.
 
In sidelink positioning, a single anchor UE may support multiple target UEs to transmit/receive SL-PRS reference signals at the SLPP level, thus, a single anchor UE can be involved in multiple SLPP sessions. But anchor UE does not know the information of location service of target UE, so could not identify each SLPP session. To support multiple SLPP sessions between a single anchor UE and multiple target UEs, SLPP session ID should be assigned when an SLPP session is established. 
[bookmark: _Hlk131691807]
Proposal 20.	SLPP session ID is assigned when an SLPP session is established.

In sidelink positioning, multiple anchor UEs may be involved in a single SLPP session. Unlike LPP, SLPP protocol will be used point-to-multipoint between target UE and multiple anchor UEs. With SLPP session ID, multiple SLPP sessions can be set up for multiple connections with multiple anchor UEs. These multiple connections would be utilized in dynamic situations of sidelink positioning. 
[bookmark: _Hlk131691813]
Proposal 21.	Multiple SLPP sessions between UEs are supported for a single location request. 

[bookmark: _heading=h.9a3vrei0ote3]2.6.3	Session management
After SLPP session establishment, SLPP session may need to be managed/modified depending on UEs dynamic situations, e.g. moved to outside of network coverage, left from PC5 coverage, etc. 

In this chapter, we discuss three SLPP session management mechanisms: (1) SLPP session management with reestablishment, (2) SLPP session management with modification, and (3) SLPP session management with multiple sessions.  

In examples below, we assume, for quick understanding, that different positioning methods are supported by different UEs from each other. We can also consider other capabilities, e.g., SL-PRS frequency/bandwidth, coverage status, etc. 

SLPP session management with reestablishment:

[image: ]

Figure 5.  An example of SLPP session management with reestablishment

	0.	Triggering a location service and sidelink positioning
	1a.	Target UE sends SLPP Request Capabilities message
1b. 	Anchor UEs (Anchor A/C/E) sends SLPP Response Capabilities message (SL-TDoA supported) 
1c.	Anchor UEs (Anchor B/D/F) sends SLPP Response Capabilities message (RTT-type supported)
· If sidelink positioning method is selected to SL-TDoA: 
2a.	An SLPP session is established between Target UE and Anchor A/C/E
2b.	Sidelink positioning performing between Target UE and Anchor A/C/E
· If sidelink positioning method changed to RTT-type: 
2c.	Ongoing SLPP session is terminated between Target UE and Anchor A/C/E
3a.	New SLPP session is established between Target UE and Anchor B/D/F
3b.	Sidelink positioning performing between Target UE and Anchor B/D/F

At step 2b, if location acquisition is failed due to some reason, e.g., poor accuracy, response timeout, etc, target UE should determine if to continue the ongoing session with involved anchor UEs or to establish a new session with different anchor UEs. If a new session is needed, the ongoing SLPP session will be terminated at step 2c and establish a new SLPP session at step 3a. Then, new sidelink positioning with new anchor UEs can be operated at step 3b. 

Observation 4.	SLPP session management with reestablishment needs time for ongoing session termination and new session establishment. 

SLPP session management with modification:

[image: ]

Figure 6.  An example of SLPP session management with modification

	0.	Triggering a location service and sidelink positioning
	1a.	Target UE sends SLPP Request Capabilities message
1b. 	Anchor UEs (Anchor A/C/E) sends SLPP Response Capabilities message (SL-TDoA supported) 
1c.	Anchor UEs (Anchor B/D/F) sends SLPP Response Capabilities message (RTT-type supported)
· If sidelink positioning method is selected to SL-TDoA: 
2a.	An SLPP session is established between Target UE and Anchor A/C/E
2b.	Sidelink positioning performing between Target UE and Anchor A/C/E
· If sidelink positioning method changed to RTT-type: 
3a.	An SLPP session is modified between Target UE and Anchor B/D/F
3b.	Sidelink positioning performing between Target UE and Anchor B/D/F

At step 2b, if location acquisition is failed due to some reason, e.g., poor accuracy, response timeout, etc, target UE should determine if to continue the ongoing session with involved anchor UEs or to modify the session with different anchor UEs. If session modification is needed, the session will be modified among a group of UEs to add and remove UEs to the ongoing session at step 3a. Then, new sidelink positioning with new anchor UEs can be operated at step 3b. 

Observation 5.	SLPP session management with modification needs time for ongoing session modification e.g. to add/remove UEs.

SLPP session management with multiple sessions:

[image: ]

Figure 7. An example of SLPP session management with multiple sessions

	0.	Triggering a location service and sidelink positioning
	1a.	Target UE sends SLPP Request Capabilities message
1b. 	Anchor UEs (Anchor A/C/E) sends SLPP Response Capabilities message (SL-TDoA supported) 
1c.	Anchor UEs (Anchor B/D/F) sends SLPP Response Capabilities message (RTT-type supported)
2a.	First SLPP session is established between Target UE and Anchor A/C/E
2b.	Second SLPP session is established between Target UE and Anchor B/D/F
· If sidelink positioning method is selected to SL-TDoA: 
3a.	Sidelink positioning performing with First SLPP session
· If sidelink positioning method changed to RTT-type: 
3b.	Sidelink positioning performing with Second SLPP session

At step 2a/2b, multiple SLPP sessions are established with different groups of anchor UEs, based on different positioning methods. At step 3a, if location acquisition is failed due to some reason e.g., poor accuracy or response timeout, new sidelink operation using a different positioning method can be started with the second session, which does not need time for session reestablishment or modification. 

Multiple SLPP sessions can be set up in accordance with different anchor UEs with different capabilities e.g., positioning method, positioning mode, etc. Then, multiple SLPP sessions can enable fast positioning by dynamic switching between SLPP sessions if the ongoing session is failed or not possible for operation. In addition, new SLPP session can be set up while the ongoing session is performing if the ongoing session is not sufficient for positioning e.g., poor QoS, failure is predictable, etc. We see some benefits in SLPP session management with multiple sessions even for a single location request. 

Observation 6.	SLPP session management with multiple sessions does not need time for session reestablishment or modification. 

In above, we discussed three mechanisms for SLPP session management with reestablishment, modification and multiple sessions. From observations, SLPP session managements with reestablishment and modification are based on a single SLPP session, which necessarily need time for reestablishment of new session and modification of an ongoing session, respectively. Whereas SLPP session management with multiple sessions is based on multiple SLPP sessions, which could reduce the latency for session management by selecting one session among multiple sessions.
[bookmark: _Hlk131691823]
Proposal 22.	RAN2 to discuss following mechanisms for SLPP session management;
1. SLPP session management with reestablishment 
2. SLPP session management with modification
3. SLPP session management with multiple sessions

2.7	SLPP Procedures
In RAN2#119b-e meeting, RAN2 agreed that SLPP shall support at least five procedures/functionalities as below:
Agreement:
Proposal 3 (modified): 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.

Similar to LPP, SLPP procedures may not be required to occur in any fixed order, in order to provide greater flexibility in positioning. Each SLPP session comprises one or more SLPP transactions, with each SLPP transaction performing a single operation. Also, SLPP transactions within an SLPP session may occur serially or in parallel. 
[bookmark: _Hlk131691829]
Proposal 23.	SLPP procedures can be performed serially or parallelly with transaction ID within an SLPP session.

[bookmark: _heading=h.bl52uol3ovj6]2.7.1	SLPP Capability Transfer/Indication
Most capabilities may be exchanged before SL-PRS transmission and/or measurement i.e. when anchor UE selection. In this case, the server UE requests UE capabilities to target/anchor UEs. But some capabilities may need to be updated during positioning operation in dynamic sidelink situation and for periodic positioning service. In this case, target/anchor UE notify UE capabilities to the server UE for anchor UE re-selection. 

[image: ]
Figure 8: SLPP Capability Transfer procedure

[image: ]
Figure 9: SLPP Capability Indication procedure
Note: UE A is target/anchor UE, UE B is the server UE

[bookmark: _heading=h.erldcfqqv1id]2.7.2	SLPP Assistance Data Transfer/Delivery
After anchor UE selection, as discussed in chapter 2.6.2, SLPP session will be established with session ID by the server UE. If session ID is not assigned to target/anchor UE, SLPP Assistance Data Delivery procedure can be supported. If target/anchor UE have session ID, SLPP Assistance Data Transfer procedure can be supported.

[image: ]
[bookmark: _Hlk131672305]Figure 10: SLPP Assistance Data Transfer procedure

[image: ]
Figure 11: SLPP Assistance Data Delivery procedure
Note: UE A is target/anchor UE, UE B is the server UE

[bookmark: _heading=h.t8nytyj9zch3]2.7.3	SLPP Location Information Transfer/Delivery
Upon receiving of SLPP request location information, anchor UE and target UE will transmit or receive SL-PRS reference signals. The server UE requests required QoS class/parameters to target UE through SLPP request location information. We will discuss QoS structure in chapter 2.8.3. 

[image: ]
Figure 12: SLPP Location Information Transfer procedure

[image: ]
Figure 13: LPP Location Information Delivery procedure
Note: UE A is target/anchor UE, UE B is the server UE

[bookmark: _heading=h.qbpxmzgh1hwt]2.7.4	Error handling
[image: ]
Figure 14: Error handling

[bookmark: _heading=h.idlijlkx3doa]2.7.5	Abort
[image: ]
Figure 15: Abort

[bookmark: _heading=h.ncioikawb1fd]2.8	SLPP Functionalities
[bookmark: _heading=h.x8xd0krbl5j3]2.8.1	Cast types
In RAN2#119-e and RAN2#120 meetings, RAN2 agreed that unicast is assumed as the baseline for exchange of sidelink positioning signaling. And RAN2 confirmed that broadcast/groupcast is feasible at least for SL positioning capability and SL positioning assistance data. 
· RAN2#119-e
Agreement:
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.

Agreements:
Proposal 5: Unicast/one-to-one operation is assumed as baseline for exchange of sidelink positioning signaling.

Proposal 6 (modified): 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#120
Agreements:
Proposal 13 (modified)	RAN2 confirm that from RAN2 perspective, it is feasible to send at least the following positioning signaling for groupcast/broadcast (in addition to unicast):
•	SL positioning capability (5)
•	SL positioning assistance data (6)  
Location information is not excluded and can be further considered in normative work.

Proposal 14 (modified)	RAN2 to further discuss in normative work:
- the security issues (e.g., requirements for ciphering and/or integrity) on specific information of SL positioning capability and assistance data in groupcast/broadcast and consult to SA2 and SA3. 
- the use cases for applying groupcast/broadcast.
LS to SA2/SA3 to indicate the agreement, that we are aware of SA2’s security concern, and inquire what security constraints would apply to transmission of SL positioning capability and distribution of assistance data by groupcast/broadcast.  Inquire of SA2 if they have identified groupcast/broadcast use cases.

In [S2-2301786], SA2 pointed out that groupcast/broadcast signaling is beneficial at least for the V2X use cases as below;
	Regarding the questions from RAN2 on the use cases for groupcast/broadcast signalling for SL positioning, SA2 would like to point out that for the V2X use cases, for example those documented in TR 38.845, there are use cases of involving Road Side Unit (RSU) and multiple vehicles, or multiple vehicles in a platoon, which would benefit from groupcast/broadcast signalling support. Additionally, the MCX service that relies on group communication would also benefit from groupcast/broadcast signalling support.



In RAN#121 meeting, RAN2 agreed that PC5-U is used for the exchange of SLPP messages between UEs. 
Agreement:
PC5-U is used for transport of SLPP.

SLPP over PC5-U can use the existing SL-DRB in PDCP layer. According to TS 38.323, SL-DRB supports not only unicast mode but also broadcast/groupcast modes in sidelink communication. So that SLPP message can be delivered via all cast types (i.e. unicast/broadcast/groupcast) without big specification change. 

Observation 7.	SLPP over PC5-U supports all cast types (i.e. unicast/broadcast/groupcast)

For broadcast/groupcast, security issue is not resolved yet by SA3. We think RAN2 can decide to support broadcast/groupcast in some cases not related with privacy issue. For instance, RSU is a kind of infrastructure and there is no privacy issue. And, assistance data does not have UE privacy information. Further enhancement can be discussed in next release or upon SA3 response.
[bookmark: _Hlk131691858]
Proposal 24.	Broadcast/groupcast for SLPP signaling is supported for SLPP assistance data transfer and between UE and RSU in this release. 

In addition, for cross-layer communication between SLPP over V2X/ProSe layer and PDCP layer, new PDCP SDU type (e.g. SLPP signaling) can be added into the SDU type table of PDCP parameters per TS 23.287 and TS 23.304. 
[bookmark: _Hlk131691863]
Proposal 25.	RAN2 to discuss new PDCP SDU type for communication between SLPP over V2X/ProSe layer and PDCP layer.

According to TS 23.287, PC5-U can use the existing PC5 QoS model for NR based PC5 and existing PFI (PC5 QoS Flow Identifier) for PC5 QoS flow, where PFI for SLPP packets can be associated with high priority level PQI (PC5 5QI) in order to reduce the latency. Nevertheless, according to TS 38.321, user plane traffic over PC5-U (i.e. STCH) has lower transmission priority compared to control plane signaling (i.e. SCCH) in MAC layer. 
	Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	data from SCCH;
-	Sidelink CSI Reporting MAC CE;
-	Sidelink Inter-UE Coordination Request MAC CE and Sidelink Inter-UE Coordination Information MAC CE;
-	Sidelink DRX Command MAC CE;
-	data from any STCH.
NOTE 2:	The priority order between Sidelink Inter-UE Coordination Request MAC CE and Sidelink Inter-UE Coordination Information MAC CE is up to UE implementation.



Which means SLPP messages cannot be guaranteed to be delivered as soon as possible like signaling messages, which could cause some additional delay in sidelink positioning operation. 
[bookmark: _Hlk131691869]
Proposal 26.	RAN2 to discuss how to guarantee to deliver SLPP over PC5-U. 

[bookmark: _heading=h.e7v91ufzpy9d]2.8.2	Reliable transport 
SLPP may require reliable, in-sequence delivery of SLPP messages. An acknowledgement request and retransmission that are already supported in LPP can enable SLPP reliable transport as well. That could prevent packet loss in sidelink positioning (e.g. UE moving out of PC5 coverage) at the SLPP level. For unicast and groupcast, transmitting UE may request acknowledgement and retransmission for SLPP reliable delivery. For broadcast, transmitting UE may not request acknowledgement and retransmission.
[bookmark: _Hlk131691875]
Proposal 27.	SLPP reliable transport is supported at least for unicast and groupcast.

An SLPP message with a certain S/N (sequence number) will be maintained for one of unicast, groupcast and broadcast. For unicast, SLPP reliable transport can be operated on multiple unicast connections between multiple UEs. For groupcast, SLPP messages are transmitted to multiple receiving UEs via groupcast. Based on LPP acknowledgement and retransmission mechanism, the below picture shows an example of that SLPP message (re-)transmission via groupcast is failed from target UE to multiple anchor UEs.

[image: ]
Figure 16: An example of SLPP groupcast transmission failure

1. Target UE transmits an SLPP message via groupcast to anchor UE 1/2/3, where SLPP message carry an acknowledgement request (ackRequested set to TRUE) and sequence number (S/N = N). 
2. Anchor UEs return an SLPP message with an acknowledgement response upon reception of an SLPP message which includes acknowledgement request. 
3. Target UE resend an SLPP message via groupcast to anchor UE 1/2/3 due to unacknowledged from anchor UE 3. 
4. When an SLPP message is not acknowledged, it is resent by target UE following a timeout period up to three times. If still unacknowledged after that, target UE aborts all SLPP activity for the associated session. 

As seen in the above example, LPP acknowledgement and retransmission mechanism is not proper to SLPP reliable transport system for groupcast. 
[bookmark: _Hlk131691881]
Proposal 28.	RAN2 to discuss mechanism for SLPP reliable transport via groupcast.
[bookmark: _heading=h.3iflea96jf92]
2.8.3	QoS structure
Sidelink positioning QoS class/parameters may be provided by LCS and managed by LMF or server UE, depending on operation and coverage scenarios. 

According to TS 23.273, there are three LCS QoS Classes: Assured Class (most stringent requirement), Best Effort Class (least stringent requirement) and Multiple QoS Class. Multiple QoS Class enables multi-level QoS classes of the most stringent (i.e. Assured Class as primary level), less stringent (i.e. as intermediate) and the least stringent (i.e. Best Effort Class as minimum QoS level). 
	LCS Quality of Service is used to characterise the location request. It can either be determined by the operator or determined based on the negotiation with the LCS client or the AF. It is optional for LCS client or the AF to provide the LCS Quality of Service in the location request.
LCS Quality of Service information is characterised by 3 key attributes:
-	LCS QoS Class as defined below.
-	Accuracy: i.e. Horizontal Accuracy (see clause 4.3.1 of TS 22.071 [2]) and Vertical Accuracy (see clause 4.3.2 of TS 22.071 [2].
-	Response Time (e.g. no delay, low delay or delay tolerant as described in clause 4.3.3 of TS 22.071 [2]).
NOTE 1:	One or two QoS values for Horizontal Accuracy, Vertical Accuracy can be provided in the location request in addition to a preferred accuracy when LCS QoS Class is set to Multiple QoS Class.
The LCS QoS Class defines the degree of adherence by the Location Service to another quality of service parameter (Accuracy), if requested. The 5G system shall attempt to satisfy the other quality of service parameter regardless of the use of QoS Class. There are 3 LCS QoS Classes:
-	Best Effort Class: This class defines the least stringent requirement on the QoS achieved for a location request. If a location estimate obtained does not fulfil the other QoS requirements, it should still be returned but with an appropriate indication that the requested QoS was not met. If no location estimate is obtained, an appropriate error cause is sent.
-	Multiple QoS Class: This class defines intermediate stringent requirements on the QoS achieved for a location request. If the obtained location estimate does not fulfil the most stringent (i.e. primary) other QoS requirements affected by the degree of adherence of the QoS class, then another location estimation may be triggered at LMF attempting less stringent other QoS requirements. The process may be iterated until the least stringent (i.e. minimum) other QoS requirements are attempted. If the least stringent other QoS requirements cannot be fulfilled by a location estimate, then the location estimate shall be discarded, and an appropriate error cause shall be sent.
NOTE 2:	An AF may provide a location request with Multiple QoS Class via NEF. For an LCS client to provide a location request with Multiple QoS Class an Le interface implementation supporting Multiple QoS Class may be required.
NOTE 3:	Multiple QoS Class can only be applied for Deferred 5GC-MT-LR Procedure in this release of the specification.
-	Assured Class: This class defines the most stringent requirement on the accuracy achieved for a location request. If a location estimate obtained does not fulfil the other QoS requirements, then it shall be discarded, and an appropriate error cause shall be sent.



Observation 8.	Multi-level QoS classes are supported in LCS.

According to TS 37.355, LPP QoS parameters (e.g. desired accuracy, response time, etc, per TS 29.171, TS 23.273) for this transaction are configured in common IE (i.e. CommonIEsRequestLocationInformation) of RequestLocationInformation message by LMF. 

Due to that LPP QoS parameters are configured in common IE (i.e. CommonIEsRequestLocationInformation) of RequestLocationInformation message by LMF, the existing LPP QoS structure only has a single QoS class, which is to be applied to all configured positioning methods. Thus, a single RequestLocationInformation transaction supports only a single QoS class e.g., Best effort QoS or Assured Class in LCS QoS Class. Unfortunately, Multiple QoS Class in LCS is not supported by the existing LPP QoS structure. 

Observation 9.	Single-class QoS structure is supported in LPP.

In this chapter, we discuss two SLPP QoS management mechanisms: (1) SLPP QoS management with single-class QoS structure and (2) SLPP QoS management with multi-class QoS structure.

SLPP QoS management with single-class QoS structure:
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Figure 17. An example of SLPP QoS management with single-class QoS structure

1a.	Either LMF or Server UE sends LPP/SLPP Request Location Information message with Assured Class QoS to Target UE
· Target UE performs sidelink positioning for Assured Class QoS 
1b.	Target UE sends LPP/SLPP Provide Location Information message 
If Assured Class QoS is failed: 
2a.	Either LMF or Server UE sends LPP/SLPP Request Location Information message with Less stringent QoS to Target UE
· Target UE performs sidelink positioning for Less stringent QoS 
2b.	Target UE sends LPP/SLPP Provide Location Information message
If Less stringent QoS is failed: 
3a.	Either LMF or Server UE sends LPP/SLPP Request Location Information message with Best Effort Class QoS to Target UE
· Target UE performs sidelink positioning for Best Effort Class QoS 
3b.	Target UE sends LPP/SLPP Provide Location Information message 

At step 2a and 3a, either LMF or Server UE may send RequestLocationInformation message with new QoS class to Target UE. If a previous request is failed, that is, positioning results do not meet QoS requirements in an ongoing transaction, new QoS parameters may be configured by sending RequestLocationInformation message in a new transaction. It is easily observed that legacy single-level QoS structure will lead to signaling overhead and increase latency for changing of QoS level. 

Observation 10.	SLPP QoS management with single-class QoS structure needs time for a new transaction attempt.

SLPP QoS management with multi-class QoS structure:

[image: ]
Figure 18. An example of SLPP QoS management with multi-class QoS structure

1a.	Either LMF or Server UE sends LPP/SLPP Request Location Information message with multi-level QoS classes (ex, Assured Class, Less stringent, Best Effort Class) to Target UE
· Target UE performs sidelink positioning for Assured Class QoS 
If Assured Class QoS is failed: 
· Target UE performs sidelink positioning for Less stringent QoS 
If Less stringent QoS is failed:  
· Target UE performs sidelink positioning for Best Effort Class QoS 
1b.	Target UE sends LPP/SLPP Provide Location Information message to either LMF or Server UE

At step 1a, either LMF or Server UE sends a LPP/SLPP RequestLocationInformation message with multi-level QoS classes ex, Assured Class, Less stringent, Best Effort Class. Target UE can autonomously change QoS class without new RequestLocationInformation message, which obviously could reduce signaling overhead and latency.  

Observation 11.	SLPP QoS management with multi-class QoS structure does not need time for a new transaction attempt.

In above, we discussed three mechanisms for SLPP QoS management with single-class and multi-class QoS structures. From observations, SLPP QoS managements with single-class QoS structure needs time for a new transaction attempt. Whereas SLPP QoS managements with multi-class QoS structure does not need time for a new transaction attempt by changing/selecting QoS class for positioning operation, which can enable fast switching when QoS changes.
[bookmark: _Hlk131691895]
Proposal 29.	RAN2 to discuss following mechanisms for SLPP QoS management;
1. SLPP QoS management with single-class QoS structure
2. SLPP QoS management with multi-class QoS structure

[bookmark: _heading=h.y2jebk7lk4af]2.9	UE capabilities
SL-PRS is transmitted/measured between target UE and anchor UE(s) in sidelink positioning so that the ability to support SL-PRS transmission and/or measurement is necessary in anchor UE selection.

Observation 12.	Ability to support SL-PRS transmission and/or measurement is necessary in anchor UE selection. 

Supported frequency range (e.g. FR1, FR2, NR-U, etc) for sidelink positioning can be associated with SL-PRS transmission and/or measurement for assistance data transfer. Further information may be updated according to RAN1 progress and support. 

Observation 13.	Supported frequency ranges (e.g. FR1, FR2, NR-U, etc) associated with SL-PRS transmission and/or measurement are needed for assistance data transfer. 

SA2 has defined various roles of UE in TR 23.700-86, e.g., Target UE, Anchor UE (SL Reference UE), Server UE (SL Positioning Server UE), SL Positioning Client UE, Assistant UE, and Located UE. In study phase, RAN2 introduced Target UE and Anchor UE, aligned with RAN1. For other roles, RAN2 could not decide whether to introduce or not, and did not introduce them for that time. Among them, RAN2 agreed to follow SA2 decision on the definition of Server UE, which can be considered as necessary in order to calculate the location of Target UE at least in OOC scenario. Target UE or Anchor UE can act as Server UE if location calculation is supported, otherwise, Server UE will be another UE independent from Target UE and Anchor UE.

According to TR 23.700-86, Server UE can provide more functionalities such as method determination, assistant data distribution and anchor UE selection. Thus, sub-roles of UE can be determined in normative work. 
	-	A SL Positioning Server UE can be discovered and selected for result calculation, method determination, assistant data distribution and SL reference UE selection in case of out-of-coverage or for UE-only Operation if no Ranging/SL Positioning capable LMF is available. If LMF is capable for Ranging/SL Positioning and is reachable by Target UE and/or Reference UE, the LMF can still decide that SL Positioning Server UE executes the result calculation.
NOTE 10:	Functionalities of the SL Positioning Server UE will be determined by RAN WGs.



Although Anchor UE and Server UE (at least for UE-based positioning) seem essential members for sidelink positioning, they should yield SL-PRS transmission/measurement and positioning calculation, respectively, which will increase UE power consumption even not for their own location acquisition purpose. Therefore, supported (sub-)roles of UE can depend on the preference on UE, e.g. depending on UE conditions (e.g. battery status, RRC status, etc), apart from ability itself. Thus, supported/preferred (sub-)roles of UE can be changed as UE conditions are changed. For example, when the deferred (periodic) location service (per TS 23.273) is operating, anchor UE selection can be performed to check supported/preferred (sub-)roles of UE before starting a new cycle.  

Observation 14.	Supported/preferred (sub-)roles of UE (e.g. Anchor UE, Server UE, etc) are needed to organize and manage sidelink positioning members.

A number of positioning methods will be supported e.g. RTT-type solutions, SL-AoA and SL-TDOA. In addition, there are two scenarios for SL-TDOA, one is that SL-PRS is transmitted from anchor UE(s) to target UE i.e., many-to-one/DL-TDOA-like operation, and another is that SL-PRS is transmitted from target UE to anchor UE(s) i.e., one-to-many/UL-TDOA-like operation. All supported sidelink positioning methods should be exchanged between UEs involved in sidelink positioning, then at least one method should be matched for sidelink positioning operation. 

Observation 15.	At least one (or more) supported sidelink positioning method should be matched between UEs involved in sidelink positioning.

Two positioning modes will be supported i.e., UE-based positioning (i.e. server UE calculates a location estimate) and UE-assisted/NW-based positioning (i.e. LMF calculates a location estimate), based on which entity performs position calculation. 

For UE-assisted positioning, measurement data/result should be delivered to LMF for location calculation. If anchor UE is outside of network coverage, measurement reports cannot be delivered to LMF. Thus, UE-assisted sidelink positioning is possible only in IC scenarios. 

For UE-based positioning, if server UE is inside of network coverage, server UE can deliver a position calculation result to LMF (e.g. for MT-LR) via Uu-link directly, otherwise (i.e. if server UE is outside of network coverage), server UE can deliver a position calculation result to LMF indirectly through target UE, which could increase latency and signaling overhead. Hence, it is beneficial to select the server UE inside of network coverage at least for MT-LR location request. 

In hybrid (i.e. joint PC5+Uu) positioning, anchor UE (e.g. with LOS propagation) can replace gNB (e.g. with NLOS propagation) for higher accuracy positioning. For example, taking a case of UL-TDOA-like operation, measurement data/result on anchor UE should be delivered to LMF for combined calculation with gNB measurement. Anchor UE’s coverage information is needed for hybrid positioning as well.

Observation 16.	UE’s coverage information (e.g. inside of network coverage, outside of network coverage) is needed at least to decide positioning mode (UE-based or UE-assisted). 

In Uu-based positioning, LMF provides gNB’s (reference point and TRPs) location information (geodetic location or relative location) when the assistance data transfer (via NR-PositionCalculationAssistance) to enable UE-based downlink positioning. 

In sidelink positioning, the absolute location of target UE is relatively calculated from anchor UE’s location information, no matter UE-based and UE-assisted. Thus, anchor UE’s location information is necessarily required for absolute positioning. 

However, sidelink positioning consists of UEs instead of gNB of network infrastructure. For example, normal UE’s location may or may not be personal privacy information, but RSU location may not. Whether to provide UE’s location information could be up to UE decision, depending on UE type or some other 

Observation 17.	UE’s location information is required at least for absolute positioning.

An estimated location accuracy of target UE technically depends on the accuracy of anchor UE location. If the providing of UE’s location information is supported, estimated location accuracy may be an expected information to achieve higher accuracy, in addition to location information.

gNB-related information will be newly delivered when target UE camps on a new cell in Uu-based positioning. Whereas, in sidelink positioning, location information of moving anchor UE can be of course changed regardless of target UE mobility, so location accuracy as well as location information may fluctuate. Therefore, anchor UE’s location information and accuracy/integrity should be updated periodically or accordingly.

Observation 18.	UE’s location accuracy/integrity is an additional consideration in order to achieve higher-accuracy.

The physical environment between target UE and anchor UE will affect sidelink communication and positioning performances. For example, it simply can be assumed by RSRP value. Anchor UE can be filtered out if RSRP is lower than a certain threshold. 

Obstacles causing NLOS propagation will be a significant difficulty to positioning accuracy, in particular for SL-AoA method even if mitigation technologies are applied. LOS/NLOS indication could be an additional consideration for anchor UE selection in certain positioning methods.

Observation 19.	RSRP and LOS/NLOS propagation are affecting positioning accuracy. 

In Uu-based positioning, LMF provides time synchronization information between a reference TRP and a list of neighbor TRPs for UE-based positioning calculation. 

In sidelink positioning, synchronization reference to be used for acquired location information could be different per anchor UEs. RAN1 also observed the impact of synchronization error(s) between UEs.

Observation 20.	Synchronization error can be reduced under the same synchronization reference (e.g. GNSS, gNB).

RSU (Road Side Unit, to support the role of TRP to assist sidelink positioning) is generally in a fixed and known location, so the accuracy may not be fluctuated, which could help to achieve higher accuracy positioning result. 

RSU (i.e. stationary UE) could reduce the probability of positioning failure due to anchor UE leaving from PC5 coverage during sidelink positioning operation, especially for V2X use cases.

Anchor UE should deliver its location information (geodetic location or relative location) at least for absolute position calculation. For this, normal UE (i.e. moving UE) has to perform its location tracking and deliver location information (e.g., periodic or accordingly) to server UE or LMF for target UE positioning, which could increase UE power consumption and signaling overhead. However, RSU-type UE (i.e. stationary UE) needs to deliver its location information for just one time (due to fixed location), which could reduce signaling overhead and help energy saving. 

Observation 21.	It would be beneficial to select RSU-type UE (i.e. stationary UE) rather than normal UE (i.e. moving UE). 

Take into account V2X use case e.g., both arget UE and anchor UE are moving. If anchor UE is selected with as similar velocity and direction along with target UE as possible, which would improve positioning success rate due to reducing the possibility of leaving anchor UE from PC5 coverage between target UE and anchor UE during sidelink positioning operation. 

Observation 22.	Velocity and/or direction information could help for more stable positioning service, especially for V2X use cases. 

According to TR 23.700-86, LMF may be involved when at least one of target UE and anchor UE are in the network coverage. When LMF is involved, anchor UE is selected in the same serving PLMN of target UE. 
	· When LMF is involved for coordination of SL Positioning, SL Reference UE in the same serving PLMN of Target UE is discovered and selected.



Observation 23.	Anchor UE in the same PLMN is selected to be assisted by LMF if involved.

SA2 introduced “Network-assisted SL Positioning” in TR 23.700-86. In this scenario, target UE reports the identity of candidate Located UEs (anchor UEs known location) to LMF. To assist target UE, LMF can provide a candidate list of Located UE to participate in network-assisted SL positioning. 

But, SA2 did not determine what UE identity is used in that scenario. In sidelink communication, UE informs Destination Layer-2 ID to the network through RRC sidelink UE information message. In sidelink positioning, target UE can inform Destination Layer-2 ID of anchor UE to the network through SLPP or RRC message in the similar manner. 

Nevertheless, for the awareness between LMF and target UE at least for “Network-assisted SL Positioning”, anchor UEs should inform their Source Layer-2 ID to LMF, and target UE should inform its Source Layer-2 ID as well as Destination Layer-2 ID of candidate Located UEs. Another way is to use Application ID, which will not be defined in 3GPP. 

Observation 24.	Source Layer-2 ID and Destination Layer-2 ID (used in NR sidelink communication) can be used for anchor UE identity at least for “Network-assisted SL Positioning”.

According to TS 38.331, UE shall determine an identity of the zone (i.e. Zone_id) if zoneConfig is included in SystemInformationBlockType21 or SystemInformationBlockType26 or in SL-V2X-Preconfiguration. Zone ID is used in the geographical area, so Tx Rx distance can be calculated as the distance between the geometric centers of the Tx UE’s Zone and RX UE’s Zone. 

Zone ID can provide approximate distance between target UE and anchor UEs, so that target UE accordingly can select anchor UE in as near as possible. More simple way is to select anchor UE in the same Zone ID, which can avoid the processing of distance calculation. 

Observation 25.		Zone ID can be used to simply find as close anchor UEs as possible. 

SA2 introduced “Assistant UE” for ranging service in TR 23.700-86, but support at least in this release will depend on RAN decision. 
	NOTE 3:	The determination of using assistant UE and the assistant UE selection/reselection should be aligned with the mechanism defined by RAN WGs.
NOTE 5:	The above conclusions for KI#2 are only valid if RAN WGs confirm to support Assistant UE in RSPP/RLPP for this release, i.e. if RAN WGs conclude to not support Assistant UE in RSPP/RLPP, no normative work related to Assistant UE will be developed in SA2 for this release. 



For assistant UE selection, if supported, candidate assistant UEs should provide whether to find paired anchor UE for ranging service or not, then target UE will select at least one assistant UE among candidate assistant UEs. In this scenario, target UE can determine assistant UE based on direct connection between assistant UE and paired anchor UE. 

Observation 26.	Whether direct connection or not between assistant UE and paired anchor UE can be used for assistant UE selection, if supported.

From observations above, we made a proposal on considerations for anchor UE selection.
[bookmark: _Hlk131691905]
Proposal 30.	RAN2 to discuss following considerations for anchor UE selection;
1. Ability of SL-PRS transmission/measurement 
2. Supported frequency range (e.g., FR1, FR2, NR-U, etc)
3. Supported roles of UE (e.g., anchor UE, server UE, …)
4. Supported sidelink positioning methods  
5. Coverage information (e.g., inside of network coverage, outside of network coverage)
6. Providing location information 
7. RSRP and/or LOS/NLOS
8. Location accuracy and/or integrity
9. Synchronization reference (e.g., GNSS, gNB, etc)
10. Type of UE (e.g., normal UE, RSU, VRU, etc) 
11. Velocity and/or direction
12. PLMN and/or LMF
13. Source Layer-2 ID and Destination Layer-2 ID
14. Zone ID
15. Direct connection or not (for assistant UE)

[bookmark: _heading=h.lmn50glf8v3a][bookmark: _heading=h.j8moyt465mu1]2.10	SLPP specification
In RAN#121 meeting, RAN2 agreed that ASN.1 part of SLPP follows NR RRC approach. 
Agreements:
Regarding the structure of SLPP, e.g. general part, procedure part , Information Element Abstract Syntax Definition,  the structure of LPP (TS 37.355) can be used as baseline for further discussion. The content of each section will be added in accordance with future agreements, not based on LPP legacy directly. FFS on procedure description in the field description as LPP.
Regarding the ASN.1 part of SLPP, follow NR RRC approach, e.g. 
-	FFS on Need code (e.g. how to support no UL/DL), support of delta signalling
-	Define ASN.1 elements for common UE capabilities in a dedicated section (i.e. “UE capability information elements”); FFS whether any positioning method specific capability IEs should be grouped by positioning method.
-	Common section for constraints
-	“nonCriticalExtension” at message level 
-	Fields in the field description are sorted based on alphabetical order  
-	FFS on whether setup release structure should be introduced in SLPP

Since ASN.1 part of SLPP follows NR RRC approach, ASN.1 between LPP and SLPP is different, which could limit the flexibility of use of LPP and SLPP. An SLPP message should have two different ASN.1 formats in accordance with the destination (i.e. receiving node: UE or LMF). For example, the measurement report can be delivered to server UE or LMF in accordance with UE-based or UE-assisted positioning, respectively, which could be a burden of UE processing.  
[bookmark: _Hlk131691914]
Proposal 31.	RAN2 to consider as minimal change of SLPP ASN.1 from LPP ASN.1 as possible.  
[bookmark: _heading=h.o5z8swisu2ym][bookmark: _heading=h.b54gtttdvd8x]3	Conclusion
Proposal 1.	RAN2 to term “Server UE” instead of SL Positioning Server UE.

Proposal 2.	LMF or server UE takes the role of location server in sidelink positioning, depending on coverage scenario: 
· In in-coverage, the LMF can work as a location server.
· In out-of-coverage, the server UE can play the role of location server.
· In partial coverage, the server UE can play the role of location server, while LMF can be involved for location service request/response.

Proposal 3.	Role of location calculation is separated from roles of location server. Location calculation UE can be either target UE, anchor UE or the server UE, depending on positioning method, type of anchor UE and mobility support.

Proposal 4.	Location calculation UE is selected by LMF or server UE based on implementation, and notified through LPP/SLPP signaling. 

Proposal 5.	Positioning method is determined by LMF or server UE based on implementation. 

Proposal 6.	RAN2 to send LS to SA2 for confirmation that the server UE is either target UE or one of anchor UEs (target UE is preferred).
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Note: UE A, UE B, UE C and UE D can be Target UE, Anchor UE and SL Positioning Server UE.

Figure 1: UE Positioning Overall Architecture applicable to NG-RAN

Proposal 7.	RAN2 to capture figure 1 for architecture diagram to support sidelink positioning in TS 38.305.
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Figure 2: SLPP over PC5-U

Proposal 8.	RAN2 to capture figure 2 for protocol layering and transport in TS 38.305.

Proposal 9.	Extension of LPP is supported for signaling between UE and LMF.
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Figure 3: Protocol Layering for LMF to UE Signalling
Proposal 10.	RAN2 to capture figure 3 for protocol layering for LMF to UE signalling in TS 38.305.

[image: Diagram

Description automatically generated]
Figure 4: Location Service Support by NG-RAN and/or UE
Proposal 11.	RAN2 to capture figure 4 for Location Service Support by NG-RAN and/or UE in TS 38.305.

Proposal 12.	Location service is invoked by LMF and target UE as legacy procedure, and the location service request/response can be delivered to AMF via direct Uu-link or via U2N L3 relay. 

Proposal 13.	Joint Uu+PC5 positioning is supported in in-coverage, but not in partial coverage at least in this release.  

Proposal 14.	Positioning operation mode is determined at triggering and during the operation by LMF and target UE. 

Proposal 15.	Server UE discovery/selection is performed upon sidelink positioning request if LMF not involved.

Proposal 16.	Anchor UE discovery/selection is performed by LMF or server UE.

Proposal 17.	RAN2 to confirm anchor UE (re-)selection is supported at the SLPP level.

Proposal 18.	SLPP session is established after anchor UE selection by LMF or server UE.

Proposal 19.	SLPP session establishment can be aware of explicit SLPP session creation message or implicit SLPP assistance data procedure.

Proposal 20.	SLPP session ID is assigned when an SLPP session is established.

Proposal 21.	Multiple SLPP sessions between UEs are supported for a single location request. 

Proposal 22.	RAN2 to discuss following mechanisms for SLPP session management;
1. SLPP session management with reestablishment 
2. SLPP session management with modification
3. SLPP session management with multiple sessions

Proposal 23.	SLPP procedures can be performed serially or parallelly with transaction ID within an SLPP session.

Proposal 24.	Broadcast/groupcast for SLPP signaling is supported for SLPP assistance data transfer and between UE and RSU in this release. 

Proposal 25.	RAN2 to discuss new PDCP SDU type for communication between SLPP over V2X/ProSe layer and PDCP layer.

Proposal 26.	RAN2 to discuss how to guarantee to deliver SLPP over PC5-U. 

Proposal 27.	SLPP reliable transport is supported at least for unicast and groupcast.

Proposal 28.	RAN2 to discuss mechanism for SLPP reliable transport via groupcast.

Proposal 29.	RAN2 to discuss following mechanisms for SLPP QoS management;
1. SLPP QoS management with single-class QoS structure
2. SLPP QoS management with multi-class QoS structure

Proposal 30.	RAN2 to discuss following considerations for anchor UE selection;
1. Ability of SL-PRS transmission/measurement 
2. Supported frequency range (e.g., FR1, FR2, NR-U, etc)
3. Supported roles of UE (e.g., anchor UE, server UE, …)
4. Supported sidelink positioning methods  
5. Coverage information (e.g., inside of network coverage, outside of network coverage)
6. Providing location information 
7. RSRP and/or LOS/NLOS
8. Location accuracy and/or integrity
9. Synchronization reference (e.g., GNSS, gNB, etc)
10. Type of UE (e.g., normal UE, RSU, VRU, etc) 
11. Velocity and/or direction
12. PLMN and/or LMF
13. Source Layer-2 ID and Destination Layer-2 ID
14. Zone ID
15. Direct connection or not (for assistant UE)

Proposal 31.	RAN2 to consider as minimal change of SLPP ASN.1 from LPP ASN.1 as possible.  
4	References
[1] RP-223549, New WID on Expanded and Improved NR Positioning (R18)
[2] TR 23.700-86, Study on Architecture Enhancement to support Ranging based services and sidelink positioning (Release 18)
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[4] R2-2210804, Report from session on positioning and sidelink relay (RAN2#119bis-e)
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