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1. Introduction
In this paper, we discuss the SL positioning issues with respect to scenario, protocol, cast type, coverage, and issues in LS from SA2 [1] for SL positioning.
2. Summary of the scenarios in SA2
In this section, we would like to take a comprehensive review over the sidelink positioning scenarios that are currently discussed in SA2 based on [2]. For different scenarios, we discuss various aspects such as the use of terminologies, positioning methods and their implications to RAN.
2.1	Key Issue #2 
Ranging service operation procedure with the assistance of another UE
	[bookmark: _Hlk115379191]The ranging service operation between two UEs may need the assistance of one or more UEs (e.g. assistant UE) if the direct ranging/sidelink positioning between a reference UE and a target UE cannot be supported, or if the ranging/sidelink positioning is not sufficiently accurate. The direct communication between a reference UE and one or more assistant UE and between a target UE and one or more assistant UEs are respectively supported, so that the assistant UEs can help on measurement and data transmission.
This key issue addresses how to enhance the 5GS to support ranging service operation procedures with the assistance of other UEs (e.g. assistant UEs).
At least the following aspects need to be considered in potential solutions:
-	How to discover and determine one or more assistant UEs for ranging service?
-	What parameters need to be exchanged between different UEs (reference UE, assistant UEs, target UE) during ranging service operation procedures?
-	How the reference UE or target UE gets the ranging result with the assistance of one or more assistant UEs during the ranging service operation procedures?
NOTE:	The direct discovery procedure between reference UE and assistant UEs and between target UE and assistant UEs will be developed under the key issue related to ranging direct discovery.


The scenario described by this key issue can be illustrated by the following figure. There is no LOS path between target UE and SL reference UE. Hence, another nearby assistant UE is added to assist the relative positioning between target UE and SL reference UE. 
The corresponding definition of the terminology has been given in SA2 as follows:
	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.
Target UE: A UE whose distance, direction and/or position is measured with the support from one or multiple SL Reference UEs using Sidelink in the Ranging based service and Sidelink positioning.
Assistant UE: A UE supporting Ranging/Sidelink Positioning between a SL Reference UE and a Target UE over PC5, when the direct Ranging/Sidelink positioning between the SL Reference UE and Target UE cannot be supported. The measurement/result of Ranging/Sidelink Positioning between the Assistant UE and the SL Reference UE and that between the Assistant UE and the Target UE are determined and used to derive the Ranging/Sidelink Positioning result between Target UE and SL Reference UE.
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Scenario1: SL positioning with assistant UE
[bookmark: _Toc97050507][bookmark: _Toc97050722][bookmark: _Toc97050920][bookmark: _Toc97142378][bookmark: _Toc100780949][bookmark: _Toc100782174][bookmark: _Toc100782294][bookmark: _Toc100782418][bookmark: _Toc100782547][bookmark: _Toc104257708][bookmark: _Toc104257882][bookmark: _Toc104299398][bookmark: _Toc112768398][bookmark: _Toc112768686][bookmark: _Toc112768926][bookmark: _Toc112772362][bookmark: _Toc112864037][bookmark: _Toc112865179][bookmark: _Toc112939058]2.2	Key Issue #3&4
Key issue 3 address the issue of Ranging/Sidelink Positioning device discovery
	This KI maps to WT 1.3 of the SID. This KI addresses both UE triggered and network triggered Ranging/ Sidelink Positioning.
In most of the cases, the 2 or more UE(s) in a Ranging based service and sidelink positioning cannot always be aware of each other even when they are in proximity.
To enable a Reference observer UE and a target UE to be able to perform measurement and communicate for delivering measurement data, the UEs have to be discovered by each other first.
The discovery procedure is used for a UE to discover or to be discovered by other UE(s) in proximity over the PC5 interface with the aim of performing Ranging and Sidelink Positioning.
Reference UE and Target UE are 2 roles in the Ranging based service and Sidelink Positioning, in terms of who provides the reference plane and reference direction. Either one can be discovered by the other.
Ranging/Sidelink Positioning device discovery may be triggered at the UEs themselves and/or based on network instruction (e.g. under network monitoring, when, within which distance/angle or which UE(s) can be discovered).
Following aspects need to be addressed under this key issue:
1.	How Reference UEs and Target UEs are discovered by each other to perform Ranging based service and Sidelink Positioning for the case of in coverage, partial coverage and out of coverage for both UE triggered and network triggered Ranging/Sidelink Positioning, with the following considerations:
-	How one Target UE and one Reference UE are discovered by each other?
-	How one Target UE and multiple Reference UEs are discovered by each other?
-	How one Reference UE and multiple target UEs are discovered by each other?
NOTE 1:	ProSe direct discovery procedure should be reused as much as possible.
2	How Ranging/Sidelink Positioning devices' discovery is triggered at UE based on network instruction for the cases of in coverage, partial coverage and out of coverage?
NOTE 2:	It is assumed that both the Reference UE(s) and the target UE are Ranging/SL positioning capable.



[bookmark: _Toc97050508][bookmark: _Toc97050723][bookmark: _Toc97050921][bookmark: _Toc97142380][bookmark: _Toc100780951][bookmark: _Toc100782176][bookmark: _Toc100782296][bookmark: _Toc100782420][bookmark: _Toc100782549][bookmark: _Toc104257710][bookmark: _Toc104257884][bookmark: _Toc104299400][bookmark: _Toc112768400][bookmark: _Toc112768688][bookmark: _Toc112768928][bookmark: _Toc112772364][bookmark: _Toc112864039][bookmark: _Toc112865181][bookmark: _Toc112939060]Key issue 4 addresses the issue of Control of Operations for Ranging/Sidelink positioning
	Ranging and sidelink positioning supports a large variety of use cases, including automotive, public safety, and commercial use. These different uses cases may utilize different access technologies for the communication between the UEs, e.g. LTE based V2X, NR based sidelinks and, in later releases, other RAT technologies may be supported over PC5, e.g. newer version of sidelink and non-3GPP RATs. Therefore, it is beneficial to design a common framework and system to support all these types of operations.
The control signalling part of the Ranging and Sidelink Positioning operation may occur between the UEs before and after the transmission of the Ranging/Sidelink positioning signals. The control signalling includes (but is not limited to):
-	coordination and configuration of the UEs to participate in the ranging/sidelink positioning, e.g. including discovery of the devices, signalling control and configuration information between devices;
-	exchange of measurement results of Ranging/Sidelink positioning signals between the UEs for ranging/Sidelink positioning calculation.
This key issue is focusing on developing the control signalling for Ranging and Sidelink Positioning operations. Specifically, the key issue addresses:
-	What coordination and configuration information are exchanged between the UEs?
-	What are the control signalling procedure to exchange the coordination & configuration information and the Ranging/Sidelink positioning signals measurement results between the UEs?
NOTE 1	Common solution is preferred to be developed if the same control signalling procedure can be supported when the signalling is carried over different RATs in different use cases.
NOTE 2:	Common control signalling protocol is preferred to support the different Ranging/Sidelink positioning signals operation in different spectrums.
NOTE 3:	The solution development may also consider signalling efficiency, overhead, energy efficiency and the robustness.
NOTE 4:	Coordination with RAN WGs is needed to develop an aligned solution.
NOTE 5:	It is desirable to avoid any AS layer impacts to support the control signalling.
-	What are the functionality of upper layers, and what parameters need to be exchanged between the upper layers and AS layer for Ranging/ Sidelink positioning?


Based on the description above, key issue 3/4 corresponds to the direct ranging between two UEs or One-to-Many/Many-To-One UEs, as can be illustrated by the figure below. 
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Scenario2 Direct SL positioning for one-to-one or One-to-Many/Many-To-One
In terms of positioning methods, for one-to-one scenario, RTT-type solutions using SL and angle-based positioning methods agreed by RAN1 can be applied to achieve the positioning between two UEs. For the one-to-many and many-to-one case, according to RAN1’s agreement, for the timing-based positioning method, SL-TDOA is one of the positioning methods to be studied further. In this case, at least 2 Anchor UEs are needed when applying SL-TDOA method to obtain the location information of the Target UE. The location information of the Target UE can be derived with the SL-PRS between Target UE and each Anchor UE. However, from RAN2’s perspective, the formation of the groups of UEs serving as the Anchor UE, including the discovery, establishment of PC5 link, etc, is out of the scope of RAN2. Thus, we think we should leave these aspects to SA2 for further studying. 
2.3	Key Issue #5
Network assisted Sidelink Positioning
	This key issue addresses the case when a UE is not able to perform Uu based positioning estimation. The UE may be out of network coverage, or have network coverage but not able to measure on enough gNBs to perform Uu based positioning. In this case, the UE (i.e. partial coverage or in network coverage) may use Sidelink Positioning to obtain relative positioning with a Located UE which is in network coverage. This case is referred to as Sidelink Positioning in TR 38.845 [6]. In this KI we call this case Network assisted Sidelink Positioning.
For this key issue, the following aspects need to be studied:
-	Discovery of one or more Located UEs with capabilities that offers Sidelink Positioning and/or Uu based positioning to support Network assisted Sidelink Positioning for in network coverage and partial network coverage.
-	Discovery of network capability that offers Network assisted Sidelink positioning for UE in network coverage and partial network coverage.
-	Signalling needed to support Sidelink positioning including both UE-based positioning and network-assisted/based positioning.


There are in total two scenarios under study in this key issue:
· Hybrid Uu and PC5 Positioning
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Scenario3: Hybrid Uu and PC5 Positioning
Under this scenario, target UE is in coverage, while there is no enough gNBs to perform Uu-based positioning. Hence, in order to increase the positioning accuracy, multiple other anchor UEs are found by discovery of located UEs and they are used to assist the Uu positioning. This scenario corresponds to the hybrid Uu+ PC5 positioning that RAN currently discusses.
· Network-assisted absolute positioning for partial coverage/in-coverage UE
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Scenario4: Network-assisted absolute positioning for partial coverage/in-coverage UE
Under this scenario target UE is in partial coverage, and cannot perform Uu positioning. Network helps UE on the target UE discovery, hence “network-assisted”. Target UE location is obtained with sideilink positioning with the help of another located UE.
Note that as mentioned in the description for the key issue, both UE-based and network-based are supported. Hence, UE should be able to send SL-PRS measurement to the network for location estimate for network-based approach and also compute its own location by the UE-based approach.
2.4	Key Issue #6
Ranging and sidelink positioning service exposure to a UE
	The Ranging/Sidelink positioning service between 2 Ranging/Sidelink positioning capable UEs may be exposed to a third UE to obtain the Ranging/Sidelink positioning information between the 2 UEs.
The third UE may request Ranging/Sidelink positioning information immediately, periodically or at a later time.
The service request can also be initiated by one of the Ranging/Sidelink positioning capable UEs providing the service, i.e. Ranging/Sidelink positioning service is exposed to one of the UEs providing the service. In that case, the third UE is the same as one of the UEs providing the service.
The following aspects need to be studied for the potential solutions:
-	How does a Ranging/Sidelink positioning capable UE expose the Ranging/Sidelink positioning service to a UE?
-	What Ranging/Sidelink positioning information are to be exposed to a UE?
-	How to authorize the third UE to consume the Ranging/Sidelink positioning service?
-	How to support Ranging/Sidelink Positioning request?
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Scenario5: Exposure of location service to SL Positioning client UE
For this scenario, our understanding is that the exposure to the third UE is performed in the service layer of the positioning protocol, which resembles to the LCS request (e.g., MO-LR, MT-LR) in the 5GS-LCS architecture. This signaling would only contain location estimate that has already been obtained for the client to consume. Hence, it is out of the scope for RAN to study. There is no need to transfer the SL-PRS measurements to the SL Positioning client UE.
Hence, our understanding is that there is no RAN impact for the scenario of exposure of sidelink positioning service to a SL positioning client UE.
2.5	Key Issue #7 
Ranging/Sidelink Positioning service exposure to Application server and for network assisted sidelink positioning
	Application Server may initiate the Ranging/Sidelink Positioning service request for acquiring Ranging information between 2 UEs. A Ranging/Sidelink Positioning request may also be initiated by 5G network for network assisted sidelink positioning. Application Server/5G network may request Ranging/Sidelink positioning information immediately, periodically or at a later time.
In order to enable Ranging/Sidelink positioning service exposure to Application server and for network assisted measurement management, following aspects need to be studied for the potential solutions:
-	How 5GS exposes the Ranging/Sidelink Positioning measurement management service to 5G network and Application server?
-	What are the architectural enhancements to support Ranging/Sidelink Positioning service exposure to Application server and for network assisted sidelink positioning, the required NF and NF services?
-	How to support Ranging/Sidelink Positioning request?
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Scenario6: Exposure of location service/measurement to 5GS/App server
In this key issue and its scenario, it should be noted that both the positioning service and measurement management service can be sent to the network side. 
3. [bookmark: OLE_LINK152][bookmark: OLE_LINK153]Discussion
3.1	Cast type for SL positioning 
As described above, the positioning between two UEs is the most basic positioning scenario, where SL-PRS transmission and SL positioning related signaling transmission, including capability, assistance data, and location information, through Unicast is baseline as agreed in RAN2 119bis-e. 
	Agreement:
Proposal 5: Unicast/one-to-one operation is assumed as baseline for exchange of sidelink positioning signaling.


Furthermore, besides the SL positioning between two UEs, there are also cases that a UE needs to perform SL positioning with more than one UE, for example, the above Scenario2 Direct SL positioning for One-to-Many. For this issue, RAN2 119bis-e-meeting agreed to discuss the specific use cases for UE to transmit SL positioning related signaling through groupcast/broadcast:
	Agreement:
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


After SL positioning is initiated by UE or network through the MO-LR, MT-LR or NI-LR procedure, Target UE and Anchor UE will perform the SL connection establishment procedure for  SL positioning. If the SL connection is established based on the current SL discovery procedure, e.g., for Prose scenario, then Target UE can include its own SL positioning related capability in the discovery message. If the SL connection is established without SL discovery procedure, e.g., for V2X scenario, then Target UE can include its own SL positioning related capability in DCR. The SL positioning related capability can include Target UE’s supporting positioning method, based on which other Anchor UE can decide whether to establish the PC5 connection with the Target UE for sidelink positioning. Similarly, Target UE can also decide whether to select an Anchor UE based on the capability that Anchor UE broadcast, e.g., the case where Anchor UE is an RSU. 
Therefore, capability transfer in broadcast can avoid the case where two UEs not suitable to perform SL positioning are selected in the same SL positioning session. 
Proposal1: SLPP capability can be sent by broadcast in the following scenarios:
· Target UE can broadcast SLPP capability when searching for Anchor UE to perform SL positioning.
· Anchor UE, which is responsible for SL positioning, e.g., RSU, can broadcast SLPP capability.
For assistance data transmission, in above Scenario2 Direct SL positioning for One-to-Many, Target UE need to transmit its SL-PRS related assistance data to multiple Anchor UEs, so that Anchor UE can receive SL-PRS based on the SL-PRS configuration, for the without LMF involved case, the Anchor UE needs to obtain the SL-PRS configuration directly from the Target UE. Therefore, it can reduce signaling overhead if Target UE can send the assistance data in a groupcast or broadcast way. Moreover, assuming that the Anchor UE is an RSU, which is responsible for the SL positioning of the surrounding Target UEs, the assistance data including the SL-PRS configuration can also be transferred in a Broadcast way to reduce the signaling overhead at least for LMF not involved case, where Target UE needs to obtain the assistance data directly from the Anchor UE. 
Proposal2: SLPP assistance data can be transferred in broadcast/groupcast in the following scenarios:
· In the one-to-many scenario for SL positioning, Target UE can transmit its SLPP assistance data to multiple Anchor UEs at least for without LMF involved scenarios.
· Anchor UEs can transmit its SLPP assistance data to multiple Target UEs at least for without LMF involved scenarios.
3.2	Discussion on coverage of UE
For the coverage of UE, there is also an FFS from RAN2#119e, “FFS if partial coverage case assumes anything about which UEs are in coverage.” According to the SL positioning related scenarios described in section 2, Scenario4: Network-assisted absolute positioning for partial coverage/in-coverage UE is the scenario where partial coverage is referred. In this scenario, only Target UE is out of coverage, and Anchor UE is with known location, i.e., located UE defined in SA2. This means that we should focus on the partial coverage scenario where only Target UE is out of coverage and Anchor UE is always in coverage. 
Proposal3: For the partial coverage of UE, RAN2 should discuss the following case:
· Anchor UE is in coverage while Target UE is out of coverage for Uu interface.
3.3	Support of SL positioning in local Co-ordinates
5GS supports UE location determination in Local Co-ordinates according to TS 23.273, for scenarios where location representations under a local coordinate system (rather than WGS84) are easier to understand and use, e.g. factories or industrial park environment. Services concerning absolute location representations should support local co-ordinates. For SL positioning, SA2 discussed network-assisted absolute positioning for partial coverage/in-coverage UE (KI#5), thus support of local co-ordinates should also be studied for SL positioning in RAN2.
Proposal4: The local coordinate system is needed for the scenario in KI#5 for network-assisted absolute positioning for partial/in coverage UEs.
To obtain the UE location for a specific coordinate system, the identification of a coordinate system, i.e., Coordinate ID shall be provided to the LMF by the LCS client/AF, considering the LMF may serve multiple factories or vertical sites and corresponding systems. The LMF then includes the Coordinate ID in the request to the Target UE, e.g., in the LPP RequestLocationInformation message which is used by LMF to request UE to provide the position estimate or positioning measurements.
When Target UE performs discovery procedure to find a Located UE for Network assisted SL positioning, the Coordinate ID could be used as a filter for Located UE selection if received from LMF. The located UEs are configured and associated with certain coordinate systems represented by coordinate IDs. When the Target UE broadcasts the discovery request including a Coordinate ID, the located UE in proximity sends a response if it matches the broadcast Coordinate ID, and then the discovery procedure completes.
The high level procedure for network assisted SL positioning supporting local co-ordinates could be as follows:
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Figure 1 high level procedure for network assisted SL positioning supporting local co-ordinates
Proposal5: RAN2 to discuss the support of local co-ordinates in SL positioning for network-assisted absolute positioning for partial/in coverage UEs in normative work phase.
3.4	Issues relate to LS from SA2
In LS sent from SA2 [1], the following issues are addressed:
	1. Overall Description:
FS_Ranging_SL study in SA2 has reached 85% completion, and the evaluation & conclusion for the 8 Key Issues (KI) are in process.
During the evaluation & conclusion, the following issues are identified pending for comments from RAN WGs to conclude the KIs in TR 23.700-86:
1. SA2 concluded a Ranging/SL Positioning layer is introduced under Application layer; however, whether the Ranging/SL Positioning layer is over V2X/ProSe layer or AS layer is open. SA2 concluded that a new Ranging/Sidelink Positioning protocol (i.e. RSPP) will be used for SR5 over the PC5 reference point between the UEs (i.e. Target UE, Reference UE, Assistant UE, Located UE), which can be over PC5-S or PC5-U or (possibly partially) over PC5-D. The Pros & Cons are evaluated based on the following technical considerations:
· PS5-S is currently designed for unicast link management. PC5-U supports all the cast types. However, security aspect on PC5-U and PC5-S for broadcast and group-cast modes need to be re-evaluated.
· Impact to existing protocols: a standalone extension of PC5-S is expected if PC5-S is used, or RSPP is transported over PC5-U as the payload. Whether it is feasible or desirable to carry RSPP as payload (e.g. metadata) in PC5-D could not yet be concluded, given the lack of information on the potential size of RSPP messages.  
· QoS of RSPP transportation: AS layer needs to guarantee RSPP QoS in case of PC5-S is used, or V2X/ProSe layer can explicitly request per Application RSPP QoS in case of PC5-U is used.
SA2 can’t reach consensus between PC5-S or PC5-U or PC5-D, and SA2 expects the RAN WG evaluation as the input to help making a decision in the conclusion.
1. SA2 has identified several RAN relevant parameters required for Service Authorization to UE, e.g.  the mapping between Ranging/SL positioning services (e.g. ProSe identifiers, V2X service types) and Ranging/SL positioning QoS parameters, and SA2 would like to understand what are the parameters used at AS layer for Ranging/SL positioning.
1. To support Ranging/SL Positioning using Assistant UE, how the determination of using assistant UE and the assistant UE selection/reselection is performed from RAN perspective?
1. On Ranging/SL Positioning discovery,  SA2 concluded to reuse 5G ProSe Discovery procedures and V2X Communication procedures with the additional Ranging/SL Positioning parameters; however, it is not decided whether those Ranging/SL Positioning parameters are transparent to ProSe/V2X layer or not, and SA2 would like to understand the views from RAN perspective.
1. SA2 concluded that LMF may be involved when the Target UE and the Reference UE are both in network coverage, and the protocol used between UE and LMF can be a standalone extension of LPP,  a new protocol or both,  such that only this extension needs to be supported for UEs supporting only SL Positioning/Ranging. This extension and RSPP should be defined as common as possible. SA2 would like to understand whether this is feasible from RAN perspective?
1.  For out-of-coverage SA2 would like to understand how resource coordination and scheduling will be done to enable SL Positioning/Ranging.
1. A SL Positioning Server UE can be discovered and selected for result calculation for the case of partial coverage and out of coverage, in case a constrained UE is not able to support all SL Positioning/Ranging features. Whether the SL Positioning Server functionalities can support more functionalities, e.g. SL Positioning/Ranging method determination, operation coordination, resource coordination and scheduling, in addition to result calculation is FFS. SA2 would like to understand whether this is reasonable from RAN perspective.

Based on SA2's current work plan, SA2#154AH is the last meeting for the study, hence, it is highly appreciated that RAN WGs would evaluate the above issues and give SA2 the feedback before SA2#154AH.


3.4.1	Q1&5: SLPP protocol
Question 1 and 5 are both related to the new SLPP protocol
In RAN2 119e-meeting, RAN2 agreed to introduce a new protocol between UEs:
	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).


With the introduction of the new SL positioning protocol (referred to as SLPP for short), SL positioning related signaling can be transferred between UEs in the above Scenarios in Section 2. But it is still FFS where the SLPP protocol is specified. 
In Uu positioning, the LPP protocol is placed over the NAS layer, considering that the PC5-S layer can be regarded similarly as NAS in Uu, then it is straightforward to consider to place the new protocol over the PC5-S/PC5-D layer. Also, PC5-S/D interface can support all the cast types, where Broadcast and Groupcast message can be transmitted via SL-SRB0 or SL-SRB4, and unicast message can be transmitted via SL-SRB2. The logical channel configurations of SL SRB are “specified configurations” in the spec, where the “specified configurations” are fixed and can’t be modified. The logical channel configurations for all the SL-SRBs includes “priority” with value set to “1”. Therefore, the priority of SL SRB in PC5-S based option is higher than SL DRB in PC5-U based option, which can ensure the transmission reliability of the SLPP message. Furthermore, the PC5-S based option doesn’t need user plane, i.e., PC5-U, which means that SL positioning can work with no user plane establishment for SLPP message transfer, while the PC5-U based option can only work based on both PC5-S and PC5-U. Therefore, SLPP over PC5-S supporting all kinds of cast types is much easier to achieve and is suitable for all the positioning scenarios including V2X, public safety and commercial. 
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Figure 2: sidelink positioning protocol
Proposal6: RAN2 supports the CP-based solution for the new SLPP protocol, where the new SLPP protocol is placed over PC5-S/PC5-D.
3.4.2	Q2: Parameters from SA2 used at AS layer for Ranging/SL positioning
Question 2 asked what are the parameters used at AS layer for Ranging/SL positioning for RAN2. In SA2#153e, SA2 concludes that the service authorization related parameters include the following:
	- The specific Ranging/SL positioning parameters to UE include:
- When the UE is served by NG-RAN, the PLMNs in which the UE is authorized to perform Ranging/SL positioning service over PC5 reference point for acquiring relative distance, relative direction, high accuracy relative distance and high accuracy relative direction.
- When the UE is not served by NG-RAN, indicates whether the UE is authorized to perform Ranging/SL positioning service over PC5 reference point for acquiring relative distance, relative direction, high accuracy relative distance and high accuracy relative direction.
- The mapping between Ranging/SL positioning services (e.g. ProSe identifiers, V2X service types) and Ranging/SL positioning QoS parameters.
NOTE 1: The QoS parameters will be coordinated with RAN WGs during the normative phase.
- The authorized Ranging/SL positioning role per PLMN, e.g. target UE, reference UE, assistant UE, and located UE.
- When the UE is not served by NG-RAN, indicates the authorized Ranging/SL positioning role, e.g. target UE, reference UE, assistant UE, and located UE.
- The discovery parameters for Ranging/SL positioning service depends on the conclusions of KI#3.
NOTE 2: These parameters can be preconfigured in ME/UICC. If same policy/parameters are provided by PCF, the policy/parameters provided by PCF have higher priority than preconfigured parameters.


Currently, both NR V2X and NR Prose doesn't support inter-PLMN communication with any additional spec effort. To realize the SL communication between UEs from different PLMNs, same SL resource pool configuration is needed between the different PLMNs. So SL positioning can work without PLMN information from RAN2 perspective, and SA2 can further discuss from SA2 perspective. The QoS parameters are needed when determining the SL positioning method, and it is not specified in RAN2 spec how the SL positioning method is determined. For UE roles, RAN2 can work without the UE roles and it has less spec impact without specifying UE roles. 
Proposal7: From RAN2 perspective, no parameters for service authorization to the UE are needed at AS layer for Ranging/SL positioning.
3.4.3	Q3: Impact of Assistant UE on RAN2
Question 3 is about the impact of Assistant UE on RAN2. In SA2#153e, SA2 concluded the support of periodic ranging with Assistant UE and the following principles are agreed in the TR conclusion [23.700-86 v1.1.0]. 
	-	For the Assistant UE involved for periodic Ranging/SL Positioning service request, the Target UE determines whether to keep using the existing Assistant UE, reselect a new Assistant UE or no use of Assistant UE based on e.g. signal strength or whether LOS path exists:
· [bookmark: _Hlk116495857]If the assistant UE is still required, the existing Assistant UE continues to be used, or a new Assistant UE is discovered and selected.
· If the assistant UE is no longer required, the target UE can switch to direct ranging operation for the next Ranging/SL Positioning.
NOTE 1:	It’s up to implementation on when the Target UE performs ranging service check to determine to change Assistant UE.
NOTE 2: The determination of using assistant UE and the assistant UE selection/reselection should be aligned with the mechanism defined by RAN WGs.


The typical scenario of Assistant UE involving periodic ranging provided by SA2 is ranging/SL positioning of two moving cars on the highway with another car in-between, illustrated in Figure 3. 


Figure 3 scenario of Assistant UE involved periodic ranging
This scenario is provided with two assumptions:
1. The pair of UE (UE1 and UE2) are moving towards the same direction
2. Assistant UE has fixed location (e.g., RSU), and is available during the periodic ranging period, e.g. assistant UEs are deployed to cover all the highway lanes.
In such a scenario, if two cars (UE1 and UE2) intend to know their relative distance periodically, SA2 considers it as a periodic ranging service. It means that the two UEs perform ranging service in a periodic manner, and every ranging cycle comprises a ranging procedure and a time interval. The transportation on the highway may experience complex changes, and it is very often that the direct ranging/SL positioning between the Target UE (UE1) and the Anchor UE (UE2) cannot be supported, thus the assistance of another UE (e.g. Assistant UE in SA2, RSU) may be needed. For the Assistant UE involved periodic ranging/SL positioning case, when the distance between the Assistant UE and the Target UE/Anchor UE increases to an extent that the current Assistant UE cannot continue the assistance, the ranging service operation might go through a disruption. To avoid that and maintain service continuity of periodic ranging/SL positioning, the Target UE can perform a service check in advance, with the collected measurement data, to determine whether the current Assistant UE can still serve in the next cycle. After checking that, the Target UE can determine whether to find another Assistant UE or not. 
As Noted in the SA2 TR conclusion, it is “Target UE” that “determines whether to keep using the existing Assistant UE, reselect a new Assistant UE or no use of Assistant UE”. Also, “The determination of using assistant UE and the assistant UE selection/reselection should be aligned with the mechanism defined by RAN WGs”, which means that RAN2 can consider how Target UE makes the decisions and selections based on, e.g., frequency and some detailed criteria. 
· For frequency, the Target UE could perform the ranging service check during each cycle of the periodic ranging process, immediately after obtaining the SL positioning measurements. 
· For detailed criteria, the Target UE could obtain information of many aspects from the collected measurement data, e.g. the signal power, whether LOS path exists, the moving direction and velocity of relevant UEs, and according to these criteria it determines whether the current Assistant UE could still serve in the next cycle and whether to initiate Assistant UE reselection.
Proposal8: The Target UE performs assistant UE reselection to determine whether the current Assistant UE can still serve in the next cycle: 
· Frequency of reselection: The target UE reselects assistance UE for each cycle of periodic ranging
· Reselection rule: which can include e.g., the signal power, whether LOS path exists, the moving direction and velocity of relevant UEs,
3.4.4	Q4: Ranging/SL Positioning parameters and ProSe/V2X layer
For Question 4, “whether those Ranging/SL Positioning parameters are transparent to ProSe/V2X layer or not”, we think the Prose/V2X layers are mainly in SA2 scope, and there is actually no RAN2 impact from RAN2 perspective, so we think this can be left SA2 to decide. 
Proposal9: Whether those Ranging/SL Positioning parameters are transparent to ProSe/V2X layer or not can be left to SA2.
3.4.5	Q6: Resource coordination and scheduling
Question 6 is related to “Resource coordination and scheduling” issue, currently RAN1 has made some agreements on resource scheduling, where the resource allocation Scheme 2 is introduced, and the Scheme 2 can be applied for without LMF involved out of coverage case. In addition, the Scheme 2 also includes the study of Inter-UE coordination. Therefore, the resource coordination and scheduling for out of coverage case can be left to RAN1.
	RAM1#110 Agreements
Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS

Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS


Proposal10: The resource coordination and scheduling for out of coverage case can be left to RAN1.
3.4.6	Q7: Functionality of SL Positioning Server UE
Question 7 is related to “Functionality of SL Positioning Server UE”, including e.g. SL Positioning/Ranging method determination, operation coordination, resource coordination, scheduling, and result calculation. We give the following analysis for all the functionalities from RAN2 perspective.
For SL positioning/ranging method determination, it is enough for Target UE and Anchor UE to make decisions on which SL positioning method to use for the current SL positioning session. For example, the Target UE or Anchor UE can broadcast the supported SL positioning method, and select each other if there is at least one identified SL positioning method. Target UE and Anchor UE can negotiate one SL positioning method through the at least one identified SL positioning method. Moreover, as the SL Positioning Server UE who is responsible for the location calculation should have high capability, such as supporting all kinds of SL positioning methods, meaning that there is no need for the SL Positioning Server to decide the SL positioning method to avoid the case where the calculation is related to the SL positioning method that it doesn’t support.
For operation coordination, the Target UE can search for another UE to help with the positioning directly without the introduction of SL Positioning Server UE, e.g., based on the discovery or direct communication request procedure.
For resource coordination and scheduling, the scheme 1 related resource coordination and scheduling can be done by gNB, and the scheme 2 related resource coordination and scheduling can be done by the either the Target UE or the Anchor UE similarly as the SL communication mode 2 where UE decides its own transmission resource autonomously. Therefore, the discussion can be left to RAN1.
For the result calculation, we think the SL Positioning Server UE is introduced for the case where both the Target UE and Anchor UE don’t support location calculation, so SL Positioning Server UE can help with the location calculation for other low calculation capability UEs. Besides, the Target UE and Anchor UE can also be the SL Positioning Server UE to perform location calculation during the SL positioning session. 
Based on the discussion above, we think that the location server UE only needs the location calculation functionality from the R2’s perspective.
Proposal11: The functionality of SL Positioning Server UE includes location calculation.
3.5	Text proposal for the TR
Finally, to finalized the discussion in the study item phase, we propose a text proposal for the TR in Section 6 of the paper
Proposal12: Adopt the text proposal for TR 38.859 in the Annex section for the conclusion of the SI.
4. [bookmark: OLE_LINK8][bookmark: OLE_LINK7]Conclusion
Based on the discussion in this paper, we recommend RAN2 to discuss and adopt the following proposals: 
Cast type for SL positioning:
Proposal1: SLPP capability can be sent by broadcast in the following scenarios:
· Target UE can broadcast SLPP capability when searching for Anchor UE to perform SL positioning.
· Anchor UE, which is responsible for SL positioning, e.g., RSU, can broadcast SLPP capability.
Proposal2: SLPP assistance data can be transferred in broadcast/groupcast in the following scenarios:
· In the one-to-many scenario for SL positioning, Target UE can transmit its SLPP assistance data to multiple Anchor UEs at least for without LMF involved scenarios.
· Anchor UEs can transmit its SLPP assistance data to multiple Target UEs at least for without LMF involved scenarios.
Coverage of UE:
Proposal3: For the partial coverage of UE, RAN2 should discuss the following case:
· Anchor UE is in coverage while Target UE is out of coverage for Uu interface.
Support of SL positioning in local Co-ordinates
Proposal4: The local coordinate system is needed for the scenario in KI#5 for network-assisted absolute positioning for partial/in coverage UEs.
Proposal5: RAN2 to discuss the support of local co-ordinates in SL positioning for network-assisted absolute positioning for partial/in coverage UEs in normative work phase.
Issues relate to LS from SA2: 
Proposal6: RAN2 supports the CP-based solution for the new SLPP protocol, where the new SLPP protocol is placed over PC5-S/PC5-D.
Proposal7: From RAN2 perspective, no parameters for service authorization to the UE are needed at AS layer for Ranging/SL positioning.
Proposal8: The Target UE performs assistant UE reselection to determine whether the current Assistant UE can still serve in the next cycle: 
· Frequency of reselection: The target UE reselects assistance UE for each cycle of periodic ranging
· Reselection rule: which can include e.g., the signal power, whether LOS path exists, the moving direction and velocity of relevant UEs,
Proposal9: Whether Ranging/SL Positioning parameters are transparent to ProSe/V2X layer or not can be left to SA2.
Proposal10: The resource coordination and scheduling for out of coverage case can be left to RAN1
Proposal11: The functionality of SL Positioning Server UE includes location calculation.
Text proposal
Proposal12: Adopt the text proposal for TR 38.859 in the Annex section for the conclusion of SI.
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6. [bookmark: _GoBack]Annex
In the annex, we give a text proposal for TR of SL Positioning.
===========================TP BEGIN==========================================
[bookmark: _Toc112369678]5.2.2	Potential Architecture and Signalling Procedures for Sidelink Positioning
Sidelink positioning supports two operation scenarios, including "PC5-only-based positioning" and "Combination of Uu- and PC5-based positioning". Sidelink positioning supports unicast SLPP/RSPP session-based operation, and RAN2 will further study the applicability of groupcast/broadcast to SLPP/RSPP group operation. 
Sidelink positioning supports unicast SLPP/RSPP "centralized" operation, i.e., operation where one UE performs range and/or position calculations based on measurement/location information relating to itself and/or other UEs. 
A new protocol, SLPP, for sidelink positioning procedures is introduced between UEs. SLPP protocol is a separate ASN.1 module from LPP, which includes the following functionalities:
-	SL Positioning Capability Transfer
-	SL Positioning Assistance Data exchange
-	SL Location Information Transfer
-	Error handling
-	Abort
The sidelink positioning signalling of the supported functionalities supports unicast as baseline. In addition, for sidelink positioning signalling of SL positioning capability transfer and SL positioning assistance data, applicability for groupcast/broadcast will be studied, including addressing any security aspects (involving SA3 where needed). 
Note:	The specific use case for supporting groupcast/broadcast if FFS. Whether sidelink positioning signalling of location information transfer can be transferred in groupcast/broadcast is FFS.
RAT-independent SL positioning is not supported in this release.
For "PC5-only-based positioning" and "Combination of Uu- and PC5-based positioning" scenarios, RAN2 studied the following Protocol options between UE and LMF for in-coverage, and will down-select during normative work.
-	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;
-	Enhancement of LPP whereby SLPP signaling can be transported within LPP transparently, i.e. use the newly defined SLPP to support sidelink based positioning and use the existing LPP to support Uu based positioning; and the SLPP is carried as a container in LPP;
-	Use SLPP between the UE and the LMF.
=============================END OF TP========================================
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