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Abstract of the contribution: This contribution is a resubmission of S2-2206359r06 (itself update of r05) submitted to Friday CC#5 at SA2#152e. Though r05 was requested (twice) to be handled in CC#5 during the email discussion, it was omitted in CC#5 and while requested once again to be handled in CC#5, it was unfortunately not treated due to lack of time.

Introduction
This contribution is a resubmission of S2-2206359r06 (itself update of r05) submitted to Friday CC#5 at SA2#152e with only the following amendments done (vs r06): 
 -	It only contains the pCR part
-	Terminology has been updated according to the latest 23.700-86 (v1.0.0) – such changes are in blue highlights (except in the figures that remain B&W)
It should be noted that:
-	r05 had been made available on time wrt revision deadline, and requested (twice) to be handled in CC#5 during the email discussion
-	after the revision deadline, offline discussions were had finding an acceptable compromise in the form of r06 with simple updates as shown in green highlights in r06. r06 was uploaded to the CC folder well on time.
-	unfortunately, r05 was not handled in CC#5 as it did not appear on the list of CC#5 docs and though requested once more during the call, CC#5 did run out of time. 
We do acknowledge this could be seen as a new solution, however, this paper is not something that has not been seen or discussed before, so we hope it could be treated esp. in view of the above and earlier discussions. 
We also would like to note some of the aspects raised by this paper have also been raised in the pre-SA2#153e CC – it is important that a sound signaling framework be defined that will help integrating SL Positioning and Ranging with LCS.

pCR 23.700-86
The proposals in §2 are incorporated in the following pCR.
**** FIRST CHANGE ****
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Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of solutions to key issues
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**** NEXT CHANGE (all new text) ****
6.X	Solution #x: LCS frameworkMT-LR and MO-LR signalling for peer-to-peer SL Positioning and Ranging
Editor's note:	This clause describes a solution addressing one or more key issues identified in clause 5. The structure of the clauses can be adjusted. The list of key issues which this solution attempts to resolve should be clearly indicated.
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This solution addresses KI#2 (Ranging service operation procedure with the assistance of another UE), KI#3 (Ranging/Sidelink Positioning device discovery) and KI#6 (Ranging and sidelink positioning service exposure to a UE).
Peer-to-peer operation implies no (direct) network involvement; SL Positioning and ranging are achieved between UEs only. Solution #26 introduces, among others, the notion of a Location Server that can be hosted in a UE, as not all UEs may be able to position themselves and a network LMF may simply not be reachable.
Peer-to-peer operation further implies:
-	An LCS Client, if any, will necessarily operate in a UE, noting that LCS today assumes an LCS Client may operate in a UE; as specified in TS 23.273, an LCS Client is an "entity that interacts with GMLC for the purpose of obtaining location information for one or more UEs. The LCS Client may reside in the UE." In peer-to-peer operation this model needs to be adapted, i.e. for operation in a third-party UE. The term "SL Positioning Client UE" is used hereafter.
-	GMLC, UDM and AMF are not available, while noting LCS Clients traditionally access LCS services from a GMLC using the Le reference point. These NFs provide important functionality that need to be transposed into peer-to-peer scenarios.
This solution proposes to introduce a signalling framework to enable PC5-MT-LR and PC5-MO-LR LCS procedures supporting sidelink positioning and ranging, given the above.
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In a network scenario, it is the GMLC (with assistance from the UDM) that authorizes LCS Clients/AF and ensures the privacy of a Target UE is respected. In peer-to-peer scenario, without any network entity to rely on, it should be considered whether a UE could host GMLC/UDMVetting functionality. A key question is then whether a UE has authority to verify a) that an LCS Client in a third-partySL Positioning Client UE is authorized and b) the Target UE privacy with respect to the third‑partySL Positioning Client UE obtaining the location of the Target UE. 
This solution proposes that no distinct GMLC/UDM UE be introduced. Instead, it proposes that the necessary Vetting functionality be hosted either in the Target UE (Case I.) or the Location Server UESL Positioning Server UE (Case II.) as follows:
I.	Target UE (with "GMLC"-likeVetting functionality): the Target UE interacts directly with LCS ClientsSL Positioning Client UEs. The Target UE itself vets any incoming location requests addressed to it and only responds to requests it successfully vets, such that "illicit" requests do not cause undue signalling, given that:
-	In network-based scenarios, an LCS Client is verified to be authorized, or not, to retrieve the UE location, as a function of the Subscriber LCS Privacy Profile (SLPP) that is stored as part of the subscription data in the UDM, and LCS Client Data (e.g. location request type, client identity). The SLPP is subscriber-specific and can be updated by the UE, e.g. depending on user input; and
-	In peer-to-peer scenario, it can therefore be expected that the Target UE itself holds its own Subscriber LCS Privacy Profile, and using this information and LCS ClientSL Positioning Client UE data (such as location request type e.g. positioning/ranging, accuracy, client identity, etc.) is able to decide whether or not to authorize the LCS Client to retrieve its location.
Furthermore, without an AMF, the Target UE will need taking on the "role" of the AMF. In particular, the Target UE itself will select and interact with the Location Server UESL Positioning Server UE (if the Target UE determines it needs assistance from a Location Server UESL Positioning Server UE for positioning of the Target UE).
This solution proposes that the selection of the Location Server UESL Positioning Server UE by the Target UE is performed using direct discovery. Both models A and B discovery can be used as follows (see TS 23.303 for definitions of models A and B):
-	Model A: a Location Server UESL Positioning Server UE ("announcing UE") announces itself at least as a Location Server UESL Positioning Server UE. Target UEs ("monitoring UE") monitor such announcements.
-	Model B: a Target UE ("discoverer UE") issues requests including information it wishes to discover a Location Server UESL Positioning Server UE ("discoveree UE").
Once a suitable Location Server UESL Positioning Server UE is identified by the Target UE, direct communication between these UEs can thereafter take place to complete the LCS positioning/ranging procedure.
II.	Location Server UESL Positioning Server UE (with "GMLC/UDM"-likeVetting functionality): the Location Server UESL Positioning Server UE interacts with LCS ClientsSL Positioning Client UEs i.e. it acts as a "proxy" between these Clients SL Positioning Client UEs and Target UEs. Unlike Case I., the Target UEs would not interact directly with LCS ClientSL Positioning Client UEs in this case. However like Case I., it can be expected here as well that the Target UE itself holds its own Subscriber LCS Privacy profile information which can be queried/used when necessary by the Location Server UESL Positioning Server UE when interacting with LCS SL Positioning Client UEs. The Location Server UESL Positioning Server UE may be able to store this information.
	An LCS Client SL Positioning Client UE selects a Location Server UESL Positioning Server UE (with "GMLC/UDM"-likeVetting functionality) in order for the LCS Client SL Positioning Client UE to be able to issue Location Service Request.
The selection of the Location Server UESL Positioning Server UE by the LCS Client SL Positioning Client UE is performed using direct discovery. Both models A and B discovery can be used as follows (see TS 23.303), noting Model B discovery may be more adequate:
-	Model A: a Location Server UESL Positioning Server UE ("announcing UE") announces itself at least as a Location Server UESL Positioning Server UE (with "GMLC/UDM"-likeVetting functionality). LCS Client UEs ("monitoring UE") monitor such announcements.
-	Model B: an LCS Client SL Positioning Client UE ("discoverer UE") issues requests including information it wishes to discover a Location Server UESL Positioning Server UE (with "GMLC/UDM"-likeVetting functionality) ("discoveree UE").
Once a suitable Location Server UESL Positioning Server UE is identified by the LCS Client SL Positioning Client UE, direct communication between these UEs can thereafter take place to perform the LCS necessary positioning/ranging procedure.
A Location Server UESL Positioning Server UE (with "GMLC/UDM"-likeVetting functionality) uses SLPP information from a Target UE, and LCS Client SL Positioning Client UE Data data (such as location request type e.g. positioning/ranging, accuracy, client identity, etc.) to determine whether an LCS Client SL Positioning Client UE is authorized and whether this Client SL Positioning Client UE is authorized to retrieve the location information of the Target UE.
Resulting from the above, a signalling framework for PC5-MO-LR and PC5-MT-LR procedures in peer-to-peer scenario are proposed in clause 6.X.3 below for both Cases I and II described above. No NI-LR procedure is deemed applicable in peer-to-peer scenario.
All signalling transactions depicted in clause 6.X.3 between Target UE, SL Positioning Server UE, Reference UE operate using the RSPP protocol (see e.g. Solutions #4, #26). 
Editor’s Note: 	Future coordination with RAN2 is expected to ensure alignment of the procedure details over the RSPP protocol.
Editor’s Note:	The protocol used for signalling transactions with the SL Positioning Client UE (i.e. Service Request/Response, Location Info/Info Ack) is FFS.
Editor’s Note: 	It is FFS if the MT-LR and MO-LR model described hereafter would be further optimized for peer-to-peer operation.
Editor’s Note: It is FFS which part of the "GMLC/UDM-like" functionalities need to be standardized for SL Positioning Server UE
Editor’s Note: Discovery Models A and B are referred to in clause 6.X.3. It is FFS how Model A, Model B discovery over PC5 will be used to discover UE “roles” (e.g. Target UE, SL Positioning Server UE). Whether another channel (e.g. communication channel) is needed for discovery is FFS and should be discussed in RAN groups.
Editor’s Note: Details of discovery will be addressed at a future meeting in alignment with KI#3 solutions  
Editor’s Note: Any Authentication/Authorization will be aligned with SA3. Whether it refers to CN-related information is FFS
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6.X.3.1 Case I: Target UE holds "GMLC"Vetting functionality
6.X.3.1.1	PC5-MT-LR procedure
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Figure 6.X.3.1.1-1: PC5-MT-LR Procedure
1.	An LCS application in a Third Party Client (in a UE)UE needs to retrieve the location information of a Target UE. It initiates discovery to discover the Target UE. The LCS Client (UE) SL Positioning Client UE issues an LCS Service Request message over PC5 to a Target UE in order to retrieve the location of the Target UE. The LCS Service Request message contains necessary information allowing the Target UE to identify the LCS ClientSL Positioning Client UE data incl. the LCS Client identity, the type of location request (e.g. positioning/ranging), the accuracy of the location, etc. If the type of location request requires positioning or ranging vs. another UE, this other UE is also identified in the Service Request.
2.	Upon reception of a LCS Service Request message, the Target UE verifies that the originating LCS Client SL Positioning Client UE is authorized. The Target UE uses its own stored Subscriber LCS Privacy Profile (SLPP) information and the identified LCS Client SL Positioning Client UE data in Step 1. to determine whether or not to authorize the LCS Client SL Positioning Client UE and its location request. If another UE was identified in Step 1, the Target UE verifies that this other UE is in proximity (e.g. by using the discovery procedure (Model A) with this other UE) and that this other UE authorizes the positioning/ranging (see Editor’s Note). If the Target UE determines that the LCS ClientSL Positioning Client and its location request are not authorized, and/or that the other UE is not in proximity or that the other UE does not authorize the positioning/ranging, the Target UE does not respond to the LCS Service Request and the procedure stops, otherwise the Target UE proceeds with Step 3.
Editor’s Note: 	The signalling transaction for the Target UE to verify that the other UE authorizes the positioning/ranging is FFS.
3.	If the Target UE determines it requires support from a Location Server UESL Positioning Server UE, the Target UE selects a Location Server UESL Positioning Server UE. The selection of the Location Server UESL Positioning Server UE by the Target UE is performed using direct discovery. Both models A and B discovery can be used as follows (see TS 23.303 for definitions of models A and B):
-	Model A: a Location Server UESL Positioning Server UE ("announcing UE") announces itself at least as a Location Server UESL Positioning Server UE. Target UEs ("monitoring UE") monitor such announcements.
-	Model B: a Target UE ("discoverer UE") issues requests including information it wishes to discover a Location Server UESL Positioning Server UE ("discoveree UE").
Once a Location Server UESL Positioning Server UE is selected, direct communication is established between the Target UE and this Location Server UESL Positioning Server UE allowing the procedure to proceed (Step 4).
If the Target UE determines instead it does not need support from a Location Server UESL Positioning Server UE it proceeds to Step 5.
4.	The Target UE issues a Determine Location Request message to the Location Server UESL Positioning Server UE, incl. necessary information as required by the LCS ClientSL Positioning Client UE in Step 1. If positioning or ranging vs. another UE was requested in Step 1, this other UE is also identified in the Determine Location Request message.
5.	The UE Positioning (/ranging) is performed by the Target UE or with support of the Location Server UESL Positioning Server UE in order to determine the Target UE location, depending on the outcome of Step 3.
NOTE:	Reference UE(s) (e.g. the other UE) may also be invoked at this point to assist the Target UE or Location Server UESL Positioning Server UE in determining the Target UE location.
	If support from a Location Server UESL Positioning Server UE was requested in Step 3, Step 6 follows, else Step 7. 
6.	The Location Server UESL Positioning Server UE reports the calculated Target UE location information in a Determine Location Response message to the Target UE.
7.	The Target UE reports its location information to the LCS ClientSL Positioning Client UE in a LCS Service Response message.
6.X.3.1.2	PC5-MO-LR procedure
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Figure 6.X.3.1.2-1: PC5-MO-LR procedure
1.	This step is triggered in the Target UE e.g. by an application running in the UE, to retrieve its position (absolute or relative) and, possibly, to share it with a SL Positioning Client UE (e.g. at regular intervals). If the location operation requires positioning or ranging vs. another UE, the Target UE verifies that this other UE is in proximity (e.g. by using the discovery procedure (Model A) with this other UE) and that the other UE authorizes the location operation (see Editor’s Note). If the Target UE determines it requires support from a Location Server UESL Positioning Server UE, the Target UE selects a Location Server UESL Positioning Server UE. The selection of the Location Server UESL Positioning Server UE by the Target UE is performed using direct discovery. Both models A and B discovery can be used as follows (see TS 23.303 for definitions of models A and B):
-	Model A: a Location Server UESL Positioning Server UE ("announcing UE") announces itself at least as a Location Server UESL Positioning Server UE. Target UEs ("monitoring UE") monitor such announcements.
-	Model B: a Target UE ("discoverer UE") issues requests including information it wishes to discover a Location Server UESL Positioning Server UE ("discoveree UE").
Once a Location Server UESL Positioning Server UE is selected, direct communication is established between the Target UE and this Location Server UESL Positioning Server UE allowing the procedure to proceed (Step 2).
If the Target UE determines instead it does not need support from a Location Server UESL Positioning Server UE it proceeds to Step 3.
Editor’s Note: 	The signalling transaction for the Target UE to verify that the other UE authorizes the positioning/ranging is FFS.
2.	The Target UE issues a Determine Location Request message to the Location Server UESL Positioning Server UE, incl. necessary information as required by the intended location operation. 
3.	The UE Positioning (/ranging) is performed by the Target UE or with support of the Location Server UESL Positioning Server UE in order to determine the Target UE location, depending on the outcome of Step 1.
NOTE:	Reference UE(s) (e.g. the other UE) may also be invoked at this point to assist the Target UE or Location Server UESL Positioning Server UE in determining the Target UE location.
	If support from a Location Server UESL Positioning Server UE was requested in Step 1, Step 4 follows, else Step 5. 
4.	The Location Server UESL Positioning Server UE reports the calculated Target UE location information in a Determine Location Response message to the Target UE.
5.	If necessary (i.e. if reporting to an LCS Client SL Positioning Client UE is necessary), the Target UE reports the calculated Target UE location information to an authorized LCS ClientSL Positioning Client UE.
6.	The LCS Client SL Positioning Client UE acknowledges receipt of the Target UE location information from the Target UE.

6.X.3.2 Case II: Location Server UESL Positioning Server UE holds "GMLC-UDM"-likeVetting functionality
6.X.3.2.1	PC5-MT-LR procedure
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Figure 6.X.3.2.1-1: PC5-MT-LR procedure
1.	An LCS Client (in a UE) SL Positioning Client UE needs to retrieve location information of a Target UE. It initiates discovery to discover the Target UE. The LCS ClientSL Positioning Client UE selects a Location Server UESL Positioning Server UE (with "GMLC/UDM"-likeVetting functionality). The selection of the Location Server UESL Positioning Server UE by the LCS SL Positioning Client UE is performed using direct discovery. Both models A and B discovery can be used as follows (see TS 23.303 for definitions of models A and B): 
-	Model A: a Location Server UESL Positioning Server UE ("announcing UE") announces itself at least as a Location Server UESL Positioning Server UE (with "GMLC/UDM"-likeVetting functionality). LCS ClientSL Positioning Client UEs ("monitoring UE") monitor such announcements.
-	Model B: an LCS ClientThird Party UE ("discoverer UE") issues requests including information it wishes to discover a Location Server UESL Positioning Server UE (with "GMLC/UDM"-likeVetting functionality) ("discoveree UE").
Once a suitable Location Server UESL Positioning Server UE is identified by the LCS Client SL Positioning Client UE, direct communication between these UEs can thereafter take place to perform complete the LCS procedure.
2.	The LCS Client (UE) SL Positioning Client UE issues an LCS Service Request message over PC5 to the Location Server UESL Positioning Server UE in order to retrieve the location of the Target UE. The LCS Service Request message contains necessary information allowing the Location Server UESL Positioning Server UE to identify the LCS ClientSL Positioning Client UE data incl. the LCS Client identity, the type of location request (e.g. positioning/ranging), the accuracy of the location, etc. as well as the Target UE. If the type of location request requires positioning or ranging vs. another UE, this other UE is also identified in the Service Request.
	If the Location Server UESL Positioning Server UE holds Subscriber LCS Privacy Profile information of the Target UE it proceeds to Step 5, otherwise Step 3.
NOTE:	If another UE is identified in the Service Request, the SL Positioning Server UE proceeds the same way with verifying the SLPP information of the other UE.
3.	After discovering the Target UE and establishing direct communication with the Target UE, the Location Server UESL Positioning Server UE issues an SLPP Information Request message to the Target UE to retrieve its SLPP Information. 
4.	The Target UE upon receiving the SLPP Information Request message from the Location Server UESL Positioning Server UE responds with an SLPP Information Response message including the Target UE’s SLPP information.
5.	The Location Server UESL Positioning Server UE verifies that the LCS Client SL Positioning Client UE is authorized. The Location Server UESL Positioning Server UE uses the SLPP information of the Target UE (and, of the other UE as applicable) and the identified LCS Client Third Party UE data in Step 2. to determine whether or not to authorize the LCS Client Third Party UE and its location request. If the LCS Client SL Positioning Client UE (and associated location request) is not authorized the Location Server UESL Positioning Server UE may reject the Location Service Request from the LCS ClientSL Positioning Client UE. If the LCS Client SL Positioning Client UE is authorized, the Location Server UESL Positioning Server UE proceeds with Step 6.
6.	The Location Server UESL Positioning Server UE forwards the authorized LCS Service Request to the Target UE. If the Target UE determines it needs support from the Location Server UESL Positioning Server UE to determine its location, it proceeds to Step 7, otherwise Step 8.
7.	The Target UE issues a Determine Location Request message to the Location Server UESL Positioning Server UE, incl. necessary information as required by the LCS Client in Step 1. If positioning or ranging vs. another UE was requested in Step 1 (resp. Step 6) this other UE is also identified in the Determine Location Request message.
8.	The UE Positioning (/ranging) is performed by the Target UE or with support of the Location Server UESL Positioning Server UE in order to determine the Target UE location, depending on the outcome of Step 6.
NOTE:	Reference UE(s) (e.g. the other UE) may also be invoked at this point to assist the Target UE or Location Server UESL Positioning Server UE in determining the Target UE location.
	If support from a Location Server UESL Positioning Server UE was requested in Step 6, Step 9 follows, else Step 10. 
9.	The Location Server UESL Positioning Server UE reports the calculated Target UE location information in a Determine Location Response message to the Target UE.
10.	The Target UE reports its location information in a LCS Service Response message to the Location Server UESL Positioning Server UE which in turn forwards it to the Location ServerSL Positioning Client UE.
6.X.3.2.2	PC5-MO-LR procedure
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Figure 6.X.3.2.2-1: PC5-MO-LR procedure
1.	This step is triggered in the Target UE e.g. by an application running in the UE, to retrieve its position (absolute or relative) and, possibly, to share it with a SL Positioning Client UE (e.g. at regular intervals). If the location operation requires positioning or ranging vs. another UE, the Target UE verifies that this other UE is in proximity (e.g. by using the discovery procedure (Model A) with this other UE). If the Target UE determines it requires support from a Location Server UESL Positioning Server UE, the Target UE selects a Location Server UESL Positioning Server UE. The selection of the Location Server UESL Positioning Server UE by the Target UE is performed using direct discovery. Both models A and B discovery can be used as follows (see TS 23.303 for definitions of models A and B):
-	Model A: a Location Server UESL Positioning Server UE ("announcing UE") announces itself at least as a Location Server UESL Positioning Server UE. Target UEs ("monitoring UE") monitor such announcements.
-	Model B: a Target UE ("discoverer UE") issues requests including information it wishes to discover a Location Server UESL Positioning Server UE ("discoveree UE").
Once a Location Server UESL Positioning Server UE is selected, direct communication is established between the Target UE and this Location Server UESL Positioning Server UE allowing the procedure to proceed (Step 2).
If the Target UE determines instead it does not need support from a Location Server UESL Positioning Server UE it proceeds to Step 3.
2.	The Target UE issues a Determine Location Request message to the Location Server UESL Positioning Server UE, incl. necessary information as required by the intended location operation. If the type of location request requires positioning or ranging vs. another UE, this other UE is also identified in the Determine Location Request message. The SL Positioning Server UE verifies that the location operation with the other UE is authorized (following if necessary similar steps as Steps 3, 4 and 5 in clause 6.X.3.2.1 i.e. SLPP Info Req/Resp with, and Vetting of the other UE).
3.	The UE Positioning (/ranging) is performed by the Target UE or with support of the Location Server UESL Positioning Server UE in order to determine the Target UE location, depending on the outcome of Step 1.
NOTE:	Reference UE(s) (e.g. the other UE) may also be invoked at this point to assist the Target UE or Location Server UESL Positioning Server UE in determining the Target UE location.
	If support from a Location Server UESL Positioning Server UE was requested in Step 1, Step 4 follows, else Step 5. 
4.	The Location Server UESL Positioning Server UE reports the calculated Target UE location information in a Determine Location Response message to the Target UE.
5.	If necessary (i.e. if reporting to an LCS Client SL Positioning Client UE is necessary), the Target UE reports the calculated Target UE location information to the Location Server UESL Positioning Server UE, with necessary information allowing identification of the LCS ClientSL Positioning Client UE. The Target UE includes its SLPP information, which, together with the LCS Client information allows the Location Server UESL Positioning Server UE to determine whether the LCS Client SL Positioning Client UE is authorized. If so, the Location Server UESL Positioning Server UE forwards the location information to the authorized LCS ClientSL Positioning Client UE. 
6.	The LCS Client SL Positioning Client UE acknowledges receipt of the Target UE location information from the Location Server UESL Positioning Server UE which in turn forwards it to the Target UE.
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UE: Support of PC5-MO-LR and PC5-MT-LR procedures for Case I and/or Case II incl.
-	Support of Location Server UESL Positioning Server UE selection by Target UE or LCS Client SL Positioning Client UE
-	Support of LCS Client SL Positioning Client UE authorization incl. support storage of Subscriber LCS Privacy Profile information and identification of LCS ClientSL Positioning Client UE data by Target UE or Location Server UESL Positioning Server UE
-	(LCS ClientSL Positioning Client UE) Support of location requests/responses pertaining to SL positioning/ranging
**** END OF CHANGES ****
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