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Abstract of the contribution: This contribution proposes some a clarification to the definition of Location Server UE, add a new definition about third party UE, and Change term Network assisted UE and Second UE to Located UE throughout the document.
1.
Discussion
1.1 Location Server UE
The concept of Location Server is introduced in TS 23.271, which includes a group of functionalities, see below. 

	the LCS Server functional group consists of functions in the GSM, UMTS or EPS PLMN supporting LCS:

-
client handling component;

-
system handling component;

-
subscriber handling component;

-
positioning component.


 These functionalities are distributed on multiple core network NFs, e.g. MME, HSS, LRF, GMLC, E-SMLC, etc, in the context of EPC. E‑SMLC is used for computation of a location estimate for the mobile terminal, which performs a similar role of LMF in 5GC. When eLCS was introduced to 5G, most of the LCS server functionalities are inherited and distributed to multiple 5GC NFs. In short, Location Server corresponds to multiple core network NFs related to location service.
In TR 23.700-86, Location Server UE is defined as below:
	Location Server UE: A UE offering location server functionality in lieu of LMF, for Sidelink Positioning and Ranging over Sidelink. It interacts with a Target UE, Reference UEs, Assistant UE and Located UEs as necessary in order to calculate the location of the Target UE.


Observation 1: Location server defined in TS 23.271 has a larger scope than that is defined in TR 23.700-86, which only contains LMF functionalities.
Proposal 1: Considering that most of the Location server functionalities may still be needed on the UE side for non-network based solutions, it is proposed to update the definition of Location Server UE to be aligned with definition in TS 23.271.
1.2 Third Party UE
The term Third Party UE has been introduced for KI#6 and the related solutions; however, there’s no definition of Third Party UE, which caused a lot of confusions. Especially, the term 3rd UE is used in parallel. It is unclear the relationship between a Third Party UE and a 3rd UE. Additionally, LCS client is also used in some solutions. A clarification is necessary.
A Ranging/SL positioning service request is initiated by the Ranging/Sidelink positioning application, and the result will be used by the Ranging/Sidelink positioning application, residing in the application layer of the UE. It may be the Ranging/Sidelink positioning application on UE1, UE2 or a third UE to request and use the result. When it is the Ranging/Sidelink positioning application on a third UE to initiate the request, the third UE is the third party UE. The third party UE does not have to support Ranging/Sidelink positioning capability, but a communication between the third party UE and UE1/UE2 has to be established, either via PC5 or via 5GC for the transmission of the service request and the result.
LCS client was introduced and used in 2G/3G/4G, and was inherited by 5GC since R16 for legacy support.  LCS client functionality is realized by AF in 5GC. LCS client was kept only to support LCS request received over Le interface. 
Observation 2: It is necessary to clarify what is Third Party UE, especially the relationship with third UE. LCS client has to support Le interface. 
Proposal 2: Add a definition of Third Party UE, and clarify the relationship with 3rd UE. LCS client is not considered in the Ranging/Sidelink positioning architecture, as there’s no need to extend the legacy Le interface.
1.3 Located UE
Located UE was defined on the last meeting, and the corresponding updates to the TR is expected as addressed by the following EN under clause 3.1.
Editor's Note: Change term Network assisted UE and Second UE to Located UE throughout the document.
Observation 3: There’s  a EN to be resolved for Located UE.
Proposal 3: Change term Network assisted UE and Second UE to Located UE throughout the document.
2.
Text proposal
It is proposed to agree the following changes to TR 23.700-86:
* * * * First change * * * *

3.1
Terms

For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Ranging: refers to the determination of the distance between two UEs or more UEs and/or the direction and/or relative positioning of one UE (i.e. Target UE) from another UE (i.e. Reference UE) via PC5 interface.

Reference UE: A UE who determines a reference plane and reference direction in the Ranging based service and Sidelink positioning.

NOTE 1:
Reference UE is the same as Observer UE used in TR 22.855 [2].
Target UE: A UE whose distance, direction and/or position is measured comparing to the reference plane, reference direction and/or location of a Reference UE in the Ranging based service and Sidelink positioning.
NOTE 2:
Any UE participating in the Ranging/Sidelink Positioning can be both a Target UE and a Reference UE and can switch roles in the same Ranging/Sidelink Positioning session.
Editor’s Note: Concerning Reference UE and Target UE, whether new name will be defined to differentiate with the term Reference UE and Target UE used in eLCS is FFS.
Assistant UE: A UE who provides assistance for Ranging/Sidelink Positioning when the direct ranging/Sidelink positioning between a Reference UE and a Target UE cannot be supported.
Located UE: A UE of which the location is known or is able to be known using Uu based positioning. A Located UE can be used to determine the location of a Target UE using Sidelink Positioning.

Location Server UE: A UE offering location server functionalities for Sidelink Positioning and Ranging over Sidelink. It interacts with a Target UE, Reference UEs, Assistant UE and Located UEs as necessary in order to handle the service request and/or calculate the absolute position, relative position, or ranging information.
Sidelink Positioning: Positioning UE using PC5.

Positioning: A functionality, which detects a geographical location and optionally, velocity (of e.g. a mobile terminal).

Relative position: An estimate of the UE position relative to other network elements or relative to other UEs.
Third Party UE: A third UE, other than SL Reference UE and Target UE, which initiates Ranging/Sidelink positioning service request on behalf of the application residing on it. 
NOTE X: The third party UE does not have to support Ranging/Sidelink positioning capability, but a communication between the third party UE and SL Reference UE/Target UE has to be established, either via PC5 or via 5GC, for the transmission of the service request and the result.
Editor's note:
Definition on the terminology of Ranging and Sidelink positioning will be aligned with RAN WGs, and will be revisited when there's any conclusion in RAN WGs. 
* * * * Next change * * * *

5.6
Key Issue #6: Ranging and sidelink positioning service exposure to a UE

5.6.1
General description

The Ranging/Sidelink positioning service between 2 Ranging/Sidelink positioning capable UEs may be exposed to a  UE (SL Reference UE, Target UE or a Third Party UE) to obtain the Ranging/Sidelink positioning information between the 2 UEs.

The UE may request Ranging/Sidelink positioning information immediately, periodically or at a later time.


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?
NOTE:
For direct communication related aspects, V2X and/or ProSe architecture is used as the basis, and V2X and ProSe solutions will be reused as much as possible. Coordination with FS_5G_ProSe_Ph2 study may be required if any impact to R18 ProSe solution is identified.

* * * * Next change * * * *

6.6
Solution #6: Network assisted Ranging and Sidelink Positioning
6.6.1
Description

This solution is related to the Key Issue #5 on Network assisted Sidelink Positioning for In Network Coverage and Partial Network Coverage.

In this solution, the Located UE, who has capabilities that offers Sidelink Positioning and/or Uu based positioning, may broadcast its Network assisted Ranging and Sidelink Positioning service. A target UE who is not able to perform Uu based positioning estimation may call this Network assisted Ranging and Sidelink Positioning service to obtain its own Uu positioning estimation. Network assisted Ranging and Sidelink Positioning may require that the network has the capability of computing, providing the UE position or providing the assistant data to the UE.

The Network assisted Ranging and Sidelink Positioning can be realized based on the following potential mechanism:

-
Located UE requested procedure on behalf of the Target UE;

-
Target UE requested procedure;

For the Located UE requested procedure and Target UE requested procedure, the Network assisted Ranging and Sidelink Positioning may require that the network can compute and provide the UE position based on the Uu position of Located UE and the ranging information over sidelink. The ranging information over sidelink may be provided by the the Target UE or Located UE to the network.

6.6.2
Procedures of Located UE discovery 
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Figure 6.6.2.-1: Located UE discovery and selection
In this solution, a Located UE, who has capabilities that offers Sidelink Positioning and/or Uu based positioning, may broadcast its Network assisted Ranging and Sidelink Positioning service taking the discovery procedure as basis in clause 6.3.2.2 of TS 23.304 [4]. A UE who is not able to perform Uu based positioning estimation may call this Network assisted Ranging and Sidelink Positioning service to obtain its own Uu positioning estimation.

1.
The Located UE broadcasts the discovery procedure including a NW assistant ranging/sidelink positioning container. The NW assistant ranging/sidelink positioning container can reflect that the Located UE can provide the Network assisted Ranging and Sidelink Positioning service. The container may include the Located UE ranging/sidelink capability, Uu positioning capability. The Located UE may be aware of that its network supports the Network assisted Ranging and Sidelink Positioning based on the network indication during the registration procedure.

2.
Proximate Target UEs, who is not able to perform Uu based positioning estimation, monitors above discovery message and perform the Located UE selection based on above container (e.g. Located UE capability). After selection, the Target UE invoke the Network assisted Ranging and Sidelink Positioning service from the selected Located UE, as described in clause 6.X.3.


Editor's note:
How to support realize the Located UE discovery over V2X is FFS, e.g. carry discovery message as V2X application traffic.

6.6.3
Network assisted Ranging and Sidelink Positioning

6.6.3.1
Located UE requested procedure on behalf of the Target UE
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Figure 6.6.3.1-1: Located UE requested procedure with NW assistant ranging/sidelink positioning
1.
After the Located UE selection, the Target UE calls the NW assistant ranging/sidelink positioning service from the Located UE via the PC5 message.

2.
After receiving the above direct communication request, the Located UE may perform the Ranging/Sildelink positioning procedure with Target UE.

3.
The Located UE takes the 5GC-MO-LR Procedure as basis to perform the subsequent NW assistant ranging/sidelink positioning procedure. The Located UE sends a UL NAS TRANSPORT message with including a MO-NW assistant ranging/sidelink positioning request, the request may include the Ranging/Sildelink positioning assistant data based on the step 2.

4.
AMF may perform the LMF selection with NW assistant ranging/sidelink positioning condieration.

5.
AMF send a Nlmf_location_DetermineSidelinkLocation request to the selected LMF, the request includes the Ranging/Sildelink positioning assistant data.

6.
The LMF initiates the Located UE positioning as described in TS 23.273 [11].

7.
The LMF determine the Target UE position based on Ranging/Sildelink positioning assistant data and the Located UE position.

8.
The LMF responds to AMF with a Nlmf_location_DetermineSidelinkLocation response including the Target UE position.

9.
AMF sends a DL NAS TRANSPORT message to the Located UE, which include a MO-NW assistant ranging/sidelink positioning response with Target UE position.

Editor's note:
It is FFS how the Target UE privacy is handled when the Target UE location is disclosed to the Located UE.

10.
Located UE responds to Target UE with NW assistant ranging/sidelink positioning response including Target UE position.
6.6.3.2
Target UE requested procedure
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Figure 6.6.3.2-1: Target UE requested procedure with NW assistant ranging/sidelink positioning
1.
After a Located UE is selected , the Target UE performs the Ranging/sidelink positioning with Located UE.

2.
Target UE initiates MO-LR procedure, and sends a UL NAS TRANSPORT message with including a NW assisted ranging/sidelink MO-LR request, the request may include the Ranging/Sildelink positioning assistant data based on the step1. In addition, the Located UE ID (e.g. 5G GUTI) may be carried along withthe UL NAS TRANSPORT message.

3.
AMF performs the LMF selection with NW assistant ranging/sidelink positioning consideration. If the Located UE ID repents a different AMF, the AMF forwards the NW assisted ranging/sidelink MO-LR request along with Located UE ID to the AMF corresponding to the Located UE ID.

4.
AMF sends a Nlmf_location_DetermineSidelinkLocation request to the selected LMF, the request includes the Ranging/Sildelink positioning assistant data and the Located UE ID (e.g. GUTI).

5.
The LMF initiates the Located UE positioning as described in TS 23.273 [11].

6.
The LMF determine the Target UE position based on Ranging/Sildelink positioning assistant data and the Located UE position.

7.
The LMF responds to AMF with a Nlmf_location_DetermineSidelinkLocation response including the Target UE position. For different AMFs case, the AMF further forwards the response to the AMF of Target UE.

8.
AMF sends a DL NAS TRANSPORT message to the Target UE, which include a NW assisted ranging/sidelink MO-LR response with Target UE position.

NOTE:
In this procedure, the Located UE can be considered as a Layer-2 relay especially foe the case where the Target UE is out of coverage. If the Target UE is in coverage, the NW assisted ranging/sidelink MO-LR procedure can be performed with Target UE directly.

6.6.4
Impacts on Existing Nodes and Functionality
The solution has impacts on the following entities:

AMF:

-
support the LMF selection with NW assistant ranging/sidelink positioning.

-
is able to support the NW assistant ranging/sidelink positioning request from the Target UE and Located UE.

LMF:

-
Support the UE position determination based on the Uu position and sidelink position.

UE(s):
-
Support the NW assistant ranging/sidelink positioning request.
* * * * Next change * * * *

6.7
Solution #7: Network based UE Sidelink Positioning  

6.7.1
Introduction

This solution relates the KI#5 and proposes a solution where the network perform the UE positioning estimation based on network assisted Sidelink positioning.

6.7.2
Functional Description

This solution addresses KI#5 for MT-LR case, and the following principles are used:

-
UE within the network coverage, either directly over Uu or via a L2 U2N relay, is in a location where Uu based positioning is not possible

-
MT-LR procedure is triggered by the network as specified in TS 23.273 [11] clause 6.1.

-
UE is requested to perform positioning measurements by the LMF

-
The UE check whether the UE can perform positioning measurements on other RAN nodes or needs to use Sidelink positioning methods. The UE determines that Uu based positioning is not possible and needs to perform Sidelink positioning. The UE search for another UE that is able to estimate it's own location based on Uu measurements and support Ranging service.

NOTE 1:
The discovery of the Located UE depends on solution for KI#3 "Ranging/Sidelink Positioning device discovery"
-
The UE performs ranging estimate measurements of the Located UE and provides either the ranging estimate or the ranging measurements data to the LMF. The UE also include the UE ID of the Located UE.
NOTE 2:
LPP (TS 37.355 [10]) may need to be enhanced to support new measurement message to support Sidelink positioning. 

-
When the network received the information from the UE, the network can use a known location of the Located UE or trigger a new location estimate from the Located UE. The LMF triggers any of the location procedures specified in TS 23.273 [11] clause 6.11 to estimate the Located UE's position.

-
Based on the position estimate of the Located UE, the LMF can estimate the UE position, the UE being the UE that the first positioning request was sent to.

NOTE 3:
The RAN study on Sidelink Positioning will determine the accuracy of Sidelink position e.g. whether multilateration positioning estimate(s) are needed or not.

6.7.3
Procedures

6.7.3.1
Network based UE Sidelink Positioning estimation (MT-LR).
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Figure 6.x.3.1-1: Network based UE Sidelink Positioning estimation (MT-LR) 

0. The AMF is triggered to initiate location reporting procedure for UE1 as specified in TS 23.273 [11]. UE1 may either be in network coverage and communicates over Uu, or UE1 uses a Layer-2 UE-to-Network Relay to communicate with the network. The Layer-2 UE-to-Network Relay can be the Located UE or a different UE that can offer Layer-2 UE-to-Network service.

NOTE 1: UE1 and UE2 may be registered and served by different AMFs. 

1.
The AMF sends the initial request to the LMF as specified in TS 23.273 [11]

2.
The LMF sends the DL Positioning message to the UE1 using the Namf_Communication_N1N2messageTransfer as specified in TS 23.273 [11] clause 6.11.1.

3.
The UE1 decides to perform discovery procedure to find a UE that supports sidelink positioning and Uu based measurements (e.g. because it has determined it is unable to perform legacy Uu positioning measurements). The UE1 selects UE2.

NOTE 2: The UE logic to determine to use sidelink positioning is based on UE implementation. E.g. the UE could determine that Uu positioning is not possible for instance based on the number of cells that UE1 can detect being limited.

NOTE 3:
It is assumed that solutions for discovery addressing the KI#3 can used. During the discovery procedure UE1 will get the UE_ID of UE2 which supports positioning procedures defined in TS 23.273 [11]. The UE_ID is the ID that UE2 used during the ProSe discovery procedure.
4.
The UE1 perform Ranging/Sidelink relative distance measurements to the UE2.

NOTE 4:
It is assumed that solutions addressing KI#4 can used.

5.
The UE1 send the UL Positioning message to the LMF. This message includes both the Ranging/Sidelink positioning data and the UE_ID of UE2.

6.
The LMF resolves the received UE_ID of UE2 by querying the DDNMF and triggers the location determination of UE2. The LMF may need to query the UDM to find the AMF that is serving the UE2 to initiate the positioning procedures.

NOTE 4: It is assumed that the LMF uses the service based interface N5g-ddnmf for interaction with the DDNMF.

7.
The LMF triggers the serving AMF to initiate the positioning procedure. The LMF receives from the AMF the LCS Correlation ID and cell-ID for UE2 and performs one or more of the positioning procedures described in clause 6.11.1, 6.11.2 and 6.11.3 in TS 23.273 [11] to determine the location of UE2. The LMF determines the location of UE1 based on the SL positioning data received in step 5 and the location of UE2.

NOTE 5: UE1 mobility may impact the LMF location estimation of UE2. To reduce the impact the LMF may try to time synchronize the UE1 location measurements and the SL measurements or use time stamps and estimate the mobility based on mobility trajectory. This is a generic topic for all solution that use non- stationary devices that participates in the location estimation of another UE.

8.
The LMF provides the UE1 location to the AMF as a response to the request in step 1.

6.7.4
Impacts on services, entities and interfaces

UE:

-
Support Ranging and Sidelink positioning

LMF:

-
Support the Ranging and Sidelink positioning data and ability to calculate the location of a UE based on this data set and the location of the Located UE (UE2).

-
Resolve the UE_ID of the Located UE (UE2). The UE_ID being received in the UL positioning message together with the SL position data.
* * * * Next change * * * *

6.8
Solution #8: Discovery of a Located UE for Enhancing Uu based Positioning in Network Coverage 

6.8.1
Introduction

This solution relates to discovery of a Located UE (UE 2) with ranging/sidelink positioning capability which can potentially be exploited as additional reference nodes to enhance Uu based positioning of the first UE (UE 1) under insufficient network coverage.

The following assumptions can be made for UE 1 and UE 2:

UE 1:
A UE whose location is to be determined using Uu based positioning. The positioning capability of UE 1 on Uu is defined in TS 37.355 [10]. UE 1 is capable of ranging/sidelink positioning to another UE over PC5. UE 1 is considered to be in coverage.

UE 2:
A UE whose location is available to some degree of accuracy, which is to be exploited for assisting positioning of the other UE, e.g. UE 1. It is assumed that UE 2 supports location service over Uu and ranging-based service/sidelink positioning over PC5. UE 2 is considered to be in coverage.

In the terminology of ranging-based services and sidelink positioning, UE 1 and UE 2 can be both a Target UE and a Reference UE.

6.8.2
Functional Description

In order to discover the direct links between UE 1 and UE 2 that may assist positioning of UE 1, the 5G ProSe Direct Discovery is to be triggered by Location Management Function (LMF) based on LCS requirements. LMF may also determine the discovery model for both UE 1 and UE 2.

Given a number of UEs like UE 2 within the network coverage with known location and ranging/sidelink positioning capability, a subset of them may be triggered to initiate direct discovery over PC5. Then, they interact with 5GC to obtain 5G ProSe service authorization and the corresponding ProSe Direct Discovery parameters.

The Discovery messages is to be used by UE 2 to indicate its capability in terms of assisting Uu based positioning as well as ranging/sidelink positioning. The content of Discovery message is to be provided by LMF and may consists of the following:

-
UE identity (UE 2).

-
Capability information of UE 2, including positioning capability over Uu and ranging/sidelink positioning capability over PC5. The latter, for example, may include capability of transmitting and/or processing sidelink positioning signals.

-
Location information.

Correspondingly, LMF triggers UE 1 with ranging/sidelink positioning capability to monitor the Discovery message on PC5.

Alternatively, LMF may configure UE 1 to transmit positioning assistance requests. In this case, the Discovery message may consists of:

-
UE identity (UE 1).

-
Requested positioning capability over Uu and ranging/sidelink positioning capability over PC5. The latter, for example, may include capability of transmitting and/or processing sidelink positioning signals.

-
Requested location information, e.g. accuracy.

Correspondingly, LMF triggers UE 2 with ranging/sidelink positioning capability to respond to the Discovery message with related information on PC5.

6.8.3
Procedures

This clause provides a signalling procedure for PC5 assisted Network based positioning.
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Figure 6.8.3-1 Procedure for network-based positioning assisted by ranging/sidelink positioning

Editor's note:
It is FFS whether or not the LMF is always required to be involved in steps 8a and 8b.

Editor's note:
How LMF controlling the UE's 5G ProSe Direct Discovery operation is FFS, Coordination with existing 5G ProSe mechanism is needed.

Signalling procedures for supporting Uu-based/network-based positioning with ranging/sidelink positioning shown in Figure 6.8.3-1 can be described as the following:
1.
LCS procedures for positioning UE 1 are carried out according to TS 23.273 [11].

2.
Based on the requested LCS QoS, LMF determines to trigger discovery of a Located UE for positioning assistance.

3.
LMF obtains capability information in terms of LCS and ranging/sidelink positioning and available location information of a number of UEs within a region of interest, e.g. tracking area, geographical zone, and triggers particular UEs, e.g. UE 2, to discover UE 1 reusing 5G ProSe Direct Discovery procedure. LMF configures the information to be contained in the Discovery message, e.g. UE identity, indication of capability information and/or location information.

NOTE 1:
LMF is assumed to have obtained the capability/location information of UE2 either by inquiring PRU info or by carrying out Uu based location estimation before this procedure.

5.
LMF triggers UE 1 to discover UE 2 for positioning assistance reusing 5G ProSe Direct Discovery procedure. LMF configures the information to be contained in the Discovery message. LMF may configure UE 1 to send a discovery report to LMF and specify information to be included in the report, e.g. discovered UE identity(UE2).

5. UE 1 and UE 2 perform 5G ProSe Direct Discovery procedure as defined in clause 6.3.2 in TS 23.304 [4].

If Model A discovery is used,UE 2 broadcasts a Discovery message containing UE identity, indication of capability information and/or location information as configured by LMF in step 3.UE 1 monitors Discovery message.

If Model B discovery is used, UE 1 transmits a Discovery message containing UE identity, requested capability information and/or location information as configured by LMF. UE 2 that receives the request message may respond to UE 1.

6. Based on the result of direct discovery, UE 1 provides a discovery report to LMF as configured in Step 4. The discovery report may contain the discovered UE with required capability and/or location information for positioning assistance in its proximity, e.g. UE 2.

UE 1 may send one or multiple discovery report messages, if it discovers more than one UE 2.

7. Based on the discovery report, in addition to the capability information and location information of the two UEs, LMF determines whether and how ranging/sidelink positioning between UE 1 and UE 2 should be carried out.

8. LMF informs UE 1 to perform ranging/sidelink positioning operation with UE 2.

9.
UE 1 and UE 2 carry out ranging/sidelink positioning operations over PC5.

NOTE 2:
Step 9 is based on the Solution to KI#4: control of operations for Ranging/Sidelink positioning

10.
UE 1/UE 2 provides ranging/sidelink positioning measurements to LMF.

NOTE 3:
Step 10 is for future study in FS_NR_pos_enh2 in RAN WG (RP-213588).

11.
LMF determines and/or verifies the location estimate of UE 1 based on the positioning measurements obtained over both Uu and PC5.

6.8.4
Impacts on services, entities, and interfaces

LMF:
-
Trigger UE discovery based on LCS QoS verification.

-
Configure content of the discovery message.

-  Determine whether and how a Located UE to be involved in ranging/sidelink positioning for assisting Uu-based positioning.

-
Determine LCS target UE's location based on location information obtained over Uu and PC5.

UE:

-
Carry out positioning assisting UE discovery procedure based on LMF configuration.
* * * * Next change * * * *

6.15.2
Functional descriptions

During registration, the UE includes the 5G ProSe Capability/V2X capability as part of the "5GMM capability" in the Registration Request message. The AMF stores the 5G ProSe Capability/V2X capability in the UE context.
The extension to the 5G ProSe capability or V2X capability due to the support of Ranging/Sidelink positioning includes: 

· Ranging/Sidelink positioning reference UE

· Ranging/Sidelink positioning target UE

· Ranging/Sidelink positioning assistant UE
· Ranging/Sidelink positioning Located UE
During registration, AMF determines whether the UE is authorised to use 5G ProSe/V2X services based on UE's 5G ProSe/V2X Capability and the ProSe/V2X Service Authorisation included in the subscription data received from UDM. The AMF stores the authorized 5G ProSe Capability/authorized V2X Capability. The extension to the authorized 5G ProSe capability / authorized V2X capability due to the support of Ranging/Sidelink positioning includes: 

· Ranging/Sidelink positioning reference UE

· Ranging/Sidelink positioning target UE

· Ranging/Sidelink positioning assistant UE
· Ranging/Sidelink positioning Located UE
The ProSe/V2X Service Authorisation of the subscription data also needs to be extended, which can be achieved by extending ProSe/V2X subscription data to include Ranging/Sidelink positioning information, see table 6.15.2-1.
Table 6.15.2-1: Extending ProSe/V2X subscription data

	V2X Subscription data (see TS 23.287 [3])
	NR V2X Services Authorization
	Indicates whether the UE is authorized to use the NR sidelink for V2X services as Vehicle UE, Pedestrian UE, or both, and whether the UE is authorized to use or serve as Ranging/Sidelink positioning reference UE, target UE, assistant UE, Located UE or any combination of these roles.

	
	LTE V2X Services Authorization
	Indicates whether the UE is authorized to use the LTE sidelink for V2X services as Vehicle UE, Pedestrian UE, or both and whether the UE is authorized to use LTE sidelink for Ranging/Sidelink positioning service control signaling.

	
	NR UE-PC5-AMBR
	AMBR of UE's NR sidelink (i.e. PC5) communication for V2X services.

	
	LTE UE-PC5-AMBR
	AMBR of UE's LTE sidelink (i.e. PC5) communication for V2X services.

	ProSe Subscription data (see TS 23.304 [4])
	ProSe Service Authorization
	Indicates whether the UE is authorized to use ProSe Direct Discovery, ProSe Direct Communication, or both, whether the UE is authorized to use or serve as a ProSe UE-to-Network Relay and whether the UE is authorized to use or serve as Ranging/Sidelink positioning reference UE, target UE, assistant UE, Located UE, or any combination of these roles.

	
	ProSe NR UE-PC5-AMBR
	AMBR of UE's NR sidelink (i.e. PC5) communication for ProSe services.


If the UE is authorised to use 5G ProSe/V2X services, then the AMF shall include in a NGAP message sent to NG-RAN the "5G ProSe authorised"/"V2X authorised" information. The "5G ProSe authorised" information and "V2X authorised" information can be extended to include the Ranging/Sidelink positioning authorization information:

· whether the UE is authorized to act as a Ranging/Sidelink positioning reference UE

· whether the UE is authorized to act as a Ranging/Sidelink positioning target UE

· whether the UE is authorized to act as a Ranging/Sidelink positioning assistant UE
· whether the UE is authorized to act as a Ranging/Sidelink positioning Located UE
The Ranging/Sidelink positioning authorization information is provided as part of "5G ProSe authorised"/"V2X authorised" information from AMF to the NG-RAN node over NGAP during Registration procedure, Service Request procedure and N2 Handover procedure, and from source NG-RAN node to target NG-RAN node over Xn during Xn Handover procedure as defined in clause 6.5 of TS 23.287[3] and clause 6.6 of TS 23.304[4]. 
The Ranging/Sidelink positioning authorization information is only provided when scheduled resource allocation mode is utilized.
6.15.3
Procedures

Procedures specified in clause 6.5 of TS 23.287[3] and clause 6.6 of TS 23.304[4] are reused with the extension described in 6.15.2.
6.15.4
Impacts on services, entities, and interfaces
The solution has impacts in the following entities and interfaces:

· UE: extends 5G ProSe Capability/V2X capability with Ranging/Sidelink positioning related parameters
· UDM: extends 5G ProSe /V2X subscription data with Ranging/Sidelink positioning related parameters
NG-RAN: resource allocation for Ranging/Sidelink positioning based on the authorization

* * * * Next change * * * *

6.20
Solution #20: Network assisted Sidelink positioning with scheduled location time
6.20.1
General

This solution relates to the KI#5. The scheduled location time defined in TS 23.273 [11] is used to get the Ranging/Sidelink positioning measurement data and the location of the Located UE at a same time, to achieve more accurate positioning of the target UE.
6.20.2
Functional descriptions

This solution addresses KI#5 and the following principles are used:

-
The positioning target UE (UE1) is within the network coverage.
-
Both MT-LR procedure and MO-LR procedure as specified in clause 6.1 of TS 23.273 [11] are supported.

-
When the LMF received the Located UE ID from the UE1, the LMF triggers a new positioning procedure for the Located UE with a scheduled location time, and triggers the UE1 to perform Ranging/Sidelink positioning with the Located UE at the same scheduled location time. 
-
The UE1 performs Ranging/Sidelink positioning with the Located UE based on the scheduled location time and provides the Ranging/Sidelink positioning measurements data to the LMF.
-
Based on the position of the Located UE and the Ranging/Sidelink positioning measurement data between UE1 and Located UE, the LMF can calculate the UE1 position in a more precise way.
6.20.3
Procedures
6.20.3.1
MT-LR procedure for Network assisted Sidelink positioning
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Figure 6.20.3.1-1: MT-LR procedure for Network assisted Sidelink positioning
1.
MT-LR procedure is triggered and UE1 LMF receives a location request for UE1 as specified in clause 6.1 of TS 23.273 [11]. The location request may include a scheduled location time (Time T).
2.
UE1 LMF decides to use the network assisted Sidelink positioning for UE1, for example, UE1 has the sidelink capability or UE1 is authorized to use sidelink positioning, or the requested LCS QoS is not satisfied by the previous LCS positioning procedure. UE1 LMF triggers the discovery of a Located UE for positioning assistance.

NOTE 1:
LMF can decide when to send the request of step 2 based on the Time T, so that the discovery time in step 3 will not be a long time compared to Time T.
3.
UE1 performs the Located UE discovery, using the procedure defined by the solutions for KI#3. UE2 is discovered and selected as the Located UE.
4.
The UE1 sends UE2 ID to UE1 LMF. 
NOTE 2:
What the UE2 ID is and its security aspect need the coordination with SA3.
5.
UE1 LMF triggers the location procedure for UE2 and sends a Provide Location Request to GMLC. The request message includes the Time T. 
6.
GMLC triggers the procedure for UE2 positioning, as specified in clause 6.1 of TS 23.273 [11], and gets the UE2 location at Time T.
7.
GMLC responses UE2 location to UE1 LMF.
8.
UE1 LMF sends UL Positioning message to the UE1 with the Time T.
NOTE 3:
Step 8 can be triggered at the same time of step 5.
9.
UE1 performs Ranging/Sidelink positioning procedure with UE2 defined by the solutions for KI#3, and obtains the Ranging/Sidelink positioning measurement data at the Time T.

10.
UE1 provides the Ranging/Sidelink positioning measurement data to the UE1 LMF.

11.
UE1 LMF determines the UE1 location based on the Ranging/Sidelink positioning measurement data received in step 10 and UE2 location received in step 7.
6.20.3.2
MO-LR procedure for Network assisted Sidelink positioning
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Figure 6.20.3.2-1: MO-LR procedure for Network assisted Sidelink positioning
1. UE1 performs the Located UE discovery for positioning assistance, using the procedure defined by the solutions for KI#3. UE2 is discovered and selected as Located UE.
2. MO-LR procedure is triggered, and UE1 sends MO-LR Request to UE1 LMF, including UE2 ID and a scheduled location time (Time T).
NOTE 1:
What the UE2 ID is and its security aspect need the coordination with SA3.
3. UE1 LMF triggers the location procedure for UE2 and sends a Provide Location Request to GMLC. The request message includes the Time T. 

4. GMLC triggers the procedure for UE2 positioning, as specified in clause 6.1 of TS 23.273 [11], and gets the UE2 location at Time T.

5. GMLC responses UE2 location to UE1 LMF.

6. UE1 LMF sends UL Positioning message to the UE1.
NOTE 2:
Step 6 can be triggered at the same time of step 3.
7. UE1 performs Ranging/Sidelink positioning procedure with UE2 defined by the solutions for KI#3, and obtains the Ranging/Sidelink positioning measurement data at the Time T.
NOTE 3:
Step 7 can be triggered by UE1 itself based on the Time T.
8. UE1 provides the Ranging/Sidelink positioning measurement data to the UE1 LMF.
9. UE1 LMF determines the UE1 location based on the Ranging/Sidelink positioning measurement data received in step 8 and UE2 location received in step 5.
10. UE1 LMF sends MO-LR Response to UE1 including the UE1 location.
6.20.4
Impacts on services, entities, and interfaces

UE:

-
Support Ranging and Sidelink positioning

LMF:

-
Support the calculation of the UE location based on Ranging/Sidelink positioning measurement data and the location of the Located UE.

-
Trigger the Located UE positioning and Ranging/Sidelink positioning at same time.

* * * * Next change * * * *

6.21
Solution #21: Network assisted sidelink positioning for partial coverage
6.21.1
General

This solution is to address KI#5.

A UE out of coverage may be a UE not registered to the network or a UE temporarily unreachable. It may be in a known area, e.g. a factory or a campus, or not be in a known area, an application server may want to know its accurate location. 
When a UE is out of coverage, positioning directly over Uu is not possible, communication between the UE and 5GC is not possible, either. 

When 5GC determines that a UE is out of network coverage, it can consider to use Network assisted Sidelink Positioning to estimate UE location.

Since Network assisted Sidelink Positioning requires Ranging/Sidelink positioning between the UE and a Located UE, a Located UE needs to be determined. Located UE has to be in proximity of the UE out of coverage; however, UE should not be assumed to proactively discover a Located UE, because it doesn’t know when a location service request comes.
6.21.2
Functional descriptions

A location service request for a UE may be sent to GMLC by an application server (via NEF) or a LCS client, and GMLC forwards the service request to an AMF. The serving AMF needs to be determined by the GMLC when UE is out of coverage.

UE out of coverage can be determined by GMLC or AMF, who will then triggers Network assisted Sidelink Positioning to locate a UE based on serving AMF address retrieval result or paging result:

· Case 1: When GMLC retrieves AMF address from the UDM with SUPI of this UE and no network address of the current serving AMF is returned

· Case 2: When UE’s serving AMF identifies that UE is in CM-IDLE state and paging couldn’t be successful

For Case 1, if Application server knows about the target area the UE is present, it provides in the LCS service request the target area to the GMLC, and the GMLC maps the target area into Cell ID/gNB ID/TAI and derives the serving AMF which can serve that area.
For Case 2, serving AMF is determined based on the successful retrieval of AMF address from the UDM. 
The serving AMF of the UE/target area is responsible for discovery/selection the Located UE, which can be achieved in 2 steps:

1. Provision of Located UE candidates: AMF may be preconfigured with list of Located UE, assuming those Located UE are nomadic, or if UE provides its capability of being Located UE during registration, AMF stores it into UE contexts. AMF selects Located UE candidates from the preconfigured list or based on UE capability.

2. Selecting serving Located UE(s) from the list of Located UE candidates: If target area is provided, AMF selects one or multiple Located UE(s) based on the target area identified by Cell ID/gNB ID/TAI. If last known cell ID of the target UE is provided, AMF selects one or multiple Located UE(s) based on the cell ID.
The AMF then selects an LMF supporting Network assisted Sidelink Positioning as the serving LMF of the selected Located UE and sends the LCS service request to the LMF with providing UE ID and one or multiple Located UE ID.

When both UE ID and one or multiple Located UE ID are received, the LMF performs Network assisted Sidelink Positioning, including: 

· Discovery of the UE by the one or multiple Located UE over PC5. LMF can decide to stop discovery when one or multiple Located UE has reported successfully discovery of the UE.
· Measurement and deriving UE location from:

· Ranging/Sidelink positioning result/measurement data between UE and one or multiple Located UE
· Uu positioning result/measurement data of one or multiple Located UE
6.21.3
Procedures
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6.21.3.2-1 Procedure of network assisted sidelink positioning for partial coverage
0. Located UE provides its Network assisted Sidelink positioning capability in the registration request to the AMF, and AMF stores it in the UE context.

1. GMLC receives a LCS service request from the AF/LCS client, the request may include a target area the UE presents. GMLC checks service authorization and privacy with UDM.
2. GMLC retrieves serving AMF of target UE from UDM. If no AMF address is returned and a target area is provided in the LCS service request, GMLC determines to use Network assisted sidelink positioning to locate the target UE. GMLC maps the target area into Cell ID/gNB ID/TAI, based on which derives the serving AMF which can serve that area as the serving AMF of the Located UE. If an AMF address is returned, GMLC selects the AMF as the serving AMF of the target UE.

3. GMLC sends the LCS service request to the selected AMF, which includes the Cell ID/gNB ID/TAI of the target area if it is available.
NOTE: When the AMF is derived based on Cell ID/gNB ID/TAI identifying the target area and multiple AMFs are derived, the LCS service request may be sent to some or all AMFs.
4. If the UE is in CM IDLE state, the AMF initiates a network triggered Service Request procedure as defined in clause 4.2.3.3 of TS 23.502 to establish a signalling connection with the UE. When the AMF is derived based on Cell ID/gNB ID/TAI identifying the target area, no UE state is available, this step is skipped.5. If the UE couldn’t be successfully paged at step 4, AMF determines to invoke network assisted sidelink positioning to locate the UE. AMF selects one or multiple Located UE based on UE capability, cell ID/gNB ID/TAI of the target area, the last known cell ID of the target UE and the pre-configuration information.
6. AMF selects a LMF capable of network assisted sidelink positioning.

7. AMF sends the LCS service request to the LMF which includes target UE ID and one or multiple Located UE ID(s)
Editor’s Note: The security issue, e.g. whether the selected list of Located UE is allowed to have the Ranging/SL positioning information of the target UE, is FFS, which will be evaluated in SA3. 
8. When both UE ID and one or multiple Located UE ID(s) are received in the LCS service request, LMF sends the Ranging/Sidelink positioning request to one or multiple Located UE(s) to trigger the Ranging/Sidelink positioning procedure.

9. Located UE triggers the Ranging/Sidelink positioning procedure, which includes the discovery and service operation procedure over PC5.

10. Located UE reports the Ranging/Sidelink positioning measurement or result to the LMF. LMF may receive measurement or result reporting from multiple Located UEs, LMF can determine whether to stop the further reporting from other Located UEs based on QoS requirement or pre-configuration. 

11. LMF triggers one or multiple procedures for the positioning of one or multiple Located UE. The LCS location estimation for the UE is generated based on the Ranging/Sidelink positioning result/measurement data between UE and one or multiple Located UE and Uu positioning result/measurement data of one or multiple Located UE.
12. LMF provides the LCS location estimation of the UE to the GMLC.

13. GMLC provides the LCS location estimation of the UE to the AF or LCS client.
6.21.4
Impacts on services, entities, and interfaces
The solution has impacts in the following entities and interfaces:

· UE: supports Ranging/SL Positioning; provides capability of being Located UE to the AMF
· AMF: receives UE capability of Located UE and stores them; discovers and selects Located UE; determines to trigger network assisted sidelink positioning
· GMLC: determines serving AMF based on target area; determines to trigger network assisted sidelink positioning
· LMF: triggers the Ranging/Sidelink positioning procedure; derives UE location estimation based on Ranging/Sidelink positioning and Uu location measurements
· AF: provides target area in a LCS request
* * * * End of change * * * *[image: image9.png]
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