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1.
Introduction
This paper is trying to provide Evaluation and conclusion on KI#6 (Ranging and sidelink positioning service exposure to a UE) based on currently captured solutions (Sol#9~11, Sol#14, Sol#22, Sol#25~28, Sol#33).
Following are some brief introductions and evaluations about each solution captured for KI#6.

-
Sol#9 gives 2 potential cases for ranging service exposure to UE which includes Two UEs case and Three UEs case. For the Two UEs case, UE1 initiates the Ranging/SL positioning operation with the UE2 directly over PC5 and then calculate the Ranging result locally. For the Three UEs case, the 3rd party UE consumes the Ranging/SL positioning service of UE#1 either through PC5 directly or through 5GC. When to invoke the ranging services via PC5 directly, UE#1 triggers ranging process with UE#2 and calculates the ranging result for the 3rd party UE. For the service exposure to the 3rd party UE via 5GC, 5GC is responsible for invoking the ranging service of UE#1 and calculating the ranging result for 3rd party UE. For this process, it potentially needs the involved UEs should belong to same PLMN. If belonging to different severing 5GC NFs, interactions among 5GC NFs are necessary needed. .

-
Sol#10 gives a procedure for ranging service exposure and invocation over PC5 directly. This solution takes the Assistant UE or a reference UE as the ranging service provider who needs to be discovered and selected first. After that, the Ranging service consumer (e.g, UE#1, SL Positioning Client UE) sends request to ranging service provider to invoke the ranging services for obtaining the ranging result between Target UEs. Ranging service provider performs the ranging procedure with Target UEs based on solution of KI#4 and returns the ranging result to the Ranging service consumer.

-
Sol#11 proposes to use exposure API over user plane to access the Ranging and sidelink positioning service exposure. In this solution, Registration procedure needs to be enhanced so the AMF checks the UE subscription if the UE is allowed to use the service API for Ranging service exposure and provides the UE with the onboarding information. After that, the UE performs the Onboarding of an API Invoker procedure in clause 8.1 ofTS.23.222 [12] with setting the Service API to the Ranging and SL positioning service exposure API. Then, the UE uses the Service API as specified for Ranging and SL positioning service exposure. 
-
Sol#14 and#19 propose a general reference architecture for Sidelink positioning and ranging-based services. In this solution, the functionalities of new reference points (e.g., SR1, SR5) and existing reference points enhancement for ranging are defined. For ranging operations, it proposes to use PC5-U to carry the SR5 signalling such as the Ranging control signalling and discovery message. The Ranging services, including Device and Service Discovery Function (DSDF), Group Support Service Function (GSSF) and Sidelink Positioning and Ranging Function (SPRF), are considered as 3 kinds of V2X/ProSe services from the V2X/ProSe layer perspective and use existing PC5 communication to realize the SR5 interactions. Whether SR5 will be over PC5-U will be subject to RAN WGs conclusions.

-
Sol#22 is related to KI#6 and KI#7. This solution invokes the Ranging service via 5GC. LMF is enhanced to determine the positioning methods with UE capability consideration after receiving the ranging request. After determination, LMF initiates the Ranging/SL positioning between UE1 and UE2, and/or Uu positioning of UE#1 and UE#2. Then LMF calculates the ranging result between UE#1 and UE#2 based on Uu position and SL ranging measurement. This solution potentially requires that all the involved UEs are belong to same PLMN and 5GC NFs interaction between each other due to different serving NFs.

-
Sol#25 has similarly thinking to So#9 on the SL Positioning client UE consuming the ranging services through Uu or PC5. For invoking the ranging service via 5GC, there is not LMF involvement and the AMF is responsible for invoking the ranging service of UE. In addition, this solution enhances the GMLC functionality which requires to maintain the mapping between Application Layer ID(s) and SUPI of the UE for later corresponding NFs querying. Similarly, this solution also requires that all the involved UEs are belong to same PLMN and 5GC NFs interaction between each other due to different serving 5GC NFs.

-
Sol#26 proposes a functional split and positioning protocol to enable the support of Sidelink (SL) positioning (and Ranging). This solution proposes to introduce the location server UE to help the calculation of Ranging result. Considering that the Location server UE is involved to the ranging and SL positioning, security issues need to be considered and subject to SA3 groups conclusions.

-
Sol#27 more focuses on the LMF selection with taking the Ranging and SL positioning requirements into account.

-
Sol#28 proposes the LMF to be involved in Ranging/Sidelink positioning. In this solution, 3 modes on ranging result calculation are introduced including UE based, LMF based and Hybrid.  when to decide ranging result mode, capability interaction between UE and LMF is needed.

-
Sol#33 mainly introduces the usage of Location server UE for ranging result calculation when ranging UEs are not able to calculate the ranging result. The ranging result calculation is proposed to be performed in Location server UE firstly, if it fails, then LMF is determined to be involved.

2. Analysis and discussion

All the solutions for ranging services exposure have the following common principles:
Ranging and sidelink positioning service exposure to a UE can be invoked 

a) Through PC5 directly (Sol#9, #10, #14, #25, #26 and #33)

i. Means the UE can invoke the Ranging service from another UE via PC5 directly

b) Through Network (Sol#9, #11, #22, #25, #26, #27, #28 and #33)

i. Means the UE can not invoke the Ranging service from another UE via PC5 directly, which requests network assistant to invoke the Ranging service from another UE and response the Ranging result.

Observation 1: Ranging and sidelink positioning service exposure to a UE can be invoked via PC5 or network.
Proposal 1: Ranging and sidelink positioning service exposure to a UE can be supported via PC5 directly or network.

2.1 Ranging/sidelink positioning service exposure to UE via PC5 

For Ranging and sidelink positioning service exposure to a UE via PC5, current solutions reflect the following cases and procedure: 

· 2 UEs (Reference UE, Target UE) as described in Sol#9, UE#1 invokes the ranging service from UE#2 directly over PC5, which procedure is the KI#4 process.
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Figure1. Ranging service exposure/consuming between 2 UEs directly
· 3 UEs as described in Sol#9, #10 #25, #26 and #33. Among these solutions:

· the ranging and sidelink positioning service can be invoked by Reference UE, Target UE and SL positioning client UE

· the ranging and sidelink positioning service can be provided by the Reference UE, Target UE and the Assistant UE
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Figure 2. ranging service exposure/consuming through SL client UE within 3 UEs
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Figure 3. ranging service exposure/consuming through Assistant UE
· 4 UEs as descried in Sol#10, there are multiple Target UEs, SL client UE would like to the Ranging result between Target UEs and can not reach any one of them directly therefore the SL client UE invokes ranging services from a Reference UE to obtain this ranging result.
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Figure4. ranging service exposure/consuming through SL client UE within 4 UEs
All the above cases basically can reflect the ranging service exposure/consuming through PC5 directly, which should be considered in normative work. This procedure can be summarized to following figure and order:
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Figure5. summarized ranging service exposure/consuming procedure via PC5

Observation 2: Among above solutions, the ranging and sidelink positioning service cases can be the following that:
· the ranging and sidelink positioning service can be invoked by Reference UE, Target UE and SL positioning client UE

· the ranging and sidelink positioning service can be provided by the Reference UE, Target UE and the Assistant UE

Observation 3: Among above solutions, the ranging and sidelink positioning service exposure and innovation can be the following order:

· Step1: UE#1 (e.g., SL positioning client UE) invokes the ranging and sidelink positioning service from UE#2 (Assistant UE, Reference UE) by sending a ranging and sidelink positioning service request to the UE#2 for obtaining the Ranging and SL positioning result of/between Target UEs. In this request at least the SL positioning client UE, the UE#1 info, UE#2 info and target UEs info should be included.
· Step2: UE#2 receives the ranging and sidelink positioning service request from UE#1, UE#2 initiates the ranging and sidelink positioning procedure with Target UEs based on the process in conclusion of KI#4 and obtaining the ranging and sidelink positioning result.

· Step3: UE#2 responds to the UE#1 with ranging and sidelink positioning result of/between Target UEs in the respond message.
In particular, due to privacy issues, whether the UE#1(e.g., SL positioning client UE) is allowed to invoke the ranging and sidelink positioning service from UE#2 and obtain the Ranging and SL positioning result of/between Target UEs which needs to be atheisation and authorization. This procedure should be before the UE#2 performing Ranging procedure with Target UEs as above step2 (as described in KI#10).
Observation 4: before performing the Ranging and SL positioning with Target UEs as step2, above UE#2 should authenticate the UE#1 request:

Based on the above observations and analysis: 

Proposal 3: The basic procedure for ranging and sidelink positioning service exposure to UE over PC5 directly can be performed by the following order:

· Step1: UE#1 (e.g., SL positioning client UE) invokes the ranging and sidelink positioning service from UE#2 (Assistant UE, Reference UE) by sending a ranging and sidelink positioning service request to the UE#2 for obtaining the Ranging and SL positioning result of/between Target UEs. In this request at least the SL positioning client UE, the UE#1 info, UE#2 info and target UEs info should be included.

· Step 2: Authentication for the ranging and sidelink positioning service invocation from UE#1
· Step3: UE#2 receives the ranging and sidelink positioning service request from UE#1, UE#2 initiates the ranging and sidelink positioning procedure with Target UEs based on the process in conclusion of KI#4 and obtaining the ranging and sidelink positioning result.

· Step4: UE#2 responds to the UE#1 with ranging and sidelink positioning result of/between Target UEs in the respond message.

In addition, considering capability of Ranging result calculation as described in Sol#33, during the ranging and sidelink positioning service procedure as described above, the SL Positioning Server UE can be involved in before responding to UE#1 with ranging and sidelink positioning result.
Proposal 4: If the involved UEs in the Ranging and sidelink positioning service exposure procedure over PC5 as Proposal#3 are not able to calculate the ranging result, SL Location server UE can be introduced before step4.

2.2 Ranging/sidelink positioning service exposure to UE via network
The ranging service exposure and invocation through network means the ranging service exposure consumer (e.g., the SL positioning client UE) can not reach the Ranging service exposure provider and invoke the ranging service exposure from UE directly over PC5. Instead, the UE needs to use the network connectivity to reach the Ranging service exposure provider. This ranging service exposure and invocation through network can be realized by the following 2 methods:
· Ranging service exposure and invocation through 5GC, the ranging service consumer sends the ranging request to the 5GC (e.g., AMF or LMF) as described in Sol#9, #22, #25, #27, #33.
· Ranging service exposure and invocation through Application Layer as described in Sol#11, this mechanism reuses the solution for KI#7.
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2.2.1 Ranging/sidelink positioning service exposure to UE via 5GC

For the ranging service exposure and invocation through 5GC, basic procedure can be understood as follows:

· ranging service consumer (e.g., SL positioning client UE) sends the ranging request to 5GC, including the ranging requirement (QoS), UE info (ranging service consumer, ranging service provider and Target UEs)
· 5GC checks the UE subscription and determine whether this kind ranging service request can be authorized. The different NFs have to contact each other to locate correspondingly serving NFs (AMF, LMF) and UEs (ranging service provider, UE#1), then triggers the UE#1 to perform the ranging procedure with Target UEs
· ranging service provider (UE#1) performs the ranging procedure with target UEs based on solutions of KI#4.
· ranging service provider (UE#1) responds to 5GC with ranging measurement or result.
· 5GC provides the ranging result to ranging service consumer (e.g., SL positioning client UE)
Through above procedure ranging service exposure and invocation through 5GC, it needs all the system to be enhanced, including the UE, 5GC(LMF, AMF). All the captured solutions have to enforce the involved UEs to belong same PLMN. Even in same PLMN, 5GC NFs interaction for ranging service invocation are inevitable and introduce much complexity. 
Observation 5: Ranging service exposure and invocation through 5GC by ranging service consumer (e.g., SL positioning client UE), ranging service provider (Reference UE) and Target UEs should belong to same PLMN which makes the scenarios be restricted.

Observation 6: For Ranging service exposure and invocation through 5GC, even in same PLMN, different 5GC NFs (AMF, LMF, etc,) have to contact each other to locate corresponding UEs, corresponding subscriptions are also needed when to invoke the ranging service. This will introduce a lot of impacts on 5GC NFs and UEs, and introduce a lot of complexity.
2.2.2 Ranging/sidelink positioning service exposure to UE via 5GC via AF/Ranging server

For the ranging service exposure and invocation through Application expose API, the ranging service consumer (e.g., SL positioning client UE) sends the Ranging service request to NEF to trigger the ranging service provider to perform the ranging procedure, then follow-up process can be considered as the ranging service exposure to Application server in KI#7, this can reduce the 5GC’s impacts. The Ranging result is returned to the ranging service consumer (e.g., SL positioning client UE).
Observation 7: For the ranging service exposure and invocation through Application exposure API, can be realized in application layer, which has limited impacts on UE and 5GC on top of the solution for KI#7.

Considering above complexity and impacts, it is proposed:

Proposal 5: when to invoke the ranging service via network, Ranging service consumer (e.g., SL positioning client UE) invoke the ranging service exposure from UE via the Application exposure API over the application layer message, then the subsequent processes rely on the conclusion of KI#7.
3.
Proposal

It is proposed to capture the following changes into TS 23.700-86.
* * * * First change * * * *

7.6
Key Issue #6: Ranging and sidelink positioning service exposure to a UE
This clause evaluates the solutions captured in Table 6.0-1 for KI#6 as following.

-
Sol#9 gives 2 potential cases for ranging service exposure to UE which includes Two UEs case and Three UEs case. For the Two UEs case, UE1 initiates the Ranging/SL positioning operation with the UE2 directly over PC5 and then calculate the Ranging result locally. For the Three UEs case, the 3rd party UE consumes the Ranging/SL positioning service of UE#1 either through PC5 directly or through 5GC. When to invoke the ranging services via PC5 directly, UE#1 triggers ranging process with UE#2 and calculates the ranging result for the 3rd party UE. For the service exposure to the 3rd party UE via 5GC, 5GC is responsible for invoking the ranging service of UE#1 and calculating the ranging result for 3rd party UE. For this process, it potentially needs the involved UEs should belong to same PLMN. If belonging to different severing 5GC NFs, interactions among 5GC NFs are necessary needed.

-
Sol#10 gives a procedure for ranging service exposure and invocation over PC5 directly. This solution takes the Assistant UE or a reference UE as the ranging service provider who needs to be discovered and selected first. After that, the Ranging service consumer (e.g, UE#1, SL Positioning Client UE) sends request to ranging service provider to invoke the ranging services for obtaining the ranging result between Target UEs. Ranging service provider performs the ranging procedure with Target UEs based on solution of KI#4 and returns the ranging result to the Ranging service consumer.

-
Sol#11 proposes to use exposure API over user plane to access the Ranging and sidelink positioning service exposure. In this solution, Registration procedure needs to be enhanced so the AMF checks the UE subscription if the UE is allowed to use the service API for Ranging service exposure and provides the UE with the onboarding information. After that, the UE performs the Onboarding of an API Invoker procedure in clause 8.1 ofTS.23.222 [12] with setting the Service API to the Ranging and SL positioning service exposure API. Then, the UE uses the Service API as specified for Ranging and SL positioning service exposure. 
-
Sol#14 and#19 proposes a general reference architecture for Sidelink positioning and ranging-based services. In this solution, the functionalities of new reference points (e.g., SR1, SR5) and existing reference points enhancement for ranging are defined. For ranging operations, it proposes to use PC5-U to carry the SR5 signalling such as the Ranging control signalling and discovery message. The Ranging services, including Device and Service Discovery Function (DSDF), Group Support Service Function (GSSF) and Sidelink Positioning and Ranging Function (SPRF), are considered as 3 kinds of V2X/ProSe services from the V2X/ProSe layer perspective and use existing PC5 communication to realize the SR5 interactions. Whether SR5 will be over PC5-U will be subject to RAN WGs conclusions.

-
Sol#22 is related to KI#6 and KI#7. This solution invokes the Ranging service via 5GC. LMF is enhanced to determine the positioning methods with UE capability consideration after receiving the ranging request. After determination, LMF initiates the Ranging/SL positioning between UE1 and UE2, and/or Uu positioning of UE#1 and UE#2. Then LMF calculates the ranging result between UE#1 and UE#2 based on Uu position and SL ranging measurement. This solution potentially requires that all the involved UEs are belong to same PLMN and 5GC NFs interaction between each other due to different serving NFs.

-
Sol#25 has similarly thinking to So#9 on the SL Positioning client UE consuming the ranging services through Uu or PC5. For invoking the ranging service via 5GC, there is not LMF involvement and the AMF is responsible for invoking the ranging service of UE. In addition, this solution enhances the GMLC functionality which requires to maintain the mapping between Application Layer ID(s) and SUPI of the UE for later corresponding NFs querying. Similarly, this solution also requires that all the involved UEs are belong to same PLMN and 5GC NFs interaction between each other due to different serving 5GC NFs.

-
Sol#26 proposes a functional split and positioning protocol to enable the support of Sidelink (SL) positioning (and Ranging). This solution proposes to introduce the location server UE to help the calculation of Ranging result. Considering that the Location server UE is involved to the ranging and SL positioning, security issues need to be considered and subject to SA3 groups conclusions.

-
Sol#27 more focuses on the LMF selection with taking the Ranging and SL positioning requirements into account.

-
Sol#28 proposes the LMF to be involved in Ranging/Sidelink positioning. In this solution, 3 modes on ranging result calculation are introduced including UE based, LMF based and Hybrid.  when to decide ranging result mode, capability interaction between UE and LMF is needed.

-
Sol#33 mainly introduces the usage of Location server UE for ranging result calculation when ranging UEs are not able to calculate the ranging result. The ranging result calculation is proposed to be performed in Location server UE firstly, if it fails, then LMF is determined to be involved.

Among current solutions above, the Ranging and sidelink positioning service exposure to a UE can be invoked 

a) Through PC5 directly (Sol#9, #10, #14, #25, #26 and #33)

ii. Means the UE can invoke the Ranging service from another UE via PC5 directly

b) Through Network (Sol#9, #11, #22, #25, #26, #27, #28 and #33)

iii. Means the UE can not invoke the Ranging service from another UE via PC5 directly, which requests network assistant to invoke the Ranging service from another UE and response the Ranging result.

So, the Ranging and sidelink positioning service exposure to a UE can be supported via PC5 directly or network.

For ranging and sidelink positioning service exposure to UE over PC5 directly:

The basic procedure for ranging and sidelink positioning service exposure to UE over PC5 directly can be performed by the following order (See Sol#9, #10, #25, #26 and #33):

· Step1: UE#1 (e.g., SL positioning client UE) invokes the ranging and sidelink positioning service from UE#2 (Assistant UE, Reference UE) by sending a ranging and sidelink positioning service request to the UE#2 for obtaining the Ranging and SL positioning result of/between Target UEs. In this request at least the SL positioning client UE, the UE#1 info, UE#2 info and target UEs info should be included.

· Step 2: Authentication for the ranging and sidelink positioning service invocation from UE#1

· Step3: UE#2 receives the ranging and sidelink positioning service request from UE#1, UE#2 initiates the ranging and sidelink positioning procedure with Target UEs based on the process in conclusion of KI#4 and obtaining the ranging and sidelink positioning result.

· Step4: UE#2 responds to the UE#1 with ranging and sidelink positioning result of/between Target UEs in the respond message.

In addition, considering capability of Ranging result calculation as described in Sol#33, during the ranging and sidelink positioning service procedure as described above, the SL Positioning Server UE can be involved in before responding to UE#1 with ranging and sidelink positioning result.

For ranging and sidelink positioning service exposure to UE via Network:

This ranging service exposure and invocation through network can be realized by the following 2 methods:

· Ranging service exposure and invocation through 5GC, the ranging service consumer sends the ranging request to the 5GC (e.g., AMF or LMF) as described in Sol#9, #22, #25, #27, #33.

· Ranging service exposure and invocation through Application layer as described in sol#11, this mechanism reuses the solution for KI#7.
For the ranging and sidelink positioning service exposure to UE via 5GC, the SL positioning client UE invokes ranging and sidelink positioning service by sending NAS message to the 5GC, the LCS architecture and LPP messages can be reused with small enhancements, i.e. defining new IEs for ranging/sidelink positioning service. It only needs to enhance the AMF logic to select an appropriate LMF, or act as the consumer of GMLC service for ranging/sidelink positioning service (the following procedure is same to that of AF requesting for ranging/sidelink positioning service). All the captured solutions have to enforce the involved UEs to belong same PLMN. 

Depend on UE implementation, the SL positioning client UE can also invoke the ranging service exposure from UE via the Application exposure API, then the subsequent processes rely on the conclusion of KI#7.
* * * * Second change * * * *

8.6
Key Issue #6: Ranging and sidelink positioning service exposure to a UE
For Key Issue #6 (Ranging and sidelink positioning service exposure to a UE), the normative work is based on the following principles:

Ranging and sidelink positioning service exposure to a UE through PC5 and the network are both supported.
For Ranging and sidelink positioning service exposure to a UE through PC5, following principles is taken as baseline in normative work:

-
UE#1 (e.g., SL positioning client UE) invokes the ranging and sidelink positioning service from UE#2 by sending a ranging and sidelink positioning service request to the UE#2 for obtaining the Ranging and SL positioning result between UE#2 and Target UE. In this request at least the UE#1 info, UE#2 info and target UE info should be included.

-
UE#2 triggers the authorization of UE#1 for the ranging and sidelink positioning service invocation for the Target UE and UE#2. 

NOTE:
The procedure for Privacy handling on Ranging and sidelink positioning service exposure needs to be determined by SA3 Group i.e., the authorization of the SL positioning client UE for Ranging and sidelink positioning service invocation of two other UEs.
-
UE#2 initiates the ranging and sidelink positioning procedure with Target UE based on the conclusion of KI#4 and obtaining the ranging and sidelink positioning result.

-
UE#2 returns the ranging and sidelink positioning result to UE#1.

Editor's note:
It is FFS the exact information to be included in the interaction messages between UE#1 and UE#2.

NOTE:
Above procedure needs coordination with RAN Groups.
For Ranging and sidelink positioning service exposure to a UE through network, SL positioning client UE invokes the Ranging and sidelink positioning service exposure from a UE by reusing the LCS architecture and LPP messages, or via the Application exposure API over the application layer message, then the subsequent processes rely on the conclusion of KI#7.

· The SL positioning UE receives the onboarding information in order to use the Application exposure API during the registration procedure.
NOTE:
The authorization of the SL positioning client UE for Ranging and sidelink positioning service invocation of two other UEs reuses the procedures will be determined by SA WG6, and defined in TS 23.222 [12].
Editor's note:
It is FFS on whether and how to use the LCS architecture for the Ranging and sidelink positioning service exposure to SL positioning client UE.
* * * * End of change * * * *
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