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Abstract of the contribution: This document analyzes the different architectures proposed for 5GS eV2X and proposes a way foward.
1.
Introduction
Currently in TR 23.786, there are in general two possible groups of alternatives for eV2X Architecture, namely, a UP-based solution (Alternative #2 in Annex A.2 of TR 23.786) and three CP-based solutions (Alternatives #1, #3 and #4 in Annexes A.1, A.3 and A.4, respectively). In the UP-based solution, the V2XCF provisions the V2X policy/parameters via U-plane, while in the CP-based one the V2XCF provides such information via C-plane. Within the C-plane based group of solution, Alternatives #1 and #4 assume the V2XCF functionality is co-located in the PCF, while Alternative #3 uses a separate V2XCF NF.
This analyzes pros and cons of the two alternatives so as to promote a conclusion. 
2.
Discussions
2.1
Functionalities of V2XCF 

The main role of the V2X Control Function (V2XCF) is to provision the UE with the necessary parameters in order to use V2X communication. It is used to provision the UEs with PLMN specific parameters that allow the UE to use V2X in this specific PLMN. The V2XCF is also used to provision the UE with parameters that are needed when the UE is "not served by E-UTRAN". In the TR 23.786, the V2XCF is supposed to have the following functionalities:
· Service Provisioning to UE for eV2X communications over PC5 and NG-Uu (Solution #3, #4 and #5);
· Network-controlled QoS rules for PC5 communication (Solution #15);
· PC5 RAT selection information (Solution #13);
In this document, we analyse the different architecture variants with respect to the following aspects:

-
Parameter fetch/provisioning procedure, including the parameters acquirement by V2XCF, and parameters provided to UE;

-
QoS support;
-
Interworking with the legacy EPS V2X system;

-
Other non-techinical aspects.
2.2
Parameters acquirement by V2XCF 
V2XCF may have to ask the related NFs to fetch the subscription data of the UE, for example: 
“Subscription change in the list of PLMNs where the UE is authorized to perform V2X communication service over PC5 reference point” (Solution #3). 
For the CP-based solutions, independently of whether separate or integrated in the PCF, the V2XCF uses the services provided by NF to acquire the (existing) parameters (e.g. services provided by UDR). In case new necessary parameters are identified in the future, either existing services will need to be extended or new services will need to be defined. 
For the UP-based solution, there are two possible alternatives for fetching the data: via network capability exposure, or by reusing the existing V4 interface defined in EPS V2X. In case new necessary parameters are identified, the former will require new parameters to be exchanged between NFs-NEF and to be exposed by NEF, then UP data transmission, while the latter will need new interfaces between NFs (e.g. SMF, AMF) and the V2XCF. 
Observation 1: In terms of new parameters retrieval by the V2XCF (i.e. new parameters from NFs), there seems to be no crucial differences between a CP-based solution and a UP-based solution.  
2.3
Parameters provision to UE and NG-RAN
The main effects using the UP or CP principles is on the provisioning of the UE for V2X use. In 5GC new functionality is introduced for UE provisioning, see TS 23.502 [9] clause 4.2.4.3 'UE Configuration Update procedure for transparent UE Policy delivery', were the provisioning of the UE is handled via the PCF. This or a similar principle can also be used for V2X UE provisioning done by the PCF or a by a separate V2XCF. In 5GC new functionality is also introduced for 3rd party influencing of the network via the AF, this new functionality can also be reused if the V2X is handled by an external service provider i.e. the provisioning can be handled via NEF and PCF and also in this case reuse the 'UE Configuration Update procedure for transparent UE Policy delivery' procedure.
The PCF or V2XCF provides V2X parameters (which may include the QoS rule, authentication information, mapping information) to the UE at a proper time. 

If the V2XCF is in the CP, V2XCF will use the NAS message to deliver the message to the UE. To be specific, the V2XCF will provide the parameters in the DL NAS transport message, the parameters are in the NAS PDU IE. Because CP is used, such provisioning is fast, which is especially helpful for high-speed UEs. 

If the V2XCF is in the UP, a UP connection needs to be first stablished, which introduces latency. Moreover, provisioning may be delayed due to network congestion.

As we can see, parameters provisioning via NAS message is more efficient compared to the UP-based approach, i.e. provisioning does not require UP connection setup and is not delayed because of network congestion, thus may take effect more quickly. This efficiency allows more UEs to be provisioned within a specific period compared to UP-based approach and effectively makes the CP-based approach more scalable than UP-based approach.
Observation 2: V2X parameters provisioning based on NAS signalling is faster and more scalable than using a UP based approach. 
2.4
QoS support
Differently from EPS, in Rel-16, 5G eV2X needs support more services besides public safety (as mentioned in TS 22.185/22.186). For example, a 5G eV2X UE may run safety-related application, automated driving application and sensor sharing application at the same time. 
Considering various V2X applications, it would not be easy to pre-configure the QoS rule for PC5 Communication or mapping information at the UE, therefore such information needs to be provided to UE in an on-demand manner. Moreover, since the link quality may change spatially and temporally, the QoS of some services needs to be adjusted and it may introduce interactions with the V2XCF (e.g., asks new QoS rules, notifying potential QoS changes) continuously. With a larger set of services, a dynamic interaction between UE/AF and V2XCF is needed. Given the potentially frequent interaction between UE and V2XCF and considering that CP-based provisioning is more efficient than UP-based approach (ref: Observation #2), it seems more appropriate to go with the CP-based solution. 
In addition, as new QoS functionality will most likely be introduced for PC5 using the same principles as 5QI over Uu the. If reusing the 5QI principles for PC5 communication is it also preferable to reuse the same principles for provisioning and handling the QoS parameters as in Uu i.e the handling will be controlled over the C-plane.
Observation 3: For supporting the QoS, CP-based solution is preferable.
2.5
Interworking with EPS V2X
Interworking with EPS is an essential feature for 5GS eV2X because it cannot be assumed an immediate and ubiquitous deployment of Rel-16 5GS eV2X networks.

As shown in Solution #9, in case the V2XCF functionalities are implemented in the PCF, for UEs only supporting EPC NAS there are no interworking issues. In addition, even for UEs supporting both 5GC NAS and EPC NAS, there is no need for any interaction between 5GC PCF/V2XCF and PCRF. 
Also in case of separate CP based V2XCF NF, since in EPS the V2XCF does not provide dynamic parameters, it can be simply assumed that services which require dynamic parameters can be supported only under 5GC (i.e., when the UE moves back to EPC, only legacy services can be supported). Therefore, even for this case, a solution following the principles of Solution #9 could be adopted. 
For the UP-based solution, EPS V2XCF and 5GS V2XCF are co-located, and the associating V2XCF provides the parameter when the UE is connected to a certain RAT. 

Observation 4: Both for CP and UP based solutions interworking with legacy EPS V2X is feasible.   
2.6
Other considerations on the UP-based approach
In addition, copying the UP based solution from EPC can be questioned as:

· Cannot benefit from the 5G Service Based Architecture (i.e., For UP based solution, the accesses to all CP functions need to be re-designed): this is valid for both the UE provisioning and the 3rd party influencing via AF.

· Service authorization and access control are in separate procedures and via different paths i.e. C-plane to NG-RAN and U-Plane to UE which adds signalling: this gives also additional drawback as higher latency and in worst case the information in NG RAN and UE can be out of synch.

If slice support using standardized V2X SST, the V2X UE provisioning will be handled by the PCF in the V2X slice and no specific V2X handling is needed as e.g. V2XCF discovery function. 

If using the UP based solution and local breakout is used there is a need for a V2X Control Function proxy, using CP based solution no such proxy is needed. Local breakout / edge computing may be common in the use of V2X to handle local information and need for low latency.

3.
Conclusions and proposals
This paper briefly analyzed the different architectural options for 5GS eV2X in terms of, e.g., parameters fetching and provisioning,
QoS support and interworking with EPS V2X. In light of the analysis above, the following are proposed:
Proposal 1: adopt one of the CP-based solutions as the architecture for the 5GS eV2X system.
Proposal 2: decide which CP-based solution to adopt (Alternative #3 vs. Alternative #1 of TR 23.786) as architecture for the 5GS eV2X system.
4.
Text Proposal
It is proposed to approve the following changes vs. TR 23.786.
Beginning of changes
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Architectural Assumptions and Requirements
4.1
Architectural Assumptions


4.1.1
General
-
Architecture reference models defined in TS 23.285 [5] (i.e. PC5 and LTE-Uu based V2X architecture reference model and MBMS for LTE-Uu based V2X architecture reference model) are used as basis architecture for supporting eV2X services in EPS.
-
For EPS based enhancement, it is assumed that AS layer impact for solutions in this TR should be avoided as much as possible.

-
eV2X Groups are handled within the V2X application which is out of scope of 3GPP.

-
Architecture reference models defined in TS 23.501 [7] are used as baseline architecture for supporting eV2X services in 5GS. In particular, such architecture is based on one of the following CP-based alternatives described in Annex A: Alternative #3 (V2XCF as a new, separate NF) or Alternative #1 (V2XCF as part of the PCF). Therefore, the V2X policy and parameters are provided by the V2XCF to the UE via the AMF based on CP signalling. 
 Editor’s Note: the selection between Alternative #3 and Alternative #1 is FFS.
4.1.2
PC5 and NG-RAN Uu based V2X architecture reference model
Figure 4.1.2-1 shows the high-level view of the non-roaming 5G System architecture for PC5 and Uu based V2X communication.
Editor’s Note: whether Figure 4.1.2-1 corresponds to Figure A.3.1-1 or Figure A.1.1.3-1 is FFS.
Figure 4.1.2-1: Non-roaming 5G System architecture for PC5 and Uu based V2X communication
Figure 4.1.2-2 shows the high-level view of the roaming 5G System architecture for PC5 and Uu based V2X communication.
Editor’s Note: whether Figure 4.1.2-2 corresponds to Figure A.3.1-2 or Figure A.1.1.3-2 is FFS.
Figure 4.1.2-2: Roaming 5G System architecture for PC5 and Uu based V2X communication
Figure 4.1.2-3 shows the high-level view of the inter-PLMN 5G System architecture for PC5 and Uu based V2X communication.

Editor’s Note: whether Figure 4.1.2-3 corresponds to Figure A.3.1-3 or Figure A.1.1.3-3 is FFS.
Figure 4.1.2-3: Inter-PLMN 5G System architecture for PC5 and Uu based V2X communication
The 5G System architectures for PC5 and Uu based V2X communication depicted in Figures 4.1.2-1, 4.1.2-2 and 4.1.2-3 are based on the 5G System architectures defined in TS 23.501 [7] 
4.2
Architectural Requirements

Editor's note:
This clause will define the architectural requirements based on the normative stage-1 requirements defined in TS 22.185 [3], TS 22.186 [4] and TS 22.278 [6].
End of changes
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