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Abstract of the contribution: This paper elaborates on the role of the V2XCF in 5G eV2X and proposes an architectural option.
1
Discussion
1.1
Introduction
In the last SA2#126 meeting five options for V2X Control Function (V2XCF) role in the 5G eV2X architecture were captured in Annex A of TR 23.786:
a)
Reuse the V2X Control Function as defined in TS 23.285 [5], and provides the V3 via a U-plane connection to UE; 

b)
Locate the V2X Control Function in 5GC, and provides the V2X policy and parameters via C-plane towards the UE, i.e. using the Namf_Communication_N1N2MessageTransfer/N1MessageNotify service of the AMF, and the NAS transport to realize V3;

c)
V2X Control Function connected to PCF via N5 to provision the V2X policy/parameters using UE Policy delivery mechanism;

d)
V2X Control Function connects to NEF and provides the V2X policies/parameters to PCF via NEF, which in turn delivers the policies/parameters to UE via UE Policy delivery mechanism; 

e)
PCF realize the V2X policy/parameter provisioning function of the V2X Control Function and delivers the policies/parameters to UE via UE Policy delivery mechanism.

In the remainder of this paper we discuss the different options .

1.2
Option B: V2XCF as a new CP NF in 5GC
Architectural Option B is currently only listed in clause A.0 of the TR and it is not described in detail. In our understanding, Option B enables the V2XCF to be implemented as a new CP NF in 5GC, with the following benefits:
· It could have access to all CP functions via SBI and it would have full right to access other NFs in the operator domain;
· It would allow for V2XCF functionalities to be extended (e.g., beyond configuring UEs via NAS, provide the functionalities that current NFs does not support) if needed;

· To the contrary of Option E, it would decouple PCF from V2X implementation. This would allow to keep the focus of the PCF to policy management, and not extend beyond its original scope with a consequent better system modularity and flexibility.
· The network operator would have full control of the eV2X UEs.

· Beneficial in case of communication with a large numbers of UEs.
Observation 1.2-1: Option B enables V2XCF to fully exploit the capabilities provided by NFs in 5GC, provides good flexibility and modularity for adding new functionalities, simplifying the network design. It also scales well with the number of UEs to be supported. 
1.3
Options C and D: V2XCF as an AF
Options C and D are equivalent in the sense that they both assume the V2XCF is defined as an Application Function (AF). The only difference is that in Option C the V2XCF is considered an AF allowed to directly access the CP NFs, while in Option D the V2XCF is required previous authorization and communication via NEF). Option D seems more appropriate than Option C since the V2XCF should be the interface with an external provider.
These two options allow to treat V2X as one of the many applications that can run on top of the 5GS. In terms of benefits, this design approach:

· Provides the modularity to some extent: e.g., easy addition of an AF in the CN;
· Decouples it from the other NFs and it would guarantee an easier interaction with the V2X Application Server;
· Allows 3rd parties to easily customize the 5GS V2X functionality;
· Could be beneficial in case of communication with a large numbers of UEs.

In terms of drawbacks, 
· having the V2XCF as an AF could make it hard to integrate it with existing NG signalling/NAS signalling; 
· In general, these options, with respect to Option B, would allow a reduced control of the network operator over V2X;

· These options may require defining AF-to-AF communication. In that case, both the operator and the 3rd party would want to have a point of control (in option B, that scenario would be a 5GC function for the operator, and a V2X AF for the 3rd party aspects
· the interface between PCF/NEF and V2XCF might need to be modified when new requirements for V2XCF are identified (i.e., new features/functionalities for V2XCF are added), and in that case, the forward compatibility shall be taken into consideration.
Observation 1.3-1: Options C and D on one hand provide scalability, guarantee an easier interaction with the V2X AS, and modularity. On the other hand, integration with existing NG signalling/NAS signalling, forward compatibility, or the control of AF-to-AF are potential issues. These options allows a better control of the V2X functionality to 3rd parties, but at the same time they reduce the control by the network operator. Among the two, Option D seems the most appropriate option.
1.4 
Option E: PCF realizes V2XCF policies functionalities
This approach seems to contradict the principle of separating vertical specific functionalities from the common 5GC NFs. While in principle similar to Option B: 
· This approach would limit the role of the V2XCF to only PCC related functionalities;

· When considering interworking, the Rel-16 V2XCF (in this case the PCF) and the UP based Rel-14 V2XCF would need to be deployed separately. This would make the handling of dual mode (Rel-14 V2X and Rel-16 eV2X) UEs more complicated as they would have to get parameters from both of V2X CFs;
· Highly coupled usage between V2XCF and PCF (same as the cons of Option C and D);
· The 3rd party cannot implement V2XCF by themselves (same as the demerits of Option B);
Moreover, it is has to be noted that the 5GS design should be as scalable as possible, despite the number of different vertical services which will be running on top. Integrating some V2XCF functionalities in the PCF would go to the detriment of system modularity and flexibility. It would also justify the introduction in the PCF of other functionalities for other verticals. This could easily make the overall system design (especially for PCF) too complex. From both of the modularity and scalability perspective, this option does not seem to be appealing. Notice that one principle of the current FS_eSBA Study Item (see SP-180231) is to build self-contained services as much as possible. Mixing policy management and V2X management would be going against these principles, which should be avoided for Rel-16 work.
Observation 1.4-1: Option E is not appealing since it contradicts the principle of separating specific functionalities from common 5GC NFs, and it is highly coupled with PCF, which would limit the role of V2XCF and cause unnecessary network signalling. In addition, such solution cannot enable the 3rd party to implement V2XCF by themselves. 
1.5 
Option A: Reusing EPS V2X Architecture

Option A is already captured as Alternative #2 of Annex A of the TR. It implies the introduction of the V2X Control Function (V2XCF) as a new UP Network Function (NF) in the 5G System (5GS).

In our view, such option has the following drawbacks: 

· Cannot benefit from the 5G Service Based Architecture; 

· Service authorization and access control are in separate procedures and this generates additional signalling;

· Cause higher latency when providing V2X information to high-speed UEs. 

Observation 1.5-1: Architectural Option A (V2XCF as a UP NF) seems cumbersome from the perspective of latency and procedure.
2
Conclusion and Proposal

Given the analysis of Clause 1 above, we propose SA2 to select Option B (V2XCF as a new CP NF in 5GC) as the baseline architecture for 5GS eV2X. 
We also propose to capture the following changes in TR 23.786.
**** Beginning of Changes ****
A.X
Alternative#X: V2X Control Function as a new CP entity in 5GC 
A.X.1
Description

V2X Control Function is used to provision the UE with necessary parameters in order to use V2X communication. This alternative is equivalent to Option B of clause A.0 and is based on defining a new CN NF specifically for supporting the V2X CF functionalities. Figure A.X.1-1 below depicts the non-roaming architecture for this option.


[image: image1]
Figure A.X.1-1: Non-roaming 5GS architecture for PC5 and Uu based V2X communication
Figure A.X.1-2 below depicts the roaming architecture for this option.
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Figure A.X.1-2: Roaming 5GS architecture for PC5 and Uu based V2X communication
Figure A.X.1-3 below depicts the roaming architecture for this option.
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Figure A.X.1-3: Inter-PLMN 5G System architecture for PC5 and Uu based V2X communication
A.X.2
Procedures

A UE Configuration Update procedure (similar to TS 23.502 [9] clause 4.2.4.3) needs to be defined.
A.X.3
Impact on existing entities and interfaces

Considering V3, V4 and V6 introduced in EPS for V2X specific scenario:

-
V3 reference point (between UE and V2XCF): a new NAS type (e.g., NAS V2X message) on top of NAS-MM is needed; 

-
V4 reference point (between V2XCF and UDM): it is possible to reuse the Nudm service interface to access the UDM. This allows the V2XCF to retrieve V2X related data in order to authorise access from the UE for V2X services. 

-
V6 reference point (between H-V2XCF and V-V2XCF): a new service interface Nv2xcf is used to coordinate among V2XCF in the Home-PLMN and in the Visited-PLMN. 
Editor’s Note: Further details on which data is exchanged over V4 and V6 are needed.
A.X.4
Topics for further study

Editor's Note: It is FFS that whether some new functionalities e.g. the access control for V2X shall be captured for V2XCF as an NF.
**** End of Changes ****
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