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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The objective of this Technical Report is to identify and evaluate potential architecture enhancements of EPS and 5G System design needed to support advanced V2X services identified in TR 22.886 [2], based on vehicular services requirements defined in TS 22.185 [3] and TS 22.186 [4] and determine which of the solutions can proceed to normative specifications.
In Rel-15, the study focuses on EPS.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TR 22.886: "Study on enhancement of 3GPP Support for 5G V2X Services".

[3]
3GPP TS 22.185: "Service requirements for V2X services; Stage 1".

[4]
3GPP TS 22.186: "Enhancement of 3GPP support for V2X scenarios; Stage 1".

[5]
3GPP TS 23.285: "Architecture enhancements for V2X services".
[6]
3GPP TS 22.278: "Service requirements for the Evolved Packet System (EPS)".
[7]
3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[8]
3GPP TS 23.303: "Proximity-based Services (ProSe); Stage 2".
[9]
3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions 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].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

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

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Architectural Assumptions and Requirements 

4.1
Architectural Assumptions

Editor's Note: This clause will define the underlying architectural assumptions for architecture enhancements of EPS and 5G System to support advanced V2X services.

-
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.
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].
5
Key Issues
Editor's note:
This clause will describe the key issues for architecture enhancements of EPS and 5G System to support advanced V2X services.
5.1
Key Issue #1: Support of eV2X Group Communication
5.1.1
General description
One of the main use cases for eV2X is Vehicle Platooning where vehicles of the same platoon are involved in sharing the necessary information required to support the platoon operations (for example, distance between vehicles, relative speed, updates from RSU, etc.). Similar requirements apply also for the Extended Sensor use case where UEs exchange data gathered through local sensors or live video data among vehicles, Road Site Units, devices of pedestrians and V2X application servers.

For both cases such sharing of information is supported by creating a specific eV2X Group within a V2X application.

This key issue addresses how eV2X communication for these group of UEs will be supported by the 3GPP system. In particular, the following aspects are required to be studied:

-
Whether and how the 3GPP system is required to be aware of an eV2X Group within the V2X application.
-
Whether and how the 3GPP system is required to be aware of the number of UEs within an eV2X Group of a V2X application.
NOTE:
It is assumed that eV2X Group discovery is supported within the V2X application.
-
How 3GPP layer communication between UEs of the same eV2X Group is carried out.
5.2
Key Issue #2: 3GPP PC5 RAT selection for a V2X application
5.2.1
General description
A UE may support multiple radio access technologies (RATs) over PC5 interface, including LTE and NR. For such UE, the most suitable 3GPP PC5 RAT(s) for V2X applications should be selected based on various criteria. For example, for the V2X application requiring low latency, the PC5 RAT that meets the required latency should be selected.
To support the proper selection of 3GPP PC5 RAT to use for a V2X application, the following aspects need to be studied:
-
What parameters should be considered as input to 3GPP PC5 RAT selection for each V2X application, e.g. QoS parameters, RAN related parameters such as expected range of a RAT, operator policy, preferences for each V2X application, peer UE capabilities, etc.?
-
When and how the 3GPP PC5 RAT selection is performed? Is the 3GPP PC5 RAT selected before sending/receiving each V2X message, or is the 3GPP PC5 RAT selected based on static configuration for each V2X application?
-
How can 3GPP system support the 3GPP PC5 RAT selection for the V2X application?
When studying the above aspects, the following need to be considered:
-
When the UE is non-roaming and when the UE is roaming;
-
When the UE is in coverage and when the UE is out of coverage.
Editor's note:
When necessary, RAN WGs should be involved during the study of this key issue.
5.3
Key Issue #3: QoS Support for eV2X over Uu interface 
5.3.1
General description
Rel-14 handles QoS for V2X communications as specified in TS 23.285 [5] clause 4.4.5, defining QoS handling for V2X communication over PC5 and over LTE-Uu reference points. 

TS 22.186 [4] specifies service requirements to enhance 3GPP support for V2X scenarios in the 3GPP systems, both for safety (e.g., automated driving, vehicle platooning etc.) and non-safety (e.g., mobile high data rate entertainment, mobile hotspot/office/home, dynamic digital map update etc.) V2X scenarios.
In particular, TS 22.186 [4] defines five Categories of Requirements (CoR) to support eV2X scenarios: General Aspects, Vehicle Platooning, Advanced Driving, Extended Sensors and Remote Driving. Additionally, it defines six Level of Automation (LoA), reflecting the functional aspects of the technology and affecting the system performance requirements. The five level of automation defined are: No Automation (0), Driver Assistance (1), Partial Automation (2), Conditional Automation (3), High Automation (4), Full Automation (5). For each CoR and each LoA, requirements are specified in terms of Payload (from 50 to 12000 bytes), Transmission Rate (from 2 to 50 message/sec), Maximum end-to-end latency (from 3 to 500 ms), Reliability (from 90% to 99.999%), Data rate (from 0.5 to 1000 Mbps) and minimum required communication range (from 50 to 1000 meters).

To ensure the support eV2X scenarios in 5GS, including all CoRs and LoAs (including, e.g., URLLC), according to requirements specified in TS 22.186 [4], the following issues need to be studied:

-
Investigating if the 5G QoS Characteristics defined in TS 23.501 [7] clause 5.7.4 (i.e., Resource Type, Priority Level, Packet Delay Budget, Packet Error Rate, Default Maximum Data Burst Volume, Default Averaging Window) are sufficient to represent the QoS profiles required by V2X services, or if additional QoS Characteristics need to be defined;

-
Investigating if the standardised 5QI values defined in TS 23.501 [7] clause 5.7.4 are sufficient to support all CoRs and LoAs defined in TS 22.186 [4], or if additional standardised 5QI values need to be defined.
5.4
Key Issue #4: Support of PC5 QoS framework enhancement for eV2X 
5.4.1
General description
In Rel-14 V2X as documented in TS 23.285 [5], the QoS over PC5 is supported with the ProSe Per-Packet Priority (PPPP). Application layer is allowed to mark the packets with the PPPP, which indicates the required QoS level. Certain enhancement was added, e.g. by allowing deriving of PDB from the PPPP. 

The new QoS requirements for eV2X are captured in TS 22.186 [4]. Various new KPIs are captured in clauses 5.2 to 5.5. These have a variety of new QoS parameter ranges, e.g. the latency (PDB) range from 100ms in advanced driving to 3ms in Emergency trajectory alignment. Message rate range from 10 message/second to 50 message/second, and with some burst traffic types, e.g. in extended sensor information sharing. In addition, the reliability requirement also varies, e.g. 90% to 99.999%. 

The existing PPPP mechanism with 8 levels may not be sufficient to support the QoS differentiation. Therefore, enhancement may be required to allow the new QoS requirements of the V2X traffic to be conveyed from application layer to the AS layer. 

This key issue will study what the QoS parameters for an application are and how such information can be passed to the AS layer to enforce. 

This key issue also addresses the support of URLLC traffic.  
5.5
Key Issue #5: Service Authorization and Provisioning to UE for eV2X communications over PC5 reference point

5.5.1
General description
In order to enable the UE to use eV2X Service in 5G system, service authorization and provisioning for eV2X communication over PC5 reference point is needed, following aspects need to be studied:
-
Whether current authorization and provisioning mechanism over V2X control function defined in clause 4.4.1.1 of 23.285 [5] can be reused; 
-
Justification for introducing a new solution and overall solution description;
-
Policy and parameters provisioned to UE;
-
Principles for applying parameters for V2X communications over PC5 reference point;

-
How to revoke the service authorization and provisioning to UE.
5.6
Key Issue #6: Service Authorization to NG-RAN for eV2X communications over PC5 reference point

5.6.1
General description
In order to provide eV2X service authorization information to NG-RAN (i.e. assisting NG-RAN to operate in Mode 3 or 4) for eV2X communication over PC5 reference point, following aspects need to be studied:
-
When and how the UE indicates its eV2X capability to network;
-
When and how 5GC provides to NG-RAN the authorization information on whether UE is authorized to use V2X communication over PC5 reference point;
-
How to revoke the service authorization to NG-RAN.
5.7
Key Issue #7: Network Slicing for eV2X Services
5.7.1
General description
For 5GS, the Network Slicing feature, introduced in Release 15, allows to deploy separate networks for dedicated purposes. Network slicing offers network deployment options, which can be exploited to support various of eV2X services and scenarios. To make use of 5G slicing framework for eV2X services, the following issues need to be studied: 

-
Which eV2X features, supported by Rel-15 5GC features or requiring enhancements to the 5GC architecture (e.g., side-link communication, multicast-broadcast communication, group communication etc.), would require or benefit from explicit network slicing support;

-
The relationship between the additional network features and network slicing, including:

-
Whether new SST value(s) needs to be standardised, or if such features will be supported by existing SST values;

-
Which additional network features are supported by certain SST values.
5.8
Key Issue #8: Support of edge computing
5.8.1
General description
Edge computing is considered one of the key technologies to support V2X services. The edge computing for V2X services can be characterized by edge computing system located at the edge of the mobile network to support collecting and processing of time critical information from vehicle UEs, pedestrian UEs and/or RSUs, and providing information to vehicle UEs, pedestrian UEs and/or RSUs. 
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Figure 5.8.1-1: High level view of edge computing for V2X services
The ability to steer traffic to a specific local DN depending on the DNN/S-NSSAI/etc. and support for edge computing are already defined in Rel-15, e.g. in clause 5.6.7 'Application Function influence on traffic routing' and clause 5.13 'Support for Edge Computing' of TS 23.501 [7]. 
This key issue will study that the existing mechanisms specified in TS 23.501 [7] can be reused for V2X purposes and whether any enhancement is needed to support specific needs for V2X, e.g. local routing to/from V2X Application Server(s) in a local DN close to NG-RAN.
5.9
Key Issue #9: Support of unicast/multicast for sensor sharing over PC5 
5.9.1
General description
In TS 22.186 [4], there are new requirements captured for supporting the higher data rate information sharing between vehicles, e.g. that for the support of Extended Sensor use case in clause 5.4. The KPIs include those can be still supported using broadcast mechanism, and those cannot be supported with broadcast mechanism over the available ITS spectrum, especially, when there are multiple vehicles performing the broadcast based information sharing in the proximity

Therefore, besides the broadcast mechanism, eV2X also needs to support a new interactive delivery mechanism in order to handle the high data rate data sharing between vehicles, e.g. using unicast and/or multicast. 

This key issue will study how an interactive, e.g. request and response based data delivery mechanism can assist the efficient delivery of data to satisfy the eV2X use cases, and if any V2X layer signalling is required and what information needs to be exchanged in order to facilitate the AS layer to configure the corresponding transmission and reception.  

NOTE:
Coordination with RAN regarding the unicast/multicast support is needed.
5.10
Key Issue #10: eV2X message transmission and reception 
5.10.1
General description
Transmission of a V2X message for V2V Service and V2P Service can be triggered periodically or based on a certain event. The V2X message can be exchanged when the UE is served by operator network, or when the UE is not served by operator network. The V2X message can be exchanged when the UE is non-roaming and roaming.
When architectural requirements are identified in Release 16 to accommodate V2X messages transmission via PC5/Uu interfaces, then impacts on the eV2X message transmission will be addressed in this key issue.
6
Solutions
Editor's note:
This clause is intended to document the agreed architecture solutions. Each solution should clearly describe which of the key issues it covers and how.
6.1
Solution #1: Solution for Group Communication for eV2X
6.1.1
Functional Description

For eV2X, group communication can be supported based on the existing PC5 based V2X Communication as defined in TS 23.285 [5]. 

With this solution, the 3GPP system is not required to be aware of any eV2X group within the V2X application. The group management, including controlling the number of UEs within the group, is expected to be performed at application layer, which is out of scope of 3GPP. 

In addition, the discovery of the group and group maintenance are also expected to be handled at application layer based on the V2X messages. Such application layer messages are to be defined by other SDOs responsible for upper layers, e.g. SAE, ETSI-ITS. 

For the communication between UEs of the same eV2X group, existing V2X communication can be used as defined in TS 23.285 [5].

If desired, e.g. for optimized operations, separation of the traffic from different groups could be also achieved with the use of different destination L2 IDs. These destination L2 IDs could be negotiated among group members at application layer or obtained from V2X AS at application layer. For such operations, the application layer would decide the L2 ID and pass it down together with the packets down to 3GPP layer. In this case, PSID to L2 ID mapping is not used in deciding on the destination L2 ID. 

NOTE:
Any potential clash of "Group" L2 IDs assigned by different V2X applications is resolved within the application.    

For eV2X group communication, no bearer level security is required. Security protection, including integrity (and confidentiality if required), is provided at application layer based on application requirements.
6.1.2
Procedures

No change to the existing procedures is required.
6.1.3
Impact on existing entities and interfaces
Potentially the 3GPP layer can be enhanced to support receiving destination L2 ID from application layer to use for group communication. If destination L2 ID is provided, the PSID to L2 ID mapping is not used.
6.1.4
Topics for further study

None is identified.
6.1.5
Conclusions

The eV2X Group Communication can be supported with existing V2X communication mechanism and application layer group management. No normative change is needed.
7
Conclusions

Editor's note:
This clause will capture agreed conclusions from the study.
7.1
Conclusions for EPS

In this study, no architecture enhancement of EPS for eV2X is identified. This conclusion is relevant to Key Issue#1.

SA2 may have normative work for V2X enhancement to EPS in Rel-15 if there is any input from RAN WGs and such input causes normative work in SA2. For the normative work of V2X enhancement to EPS in Rel-15, the dedicated work item is not required in SA2.
7.2
Conclusions for 5G System
Editor's note:
This clause will capture agreed conclusions for 5G System from the study, aimed for normative phase in Rel-16 timeframe.
Annex A:
Alternative#1 eV2X Architecture Reference Model

A.1
Description 
A.1.1
Description of existing V2X for EPS

The V2X Control Function in EPC handles the configuration of the UE in two areas:

-
Configuration of radio parameters for the use of PC5.

-
Configuration of application parameters for the UE to access the application server and to receiving application information over MBMS.

The specific V2X reference points specified by 3GPP are:

V2: The reference point between the V2X Application Server and the V2X Control Function in the operator's network. The V2X Application Server may connect to V2X Control Functions belonging to multiple PLMNs. 
In TS 23.285 [5] this is only handling MBMS configuration data and not further specified.
V3: The reference point between the UE and the V2X Control Function in UE's home PLMN. It is based on the service authorization and provisioning part of the PC3 reference point defined in clause 5.2 of TS 23.303 [8]. It is applicable to both PC5 and LTE-Uu based V2X communication and optionally MBMS and LTE-Uu based V2X communication.
This is going over the user plane and used for the UE configuration. 
V4: The reference point between the HSS and the V2X Control Function in the operator's network.
The V4 interface allows the V2X Control Function to retrieve V2X related subscription data in order to authorise access from the UE for V2X services.
V6: The reference point between the V2X Control Function in the HPLMN and the V2X Control Function in the VPLMN.
A.1.2
5G Description

In 5GC a new reference architecture has been introduced and by that it should be analysed if a simplified V2X architecture can be developed by using some of the available features and thus eliminating the need for components from EPS or if the V2X architecture from EPS shall be reused.

As the V2X Control Function only handles UE configuration it is proposed that the new procedure in 5GC handles UE configuration, see TS 23.502 [9] clause 4.2.4.3 'UE Configuration Update procedure for transparent UE Policy delivery'.
It is proposed to use PCF as the eV2X policy/parameters provisioning functional entity.
The preconfiguration in ME or the UICC as specified in TS 23.285 [5] will still be used where applicable.

If needed by the V2X application, the Application Function (AF) features such as application influence and notification can be applied by V2X application.

In Release 15 5GS, MBMS feature is not supported.
A.1.3
PC5 and Uu based eV2X architecture reference model

Figure A.1.3-1 shows the high-level view of the non-roaming 5G System architecture for PC5 and Uu based V2X communication.
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Figure A.1.3-1: Non-roaming 5G System architecture for PC5 and Uu based V2X communication
Figure A.1.3-2 shows the high-level view of the roaming 5G System architecture for PC5 and Uu based V2X communication.
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Figure A.1.3-2: Roaming 5G System architecture for PC5 and Uu based V2X communication
Figure A.1.3-3 shows the high-level view of the inter-PLMN 5G System architecture for PC5 and Uu based V2X communication.
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Figure A.1.3-3: 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 A.1.3-1, A.1.3-2 and A.1.3-3 are based on the 5G System architectures defined in TS 23.501 [7] and PC5 and LTE-Uu based V2X architecture reference model defined in TS 23.285 [5].

Editor's Note: Service Based architecture will be determined once the final reference architecture selection is completed.

A.2
Procedures

The procedure in TS 23.502 [9] clause 4.2.4.3 'UE Configuration Update procedure for transparent UE Policy delivery' can be used for the UE configuration of V2X related parameters.
It is proposed to use PCF as the eV2X policy/parameters provisioning functional entity.
A.3
Impact on existing entities and interfaces

The reference points V3, V4 and V6 in the EPC V2X architecture is no longer needed as this will be handled in the existing 5GC interfaces.
The configuration of the UE using V3 will instead be handled over existing interfaces as handled by UE Configuration Update procedure.
The reference point between V4 between V2X Control Function and HSS will not be needed as this is handle using the 5GC existing interfaces.
The V6 interface between the VPLMN and the HPLMN V2X Control Functions is not needed as the needed information exchange may be handled by existing roaming interfaces.
Editor's Note: The handling of roaming interfaces will be further evolved when a broader picture of the eV2X architectural requirements has been developed
The functionality of V2X Control Function in the 5GC architecture resides in the PCF, see clause A.2.

A.4
Topics for further study

It is for further study which existing NFs that will be affected to support the existing V2X functionality and new functionality introduced by other Key Issues in the TR 23.786.
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