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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.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

 The present document is a technical report which identifies the application architecture aspects to support V2X services, and corresponding architectural solutions. The study includes identifying architecture requirements that are necessary to ensure efficient use and deployment of V2X services over 3GPP systems.
The study takes into consideration the existing stage 1 and stage 2 work within 3GPP related to V2X in 3GPP TS 22.185 [2], 3GPP TS 22.186 [3] and 3GPP TS 23.285 [4], as well as V2X application standards defined outside 3GPP.

This document will provide recommendations for normative work.
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 TS 22.185: "Service requirements for V2X services; Stage 1".
[3]
3GPP TS 22.186: "Enhancement of 3GPP support for V2X scenarios; Stage 1".

[4]
3GPP TS 23.285: "Architecture enhancements for V2X services".
[5]
3GPP TS 23.468: "Group Communication System Enablers for LTE (GCSE_LTE); Stage 2".
[6]
3GPP TR 23.780: "Study on Multimedia Broadcast and Multicast Service (MBMS) usage for mission critical communication services".
[7]
3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".
[8]
3GPP TS 36.321: "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification".
[9]
3GPP TS 36.443: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); M2 Application Protocol (M2AP)".
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP 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 3GPP TR 21.905 [1].

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

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP 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 3GPP TR 21.905 [1].

V2X
Vehicle-to-Everything
4
Analysis of V2X standards
4.X
<existing V2X standard>
Editor's Note:
Provide a suitable title to describe the existing V2X standard (e.g. ETSI ITS, SAE, 3GPP).

4.X.1
Description

Editor's Note:
This subclause will describe the V2X standard.

4.X.2
Analysis

Editor's Note:
This subclause will investigate existing V2X standard and identify potential gaps.

4.1
3GPP V2X service requirements
4.1.1
Description

The V2X service requirements are specified in 3GPP TS 22.185 [2] and 3GPP TS 22.186 [3].

The V2X service requirements specified in 3GPP are identified by taking into account the V2X service requirements defined in other SDOs, e.g. ETSI ITS, US SAE. 
The following types of V2X applications are addressed:

-
Vehicle-to-Vehicle (V2V);

-
 Vehicle-to-Infrastructure (V2I);

-
Vehicle-to-Network (V2N); and

-
Vehicle-to-Pedestrian (V2P).
The following V2X scenarios are addressed:

-
Safety-related V2X scenarios: e.g. automated driving, vehicle platooning 
-
Non-safety-related V2X scenarios: e.g. mobile high data rate entertainment, mobile hotspot/office/home, dynamic digital map update
A relevant aspect of advanced V2X applications is the Level of Automation (LoA), which reflects the functional aspects of the technology and affects the system performance requirements. The following LoA are defined:
-
 0 – No Automation;

-
1 – Driver Assistance;

-
2 – Partial Automation;

-
3 – Conditional Automation;

-
4 – High Automation; and

-
5 – Full Automation.

4.1.2
Analysis

Table 4.1.2-1 lists the 3GPP specifed V2X service requirements which may have impact on V2X application layer. The requirements are grouped by functional areas.
Table 4.1.2-1: 3GPP V2X service requirements which may have impact on V2X application layer
	Sl.
	Reference
	V2X service requirement description 

	1
	Network situation

	1.1
	Subclause 5.1 of 3GPP TS 22.185 [2]
	General message transmission related requirements in [R-5.1-001], [R-5.1-007], [R-5.1-008] and [R-5.1-009] corresponds to application needs for QoS required for V2X communications 

	1.2
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-015] corresponds to V2X application knowledge of network attachment by the V2X UE

	2
	Configurations

	2.1
	Subclause 5.1 of 3GPP TS 22.185 [2]
	Configuration related requirements in [R-5.1-002] corresponds to enablement of configurations of V2X UE, V2X application server, RSU 

	3
	Messaging

	3.1
	Subclause 5.1 of 3GPP TS 22.185 [2]
	Requirements for RSU controlling the message transmission area in [R-5.1-011] corresponds to supporting V2I application messaging.

	3.2
	Subclause 5.1 of 3GPP TS 22.185 [2]
	Requirements for application server controlling the message transmission area in [R-5.1-011a] corresponds to supporting V2N application messaging

	3.3
	Subclause 5.1 of 3GPP TS 22.185 [2]
	Requirements for supporting V2X application messaging as per the resource constraints on the UE in [R-5.1-014].

	3.4
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-002] corresponds to group communication based on proximity as per V2X application needs

	3.5
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-003] corresponds to group management for V2X applications

	3.6
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-004] corresponds to group communications amongst the V2X UEs

	3.7
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-005] corresponds to one-to-one communications between UEs in a group

	3.8
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-013] corresponds to one-to-one and group communication between UEs belonging to different PLMN networks

	3.9
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-016], [R-5.1-017], [R-5.1-018] correspond to supporting UE-to-Network relay to enable V2X communications

	3.10
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-022] corresponds to V2X application usage of suitable group management and communications for a RSU

	4
	Location

	4.1
	Subclause 5.1 of 3GPP TS 22.185 [2]
	Requirements for location accuracy support to V2X UEs in [R-5.1-015]

	5
	Discovery

	5.1
	Subclause 5.2.1 and subclause 5.2.2 of 3GPP TS 22.185 [2]
	Requirements for latency/reliability and message size.

	5.2
	Subclause 5.2.3 of 3GPP TS 22.185 [2]
	Requirements for supporting UEs travelling in high speeds

	5.3
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-014] corresponds to discovery of the UEs belonging to the same V2X application

	5.4
	Subclause 5.1 of 3GPP TS 22.186 [3]
	General requirements in [R-5.1-024] corresponds to discovery of the V2X application server

	6
	Vehicle platooning

	6.1
	Subclause 5.2 of 3GPP TS 22.186 [3]
	Requirements to support vehicle platooning in [R.5.2-004], [R.5.2-005], [R.5.2-006], [R.5.2-007]

	7
	Extended sensors

	7.1
	Subclause 5.4 of 3GPP TS 22.186 [3]
	Requirements to support extended sensors in [R.5.4-001], [R.5.4-002], [R.5.4-003], [R.5.4-004], [R.5.4-005], [R.5.4-006],


4.2
3GPP architecture for V2X communications
4.2.1
Description

The V2X architecture, functional entities to facilitate vehicular communications for Vehicle-to-Everything (V2X) services, which includes Vehicle-to-Vehicle (V2V), Vehicle-to-Pedestrian (V2P), Vehicle-to-Infrastructure (V2I), and Vehicle-to-Network (V2N) are specified in 3GPP TS 23.285 [4].

4.2.2
Analysis

The following reference points described in 3GPP TS 23.285 [4] have V2X application layer impact:

1.
V1: The reference point between V2X application in the UE and the V2X application server. This reference point is considered out of scope of 3GPP TS 23.285 [4].

2.
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.
3.
V3: The reference point between the UE and the V2X Control Function in UE's home PLMN. It is applicable to both PC5 and LTE-Uu based V2X communication and optionally MBMS and LTE-Uu based V2X communication. Used by V2X control function for provisioning V2X configuration parameters to the UE.

4.
V5: The reference point between the V2X applications in the UEs. This reference point is considered out of scope of 3GPP TS 23.285 [4].

The following high level functions specified in 3GPP TS 23.285 [4] have V2X application layer impact:

1.
Authorization and provisioning for V2X communications over PC5 reference point
2.
V2X message transmission/reception over PC5 reference point
3.
V2X message transmission/reception over LTE-Uu reference point
4.
V2X Application Server discovery

5.
QoS handling for V2X communication

6.
MBMS bearer announcement for V2X use

7.
Support for V2X communication for UEs in limited service state

5
Key issues
5.X
<key issue x>
Editor's Note:
Provide a suitable title for the key issue.

Editor's Note:
This subclause will describe the key issue.

5.1
Key issue 1 - Communication of V2X application network QoS requirements with 3GPP systems
The V2X services described in 3GPP TS 22.186 [3], require ultra-reliable and low latency characteristics, and may require high data rates due to the very high expected payloads. The Categories of Requirements (CoR) and Level of Automation (LoA) is defined, which reflects the functional aspects of the technology and affects the system performance requirements.are defined to support such V2X scenarios. 
The following CoRs are defined:

-
General Aspects;

-
Vehicle Platooning;

-
Advanced Driving;

-
Extended Sensors; and

-
Remote Driving.
The following LoAs are defined:
-
No Automation (0);

-
Driver Assistance (1);

-
Partial Automation (2);

-
Conditional Automation (3);

-
High Automation (4); and

-
Full Automation (5). 

For the combination of each CoR scenario and each degree of LoA, requirements are specified in terms of Payload (Bytes), Transmission rate (Message/Sec), Maximum end-to-end latency (ms), Reliability (%), Data rate (Mbps), Minimum required communication range (meters).

V2X scenarios are delay and reliability critical while the rate (and thus the resource) requirement may vary for each CoR and LoA, since they may support different payloads (from 300 B to 12000 B) under the strict delay requirement. Also, different CoR and LoA combination may require different QoS parameters (even for the same V2X application, e.g. platooning). This poses additional challenges regarding the accommodation of QoS and resource requests by 3GPP systems from numerous and resource demanding services. 

Some V2X scenarios are group-based communications (e.g. platooning); hence a request for resources may involve numerous users, possibly in different cells or even different systems. The request for QoS and resource allocations may need to be satisfied jointly for all users (or a specified set of users) within a short amount of time, considering the fact that 3GPP systems (EPS, 5GS) are expected to accommodate significant load by other requests requiring resources. Furthermore, if the request is not entirely successful, the request cannot result in any resources being held temporarily, as those resources may need to be available to other requests. To this end, it may be also necessary to queue for resources while resolving potential congestions.

In stage 2 specification, 3GPP TS 23.285 [4], the QoS handling for V2X communication over LTE Uu reference point specifies the use of:

-
QCI 3 and QCI 79 for unicast delivery for V2X messages.

-
QCI 75 for multicast delivery of V2X messages.

The V2X application, due to the different LoA options (1-5) and different modes of operation (e.g. unicast vs multicast broadcast) may require to change the QoS and resource demand un-predictably (e.g. LoA adjustment due to application demand), so the 3GPP systems needs to be able to adapt fast and decide accordingly whether it can fulfill the new requirement for all users (or a specified set of users).
Given the aforementioned considerations and the increased complexity of scenarios and the wider variety of requirements, it is required to further study the following aspects:

-
Abstract the knowledge of network QoS to the applications.

-
Whether the capability provided by the core network to the V2X application for allocation of unicast and multicast resources is sufficient.
5.2
Key issue 2 - Monitoring network situation of 3GPP systems by V2X application
In a V2X scenario, for a given CoR, the LoA can be adjusted in the range between 1 and 5 and this adjustment in LoA may be a result of a particular network situation (e.g. congestion). The V2X application may monitor the network situation and adapt the LoA for a given CoR corresponding to a V2X scenario. This change in LoA should also be communicated to the V2X UE by the V2X application server.

This aspect where V2X application server is capable to adjust the LoA for single or specified sets of users of the same service (e.g. platooning), by monitoring the network situation (e.g. network load) and communicating the change of LoA with V2X UE over V1 reference point is currently not addressed in 3GPP TS 23.285 [4].

The ability to provide the V2X application with the 3GPP network conditions (e.g. network load) and the aspect of communicating the change of LoA to the V2X UE requires further study.

5.3
Key issue 3 - V2X USD provisioning via V1 reference point
In 3GPP TS 23.285 [4], the V2X USD is used for receiving MBMS based V2X traffic. As it is stated in 3GPP TS 23.285 [4], there are three approaches for the V2X USD provisioning as follows:
	“-
Provided with V2X USDs for receiving MBMS based V2X traffic via existing MBMS service announcement mechanisms, or provisioned from V2X Control Function, or provisioned from the V2X Application Server via V1 reference point.”

“To provide the UE with the V2X USD(s), the following ways may be used:

-
Existing MBMS service announcement mechanisms specified in TS 23.246 [8] and TS 26.346 [11].
-
Provisioning as described in clause 4.4.1.2.2, i.e. pre-configuration in the UE and/or configuration from V2X Control Function.

-
Provisioning from the V2X Application Server via V1 reference point.”


As one of the V2X USD provisioning options, the implementation of provisioning via V1 reference point is not defined as it is outside the scope of SA2.
Gap:

-
How to implement the option of provisioning the V2X USD from the V2X application server via V1 reference point.
Editor's note:
Whether the option of provisioning the V2X USD from the V2X application server via V1 reference point is required is FFS.

5.4
Key issue 4 - Local service information
The V2X application server discovery related information is specified in subclause 4.4.1.2.2 of 3GPP TS 23.285 [4] and V2X application discovery procedure is specified in subclause 5.4.1 of 3GPP TS 23.285 [4]. The V2X application server discovery via MBMS is shown below.
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Figure 5.4-1: V2X application server discovery using broadcast as specified in 3GPP TS 23.285 [4]
The local service information in step 2 includes the V2X application server discovery parameters defined in subclause 4.4.1.2 and subclause 4.4.7.3 of 3GPP TS 23.285 [4].

For the V2X scenarios like extended sensors, platooning, the V2X UEs may be connected to the serving PLMN, but the V2X application server information may change as per the geographical location. However, it is not specified in SA2 how to deliver local service information to V2X UE.
Gap:

-
It is for further study how to deliver local service information at the application layer.
5.5
Key issue 5 - Service continuity during MBMS based V2X traffic
In 3GPP TS 23.285 [4], V2X communication can be delivered over unicast or MBMS. The service continuity issue including transferring V2X traffic from MBMS to unicast is to be considered. The V2X service interruption due to high speed mobility should be minimized. This key issue refers to the key issue#1 in 3GPP TR 23.780 [6] with the difference that V2X application server is the instance of GCS AS.
The different use cases can be described as follows:
1.
The V2X UE moves from one cell to another within the same MBSFN area. Both cells are contributing to the MBSFN transmission. This mobility case is supported in current RAN specification, see subclause 15.4 in 3GPP TS 36.300 [7].

2.
The V2X UE moves from one MBSFN area to another MBSFN area. In this scenario both MBSFN areas are transmitting on the same MBMS bearer, i.e. the same TMGI. MBSFN area 1 and MBSFN area 2 may use different frequencies. In this mobility case the V2X UE detects bad reception from MBSFN area 1 and triggers a transfer to unicast. After some time the V2X UE will detect the MBSFN area 2 transmission and return to reception over MBMS. In this scenario it is not possible to avoid going to unicast.

3a.
The V2X UE moves from one MBMS service area to another MBMS service area. In this scenario, the two MBMS service area transmissions use different MBMS bearers i.e. different TMGI. Furthermore a specific V2X group communication is not required to be transmitted in both MBMS service areas. In this mobility case the V2X UE detects bad reception from MBSFN area 2 and triggers a transfer to unicast. After some time the V2X UE will detect the MBSFN area 3 transmission and if the same V2X group communication is transmitted in the new area the V2X UE will return to reception over MBMS. In this scenario it is not possible to avoid going to unicast.

3b.
The V2X UE moves from one MBMS service area to another MBMS service area. In this scenario the two MBMS service area transmissions use different MBMS bearers with the same TMGI, separated by the application with the use of different flow IDs. The flow IDs is not visible to the UE.

4.
The V2X UE moves out from an MBSFN area to a new cell that is not transmitting over MBMS. This service continuity use case is defined in 3GPP TS 23.468 [5].

5.
The UE A moves out of coverage and uses UE-R as a UE-to-network relay UE. In this scenario the UE A moves from in coverage and listening to an MBMS bearer to out of coverage but remains in on-network by using UE-R as a relay. There is currently no service continuity procedure defined for this scenario.

The key issue described is the service continuity issues in use case 2 and use case 3 according to the description above. 
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Figure 5.5-1: Service continuity use cases
Gaps:

· -
The MBMS listening status report about the MBMS reception quality for V2X service is missing; 
· -
The switching of MBMS bearer to unicast over V1 reference points for V2X service is missing; and

· -
Evaluate whether the existing solution to key issue#1 in 3GPP TR 23.780 [6] can be resued for V2X services. 
5.6
Key issue 6 - Handling MBMS bearer suspension

In Rel-12, 3GPP has introduced the capability of automatically suspending (pre-empting) / resuming MBMS bearers in case of MBMS congestion. Some signalling procedures are specified (see 3GPP TS 36.321 [8], 3GPP TS 36.443 [9], and 3GPP TS 23.468 [5]) to notify the UEs of MBMS bearer suspension and to allow the UEs to notify the application server. Currently the efficient handling of MBMS bearer suspension/resumption by the V2X application server has not been considered.

This key issue includes the following aspects for further study:
-
How the V2X application server acquires the MBMS bearer suspension.
-
Efficient signalling of MBMS bearer suspension / resumption over V1 reference point.

-
Minimized V2X services impact of MBMS bearer suspension, especially in the case of high connection density for congested traffic.
-
Efficient application recovery from conditions of MBMS congestion and MBMS bearer suspension.

5.7
Key Issue 7 - V2X UE capabilities reporting
This key issue refers to the key issue#8 in 3GPP TR 23.780 [6] with the difference that V2X application server is the instance of GCS AS.
The V2X application server acts as the instance of GCS AS. In LTE based MBMS, two MBMS delivery mode named SC-PTM and MBSFN are defined. In current specifications, the GCS AS is responsible for making the decision to use MBMS or not, while the MCE is responsible for selecting the MBMS delivery mode. In both entities, the UE's supporting MBMS delivery mode is missing to make the decision, which may cause the case that GCS AS determines to use MBMS with MCE determining the MBMS delivery mode that most of UEs do not support, then the UEs can not receive the traffic via MBMS. To achieve the coherent MBMS operation, the following information should be made available to the GCS AS, e.g.

-
The MBMS mechanism selected by the MCE (if it has already selected);

-
The UE's support of the MBMS mechanism(s); and

-
The eNB cell the UE is located.
Gap:

-
How to coordinate MBMS operation between V2X UE, V2X application server and MCE.

· -
Evaluate whether the existing solution to key issue#8 in 3GPP TR 23.780 [6] can be reused for V2X services. 
5.8
Key issue 8 - PC5 parameters provisioning over V1 
Currently, the PC5 based discovery and communication parameters specified in sub clause 4.4.1.1 of 3GPP TS 23.285 [4] are pre-configured at the UE or provisioned by the V2X control function, which may not be sufficient for the business model that the V2X application server is dominated by 3rd party e.g., vehicle OEM, and the 3rd party would like to provide the PC5 parameters directly to the V2X application client located in the V2X UE. To support this business model, the provisioning PC5 based discovery and communication parameters over V1 is for further study.  

Gap:

-
Evaluate whether the existing provisioning mechanisms for PC5 based discovery and communication parameters are sufficient where the V2X application server is deployed by a 3rd party; and

-
Study how to provision PC5 based discovery and communication parameters over V1 reference point.

6
Architectural requirements
6.1
General requirements
Editor's Note:
This subclause will describe general architectural requirements.

6.2
<application layer support aspect x> requirements
Editor's Note:
Provide a suitable title for the requirements.

6.2.1
Description

Editor's Note:
This subclause will describe the application layer support aspect.

6.2.2
Requirements

Editor's Note:
This subclause will describe the architectural requirements.

7
Solutions

7.1
Solution #1: <title>
Editor's Note:
Provide a suitable title for the solution.

7.1.1
Solution description

Editor's Note:
This subclause will describe the solution.

7.1.2
Solution evaluation

Editor's Note:
This subclause will evaluate the solution.

8
Overall evaluation

Editor's Note:
This clause will provide evaluation of different solutions.

9
Conclusions

Editor's Note:
This clause is intended to list conclusions that have been agreed during the course of the study item activities.
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