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23.14
Support for V2X services

23.14.1
General
Vehicular communication services, represented by V2X services, can consist of the following four different types: V2V, V2I, V2N and V2P [71].
NOTE:
In this release of the specification, the functionalties defined in this section are only applicable to V2V services unless explicitly stated otherwise.

Support of V2X services via PC5 interface is provided by V2X sidelink communication, which is a mode of communication whereby UEs can communicate with each other directly over the PC5 interface [62]. This communication mode is supported when the UE is served by E-UTRAN and when the UE is outside of E-UTRA coverage. Only the UEs authorised to be used for V2X services can perform V2X sidelink communication.
23.14.1.1
Support for V2X sidelink communication
The user plane protocol stack and functions, as specified in subclause 23.10.2.1 for sidelink communication, are also used for V2X sidelink communication. In addition, for V2X sidelink communication:

-
STCH for sidelink communication is also used for V2X sidelink communication.
-
Non-V2X (e.g. Public Safety) data is not multiplexed with V2X data transmitted in resources configured for V2X sidelink communication.
Control plane protocol stack for SBCCH as specified in subclause 23.10.2.2 for sidelink communication is also used for V2X sidelink communication.
The UE supporting V2X sidelink communication can operate in two modes for resource allocation:

-
Scheduled resource allocation, characterized by:
-
The UE needs to be RRC_CONNECTED in order to transmit data;

-
The UE requests transmission resources from the eNB. The eNB schedules transmission resources for transmission of sidelink control information and data;

-
UE autonomous resource selection, characterized by:
-
The UE on its own selects resources from resource pools and performs transport format selection to transmit sidelink control information and data;

-
If mapping between the zones and V2X sidelink transmission resource pools is configured, the UE selects V2X sidelink resource pool based on the zone UE is located in.
-
The UE performs sensing for (re)selection of sidelink resources. Based on sensing results, the UE (re)selects some specific sidelink resources and reserves multiple sidelink resources. Up to 2 parallel independent resource reservation processes are allowed to be performed by the UE. The UE is also allowed to perform a single resource selection for its V2X sidelink transmission.

Geographical zones can be configured by the eNB or pre-configured. When zones are configured, the world is divided into geographical zones using a single fixed reference point (i.e. geographical coordinates (0, 0)), length and width. The UE determines the zone identity by means of modulo operation using length and width of each zone, number of zones in length, number of zones in width and the single fixed reference point. The length and width of each zone, number of zones in length and number of zones in width are provided by the eNB when the UE is in coverage and pre-configured when the UE is out of coverage. The zone is configurable for both in coverage and out of coverage.
For in coverage UE, when the UE uses UE autonomous resource selection, the eNB can provide the mapping between zone(s) and V2X sidelink transmission resource pools in SIB21. For out of coverage UEs, the mapping between the zone(s) and V2X sidelink transmission resource pools can be pre-configured. If a mapping between zone(s) and V2X sidelink transmission resource pool is (pre-)configured, the UE selects transmission sidelink resources from the resource pool corresponding to the zone where it is currently located. The zone concept is not applied to exceptional V2X sidelink transmission pools as well as reception pools. Resource pools for V2X sidelink communication are not configured based on priority.

For V2X sidelink transmission, during handover, transmission resource pool configurations including exceptional transmission resource pool for the target cell can be signaled in the handover command to reduce the transmission interruption, so that the UE may use the transmission sidelink resource pools of the target cell before the handover is completed as long as synchronization is performed with the target cell. If the exceptional transmission resource pool is included in the handover command, the UE starts using randomly selected resources from the exceptional transmission resource pool starting from the reception of handover command. If the UE is configured with scheduled resource allocation in the handover command, the UE continues to use the exceptional transmission resource pool while the timer associated with handover is running. If the UE is configured with autonomous resource selection in the target cell the UE continues to use the exceptional transmission resource pool until the initial sensing is completed on the transmission resource pools for autonomous resource selection. For exceptional cases (e.g. during RLF, during transition from RRC IDLE to RRC CONNECTED or during change of dedicated sidelink resource pools within a cell), the UE may select resources in the exceptional pool provided in serving cell’s SIB21 based on sensing, and uses them temporarily.

In order to avoid interruption time in receiving V2X messages due to delay in acquiring reception pools broadcasted from the target cell, synchronisation configuration and reception resource pool configuration for the target cell can be signaled to RRC_CONNECTED UEs in the handover command. For RRC_IDLE UE, it is up to UE implementation to minimize sidelink transmission/reception interruption time associated with acquisition of SIB21 of the target cell.
A UE is considered in-coverage on the carrier used for V2X sidelink communication whenever it detects a cell on that carrier as per criteria specified in [16]. If the UE that is authorized for V2X sidelink communication is in-coverage for V2X sidelink communication it may use scheduled resource allocation or UE autonomous resource selection as per eNB configuration. A set of transmission and reception resource pools for data when the UE is out of coverage for V2X sidelink communication is pre-configured in the UE. V2X sidelink communication resources are not shared with other non-V2X applications transmitted over sidelink.
An RRC_CONNECTED UE may send a Sidelink UE Information message to the serving cell if it is interested in V2X communication transmission in order to request sidelink resources.

If the UE is configured by higher layers to receive V2X communication and PC5 resources are provided, the UE receives on those configured resources.
The serving cell can provide synchronization configuration for the carrier used for V2X sidelink communication. In this case, the UE follows the synchronization configuration received from serving cell. In case there is no cell detected on the carrier used for V2X sidelink communication and the UE does not receive synchronization configuration from serving cell, the UE follows preconfigured synchronization configuration. There are three types of synchronization reference, namely eNB, UE and GNSS. In case GNSS is configured as synchronization source, the UE utilizes the UTC time to calculate direct frame number and subframe number. In case eNB timing is configured as synchronization reference to the UE for dedicated carrier for V2X, the UE follows PCell (RRC_CONNECTED) /serving cell (RRC_IDLE) for synchronization and DL measurements.
23.14.x
Support of small and variable areas for V2X
For V2X services, in most cases, the V2X message may be broadcast in a small range of areas. Such areas may change due to the movement of the vehicle UE. The small and variable areas in V2X could be managed via MBSFN and/or SC-PTM. These MBMS service areas may or may not be overlapped. In case the MBMS service areas overlap, it is prohibited to transmit different content in the overlapped MBMS bearers with same TMGI, as specified in TS 23.246 [48]. To support V2X message transmission in the overlapped MBMS service areas, a unique TMGI can be assigned for each MBMS service area and the MBMS bearer service corresponding to each TMGI is pre-configured. Another alternative can also be considered, i.e. configuring small and non-overlapped MBMS service areas for V2X. Then in the MBMS service areas related to one type of V2X service, an identical TMGI can be used for different MBMS service flows which are identified by Flow ID as specified in TS 23.246 [48].
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