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1
Introduction
3GPP started standardization work in Release 14 in order to enhance air interface, protocols, and core network of LTE to support V2X (Vehicle-to-Everything) services. There are two modes of operation for V2X communication as shown in Figure 1.

(a)
V2X communication over PC5 interface: PC5 interface directly connects UEs (User Equipments) so that over-the-air V2X message from a UE is directly received by UEs around the transmitter.

(b)
V2X communication over LTE-Uu interface: LTE-Uu interface connects UEs with eNB (E-UTRAN NodeB) which plays the role of base station in the LTE networks.

These two communication interfaces may be used by a UE independently for transmission and reception. V2X communication over PC5 is supported using sidelink when the UE is inside LTE network coverage, i.e. "served by E-UTRAN" and when the UE is out of network coverage, i.e. "not served by E-UTRAN". For V2X communication over LTE-Uu, which is supported only when the UE is inside network coverage, a UE may receive V2X messages via downlink unicast or broadcast while transmitting V2X messages via uplink
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Figure 1: V2X communication over PC5 interface and LTE-Uu interface
The following sections provide a summary of outcomes of Release 14 normative work completed in SA, CT and RAN groups for “LTE-based V2X services”.
2
Description
2.1
Service requirements, architecture enhancements and security aspects
· Service requirements
Work item on 'Stage 1 for LTE support for V2X services (V2XLTE)' driven by SA WG1 defines the following major service requirements for typical V2X application in TS 22.185 [1]:

-
Message transfer latency no longer than 100 ms with 20 ms maximum allowed latency in some specific use cases

-
Transfer of message size up to 1200 bytes

-
Support of up to 10 message transfer per second in typical cases while enabling maximum message transfer frequency of 50 Hz

-
Communication range sufficient to give driver enough response time (e.g 4 seconds)

-
Support of relative vehicle speed up to 500 km/h

-
Support of V2X communication both in and out of network coverage

These service requirements are based on use cases identified during the study phase in SA WG1 and the use cases consider the previous works done by many other SDOs in the fields of automotive. 
· Architecture enhancements
Work item on 'Architecture enhancements for LTE support of V2X services (V2XARC)' driven by SA WG2 specifies the V2X architectures, functional entities involved for V2X communication, interfaces, provisioned parameters and procedures in TS 23.285 [2].

Figure 2 depicts an overall architecture for V2X communication. V2X Control Function is the logical function defined for network related actions required for V2X and performs authorization and provisioning of necessary parameters for V2X communication to the UE via V3 interface.
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Figure 2: Overall architecture for V2X communication

A UE can send V2X messages over PC5 interface by using network scheduled operation mode (i.e. centralized scheduling) and UE autonomous resources selection mode (i.e. distributed scheduling) when the UE is "served by E-UTRAN" while a UE can send V2X messages over PC5 interface only by using UE autonomous resources selection mode when the UE is "not served by E-UTRAN". Both IP based and non-IP based V2X messages over PC5 are supported. For IP based V2X messages over PC5, only IPv6 is used. PPPP (ProSe Per-Packet Priority) reflecting priority and latency for V2X message is applied to schedule the transmission of V2X message over PC5.
A UE can send V2X messages over LTE-Uu interface destined to a locally relevant V2X Application Server, and the V2X Application Server delivers the V2X messages to the UE(s) in a target area using unicast delivery and/or MBMS (Multimedia Broadcast/Multicast Service) delivery. Both IP based and non-IP based V2X messages are supported for V2X communication over LTE-Uu. In order to transmit non-IP based V2X messages over LTE-Uu, the UE encapsulates the V2X messages in IP packets. For latency improvements for MBMS, localized MBMS can be considered for localized routing of V2X messages destined to UEs. For V2X communication over LTE-Uu interface, the V2X messages can be delivered via Non-GBR bearer (i.e. an IP transmission path with no reserved bitrate resources) as well as GBR bearer (i.e. an IP transmission path with reserved (guaranteed) bitrate resources). In order to meet the latency requirement for V2X message delivery, the following standardized QCI (QoS Class Identifier) values defined in TS 23.203 [3] can be used:

-
QCI 3 (GBR bearer) and QCI 79 (Non-GBR bearer) can be used for the unicast delivery of V2X messages.

-
QCI 75 (GBR bearer) is only used for the delivery of V2X messages over MBMS bearers. 

· Security aspects
Work item on 'Security aspect of LTE support of V2X services (V2XLTE-Sec)' driven by SA WG3 specifies the security aspects for LTE based V2X communication in TS 33.185 [4], including security architecture, security requirements, as well as procedures and solutions to meet those requirements.
Overall, security mechanisms from TS 33.303 [5] and TS 33.401 [6], initially designed for ProSe (Proximity-based Services) and LTE respectively are applicable to security support of V2X services, since V2X architecture is based on those architectures. The V3 interface between the UE and the V2X Control Function can be secured in the same way as the PC3 interface between the UE and the ProSe Function, as in TS 33.303 [5]; PSK TLS with GBA (Pre-shared Key Transport Layer Security with Generic Bootstrapping Architecture) is used for UE initiated messages, while PSK TLS including option of GBA push shall be used for network initiated messages. 

For V2X application data, the security requirements are all satisfied by employing application-layer security as defined in other SDOs (e.g. IEEE or ETSI ITS), which is outside the scope of 3GPP. The field related to group keys are all set to zero for PC5 based V2X communications, and the LTE security mechanism for air interface confidentiality (see TS 33.401 [6]) shall be used for LTE-Uu based V2X communications. 

No additional privacy features beyond the regular LTE privacy features are supported for LTE-Uu based V2X communications, while the privacy requirements will likely depend on regional regulatory requirements and/or operator policy. For the privacy of PC5 transmissions, the UE shall change and randomize the source Layer-2 ID, and the source IP address periodically or when indicated by the V2X application that the application layer identifier has changed.
2.2
Core network and UE protocol aspects
CT defined core network and UE protocol aspects under work item on 'CT aspects of V2X Services (V2X-CT)'. A summary of outcomes made by each CT WG is as below.

· CT WG1

CT1 specified the following protocols in TS 24.386 [7]:

-
for V2X authorization between the UE and the V2X Control Function over the V3 interface;

-
for V2X communication among the UEs over the PC5 interface; and

-
for V2X communication between the UE and the V2X Application Server over the LTE-Uu interface.
The V2X communication is configured by the V2X configuration parameters. The V2X configuration parameters are categorized into "V2X provisioning", "V2X communication over PC5" and "V2X communication over LTE-Uu". The "V2X provisioning" is used for V2X Control Function discovery. The V2X configuration parameters can be 1) pre-stored in the ME (Mobile Equipment), 2) stored in the USIM (User Services Identity Module) or 3) provided by the V2X Control Function to the ME over the V3 interface. The UE shall use the V2X configuration parameters in the order of increasing precedence. Further details for the configuration parameters can be found in TS 24.385 [8]. 

For V2X communication over PC5, the V2X message shall include data PDU, a Layer-3 protocol data type (i.e. IP or non-IP), the source Layer-2 ID, the destination Layer-2 ID, and for non-IP V2X message the non-IP type field. The source Layer-2 ID is self-assigned by the UE. The destination Layer-ID is set to one of Layer-2 ID mapping with the V2X service identifier of the V2X service and the default destination Layer-2 ID based on configuration. The non-IP type field is set to corresponding V2X message family (i.e. IEEE 1609, ISO or ETSI-ITS).    
For V2X communication over LTE-Uu, the V2X Application Server address can be determined by V2X Application Server discovery procedure using configured V2X Application Server information or using MBMS procedure. For transport of non-IP based V2X messages and IP based V2X message except for using TCP transport, the UE shall generate UDP/IP packets for V2X message and send it over UDP/IP to the determined V2X Application Server address. 
· CT WG3

CT3 specified protocols for the localized MBMS data delivery. The V2X Application Server has pre-configured local MBMS information which consists of MBMS information (e.g., IP Multicast Address) and user-plane information for the localized routing (e.g., MBMS-GW IP Address, and BM-SC IP Address and port number). The local MBMS information is delivered from the V2X Application Server to BM-SC via MB2 interface or xMB interface and MBMS-GW via SGmb interface when activating MBMS bearers. The V2X Application Server can deliver V2X message to the UE via the MBMS bearer activated by the local MBMS information. Further details for the local MBMS information and protocols between the V2X Application Server and BM-SC can be found in TS 29.468 [9] for MB2 interface and TS 29.116 [10] for xMB interface. Further details for protocols between BM-SC and MBMS-GW can be found in TS 29.061 [11]. Localized MBMS deployment options can be found in TS 23.285 [2].
· CT WG4

CT4 specified the protocols for V2X authorization between the V2X Control Function and the HSS (Home Subscriber Server) over the V4 interface and between the V2X Control Functions over the V6 interface. The V2X Control Function can request service authorization information for the UE in V2X subscription data to HSS. When receiving the request, HSS can provide the list of the PLMNs (Public Land Mobile Networks) where the UE is authorized to perform V2X communication over PC5 interface. Diameter-based V4 interface related procedures and information elements exchanged between the V2X Control Function and the HSS are specified in TS 29.388 [12]. The V2X Control Function in the HPLMN (Home PLMN) can request service authorization information for the UE to the V2X Control Function in the VPLMN (Visited PLMN). When receiving the request, the V2X Control Function in the VPLMN can provide indication for whether the user is allowed to use V2X communication over PC5 in the VPLMN, indication for whether the user is allowed to use V2X communication over MBMS in the VPLMN and V2X Application Server information (e.g., FQDN or IP address). Diameter-based V6 interface related procedures and information elements exchanged between V2X Control Function can be found in TS 29.389 [13].

· CT WG6

CT6 specified V2X configuration and operation related to USIM in TS 31.102 [14] where 'V2X' is added in USIM Service Table for service management and DF (Dedicated File) for V2X (DFV2X) is defined to contain management objects for V2X specified in TS 24.385 [8].
2.3
RAN aspects
RAN groups specified the initial version of LTE sidelink enhancement, i.e., sidelink transmission modes 3 and 4, in the context of V2X under work item on "Support for V2V services based on LTE sidelink (LTE_SL_V2V)". However, the outcome as a result of the work item has the limitation that LTE-Uu interface using uplink/downlink was not utilized and only V2V (Vehicle-to-Vehicle) services were considered in a limited operation scenario (e.g., use of only a single carrier in Band 47, only GNSS (Global Navigation Satellite System) as synchronization source outside eNB coverage, etc.).

Work item on "RAN aspects of LTE-based V2X Services (LTE_V2X)" started to further enhance LTE for better V2X services. This work specifies enhancements required to enable V2X services with LTE uplink and downlink, to enable LTE PC5 interface using sidelink to support additional V2X services such as V2P (Vehicle-to-Pedestrian), and to support more operational scenarios for V2V services using LTE sidelink. To be specific, RAN groups considered the following as the main features:
-
Uplink and sidelink enhancement to enable eNB to quickly change SPS (Semi-Persistent Scheduling) in adaptation to a change in the V2X message generation pattern

-
Introduction of shorter scheduling periods in downlink and sidelink for broadcasting V2X messages within latency requirements
-
Introduction of an additional resource allocation procedure in sidelink mode 4 for power saving in pedestrian UEs

-
Introduction of sidelink congestion control for operation in high traffic load

-
Enhancement to sidelink synchronization for operation outside GNSS or eNB coverage

-
Support of simultaneous V2X operations over multiple carriers
As a result, the LTE radio standard supports the two LTE V2X communication methods illustrated in Figure 1. A summary of the key functionalities made by RAN WG1, RAN WG2, RAN WG3 and RAN WG4 is as below and last status report for the work item on "RAN aspects of LTE-based V2X Services (LTE_V2X)" can be found in RP-170236 [15].
· Uplink and sidelink SPS enhancements
An eNB can configure multiple SPS configurations each of which may have different parameters such as the resource period. The UE can report the assistance information to the eNB to indicate the expected message generation period, time offset, maximum message size, etc. The eNB can activate/release each SPS configuration based on the reported information. The same principle applies to uplink SPS for LTE-Uu based V2X and sidelink SPS for PC5 based V2X. Figure 3 shows an example of using three SPS configurations with different resource periods.
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Figure 3: An example of using multiple SPS configurations in adaptation to V2X message generation changes
· Shorter message transmission periods in downlink and sidelink

As the downlink transmission method for V2X messages, the network can use either per-cell multicast/broadcast transmission mechanism by SC-PTM (Single Cell Point To Multi-point) or multicast/broadcast transmission over multiple cells by MBSFN (Multicast/Broadcast Single Frequency Network). In order to provide sufficiently low latency for V2X services, shorter control and data periods are introduced for SC-PTM and MBSFN. Shorter message transmission periods are also introduced for sidelink and the minimum period of 20 ms can be supported.
· Additional procedure in sidelink transmission mode 4 for pedestrian UEs

Sidelink transmission mode 4 in the existing specification is based on continuous channel monitoring at each transmitter UE in order to reduce the probability of packet collisions, i.e., two UEs transmit using the same time/frequency resources. The RAN Work Item (WI) introduces an additional procedure for the resource selection in sidelink transmission mode 4 in order to reduce the power consumption of pedestrian UEs. Random resource selection is supported such that a pedestrian UE not having the sidelink reception capability can transmit its own V2X messages. Partial sensing is also supported, and the pedestrian UE can monitor the channel only in a subset of subframes as illustrated in Figure 4. Partial sensing can reduce the resource collision probability compared to the random selection but requires more power consumption. The eNB can control which resource selection procedure is used by the pedestrian UEs.
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Figure 4: Illustration of partial sensing
· Sidelink congestion control

The UE measures the CBR (Channel Busy Ratio) which denotes the portion of time/frequency resources in which strong signal is observed. Higher CBR will be typically measured when more UEs transmit more V2X messages in a given channel. Congestion control can adjust each UE's transmission parameters such as transmit power and resource size based on the CBR measurement either in the centralized manner or distributed manner. In centralized congestion control, CBR measured at the UE is reported to the eNB, and the eNB can adjust the resource configuration appropriately, for example, by commanding each UE to lower the transmit power and resource size. In distributed congestion control, the UE adjusts its own transmission parameters within the allowed range which is a function of CBR measurement.
· Enhancement to sidelink synchronization using sidelink signals/channels

Sidelink transmission modes 3 and 4 in the existing specification can use either GNSS signal or the eNB signal as the synchronization reference, so no sidelink operation is possible when a UE cannot receive either signal. The RAN WI enhances this so that a UE operating PC5 based V2X can transmit and receive SLSS (SideLink Synchronization Signal) which can be used as another type of synchronization reference in sidelink communications. Two UEs using the same SLSS as their synchronization reference can align their time and frequency references before transmitting and receiving V2X messages even when no GNSS signal or eNB signal is detected.
· Support of simultaneous V2X operations over multiple carriers
The RAN WI extends the V2X operation scenarios by supporting simultaneous V2X operations over multiple carriers. In one scenario, a UE can operate LTE-Uu based V2X in a carrier while operating PC5 based V2X in another carrier. In another scenario, a UE can operate PC5 based V2X simultaneously over two carriers. Tables 1 and 2 list the combinations of V2X carriers supported for V2X services. The RAN WI specifies a mechanism to determine the transmission power of each carrier based on the priority level. Such simultaneous V2X operations can be used to increase the maximum bandwidth of the V2X services or to support inter-PLMN operations where multiple operators provide V2X services over different carriers.
Table 1: V2X inter-band multi-carrier configurations 

	V2X multi-carrier Configuration 
	E-UTRA Bands
	Interface
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum bandwidth [MHz]

	V2X_3A-47A
	B3

(@1.8 GHz)
	Uu
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40

	
	B47
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	

	V2X_7A_47A
	B7
(@2.6 GHz)
	Uu
	
	
	Yes
	Yes
	Yes
	Yes
	40

	
	B47
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	

	V2X_8A-47A
	B8

(@900 MHz)
	Uu
	Yes
	Yes
	Yes
	Yes
	
	
	30

	
	B47
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	

	V2X_39A-47A
	B39

(@1.9 GHz)
	Uu
	
	
	Yes
	Yes
	Yes
	Yes
	40

	
	47 
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	

	V2X_41A-47A
	B41
(@2.5 GHz)
	Uu
	
	
	Yes
	Yes
	Yes
	Yes
	40

	
	47
(@5.9 GHz)
	PC5
	
	
	
	Yes
	
	Yes
	


Table 2: V2X intra-band multi-carrier configurations
	V2X multi-carrier Configuration
	Channel BW of carrier 1
	Channel BW of carrier 2
	Maximum aggregated BW [MHz]

	V2X_47A_47A
(@5.9 GHz)
	10
	10
	20
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