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1   Introduction
In RAN#68 meeting, a new SI named “Feasibility study on LTE-based V2X services” was agreed. One of the objectives with RAN2 involvement is to identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for support of Uu transport for V2V and PC5/Uu transport for V2I/N and V2P services as follows [1]. 
	1) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]

b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].


In this paper, we first analyze the SA’s requirements for V2X broadcast and discuss the characteristics of V2X traffic for broadcast. Then the impacts on RAN2 to support V2X multi-cast/broadcast are identified and preliminary analysis is also provided in this paper.
2   Discussion
SA requirements for V2X broadcast
According to TR22.885 [2], vehicular communication contains three different types:
-
Vehicle-to-Vehicle (V2V) Communications: covering LTE-based communication between vehicles.
-
Vehicle-to-Pedestrian (V2P) Communications: covering LTE-based communication between a vehicle and a device carried by an individual (e.g. handheld terminal carried by a pedestrian, cyclist, driver or passenger).
-
Vehicle-to-Infrastructure (V2I) Communications: covering LTE-based communication between a vehicle and a roadside unit. RSU is implemented in an eNodeB or a stationary UE.
Table 1 lists the broadcast requirements defined in SA. All the three vehicular communication types require supporting the V2X broadcast message transmission and reception between vehicle and vehicle/pedestrian/RSU. Generally speaking, the V2X broadcast traffic has the following characteristics:
-
The V2X message may be broadcast periodically or event-driven: The Forward collision warning use case requires the RV V2V Service layer periodically broadcasts a message, indicating its current position, speed, acceleration and optional estimated trajectory. However, the control loss warning use case requires the RV to transmit the control loss message via broadcast as an event when it self-determines a control loss.
-
The V2X messages may be the same or dynamically changed: For the curve speed warning use case, the V2I message periodically broadcast by RSU includes the curve location, curve speed limits, curvature, bank and road surface condition info, which content is generally the same. However, for the Forward collision warning use case, the messages are dynamically changed with the movement of the vehicle.
-
Different V2X use cases have different QoS requirements: As shown in Table 1, the message size of V2X broadcast message is typically 50-400 Bytes, which can be up to 1200 Bytes. The maximum latency for most of the V2V/V2P/V2I use cases is 100ms. And the maximum frequency of the V2X message transmission for most of the V2V/V2P/V2I use cases is 10 V2V messages per second. However, some special use cases have different QoS requirements. For example, the pre-crash sensing warning, which provides warnings to vehicles in imminent and unavoidable collision, requires maximum 20 ms latency after non-avoidable crash is detected. And vulnerable road user safety use case requires max frequency of 1 message/s. In addition, these V2X use cases have different requirements on UE’s mobility and transmission range.
-
The V2X message may be broadcast within a dynamically controlled area: It is required that the traffic safety server and the RSU should be able to dynamically control the area where V2X messages are distributed and transmitted depending on the type and contents of the V2X messages. That is, some V2X message should be broadcast within a given area which may involve multiple RSU or eNBs. 
Table 1. V2X broadcast requirements
	Types of V2X
	Broadcast requirements
	Message size
	Max Latency
	Typical Frequency 

	V2V
	A UE that supports V2V Service shall be able to transmit and or receive a periodical broadcast V2V message.
A UE that supports V2V Service shall be able to transmit and receive an event-driven V2V message. 
	50~1200 bytes
	20ms~1s, typically 100ms
	1~10messages/s

	V2P
	A UE which supports V2P Service shall be able to send and receive broadcasted messages 
	50~1200 bytes
	100ms
	1message/s

	V2I
	An RSU shall be able to transmit a broadcast message to a UE.
A UE shall be able to receive a periodic broadcast message from an RSU.
	50~1200 bytes
	100ms
	1~10messages/s


Observation 1: Based on the SA requirements, V2X broadcast has the following characteristics: 1) the V2X message may be broadcast periodically or event-driven; 2) the V2X message be the same or dynamically changed; 3) different V2X use cases have different QoS requirements; 4) the V2X message may be broadcast within a dynamically controlled area.
Design considerations for the V2X broadcast
Generally speaking, the V2X broadcast may be implemented through the following two interfaces:
-
PC5 interface: For the V2V, V2P and V2I with UE type RSU, the PC5 transport may be utilized to support the V2X broadcast based on R12 sidelink broadcast/multicast mechanism. In fact, one of the objectives in the V2X SI is to identify necessary enhancements for PC5 transport to meet the identified V2V requirements for robustness, latency, overhead and capacity. However, RAN is responsible for this objective.
-
Uu interface: Uu transport may be utilized to support the V2V, V2P and V2I services with eNB type RSU as required by the V2X SI [1]. And RAN2 is involved to identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency. In this paper, we start investigating RAN2 impact to support V2X multicast/broadcast through Uu transport. 
When it comes to the Uu transport for V2X broadcast, the first issue that should be addressed is the data path for V2X traffic. V2X message triggered by the V2V Service layer of vehicle UE may be firstly delivered to the eNB through uplink Uu transmission. The data path for this V2X message may go via the operator network as shown in Figure 1(a) and Figure 1(b). Figure 1(a) presents the V2X message data path through MBMS GW whereas Figure 1(b) presents the V2X message data path through traditional SGW/PGW. When the V2X message finally arrives to the eNB or eNB type RSU involved for V2X message broadcast, the eNB/RSU may broadcast this V2X message through Uu downlink transmission. Figure 1(c) presents another possibility for the data path where the V2X message is locally routed via the eNB/RSU and the data path is moved off the core network. The locally routed data path is much shorter than in Figure 1(a) and Figure 1(b). A shorter data path generally means reduced transmission latency. For the V2X use case with stringent latency requirement, it is recommended that the locally routed data path is used for the Uu transport of V2X and RAN2 should consider the necessary enhancement to support eNB’s local routing. 
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Figure 1. Data path for V2X broadcast through Uu transport
Proposal 1: For the V2X use case with stringent latency requirement, it is recommended that the locally routed data path is used for the Uu transport of V2X and RAN2 should consider the necessary enhancement to support eNB’s local routing.
As we mentioned before, depending on the type and contents of the V2X messages some V2X messages need to be distributed within a dynamically controlled area. Namely, multiple RSUs or eNBs need to be involved to broadcast the V2X message through downlink Uu transmission. For the data path in Figure 1(a) and Figure 1(b), the broadcast area may be determined by the MCE or Traffic safety server. For example, the traffic safety server may determine the broadcast area and concerned RSUs. Then it informs other RSUs near vehicular UE1 that there is an accident in the area indicated by vehicular UE1. The other RSUs near vehicular UE1 start transmission of V2X messages that there is an accident in the area indicated by vehicular UE1. For the data path in Figure 1(c), there is no centralized coordination entity. The eNB or RSU has to self-determine whether the V2X message received from vehicular UE1 should be distributed to other nearby by eNBs or RSUs. In this case, the X2 interface may be impacted to support the V2X message broadcast through multiple nearby eNBs or RSUs. 
Proposal 2: For the locally routed data path for the Uu transport of V2X, the X2 interface may be impacted to support the V2X message broadcast through multiple nearby eNBs or RSUs.
In order to support the V2X broadcast through Uu downlink transmission, the legacy Uu broadcast mechanism and its feasibility for V2X needs to be investigated:
-
SI broadcast: System information is generally broadcast within a cell. It is divided into the MIB and a number of SIBs. MIB and SIBs carries cell-specific control information. Most SIBs are organized into different SI messages according their priority and periodicity. System information seldom changes. Once it changes, modification period is designed to for UEs to perform the system information acquisition and change monitoring procedure. 
Similarly we may design a new SIB for V2X. V2X messages with different frequency requirements could be organized into different SI message. Within the V2X SIB, the V2X message is categorized with different V2X APP type. Compared to the System information, the V2X message may dynamically change, so the modification period does not apply to the V2X message. On the other hand, the V2X message is typically 50-400 Bytes, and can be up to 1200 Bytes. However, the physical layer imposes a limit to the maximum size a SIB can take. When DCI format 1C is used the maximum allowed by the physical layer is 1736 bits (217 bytes) while for format 1A the limit is 2216 bits (277 bytes). For V2X messages larger than the physical layer SIB limit, the segmentation of V2X message may be necessary or RAN1 should consider removing the SIB limit for V2X messages. 
-
eMBMS: eMBMS is designed to provide efficient mode of delivery of both broadcast and multicast services over the core network. Typical broadcast content can include newscasts, weather forecasts or live mobile television. In eMBMS, multiple cells within a semi-statically configured area (MBSFN area) may transmit exactly the same data in a synchronized manner so as to appear as one transmission to the UE. The MBSFN data transmission only takes place via the PMCH on specifically designated MBSFN subframe. In order to avoid transmission of eMBMS user data in cells in which there are no users interested in receiving the session, the counting procedure is introduced to count the number of UEs interested in receiving a service and hence to select the optimal transfer mode. 
      When it comes to the V2X broadcast, we may design TMGI for V2X messages. The V2X message is delivered to V2X UE through PMCH on MBSFN subframe. Only interested UE needs to receive V2X messages over MBSFN subframe. However, the V2X requires dynamically controlled broadcast area whereas eMBMS only supports semi-static MBSFN area. In addition, the data path of eMBMS goes through the core network, which may hardly meet the latency requirements of some V2X use cases.
-
SC-PTM: The SC-PTM WI was agreed in RAN#68 and is expected to finish by the end of this year [3]. It aims to study single cell point to multipoint transmission mode over the radio interface to transfer MBMS session data over a single cell using the PDSCH to provide critical group communications. SC-PTM transmission for a group of users uses a common RNTI (Group-RNTI) on PDCCH and on PDSCH in regular unicast subframes. There is one Group-RNTI per TMGI and a SC-PTM specific MCCH (SC-MCCH) signals the TMGI to Group-RNTI mapping [4]. Compared to eMBMS, it consumes fewer resources and enables more flexible resource allocation than MBSFN transmission since it does not require the extended CP and resource allocation on specifically designated MBSFN subframe. Also the broadcast area can be dynamically adjusted cell by cell to fit the dynamically defined geographic area. 
The dynamically adjusted broadcast area of SC-PTM could be reused for the V2X message transmission, which also requires the dynamic broadcast area based on V2X message type or UE authorized transmission range. We may also design G-RNTI for each V2X message type. The V2X message is delivered to the V2X UE through PDSCH. In order to minimize power consumption, V2X UE and eNB may negotiate V2X occasion parameters (V2X cycle, offset, duration, etc.) for different V2X message types, where a vehicle UE may only detect the interested G-RNTI on the corresponding V2X occasion. However, similar to eMBMS, the data path of SC-PTM also goes through the core network, which may hardly meet the latency requirements of some V2X use cases.
-
Unicast: Assuming that the number of UE in receiving the V2X message is low, it is better for the eNB to deliver the V2X message to the UE through unicast, from the perspective of resource efficiency. In order to achieve this, the counting procedure may be introduced to count the number of UEs interested in receiving a V2X service and hence to select the optimal transfer mode. Specifically, a V2X UE may report its interested V2X message type. The eNB calculates the number of V2X UEs that are interested in a specific V2X message type and then flexibly adjusts whether the incoming V2X message should be broadcast or unicast to the interested V2X UEs. This approach is only feasible when the interested vehicle UEs are few or no vehicle UE is interested in receiving V2X message.
Proposal 3: RAN2 should study the feasibility of V2X message broadcast through Uu transport, with SIB broadcast, eMBMS, SC-PTM, unicast as a baseline.
3   Conclusion
In this paper, we first analyzed the SA requirements for V2X broadcast and discussed the characteristics of V2X traffic for broadcast. Then the impacts on RAN2 to support V2X multi-cast/broadcast and problems to be studied were identified and preliminary analysis was also given.
Observation 1: Based on the SA requirements, V2X broadcast has the following characteristics: 1) the V2X message may be broadcast periodically or event-driven; 2) the V2X message be the same or dynamically changed; 3) different V2X use cases have different QoS requirements; 4) the V2X message may be broadcast within a dynamically controlled area.
Proposal 1: For the V2V use case with stringent latency requirement, it is recommended that the locally routed data path is used for the Uu transport of V2X.
Proposal 2: For the locally routed data path for the Uu transport of V2X, the X2 interface may be impacted to support the V2X message broadcast through multiple nearby eNBs or RSUs.
Proposal 3: RAN2 should study the feasibility of V2X message broadcast through Uu transport, with SIB broadcast, eMBMS, SC-PTM, unicast as a baseline.
4   References
[1] RP-151109, New SI proposal: Feasibility study on LTE-based V2X services, RAN#68, Malmö, Sweden, June 15 - 18, 2015
[2] 3GPP TR 22.885 V0.2.0, 3GPP Technical Specification Group Services and System Aspects Study on LTE support for V2X.
[3] R2-151110, New WI Proposal: Support of single-cell point-to-multi-point transmission in LTE.
[4] TR 36.890, 3GPP TSG RAN E-UTRAN Study on single-cell point-to-multipoint transmission for E-UTRA.
3GPP


_1504712503.vsd
Vehicle/Pedestrian UE1


eNB type RSU


Vehicle/Pedestrian UE2


MME


SGW/PGW


Traffic safety Server


Uu


Uu


（b）


Vehicle/Pedestrian UE1


eNB/RSU


Vehicle/Pedestrian UE2


Uu


Uu


（a）


Vehicle/Pedestrian UE1


eNB


Vehicle/Pedestrian UE2


MME


BMSC


Content provider


Uu


MBMSGW


Uu


（c）


MCE


SGW


PGW



