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1. Introduction
According to the objectives of new SI proposal on LTE V2X, the study should include support of Uu transport for V2V (Uu-based V2V), and PC5/Uu transport for V2I/N and V2P (PC5/Uu-based V2I/N/P) services [1].
3) 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 contribution, we present our views on supporting of Uu-based V2V and PC5/Uu-based V2I/N/P services.    
2. Uu-based V2V
In LTE network coverage which can support LTE-based V2X services, vehicles can communicate via Uu interface. It transmits V2V data through WAN UL and receives data through WAN DL as Uu-based V2V illustrated in Fig. 1. Compared with PC5-based V2V, V2V data can be scheduled more flexibly for Uu-based V2V. Conflict of V2V signals and half duplex constraint can be avoided. 
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Fig. 1 an illustration of Uu-based V2V
2.1 UL transmission
WAN UL data can be transmitted in forms of dynamic scheduling (DS) or semi-static scheduling (SPS) in existing LTE network. 
For LTE SPS, one scheduling can be kept for data transmission for a period, which is suited for regularly occurring transmission and can reduce the control signaling overhead. The configured period for SPS transmission can also meet the requirement for latency of V2V services.
In general, V2V data can be sorted to two types, periodic data and event triggered data. Based on above description, UL SPS can be used for V2V periodic data transmission with low control signaling overhead. 
When event triggered data is transmitted, the data package may also include information of periodic data. If event triggered data comes, the size of V2V data package will change. An eNB needs to send a new control signaling with updated resource allocation for transmitting vehicle. The delay introduced by scheduling is less than 10 ms, which do not impact requirements for latency of V2V services.
In LTE SPS, after several times (RRC configuration parameter) empty transmissions, the SPS transmission will be released. While in V2V system, periodic data can be transnsmitted persistently, and this makes UL SPS for V2V transmission can not be released easily. Because of high speed mobility, it is not beneficial to vehicles to transmit V2V data in fixed resources for long time. A valid period of SPS transmission is needed. The valid period may be specified in two forms as follows.
        (1) Based on constant period, vehicles update scheduling information according to configuration. 
        (2) eNB performs rescheduling based on error rate of received data from vehicles, or geographic position information of vehicles, and update scheduling information in control signaling. 
For LTE dynamic scheduling, eNB can allocate resources to vehicles with flexibility. eNB needs to send control signalling for every data transmission, which will result in high control signaling overhead. And it is not preferred for V2V services.
Proposal 1:  UL SPS with enhancements is supported for UL transmission of Uu-based V2V. It is suggested to define a valid period of SPS transmission, which may be configured or be determined via eNB scheduling.
2.2 DL transmission
Multicasting/broadcasting transmission from eNB and low resource overhead should be considered in DL transmission. Several possible forms of enhancements for DL transmission are discussed as follows.

· Based on SIB
By defining new type of SIB, eNB can schedule different V2V services to different SI windows. With scheduling information corresponding to V2V data added in SIB1, vehicles can receive V2V data by means of SIB decoding in LTE system. 
UEs need to receive paging or SIB1 to acquire notification of SI message update. This mechanism may not be suitable for V2V because V2V data always change rapidly in running vehicles. 
· Based on MCMB
Multi-cell multicast/broadcast (MCMB) is considered here. 
However, MCMB cannot be applied to asynchronous network. A vehicle only performs V2V communication with nearby vehicles. Transmitting V2V data in other cells is not always needed, which would result in low efficiency of power and resource. 
· Based on SC-PTM
Single cell point-to-multipoint (SC-PTM) can realize broadcasting within a cell. Terminals in a cell can receive data broadcasted through PDSCH. From this point, it is suitable for DL transmission of Uu-based V2V and proximal vehicles around a transmitter can decode V2V data scrambled a special RNTI.
It is not supported for vehicles at the cell edge to receive data from another vehicle in a neighboring cell. Coordinated cells transmitting can be considered as an enhancement for this problem via eNB scheduling based on some characteristic parameters such as RSRP or geographic position information of vehicles, as shown in Fig. 2. Coordinated transmission would cause further delay due to data exchange between two cells. Further enhancement may be needed for low latency.
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Fig. 2 an illustration of Coordinated cells transmitting

Transmission based on SC-PTM with an enhancement of coordinated cells transmitting is more suitable for DL transmission for Uu-based V2V.
Proposal 2:  Enhancements to SC-PTM is adopted for supporting of Uu-based V2V services.
3. V2P
For V2P communication, power consumption of handheld terminals and reliability of communication are more considered for scheme designing. If an independent transmitting resource pool is configured for pedestrian users, vehicles can avoid detecting in a large resource range. It is also beneficial to reliability of V2P communication because of no conflict between V2P signal and other V2X signals. Pedestrian users can choose receiving pools according to eNB indication or characteristic information (e.g. direction or lane) for low power consumption. 
For Uu-based V2P, communication scheme could be similar to that of Uu-based V2V discussed above. For PC5-based V2P, in some scenarios with poor communication condition, vehicles may receive weak signal or no signal from a pedestrian user. Relay through road side unit (RSU) or other terminals can be considered as an enhancement to improve reliability of V2P services..
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Fig. 3 An illustration of V2P relay
Proposal 3:  Independent transmitting resource pool should be considered for pedestrian users. Pedestrian users can choose receiving pools according to eNB indication or pedestrian information.

Proposal 4: Relay need be considered for V2P services.
4. V2I
For V2I, one main consideration is the communication between vehicles and RSUs. A RSU may be an eNB-type RSU or a UE-type RSU [1], and a UE-type RSU can be looked as a stationary UE. 
For Uu-based V2I, communication scheme could be similar to that of Uu-based V2V discussed above. If a UE-type RSU can have functions of scheduling, relay, control, or/and management to nearby vehicles, the conflict of V2I/V signals will decrease for PC5-based V2I. A useful example could be that a UE-type RSU is dropped in an intersection. 
Proposal 5: It should be supported for a UE-type RSU to have functions of scheduling and/or relay.
5. Conclusion
For Uu-based V2V and PC5/Uu-based V2I/N/P services, our proposals are as follows: 
Proposal 1:  UL SPS with enhancements is proposed for UL transmission of Uu-based V2V. It is advisable to define a valid period of SPS transmission, which may be configured or be determined via eNB scheduling.

Proposal 2:  We suggest enhancements to SC-PTM for support of Uu-based V2V services.
Proposal 3:  Independent transmitting resource pool should be considered for pedestrian users, and pedestrian users can choose receiving pools according to eNB indication or pedestrian information.

Proposal 4: Relay need be considered for V2P services.

Proposal 5: It is necessary for a UE-type RSU to have functions of scheduling and/or relay.
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