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1. Introduction
At the RAN #70 meeting, a WI on the “Support for V2V services based on LTE sidelink” [1] was approved with one of the following objectives:
· 3)To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s) [RAN1, RAN2]

At the RAN1#82bis meeting, the following agreements related to PC5 based V2V communications were approved:

· Resource pool

· The concept of resource pool is introduced at least for the purpose of study.

· Resource pool is a set of time/frequency resources where PC5 transmission may occur. Note that Rel-12 D2D communication mode 1 uses all the time/frequency resources as data pool. 

· FFS whether Rel-12 resource pool configuration is reused for PC5-based V2V.

· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.

· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.

· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

· Whether resource in this context is in the physical domain or the logical domain

At the RAN1#83 meeting, there are no related agreements for collision avoidance and resource pool configuration. Based on the above contents, enhancement to D2D mode 2 for V2V is discussed with respect to the aspects of collision avoidance and enhanced resource pool configuration in this contribution.
2. PC5 based V2V
2.1. V2V Traffic Feature
According to the use cases denoted in [3], V2X traffic is normally different for different areas and times. A V2X carrier may include different traffic types, e.g., V2V, V2I, and V2P. The traffic may be significantly increased when special events occur, such as accidents. The regular V2V traffic and some event-trigged traffic have different transmission periodicities, e.g., 1s; and 20ms (or 100ms). The corresponding data has different latency requirements as well. Some event-trigged traffic has higher priority for transmission, such as pre-crash sensing messages. While regular traffic normally has lower priority for transmission and is periodically transmitted, such as a CAM (Cooperative Awareness Message) defined in ETSI [2]. 
2.2. Resource Allocation
For PC5 based V2V communications, distributed resource allocation (mode2) can be reused in the out-of-network scenario. The resource pools defined for Rel. 12 D2D communications can be used as a baseline for studying the resource allocation methods for PC5 based V2V communications. Resource pools defined as periodic sets of time/frequency resources can be used for V2V. However, directly reusing Rel.12 D2D communication Mode 2 (random resource allocation) results in some problems. One problem is that high resource collision will be observed when directly reusing random resource selection, since V2V has a higher density of vehicles than D2D public safety UEs. Another problem is that different priority and latency requirements of different V2V messages cannot be satisfied. In the below subsections, we study the possible methods related to these two issues. 
2.2.1. Collision Avoidance

For Mode 2 resource allocation, since it is a distributed method without centralized controller, a UE autonomously selects resource from SA pool for transmitting its control information and selects resource from data pool for transmitting the related data. The collision occurs when more than one UE selects the same resource, which is more likely because each UE has the same probability for resource selection.

In 36.885 [3], the following conclusion is given:

 It is observed that Rel-13 sidelink resource allocation is not sufficient for some of the scenarios for PC5-based V2V. Enhancements to Rel-13 sidelink resource allocation are necessary for PC5-based V2V.
Hence, random resource allocation in Rel. 12 D2D cannot solve resource collision in V2V. It is necessary to carefully study the collision avoidance methods for V2V. 
To reduce the collision of data resources, a collision avoidance mechanism is designed, e.g., a V2V UE reads other V2V UE’s control information in order to avoid using the same resource for its data transmission. This method is feasible for V2V since Rel. 12 has agreed that D2D UE needs to read SA for data reception. If it detects the possible resource collision, the transmitting V2V UE can select another resource after decoding other UE’s SA and knowing its related data resources. To satisfy the high priority of event-trigged traffic, only  V2V UEs transmitting regular data need to read other UE’s SA. The V2V UEs transmitting event-trigged data randomly select the SA resource directly.
Using the reading of other V2V UE’s control information only may not fully solve the collision problem. It can avoid the collision of data resources but the collision of SA resources may still exist. Other methods for reducing collisions need to be studied as well. Sensing the energy level is also a way to reduce collision of resource selection. A transmitting V2V UE may sense the resource pool to learn which resources are idle and select a resource which is not in use by other V2V UEs. By using this sensing method, different V2V UEs use different resources and the collisions are reduced. However, sensing the energy level of the resource may incur additional delay for V2V data transmission. It may delay the transmission of event-triggered V2V data and cannot satisfy the different priorities of different V2V data. If two nearby V2V UEs simultaneously sense resources, they may select the same resource, which would result in collisions. Thus, for a V2V UE to transmit event-triggered data, it does not need to sense the SA pool, but a V2V UE transmitting regular data needs to sense the SA pool. 
Proposal 1: To solve the resource collision problem of V2V UEs transmitting event-triggered data and assuring its high priority, a V2V UE transmitting event-triggered data does not need to read other UEs’ SA but a V2V UE transmitting regular data must read other UEs’ SA. 
Proposal 2: The method of sensing the energy level can be used together with the method of reading other UE’s control information for addressing the resource collision problem. For a V2V UE to transmit event-triggered data, it does not need to sense the SA pool, while a V2V UE transmitting regular data does need to sense the SA pool. 
2.2.2. Resource Pool Configuration
For Rel. 12 D2D, SA and data pool structures are used, in which the available subframes and PRBs are assigned respectively for SA information and data packets. It can be re-used with some enhancement for V2V.
For out-of-network coverage, considering the V2V latency requirements, distributed resource allocation using pre-configured resource pools needs some enhancements for efficient V2V communication. 
For resource pool configuration, 3 possible types can be considered here:

· Single SA pool associated with a single data pool

· Multiple SA pools associated with a single data pool

· Multiple SA pools associated with multiple data pools


· In type 1, one SA pool is associated with one data pool. The resource collision problem is serious for this type since there is only one common pool for regular and event-triggered traffic. It is beneficial to use an energy sensing method for avoiding resource collision. Each V2V UE needs to sense the resource to select an idle resource block and send out the V2V data as soon as possible after obtaining the idle resource block. The resource efficiency is lower since the idle resource during the sensing period cannot be utilized for V2V. Another problem is that different SA periods cannot be set for different type of V2V traffic.
· In type 2, multiple SA pools are associated with one common data pool. Here, one SA pool is for regular traffic and another SA pool is for event-triggered traffic. A V2V UE needs to read other V2V UEs’ SA to avoid using the same resource for data transmission. For those V2V UEs required to select the SA resource from the same SA pool, the method of sensing the energy level can be used for reducing the probability of collision of SA resources.
· In type 3, multiple SA pools are associated with multiple data pools. Different to type 2, one data pool is for regular traffic and another data pool is for event-triggered traffic. The data resource collision between regular and event-triggered traffic is decreased compared with type 2. Similar to type 2, for those V2V UEs required to select the SA resource for the same SA pool, the method of sensing the energy level can be used for reducing collisions of SA resources. However, a data pool is normally configured with more resource than SA pool. Therefore, the main problem of type 3 is that it may waste resources for event-triggered data if this kind of event does not occur.
Based on the above discussion, we see type 2 is a suitable method for V2V resource pool configuration. It is better to divide the resource into multiple SA pools for taking advantage of the different latency requirements for regular and event-triggered data. The scheme of partitioning the resources into multiple pools could be one potential enhancement to improve latency performance. Furthermore, the spectral efficiency could be improved as well with the help from the spatial reuse of multiple resource pools. Therefore, to satisfy the different priority and latency requirements of different traffic types (e.g. regular and event-trigged messages), it needs to be possible to configure different SA pools for regular and event-triggered messages. 
It is more practical to configure one common data pool for both regular and event-triggered traffic. The SA patterns used for event-triggered and regular traffic can be multiplexed efficiently within the same data pool. It increases the resource utilization efficiency for data pool. Hence, it should be permitted for multiple SA pools to be associated with one common data pool.
For different V2V application senarios, different requirements of latency and service load needs to be assured for providing different type of services. Therefore, to satisfy latency requirement of the event-trigged traffic, such as pre-crash sensing messages, the SA period for the event-trigged traffic can be set as 10ms, for example. The SA period for the regular traffic can be set as 100ms, for example.
Proposal 3: For different V2V traffic types and services, configuration of different SA pools and multiple SA pools associated with one common data pool should be supported.
3. Conclusion
In this contribution we mainly discuss collision avoidance and resource pool configuration for PC5 based V2V in the out-of-network coverage scenario. The following proposals are given:

Proposal 1: To solve the resource collision problem of V2V UEs transmitting event-triggered data and assuring its high priority, a V2V UE transmitting event-triggered data does not need to read other UEs’ SA but a V2V UE transmitting regular data must read other UEs’ SA. 
Proposal 2: The method of sensing the energy level can be used together with the method of reading other UE’s control information for addressing the resource collision problem. For a V2V UE to transmit event-triggered data, it does not need to sense the SA pool, while a V2V UE transmitting regular data does need to sense the SA pool. 
Proposal 3: For different V2V traffic types and services, configuration of different SA pools and multiple SA pools associated with one common data pool should be supported.
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