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1. Introduction
In RAN Plenary #70, a new WI proposal “Support for V2V services based on LTE sidelink” was approved [1]. One of the objectives of this WI is 
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)
where the resource allocation enhancement option(s) captured in TR 36.885 for V2V services covers [2]
· Network control aspect
· Enhancement to resource selection/structure
· Study which of the following principle(s) is(are) beneficial:
· Collision avoidance
· Resource selection based on transmitter-specific information
· Example 1: Resource allocation based on the location, velocity, and/or direction of the transmitter and/or distance between vehicles.
· Example 2: A UE reports its observation on the radio environment to help eNB scheduling
· Enhanced resource randomization
· Example is increasing the number of time resource patterns.
· Introducing a finer time resource granularity and/or a coarser frequency resource granularity 
· Semi-persistent scheduling from eNB for PC5 transmissions
· Cross-carrier scheduling
· Differentiation of radio transmission characteristics based at least on higher layer properties
· Transmission power control and/or setting
· Resource allocation robust to temporal interruption due to, e.g., handover, RLF, cell reselection
In this document, targeting the resource selection enhancement for PC5-based V2V communication, a possible resource allocation strategy is discussed.
2. Resource allocation enhancement
Problem discussion
Generally speaking, the problem of resource allocation can be further divided into two sub-problems, time-domain resource allocation, and frequency-domain resource allocation. The former determines the transmission instance(s) of a packet, i.e. the corresponding subframe index; while the latter indicates the resource unit indices in frequency-domain, e.g. PRB or subband indices. Accordingly, the enhancement can also be considered in the both the corresponding domains.
In time-domain resource allocation, it should be noted that if the latency requirement could be met, the transmission instances of neighbor vehicle UE’s should be different due to the half-duplex constraint. Taking an extreme case for example, given a cluster of vehicle UE’s which are geometrically close to each other, if they transmit their packets simultaneously, even though they are configured with different resource units in frequency-domain for perfect interference avoidance, the PRR (Packet Reception Ratio) of each packet will equal zero since there is no receiving vehicle UE candidates at all. Therefore, it is necessary to guarantee sufficient potential receiving vehicle UE candidates for each transmission. In this sense, time-domain resource selection is more important and should precede frequency-domain resource allocation. To this end, different transmission instances should be adopted for neighbor vehicle UE’s. Particularly, for periodic traffic, different transmission instances means different periods or different subframe offsets.
Observation #1: It is necessary to guarantee sufficient potential receiving vehicle UE candidates for each transmission.
Proposal #1: Different transmission instances should be adopted for clustered vehicle UE’s.
Proposal #2: Time-domain and frequency-domain resource allocation should be separately considered.
Proposal #3: In resource allocation, time-domain resource selection should precede frequency-domain resource allocation.
After the time-domain resource allocation, frequency-domain resources should be assigned for the packets transmitted simultaneously. At this stage, collision avoidance should be taken into account. If the resource is insufficient, resource reuse has to be considered but the reuse distance should be as large as possible.
Observation #2: In the presence of frequency-domain resource reuse, the reuse distance should be as large as possible.
Possible solutions
Based on the requirements and features of the resource allocation above, we propose to format the problem as a two-step graph-coloring issue in graph theory and solve it by existing and simple algorithms efficiently. So long as each vehicle UE reports its neighbors to its serving eNB, the eNB can accordingly build a topology graph in a logical sense based on the accumulated information. In this way, all the vehicle UE’s together with the connecting relationships can be abstracted as a graph. Therefore, the following two steps corresponding to time-domain and frequency-domain resource allocation respectively can be conducted subsequently.
Step #1) Based on the neighbor-related information from all the vehicle UE’s, an eNB can build a graph with each vehicle UE denoted by a vertex and each neighborhood represented by an edge between the vertices. Each configurable transmission instance can be treated as a color. For periodic traffic, a color corresponds to a subframe offset. Based on these abstraction and modeling, time-domain resource allocation can be transformed to a graph-coloring problem, i.e. coloring the vertices in the graph using all the colors available with the principle that any two vertices directly connected by an edge cannot be given the same color.
Step #2) After time-domain resource allocation, all the vehicle UE’s can be divided into multiple groups based on the transmission instance (color). Vehicle UE’s with the same transmission instance (vertices with the same color) are classified into one group. Within each group, a new subgraph can be built, where each member vehicle UE is again identified as a vertex and each edge stands for a neighborhood. What is different here is that the neighborhood has larger scope in a wider sense. Provided that the interference between a pair of vehicle UE’s cannot be disregarded and interference avoidance is necessary, the two vertices should be connected by an edge. In other words, it covers not only the direct neighborhood in the global graph in Step #1), but also the indirect neighborhood, e.g., the minimum number of edges between the both vertices equals 1 (direct neighborhood) or 2 (indirect neighborhood). Then, graph-coloring is independently performed on each subgraph based on the same principle that any two vertices connected by an edge must be painted with different colors. It should be noted that the colors available at this stage are not the configurable transmission instances, but the assignable frequency-domain resources.
Comparing the two steps of graph-coloring above, which correspond to time-domain and frequency-domain resource allocation respectively, we can find the close resemblance between the two procedures. From the graph-coloring perspective, the principle and the corresponding algorithm are exactly the same. The differences only lie in the rules of building graphs and the meanings of the colors. 
Observation #3: The problem of resource allocation could be efficiently solved by a two-step graph-coloring processing.
Proposal #4: Consider graph-coloring-based resource allocation approaches.
3. Conclusions
In this document, an enhanced resource allocation scheme has been proposed based on the transmitter-specific information. Based on the discussion, we have following observations and conclusions.
Observation #1: It is necessary to guarantee sufficient potential receiving vehicle UE candidates for each transmission.
Observation #2: In the presence of frequency-domain resource reuse, the reuse distance should be as large as possible.
Observation #3: The problem of resource allocation could be efficiently solved by a two-step graph-coloring processing.
Proposal #1: Different transmission instances should be adopted for clustered vehicle UE’s.
Proposal #2: Time-domain and frequency-domain resource allocation should be separately considered.
Proposal #3: In resource allocation, time-domain resource selection should precede frequency-domain resource allocation.
Proposal #4: Consider graph-coloring-based resource allocation approaches.
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