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1. Introduction
For resource allocation to D2D UEs, presently two approaches are being discussed in RAN2, based on the deployment scenario. For the in-network scenario, centralized allocation method, akin to resource allocation in cellular communication, is more appealing. For out-of-network scenario, owing to the absence of a centralized network entity like eNB, contention-based resource allocation seems more appropriate. Furthermore, some notion of centralized entity like cluster-head has already been proposed by some companies [2][3][4], at least to provide timing synchronization to D2D users. It has also been agreed as a working assumption that in case of in-network scenario, the eNB will provide timing synchronization. Further, discovery resource allocation is done using the following three types [1]:
Type 1: Resources for discovery signal transmission are allocated on a non UE specific basis

Type 2: Resources for discovery signal transmission are allocated on a UE specific basis 

· 2A: Resources for discovery signal transmission are allocated for each specific transmission instance of discovery signals

· 2B: Resources are semi-persistently allocated for discovery signal transmission
The same mechanisms can also be used for resource allocation for D2D communication. In this contribution, we present a common resource allocation framework for both in-network and out-of-network scenarios. This approach is applicable to both discovery and communication resource allocation. The advantage is that some aspects of resource allocation can be studied independent of the deployment scenario thereby reducing the total design effort.
2. D2D Cell
Before we explain the resource allocation method, first we introduce the concept of D2D cell. For D2D resource allocation inside a macro-cell, we consider the macro-cell to be divided into a number of virtual D2D cells. Each such virtual D2D cell is assigned a coordinator, which could be selected in one of the following ways:

1. The eNB designates a D2D UE in the virtual cell as the coordinator. This decision may be based on factors such as UE capabilities, mobility state etc. 

2. The operator may deploy a new node as the D2D coordinator. As a special case, a small cell eNB may also act as a D2D coordinator. 

3. The eNB itself may act as coordinator on behalf of some or all the D2D cells within its coverage. 

In out-of-network scenarios, the coordinator can be elected via a suitable mechanism.

The role of a D2D cell coordinator is the more or less same as that of the cluster-head for out-of-network scenario [5]. We propose to extend the same idea to the in-network scenario by having one or more coordinators in the macro-cell, each corresponding to a D2D cell. Here we note that the coordinator, in addition to performing resource allocation, may also provide synchronization etc. 
The association of D2D UE with a D2D cell may be decided by considerations like path loss with respect to the cell coordinator, the service(s) supported by the D2D cell etc.
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Fig.1: D2D Cells in a Macro-cell
3. Resource Allocation

Step 1
Consider an UL subframe configured by the eNB as D2D resource. In step 1, this D2D resource is divided into a number of resource clusters, where a resource cluster consists of a group of resource blocks. The eNB assigns these resource clusters to the D2D coordinators in the macro-cell. The mapping between resource clusters and D2D cells may be communicated to the coordinators either using a SIB message or unicast RRC signaling. This mapping is assumed to be semi-static and it may be based on considerations like D2D coordinator’s physical location, the service that the D2D cell is designated to provide, the D2D cell load etc. Based on the resource requirement determined by these considerations, the macro-cell may allocate one or more resource clusters to that D2D cell. There are two possible options: (a) eNB unilaterally decides how many resources to assign to each D2D cell and (b) D2D coordinators explicitly request certain amount of resources, based on which eNB determines the amount of resources to be allocated to each D2D cell. Figure 2b illustrates the Step 1 of resource allocation process, based on the option (b). Note that in this example, eNB is able to fulfil the resource request of only two cells. In Figure 2a, the resource allocation is signalled via broadcast message (e.g. SIB) while in Figure 2b, unicast messages (e.g. RRC signaling) are used. For the option (a), the ‘D2D Resource Request’ messages can be omitted.
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	(a) Step 1: Resource Allocation using SIB signalling
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	(b) Step 1: Resource Allocation using Unicast Signalling


Fig. 2: Resource Allocation for D2D Cells
For the out-of-network scenario, the coordinators may configure their own resource clusters based on some distributed resource allocation technique.

Step 2

In this step, the coordinator of a virtual D2D cell handles resource allocation for UEs in the D2D cell. Here, we propose that the coordinator performs resource allocation similar to the way it is done for LTE cellular uplink. Thus, we assume that a UE, always associates with a D2D coordinator for resource allocation. After the UE is connected to a D2D cell, it can request the coordinator to allocate resources whenever D2D transmission is to be made. For a particular D2D transmission resource, the coordinator may receive multiple scheduling requests from different UEs in the D2D cell. Hence, the coordinator has to decide which UE(s) can be allocated transmission resources. Figure 3 illustrates Step 2 of the resource allocation process. In this example, three UEs sent scheduling requests to the coordinator of their D2D cell but only two of them received resource grants.
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Fig. 3: Step 2: Resource Allocation inside D2D Cell

The two step procedure described above can be used to allocate resources for discovery as well as communication. For instance, the coordinator may assign a common pool of resources which can be used for discovery by any UE associated with the corresponding D2D cell while dedicated resources maybe assigned for communication.
Note that Step 2 is common to both in-network and out-of-network scenarios. 
4. Conclusions
In this contribution, we have proposed that resource allocation for D2D communication can be done in two steps, based on the notion of D2D cells and coordinators. In Step 1, semi-static resource allocation among D2D coordinators is achieved. During Step 2, dynamic resource allocation for D2D communication inside a D2D cell is done. This resource allocation framework is generic enough to meet the resource allocation requirements for D2D discovery and communication for both in-network and out-of-network coverage scenarios.
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