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1 Introduction
    This contribution discusses the resource allocation issue based on the following agreement at RAN1 #76 [1] for resource allocation of D2D: 

· From a transmitting UE perspective a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· D2D communication capable UE shall support at least Mode 1 for in-coverage

· D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage

· FFS: Definition of out-of-coverage, edge-of-coverage, in-coverage

    In this contribution, resource allocation under the coverage of eNB is analyzed. To achieve maximum commonality among in-coverage, out-of-coverage and edge-of-coverage regions, an integrated scheduling scheme which incorporates features of both centralized and distributed scheduling schemes under the supervision of eNB is proposed. The proposed scheme leverages the benefits of eNB scheduled as well as contention-based schemes, as a result, it provides more efficient spectrum usage and resource sharing compared to purely eNB scheduled scheme and prevents the collision problem in the traditional contention-based scheme. Moreover, the overhead of resource scheduling for D2D capable UEs at the eNB can be alleviated. 
2 Discussion on Resource Allocation for In-Coverage UEs
    A well-known drawback of centralized-based scheduling for distributed D2D communications is the loss of possible resource reuse among D2D groups and increased scheduling overhead for D2D capable UEs. On the other hand, in the contention based scheme, D2D UEs autonomously select a resource from the resource pool and launch contention procedure directly. Although this scheme consumes less scheduling time and complexity compared to fully centralized scheme, failure contention possibility and unexpected interference pattern refrains it from reliable transmission performance. However, opportunistic resource reuse can be envisioned in this case as long as successful contention results is achieved.  
    To leverage the beneficial aspects of above two scheduling schemes, an integrated scheduling method is proposed in the in-coverage scenario. Although contention based function is adopted here as a baseline, eNB actually can fully control the resource allocation and scheduling issue though. In our scheme, as shown in Fig. 1, after a contention procedure, D2D UE does not proceed the transmission phase directly, but reports the contention results to eNB, which contains successful or failure contention resolution associated to each resource used for contention; afterward, eNB organizes and manages the resource in terms of this information and possesses the final decision of scheduling for each D2D UE. For those D2D UE transmitters that has data to send sends a scheduling request message to NB; D2D UE then waits for scheduling response from eNB in order to derive scheduling information in the downlink channel. 

    Aforementioned integrated cheduling procedure alleviate the potential drawbacks of traditional contention schemes, which could deteriorate system performance if failure contention happens frequently due to serious traffic jamming or interferences in the area with large volume of D2D groups. For best commonality, aside from the phase of contention result report, any type of contention procedure that could be adopted in the out-coverage or partial-coverage scenario can be followed here for consistency.
    With respect to the reported information used as a scheduling reference, there are aspects of judicious usage can be made at the eNB. For example, eNB can efficiently manage the resources by discriminating which part of resource can be spatially reused, as long as same resource of the time-frequency units are declared contention free from different D2D groups. Also, for the circumstance where D2D UEs consume less traffic, resource sharing on the same contention resource pool is also possible. As for the D2D UEs which fail in resource contention can benefit from centralized scheduling at eNB which exclusively assigns dedicated resources.  Therefore, fully eNB scheduled scheme is not preclude here but only reserved for those who have difficulty in accessing the radio resource. 
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Fig. 1 Architecture of integrated scheduling scheme
3 Operation Schemes for Integrated Scheduling 
    Following form previous section’s discussion on the advantages of integrated scheduling scheme, this section focuses on the contention report mechanism which affects the judgment on resource scheduling at the eNB. The resource used for contention can be pre-determined or configured/re-configured by eNB during the contention process, each D2D UE may have their own contention resource pool, which will be detailed in the next section.
· Scheme 1: Successful and failure contention results report: 
    In the duration of each contention procedure, D2D UEs keep record of contention result on the corresponding resource and divided these results into successful contention resources and failure contention resources. After a period of contention tries, transmitters of D2D UEs report the aforementioned contention results to their serving eNBs. Upon receive the contention results, eNB decides how to adequately schedule resource for each D2D transmitter considering the contention results on each resource, which can lead to a more efficient usage of scheduled resources. For those who can successfully acquire one or more resource units for transmission, it means there is no nearby D2D UEs which share the same resource, i.e, no severe interference would be expected. In this case, spatial reuse of same resource is possible. On the other hand, if certain resource units cannot be successfully accessed due to potential contentions in seriously interfered region, known as a failure contention resource, the eNB can exclusively divided these resources into non-shared resources for those UEs who fail to acquire resources. Finally, D2D transmitter sends scheduling requests to their serving eNB in order to get the final scheduling results from eNB in the downlink channel. 
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Fig. 2. Opration Procedure for Scheme 1.
· Scheme 2: Successful contention results report with direct scheduling: 
In this scheme, only D2D transmitters which survive in the contention process are responsible for reporting contention results. Moreover, these successful D2D transmitters can proceed scheduling using the contented resources directly and go for transmission without serving eNB’s intervention. This scheme deducts the scheduling setup time since eNB doesn’t need to schedule for those capable of retrieving contention resources. It should be noted that the report of successful contented resources is still a prerequisite, which is beneficial for eNB to facilitate scheduling process for D2D transmitters failed in the contention process. For example, eNB can preclude the resource that has already been used in successfully contented D2D groups. In this way, cross interference between D2D self-scheduled resource and eNB scheduled resource can be eliminated. In the meantime, since eNB only needs to perform scheduling for those who fail in contention, the scheduling overhead at the eNB can be reduced as well.
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Fig. 3. Operation Procedure for Scheme 2.
· Scheme 3: Failure contention results report with direct scheduling: 
This is a variation from the previous scheme. Different to the previous one, only D2D transmitters who fail in the contention process account for the report of contention results. The unchanged part is that the successful D2D transmitters directly proceed scheduling using the contented resources for D2D transmission without serving eNB’s grant. Compared to the previous scheme, where eNB uses “black list” of radio resource report as a reference for scheduling on non-success D2D UEs. In this scheme, a “white list” of radio resource is targeted as a scheduling reference instead, i.e., eNB only need to focus on and schedule for the UEs have difficulties in resource acquisition.
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Fig. 4. Operation Procedure for Scheme 3.
Proposal 1: In in-coverage, if Mode2 is supported, D2D UE should report the contention results to eNB, which allows eNB to optimize the overall scheduling of Mode 1 and Mode 2.

4 Contention Resource Reconfiguration
    Accurate reports on the contention results as well as judicious resource utilization play important roles in the proposed scheme. D2D UEs and eNB should cooperate to come out with an optimal decision on the contention resource pool used for each D2D UE. On top of that, a more efficient or effective resource utilization as well as precise information report could be achieved. 

    With the given operation schemes in Sec. 3, in order to improve the contention performance or reduce the probability of invalid contention results, flexibility on the size or location of the contention resource pool for each D2D UE should be provided at the eNB. The contention pool adjustments could be based on the contention information received from D2D UE or on the individual traffic requirements. 
    For example, if some of the D2D UEs have difficulty in choosing a valid resource from the existing contention resource pool; eNB can shrink or reallocate the contention pool for these D2D UEs after taking received contention information into account. On the other hand, eNB may try to reuse the allocated contention resource which is claimed contention free all the time. An extreme case is that the contention function of some D2D UEs is deprived, i.e, eNB enforces D2D UEs to stop doing contention procedure, and hence no contention resource is reserved. In that case, eNB fully take over the control of scheduling on these D2D UEs. This condition could occur most likely due to severe collision results which cause in vain contention, or desire of proved transmission quality. To be specific, in in-coverage, eNB can control the switching between Mode 1 and Mode 2 with respect to the contention reports. 
Proposal 2: In in-coverage, each UE specific resource pool for Mode 2 could be adaptively configured by eNB.
Proposal 3: eNB controls switching between Mode1 and Mode2 for each in-coverage transmission UE based on the contention reports
5 Conclusion
Our proposals are listed below:
Proposal 1: 
In in-coverage, if Mode 2 is supported, D2D UE should report the contention results to eNB, which allows eNB to optimize the overall scheduling of Mode 1 and Mode 2.
Proposal 2: 
In in-coverage, each UE specific resource pool for Mode 2 could be adaptively configured by eNB.
Proposal 3: 
eNB controls switching between Mode1 and Mode2 for each in-coverage transmission UE based on the contention report
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