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Discussion and Decision
1. Introduction
During RAN2 discussions on D2D communication, many issues were clarified and captured in TR 36.843. Among open issues, the resource allocation scheme would be the key issue for D2D broadcast and it should be decided by considering various evaluation criteria, such as performance, complexity, and signalling overhead. In addition, UE behaviour may be different whether the UE is in-LTE-coverage or out-of-LTE-coverage. In this paper, we try to clarify procedures for centralized resource allocation scheme for out-of-LTE-coverage.
2. Discussions 

Supporting D2D communications for out-of-LTE-coverage UE is the highest priority in public safety. Out-of-coverage operation requires different mechanisms since the conventional network controlled management may not be possible. So, two schemes are on the table to cover out-of-coverage scenarios, such as coordinated access and CSMA. We are focusing on the clarification of the centralized resource allocation scheme where a central entity manages radio resources and allocates broadcast resources to D2D UE. 
In our view, the centralized scheme would be a good candidate for out-of-coverage and it can be easily implemented by using the central entity. A UE can be a central entity if it has central management capability for D2D broadcast. Also, the UE can operate as a D2D UE if the capability is not enabled by user or higher layer. We assume the central entity runs as a temporary resource controller for neighbour UEs which locate in out-of-LTE-coverage. So, tighter connections among UEs are not needed and a light procedure can be employed for resource allocation. 
Compared to CSMA schemes, the major advantages of the centralized scheme is contention resolution capability. Through resource allocation procedure, the central entity can remove duplicated resource allocation for D2D broadcast. The degree of resolution depends on the signalling complexity, but the efficiency and robustness outperforms CSMA schemes. In addition, the centralized scheme can easily support overload managements. For example, there happens the situation where many UEs try to broadcast their voice traffic in a disaster area. Then, the CSMA scheme might not regulate UE’s behaviour nor alleviate attempts to D2D broadcast. The centralized scheme can easily relieve the flooding from D2D requests by utilizing LTE mechanism. Moreover, we could reuse LTE procedures based on eNB controlled mechanism. Even though the D2D transmission is performed via uplink band only, we can reference the random access procedure onto D2D signalling between central entity and UE. 
Proposal 1. For D2D communication, centralized resource allocation scheme can be used for out-of-LTE-coverage.

3. Procedures
Centralized allocation is performed by central entity and a UE can have a capability to run as a central entity. The resource for D2D communication can be pre-configured by higher layer, so D2D UEs and central entities download the configuration information prior to participate in D2D communications. As D2D communications use uplink resources, the LTE uplink spectrum can be divided into LTE and D2D resources.

Central entity works as a synchronization source and broadcasts common control information for D2D communication. If a UE wants to participate in a D2D communication, it needs to obtain a synchronization signal around the area. The UE continuously monitors downlink signal from an eNB. If the UE successfully receives downlink signal from the eNB, the UE can camp on the eNB. If the UE could not find any downlink signal, it can establish synchronization with central entity and receive corresponding control information. Detailed synchronization issue would be decided by RAN1 discussion, but optimized approaches can be considered after the discussion.
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Figure 1. Out-of-coverage procedure
A UE can receive broadcasted data channels after establishing synchronization between central entity and also receives common control channels. According to RAN1 assumption, control channel and data channel is used for D2D broadcast. So, the UE decodes control signalling and then demodulates corresponding data channel. In order to reduce power consumption for continuous monitoring of control channels, an indicator channel could be introduced which informs data channel usage. Then the monitoring UE can omit decoding control channels and return to DRX state.
If a UE wants to broadcast data through D2D link, it requires resource allocation from a central entity. To provide the procedure between UE and central entity, uplink control channels for scheduling request and response are needed. The channel for scheduling request uses contention based resources and the UE selects randomly one of the resources. If the contention is occurred among UEs, resource allocation will not be successfully completed and then each UE performs backoff mechanisms. If the central entity recognises one of the requests, resource allocation can be done and D2D broadcast will be started from the configured UE.
As central entity works as a lightweight coordination node, duplicated allocation may not be eliminated entirely. However, overloading situation can be alleviated by modifying backoff parameter and the information can be broadcasted via common control channels. Additionally, semi-static allocation of the D2D broadcast resource can be supported to reduce signalling since voice traffic is the typical public safety service. In this case, additional signalling procedure will be employed for robust resource allocation. 
Proposal 2. Central Entity broadcasts synchronization signal, common control information through uplink.

Proposal 3. Central Entity can provide contention resolution and overload handling mechanisms.

4. Conclusion
In this contribution, we have analyzed the centralized resource allocation scheme which is a candidate for resource allocations. We think that the scheme would be a possible solution for out-of-LTE-coverage scenarios and the following proposals can be considered for D2D communications:
Proposal 1. For D2D communication, centralized resource allocation scheme can be used for out-of-LTE-coverage.

Proposal 2. Central Entity broadcasts synchronization signal, common control information through uplink.

Proposal 3. Central Entity can provide contention resolution and overload handling mechanisms.
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