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1
Introduction
Broadcast communication is one of the use cases under study as part of the LTE D2D ProSe study item [1] to support for public safety (PS) requirements [2]. 

This contribution provides discussion on design issues of resource allocation and management for D2D communication, including resource granularity and allocation architecture. 

2   Design Issues

The method of physical resource allocation is one of the key aspects which will have influence on the overall design of D2D broadcast communication. A simple approach might be to provide preconfigured orthogonal time or frequency resources among different users, removing interference and allowing users to access the communications channel without contention. However, especially considering the need to potentially support a large and time-varying number of users, this approach would result in inefficient resource utilization and scalability issues. As a result, it is expected that some level of resource reuse and channel access would be beneficial. This section considers the benefits and tradeoffs, in terms of overhead and complexity, of different resource allocation approaches taking into account resource granularity, allocation algorithm, and level of coordination. 
2.1
Resource Allocation Granularity
In the case of cellular unicast operation, resources for UE transmission are allocated per TTI. This level of granularity is beneficial in the case of dynamic allocation and provides flexibility to accommodate different numbers of simultaneously transmitting users and different data rates. With the assumption that it is beneficial to reuse the existing LTE numerology and channel design, it is reasonable that D2D communication resource allocation should have RB or RBG (2-4 RBs) level granularity. In addition localized or distributed frequency allocation may be considered, with localized allocation following the design of LTE UL transmissions based on SC-FDMA.
Proposal 1: Frequency-domain resource allocation for D2D broadcast communication should consider localized RB- or RBG-level granularity.
Since for broadcast transmission dynamic link adaptation will not be supported, the resource allocation may be semi-static or even fixed for a given UE. In this case, one approach would be to base D2D broadcast communication resource allocation principles on that of the Multimedia Broadcast/Multicast Service (MBMS), which also operates without physical-layer feedback. For MBMS, semi-static resource allocation signaling at a subframe level is utilized instead of dynamic scheduling. 
Providing the time domain granularity to include multiple subframes reduces the overall allocation signaling overhead and would be potentially able to more efficiently support Public Safety use cases such as push-to-talk, where packet sizes are generally constant and repetition may be enabled to improve robust broadcast reception. 
Proposal 2: Time-domain resource allocation for D2D broadcast communication should support multi-subframe level granularity.
Additionally, another consideration is whether resource allocation indication should be provided by L1 or MAC signaling, as is respectively the case in unicast and MBMS operation in LTE. Total overhead, and potential complexity/reliability of the two methods should be some of the factors taken into account.
2.2
Distributed vs. Centralized Resource Allocation
The next consideration for resource allocation design for D2D broadcast operation is whether a centralized or distributed approach is utilized. The two approaches are shown in Figure 1. 
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Figure 1: Resource allocation approaches for D2D broadcast operation.
Traditionally for centralized resource management, a central controller like the eNB collects all the channel state information of every UE in the cell and allocates the available resources to maximize the throughput according to fairness and power constraints. Similarly, a controller in D2D broadcast communication, which is called a Radio Resource Management Head (RRMH) hereafter, would be responsible for allocating resources for a group of UEs. 
However, a drawback of relying on the RRMH for D2D resource allocation would be the increased complexity and cost incurred in implementing some of the required eNB-like functionality. Additionally a method of RRMH election would be required and additional protocol complexity and overhead would be potentially incurred to overcome scenarios where multiple RRMHs create hidden-terminal issues and result in a less-scalable hierarchical architecture.
On the other hand, UEs can determine their resource allocation in a distributed fashion. Simple random resource selection may be considered as a baseline distributed approach with low overhead and scalability. One drawback of such an approach is that collisions are possible among broadcasting UEs. Thus an implicit coordination (e.g., carrier sensing) or explicit coordination (e.g., resource reservation beacon [3]) would be required to prevent collisions and mitigate interference. However, especially for public safety use cases where reliability and flexibility are prioritized, additional overhead of contention seems reasonable if overall performance is shown to be acceptable. 
Proposal 3: Distributed resource allocation should be the baseline approach for D2D broadcast communication in Rel-12.
2.3
Resource Coordination
Providing a level of frequency reuse is one potential method of improving the SINR for D2D broadcast reception. Even when distributed resource allocation is considered a level of resource partitioning may be beneficial to both reduce interference and reduce allocation delay as a result of contention. There is a trade-off between interference reduction and efficient resource utilization when this form of resource orthogonalization is applied which a resource coordination/allocation design will need to balance.

Proposal 4: Mechanisms for efficient distributed resource coordination to improve capacity and robustness should be further studied.
3   Conclusion
This contribution has discussed design aspects of resource allocation for D2D broadcast communication and proposes the following:
Proposal 1: Frequency-domain resource allocation for D2D broadcast communication should consider RB- or RBG-level granularity.
Proposal 2: Time-domain resource allocation for D2D broadcast communication should support multi-subframe level granularity.
Proposal 3: Distributed resource allocation should be the baseline approach for D2D broadcast communication in Rel-12.
Proposal 4: Mechanisms for efficient distributed resource coordination to improve capacity and robustness should be further studied.
References

[1] RP-122009, “3GPP Work Item Description: Study on LTE Device to Device Proximity Services,” RAN#58, Dec. 2012

[2] TR 22.803, “Feasibility Study for Proximity Services (ProSe)," v1.0.0, Sep. 2012.

[3] R1-134185, “Physical channel design for D2D broadcast communication,” Samsung
_1441538543.vsd

_1441538550.vsd

