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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 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. Additionally, the principle to transmit a transport block within a single TTI may be reused. 
Proposal 1: Frequency-domain resource allocation for D2D broadcast communication should consider localized RB- or RBG-level granularity.
Proposal 2: A given D2D broadcast transport block should be transmitted within a TTI.
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 multi-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 transport block repetition bursts may be enabled to improve robust broadcast reception. 
Observation 1: Time-domain resource allocation for D2D broadcast communication should support multi-subframe level granularity.
Given the above discussion, it seems useful to define sets of time/frequency resources from which UEs select an allocation for a given D2D transmission and receiving UEs can search for potential transmissions. These resource sets can correspond to groups defined at a higher-layer and may be configured by a D2D server or SIB depending on the deployment scenario. As shown in Figure 1, FDM-based or TDM-based resource sets may be considered. 
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Figure 1: FDM- and TDM-based D2D resource set configurations.
The support of multiple resource sets provides benefits in terms of inter-group resource collision avoidance and additionally supports the capability of a single to belong to multiple groups. Whether resource pool configurations are FDM- or TDM-based may be considered further depending on solutions and support of FDM/TDM of multiple D2D transmissions/receptions for a given UE. For example, frequency resources for a certain group can be pre-configured.
Proposal 3: The allocation for a given D2D transmission is selected from one or more configured time/frequency resource sets.
Considering resource allocation within a set, if multiple transmitting UEs are multiplexed in FDM manner within a given resource allocation for D2D communication, a transmitting UE cannot receive broadcast data from other UEs simultaneously due to half-duplex constraints. This violates the general concept of broadcasting where all UEs in a given resource set should be able to receive the broadcast data, especially in the case that UEs are in the same public safety group, e.g. firemen group, policemen group, etc. Additionally, a FDM approach may suffer from the near-far problem, which will degrade the decoding performance. Since a TDM-based approach does not introduce the above problems, it can be taken as the baseline. Thus, the resource allocation in frequency domain is not required since the RB/RBG size allocated to a transmitting UE would be fixed. 

Proposal 4: Frequency-domain resource allocation is fixed within a given D2D communication resource set.

2.2
Resource Allocation Signaling
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. The minimum information required by the UE for broadcast message reception is the frequency-domain resource allocation as well as MCS level and TBS size for the D2D broadcast transport blocks.
However, as discussed in detail in [3], given that D2D broadcast transmission operates without L1/L2 feedback, link adaptation within a given D2D transmission is not supported and thus resource block allocation, MCS, and TBS size should be fixed. The control signaling can be greatly simplified as a result. 
Observation 2: The minimum information required by the UE for broadcast message reception is the frequency-domain resource allocation as well as MCS level and TBS size for the D2D broadcast transport blocks, which may be considered to be fixed as a baseline for D2D broadcast transmission.
2.3
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 2. 
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Figure 2: 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) and/or explicit coordination (e.g., resource reservation beacon [3]) would be required to prevent collisions and mitigate interference. 
A straight-forward approach is to adapt CSMA/CA for LTE D2D broadcast communication. Distributed resource selection would consist of carrier sensing by reservation beacon detection and back-off before transmission, as illustrated in Figure 3. The transmitter starts carrier sensing  (STEP-1). If the medium is not busy during back-off, the transmitter sends DATA multiplexed with the reservation beacon (STEP-2, STEP-3).

[image: image4]
Figure 3: CSMA/CA for LTE D2D communication

Depending on the time-domain resource allocation granularity the transmitting UE should be able to maintain its channel reservation for at least the duration of a broadcast packet. Whether ‘virtual carrier sensing’ is supported by either fixed or signaled time-domain reservation indication may be further considered. 

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. Evaluation results for the performance of distributed resource allocation compared to a centralized approach are shown in [4]. 
Proposal 5: Distributed resource allocation with CSMA/CA should be the baseline approach for D2D broadcast communication.
3   Conclusion
This contribution has discussed design aspects of resource allocation for D2D broadcast communication and provides the following observations and proposals:
Observation 1: Time-domain resource allocation for D2D broadcast communication should support multi-subframe level granularity.
Observation 2: The minimum information required by the UE for broadcast message reception is the frequency-domain resource allocation as well as MCS level and TBS size for the D2D broadcast transport blocks, which may be considered to be fixed as a baseline for D2D broadcast transmission.
Proposal 1: Frequency-domain resource allocation for D2D broadcast communication should consider RB- or RBG-level granularity.
Proposal 2: A given D2D broadcast transport block should be transmitted within a TTI.
Proposal 3: The allocation for a given D2D transmission is selected from one or more configured time/frequency resource sets.
Proposal 4: Frequency-domain resource allocation is fixed within a given D2D communication resource set.

Proposal 5: Distributed resource allocation with CSMA/CA should be the baseline approach for D2D broadcast communication.
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