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1
Introduction
During RAN#63 the LTE D2D ProSe work item was approved with the following objective [1]:

The objective of this work item is to enable device to device discovery in network coverage (intra-cell and inter-cell) and communication in network coverage (intra-cell and inter-cell), in partial network coverage and outside network coverage. The communication part is targeted to apply only to public safety use. The partial network coverage and out of network coverage scenarios apply only to public safety use. The work will proceed from the starting point of the agreements and working assumptions reached during the study item as captured in TR 36.843.

 Additionally two modes of resource allocation mechanisms are to be specified:
2) Specify resource allocation mechanisms for D2D discovery and broadcast communication [RAN1, RAN2] 

a) Distributed resource allocation mechanisms from allocated resource pool(s), for D2D discovery and broadcast communication [RAN1, RAN2] 

b) eNB resource allocation mechanisms, for D2D discovery and broadcast communication [RAN2, RAN1]
This contribution provides discussion on design issues of distributed resource allocation (Mode 2) and management for D2D communication, including resource granularity and allocation architecture. 
2   Design Issues

This section considers specifically for Mode 2 resource allocation the benefits and tradeoffs, in terms of overhead and complexity, of resource pool configuration, scheduling assignment resource allocation approaches, and data transmission procedures, taking into account resource granularity, allocation algorithm, and level of coordination. 
2.1
Resource pools and resource allocation signaling
During RAN1#77 the following agreement regarding resource allocation signaling was reached:

Agreement:

· The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis

Working Assumption:

· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA

· T-RPT in the SA indicates:

· Transmission interval(s) between transmission of multiple MAC PDUs

· Number of transmissions of a given MAC PDU (if more than one value is possible)

· Resources for transmission of each MAC PDU

· T-RPT has no more than 256 values

· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers

· FFS whether (and if so how) the frequency resource might be jointly signalled with time domain info

· FFS whether the interpretation of the bits is UE-specific or common

At RAN1#78, consider details of the T-RPT.

In the case of distributed resource allocation, resource pools can be defined as periodic sets of time/frequency resources from which UEs select an allocation for a given D2D transmission and receiving UEs can search for potential transmissions, including scheduling assignments and data transmissions. Figure 1 below illustrates example SA and data transmission and reception pool configurations and their corresponding SA and data cycles based on the design principles discussed in this section.
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Figure 1. Example SA and data pool/cycle configuration
For Mode 2, each Tx UE individually selects a resource for transmission (details in Section 2.2) and provides an indication of the time/frequency resources by transmitting a scheduling assignment. The Rx UE in Figure 2 monitors resources in the data pool during a data cycle based on the SA. More details of time/frequency resource signaling carried by the SA are provided in [3].  
Considering the example resource pools in Figure 1, if multiple transmitting UEs are multiplexed in FDM manner within a given resource pool configured 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. This is especially important in the case of Mode 2 SAs which potentially have fewer resources available for transmission in order to support increased power savings for Rx UEs and do not have the benefit of eNB-assisted scheduling to avoid half-duplex issues.

One solution as discussed in [3] is to introduce T-RPTs for the transmission of SAs such that UEs transmitting a SA have opportunities to obtain the SAs of other transmitting UEs within the same periodic SA transmission cycle. In addition, within a single SA cycle, the RPTs may include one or multiple transmission instances of the same SA by the transmitting UE.  

This implies for Mode 2 Tx UEs the need to obtain resources for all SA transmissions, including repetitions. Especially in the case of implicit resource indication, RPTs for SA should be defined to ensure that the half-duplexing issue for SA monitoring is addressed as well as providing sufficient data RPTs in case of out-of-network operation. 
Proposal 1: The SA allocation procedure for a Tx UE should include selection of an RPT comprising all multiple transmission opportunities of the same SA within the same SA transmission cycle.
The details of SA resource acquisition using a distributed procedure are discussed in the next section.

2.2
Distributed resource allocation procedure
The next section considers the overall procedure for D2D broadcast communication when the resource allocation is based on Mode 2. The exemplary scenario is shown in Figure 2. 
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Figure 2: Distributed resource allocation 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. For UEs within network coverage, Mode 1 resource allocation operates in a similar fashion where the eNB is responsible for allocating resources for a group of UEs [4].

On the other hand, especially considering the out-of-network coverage scenario, 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., scheduling assignment [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 SA resource sensing (e.g. carrier sensing) by detection of the DMRS of the transmitted SA transport block and back-off before transmission, as illustrated in Figure 3. The transmitter starts resource sensing (STEP-1). If the medium is not busy during back-off, the transmitter sends SA and data in the corresponding cycle N+1 when back-off expires during SA cycle N (STEP-2, STEP-3). If the medium is busy, the UE doesn’t consider the corresponding SA cycles in the back-off running time.
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Figure 3: CSMA/CA for LTE D2D communication

As mentioned in the previous section, considering that time-domain resource allocation granularity of multiple subframes (both for SA and data transmissions) the transmitting UE should be able to maintain its channel reservation for the duration of transmitted packet including any subsequent re-transmissions. Whether ‘virtual carrier sensing’ is supported based on the SA RPT 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. Also, the D2D Rx UE behavior is not complex. Simply, a Rx UE monitors any indicated D2D subframes in the resource pool for SAs and based on at least DMRS detection, the corresponding D2D transport block is decoded.
Additionally, the data transmissions may additionally be used by a potential Tx UE for resource sensing. A benefit of this approach is reduced latency for the backoff procedure since SA cycles may be shorter in duration than data cycles and separated by a larger period.

Proposal 2: Distributed resource allocation based on resource sensing and backoff for SA transmissions should be the baseline approach for D2D broadcast communication under Mode 2 resource allocation.
3   Conclusion
This contribution has discussed design aspects of distributed resource allocation for D2D broadcast communication and provides the following observations and proposals:

Proposal 1: The SA allocation procedure for a Tx UE should include selection of an RPT comprising all multiple transmission opportunities of the same SA within the same SA transmission cycle.
Proposal 2: Distributed resource allocation based on resource sensing and backoff for SA transmissions should be the baseline approach for D2D broadcast communication under Mode 2 resource allocation.
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