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Introduction
The study item on proximity services [1] was agreed in at RAN #58. As part of this study item, direct device to device communication is to be studied in and outside of network coverage, specifically, from [1]:
Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:
to enable direct communication connection establishment between devices under continuous network management and control,  
 For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]
At RAN #60, it was agreed that the study on D2D Communication will focus on broadcast D2D communication as one of the important items for the public safety use case [2], where D2D broadcast communication can be extended to support group communication which is fundamental to public safety operation. To that end, this contribution discusses challenges for D2D Broadcast communication and makes proposals.

Discussion
General requirements for D2D communications, as given by SA2 [3][4], specify continuous control of the radio resources by the network. In particular, the requirements state:
The Radio Access Network shall control the radio resources associated with the E-UTRA ProSe Communications path. 
The operator network shall be able to continuously control the use of E-UTRAN resources for ProSe Discovery and ProSe Communication between UEs, as long as both of these UEs are under E-UTRAN coverage and using operator’s spectrum.
Additionally, public safety requirements for D2D communication include functionality for broadcast and group communications;
An authorised public safety UE in or out of E-UTRAN coverage shall be capable of sending a broadcast message to all authorised public safety UEs within transmission range, regardless of group membership, using ProSe Broadcast Communications in a single transmission. 
Broadcast channels
Broadcast communication is a useful first step for public safety applications as it can facilitate communications among a group of proximate devices. Specifically, one or more devices can be transmitting while other devices are receiving without requiring two-way communication or coordination. For example, a first responder from the fire department can start broadcasting at the emergency scene. Other emergency responders may observe this channel and receive broadcasts from the transmitting device.

An issue that should also be addressed is how others access this channel for broadcast. For example, there may be many firefighters at an emergency scene, all with the need to access the channel. Further, there may be additional services at or near the scene (police, medical, etc. ) that require access to broadcast channels distinguishable from those of the fire department.  In figure 1, two nearby emergency scenes have different responders with different focuses.  At emergency scene 1, medical and fire units have to coordinate with each other. In a nearby emergency, police and S.W.A.T. forces need to coordinate within each group, and between groups. To facilitate this communication, more than one broadcast channel should be available to users of the public safety system. Further, a mechanism should be defined in order to distinguish broadcast channel transmission for different uses or user groups.

Proposal  1. More than one broadcast channel should be available for different uses or users.
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Figure 1. Broadcast channel usage scenario with two nearby emergency scenes and different sets of public safety users.



In one design, there can be many channels for broadcast which can be accessed for transmission without coordination using a contention-based approach.  However,  this may not provide a reliable means for accessing the channel. Further, if there are multiple channels for different purposes, opportunistically transmitting on a channel may not provide receivers with immediate indications of which broadcast channel is of interest to them and which channels they are authorized to receive. This may complicate reception and/or impact UE battery life.  Further, opportunistic access of this nature does not extend well to group communications and decreases the reliability in the communication channel itself. Therefore, it may be more manageable to ensure contention-free or allocated resources for each broadcast channel. 

Proposal 2. Resources for the broadcast channel should be assigned to a UE for transmission.

In order for channel allocation to occur, a mechanism is needed for assignment. In network coverage, this is a function of the eNB (Figure 2a). The eNB can assign resources to one or more UEs for broadcast using dynamic or semi-persistent scheduling. The system design for out-of-coverage resources discovery, and communication (including resource allocation) is yet to be decided in the 3GPP RAN1 ProSe study item; however, various schemes like cluster head [5][6] or other distributed allocation/control solutions are possible. A cluster head (Figure 2b) can be used to provide a timing reference to the system, and to allocate resources to UEs similar to the function for an eNB . However, resource coordination between cluster heads is an important consideration, because, unlike eNBs, reliable backhaul between the cluster heads may not exist. Alternatively, UEs can coordinate resources directly (Figure 2c) through a variety of schemes. 
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Figure 2. Control and coordination for public safety broadcast scenarios (a) in coverage (b) out-of-coverage with a cluster head and (c) out-of-coverage without a cluster head

Proposal 3. A mechanism is needed to allocate contention-free broadcast channel resources to different users.


An important aspect of public safety system is the use of group communications. Group communications may be an extension of broadcast communication where 1) the transmission is targeted to a limited number of UEs in the coverage area and 2) members of the group can also transmit to the other group members. As group communications is a useful extension of broadcast communications, it is therefore desirable to ensure that the system designed to support broadcast communications is well designed to eventually support group communication, and even unicast communication, as further progression of D2D for public safety. 

Proposal 4. The design of the broadcast communication system should be able to be extended to support group and unicast communications.

The resources for a broadcast channel may be re-used at other locations, but interference must be managed to maintain performance. In [7], the link performance of D2D communications is evaluated using 23 dBm transmission power, and selecting the best combination of 1 to 16 RBs and one of the 27 MCS levels currently defined for LTE, and considering only those links greater than -112 dBm . These results can be used to understand the capability of D2D broadcast communications.

Figure 3 shows that relatively short distances are achievable for D2D communication for UEs transmitting at 23 dBm. Processing the data in a different way, Figure 4 illustrates the fraction of receiving devices able to achieve 2 Mbps is plotted for each environment. Hence, interference and resource management is needed for the UE broadcast communication to maintain performance, and so coordinated allocation of resources is desirable. In addition, due to the relatively small transmission ranges, the resources for broadcast/group communication can be re-used at some distance from a transmitter.  Considering UE mobility, the resources assigned for a broadcasting transmitter should not be interfered with by other broadcasting UEs moving into the area. 

Observation: Coordination of broadcast communication resources may be desirable so that resources can re-used by other UEs in the system while ensuring that interference is managed.
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Figure 3. Scatter plot of the per-UE rate (bps) achievable for D2D communication at 1 % PER in different propagation environments. (red=indoor-to-indoor (DB- Different Building); green=indoor-to-indoor (SB- Same Building); blue = outdoor-to-indoor; and pink = outdoor-to-outdoor)[7].
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Figure 4. Graph of the fraction of receiving UEs able to achieve 2 Mbps per D2D link at 1 % PER in different propagation environments.
Conclusion
It was agreed that an initial focus for the study on D2D Communication is broadcast D2D communication for public safety.  Broadcast communication is an essential service for public safety and should allow users access to the resources for broadcast, as well as allow receivers the ability to determine which resources are being used for their transmissions of interest.  It is also useful to consider D2D broadcast communication systems that can be extended to support group communication (which is fundamental to public safety operation) as well as unicast communication.

Proposal 1. More than one broadcast channel should be available for different uses or users.
Proposal 2. Resources for the broadcast channel should be assigned to a UE for transmission.
Proposal 3. A mechanism is needed to allocate contention-free broadcast channel resources to different users.
Proposal 4. The design of the broadcast communication system should be able to be extended to support group and unicast communications.

Observation: Coordination of broadcast communication resources may be desirable so that resources can be re-used by other UEs in the system while ensuring that interference is managed.
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