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1 Introduction

According to [1], RAN working groups have to develop solutions for D2D communication within and outside network coverage for public safety scenarios. For other (non-public safety) scenarios, solutions for D2D communication within network coverage are not required. In this contribution, we discuss and compare two communication modes, connection-oriented and connectionless communication. Based on the analysis, it is observed that connectionless communication can benefit D2D communication in public safety scenarios and therefore proposed that connectionless communication is considered as a candidate solution for at least public safety scenarios.
2 Communication Modes
To support D2D communication, two different communication modes can be used:

· Connection-oriented communication, and
· Connectionless communication.
Figures 1 and 2 schematically illustrate connection-oriented and connectionless communication.
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Figure 1. Connection-oriented communication.



Figure 2. Connectionless communication.

The two communication modes may potentially co-exist in the same network and the one that suits best may be selected or even both may be used jointly. It is also worth noting that in general the connectionless communication, while providing basic and perhaps less sophisticated communication means, at the same time is likely to require less standardization efforts and have a smaller impact on specifications and device implementation, which becomes evident from the below.

2.1 Connection-Oriented Communication
Connection-oriented communication implies that a logical and a physical data channel, or connection, needs to be established first in order to enable data communication. Therefore, this communication mode is targeting primarily one-to-one (unicast) communication and requires discovery, since the source and the target must be known for establishing such a connection. Group communication may then be realized via multiple unicast links, which may cause some overhead and additional interference.
The following steps may be envisioned for connection-oriented communication between two devices:

· Step 1: Discovery
The discovery phase may follow the principles described, e.g., in [2]. One straightforward solution is that discovery is based on beacons periodically transmitted over a dedicated direct access beacon channel which also carries the information necessary for connection setup. For a generic solution, it is advantageous if discovery can also be based on asynchronous beacons. Another possibility is to consider discovery via higher layers.
· Step 2: Synchronization and accessing the resources

UE synchronization aspects, including synchronization reference, for in-coverage and out-of-coverage scenarios have been discussed, e.g., in [3]. Random access may be performed to access resources for data communication.
· Step 3: Establish a dedicated synchronous control channel

To enable data communication in connection-oriented fashion, there is also a need in a synchronous control channel for enabling a basic configuration for data communication, controlling the communication and receiving feedback, etc.
· Step 4: Direct data communication

Direct access data channel for carrying direct data is established between two devices involved in D2D communication. According to [1], such a channel would be needed only for public safety UEs which have to be able to communicate also when out of network coverage; whilst within network coverage, D2D communication should benefit from being implemented through the network assistance.
Some drawbacks of the connection-oriented communication are higher signaling overhead and potentially limited communication capacity (due to a limitation on the number of parallel connections) which is particularly crucial in emergency situations .

2.2 Connectionless Communication

With connectionless communication, data can be sent from one device to another device without prior arrangement, thereby reducing the overhead and increasing the communication capacity which is crucial in emergency situations. The source device transmits data to one or more other devices, without first ensuring that the recipients are available and ready to receive the data, while the communication reliability may be increased by error correction mechanisms. This also means that the connectionless communication mode does not require the discovery phase.
Connectionless communication may be used for one-to-one or one-to-many communication, but it is particularly effective for multicast and broadcast transmissions and thus well-suited for broadcast and group communication. It is also worth noting that broadcast communication has been prioritized by RAN for Rel-12.
The following steps may be envisioned for connectionless communication:

· Step 1: Synchronization

The UE synchronizes to the node transmitting the data. The broadcasting/multicasting UE may also act as a synchronization source for target UEs.
· Step 2: Scheduling assignment (see also Section 3 for more details)

A broadcast/multicast scheduling assignment is sent on the direct access beacon channel.

· Step 3: Direct data communication

Data communication follows the scheduling assignment received in Step 1, without the need to establish a dedicated channel. The data are sent over a broadcast/multicast channel. Randomization of the data channel resources may be considered to enhance performance.
Connectionless communication has an additional advantage in inter-PLMN scenarios where the two networks are typically asynchronous and establishing dedicated synchronous channels would be more challenging.
· Observation: Connectionless communication can benefit D2D communication at least in public safety scenarios.
· Proposal 1: Connectionless communication is a candidate solution for D2D communication in Rel-12 for at least public safety scenarios.
3 Scheduling Assignments for Broadcast Communication
In a trivial solution, broadcast communication may be realized with a fully pre-defined configuration, e.g., static resource reservation, fixed format, etc. However, such an approach is less resource efficient and lacks flexibility. A more efficient approach is to use scheduling assignments to enable more flexible data transmission and resource allocation for broadcast communication.
In D2D communication, a UE may receive broadcast data transmitted by another UE or may transmit broadcast data itself, thus using scheduling assignments may be envisioned in both cases – to inform the UE about how to receive in the first cases and to inform the UE about how to transmit in the second case.
At least the following aspects need to be decided for scheduling assignments:

· Who can transmit the scheduling assignments,
· How the scheduling assignments are to be transmitted (e.g., on which resources, format, MCS, etc.),
· What information is contained in the scheduling assignments.
3.1 Scheduling Assignments for Receiving Broadcast Data
Scheduling assignments for receiving the broadcast data may be sent on a broadcast channel, e.g., via a direct-access beacon channel which may also be used for beacon transmissions. If sharing the same channel with beacons, the scheduling assignments for receiving broadcast data may follow a L1 format similar to that for beacons.
· Who:

· Scheduling assignments may be transmitted by the UE transmitting the related broadcast data, but in principle they may be transmitted also by the network or another UE
· How:

· There is a trade-off between dynamics and overhead, i.e., more frequent scheduling assignments allow for more flexible resource allocation for data transmissions but introduce more overhead. Configurable periodic data transmissions based on a limited set of pre-defined options may be a trade-off solution to keep the scheduling assignment overhead at a reasonable level. Small bandwidth may be sufficient for transmitting scheduling assignment due to a limited amount of information.
· Transmission format and MCS would depend on the type and the amount of information to be contained in scheduling assignments; for example, lower-order modulation (QPSK) may be used to increase channel robustness against interference, provided scheduling assignments contain limited information.
· Some coordination may also be considered to reduce interference (e.g., inter-UE interference and interference with cellular network).

· What: 
· A scheduling assignment has to provide for the target UE at least the minimum configuration information which the UE is lacking to be able to start receiving the broadcast data. Such information may be, e.g.:

· Time-frequency resources for the broadcast data transmissions (including bandwidth, periodicity if the transmissions are periodic, etc.),

· Data transmission format.

3.2 Scheduling Assignments for Transmitting Broadcast Data

Scheduling assignments for transmitting broadcast data may be sent on a control channel. 
Similarly to scheduling assignments for receiving broadcast data, the questions Who, How, and What need to be addressed for scheduling assignments for transmitting broadcast data.
· Who:

· These scheduling assignments could be transmitted by the network or another UE and would not need to be transmitted to the source UEs that base their broadcast data transmissions on a pre-defined configuration or decide autonomously.

· How:

· The principles may be similar to those in Section 3.1.
· What:

· A scheduling assignment has to provide for the target UE at least the minimum configuration information which the UE is lacking to be able to start transmitting the broadcast data. Such information may be, e.g.:

· Time-frequency resources for broadcast data transmissions (including bandwidth, periodicity if the transmissions are periodic, etc.),

· Data transmission format,

· Maximum transmit power.
4 Summary

Based on the discussion above, the following have been observed and proposed:
· Observation: Connectionless communication can benefit D2D communication, at least in public safety scenarios.
· Proposal 1: Connectionless communication is a candidate solution for D2D communication in Rel-12 for at least public safety scenarios.

· Proposal 2: Scheduling assignments for receiving broadcast data are transmitted on a broadcast channel, e.g., via a direct-access beacon channel.
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