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1 Introduction

According to section 6.2.7.4 of [1], D2D communication is expected to be discussed in RAN1#73 with the following scope:
“Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to communicate directly. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize communication outside network coverage”
In this paper, we provide baseline proposals for physical layer options that enable LTE devices to communicate directly within network coverage. In particular, we discuss three physical layer related aspects as follows.
· Resource selection/allocation for D2D communication

· Duplexing method for D2D communication

· Multiple access method for D2D communication
2 Discussion
Consider the scenario where direct D2D communication is in network coverage and under the full control of the network. When one D2D capable UE wishes to communicate with another D2D capable UE, they both first need to establish control signalling with their eNBs, i.e. RRC_CONNECTED state. In RRC_CONNECTED state, UEs may communicate directly or through the cellular network depending on their proximity to each other.
2.1 Resource usage

For direct communication, two communicating D2D UEs may 

· share downlink OR uplink resources OR
· use dedicated resources.
Dedicated resources could be dedicated uplink resources, dedicated downlink resources or dedicated unpaired block of spectrum (not used for uplink or downlink). 
The reuse of UL resources seems to be attractive [2].  However, it is preferable to have a flexible design where the resources (shared UL or DL resources, or dedicated resources) for D2D communication can be selected and configured by the network to ensure efficient resource usage within the network. Therefore, we think that flexible resource selection for D2D communication should be allowed. 
Proposal 1: To allow flexible resource selection (shared DL resources OR shared UL resources OR dedicated resources that is not used for cellular communication) that is configurable by the network for D2D communication. 
2.2 Duplexing method
3GPP LTE system supports paired as well as unpaired frequency bands and operates in FDD and TDD modes. This provides several duplexing possibilities including full-duplex FDD, half-duplex FDD and half-duplex TDD. In case of full-duplex =FDD, UEs transmit (f1) and receive (f2) on different frequencies (see Figure 1). If full duplex FDD is adopted for D2D communication, one UE may transmit on frequency (f1) and the other UE has to receive on the same frequency (f1) which is different to normal cellular UE configuration and will require additional Tx/Rx hardware to support D2D communications. Further, half-duplex FDD suffers from inefficient resource utilisation.
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Figure 1: full duplex FDD

On the other hand, half-duplex TDD design involves following advantages:
· D2D design can be made common to both LTE TDD system as well as LTE FDD system  without having to implement separate Tx/Rx hardware in the devices.

· Favourable for multi-cast and broadcast communication (one UE transmits and all others listen during a given time frame) required for public safety.

Above advantages in combination with the proposal in section 2.1 for using unpaired spectrum for D2D communication make half-duplex TDD an attractive solution for D2D communication.
Proposal 2: To use half-duplex TDD for D2D communication regardless of the duplexing mode of the cellular network.
2.3 Multiple access technology
In current LTE networks, UE is equipped with the SC-FDMA transmitter and OFDMA receiver. If SC-FDMA is used for D2D transmission, complex SC-FDMA receiver is required at the UE for D2D reception.  On the other hand, the design of OFDMA transmitter may not be complex because it can reuse most of the functional blocks in current SC-FDMA transmitter (FFT modules). Therefore, we think that OFDMA is the feasible transmission/access technique for D2D communication. However PAPR of OFDMA transmitters is an issue which is FFS.
Proposal 3:  To adopt OFDMA technology for both transmission and reception of D2D with PAPR issue FFS.
3 Conclusion
In this paper, we presented baseline proposals for physical layer options and enhancements to incorporate in LTE to enable D2D communication within network coverage as follows:
Proposal 1: To allow flexible resource selection (shared DL resources OR shared UL resources OR dedicated resources that is not used for cellular communication) that is configurable by the network for D2D communication. 

Proposal 2: To use half-duplex TDD for D2D communication regardless of the duplexing mode of the cellular network.
Proposal 3:  To adopt OFDMA technology for both transmission and reception of D2D with PAPR issue FFS.
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