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1 Introduction
In RAN1#74, generic methodologies and synchronization of D2D communication were discussed.  The following was agreed:  
· Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 
Aspects needing study/decision for D2D communication on D2D links are summarized as follows,
· Method for achieving synchronisation

· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

· Whether any closed loop physical layer feedback is used, and if so, what (e.g. for support of HARQ, power control etc)

· Physical channel design: 

· Signal structure based on existing LTE signals/channels?

· If based on existing LTE signals/channels,

· is the D2D link based on existing UL signal structure and/or DL signal structure? 

· MCS selection 

· Power setting/control

· Handling of interference coordination

· Method of multiplexing between D2D and Uu

This paper discusses the general considerations of physical channel design of D2D communication.
2 Physical Channel Design Considerations for D2D Communication

Considerations of physical channel design for D2D communication include frame structure, D2D channel types, multiplexing and waveform, reference signals, synchronization signals, and UE Tx PAPR.  All physical channel designs need to perform well in both in and out of network coverage scenarios.   Since all D2D UEs need to support LTE WAN access, the physical channel design needs to be compatible with current LTE frame and signal structure to avoid complicated transmitter and receivers at UE.    
· Frame structure – it is natural to design the D2D frame structure based on LTE frame structure 1 for FDD.   Frame structure 2 could be used for D2D TDD frame structure when UEs are under TDD network coverage.   When TDD D2D UEs are out of network coverage, frame structure 1 should be used for D2D frame structure for simplicity.    For D2D relay UEs in TDD, frame structure 2 should be used after the out-of-coverage UE has established the connection to the eNB through Relay UE.  
Proposal 1: D2D frame structures are the same as LTE with frame structure 1 for FDD and frame structure 2 for TDD when UEs are within LTE coverage.   LTE frame structure 1 is used for all UE types when device is out of network coverage.   

· Waveform and multiplexing –Several OFDM-based multiple access mechanisms, such as IFDMA, UFMC, OFDMA, had been discussed in LTE Rel-8 and LTE-Advanced Rel-10.   LTE/LTE-A adopted OFDMA for DL and SC-FDMA for UL.  If either OFDMA or SC-FDMA is selected as the waveform for  D2D communication, it will enable the D2D transceiver at the UE to reuse LTE receiver if OFDMA is selected or LTE UL transmitter if SC-FDMA is selected.  OFDMA provides relatively better multiplexing capacity but higher PAPR.   SC-FDMA was selected as the LTE UL multiplexing scheme due to its low PAPR, which is critical to UE transmission power and extended range of reach.   For D2D communication, low PAPR with extended range of reach is more important than multiplexing capacity.
Proposal 2: SC-FDMA is used as the multiplexing scheme and waveform for D2D Communication.  
· D2D channel type – The radio resources for D2D communication could be from a resource pool shared by all D2D UEs.   For basic public safety communications provision in the Release 12 timeframe,  D2D traffic physical channel is needed to carry U- and C-plane traffic for the direct links between two UEs.  Assuming that SC-FDMA is selected, this physical channel should be based on the PUSCH, reusing its functionality to the greatest extent possible. This channel can also carry any necessary physical layer control information, piggybacked as for UCI on PUSCH. Initially this control information is likely to consist only of control of the half duplex switching, and D2D resource allocation / contention resolution.  Other control signalling such as closed-loop feedback could be added later.  Additional D2D discovery channel could be considered in Rel-12.  The discovery channel includes the functions of initial detection of target device and information bearer to carry device identity and service
Proposal 3: A D2D traffic channel based on PUSCH should be provided, which carries U – and C-plane traffic, as well as any physical layer control information, piggybacked as for UCI on PUSCH.   Additional D2D discovery channel could be considered for target device detection and identification.  
· Reference Signals – The design of reference signal for D2D communication would depend on the selection of the multiplexing scheme.  Assuming that SC-FDMA is selected, the RS should reuse the PUSCH DMRS.     
Proposal 4: PUSCH DM RS is adopted as the reference signal for D2D communication.  
· Synchronization Signals – Since D2D communication is a peer-to-peer communication without a  periodic and steady Tx power reference signal to synchronize to, synchronization signals are needed for a UE to detect and synchronize the other UE.  Synchronization signals are very important for D2D communication when no LTE network reference signals are available in out of coverage scenario.   For one-to-many D2D group communication and broadcast, synchronization signals also serve as the detection signals.   
Proposal 5: Synchronization signals should be based on PSS/SSS.
3 Conclusions
This paper discusses the physical channel design for D2D communication.  We propose 
· Proposal1: D2D frame structures are the same as LTE with frame structure 1 for FDD and frame structure 2 for TDD when UEs are within LTE coverage.   LTE frame structure 1 is used for all UE types when device is out of network coverage.   

· Proposal 2: SC-FDMA is used as the multiplexing scheme and waveform for D2D Communication

· Proposal 3: A D2D traffic channel based on PUSCH should be provided, which carries U – and C-plane traffic, as well as any physical layer control information, piggybacked as for UCI on PUSCH. Additional D2D discovery channel could be considered for target device detection and identification.  
· Proposal 4: PUSCH DM RS is adopted as the reference signal for D2D communication.  

· Proposal 5: Synchronization signals should be based on PSS/SSS.
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