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1 Introduction
In RAN1#73, generic methodologies of D2D communication were discussed.  The radio resource and the duplex operation for D2D were agreed as follows,
· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL subframes in the case of TDD can be studied further

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier

Several alternatives of synchronization reference timing were agreed for when a UE begins to transmit a D2D signal at the time instant of T1-T2 with T1 being the reception timing of the synchronization reference and T2 being an offset which is positive, negative, or zero, as follows: 
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 

The alternatives of synchronization reference timing used for D2D communication were agreed as follows:
· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage

In this paper, we will discuss more D2D communication system design in detal for unicast, broadcast, groupcast, and relay communications for scenarios when devices within and outside network coverage. 
2 System Design Considerations of D2D Communication

D2D communication would commence only when source and target devices have been verified and authorized for D2D communication.   Verification and authentication of device identity could be done by the network before or after discovery depending on whether it is network-assisted or autonomous discovery.  Cross-verification and authentication would be performed for devices out of network coverage.  The signaling procedures of verification and authentication are discussed in D2D discovery procedure in [2].  

It was agreed in RAN1#73 that D2D communication is a half-duplex operation in UL spectrum of FDD system and UL subframes of TDD systems when devices are within LTE network coverage.   We discuss below some relevant considerations of D2D communication for unicast, groupcast, broadcast, and relay communication: 

· Radio Resource Allocation - Radio resource allocation is the most important aspect to support D2D communication in LTE licensed spectrum.   The objective of radio resource allocation for D2D communication is to provide reliable D2D direct communication with efficient resource utilization to improve overall system spectrum efficiency.  The system design of D2D communication expects to have concurrent operation of D2D communication and LTE network access when devices are within network coverage.   In particular, devices involved in D2D unicast, groupcast, and broadcast communication might be distributed through multiple cells.  Thus, the resource allocation mechanism and coordination among multiple cells is one important aspect to support reliable D2D communication with efficient resource utilization.    
· Co-channel Interference Management – D2D communication is a short-range communication with non-homogeneous distribution of user devices using LTE UL radio resource.  Radio resource allocated for D2D communication might be reused in another area for both in-network and out-of-network scenarios.  Thus, co-channel interference management is important to provide reliable D2D communication.   The control of co-channel information could be done by devices themselves or overseen by the LTE network.   Detailed discussion of D2D interference mitigation is in [3].  
· Half-duplex operation – A peer-to-peer protocol needs be specified to support half-duplex unicast, groupcast, broadcast, and relay communication.    The peer-to-peer protocol needs to include both U-plane and C-plane protocol for one-to-one and one-to-many communication.  The physical channels used for D2D communication might reuse current LTE UL channels, such as PUSCH and PUCCH.   However, new physical channel design for efficient D2D communication should not be precluded.   
· Support of HARQ operation – if HARQ is supported for D2D communication, the HARQ-ACK transmission and timing needs to be incorporated in the half-duplex peer-to-peer protocol.  In particular, the design of HARQ protocol for groupcast and broadcast should be considered.   
· Support of link-adaptation – Link adaptation improves the system performance by adjusting the transmission rate by means of the MCS based on the radio channel quality.   For half duplex D2D communication, the channel reciprocity is given by default without channel quality information feedback from the receiving device.  Link adaptation could be easily adapted for D2D communication.   However, the link adaption information needs to be known at the receiver without scheduling grant for each transmission in D2D.

· Local Synchronization – Timing reference used for local synchronization for D2D communication was agreed in RAN1$73.  The timing reference and timing adjustment of D2D transmission is critical to the interference management.   In particular, it is expected to have a device to transmit both D2D and WAN traffic in the same time.   Detail analysis  of D2D timing is provided in [4].  
3 D2D Communication Procedures
Generic procedures of D2D communication for devices within and outside network coverage are shown in the flowchart in Figure 1.  For devices within network coverage, D2D communication could be categorized into Network-assisted and Discoveryless D2D communication based on the discussion in SA2.  

· Network-assisted D2D communication – radio resources are allocated by the LTE network for one-to-one or one-to-many communication once the source device and target device(s) are discovered, identified and verified.   The radio resources allocated for D2D communication by the LTE network could be considered as a short-term lease of radio resource.   The LTE network would continue to monitor the usage of radio resource for D2D communication, device mobility and control the co-channel interference.   Network-assisted D2D communication is good for unicast, groupcast, broadcast, and relay when devices are within network coverage.        

· Discoveryless D2D communication – Discoveryless D2D communication is a D2D communication without separated D2D discovery procedure in advance.  Each device will listen to the D2D communication channel and decode the packet, which consists of device signature, device identity, and data traffic.   Discoveryless communication is used in the legacy wireless communication protocols, such as ALOHA, CSMA-CD.  The drawback of the discoveryless communication is the high probability of collision and low throughput.   Discoveryless communication is more efficient for one-to-many D2D communication, such as groupcast or broadcast service.    
· D2D Communication outside network coverage – The challenge of D2D communication for out-of-coverage scenario is no control and coordination of radio resource allocation and interference management by LTE network.   A contention-based resource allocation and collision detection/avoidance protocol needs to be designed in order to optimize the throughput performance.   Distributed resource allocation algorithms and interference management schemes to improve the throughput of D2D communication should be further studied in detail.   
[image: image1.png]Within network

020 Out-of-network
b Communication coverage
Network assisted RA Network assisted Contention base-RA
Tscoveryless
Communigation J
s s \
Rafor Communication RAfor Communication Listen and set the
assigned by EUTRAN assigned by EUTRAN referenceTx time
\\/
Tx Signature + TxSi:_na_ure’
Tx communication pacekt Communication pac Communication packet
Fx Ackpackst RxSignature + AcKpacket Timerfor Rx Ack
Yes
RxSignature + Ack packet





Figure 1: Flowchart of D2D communication
4 Conclusions
This paper discusses the issues of D2D communication for unicast, groupcast, broadcast, and relay service and procedures for D2D communication.    Considerations of D2D communication include radio resource allocation, co-channel interference management, peer-to-peer protocol design for half duplex operation, support of HARQ, support of link adaptation, and timing for D2D transmission.   D2D communication is also categorized into network-assisted D2D communication, discoveryless D2D communication, and D2D communication outside network coverage.   The protocol design needs to consider these three categories of D2D communication for unitcast, groupcast, broadcast, and relay services.   
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