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1 Introduction

According to the SID on LTE D2D proximity services [1], D2D communication should meet the non-public safety and public safety requirements for D2D devices within network coverage and public safety requirements for D2D devices outside network coverage.
This contribution addresses some aspects to be considered and control mechanisms to realize device to device communications for outside network coverage.

2 ProSe Communications for Outside Network Coverage
2.1 Rationale
Under outside network coverage scenario, there is no eNB to provide synchronization and no network support for link setup and authentication. Therefore, outside network coverage operation will be significantly different to the within network coverage operation. For the outside network coverage operation, there is a need to define default configuration of radio resources and basic frame structure for multiple access and link control. Also, a distributed scheduling and synchronization mechanism need to be specified.

In this respect, there are things to be considered:
Network synchronization or Link level synchronization?
For realization of communications outside network coverage, two kinds of synchronizations can be considered.

· Network synchronization: Network synchronization is defined as aligning all internal time references within the network, so that all public-safety UEs agree on the start and end of a frame or subframe.
· Link level synchronization (or packet synchronization): In this case all public-safety UEs do not have to agree on the start and end of a frame or subframe. However, in order to demodulate, the receiver-side public-safety UE must know the start point and the symbol timing of the received packet.
In spite of the complexity of its control mechanism, network synchronization has the following advantages:

· Reduced power consumption: Public-safety UEs do not need to monitor all the time. It can monitor when it’s necessary.
· Throughput enhancements: Distributed scheduling with network synchronization gives much better performance than the one without it.
OFDM or OFDMA/SC-FDMA?
It is well known that OFDMA/SC-FDMA has some advantages over OFDM. Following are major advantages of OFDMA/SC-FDMA:
· Coverage extension: By concentrating transmission power to some of the subcarriers, OFDMA/SC-FDMA can reach beyond OFDM.
· Efficient use of time-frequency resource: In OFDM, the minimum size of allocation will be one OFDM symbol. With OFDMA/SC-FDMA, efficient resource usage can be obtained by fine granulation of bandwidth allocation.
The main problem with OFDMA/SC-FDMA is that it requires network synchronization. With regard to OFDMA/SC-FDMA, network synchronization is not optional but mandatory.
Proposal 1: OFDMA/SC-FDMA should be considered as a platform for outside network coverage ProSe communications.

2.2 Network synchronization and predefined frame structure
What OFDMA/SC-FDMA as a platform means is that we need to define network synchronization mechanism and predefined frame structure.
· Network synchronization mechanism
In order to facilitate OFDMA/SC-FDMA for outside coverage scenario, propagation (or relay or flooding) of synchronization should be supported. In synchronization propagation mechanism, following public-safety UEs can relay synchronization to its neighbor public-safety UEs which have no synchronization:

· A UE which can receive GPS
· A UE which can receive PSS/SSS from the network (the coverage of PSS/SSS is much larger than other LTE downlink physical channels)
· Any UE when there is no absolute timing reference such as GPS or PSS/SSS.
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Figure 1: Propagation of network synchronization.
· Predefined frame structure

Following channels can be considered to constitute a frame.
· Beacon channels: For link setup, each public-safety UE must know the presence of other UEs in the vicinity. UE informs neighbor UEs with its own presence by transmitting this channel.
· Link setup control channels

· RTSs: Public-safety UE can request link setup to its neighbors by transmitting RTS.
· CTSs: Link setup request is granted by corresponding neighbor UE by transmitting CTS.
· Data channels: Data channels are used to transmit and receive user information and some control information.
· HARQ acknowledgement channels: There is a one-to-one mapping between DATA channel and HARQ ACK acknowledgement channel. This channel is used to transmit HARQ acknowledgements.
Proposal 2: Synchronization propagation mechanism to facilitate OFDMA/SC-FDMA and predefined frame structure should be considered for outside network coverage ProSe communications.

2.3 Distributed control mechanism
Traditional ways to support distributed scheduling mechanism are physical carrier sensing and virtual sensing.

· Physical sensing

When a public-safety UE needs to communicate using DATA channel, it starts sensing DATA and HARQ acknowledgement channels to find out unoccupied available ones.
· Virtual sensing

When a public-safety UE (sender) needs to transmit packet using DATA channels, it starts sensing ACK channels to find unoccupied DATA channels.
In order to avoid exposed node problem, whatever it is occupied or not, DATA channels can be deduced as available (unoccupied) by the sender public-safety UE if the corresponding ACK channels are sensed as idle. Based on this measurement, sender public-safety UE can try to make a reservation for DATA channels by transmitting RTS to its neighbor public-safety UE it wants to communicate with.

On reception of this RTS, the receiver public-safety UE compares the received free-ACK-channel-list with its own free-DATA-channel-list based on physical carrier sensing with respect to DATA channels.
The set of channels common to both free-ACK-channel-list and free-DATA-channel-list can be informed to the sender public-safety UE via CTS.
Proposal 3: Synchronous CSMA/CA based on OFDMA/SC-FDMA should be considered to support distributed scheduling mechanism for outside network coverage ProSe communications (cf. asynchronous CSMA/CA based on OFDM  in WLAN).
2.4 Lack of network synchronization

Under such conditions, in which network synchronization cannot be acquired or lack of network synchronization, the followings should be considered for ProSe Communications for Outside Network Coverage.

Proposal 4: Asynchronous CSMA/CA based on multiple narrow band OFDM channels should be considered to support distributed scheduling mechanism for outside network coverage ProSe communications.
Proposal 5: Quasi-synchronous CSMA/CA based on OFDMA/SC-FDMA should be considered to support distributed scheduling mechanism for outside network coverage ProSe communications.
3 Conclusions

In this contribution, we discuss some issues regarding the ProSe Communications for Outside Network Coverage. In summary, we propose that the followings should be considered for ProSe Communications for Outside Network Coverage.
· Proposal 1: OFDMA/SC-FDMA should be considered as a platform for outside network coverage ProSe communications.

· Proposal 2: Synchronization propagation mechanism to facilitate OFDMA/SC-FDMA and predefined frame structure should be considered for outside network coverage ProSe communications.

· Proposal 3: Synchronous CSMA/CA  based on OFDMA/SC-FDMA should be considered to support distributed scheduling mechanism for outside network coverage ProSe communications.
Also, under such conditions, in which network synchronization cannot be acquired or lack of network synchronization, the followings should be considered for ProSe Communications for Outside Network Coverage.

· Proposal 4: Asynchronous CSMA/CA based on multiple narrow band OFDM channels should be considered to support distributed scheduling mechanism for outside network coverage ProSe communications.
· Proposal 5: Quasi-synchronous CSMA/CA based on OFDMA/SC-FDMA should be considered to support distributed scheduling mechanism for outside network coverage ProSe communications.
4 References

[1] RP-122009, “Study on LTE Device to Device Proximity Services,” Qualcomm
[2] TR 22.803v12.0.0, “Feasibility Study for Proximity Services (ProSe)”. 
[3] R1-130469, “LTE device to device evaluation methodology”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.
[4] R1-130029, “Evaluation requirements for D2D”, Huawei, HiSilicon
[5] R1-130953, “LTE D2D Reference System Design and Evaluation Methodology”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.
[6] R1-131215, “Public Safety specific D2D Scenarios and Requirements”, NOMOR Research, Thales Communications & Security.
[7] R1-131436, “ProSe Public Safety Scenario”, General Dynamics Broadband UK.
_1429514317.vsd
�

�

�

Public-safety UE2



