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1.	Introduction
It has already been concluded in RAN1#73 that it is assumed D2D operates in UL spectrum (for FDD) or in UL subframes of the cell giving coverage (for TDD except when out of coverage). Furthermore, it is assumed that D2D transmission/reception does not use full duplex on a given carrier.
In this contribution we provide our views on basic system operation and in particular device synchronization to support broadcast D2D communication in the public safety scenario for out-of-coverage (DMO).

2	Discussion
LTE is a synchronous system with respect to PDSCH and PUSCH transmission formats and procedures. Synchronous communication systems are inherently suitable to infrastructure based radio access where a common clock reference exists and offer great advantages in terms of system spectral efficiency.
Support for asynchronous detection in the DL is provided by PSS/SSS to identify cell timing and achieve local oscillator lock using the available DL common signals during system acquisition. Similarly, in the UL the RACH preamble design and contention resolution allows for connection establishment to the eNB through use of guard intervals, frequency guard bands and the timing alignment procedure.
It is clear that LTE modem architecture would need to be changed dramatically at great implementation, specification impacts and testing efforts, if fundamental assumptions on synchronous operation between a transmitter-receiver pair were changed.
We therefore propose that D2D radio links to support broadcast D2D communication in the public safety scenario for out-of-coverage operate in synchronized manner similar to existing LTE principles. Note that this proposal applies in the context of broadcast PUSCH when carrying VoIP SDU’s during a talk spurt.
It derives from this fundamental design choice that some form of synchronization signal is necessary for receiving D2D UEs to demodulate the PUSCH. We think that these can be easily addressed when considering well-established LTE principles, i.e. by allowing for the transmission of a low-periodicity (1-2 times per sec) synchronization signal from broadcast UEs while in a talk spurt.
Clearly, support for asynchronous detection is required when PUSCH carries discovery beacons. Here, asynchronous detection will require L1 design changes in the form of more pilot symbols to aid AFC and acquisition, and it will require guard times to account for Tx-Rx switching. A discovery beacon will therefore use a modified transmission format when compared to R8 PUSCH with only 2 RS per subframe.
In summary, we propose to support broadcast type D2D communication for public safety in out-of-coverage by re-using the existing R8 PUSCH transmission format. ProSe transmitters send PUSCH in certain UL subframes over a number of periodically occurring transmission opportunities during a talk spurt. A given UE will monitor a certain number of transmission opportunities to demodulate and decode broadcast D2D transmissions from all UEs in all allowed groups that it is a member of.
In our view, voice communication for public safety when out-of-coverage (DMO) using LTE based radio access is most easily realized with a connection-less communication approach.
This means, no L1 feedback like A/N or CSI is available to the transmitter UE from any receiving UE part of the same group. Similarly, no LTE L23 feedback like PHR or MAC CE’s will be used. We do not explicitly preclude application layer feedback at IP or above between UEs which are part of a group, but we assume that the usefulness of any such application layer feedback for L1 operation is limited.
To support broadcast D2D communication in the PS out-of-coverage scenario (DMO), we propose the following steps:
· Step 1: Pre-configuration
· UEs are setup with call group permissions and identifiers
· UEs are setup with basic radio access parameterization for the use of the PS LTE band
· Step 2: Device synchronization
· UEs broadcast a low-periodicity (1-2 times per sec) synchronization signal for acquisition
· Optionally, each UE transmits discovery beacons serving the purpose of application layer discovery
· Optionally, a Cluster Head provides coarse timing synchronization for a given area
· Step 3: Broadcast D2D communication
· Channel selection based on either random resource selection or based on listen-before-talk
· One-way Broadcast D2D communication using R8 PUSCH (2 RS per subframe + 1 symbol guard time)
· AFC by receiver UEs using synchronization signal and PUSCH
· Coherent demodulation of PUSCH data using RS
· Interference randomization of transmission opportunities used by a given transmitter UE during a talk spurt
· Application layer processing/filtering of Rx broadcast D2D communication transmissions
We note that a cluster head in a given area exclusively serves the purpose of providing coarse timing synchronization to ProSe devices in radio range. The CH should not be required to provide resource allocations to ProSe UEs in vicinity. Synchronization signals and pilot symbols for AFC and coherent demodulation are transmitted by each UE during a talk spurt to allow any candidate receiving UE in radio range that may be part of an allowed call group to demodulate the signal.
This special role of the CH is motivated twofold. The CH should not limit the radio range for broadcast UE transmitters. If the CH administers, i.e. assigns radio resources and performs RRM for all UE’s in radio range, then transmitter and receiver(s) would ideally need to be in radio range of the CH. However, a completely asynchronously operating cluster of devices would have as a consequence that ProSe devices will need to spend an extraordinary amount of time performing asynchronous detection of neighbouring devices which is both inefficient in terms of detection performance and a drain on battery.
It should be considered in this context that when a large number of ProSe devices operating in DMO adhere to roughly the same subframe timing to within tens of usec’s, even in absence of any centralized resource allocation, the amount of available un-interfered transmission opportunities is maximized due to absence of partial collisions of transmitted PUSCHs. The presence of a CH providing coarse timing synchronization ensures that the degree of orthogonality in the system is dramatically increased.
By limiting the role of the CH to providing coarse synchronization to devices in vicinity only, it is also ensured that the required ProSe UE implementations do not require much additional functionality. Any UE should be capable of taking on the role of the CH when appearing first on an incident scene.
In summary, we propose that ProSe UE’s in the public safety scenario when out-of-coverage (DMO) will transmit PUSCH carrying VoIP SDU’s during a talk spurt, they will send a low-periodicity (1-2 times per sec) synchronization signal to aid acquisition of PUSCH for receiving UE’s. Even when not in a talk spurt, devices will intermittently send discovery beacons using a modified PUSCH format with support for asynchronous detection offering application level data and possibly resource allocation messages.
When operating in presence of a CH, transmission opportunities for the synchronisation signals and/or discovery beacons by all devices are coordinated and confined to common transmission opportunities in order to allow for efficient detection and minimized monitoring intervals for all devices.

3	Conclusions and Recommendations
In this contribution we provide our views on basic system operation and in particular device synchronization to support broadcast D2D communication in the public safety scenario for out-of-coverage (DMO).
In summary, we propose the following design principles:
Proposals:
1. Broadcast D2D communication for out-of-coverage (DMO) is based on the principle of connection-less communication, i.e. can operate in absence of any reverse link channel or feedback from other devices
2. DMO uses existing R8 PUSCH (2 RS per subframe + 1 symbol guard time)
3. While in a talk spurt, every UE in DMO broadcasts a low-periodicity (1-2 times per sec) synchronization signal
4. Every UE regularly and intermittently transmit low-periodicity discovery beacons using a modified transmission format when compared to R8 PUSCH to allow for asynchronous detection by non-synchronized receivers
5. A cluster head (CH) provides coarse subframe level synchronization to devices in radio range
6. CH transmit a synchronization signal and discovery beacons like regular ProSe UEs and are distinguished from these through the payload of their discovery beacon
7. UEs operating in presence of a CH will follow the subframe timing advertized by the CH, but perform channel selection and transmissions of PUSCH carrying VoIP in a completely autonomous and distributed manner.
8. A UE in DMO in an incident area identifies a CH upon network entry and periodically re-selects a CH afterwards
9. A UE in DMO not finding a CH will assume the role of a CH and start transmitting its low-periodicity synchronization signal and discovery beacons advertizing its role as the CH.
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