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1
Introduction

The priority of D2D communication work within RAN1 has been agreed in the RAN plenary time budget [1] and is described in the RAN1 draft agenda [2] as follows:

D2D Communication

Focus on broadcast D2D communication for the public safety use case, on the understanding that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication.
If possible, consider optimisations to enhance efficiency of the relay operation. 

Note that impact to existing operator services and resources is included in the evaluations.
In addition some aspects of D2D communications needing study and decision were identified at the RAN1 meeting in Barcelona [3]:
· 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? 

In this document we discuss the signals and channels that could be used for D2D broadcast communication.
2
Synchronisation Signals
The methods that devices use to achieve synchronisation with each other are discussed in a companion document on broadcast operation [4].  In that document it is shown that a combined approach of a cluster head for synchronisation of transmissions of clusters of users, as well as device-based synchronisation signals to allow asynchronous communication between disjoint clusters, addresses the requirements of the public safety community.  Therefore there are two types of synchronisation signals required, one for the coordinating entity and one for the device-based synchronisation.  It is worth noting that a coordinating entity is not necessarily analogous to a group head and the physical concept of a cluster is not the same as the logical entity of a group.
2.1
Coordinating entity synchronisation signal
An accurate timing and frequency reference is required if the LTE multiple access scheme is to be reused for ProSe operation outside of network coverage.  It is proposed that when out of network coverage some devices take on the role of coordinating entity and so provide synchronisation signals for other devices in the locality. The synchronisation signal could be exactly the same as the signal that a conventional eNode B transmits.  This has many benefits to the ProSe standardisation including the reuse of layer 1 PSS/SSS transmit and receive functionality; the use of known algorithms and the commonalities between an LTE eNode B cell and an out of coverage public safety cluster.
It is desirable that a public safety device which is camping on knows at an early stage whether it is synchronising to an eNode B or an out of network cluster. A simple option is to reserve some of the physical cell IDs for use by the off-network coordinating entities as shown in Figure 1.
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Figure 1 – Reserving some cell IDs for off-network public safety clusters

Proposal 1:  In off-network public safety spectrum, coordinating entity devices transmit conventional LTE PSS/SSS synchronisation signals with some cell IDs reserved by the public safety spectrum operator for this purpose.

2.2
Device-based synchronisation signal
There are scenarios described in [4] where a purely "cluster head" approach leads to potential issues with devices near to each other but in disjoint clusters.  These devices are then unable to communicate despite their proximity.  The solution proposed in [4] uses device-based synchronisation signals which enables each of the devices to directly receive the synchronisation reference timing of the other's cluster as shown in Figure 2.  This can then be used to enable communication between the two devices which are in asynchronous clusters.
The results of an evaluation simulation of this device-based synchronisation were submitted to the last meeting in Barcelona [6].  The performance of device-based synchronisation is superior to that of relying on cell or cluster based signals for direct D2D operation. For the purposes of simulation the signal used was identical to a PSS (root-index =25).  Although using a well known LTE reference signal was useful for demonstrating the concept, it is not necessarily the most suitable choice in practice due to the potential ambiguity with existing cell or cluster synchronisation signals.  One option is to reuse the same PSS sequence structure with a different root-index.
There are advantages if all devices transmit the same device-based synchronisation signal as each other. A detecting device would search for time-domain correlation peaks and signals from devices connected to the same cell or off-network cluster would appear as closely grouped or composite peaks as shown in Figure 3.  These would potentially be enough to determine an approximate timing reference for these devices.  Furthermore, these synchronisation signals could be linked to the location of other ProSe messages, such that any detecting device searching for the synchronisation signals would immediately know after finding a correlation peak where to locate the messages.

Proposal 2:  It is proposed that device based synchronisation signals are studied and implemented for the purposes of ProSe device-to-device asynchronous operation.  One solution is to reuse the PSS sequence structure with a different root-index.
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Figure 2 - ProSe public safety group communications - device-based synchronisation signals
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Figure 3 - Device-based synchronisation - peak detection
3
Broadcast Physical Channels

The physical channels that need to be defined for broadcast are a shared data channel and potentially control channels in addition.
The suitability of existing LTE physical channels for direct device to device transmission has been discussed in a previous contribution [7].  The conclusion was that a PUSCH or modified PUSCH has benefits over the downlink physical channels.  These benefits can be summarised as follows:
· The single carrier properties of PUSCH with a reduced peak-to-mean power makes the signal more suitable for transmission by typical UEs.

· Reference symbols can be embedded into the PUSCH and occupy only the bandwidth of the PUSCH.  This is in contrast to the downlink where reference symbols occupy the whole bandwidth.  If conventional PDSCH were used then the power assigned to the physical channel of interest would be reduced which will restrict the operating range.
For allocation of resources it is undecided whether there should be a centralised approach,  a connection-less or CSMA approach.  In any of these cases it may be necessary to use control channels, for example a coordinating entity may allocate resources or a UE may use a contention based message to reserve resources. If any such control channels are required then it is proposed that these are also based on a modified PUSCH.  In addition it was agreed at RAN1#74 that as a baseline for broadcast communication, no closed loop physical layer feedback is used [3].  Hence there is no need to define or reuse a physical channel for HARQ ACK/NACK or CSI for Release 12.  However if such a channel is required for future enhancements then it is proposed that a PUCCH is used.  It is important that whatever solution is adopted for Release 12 does not restrict new features and leaves open the possibility of future development.
The discovery link performance has been investigated in a simulation and the results are presented in a companion document [5].  Although this was using the relatively low order MCS 7 (104-bit) PUSCH, the results indicate that the UE mobility has a relatively small impact on the BLER performance at least at a low value of MCS. Hence these results provide further evidence for the suitability of using PUSCH for D2D broadcast communications. However for higher values of MCS then Doppler spread due to dual-mobility may have a larger impact on the link performance [8].
Proposal 3:  When operating outside of network coverage, the physical channels employed in communicating between one public safety device and another should be based upon conventional LTE PUSCH.  

4
Conclusion
This contribution has stated which physical signals and channels could be used for D2D broadcast communication.  The justification is summarised in this document and has been described in greater detail in referenced current and previous contributions, including link performance simulations of synchronisation and PUSCH.
The following proposals are made:

Proposal 1:  In off-network public safety spectrum, coordinating entity devices transmit conventional LTE PSS/SSS synchronisation signals with some cell IDs reserved by the public safety spectrum operator for this purpose.

Proposal 2:  It is proposed that device based synchronisation signals are studied and implemented for the purposes of ProSe device-to-device asynchronous operation.  One solution is to reuse the PSS sequence structure with a different root-index.
Proposal 3:  When operating outside of network coverage, the physical channels employed in communicating between one public safety device and another should be based upon conventional LTE PUSCH.
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