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1 Introduction

This contribution aims to provide some general principles for the synchronisation that can be used for broadcast D2D communications for public safety. It focuses on the case where no common synchronization signals are available, neither from the network (out-of-network scenario) nor from GPS (indoor). 
2 Discussion
The typical usage of a group voice service is described in [1]: "A group voice service comprises several talk spurs with an average duration of 5 seconds and an average number of talk spurs in a call equal to three".

[image: image1]
Figure 1: Typical PMR voice activity
2.1 Intra-group synchronization

Based on the above description of the activity of a PMR communication, it is proposed that the D2D UE initiating the broadcast communication:

· starts transmitting a periodic signal with good correlation property in time and frequency domain (e.g. Zadoff-Chu sequences such as PSS/SSS) with (or prior to) the transmission of its own data. This periodic signal is used by the D2D users to retrieve the synchronization

· maintains the transmission of this synchronization signal during the duration of all consecutive talk spurs transmitted by the initial UE or by other D2D users (~15-20s duration typically)
· starts the transmission of the synchronization signal with a lower periodicity:

· This reduces the power consumption of the UE having initiated the conversation

·  Other D2D UEs are kept synchronized

· In case another UE need to initiate a new conversation, it can start transmitting its synchronization signal in an occurrence where the initial UE does not transmit. The new UE can then be detected by all D2D UEs and become the new synchronization reference for the public safety users.
Proposal 1: The D2D UE initiating the conversation is the synchronization reference for other D2D UEs until a new conversation starts after a period of inactivity.
Proposal 2: When there is no activity, the last UE having initiated a communication continue to transmit synchronization signals with a lower occurrence. It monitors the signal at occurrence where it does not transmit the synchronization signals.

Proposal 3: A UE that needs to initiate a communication starts transmitting the synchronization signals at occurrence where the previous UE does not transmit.
These proposals are illustrated in the figures below. The drawings are done with the assumption that the D2D communications reuse the frame structure of a TDD system (the UE that initiates the communication acts as a TDD eNodeB during the communication phase). Synchronization signals are PSS/SSS like signals.
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2.2 Inter-group detection
In out-of-network scenario, a group may use the whole D2D resource (for instance the whole uplink bandwidth in case of FDD mode) since there is no risk to interfere an eNodeB receiver.

However, it may happen that two groups which were initially separated become in proximity. It is assumed here that each group is assigned a specific synchronization signal in a similar way that the current narrowband PMR groups have reserved channels for direct communication (coordination between groups belonging to the same organization is sometimes required).

To handle such situation, the member of the groups shall periodically search for additional synchronization signals that are transmitted by a PS user not belonging to the group. 
This additional search task shall take into account the lower periodicity to be able to detect a group with no voice activity
This search operation is depicted on the figure below, assuming the sparse synchronization signal is transmitted in one frame every five frames and that both groups are inactive. The UE searches during one frame but an offset is applied on the position of the search window to ensure to scan all possible positions of the synchronization signal coming from a neighbour group.
The figure below depicts a worst case: the detection will be faster in case the group to be detected is in communication since the synchronization signal will be transmitted at each subframe.

One detected, the two groups may have to negotiate the usage of the resources in case of overlap. This is FFS.

Proposal 4: D2D UEs out-of-network coverage shall perform scanning operation in order to detect a synchronization signal transmitted by a UE belonging to another group in proximity.
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3 Conclusion

In this paper, some general principles that can be used for the synchronization of broadcast D2D UEs for public safety were presented.

The following is proposed:

Proposal 1: The D2D UE initiating the conversation is the synchronization reference for other D2D UEs until a new conversation starts after a period of inactivity.
Proposal 2: When there is no activity, the last UE having initiated a communication continue to transmit synchronization signals with a lower occurrence. It monitors the signal at occurrence where it does not transmit the synchronization signals.

Proposal 3: A UE that needs to initiate a communication starts transmitting the synchronization signals at occurrence where the previous UE does not transmit.

Proposal 4: D2D UEs out-of-network coverage shall perform scanning operation in order to detect a synchronization signal transmitted by a UE belonging to another group in proximity.
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