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1. Introduction
Device discovery outside network coverage is in the working scope of LTE device-to-device proximity service [1].
· For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage.
In this contribution, we provide some of our views regarding device discovery outside network coverage. 
2. Discussion
There are two possible approaches in realizing device discovery outside of the network. One is synchronized discovery and the other is unsynchronized discovery. Using unsynchronized discovery, UEs can have different timing and the transmission of discovery signal can be fully distributed in a CSMA like manner. However, it comes at the cost of some performance degradation when compared to synchronized discovery. As discussed in [2], synchronized discovery achieves faster device discovery, lower energy consumption and higher discovery capacity. However, for synchronized discovery, how to provide reference timing is an issue. 
Although it seems a plausible approach to use unsynchronized discovery in the sense that no provision of reference timing is needed, for the following reasons, we believe it is more desirable to use synchronized discovery.
· Reliability and energy efficiency in device discovery: Reliable and energy efficient device discovery is critical for outside network scenario which is mainly for public safety usage. Certainly, the advantages of synchronized discovery listed in [2] become even more important when it becomes a matter of life or death. Especially, in a highly crowded situation such as incident area, the performance of device discovery can be enhanced by using synchronous discovery instead of asynchronous discovery.
· Commonality with in-network device discovery: In [2], it is discussed that UEs in network can be synchronized with the aid of eNBs and device discovery can be done in a synchronous manner. Therefore, to keep as much in common with device discovery in network, it is better to support synchronized discovery also for outside network discovery. When both case takes the same approach, D2D signal and D2D functionalities designed for UEs inside network can be reused for UEs outside network or vice versa. 
Proposal 1: It is more desirable to use synchronized discovery in outside network scenario.

2.1. Synchronization between UEs outside and partial network coverage
In the absence of eNB, there should be an entity which provides reference signal for UEs to be synchronized to. One way is that one of the UEs transmits synchronization signal in a similar way eNB does and the other UEs in the range acquire synchronization from it. For partial network, there are two sorts of UEs, UEs in network and UEs out of network. In this case, it is preferable for UEs in network transmit synchronization signal. This is mainly because it makes interference management much easier. If UEs outside network transmits synchronization signal, it is highly likely to be interfering to the communication between eNB and UEs in network due to the lack of knowledge on eNB timing from outside. If UEs in network transmit synchronization signal, eNB can set aside some resources for the purpose so to avoid interference. Also, it is better to have UE to UE timing aligned with UE to eNB timing rather than the other way around. Because UE outside network can also get the eNB timing through UE in network in this case, resources used for UE to UE and UE to eNB transmission can fit tightly enough to minimize resource wastage.
For UEs outside network, it is required to monitor the medium before it start to transmit synchronization signal to ensure there is no other UE in its vicinity that has already taken the role. If a UE is relatively close to the network coverage, with high probability it will detect synchronization signal sent from other UE in network and will be synchronized to it. For a reliable detection of synchronization signal, proper transmission period/time/duration at transmitter side and its corresponding monitoring period/time/duration at receiver side should be defined. If a UE outside network monitors the medium and does not detect any signal to be synchronized to, it can decide to become the one who send out the reference signal creating a new timing reference.
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Figure 1. Synchronization between UEs outside and partial network coverage
Proposal 2:  In partial network scenario, it is preferable for UEs in network to transmit synchronization signal.
Proposal 3: If a UE outside network monitors the medium and does not detect any signal to be synchronized to, it can decide to become the one who send out the reference signal creating a new timing reference.
2.2. Synchronization signal for reference timing outside network coverage
It is desirable to reuse existing synchronization signal when a UE outside coverage transmits synchronization signal to make reference timing among a group of UEs. For example, PSS and SSS can be used for the synchronization signal. The information that synchronization signal carries will depend on to what extend it covers discovery signal. It is possible to define synchronization signal for synchronization purpose only. It is also possible synchronization signal carries all the information needed for device discovery. In the latter case, synchronization signal can be regarded as discovery signal. The format of discovery signal as well as the information it contains can be the same as that of in-network discovery signal [2].
In outside network scenario, if discovery signal can be separated from synchronization signal, UE may be able to choose whether it transmits either synchronization signal or discovery signal or both. For example, when a UE is synchronized to a reference signal sent by the other UE, it can decide not to transmit synchronization signal but discovery signal. Likewise, it is also possible for a UE to transmit synchronization signal and not to transmit discovery signal if it does not want to be discovered by anyone.
Apart from signal design, it should also be noted that there is no coordinator in outside network scenario, which leaves UEs in the dark of what resources and power to use to transmit synchronization and/or discovery signal. To tackle this problem, a predefined rule to configure resources and power for synchronization and/or discovery signal transmission is needed.  
Proposal 4: It is desirable to reuse existing synchronization signal when a UE outside coverage transmits synchronization signal to make reference timing among a group of UEs.
3. Conclusion
In this contribution, we discussed device discovery outside network. The proposals derived from the discussion are as follows.
Proposal 1: It is more desirable to use synchronized discovery in outside network scenario.
Proposal 2: In partial network scenario, it is preferable for UEs in network to transmit synchronization signal.
Proposal 3: If a UE outside network monitors the medium and does not detect any signal to be synchronized to, it can decide to become the one who send out the reference signal creating a new timing reference.
Proposal 4: It is desirable to reuse existing synchronization signal when a UE outside coverage transmits synchronization signal to make reference timing among a group of UEs.
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