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Introduction
In this document, we discuss how to efficiently discover UE in proximity.
Discussion
The simple way of discovering another UE in proximity seems to be that a UE periodically transmits a discovery signalling and waits for any response signalling from another UE. However, this approach would consume UE battery power, because UE will periodically transmit a signal, regardless of existence of another UE in proximity. 
Observation 1: Blind transmissions of D2D discovery signalling from UE would unnecessarily consume UE battery power.
In addition, if UE within network coverage autonomously transmits a discovery signalling on the same frequency as a serving cell frequency, there may be interference between Uu interface and PC5 interface. The network may be able to mitigate or avoid such interference by allocating separate radio resources for UEs performing D2D discovery.  However, the network would not know how many resources should be allocated to UEs performing D2D discovery, because the network may not know how many D2D UEs are performing D2D discovery and when D2D UEs begin to discover each other.
Furthermore, if UE autonomously transmits a discovery signalling, there may be interference between different D2D discovery signallings for different D2D discovery procedures. For instance, while both UE1 and UE2 are performing one D2D discovery procedure to discover each other, both UE3 and UE4 that are located near UE1 or UE2 could also perform another D2D discovery procedure. In this case, if each UE autonomously transmits a discovery signalling on the same frequency, there may be interference between different D2D discovery signallings.
Observation 2: Autonomous transmissions of D2D discovery signalling over PC5 interface without network coordination may have interference with Uu interface, in case that both interfaces are on the same frequency. Also, if UE autonomously transmits a discovery signalling, one discovery signalling may have interference with another discovery signalling.
Accordingly, if UE is within network coverage, it would be good that the network help UE to perform D2D discovery. For instance, the network may know whether or not two UEs are in proximity e.g. based on cells serving the UEs or positioning. Thus, only if the network makes sure that both UEs are in proximity, the network could trigger UEs to discover each other. In this case, UE would be able to turn off discovery signalling, unless the network triggers D2D discovery.
If we rely on network assistance for D2D discovery, it would be desirable that UE is in RRC_CONNECTED while performing D2D discovery. It means that upon initiation of D2D discovery, UE camping on a cell in RRC_IDLE should initiate RRC connection establishment to enter RRC_CONNECTED, in order to have network assistance for D2D discovery.
Proposal 1: Upon initiation of D2D discovery, UE camping on a cell in RRC_IDLE should initiate RRC connection establishment in order to discover another UE in proximity with network assistance.
If a discoverer’s UE, i.e. the UE that wants to discover another UE, is in RRC_CONNECTED, it is possible that the network informs the discoverer’s UE whether or not another UE (i.e. discoveree’s UE) is in proximity or at least in the same cell. If the network can help UE like this, UE could turn on discovery signalling only in case that the network tells the UE that another UE is in proximity. Thus, the UE can save UE battery power that may consume due to D2D discovery.
If the discoveree’s UE is in RRC_CONNECTED, the network could know a cell where the UE is located. Thus, the network can determine whether or not discoverer’s UE and discoveree’s UE are in proximity, e.g. in the same cell or in neighbouring cells. Then, if they are in proximity, the network could allow the discoverer’s UE to send discovery signalling in order to discover each other.

On the other hand, if the discoveree’s UE is in RRC_IDLE, the network does not know the cell where the UE is located. However, the network could page the UE to know the cell where the UE is located. This paging would trigger the UE to initiate RRC connection establishment, so that the discoveree’s UE will finally enter RRC_CONNECTED at a cell. Then, if discoverer’s UE and discoveree’s UE are in the same cell or in neighbouring cells, the network could allow the discoverer’s UE to send discovery signalling in order to discover each other. 
In this way, we think that the network should be able to control the time at which UE turns on discovery signalling, e.g. for UE power saving and interference coordination. For this purpose, the network should be able to page discoveree’s UE in RRC_IDLE to identify a cell where discoveree’s UE is located. The network may further use positioning mechanism to have more detailed location of the UE.
Proposal 2: The network should be allowed to send a paging message to discover the cell where UE in RRC_IDLE is located.
Conclusion
In summary, we think that power-efficient D2D discovery within network coverage could be well achieved by network control. Also, network controlled D2D discovery can provide better coordination of potential interference within network coverage. 
Such network controlled D2D discovery would require UEs to be in RRC_CONNECTED, when UEs perform D2D discovery. Accordingly, we propose the followings:
Proposal 1: Upon initiation of D2D discovery, UE camping on a cell in RRC_IDLE should initiate RRC connection establishment in order to discover another UE in proximity with network assistance.

Proposal 2: The network should be allowed to send a paging message to discover the cell where UE in RRC_IDLE is located.
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