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1. Introduction

This document discusses the issue of whether a UE within network coverage can perform discovery (and be discovered) while in IDLE mode. There are two aspects to be examined, firstly whether a UE can transmit discovery signals while in IDLE mode and secondly whether a UE can receive discovery signals while in IDLE mode. There are potential drawbacks to requiring UEs to be in RRC_CONNECTED to perform discovery, including the high overheads resulting from a large number of ProSe UEs within a cell wanting to perform discovery while mobile and potentially higher power consumption compared to a device in RRC_IDLE. A number of contributions to RAN1#73, RAN1#74 and RAN2#83 [1-9] discuss the RRC state for direct discovery. No requirements are stated in [10] defining the required RRC state for discovery, however [10] states that 

"The impact of ProSe Discovery on E-UTRA radio usage, network usage and battery consumption 
should be minimized ".
2. Discussion
Allowing devices to receive discovery messages while in RRC_IDLE would provide several advantages compared to requiring devices to enter RRC_CONNECTED.  For example in [11], Section 5.1.2 describes a situation where a user walking through a neighbourhood is notified of the proximity of restaurants of interest. The relevant application would conceivably be running continuously on the device, meaning that if discovery was only permitted while in RRC_CONNECTED the device would be unable to leave this state unless the application was deactivated. This situation would be undesirable, and it would be much more practical for the device to discover a restaurant while in IDLE and only enter RRC_CONNECTED if the user requested more information on the restaurant, such as opening times or a menu.
Requiring devices to remain in RRC_CONNECTED to receive discovery messages may be undesirable for several reasons. Firstly the power consumption for a device remaining in RRC_CONNECTED may be considerably higher than for a device in IDLE, depending on the DRX cycle configuration. Secondly, a mobile device remaining in RRC_CONNECTED would result in high network overheads due to handover procedures, and there is potential for a large number of devices wishing to receive discovery messages being within a small area, for example in a city centre shopping area. 
One benefit to requiring devices to be in RRC_CONNECTED for discovery would be that the high degree of network control would allow for interference mitigation so that discovery messages did not impact on normal E-UTRAN operation. However it would be possible to minimise interference due to discovery, possibly by dedicating a radio frame to the discovery messages. It is possible that in high density areas there may be interference between discovery messages; resource allocation for discovery is still to be discussed in RAN2.
It would also be undesirable to require a UE to enter RRC_CONNECTED to transmit a discovery message. For example, a user running a dating app on their phone may want to find other users of the app nearby. Requiring the UE to remain in RRC_CONNECTED for the entire time would result in the disadvantages stated above, while requiring the device to enter RRC_CONNECTED to transmit a discovery message then transition to RRC_IDLE once the message has been transmitted would result in a high signalling overhead. It is therefore desirable that a UE transmitting open discovery messages be allowed to transmit while in RRC_IDLE.
Observation 1. Requiring a UE to be in RRC_CONNECTED to receive discovery or transmit open discovery messages would result in several disadvantages compared to allowing the device to remain in RRC_IDLE, including higher power consumption and higher network overhead.
Proposal 1. UEs should be allowed to receive discovery messages while in RRC_IDLE or RRC_CONNECTED.
Proposal 2. UEs should be allowed to transmit discovery messages while in RRC_IDLE or RRC_CONNECTED.
For restricted discovery it has been suggested that the discovery message shall be ciphered [1]. This suggests that upon activating a ProSe application the device must enter RRC_CONNECTED to receive ciphering information from the network. However once ciphering information has been received the device could return to IDLE and begin broadcasting a discovery message. Ciphering information should be valid for a reasonable period of time to prevent unnecessary signalling overhead due to the device repeatedly requesting ciphering information.

Observation 2. For restricted discovery a device would probably need to enter RRC_CONNECTED to download relevant ciphering information, but could then return to RRC_IDLE to begin transmitting the discovery message.
 If ciphering information is obtained from the network, then a UE receiving the discovery message would need to enter RRC_CONNECTED for authorization to read the message. It may be possible for a user to share ciphering information with 'friends' they wish to discover them (for example through a social media app); however it would be impractical for a device to store data relating to a large amount of 'friends', therefore it may be best for a receiving UE to enter RRC_CONNECTED to request information from the network despite the high level of signalling this may lead to. It would be beneficial to have a small amount of the restricted discovery message transmitted unciphered, allowing receiving devices to filter messages and only enter RRC_CONNECTED when the message is decided to be of interest.
Observation 3. A device receiving a restricted discovery message would need to enter RRC_CONNECTED to request ciphering information from the network.
3. Conclusion
This document has made the case for allowing discovery messages to be transmitted and received while in RRC_IDLE. Open discovery could be completed while in RRC_IDLE, while for restricted discovery the discovering device would be required to enter RRC_CONNECTED to complete the discovery process. 
Observation 1. Requiring a UE to be in RRC_CONNECTED to receive discovery or transmit open discovery messages would result in several disadvantages compared to allowing the device to remain in RRC_IDLE, including higher power consumption and higher network overhead.
Observation 2. For restricted discovery a device would probably need to enter RRC_CONNECTED to download relevant ciphering information, but could then return to RRC_IDLE to begin transmitting the discovery message.
Observation 3. A device receiving a restricted discovery message would need to enter RRC_CONNECTED to request ciphering information from the network.
Proposal 1. UEs should be allowed to receive discovery messages while in RRC_IDLE or RRC_CONNECTED.
Proposal 2. UEs should be allowed to transmit discovery messages while in RRC_IDLE or RRC_CONNECTED.
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