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1
Introduction
In last RAN2 meeting, the necessity to support idle mode UE discovery was discussed but no conclusion is drawn yet.  This issue is to be discussed further in this RAN2 meeting.  According to the RAN2 #83bis agenda, for D2D discovery, the following questions have been listed.
a) May a UE in NW coverage transmit beacons in IDLE? Or does it have to be in CONNECTED? What are the benefits of supporting IDLE mode?
b) Should a UE in NW coverage receive beacons in IDLE? Or does it have to be in CONNECTED? What are the benefits of supporting IDLE mode?
In this paper, we analyse ProSe discovery mechanism for idle mode UE and put forward some proposals for RAN2.      
2
Analysis on Idle mode UE discovery

According to RAN2 #83 agreements, for ProSe discovery, RAN2 will focus on in coverage scenario.  For idle mode UEs, in order to save the power, the transition to connected mode is not desirable especially for Proximity detection.  Proximity detection includes both discovery beacon transmission by discoverable UE and beacon reception by discovering UE as shown in Figure 1.
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Figure 1. ProSe discovery example in network controlled scenario

In general, UE can achieve power saving in idle mode or long DRX cycle so power saving is not the only reason to support idle mode UE discovery.   Usually an UE is in idle mode if there are no on-going bearer services and it is quite possible that many UEs will be in idle mode. Allowing ProSe discovery for idle mode UEs can enable more UEs enjoy the benefits of ProSe discovery. Therefore, ProSe discovery should not be limited to only UEs in connected mode.  For connected mode UEs, UE can be put in long DRX cycle for power-saving. However, handover will anyway happen to such UEs and it will lead to the considerable signaling overhead (e.g., UE measurements for handover and reporting the measurements back to eNBs). Such signaling overhead would not occur if UE is kept in idle mode.
Observation 1: ProSe discovery for idle mode UE is beneficial and seems to be a feature for ProSe that should be supported.
Proposal 1: RAN2 agree that idle mode UE discovery should be supported.

In [2], it is observed that ProSe discovery include two major functions, one is proximity detection and the other is UE identification.  Proximity detection is realized by discovery beacon transmission and reception.  It is FFS whether UE identification should be done by UE itself or even the network side should be involved (i.e. the discovering UE may need to enter connected mode).  
For discovery beacon reception, we propose that the discovering UE can receive discovery beacon in idle mode.  To be specific, the discovering UE can get configuration or assistance information about the discovery beacon from the network side, e.g., via system information broadcasting. Based on such configuration or assistance information, the discovering UE in idle mode can detect the discovery beacon. 
Proposal 2: RAN2 agree that discovering UE can receive discovery beacon in idle mode.
Also, for discovery beacon transmission, we propose that the discoverable UE in idle mode can transmit discovery beacon. The discoverable UE can get the sequence, perhaps also the time and frequency resource from network side to transmit the discovery beacon.  Here, similar to discovery beacon reception, the discoverable UE can get such configuration or assistance information from network side via SIB broadcasting. 
Proposal 3: RAN2 agree that discoverable UE can transmit discovery beacon in idle mode.
3
Discovery sequence and resource configuration for idle mode UE 

To support idle mode UE discovery, no matter using only a sequence or sequence plus message in discovery beacon, the discoverable UE needs a sequence configured.  There can be two options.
· Option 1: NW configures a range of the sequence (also time-freq resources), UE selects the sequence & time-freq resources in idle mode.
In this option, it is assumed that some beacon resources are reserved for idle mode UEs. The network side (e.g. eNB) can pre-configure the range of sequences & time-freq resources for idle mode UE, and sends to UEs via SI. Discoverable UE in idle mode can select one sequence and time/frequency resource for discovery beacon transmission (e.g. which is not likely to be used by other idle mode UEs nearby) to minimize collision.  It’s noted that here the selected sequence may not be unique for such discoverable UEs that camped on with the cell and in message part the UE identifier may be contained.  In this way, the discovering UE can identify the discoverable UE although the network doesn’t know which beacon the discoverable UE selects.  When UE mobility happens in idle mode, the UE may acquire the sequence and resource configuration again but doesn’t have to leave idle mode.
· Option 2: NW configures the sequence (also time & freq resources) for UE by entering connected mode, and then UE goes back to idle mode.
In this option, UE firstly goes to connected state, then eNB allocates a sequence as well as time-freq resource for UE and UE may go back to idle mode after getting beacon allocation from network.  After UE enters idle mode, the sequence and time-freq resources is used for a certain time period for DS transmission. If UE mobility is taken into account, it might be challenging to avoid confliction of beacon allocation among idle mode UEs (which means somehow unique beacon resource should be available for each idle mode UE within certain location area). This mean, when the cell changes, UE needs to leave idle mode to get the sequence & time-freq resource again.
Proposal 4: If RAN2 agrees idle mode UE should support ProSe discovery, RAN2 should study the two options and decide which option is preferable.
4
Conclusions

The following observations and proposals are made for RAN2 discussion and decision.
Observation 1: ProSe discovery for idle mode UE is beneficial and seems to be a feature for ProSe that should be supported.

Proposal 1: RAN2 agree that idle mode UE discovery should be supported.

Proposal 2: RAN2 agree that discovering UE can receive discovery beacon in idle mode.
Proposal 3: RAN2 agree that discoverable UE can transmit discovery beacon in idle mode.
Proposal 4: If RAN2 agrees idle mode UE should support ProSe discovery, RAN2 should study the two options and decide which option is preferable.
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