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1 
Introduction
A number of solutions for D2D direct discovery for the in-coverage case are discussed in section 6.1 of TR 23.703 [1]. There are many options regarding how UEs would register with ProSe servers. In this paper we wish to deal only with RAN2 related issues so simplify the functionality to a simple direct message exchange between two ProSe enabled UEs as shown diagrammatically below.  
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Figure 1 Illustration of the structure of D2D discovery
Note that the contents of the discovery messages is still being discussed. In the figure above we show a UE ID and application ID for both discovery and response messages as example cases.
The issues dealt with in this paper are regarding how this discovery can be accomplished. Particular issues addressed are:

1 What RRC state should the UE be in while performing this discovery procedure.

2 How should DRX functionality be employed. 

3 When should UEs transmit discovery message and when should they listen

4 How does the discovery process work when UEs are on different PLMNs.
2
UE states
A number of contributions to RAN1#73 and RAN1#74 discuss the possibility of a UE performing discovery (and being discovered) while in RRC_IDLE state [2-8].
There is little reference to the RRC states in TR23.703, [1] although it is noted that in section 6.2.2 (Solution C2), notably figure 6.2.2.2-3 that both RRC_CONNECTED and RRC_IDLE could be used for the direct discovery phase in this proposal.

A likely scenario for the ProSe discovery is one where a data service does not begin until the UE is in proximity of another. An example of this is where a UE not engaged in any other activity approaches a D2D enabled advertising hoarding. This would lend itself to a case where discovery would occur in RRC_IDLE.

Clearly an advantage of the use of RRC_IDLE state for the direct discovery case is the likely improved power consumption requirements due to discontinuous reception of paging. Although it is noted that in RRC_CONNECTED state long DRX periods can be configured, the mobility benefits (i.e. not having to be known to the network at a cell level) of the use of RRC_IDLE state for UEs with no data to send mean that it is an attractive option for direct discovery.

Observation 1 : ProSe discovery should be possible in both RRC_CONNECTED and RRC_IDLE states.

Further questions arise from this such as do we allow RRC_IDLE UEs to transmit discovery messages as well as receive them or are RRC_IDLE UEs only allowed to receive discovery messages.

3
DRX functionality and discovery
Whether we use RRC_CONNECTED or RRC_IDLE for discovery in many cases we will need to employ some form of DRX functionality, i.e. we will clearly wish the UE to only look for paging (RRC_IDLE) or PDCCH (RRC_CONNECTED) infrequently due to battery conservation requirements.  Clearly it will be extremely beneficial if the time looking for a discovery message (and the transmission of discovery messages) is co-ordinated with this DRX period, i.e. if we are in RRC_IDLE we only look for discovery signals (and possibly transmit them) when we are in our DRX ‘on’ period and are looking for paging too.

Observation 2 : If possible ProSe discovery should be aligned with DRX ‘on’ periods.
4
Co-ordination of discovery between UEs
Given observation 2 a key issue arises; how do we ensure that there will always be an occasion when both UEs are in DRX ‘on’ periods.

Observation 3: Within the DRX patterns in RRC_IDLE and when configured in RRC_CONNECTED, there must be co-incident DRX ‘on’ frames between two UEs for them to discover each other.

In RRC_IDLE state it is possible to ensure that all UEs employ the same DRX pattern. This occurs when DRX cycle is set to 32 and nB is set to T/32.  However being forced to employ this configuration  for all UEs which are enabled for D2D discovery is limiting and potentially undesirable.  
Observation 4: It may not be possible and/or desirable to align DRX on periods using conventional RRC_IDLE DRX functionality for all D2D discovery enabled UEs and therefore it may be necessary to define a new DRX configuration for idle mode UEs solely for the purpose of discovery.

Observation 5: The configuration of this DRX functionality needs to be such that it guarantees a coincident frames for all UEs interested in a certain discovery type.
5
Distribution of DRX on periods where UE TX discovery messages and where they listen for discovery message

In order for UEs to discover each other in at least one subframe during the DRX ‘on’ period there must be an occasion where one UE is transmitting a discovery message and another UE is receiving message. Thus the following observation can be drawn:
Observation 6: Subframe patterns, within the DRX ‘on’ periods, which define where discovery messages are to be received and transmitted by UEs must be defined so as to maximise the chance of discovery.

6
Trade off between time to discover UE and power consumption

One issue that becomes clear is that there is a possible trade off between time to discovery and UE power consumption. The more often UEs look for and transmit discovery messages the quicker they can find each other but at the cost of increased power consumption. There may be an optimum configuration, however it is difficult to define requirements when there is no SA1 requirement for the time that it should take for discovery to occur.
Observation 7: There is a trade off between time to discovery and UE power consumption.

Observation 8: A range of DRX parameters can clearly be defined so that the operator can choose an appropriate value but guidance on this range from a SA1 requirement would be beneficial.
7
Inter PLMN discovery

One of the ProSe requirements (see figure 4.1.1.1-1 in TR 23.702 [1]) is for inter PLMN discovery. This will create additional problems in guaranteeing that UEs performing DRX share a coincident frame where they can transmit and receive discovery messages.

Observation 9: The configuration of DRX parameters for ProSe discovery must ensure that UEs on cells associated with different PLMNs share time period where discovery can occur.
8
Conclusion
This contribution has discussed the issues regarding DRX configurations when UEs are attempting to perform D2D discovery.
Proposal 1 : It is proposed that the design of DRX functionality for D2D discovery is studied, taking into account the observations stated in this document.
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