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1 Introduction
In the last RAN2 meeting, the following has been agreed for intra-frequency and inter-frequency discovery. 

4
Intra- and inter-frequency (and inter-PLMN) ProSe reception does not affect Uu reception (e.g. UEs use DRX occasions in IDLE and CONNECTED to perform ProSe discovery reception or it uses a second RX chain if available). The UE shall not create autonomous gaps. 


If the UE has to obtain ProSe discovery (2a) configuration from the SIB of an inter-frequency cell, this does not affect the UE’s Uu reception on the serving cell(s).

5
An RRC CONNECTED UE interested (or no longer interested) in intra- or inter frequency ProSe discovery reception indicates this by sending a “ProSe indication” to the eNB (further restrictions to be discussed). 
In this contribution, we discuss some potential issues with the discovery monitoring operation if the UE only uses DRX occasions and propose some solutions.  

2 Discovery monitoring 
RAN1 sent LS to inform RRC parameters required for D2D ProSe [1]. The following is the set of parameters required to determine discovery resource in time domain. 
	Parameter name in text
	Parameter name in specification
	Description
	Value range

	Discovery resource  pool period
	discoveryPeriod
	Period over which resources allocated in a cell for discovery occur. This parameter is relevant to resource pools of the serving cell and neighboring cells.
	{32, 64, 128, 256,512,1024} radio-frames  

	Bitmap for serving cell's discovery resource pool
	discoverySubframeBitmap 
	Indicates which subframes have resources reserved for discovery. The bitmap refers to the set of subframes that start after the offset indicated by  discoveryOffsetIndicator. See Row 76 for more details. This bitmap is repeated discoveryNumRepetition times within an instance of discoveryPeriod. This parameter is relevant to resource pool of the serving cell.
	For FDD, *subframeBitmap refers to contiguous set of uplink subframes. 

For TDD, *subframeBitmap refers to contiguous uplink sub-frames of a TDD configuration

• TDD configurations that the UEs are to assume for the neighboring cells are signalled

FDD: subframe bitmap length is 40

Following are the subframe bitmap lengths for TDD:

{{config 0,42},{config 1,16}, {config 2,8}, {config 3,12},{config 4,8},{config 5,4},{config 6,30}} 

	Number of times discoverySubframeBitmap is repeated
	discoveryNumRepetition
	Number of times discoverySubframeBitmap is repeated within an instance of discoveryPeriod. This parameter is relevant to resource pool of serving cell.
	{1,…,5} for FDD, 
{1,…,5} for TDD config. 0, 
{1,…,13} for TDD config. 1,
{1,…,25} for TDD config. 2,
{1,…,17} for TDD config. 3,
{1,…,25} for TDD config. 4,
{1,…,50} for TDD config. 5,
{1,…,7} for TDD config. 6


Figure 1 illustrates the above parameters. BITMAP is repeated discoveryNumRepetition times within a discovery period. In the discussion below, the block of repeated bitmaps is referred to as a discovery instance.
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Figure 1: example of discovery resource configuration
It may not be easy to rely on DRX occasions to monitor for discovery signals because the DRX configuration is not designed to complement the discovery resource configuration, even if there is no data activity over LTE Uu. In DRX operation, the UE should wake up every longDRX-Cycle for onDurationTimer. The range of longDRX-cycle is from 10 subframe to 2560 subframe and the range of onDurationTimer is from 1 subframe to 200 subframes. It is assumed that the DRX configuration parameters are determined considering many aspects such as traffic characteristics and UE power consumption, but are unlikely to be determined with particular consideration to discovery operation. Therefore, it is hard to rely on a long DRX cycle and a short onDurationTimer in order to give sufficient chance to monitor the discovery resource. If, due to the on duration or data activity, the UE misses discovery message to detect during a discovery period, it may cause a long delay before the next discovery instance, given that the discovery period can be up to 1024 frames.  

Furthermore, if the UE is allowed to monitor discovery only outside of DRX active time, there is no chance to monitor if the UE has on-going data activity on LTE Uu interface. Given that the commercial use case for discovery will likely mean that discovery is performed when the UE is actively using application data, there may be cases where the UE cannot detect any discovery message.   

Observation: If the UE is allowed to monitor discovery only outside of DRX active time, large delay is expected when DRX occasion is not matched with discovery resource configuration or when there is on-going data activity in LTE Uu interface. 
3 Solutions for discovery message
There could be two solutions to avoid delay in discovery monitoring if autonomous gap is not allowed. 
· 
Solution 1: a pre-defined discovery gap pattern is introduced for discovery monitoring. The eNB configures the discovery gap if the UE sends a discovery reception indication. The UE performs discovery reception during the discovery gap, and the UE does not receive LTE DL during the discovery gap. 

·  
Solution 2: the eNB allows the UE to create a gap during subframes where discovery resource is configured after the UE sends a discovery reception indication. 
The UE performs discovery monitoring only for the time duration that the eNB indicates in the discovery resource pool and the resource pool information of the neighbouring cells which is also provided by the serving cell. Based on these observations, solution 2 should not result in an excessive number of gaps being created and it requires less standard impact compared to solution 1. 
Proposal 1: RAN2 discuss whether autonomous gap can be supported for discovery monitoring. 

Proposal 2: If the autonomous gap is not agreeable, RAN2 discuss whether the eNB can allow the UE to create a gap during subframes where discovery resource is configured after the UE sends a discovery reception indication. 
4 Conclusion
In this contribution we discuss some potential issues with the discovery monitoring operation if the UE only uses DRX occasions and some solutions to resolve the issues instead of autonomous gap.
We observe that if the UE is allowed to monitor discovery only outside of DRX active time, large delay is expected when DRX occasion is not matched with discovery resource configuration or when there is on-going data activity in LTE Uu interface. Therefore, we propose the following points to avoid the delay in discovery monitoring.

Proposal 1: RAN2 discuss whether autonomous gap can be supported for discovery monitoring. 

Proposal 2: If the autonomous gap is not agreeable, RAN2 discuss whether the eNB can allow the UE to create a gap during subframes where discovery resource is configured after the UE sends a discovery reception indication. 
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