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Discussion
1 Introduction
This paper discusses the open issues to support of inter-cell and inter-frequency ProSe Direct Discovery.
2 Discussion

In the last RAN2 meeting, the followings were agreed:

	1
Support both deployment scenarios for inter-cell discovery: 1) synchronized deployment, and 2) asynchronized deployment. 

2
Support both resource allocation strategy of operator: 1) overlapping discovery resource between cells, 2) non-overlapping discovery resource between cells

3
The serving cell may provide in SIB information which neighbour frequencies support ProSe discovery. 

4
For synchronized, full-overlapping, intra-frequency deployment, the eNB provides just one resource pool (no D2DSS information required)


2.1 Idle mode inter-frequency discovery

Two options to move to the concerned inter-cell/frequency
Two options are considered as the means to enable inter-cell/frequency discovery. 
Option1
To enable UE to move to concerned inter-frequency for announcing/monitoring discovery message, one option might be to camp on that frequency and keeping monitoring there, by prioritizing the frequency for cell reselection. While this option works will for intra-PLMN inter-frequency discovery, this option cannot be used for inter-PLMN discovery. This is simply because camping on inter-PLMN frequency band is in general not allowed only for that purpose. In case there are multiple frequencies providing discovery subframes belonging to the same PLMN, this option seems anyway not sufficient. 

Option2
The other option is that UE temporarily jumps onto the inter-frequency around the discovery subframes of that frequency and for other time stays on its serving frequency. UE in idle mode would have sufficient subframes to monitor inter-cell/frequency discovery since UE in idle mode is only required to monitor its paging occasion sent by its serving cell and to perform measurements according to measurement requirements. UE can use other subframes for other purpose, e.g. announcing/monitoring discovery message. With this option, no special handling in frequency prioritization is required. As long as the number of inter-frequencies to monitor is kept reasonable, this option can work fine. This option can apply to intra-PLMN and inter-PLMN discovery. It is also noted that if UE informs network of its interest for ProSe discovery operation, network may direct the UE to the concerned frequency if possible via handover or redirection to facilitate the discovery operation for the UE. 

Based on the analysis above, it seems that the option2 can work fine in most of cases. It needs to restrict applying option2 for the other cell/frequency belonging to the RPLMN or EPLMN. 

Proposal 1 UE in idle mode may autonomously move to the concerned inter-cell/frequency for ProSe Direct Discovery.  

Depending on the PLMN of the concerned frequency, what the UE is allowed on that cell/frequency may have to be different. If the concerned inter-frequency belongs to RPLMN or EPLMN, there it should be fine to allow UE for both announcement and monitoring of discovery messages on that frequency. On the other hand, if the concerned inter-cell/frequency does not belong to RPLMN or EPLMN, UE should not be allowed for announcement of discovery message on that frequency, while monitoring of discovery message can be allowed. 
Proposal 2 In case the concerned inter-frequency belongs to RPLMN or EPLMN, UE in idle mode may autonomously move to the concerned inter-frequency for both announcement and monitoring of ProSe Direct Discovery.  

Proposal 3 In case the concerned cell/frequency does not belong to RPLMN or EPLMN, UE in idle mode may autonomously move to the concerned inter-frequency only for monitoring of ProSe Direct Discovery. UE shall not perform announcement of ProSe Direct Discovery on a frequency not belonging to RPLMN or EPLMN.

Even though we do not see specific standard issue regarding the autonomous operation above, we are open to discuss it. 

In addition to option2 as baseline, option1 may be also beneficial to facilitate inter-frequency discovery within RPLMN and EPLMN. Therefore, the following proposal can be also considered:
Proposal 4 For idle mode inter-cell/frequency ProSe Direct Discovery, UE is allowed to prioritize a certain frequency that provides ProSe Direct Discovery in cell reselection. 

Other issues 

While UE has been enjoying ProSe Direct Discovery, UE may reselect a cell not supporting ProSe Direct Discovery. Given that small cells that are loosely coordinated (e.g. CSG cell) may not support the ProSe Direct Discovery, if such reselection happens and UE considers that the ProSe Direct Discovery is prohibited based on the system information of the cell, ProSe Direct Discovery service might be suspended as long as UE camps on that cell.  

To maximize the service continuity of ProSe Direct Discovery, it would be beneficial to allow UE to store SIB information regarding ProSe Direct Discovery that is read from one cell and to apply the information while camping on other cell as well unless explicitly overwritten. 

Proposal 5 To allow UE to store SIB information regarding ProSe Direct Discovery and to apply it while camping on other cell only for monitoring purpose.  
2.2 Connected mode inter-frequency discovery
While UE is in connected mode, UE needs to have some gap during which UE may monitor inter-cell/frequency discovery messages. The following four options are considered.
Option1: To use the inter-frequency gap
In this option, UE is configured with normal inter-frequency gap. The gap offset should be carefully configured such that the gap period properly spans discovery subframes of the concerned cell/frequency which UE wants to monitors. This timing coordination may not be a trivial job for asynchronous network and for inter-PLMN discovery. Single measurement gap per UE as of now may not provide sufficient time period for discovery in a certain case where discovery subframes across cells/frequencies are not concentrated. Another issue is that since UE can be configured with only one measurement gap, measurement performance may be impacted if UE uses the gap for other purpose. 

Option2: To use autonomous gap 
In this option, UE creates its autonomous gap for monitoring inter-cell/frequency discovery. Currently autonomous gap is allowed if network explicitly permits UE to perform CGI acquisition. The same approach can be applied. One issue is that new performance requirements may needs to be specific in TS 36.133. The following is the Note regarding autonomous gap in TS 36.331.  
NOTE 1:
If autonomous gaps are used to perform measurements, the UE is allowed to temporarily abort communication with all serving cell(s), i.e. create autonomous gaps to perform the corresponding measurements within the limits specified in TS 36.133 [16].
Option3: To define a new gap for discovery

In this option, we should define a new gap which can be used for ProSe Direct Discovery. Even though it may have some benefit that the new gap is separated from measurement gap and optimized gap design would be possible, the estimate of required standardization efforts may not attract this option. 
Option4: To use inactive period during DRX
In this option, network configures DRX to UE to support inter-cell/frequency discovery. UE is allowed to perform inter-cell/frequency discovery during inactive DRX period. Depending on the chances of overlapping between inactive DRX period and discovery subframe of the concerned cell/frequency, discovery performance may be quite different, implying that short DRX should provide quite lower discovery success ratio than long DRX can do. It is not clear if this option can provide well compromise performance between discovery success and UE power consumption.  
Our view is that the option2, i.e. autonomous gap can be taken as Rel-12 mechanism for inter-cell/frequency discovery.  
Proposal 6 For connected mode inter-frequency ProSe Direct Discovery, UE can create autonomous gap if network permits it to the UE.   
The details of the autonomous gap should be further discussed in RAN2 and RAN4.  

If RAN2 agree to go for option2, it would be good to inform RAN4 of this. Then RAN4 would kick of their task required to support this, and/or they provide opinion on this. 
3 Conclusion

Proposal 1 UE in idle mode may autonomously move to the concerned inter-cell/frequency for ProSe Direct Discovery.  

Proposal 2 In case the concerned inter-frequency belongs to RPLMN or EPLMN, UE in idle mode may autonomously move to the concerned inter-frequency for both announcement and monitoring of ProSe Direct Discovery.  

Proposal 3 In case the concerned cell/frequency does not belong to RPLMN or EPLMN, UE in idle mode may autonomously move to the concerned inter-frequency only for monitoring of ProSe Direct Discovery. UE shall not perform announcement of ProSe Direct Discovery on a frequency not belonging to RPLMN or EPLMN.

Proposal 4 For idle mode inter-cell/frequency ProSe Direct Discovery, UE is allowed to prioritize a certain frequency that provides ProSe Direct Discovery in cell reselection. 

Proposal 5 To allow UE to store SIB information regarding ProSe Direct Discovery and to apply it while camping on other cell only for monitoring purpose.  

Proposal 6 For connected mode inter-frequency ProSe Direct Discovery, UE can create autonomous gap if network permits it to the UE.   
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