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

2.1 ProSe Discovery in RRC_IDLE: Provisioning of assistance information for inter-frequency/inter-PLMN discovery

The following FFS needs to be resolved.

· 
FFS whether (as a configuration) option an eNB may provide detailed ProSe Discovery information about other intra-PLMN carriers.

· 
FFS whether the list of other ProSe carriers could alternatively be provided by higher layers for inter-PLMN carriers
For intra-PLMN discovery, one cell may have detailed ProSe Discovery information about other ProSe discovery carriers, and in this case, intra-PLMN ProSe discovery in idle mode can benefit if its serving cell provides UE with the information in SIB. For inter-PLMN discovery, it is not plausible for a cell of one PLMN to provide the detailed ProSe Discovery information about other PLMNs. 
Proposal 1 an eNB may provide detailed ProSe Discovery information about other intra-PLMN carriers in ProSe SIB
The remaining issue is whether the PLMN information paired with frequency information should be provided by AS or higher layer signaling. We see no benefit of higher layer signaling, and core network signaling or application layer signaling would unnecessarily complicate the provisioning of such information. So AS layer signaling is preferred. For AS signaling, broadcast signaling would be sufficient. 

Proposal 2 eNB may provide a list of {frequency, PLMN} in ProSe SIB
2.2 ProSe Discovery in RRC_IDLE: Mobility behaviours  
Two options on how to move to the concerned inter-frequency
Two options are considered as the means to move to the concerned inter-frequency for ProSe 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. Another benefit of this option is that network-configured frequency priority is generally applied. 

However, option2 may require frequency RF retuning which may impact UE battery and discovery performance (and paging performance, unless UE is implemented smart enough) as well. 

Proposal 3 RAN2 needs to decide either of both:
· 
Alt1) 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. 
· 
Alt2) UE in idle mode may temporarily move to the concerned inter-cell/frequency for ProSe Direct Discovery. Except for the moment of discovery operation, frequency priority is generally adhered for cell reselection. 

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

Proposal 5 In case the concerned cell/frequency does not belong to RPLMN or EPLMN, UE in idle mode may 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.

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:

2.3 ProSe Discovery in RRC_IDLE: Monitoring in a cell not supporting ProSe Discovery in idle mode. 

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 6 To confirm that UE is allowed to store SIB information regarding ProSe Direct Discovery and thus allowed to apply it for monitoring purpose while camping on a cell not supporting ProSe discovery.  

2.4 ProSe Discovery in RRC_CONNECTED: Connected mode inter-frequency ProSe Discovery

If UE is interested in ProSe Discovery on inter-frequency, UE has to also ensure that it has up to date SIB information on ProSe Discovery on a cell of the concerned inter-frequency, i.e. the UE may be required to monitor SI change notification or to check value tag every modification period on the inter-frequency as well. This would increase the burden of UE which is in RRC_CONNECTED and interested in ProSe Discovery on inter-frequency. That would then reduce overall performance of ProSe Discovery if UE does not support additional capability to do that while UE is camping on the current frequency. 

To reduce such a burden from UE side and to elevate the overall ProSe Discovery perofrmance, we can consider the option that eNB may provide detailed ProSe Discovery information on inter-frequency via dedicated signaling. This option can be also beneficial when there are not many UEs which are interested in inter-frequency ProSe Discovery, as in this case, the eNB does not broadcast the detailed information on inter-frequency ProSe Discovery but only provides the information via dedicated signaling towards the UE of interest. To prevent eNB from signaling detailed ProSe Discovery information on other frequency which UE is not really interested in, it would be beneficial for UE to indicate to eNB a list of frequencies for which UE is interested in ProSe Discovery monitoring. 

There is an issue to consider with this option: the coverage of cells on inter-frequency may be different from the current serving cell. We think this issue is not the hurdle against this option, as normally the detailed ProSe Discovery information would be common over wide area per frequency. 
Proposal 7 eNB may provide detailed ProSe Discovery information about other inter-frequency via dedicated signaling.  

Proposal 8 UE indicates to eNB the list of frequencies for which UE is interested in ProSe Discovery monitoring.  
3 Conclusion

For ProSe Discovery in RRC_IDLE
Proposal 1 an eNB may provide detailed ProSe Discovery information about other intra-PLMN carriers 
Proposal 2 eNB may provide a list of {frequency, PLMN} in ProSe SIB
Proposal 3 RAN2 needs to decide either of both:
· 
Alt1) 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. 
· 
Alt2) UE in idle mode may temporarily move to the concerned inter-cell/frequency for ProSe Direct Discovery. Except for the moment of discovery operation, frequency priority is generally adhered for cell reselection. 

Proposal 4 In case the concerned inter-frequency belongs to RPLMN or EPLMN, UE in idle mode may move to the concerned inter-frequency for both announcement and monitoring of ProSe Direct Discovery.  

Proposal 5 In case the concerned cell/frequency does not belong to RPLMN or EPLMN, UE in idle mode may 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 6 To confirm that UE is allowed to store SIB information regarding ProSe Direct Discovery and thus allowed to apply it for monitoring purpose while camping on a cell not supporting ProSe discovery.  
For ProSe Discovery in RRC_CONNECTED
Proposal 7 eNB may provide detailed ProSe Discovery information about other inter-frequency via dedicated signaling.  

Proposal 8 UE indicates to eNB the list of frequencies for which UE is interested in ProSe Discovery monitoring.  
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