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1 Introduction
Rel-13 eD2D objectives include the following:

Enhance D2D discovery support in the presence of multiple carriers and PLMNs:

a) Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3, RAN4].
This paper discusses the potential RAN2 impact to support discovery on non-PCell.
2 Discussion

Let us assume that UE is served by cell1 (PCell) of frequency1 and the UE is interested to announce discovery on cell2 of frequency2. The UE may be RRC_IDLE or RRC_CONNECTED. To enable the ProSe direct announcement on the cell2, we can consider two approaches: 
· 
Approach1: UE changes PCell by means of modified inter-frequency cell reselection, and then UE performs discovery announcement on the new PCell. 

· 
Approach2: UE keeps its PCell on the cell1 and it announces discovery on cell2 of f2. 
The first approach is based on the Rel-12 restriction that discovery announcement is allowed only on PCell. The UE in RRC_IDLE may need to be allowed to perform frequency prioritization to change its PCell to other cell of inter-frequency supporting discovery announcements. For UE in RRC_CONNECTED, network needs to perform handover the UE to the concerned frequency 

This approach seems quite simple and the required enhancement is minimal, e.g. to allow frequency prioritization would be sufficient. The drawback of this approach is that if there are multiple frequencies supporting discovery announcement, network cannot control the frequency that UEs will camp for discovery announcement as the frequency selection among those would be mostly up to UE implementation. Another drawback is that the approach cannot take any benefit from the UE capabilities even if the UE can perform simultaneous operation of cellular and discovery. 
The second approach is based on removal of Rel-12 restriction that announcement is only possible on PCell. Without any further enhancement, this relaxation allows the UE to perform discovery operation on non-PCell in idle period of current PCell. If UE is capable of simultaneous operations of discovery and cellular, it can perform discovery on PCell without much less restriction. 
For a UE not capable of simultaneous operation of discovery and cellular, if discovery announcement on non-PCell is performed without any enhancement, the performance with approach2 is expected to be worse than the that of discovery announcement on PCell for the reasons that 1) the current PCell may not know which cell (i.e. which frequency) UE is currently using for discovery announcement, and 2) the current PCell may not know the exact timing of the discovery opportunities on the concerned cell (i.e. the concerned frequency) the UE is using to announce discovery. Due to the lack of such knowledge, it may not be possible for eNB to take any action such as cellular scheduling restriction so as to benefit the discovery announcement on non-PCell, unless some enhancements are introduced. The potential enhancement for approach2 is then to let eNB know the discovery resources that the UE is interested to use for discovery on the non-PCell. In addition, considering UE needs to acquire SIB19 from the non-PCell to operate discovery on the cell, we can also discuss how the discovery resources can be efficiently provisioned to the UE.  
Based on our initial analysis, it is our view that the approach2 should be the baseline as the approach2 does not impact the UEs’ camping behaviors in idle mode, which is important for overall idle mode UE management. Noting that transmission of direct communication on SCell or non-serving cell is already supported in Rel-12, it seems desirable to align the UE behaviors with those of direct communication whenever possible, as suggested by approach2. 

In addition to the approach2, the approach1 has also clear benefit especially to the UE that is not capable of simultaneous operation of cellular and discovery. If the reselection to other cell (e.g. cell of lower priority) is allowed by frequency prioritization, the UE can avoid frequent RF retuning that is otherwise needed to announce discovery on inter-frequency. 

Proposal 1
RAN2 aims to support approach1 as baseline and also to support approach2. 

Proposal 2
To support both approaches as proposed above, RAN2 explorers the followings as potential enhancements:
· 
How to let eNB know the discovery resources that the UE is interested to use for discovery on the non-PCell for potential scheduling consideration by eNB. (for approach2)
· 
How to provision UE with radio resources and configuration for discovery on non-PCell. (for approach2)
· 
When and how UE in RRC_IDLE applies frequency prioritization for ProSe direct discovery (for approach1)  
2.1 Enhancement for RRC_IDLE

How to provision UE in RRC_IDLE with radio resources and configuration for discovery on non-PCell 
When UE in RRC_IDLE wants to perform discovery on non-PCell, itUE needs to acquire SIB19 from the cell unless we introduce enhancement. The acquisition of SIB19 requires the UE to access MIB, SIB1 beforehand. To avoid such in-efficient UE operation, we can consider that a serving cell may provide assistance information to the UE for discovery assistance. 
Proposal 3
A cell may broadcast in SIB19 resource pool parameters corresponding to the cells of other frequency. 

The TX resource allocation of non-PCell may require RSRP-based resource pool selection. Then, the UE may also need to know the measurement bandwidth to follow resource pool selection based on RSRP measurements of that cell. As long as reselection frequency information includes the frequency on which the UE is interested to perform discovery announcement, the UE knows the measurement bandwidth of the cell from SIB15 of PCell. However, if UE is interested to announce discovery on a frequency that is not listed in reselection frequency information, UE needs to be further informed of the measurement bandwidths. Considering these, the cell needs to signal in SIB19 the measurement bandwidth as part of assistance information if the provisioned resource concerns the frequency that is not listed in the reselection frequency information.  
Proposal 4
A cell may broadcast in SIB19 measurement bandwidth of other frequency that is not include in SIB5..

Proposal 5
UE uses the measurement result of the cell selected for ProSe whenever RSRP based control for discovery operation is concerned. 
The details of measurements are discussed in [1].
Frequency prioritization
To support approach1 as proposed in section 2.1, we then propose to allow UE to prioritize a frequency for discovery purpose. 

Proposal 6
UE is allowed to apply frequency prioritization for discovery purpose. 
It should be discussed whether the frequency prioritization should be applied in restricted manner. For example, we can discuss whether or not the prioritization can be applied for both announcement and monitoring and whether there is any PLMN issue. It is our initial observation that there is no point to allow U to prioritize a frequency where UE is not allowed to camp on for cellular operation. This is the case where discovery service is provided only in inter-PLMN carrier frequency where ProSe is allowed but cellular operation is not allowed.
Proposal 7
Frequency prioritization is allowed only if UE is allowed to camp on the cell of the prioritized frequency.  
2.2 Enhancement for RRC_CONNECTED

There are three scenarios that can be considered for discovery announcement in RRC_CONNECTED. 

· 
Discovery on PCell

· 
Discovery on SCell
· 
Discovery on non-serving cell on secondary carrier
· 
Discovery on non-serving cell (inter-frequency cell)

The first scenario is already supported in Rel-12. The second scenario should be supported as already included in WID objective. The third scenario is not really important, and there is no need to support this. The forth scenario should be supported as this may happen quite often.  
Proposal 8
Discovery on SCell and discovery on non-serving cell on inter-frequency are supported. Discovery on non-serving cell on secondary carrier is not supported. 
How to let eNB know the discovery resources that the UE is interested to use for discovery on the non-PCell

Once UE enters RRC_CONNECTED, UE needs to indicate its interest of RX or TX or both for discovery by sending SidelinkUEInformation. 

The UE may be interested in discovery on a certain SCell. In this case the UE may indicate the serving cell index as part of e.g. TX resource request or it may indicate carrier frequency of the serving cell. The UE may be interested in discovery on cell of inter-frequency. In this case the UE has to indicate the carrier frequency of the target non-serving cell. Assuming that the difference of signaling size is small, it is desirable to have a common behavior for both procedures. Then carrier frequency paired with physical cell ID would be sufficient for eNB to identify the cell selected for discovery. 
Proposal 9
UE indicates in SidelinkUEInformation a list of {carrier frequency, physical cell ID}s for which UE is interested to announce or to monitor on the cell in the list. The indicated frequency can be serving frequency and/or non-serving frequency.     
Proposal 10
For monitoring of discovery on SCell or non-serving cell, UE in RRC_CONNECTED may use any broadcast reception resource pool corresponding to the cell selected for discovery monitoring 
Note that the UE may acquire resource pool corresponding to non-PCell from PCell or SCell or the non-PCell or other cell. The monitoring in RRC_IDEL does not have to be suspended when UE enters RRC_CONNECTED. 
How to provision UE in RRC_CONN with radio resources and configuration for discovery on non-PCell 
Now let us assume that eNB received SidelinkUEInformation from UE. If eNB is aware of the transmission resource pool parameters of the cell of the frequency for which UE is interested to announce discovery, it is natural for eNB to be able to signal the resource pool parameters to the UE such that the UE can announce on other frequency by using the signaled resource pool parameters. This is the case the UE is interested to announce on secondary carrier.  
Proposal 11
A cell may signal in dedicated signaling transmission resource pool parameters and synchronization information for announcement on SCell or non-serving cell.

For measurements on the non-serving cell, the following proposals, similar to proposal4 and 5, are provided (The details of measurements are discussed in [1]):
Proposal 12
A cell may signal in dedicated signaling measurement bandwidth of other frequency that is not include in measurement objects..
Proposal 13
UE uses the measurement result of the cell selected for ProSe whenever RSRP based control for discovery operation is concerned. 
If eNB is not aware of the transmission resource pool parameters of the cell of the other frequency for which UE is interested to announce discovery, eNB may just indicate in RRC reconfiguration that the UE is allowed to perform the requested discovery without any detailed resource pool information. Upon receiving such indication in the message, UE then need to acquire the SIB19 from the concerned cell.  
Proposal 14
If UE receives RRC connection reconfiguration including no transmission resource but withthe indication that transmission on the SCell or non-serving cell is allowed, UE then acquires the SIB19 from the concerned cell for discovery on that cell.
If eNB is not aware of the transmission resource pool parameters of the cell of the other frequency for which UE is interested to announce discovery, eNB cannot take the concerned UE announcement operations on other frequency into account for its uplink scheduling towards the UE, Then whenever UL scheduling happens to overlap with the discovery announcement, the UE may need to drop discovery announcement based on the principle of cellular prioritization, and this would lead to performance degradation of the discovery announcement on that frequency. To make the performance of discovery on SCell or non-serving cell comparable to discovery on PCell, we could consider UE assistance, e.g. UE informs its eNB of the resource pool information of the non-serving cell that is acquired from the cell. 
Priority between discovery and communication
In Rel-12, Prose direct communication operation is prioritized over ProSe direct discovery operation. The decision was made on the ground that the communication is for public safety while discovery is mainly for commercial services. If discovery is to be used for public safety e.g. in support of RN and group user discovery as included in WID objectives, the prioritization rule of Rel-12 may not be always desirable. Depending on the usage of discovery, discovery may need to be equally or even prioritized over communication.   
Proposal 15
Discuss whether Rel-12 prioritization rule between discovery and communication needs to be reconsidered. 
D2D gap

In Rel-12, D2D gap was discussed in the last minute but could not be introduced mainly due to lack of time for comprehensive analysis. The introduction of D2D gap is beneficial as it can ensure minimum discovery performance. The importance of D2D gap is even increased when we aim to support SCell /non-serving cell (inter-frequency) discovery announcement in connected mode. Without the D2D gap, the network may has to blank DL scheduling on all the subframes where discovery subframe may occur on the concerned frequency which the UE is interested to or monitor.  
Proposal 16
Introduce D2D gap where the UE is allowed to skip DL monitoring during the D2D gap and the D2D gap is configured by network.  
3 Conclusion

COMMON
Proposal 1
RAN2 aims to support approach1 as baseline and also to support approach2. 

Proposal 2
To support both approaches as proposed above, RAN2 explorers the followings as potential enhancements:
· How to let eNB know the discovery resources that the UE is interested to use for discovery on the non-PCell for potential scheduling consideration by eNB. (for approach2)
· How to provision UE with radio resources and configuration for discovery on non-PCell. (for approach2)
· When and how UE in RRC_IDLE applies frequency prioritization for ProSe direct discovery (for approach1)  
RRC_IDLE
Proposal 3
A cell may broadcast in SIB19 resource pool parameters corresponding to the cells of other frequency. 

Proposal 4
A cell may broadcast in SIB19 measurement bandwidth of other frequency that is not include in SIB5..

Proposal 5
UE uses the measurement result of the cell selected for ProSe whenever RSRP based control for discovery operation is concerned. 
Proposal 6
UE is allowed to apply frequency prioritization for discovery purpose. 
Proposal 7
Frequency prioritization is allowed only if UE is allowed to camp on the cell of the prioritized frequency. 
RRC_CONNECTED
Proposal 8
Discovery on SCell and discovery on non-serving cell on inter-frequency are supported. Discovery on non-serving cell on secondary carrier is not supported. 
Proposal 9
UE indicates in SidelinkUEInformation a list of {carrier frequency, physical cell ID}s for which UE is interested to announce or to monitor on the cell in the list. The indicated frequency can be serving frequency and/or non-serving frequency.     

Proposal 10
For monitoring of discovery on SCell or non-serving cell, UE in RRC_CONNECTED may use any broadcast reception resource pool corresponding to the cell selected for discovery monitoring 

Proposal 11
A cell may signal in dedicated signaling transmission resource pool parameters and synchronization information for announcement on SCell or non-serving cell.

Proposal 12
A cell may signal in dedicated signaling measurement bandwidth of other frequency that is not include in measurement objects..
Proposal 13
UE uses the measurement result of the cell selected for ProSe whenever RSRP based control for discovery operation is concerned. 
Proposal 14
If UE receives RRC connection reconfiguration including no transmission resource but with the indication that transmission on the SCell or non-serving cell is allowed, UE then acquires the SIB19 from the concerned cell for discovery on that cell.

Proposal 15
Discuss whether Rel-12 prioritization rule between discovery and communication needs to be reconsidered. 
Proposal 16
Introduce D2D gap where the UE is allowed to skip DL monitoring during the D2D gap and the D2D gap is configured by network.  
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