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1 Introduction

Prose discovery for Inter-carrier and inter-PLMN was discussed in RAN2 #89bis, with some preliminary baseline agreements for both intra and inter PLMN cases.  
· For Intra-PLMN or for coordinated Inter-PLMN scenarios - The option to configure a UE via RRC signalling to transmit discovery in another carrier can be allowed.  The RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier.

· For Inter-PLMN RAN2 assumed that the baseline scenarios in uncoordinated inter-PLMN

· For uncoordinated inter-PLMN scenarios with network infrastructure, the UE reads SIB19 of the concerned carrier frequency to learn the tx/rx resource pool to use.  FFS how the carrier frequency is configured in the UE.  

In this contribution, we discuss additional aspects related to inter/intra-PLMN discovery transmission and UE capabilities.
2 Discussion
2.1 UE Configuration
In RAN2 #89bis, some initial baseline agreements for ProSe Discovery for Inter-carrier and Inter-PLMN were made.  In particular, it is was discussed that system information in SIB19 should be enhanced to support discovery transmission on other carrier frequencies.  

In Rel12, discovery was used for commercial applications.  Furthermore, discovery transmission was only allowed on the PCell and not on other non-serving cells.  However, discovery reception in Rel12 can be performed in frequencies other than that of the serving cell.  As a result, the system information in SIB19 for discovery in Rel12 contains a list of carrier frequencies and associated PLMNs (in the discInterFreqList-r12I of SIB19) on which a UE could receive discovery signals.  In order to support discovery transmissions in another frequency, the UE should be able to acquire these frequencies and allowable PLMNs in a similar fashion.    
Proposal 1 The list of frequencies on which discovery transmission can be performed, along with the allowed PLMNs, should be present in SIB19.  

As part of the work item description for enhanced D2D ProSe, there is the objective to extend discovery for its use in public safety applications [1]:   

1) Define enhancements (if needed) to D2D discovery to enable the following features: 

a) Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use [RAN1].
For communication, which is used for public safety applications, the UE is configured by the ProSe function with the frequencies it can use to transmit discovery.   To be consistent with the case of public safety communication, the UE should also allowed to be configured via the ProSe function with the frequencies on which is performs public safety discovery (transmission and reception).
Proposal 2 The UE should be able to be configured by the ProSe function with the list of frequencies to perform public safety discovery.
Transmission of public safety discovery on a frequency other than the serving frequency allows for the case where multiple operators together reserve a single frequency for the use of Direct Discovery.  In addition, for the intra-operator scenario with a multi-carrier deployment, since discovery transmissions need to be performed on the serving carrier for Rel12, this forces all UEs to be camped on the same carrier, which would lead to an un-even load distribution.

In both these cases, it is not foreseen that a UE would need to be configured with more than one frequency on which to transmit public safety discovery.    In order to simplify the enhancements to discovery for Rel13, it would be beneficial to assume that the list of frequencies on which a UE can transmit public safety discovery is limited to at most one.    
Proposal 3 A UE can only perform discovery transmission with at most one carrier. 
2.2 UE Capabilities

UE requirements for discovery in Rel12 do not mandate the need for two separate transmitter/receiver chains.  Such a decision was taken to suit the needs to the commercial use case of discovery in Rel12.  For Rel13, it would be expected that public safety UEs which will perform discovery will be able to use a second TX/RX chain especially if ProSe communication is also supported.  However, in the interest of providing the same enhancements for Rel13 in such a way that they can also benefit the commercial use case, it would be beneficial that we do not impose any specific requirements on commercial UEs to be able to perform discovery transmissions in a different carrier.     
Proposal 4 RAN2 should not mandate a second TX/RX chain for performing discovery transmission in another carrier. 
In Rel12, it was agreed to focus on best effort discovery.  As a result, for Discovery in Rel12, a requirement that ProSe Direct Discovery transmission/reception shall not affect Uu communications was added.  The UE uses DRX occasions in RRC_IDLE and RRC_CONNECTED or second RX chain if it is available, for intra- frequency, inter-frequency and inter-PLMN discovery message monitoring [36.300]. In order to allow for extension of discovery for public safety use, it would be beneficial to allow more flexibility on how/when discovery is performed without the best-effort restrictions of Rel12. 

Proposal 5 Extend discovery in Rel12 to enable TX/RX while in RRC CONNECTED and not limited only to best effort DRX.

If the transmission/reception of discovery signals is no longer restricted to be performed on a best effort basis, the UE should be allowed to more consistently and reliably be able to transmit and receive discovery messages in another frequency.  With a single transceiver chain the UE can only transmit/receive discovery messages on a non-serving frequency by tuning out of the Uu frequency.  During this time the UE may potentially miss PDCCH assignments for Uu UL or DL transmission.  In addition to loss of data, a loss of PDCCH may have significant impact to eNB scheduling and link adaptation Therefore, it would desirable that the eNB avoids such loss of information on the serving frequency by configuring discovery gaps to allow the UE to perform discovery operations on the other carrier.  The configuration of such gaps for a UE would depend on the UE capabilities.  
Proposal 6 If a UE does not have a second TX/RX chain, transmission should be enabled in RRC connected using network-controlled gaps.  If the UE does have a second chain, the network does not need to configure gaps.

Ideally, the timing of the gaps should coincide with the timing of the resources for discovery on the other carrier.  This can be achieved easily for the intra-PLMN case or the inter-PLMN case where there is coordination between the operators, as the eNB may be made aware of the discovery resources on the other frequency and configure the gaps accordingly.  

However, in the case of uncoordinated inter-PLMN scenario, the serving cell may not be aware of the discovery resources being used on the other frequency and therefore the subframes in which the UE will need to receive/transmit in the other non-serving frequency.  Since coordination between eNBs cannot be assumed, the eNB can receive such information by the UE once the UE has determined the pool configuration from the SIB19 of the given carrier.  In this way, the eNB can schedule gaps for which the timing is in-line with the timing of discovery resources on the other carrier, without necessarily needing to be coordination with that other carrier.  Potentially, gaps could also be used by the eNB to allow the UE to monitor SIB1 on the other carrier (to determine if the pool configuration has changed).
Proposal 7 The UE should be able to signal to the serving eNB the subframe timing of resources to be used for discovery on another frequency.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 8 The list of frequencies on which discovery transmission can be performed, along with the allowed PLMNs, should be present in SIB19.  

Proposal 9 The UE should be able to be configured by the ProSe function with the list of frequencies to perform public safety discovery.
Proposal 10 A UE can only perform discovery transmission with at most one carrier. 

Proposal 11 RAN2 should not mandate a second TX/RX chain for performing discovery transmission in another carrier. 

Proposal 12 Extend discovery in Rel12 to enable TX/RX while in RRC CONNECTED and not limited only to best effort DRX.

Proposal 13 If a UE does not have a second TX/RX chain, transmission should be enabled in RRC connected using network-controlled gaps.  If the UE does have a second chain, the network does not need to configure gaps.

Proposal 14 The UE should be able to signal to the serving eNB the subframe timing of resources to be used for discovery on another frequency.
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