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1 Introduction
In RAN2 #90 the following agreements [1] were made for the inter carrier discovery:

Agreements
· For intra-PLMN and inter-PLMN, the serving eNB will signal which frequencies and PLMN the discovery transmissions are allowed to be performed.
· The UE can read SIB19 of the other carriers to acquire the resources for direct discovery transmission.  
· For intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signalling. 
· Similar to Rel-12, the UE is configured with the authorized PLMNs by higher layers.  
· For PS discovery the allowed frequency is pre-configured in the UE. The frequency can be the same frequency as PS communication.
·  A UE in RRC_CONNECTED shall indicate to the eNB the frequency in which direct discovery transmission is desired, for public safety use case. 
· The dual transceiver chain is not mandated for direct discovery transmissions on other carriers, for commercial use case.

· For PS discovery the UE capability requirements should be aligned with the Rel-12 communication capabilities.

· To enhance inter-carrier discovery performance for the non-dedicated transceiver case, gaps will be introduced to allow reusing an RF transmitter/receiver chain for direct discovery transmissions/receptions. 
· The gaps should be under network control. FFS if the gap applies both for intra and inter-frequency.
In this paper we discuss the following aspects of inter carrier discovery:
· UE state for inter-carrier discovery transmissions

· UE operation in RRC Idle and RRC Connected state for inter-carrier discovery transmissions

2 Discussion
2.1 UE State for Inter Carrier (Intra/Inter PLMN) Discovery Transmissions

In RAN2 #90 we agreed that, for intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signalling. We have not yet discussed the RRC state in which UE is allowed to transmit in other carrier. Should UE be restricted to transmit on other carrier in RRC CONNECTED state or RRC IDLE state or should the UE be allowed to transmit on other carrier in both RRC CONNECTED state and RRC IDLE state?

UE should be allowed to transmit on other carrier in both RRC IDLE and RRC CONNCTED state as long as it does not affect Uu while transmitting on other carrier. Serving cell may signal discovery configuration for other carrier in SIB19 to assist the RRC IDLE UE in transmitting discovery transmissions in other carrier. Pcell may signal discovery configuration for other carrier in RRCConnectionReconfiguration message to assist the RRC CONNECTED UE in transmitting discovery in other carrier.

Proposal 1: UE can transmit in other carrier in both RRC IDLE and RRC CONNECTED state.

2.2 UE Operation in RRC Idle State

UE transmits on other carrier if serving carrier does not support discovery or if serving carrier is not the carrier of interest on which UE wants to transmit discovery. In case of public safety, UE is configured with information about the PS ProSe carrier and UE performs discovery and communication on PS ProSe carrier. In case of inter PLMN discovery, UE may be configured with information about the authorised PLMNs for discovery transmission and carrier corresponding to PLMN can be obtained from SIB 19. 
Proposal 2:  RRC IDLE UE transmits on other carrier if serving carrier does not support discovery or if serving carrier is not the carrier of interest on which UE wants to transmit discovery.
2.2.1 Resources for Inter Carrier (Intra/Inter PLMN) Discovery Transmissions

According to RAN2 #90 agreements, for intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using broadcast signalling. So UE acquires the discovery resource configuration for discovery transmissions on other carrier from SIB 19 transmitted by serving cell and then transmit using the acquired resources. UE does not affect Uu operation while transmitting in other carrier.
Proposal 3:  Serving cell may signal discovery resource configuration for other carrier(s) in SIB19. RRC IDLE UE uses this information for discovery transmissions in other carrier.
We have not yet discussed the UE behaviour, if the serving cell does not signal discovery resource configuration for other carrier in SIB19.  There are two possible options.
Option 1: UE first detects a cell meeting S criterion on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to acquire the discovery resource configuration for discovery transmissions and then transmits using the acquired resources. UE does not affect Uu operation for detecting cell and discovery transmission in other carrier.
Option 2: UE enters the RRC connected state and request resources from serving eNB. 
It is possible that serving eNB may provide resources on other carrier in dedicated signaling instead of SIB 19. UE autonomously entering the RRC connected state and requesting discovery resources for transmissions on other carrier will be unnecessary if network does provide assistance via dedicated signaling. Network is aware of whether it can provide assistance via dedicated signaling for inter carrier discovery transmission. So it is better if the network controls whether the UE follows option 1 or option 2 for inter carrier discovery transmission. In order to perform this control network can indicate (using one bit indicator in SIB 19) whether UE should use option 1/2 if the discovery resource configuration for other carrier is not there in SIB 19.
Proposal 4:  If SIB 19 is broadcasted by the serving cell and does not include resource configuration for other carrier(s) in SIB 19 then,

a)  RRC IDLE UE performs one of the following for discovery transmissions in other carrier:

· Option 1: UE first detects a cell meeting S criterion on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to acquire the discovery resource configuration for discovery transmissions and then transmit using the acquired resources. 
· Option 2: UE enters the RRC connected state and request resources from serving eNB.
b)  Network indicates using one bit indicator in SIB 19 whether RRC IDLE UE should use option 1/2.
Proposal 5:  If SIB 19 is not broadcasted by the serving cell then UE first detects a cell meeting S criterion on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to acquire the discovery resource configuration for discovery transmissions and then transmit using the acquired resources. 
2.3 UE Operation in RRC Connected state

UE transmits on other carrier if Pcell does not support discovery or if Pcell’s carrier is not the carrier of interest on which UE wants to transmit discovery. According to RAN2 #90 agreements, for intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling. However, it is not necessary that serving eNB always provides the direct discovery resource information for other carriers using dedicated signalling. So UE may follow one of the following options to decide whether to send resource request for discovery transmission on other carrier or not.
· Option 1: If SIB 19 is broadcasted by the Pcell then UE transmits SidelinkUEInformation message to Pcell to request for discovery resources. 
Or

· Option 2: If SIB 19 is broadcasted by the Pcell and includes the other carrier on which UE is interested in transmitting discovery information then UE transmits SidelinkUEInformation message to Pcell to request for discovery resources. If network does not support dedicated signaling for a certain carrier then it may not include that carrier in SIB 19.
In case the UE is interested in transmitting on a specific carrier (e.g. PS ProSe Carrier or inter PLMN discovery carrier), UE includes information about the interested carrier in SidelinkUEInformation message. In last meeting we have already agreed to include information about the interested carrier in SidelinkUEInformation message for PS discovery.
· Pcell provides discovery resource configuration in RRCConnectionReconfiguration message for discovery transmission in other carrier. 
· ENB validates whether UE is authorized for discovery transmission based on UE context received from MME. This procedure is same as defined in release 12. No additional authorisation is needed in AS layer for discovery transmission in other carrier.
· RRC CONNECTED UE uses discovery resource configuration provided by Pcell for discovery transmission in other carrier. If the Pcell does not signal discovery configuration for other carrier then UE first detects a cell on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to determine the discovery resource configuration for discovery transmissions and then transmits using the determined resources. 
· The network may configure RRM measurements for other carrier(s) supporting discovery and based on measurement report from UE inter frequency handover may be performed.
If SIB 19 is not broadcasted by the Pcell then UE first detects a cell on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to acquire the discovery resource configuration for discovery transmissions and then transmit using the acquired resources.
Proposal 6:  Discuss and adopt one of the following options for deciding whether RRC CONNECTE UE should send SidelinkUEInformation message to Pcell to request discovery resources for other carrier or not:

Option 1: If SIB 19 is broadcasted by the Pcell then RRC CONNECTED UE transmits SidelinkUEInformation message to Pcell to request for discovery resources 
OR
Option 2: If SIB 19 is broadcasted by the Pcell and includes the other carrier on which UE is interested in transmitting discovery information then RRC CONNECTED UE transmits SidelinkUEInformation message to Pcell to request for discovery resources.
Proposal 7: UE interested in transmitting on a specific carrier includes information about the interested carrier in SidelinkUEInformation message. 
Proposal 8:  Pcell provides discovery resource configuration for discovery transmission in other carrier to RRC CONNECTED UE in RRCConnectionReconfiguration message.
Proposal 9:  Pcell may also configure RRM measurements for other carrier(s) supporting discovery and based on measurement report from UE inter frequency handover may be performed.
Proposal 10:  If Pcell does not provide resources for discovery transmission then UE first detects a cell on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to acquire the discovery resource configuration for discovery transmissions and then transmits using the acquired resources.
2.4 Cell Selection for Inter Carrier (Intra/Inter PLMN) Discovery Transmissions

According to RAN2 #90 agreements, serving eNB may signal discovery resource configuration for other carrier(s) using broadcast or dedicated signalling. RRC IDLE UE uses this information for discovery transmissions in other carrier. One of the issues to be discussed in this case is whether UE needs to detect a cell on other carrier even if discovery resources of other carrier are signaled by serving cell. Cell detection may be needed in following scenarios:

· Multiple cells may be there on same carrier and each may have different discovery resource configuration: UE needs to detect cell and uses the resources corresponding to detected cell from the discovery resources signaled by the serving cell.
· UE may or may not be in coverage of other carrier. For PS discovery, UE needs to transmit using pre-configured resources if UE is not in coverage of PS ProSe carrier. So UE needs to detect cell.
· Multiple Type 1 resources pools with RSRP based selection criterion may be configured in discovery resource configuration of other carrier signalled by the serving cell. UE needs to detect cell on other carrier and measure RSRP of detected cell for resource pool selection.
Proposal 11:  UE detects a cell meeting S criterion on other carrier, and if a cell is detected then only UE uses the discovery resources of other carrier signaled by the serving eNB. 
3 Conclusions
In this paper we have discussed various aspects of inter carrier discovery. We propose the following:

Proposal 1: UE can transmit in other carrier in both RRC IDLE and RRC CONNECTED state.

Proposal 2:  RRC IDLE UE transmits on other carrier if serving carrier does not support discovery or if serving carrier is not the carrier of interest on which UE wants to transmit discovery.
Proposal 3:  Serving cell may signal discovery resource configuration for other carrier(s) in SIB19. RRC IDLE UE uses this information for discovery transmissions in other carrier.
Proposal 4:  If SIB 19 is broadcasted by the serving cell and does not include resource configuration for other carrier(s) in SIB 19 then,

a)  RRC IDLE UE performs one of the following for discovery transmissions in other carrier:

· Option 1: UE first detects a cell meeting S criterion on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to acquire the discovery resource configuration for discovery transmissions and then transmit using the acquired resources. 
· Option 2: UE enters the RRC connected state and request resources from serving eNB.
b)  Network indicates using one bit indicator in SIB 19 whether RRC IDLE UE should use option 1/2.
Proposal 5:  If SIB 19 is not broadcasted by the serving cell then UE first detects a cell meeting S criterion on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to acquire the discovery resource configuration for discovery transmissions and then transmit using the acquired resources. 

Proposal 6:  Discuss and adopt one of the following options for deciding whether UE should send SidelinkUEInformation message to Pcell to request discovery resources for other carrier or not:

Option 1: If SIB 19 is broadcasted by the Pcell then RRC CONNECTED UE transmits SidelinkUEInformation message to Pcell to request for discovery resources 
OR
Option 2: If SIB 19 is broadcasted by the Pcell and includes the other carrier on which UE is interested in transmitting discovery information then RRC CONNECTED UE transmits SidelinkUEInformation message to Pcell to request for discovery resources.
Proposal 7: UE interested in transmitting on a specific carrier includes information about the interested carrier in SidelinkUEInformation message. 
Proposal 8:  Pcell provides discovery resource configuration for discovery transmission in other carrier to RRC CONNECTED UE in RRCConnectionReconfiguration message.
Proposal 9:  Pcell may also configure RRM measurements for other carrier(s) supporting discovery and based on measurement report from UE inter frequency handover may be performed.
Proposal 10:  If Pcell does not provide resources for discovery transmission then UE first detects a cell on other carrier, reads SIB 19 transmitted by the detected cell on other carrier to acquire the discovery resource configuration for discovery transmissions and then transmits using the acquired resources.
Proposal 11:  UE detects a cell meeting S criterion on other carrier, and if a cell is detected then only UE uses the discovery resources of other carrier signaled by the serving eNB. 
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