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1 Introduction
In RAN2 #89bis the following agreements [1] were made for the inter carrier discovery:


Agreements

Intra-PLMN scenario 

·  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. 

Inter-PLMN scenario 

·  SA2 guidance may be required on whether inter-PLMN authorization for discovery transmission can be handled by higher layer

With network infrastructure

· If the network has inter-PLMN information then the network should have the option to configure the UE similar to the intra-PLMN case

· We cannot assume that inter-PLMN coordination is always possible.  The baseline scenario to consider is 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.  

   Without network infrastructure 

· The inter-PLMN scenario without network infrastructure (e.g. no eNB in the ProSe carrier) will be supported, assuming that out-of-coverage discovery is supported.  

In this paper we discuss the following aspects of inter carrier discovery: 
· Whether UE is allowed to perform autonomous discovery transmissions in other intra PLMN carrier? 
· In which RRC state UE is allowed to perform discovery transmissions in other carrier? 
· Detailed operation in RRC IDLE and RRC CONNECTED state;
· How the UE is configured with the authorized frequencies for inter-PLMN operation?
2 Discussion
2.1 Autonomous Discovery Transmissions in other Intra PLMN Carrier
In RAN2 #89bis autonomous transmission in other carrier was agreed for inter PLMN scenario. UE reads SIB19 on other inter PLMN carrier to determine the TX resource pool for discovery transmission for the uncoordinated inter PLMN scenario. Whether to allow autonomous transmission in other intra PLMN carrier or not was FFS.
As discussed during RAN2 #89bis, in case of Intra-PLMN scenario Pcell in RRC_CONNECTED state or serving cell in RRC IDLE state may or may not configure the discovery configuration for other carrier [1]. In case the discovery configuration for other carrier is not configured by Pcell in RRC_CONNECTED state or by serving cell in RRC IDLE state then there are two options:
· Option 1: UE does not transmit discovery transmissions
· Option 2: UE reads SIB 19 on other carrier to determine the TX resource pool and then transmit using the determined resource pool. UE does not affect Uu operation while transmitting in other carrier.

We prefer option 2 as,
· It allows UE to perform discovery transmissions and has no impact to network

· It is in line with discovery transmissions on other carrier for inter PLMN scenario
· It is in line with release 12 procedure for communication transmission on other carrier.
Proposal 1: Autonomous transmission in other carrier for intra PLMN scenario is allowed.

2.2 UE State for Inter Carrier (Intra/Inter PLMN) Discovery Transmissions
In the RAN2 #89bis we agreed that RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier. 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 signals discovery configuration for other carrier in SIB19 to assist the RRC IDLE UE in transmitting discovery transmissions in other carrier. Pcell signals discovery configuration for other carrier in RRCConnectionReconfiguration message to assist the RRC CONNECTED UE in transmitting discovery transmissions in other carrier.
Proposal 2: UE can transmit in other carrier in both RRC IDLE and RRC CONNECTED state.

2.2.1 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 carrier for discovery transmission.
Serving cell may signal discovery configuration for other carrier(s) in SIB19 to assist the RRC IDLE UE in transmitting discovery transmissions in other carrier. UE obtains the discovery resource configuration for discovery transmissions from SIB 19 transmitted by serving cell and then transmit using determined resources. UE does not affect Uu operation while transmitting in other carrier. If the serving cell does not signal discovery configuration for other carrier in SIB19 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 transmit using the determined resources. UE does not affect Uu operation for discovery transmission in other carrier.
No additional authorisation is needed in AS layer for discovery transmission in other carrier. Authorisation related to discovery transmission is performed at higher layer.
Proposal 3:  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 4:  Serving cell may signal discovery configuration for other carrier(s) in SIB19.. RRC IDLE UE uses this information for discovery transmissions in other carrier.
Proposal 5:  RRC IDLE UE can read SIB 19 on other carrier to determine the discovery resource configuration for discovery transmissions if serving cell does not provide discovery resource configuration for discovery transmissions in other carrier.
Proposal 6:  RRC IDLE UE shall not affect Uu operation for discovery transmission in other carrier.
2.2.2 UE Operation in RRC Connected state

If the Pcell does not support discovery or if the Pcell’s carrier is not the carrier of interest on which UE wants to transmit discovery then there are two options,

· 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.
· Pcell provides Type 1 discovery resource configuration in RRCConnectionReconfiguration message for discovery transmission in other carrier. 
· Type 2 discovery resource configurations would require signaling exchange between the eNBs over X2 interface. In case of inter PLMN discovery X2 interface will be required between eNBs of different PLMN. So we prefer that Pcell provides only the Type 1 discovery resource configuration on 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 Type 1 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 transmit using the determined resources. UE does not affect Uu operation for discovery transmission in other carrier.
· 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 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 transmit using the determined resources. UE does not affect Uu operation for discovery transmission in other carrier.
Proposal 7:  Discuss and adopt one of the following options for transmitting SidelinkUEInformation message to request discovery resources for other carrier:

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 8: UE interested in transmitting on a specific carrier includes information about the interested carrier in SidelinkUEInformation message. 
Proposal 9:  Pcell provides only Type 1 discovery resource configuration for discovery transmission in other carrier to RRC CONNECTED UE in RRCConnectionReconfiguration message.
Proposal 10: 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 11: If Pcell does not provides Type 1 discovery resource configuration for discovery transmission in other carrier to RRC CONNECTED UE in RRCConnectionReconfiguration message then UE reads SIB 19 on other carrier to determine the discovery resource configuration for discovery transmissions and then transmit using the determined resources.
Proposal 12:  RRC CONNCECTED UE does not affect Uu operation for discovery transmission in other carrier.
2.3 Configuration of Frequency for Inter PLMN Discovery Transmissions
In Release 12 UE is provisioned by ProSe Function with following information for ProSe Direct Discovery [2]

· PLMNs in which the UE is authorised to perform ProSe Direct Discovery monitoring.
· PLMNs in which the UE is authorized to perform announcing
· Authorised discovery range for announcing per PLMN
UE can obtain the frequency for inter PLMN discovery transmissions in one of the following ways:

Option 1: UE is configured with the PLMNs in which the UE is authorised to perform announcing. Network signals list of frequencies (along with PLMN information) on which discovery is supported in SIB 19. UE can obtain the frequency for inter PLMN discovery transmissions corresponding to authorised PLMN from this list. In this option additional configuration or signaling is not required as 

· The configuration of authorised PLMNs for UE by ProSe Function is already supported in release 12.

· Signaling of list of frequencies (along with PLMN information) on which discovery is supported is already signaled in SIB 19.
Option 2: UE is configured with the PLMNs in which the UE is authorised to perform announcing. Additionally UE is configured with information about the frequency on which it is authorised to transmit for authorised PLMN. In this option additional configuration by ProSe Function is needed.

We slightly prefer option 1 as this does not require additional configuration/signaling unless there is need to configure UE specific frequency for inter PLMN discovery transmissions.

Proposal 13: Discuss and adopt one of the options listed above for configuring frequency for inter PLMN discovery.

3 Conclusions
In this paper we discuss various aspects of inter carrier discovery. We propose the following:

Proposal 1:  Autonomous transmission in other carrier for intra PLMN scenario should be allowed.

Proposal 2:  UE can transmit in other carrier in both RRC IDLE and RRC CONNECTED state.

Proposal 3:  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 4:  Serving cell may signal discovery configuration for other carrier(s) in SIB19. RRC IDLE UE uses this information for discovery transmissions in other carrier Proposal 5: RRC IDLE UE can read SIB 19 on other carrier to determine the discovery resource configuration for discovery transmissions if serving cell does not provide discovery resource configuration for discovery transmissions in other carrier.
Proposal 6: RRC IDLE UE does not affect Uu operation for discovery transmission in other carrier.
Proposal 7: RAN 2 should discuss and adopt one of the following options for transmitting SidelinkUEInformation message to request discovery resources for other carrier:

If SIB 19 is broadcasted by the Pcell then RRC CONNECTED UE transmits SidelinkUEInformation message to Pcell to request for discovery resources 
OR
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 8: UE interested in transmitting on a specific carrier includes information about the interested carrier in SidelinkUEInformation message. 

Proposal 9:  Pcell provides only Type 1 discovery resource configuration for discovery transmission in other carrier to RRC CONNECTED UE in RRCConnectionReconfiguration message.
Proposal 10: 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 11: If Pcell does not provides Type 1 discovery resource configuration for discovery transmission in other carrier to RRC CONNECTED UE in RRCConnectionReconfiguration message then UE reads SIB 19 on other carrier to determine the discovery resource configuration for discovery transmissions and then transmit using the determined resources.

Proposal 12: RRC CONNCECTED UE does not affect Uu operation for discovery transmission in other carrier.
Proposal 13: Discuss and adopt one of the options listed above for configuring frequency for inter PLMN discovery.
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