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Introduction
In R13, inter-carrier and inter-PLMN discovery is introduced. Two methods of obtaining inter-carrier discovery transmission resource are defined. However, it’s not clear that when the UE should use which method to obtain the inter-carrier discovery transmission resource. Since ProSe discovery may have higher priority than Uu in public safety use case, gap was introduced. In this case, the UE can skip the Uu when it can’t operate PC5 discovery and Uu simultaneously. It’s not clear how the eNB configure the gap. In this contribution, we would discuss the above issues.
	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.  

· 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.  



Discussion
How does the UE obtain the inter-carrier discovery transmission resource?
In R13, inter-carrier discovery transmission is allowed. The UE can obtain the inter-carrier discovery transmission resource by reading the SIB19 or requesting the serving eNB to configure the inter-carrier resource by dedicated signaling if the network is coordinated. However, it’s not clear that when the UE should use which method to obtain the inter-carrier discovery transmission resource.
For IDLE UE, it can only obtain the inter-carrier discovery transmission resource by reading the inter-carrier or intra-carrier SIB19. If the inter-carrier discovery transmission resource is included in either SIB 19, the IDLE UE could obtain the resource by reading the SIB 19. Otherwise, the IDLE UE should enter RRC_CONNECTED state to request serving eNB to configure the inter-carrier resource by dedicated signaling. The dedicated configuration is only applicable when the target network and serving network are coordinated. But the UE is not aware whether the target network is coordinated or not. If the target network is not coordinated, the UE doesn’t need to enter CONNECTED and send subsequent signaling. It’s proposed the SIB 19 includes the coordinated carrier list, thus the IDLE UE can decide whether to send the resource request to eNB. If the target carrier is not coordinated, the UE may re-select to the target cell.
Proposal 1: SIB 19 should include the coordinated carrier list.
Proposal 2: If the target inter-carrier discovery transmission resource is not included in the intra-carrier or inter-carrier SIB 19 and the target carrier is coordinated carrier, the IDLE UE should enter RRC_CONNECTED state to request the serving eNB for the inter-carrier discovery transmission resource.
Proposal 3: If the target inter-carrier discovery transmission resource is not included in the intra-carrier or inter-carrier SIB 19 and the target carrier is not coordinated carrier, the IDLE UE may re-select to the target carrier to request the discovery transmission resource.
For the RRC_CONNECTED UE, the UE is required to send request to eNB no matter whether SIB 19 includes the transmission resource or not in R12. The intention is the eNB has better awareness of the system resource allocation, thus eNB scheduling of the RRC_CONNECTED UE can get better system performance. However, in the inter-carrier discovery scenario, the UE uses resource on another carrier. It’s not beneficial to send request to serving eNB since serving eNB is not aware of the inter-carrier resource allocation, if the target carrier is not coordinated.
Proposal 4: If the target inter-carrier discovery transmission resource is included in intra-carrier or inter-carrier SIB 19 and the target carrier is not coordinated, the CONNECTED UE is not required to send request to eNB.
Proposal 5: If the target inter-carrier discovery transmission resource is not included in intra-carrier or inter-carrier SIB 19 and the target carrier is a coordinated carrier, the CONNECTED UE should request the serving eNB for the inter-carrier discovery transmission resource.
How does the eNB configure gap?
Gap is introduced when the UE can’t operate the PC5 discovery and Uu in the inter-carrier discovery case. In the intra-carrier discovery case, the collision between Uu Tx and PC5 discovery Tx/Rx also exists when the Uu traffic load is heavy. When collision happens, the UE may not be able to operate the Uu Tx and PC5 discovery Tx/Rx simultaneously. It’s beneficial to configure gap in intra-carrier discovery case.
Proposal 6: Gap can be used in intra-carrier discovery case.
In R12, ProSe discovery is considered to be lower priority than Uu transmission and reception. Therefore, the Prose discovery capability is designed to only report the discovery supported band. eNB just provide a best effort service to ProSe discovery if there is collision between PC5 and Uu. It’s impossible for eNB to know whether the UE can operate the Uu Tx/Rx and PC5 discovery Tx simultaneously on a band combination by R12 UE capability. 
Furthermore, ProSe discovery capable UE is not assumed to have the dedicated Rx chain for PC5 in R12. It’s possible that UE may not be able to operate the Uu Tx/Rx and PC5 discovery Rx smiultaneously on some band combination. eNB can’t know this capability either by R12 UE capability.
Observation1: eNB can’t know whether the UE can operate Uu Tx/Rx and PC5 discovery Tx simultaneously on a band combination by R12 UE capability.
Observation2: eNB can’t know whether the UE can operate the Uu Tx/Rx and PC5 discovery Rx simultaneously on a band combination by R12 UE capability.
ProSe discovery may have higher priority than Uu in R13, due to the public safety use case. When the UE can’t operate on PC5 discovery and Uu simultaneously, Gap is configured so that UE can skip the Uu if there is collision. Therefore, eNB has to know on which band combination UE can operate the Uu and PC5 discovery simultaneously to decide whether to configure UE with gap or not.
To solve the issue of Observation1, it’s proposed that UE should report the band combination on which it can operate Uu Tx and PC5 discovery Tx simultaneously, similar to the R12 ProSe communication capability.
Proposal 7: UE reports the band combination on which it can operate Uu Tx and PC5 discovery Tx simultaneously.
To solve the issue of Observation2, there are two options.
Option1, UE reports the band combination on which it can operate Uu Tx/RX and PC5 discovery Rx.
Option2, the UE has the dedicated Rx chain for PC5 discovery Rx on public safety carriers, similar to the R12 ProSe communication capable UE. eNB doesn’t need to configure gap for PC5 discovery Rx.
The problem of option 1 is there would be enormous signaling if UE reports every band combination of PC5 Tx/Rx/Rx and Uu Rx/Tx/Rx, since there are more and more supported bands. Enhancement is required to report the Tx/Rx and Rx/Tx band combination, which is not supported by the current CA band combination. The problem of option2 is there is additional cost for the UE. However, this dedicated Rx chain is only required for the public safety UEs, which may be affordable. The commercial discovery capable UE is not required to have this additional Rx chain. Option2 is simple and could save enormous signaling. Therefore, we suggest the public safety discovery capable UE has the dedicated Rx chain for PC5 discovery Rx, similar to the R12 ProSe communication capable UE.
Proposal 8: The public safety discovery capable UE should have the dedicated Rx chain for PC5 discovery Rx on public safety carriers, similar to the R12 ProSe communication capable UE.
In R13, UE is allowed to read the inter-carrier SIB19 to obtain the inter-carrier discovery transmission resource. If the UE can’t operate the Uu Tx/Rx and PC5 discovery Tx simultaneously because of the resource collision, UE should report the corresponding PC5 discovery Tx resource to eNB so that eNB can configure the appropriate gap. If the target carrier is coordinated carrier, serving eNB is aware of the transmission resource pool configuration. UE only needs to report the transmission pool index. If the target carrier is not coordinated carrier, UE has to report the detailed transmission pool configuration.
Proposal 9: If the target carrier is a coordinated carrier, UE should report the target carrier and the selected resource pool index, when UE can’t operate the Uu Tx/Rx and PC5 discovery Tx simultaneously because of the resource collision.
Proposal 10: If the target carrier is not a coordinated carrier, UE should report the target carrier and the selected resource pool configuration, when UE can’t operate the Uu Tx/Rx and PC5 discovery Tx simultaneously because of the resource collision.

Proposals
According to the analysis in section 2, the following proposals are given:
Proposal 1: SIB 19 includes coordinated carrier list.
Proposal 2: If the target inter-carrier discovery transmission resource is not included in the intra-carrier or inter-carrier SIB 19 and the target carrier is coordinated carrier, the IDLE UE should enter RRC_CONNECTED state to request the serving eNB for the inter-carrier discovery transmission resource.
Proposal 3: If the target inter-carrier discovery transmission resource is not included in the intra-carrier or inter-carrier SIB 19 and the target carrier is not coordinated carrier, the IDLE UE may re-select to the target carrier to request the discovery transmission resource.
Proposal 4: If the target inter-carrier discovery transmission resource is included in intra-carrier or inter-carrier SIB 19, the CONNECTED UE should use the resource indicated in SIB and not send request to eNB.
Proposal 5: If the target inter-carrier discovery transmission resource is not included in intra-carrier or inter-carrier SIB 19 and the target carrier is coordinated carrier, the CONNECTED UE should request serving eNB for the inter-carrier discovery transmission resource.
Proposal 6: Gap can be used in intra-carrier discovery case.
Observation1: eNB can’t know whether the UE can operate Uu Tx/Rx and PC5 discovery Tx simultaneously on a band combination by R12 UE capability.
Observation2: eNB can’t know whether the UE can operate the Uu Tx/Rx and PC5 discovery Rx simultaneously on a band combination by R12 UE capability.
Proposal 7: UE reports the band combination on which it can operate Uu Tx and PC5 discovery Tx simultaneously.
Proposal 8: The public safety discovery capable UE has the dedicated Rx chain for PC5 discovery Rx on public safety carriers, similar to the R12 ProSe communication capable UE.
Proposal 9: If the target carrier is coordinated carrier, UE reports the target carrier and the selected resource pool index, when UE can’t operate the Uu Tx/Rx and PC5 discovery Tx simultaneously because of the resource collision.
Proposal 10: If the target carrier is not coordinated carrier, UE reports the target carrier and the selected resource pool configuration, when UE can’t operate the Uu Tx/Rx and PC5 discovery Tx simultaneously because of the resource collision.
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