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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The enhancement of ProSe discovery support in the presence of multiple carriers and PLMNs is identified as one of the objectives in the R13 ProSe WI [1]. Several agreements have been achieved at RAN2#90 and several open issues need to be clarified [2]. This contribution provides some considerations on these issues and shows how to allow ProSe transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell.
Discussion 
Intra PLMN scenario
The intra-PLMN is depicted in Figure 1. The scenario is further split into two cases: intra-PLMN scenario of collocated deployment and intra-PLMN of inter-eNB deployment. For the former case, all the carriers in different cells are collocated in the same eNB belonging to the same PLMN. For the latter case, although carrier1 and carrier 2 belong to the same PLMN, the two carriers are deployed on different eNBs. In this case, inter eNB coordination is needed. 


Figure 1. Intra PLMN scenario
Configuration of discovery resource of other carriers via SIB message
It was agreed that the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signaling. If we allow eNB to configure autonomous transmission resources for the other carrier via SIB message, it is possible that the eNB simultaneously configure transmission resources for the serving carrier and the other carrier. Upon receiving such a configuration, it is not clear which carrier shall be selected by the UE to perform the discovery transmission. And it is hard for the network to control how these autonomous resource pools could be properly utilized. For example, the UE may choose resource from a carrier which is actually heavily loaded. In this case, the load imbalance on different carrier cannot be alleviated. In order to solve this issue, the UE may randomly select resources from the received resource configuration. More specifically, the UE randomly selects one of these carriers (including serving carrier and other carriers) and then start ProSe discovery transmission on the selected carrier. 
Proposal 1: The UE behavior should be defined when the network configures multiple resources of different carriers via SIB message. The UE should randomly select resources from different carriers.
Configuration of discovery resource of other carrier via dedicated message
It may happen that the serving cell indicates in SIB19 that it supports ProSe Direct Discovery on other carriers but does not provide detailed ProSe discovery transmission resources. In this case, ProSe UEs need to enter RRC_CONNECTED in order to request the ProSe discovery transmission resources. The serving cell may send the autonomous discovery transmission resource configuration of its own carrier as well as other carriers to the requesting UE through dedicated signalling. 
On the other hand, if the serving cell and the cells on other carriers belong to the same eNB, it is likely that the serving cell allocates dedicated discovery transmission resources from the cells on other carriers to the UE. In this case, the eNB may choose the ProSe resources from the less loaded carriers. The load imbalance mentioned in Section 2.1.1 is not an issue for the discovery resource configuration via dedicated message, since the eNB may filter out the loaded carrier and only configure the less loaded carriers to the UE. 
Inter-PLMN scenario
Inter-PLMN scenario is depicted in Figure 2. Carrier1 and carrier 2 belong to the different PLMNs and are deployed at different eNBs. The two PLMNs may be coordinated or uncoordinated. Both options are discussed below. 


Figure 2. inter PLMN scenario
Coordinated Inter-PLMN
In this case, the eNB may obtain the carrier information as well as the discovery transmission resource configuration on these carriers through X2 interface or via OAM. Hence, it is possible that the eNB broadcasts the detailed ProSe discovery transmission resource configuration of carriers on other PLMNs through SIB19. Also it is likely that the eNB sends the detailed ProSe discovery transmission resource configuration of carriers on other PLMN to the UE through dedicated signalling. As described in intra PLMN scenario, the UE behavior should be defined when the network configures multiple resources of different carriers.
Uncoordinated Inter-PLMN
If the PLMNs are uncoordinated, it is hard for the eNBs to learn the carrier information as well as the discovery resource configuration on these carriers from each other. A further issue in this scenario is how the UE is configured with the authorized frequencies for inter-PLMN operation.
Compared with public safety UEs, no pre-configured ProSe carrier info is available for non-public safety UEs. One possible way for the non-public safety UE to obtain the authorized frequencies is through the ProSe function. However, the current ProSe authorization element defined in SA2 includes only PLMN id, without any frequency information, as shown below. Nevertheless, it is recommended that RAN2 sends a LS to SA2/CT1 about whether the UE could obtain the authorized frequency carrier info together with the allowed PLMNs from the ProSe Function for inter-PLMN discovery. 
	Cited from TS 29.344
ProSe-Subscription-Data ::= <AVP header: 3701 10415>
{ ProSe-Permission }
*[ ProSe-Allowed-PLMN ]
*[AVP]


Proposal 2: In inter-PLMN scenario, for non public safety UEs, SA2/CT guidance is required to know if the frequencies can be provided by the Prose Function.
Gap configuration
Gap configuration procedure
It was agreed in RAN2#90 that gaps will be introduced to allow reusing a RF transmitter/receiver chain for direct discovery transmission/reception. However, it is not clear how the network controls gap configuration. Considering intra PLMN and coordinate inter PLMN scenarios as an example, the serving cell knows exactly the discovery resource for Type 2B transmission. Therefore, for Type 2B transmission case, the serving cell is able to configure appropriate gaps for a UE. However, for Type 1 discovery and discovery reception, it is hard for the UE’s serving cell to know the exact time when UE announces or monitors discovery messages. Suppose the eNB has the discovery transmission and reception pool info for the intra PLMN and coordinate inter PLMN scenarios, the eNB may only configure a “long” gap for the UE. What is worse, when considering uncoordinated inter PLMN scenario, the eNB could not learn the resource pool info of uncoordinated carriers. So the “long” gap configuration by eNB is not applicable in this scenario. Based on the above analysis, it seems beneficial for the UE to inform its desired scheduling period of Prose direct discovery or other carrier’s resource pool to its serving eNB. The information is to assist the eNB to configure an appropriate gap pattern for the UE, which is similar to the UE assistance information procedure discussed for the IDC functionality.


Figure 3. Gap pattern configuration
As show in Figure 3, it is up to UE to create assistance information when a RRC_CONNECTED UE is interested to announce discovery messages on other carriers. As agreed in RAN2#90, 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. So the UE can acquire the resource configuration information of ProSe Direct discovery on other carriers directly from the serving cell. On the other hand, it was also agreed in RAN2#90 that the UE can read SIB19 of the other carriers to acquire the resources for direct discovery transmission. So the UE also can acquire the resource configuration information of other carriers for direct discovery by reading SIB19 of the carriers of uncoordinated PLMN. Based on this information, the UE may decide when and on which carrier it shall monitor or announce discovery messages and then create assistance information to help the eNB gap pattern configuration. The assistance information may be in the form of a TDM pattern, as shown in Figure 4. The TDM pattern would be split into two main types of periods: scheduling periods and unscheduled period. Scheduling periods indicate to the eNB that the UE shall perform the ProSe discovery within such time duration and the unscheduled periods indicate that the WAN communication may be scheduled during such time duration. In addition to the TDM pattern, the assistance information could be in the form of a bitmap, where “1” stands for desired scheduling period and “0” stands for unscheduled period, as shown in Figure 5.


Figure 4. TDM assistance information 
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Figure 5. Bitmap assistance information
After the UE create the assistance information, the UE sends it to its serving eNB. The eNB shall be responsible for the final gap pattern configuration based on the assistance information and other criteria. DRX based configuration can be used for gap pattern. Namely, the eNB can configure the UE with a DRX in which the assistance scheduling period corresponds to the inactive time of DRX operation defined in MAC, while the unscheduled period corresponds to the DRX active time. For example, a UE is able to announce/monitor discovery messages in DRX inactive time. After the final DRX based gap pattern is chosen, the eNB sends the DRX configuration to the UE through RRC dedicated signaling. The UE then uses the DRX to enforce Prose direct discovery.
Proposal 3: A RRC_CONNECTED UE shall provide assistance information to help the eNB gap pattern configuration. 
Proposal 4: It is up to the eNB to configure final gap pattern based on the assistance information and other criteria.
Proposal 5: It is suggested that the gap pattern is configured through appropriate DRX configuration. The UE may perform Prose direct discovery during inactive time periods of the DRX cycle.
Intra frequency gap
A remaining issue regarding gap configuration at the last meeting is if the gap applies both for intra and inter-frequency. For Rel-12 intra frequency Prose direct discovery, it was agreed to use best effort solution by using DRX occasion. For a UE in RRC_CONNECTED, the resource for discovery announcement is configured by the serving cell; therefore the serving cell can be aware of the discovery announcement period. Additional gaps for intra frequency announcement seem not necessary. For discovery monitoring, a UE in RRC_CONNECTED may inform the serving cell about its intent to perform discovery monitoring; so the serving cell can be aware of the discovery monitoring period. Additional gaps for intra frequency monitor seem also not necessary. Therefore, network configured gaps are only applicable for the inter frequency case.
Proposal 6: Network configure gaps are only applicable for the inter frequency case.
Conclusion
In this contribution we discussed ProSe Discovery transmission for the multiple carriers and multiple PLMNs scenario. A few proposals were derived.
Proposal 1: The UE behavior should be defined when the network configures multiple resources of different carriers via SIB message. The UE should randomly select resources from different carriers.
Proposal 2: In inter-PLMN scenario, for non public safety UEs, SA2/CT guidance is required to know if the frequencies can be provided by the Prose Function.
Proposal 3: A RRC_CONNECTED UE shall provide assistance information to help the eNB gap pattern configuration. 
Proposal 4: It is up to the eNB to configure final gap pattern based on the assistance information and other criteria.
Proposal 5: It is suggested that the gap pattern is configured through appropriate DRX configuration. The UE may perform Prose direct discovery during inactive time periods of the DRX cycle.
Proposal 6: Network configure gaps are only applicable for the inter frequency case.
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