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Introduction
In this paper, we first present the possible multi-carrier/PLMN scenarios for UE-to-Network Relay and analyze the available resources that could be used by Relay UE and Remote UE in these scenarios. Then we discuss possible resource collisions between Uu and PC5 for in-band and out-of-band UE-to-Network relay respectively, and provide some solutions to alleviate the possible resource collisions.
Discussion
In Rel-12 it is assumed that all ProSe communication (for a UE) is performed on a single preconfigured Public Safety ProSe Carrier valid in the operating region. Meanwhile, multi-carrier/PLMN operation is supported in Rel-12 for ProSe communication. The typical multi-carrier use case discussed in Rel-12 is that a public safety user roaming in a commercial operator's network is able to conduct D2D operations in the public safety spectrum, when authorized [1]. In Rel-13 it is necessary to investigate the feasibility of multi-carrier/PLMN support for UE-to-Network Relays. In this section we present three multi-carrier UE-to-Network Relay deployment scenarios and discuss the impacts on the ProSe resource allocation for Relay UEs. 
Multi-carrier/PLMN scenarios for UE-to-Network Relay
Figure 1 depicts three possible multi-carrier/PLMN scenarios for Relay UEs, which primarily differ in terms of Relay UE’s coverage situations. 


Figure 1 Multi-carrier/PLMN scenarios for UE-to-Network Relay
· Scenario 1: Relay UE served by a cell on PS carrier (Relay UE1). 
This is the UE-to-network Relay scenario typically considered in RAN2 meetings so far. In this scenario, the eNB may provide the transmission and monitoring resources for ProSe UE-to-Network Relay discovery through broadcast and/or dedicated signalling. The Relay UE may utilize the eNB configured discovery resource for relay discovery. Upon receiving a layer-2 link establishment request from the Remote UE, the ProSe UE-to-Network Relay indicates to the eNB that it intends to perform ProSe UE-to-Network Relay sidelink communication. The eNB may provide resources for Relay sidelink communication through dedicated signalling [2].
For the remote UE, it may use the eNB configured or pre-configured ProSe discovery/communication resource depending on its coverage status. No matter which one is used, the remote UE and the Relay UE shall use the same PS carrier for relay communication and WAN UL communication. We may call it In-band UE-to-Network Relay.
· Scenario 2: Relay UE served by a cell on non PS carrier but in coverage of PS carrier (Relay UE2). 
In our understanding, RAN2 has not yet discussed whether the serving cell on a non PS carrier can support UE-to-Network relay operation and control the relay operation on the PS carrier. Based on the progress of Rel-13 multi-carrier/PLMN support for ProSe discovery, if an operator supports both non PS carriers and a PS carrier (intra-PLMN) or if the operators for a non PS carrier and a PS carrier are coordinated (coordinated inter-PLMN), the serving cell on a non PS carrier may broadcast the detailed ProSe discovery resource configuration of a PS carrier. Then the relay UE and in coverage remote UE served by a cell on a non PS carrier could utilize the broadcast discovery resource configuration. However, if the operators for a non PS carrier and a PS carrier are not coordinated (uncoordinated inter-PLMN), it is hard for the cell on a non PS carrier to broadcast the detailed ProSe discovery resource configuration of the PS carrier. In this case, the relay UE and remote UE could autonomously detect the cells on PS carrier and utilize the discovery resource pool, if any, broadcast by the detected on the PS carrier.
When it comes to the relay sidelink communication, the relay UE and remote UE could also autonomously detect the cells on the PS carrier and utilize the ProSe communication resource pool, if any, broadcast by the detected cell on the PS carrier for relay sidelink communication. In this scenario the Relay UE shall use different carriers for relay sidelink communication (PS carrier) and WAN UL communication (non PS carrier). We may call it out-of-band UE-to-Network Relay.
· Scenario 3: Relay UE served by a cell on non PS carrier and outside the coverage of PS carrier (Relay UE3).
Similar to Scenario 2, for the intra-PLMN and coordinated inter-PLMN case, the relay UE and in coverage remote UE served by the cell on non PS carrier could utilize the broadcast discovery resource configuration of PS carrier for Relay discovery. Otherwise, for the uncoordinated inter-PLMN case, the relay UE and remote UE could only utilize the pre-configured ProSe discovery resource on PS carrier for Relay discovery. With regard to the relay sidelink communication, both the relay UE and remote UE could only utilize the pre-configured ProSe communication resource on PS carrier for Relay sidelink communication. 
Proposal 1: Consider supporting multi-carrier/PLMN scenarios for UE-to-network Relay, where a Relay capable UE served by a non PS carrier could act as Relay and perform Relay discovery and one-to-one sidelink communication on the PS carrier.
In addition to the resource considerations, it can be discussed whether the cell on a non PS carrier could provide more assistance for Relay operation. In Rel-12 it is agreed that RRC_CONNECTED UEs served by a cell on a non PS carrier may send a ProSe UE Information indication to its serving cell when it wants to perform ProSe Direct Communication. The indication contains the intended PS ProSe Carrier. And then the serving cell on a non PS carrier may configure the UE with an inter-frequency RRM measurement on the PS Carrier and try to handover the UE to the PS carrier. In our opinion, this mechanism could also be applied to the UE-to-Network Relay. Namely, the serving cell could indicate in SIB that it supports UE-to-Network relay. Then the relay capable UE could send a ProSe UE Information message which may contain the intended PS carrier to the serving cell when it wants to perform relay operation. The serving cell may then assist the UE to handover to the PS carrier. 
On the other hand, if the inter-frequency mobility is not performed by the serving cell, or if it fails, the relay capable UE has to stay in the serving cell on a non PS carrier. As agreed, if the relay UE is served by a cell on a PS carrier and this cell supports Relay, the cell may provide the minimum and/or a maximum Uu link quality threshold for UE to respect before initiating the Relay discovery procedure. It is not clear if the threshold broadcast could be supported by a cell on a non PS carrier. And if the relay UE receives a layer-2 link establishment request from the Remote UE, it is not clear if the relay needs to indicate it to the cell on a non PS carrier. 
Proposal 2: Discuss what kind of assistance could be supported by a cell on a non PS carrier for Relay operation in multi-carrier/PLMN scenarios.
Resource configuration for UE-to-Network Relay
As illustrated in section 2.1, both In-band and out-of-band UE-to-Network Relay may be supported for the multi-carrier/PLMN scenarios. That is, the Relay UE may perform PC5 transmission and WAN UL transmission on the same or different carriers. In this section, we analyze possible resource collisions between Uu and PC5, and present some proposals.
In-band UE-to-Network Relay
As agreed in Rel-12, a Relay UE could not simultaneously transmit on Uu and on PC5. Furthermore, when the Relay UE transmits on Uu or PC5, it could not receive the remote UE’s transmission on the PC5, as shown in Figure 2. As discussed in Section 2.1, the in coverage remote UE and out of coverage remote UE use different sources of resource configuration, so we discuss the two cases separately.


Figure 2 In-band UE-to-Network Relay
1）In-coverage remote UE
When the relay UE and remote UE use mode 1 communication on PC5 transmission, and relay UE Uu UL transmission is also scheduled by eNB, there is no resource collision because all the resources are coordinated by the eNB.
When the relay UE is scheduled by the eNB with mode 1 resource allocation and remote UE selects resource in mode 2 resource pool configured in SIB or configured by dedicated signalling by the eNB, there may be no resource collision under the condition that the eNB assigns mode 1 PC5 resources and WAN resources which are different from the mode 2 resource pools used by the remote UE. On the other hand, when the remote UE uses mode 1 communication and the relay UE uses mode 2, no collision is introduced with suitable scheduling for the remote UE by the eNB.
If mode 2 communication is used for both the relay UE and the remote UE, since the remote UE has no idea of the scheduling information of the relay UE transmission on Uu uplink, the resources selected by the remote UE may conflict with the Uu UL transmission of the relay UE. At the same time, the remote UE does not know the resource selection of the relay UE on PC5 DL either; resource collision may then occur between the resource used by the relay UE and the remote UE. 
Based on the analysis above, some coordination of resource pool configuration is needed for the relay UE and/or remote UE in order to avoid resource collision when mode 2 communication is used.
2）Out-of-coverage remote UE
Relay UE may use ProSe resources configured by the eNB with mode 1 or mode 2 to serve out of coverage remote UEs. For out of coverage remote UE, regardless of the communication mode used by relay UE, it is clear that the transmission resource pool of the relay UE should be a subset of the reception resource pool of the remote UE.
Observation 1: The transmission resource pool of the Relay UE should be within the reception resource pools of the remote UE.
Out-of-coverage remote UE would use mode 2 communication resources on Public Safety ProSe carrier preconfigured in the UICC or ME, similarly to Rel-12 ProSe communication for OoC UE. Since the eNB may not be aware of the pre-configured resource pool used by remote UE, it is very likely that the UL resource scheduled by the eNB for the Relay UE’s WAN transmission may collide with the remote UE’s PC5 transmission. Moreover, if multiple remote UEs connect to the Relay UE and initiate the transmission, the traffic on both the PC5 and the Uu may be heavy for the Relay UE, which may lead to high probability of collision.
Based on the above analysis, it is suggested that out-of-coverage remote UE be aware of the UL resources scheduled by eNB for the relay UE so as to avoid selecting corresponding subframes for PC5 UL transmission. One possible way is that the eNB’s ProSe resource configuration and remote UE’s pre-configured ProSe resource configuration are well designed to avoid the potential collision. Or the relay UE may forward the eNB configured ProSe resource configuration to remote UE to avoid the transmission and reception collision between Uu and PC5 interface. In addition, the eNB may configure a subset of ProSe resources that could be used by Relay UE and out of coverage remote UEs. And the relay UE may forward this resource configuration to remote UE. In this way, both the Relay UE and the connected Remote UE use the eNB configured restricted ProSe resource pool for their sidelink transmission.
Proposal 4: Discuss a solution to address the resource collision risk between Relay UE’s WAN transmission and remote UE’s PC5 transmission (especially when out of coverage) for In-band UE-to-Network Relay. 
Out-of-band UE-to-Network Relay
As shown in Figure 3, the Relay UE may use different carriers for sidelink communication and WAN UL communication. In this case, there is no resource collision between relay Uu UL transmission and PC5 DL transmission, neither collision between relay UE Uu UL transmission and remote UE PC5 UL transmission. The only possible collision may happen on PC5 between remote UE and relay UE. According to the progress of Rel-12, half-duplex problem on PC5 peer UE could be alleviated through hopping pattern and retransmissions mechanism. 


Figure 3 Out-of-band UE-to-Network Relay
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In this paper, we first presented the possible multi-carrier/PLMN scenarios for UE-to-Network Relay and analyzed the available resources that could be used by Relay and Remote UE in these scenarios. Then we discussed possible resource collisions between Uu and PC5 for in-band and out-of-band UE-to-Network relay respectively, and provided some solutions to alleviate the possible resource collisions. 
Proposal 1: Consider supporting multi-carrier/PLMN scenarios for UE-to-network Relay, where a Relay capable UE served by a non PS carrier could act as Relay and perform Relay discovery and one-to-one sidelink communication on the PS carrier.
Proposal 2: Discuss what kind of assistance could be supported by a cell on a non PS carrier for Relay operation in multi-carrier/PLMN scenarios.
Observation 1: The transmission resource pool of the Relay UE should be within the reception resource pools of the remote UE.
Proposal 4: Discuss a solution to address the resource collision risk between Relay UE’s WAN transmission and remote UE’s PC5 transmission (especially when out of coverage) for In-band UE-to-Network Relay. 
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