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1 Introduction
In RAN2#91bis, there have been some discussions on ProSe UE-to-NW relay and some agreements have been achieved [1].  However, for ProSe UE-to-NW relay, how the resources are allocated for relaying UE and remote UE has not been completely clarified.  In this paper, we address this issue and propose our proposals.
2 Resource Allocation Approaches for In-Coverage Scenarios
2.1 Relaying UE

From the relaying UE perspectives, when ProSe UE-to-NW relay is forwarding traffic between the remote UE and the network side, the relaying UE itself is always in RRC_Connected state no matter mode-1 or mode-2 resources are used.  If the PC5 communication uses the radio resource controlled by the macro eNB, the PC5 transmission resources can be configured by the eNB using either SIB broadcasting or RRC dedicated signalling.  If the PC5 resources are not configured by the serving eNB, it can be pre-configured resources which should be matched with the pre-configuration resources for the remote UEs.  The relaying UE can obtain such pre-configuration from the network side e.g. the ProSe function.
Observation 1: For IC scenario, if the PC5 resources are configured by the macro eNB, the transmission and reception resources for the relaying UE can be configured by the eNB using SIB or RRC messages.
2.2 Remote UE

Regarding to remote UE resource allocation, there are some differences for IC (In-Coverage) and OOC (Out-Of-Coverage) scenarios as shown in Figure 1.  For IC case, the remote UE can acquire mode 1 or mode 2 resources directly from the serving eNB unlike OOC scenario.  Therefore, we think Release 12 resource allocation methods can be applied to resource allocation for the remote UE for IC scenario.
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Figure 1. IC and OOC Scenarios
Meanwhile, there can be some optimizations based on implementation.  For example, if the radio link quality between the remote UE and the eNB is not good, but still not broken, the eNB can configure the remote UE to choose to use mode-2 resources to save the signaling overhead for scheduling for mode 1.  This can be realized by eNB implementation and no outstanding standard enhancement for Rel-13 is required in our view.

Before discussing the resource allocation for the remote UE, it is necessary to clarify the RRC state of the remote UE firstly.  In our understanding, for ProSe transmission by the remote UE to relaying UE, the remote UE must be in RRC_Connected state no matter in mode-1 or mode-2.  For ProSe reception, we think at least in mode-2, the remote UE can be either in RRC_IDLE or RRC_Connected state.  If the remote UE needs to have bi-directional traffic with the NW side, which means that the remote UE need to transmit ProSe communication data, it needs to be in RRC_Connected state.  But, if the remote UE only receives the data from the relaying UE, we don’t see any reason to still to be kept in RRC_Connected state all the time.  This may happen after the connection establishment but there is only downlink traffic from the NW to the remote UE.
Regarding to resource allocation for the remote UE, we think that for IC scenario, the remote UE can acquire the transmission and reception resources either mode-1 or mode-2 by the serving eNB.  If the remote UE is in RRC_IDLE state, it can only use mode-2 resource for transmission.
Observation 2: For IC scenario, if the PC5 resources are configured by the macro eNB, the remote UE can acquire the transmission and reception resources in either mode-1 or mode-2 by the serving eNB.If the remote UE is in RRC_IDLE state, it can only use mode-2 resource for transmission.
If the transmission and reception resources are not configured by the macro eNB, e.g. pre-configured, such pre-configuration should be made aware for the relaying UEs, as illustrated above.
3 Resource Allocation Approaches for Out-of-Coverage Scenario
3.1 Visibility of remote UE to the eNB

Before discussing the details of resource usage, we think the visibility of the remote UE to the eNB should be clarified in out of coverage scenario.  Because, in OOC scenario, the eNB can not directly allocate either mode-1 or mode-2 resources to the remote UE.  Then there can be two options as follows.
· Option 1: Remote UE is invisible to the eNB.

With this option, the eNB is unaware of the remote UE and there is no UE context information stored by the eNB for the remote UEs.  One benefit of this option is that the control signaling load of the eNB can be reduced.  However, the eNB cannot control the remote UEs directly.  For this option, it is not possible for the remote UE to request transmission resource to the eNB.
· Option 2: Remote UE is visible to the eNB.

With this option, the eNB is aware of the remote UE, i.e., the relaying UE needs to inform the eNB about the existence of the remote UE.  The eNB may maintain UE context information for the remote UE and RRC connection may be maintained between the remote UE and the eNB.  From our perspective, one potential benefit of this option is that the eNB can directly control the remote UEs and such kind of control may be desired for the case when the radio resources for sidelink transmission are of co-channel with the cellular UL/DL transmission i.e. controlled by the serving eNB of the relaying UE.  For this option, it might be possible for the remote UE to request transmission resource to the eNB which is relayed by the relaying UE.  However, if the eNB handles the MAC signaling to support scheduling, there may be long delay.  Also, the option is more complex than option 1.  Table 1 below summarizes the two options and the comparison between them.

Table 3. Comparison of Two Options
	Options
	Option 1
	Option 2

	Main features
	· No UE context information stored by the eNB for the remote UEs even if they are in RRC_Connected state.
	· There may be UE context information stored by the eNB for the remote UEs even if they are in RRC_Connected state.

	Pros.
	· Control load of the eNB can be reduced.
	· The eNB can control the remote UEs directly.

	Cons.
	· The eNB cannot control the transmission resources for the remote UEs directly.
	· Control load of the eNB may be increased.

	Impact to resource allocation
	· It might NOT be possible for the remote UE to request transmission resource to the eNB which is relayed by the relaying UE due to potential long latency.
	· It might be possible for the remote UE to request transmission resource to the eNB which is relayed by the relaying UE.


Considering the Release 13 timeline and also the complexity, we think option 2 may be more difficult for RAN2 to specify in this release because it may need a RRC signaling connection to be tunneled between the remote UE and the relaying UE.  Thus, option 1 is slightly preferred.  Based on the above analysis, we have the following proposal.
Proposal 1: Option 1 is considered as baseline for Release 13 for OOC scenario.
3.2 Resource allocation options for the relaying UE and remote UE following option 1

With option 1 as the assumption, resource allocation for the remote UE can be performed by pre-configuration or by dynamic configuration.  For pre-configuration, we think it may be lack of flexibility due to two reasons.

· The PC5 communication resources are controlled by the macro eNB as these resources can be different under different macro cells.  In this case, pre-configuration is not flexible.

· Using the preconfigured resources or resource pools, it is not easy to configure different resources for different remote UEs.  If all the UEs use the same configuration, there may be collisions during transmission.
Considering the above two reasons, we think dynamic configuration should be considered for Release 13 in OOC scenario.

Proposal 2: Dynamic configuration should be considered for Release 13 for resource allocation to the remote UEs in OOC scenario.
As the eNB can not configure the resources directly to the remote UE, we think one simple and feasible solution is to let the relaying UE to provide such resource information to the remote UE.
Proposal 3: The relaying UE should be allowed to deliver ProSe communication resources information (e.g. resource pool information) to the remote UE(s).

The relaying UE to deliver the ProSe communication resources are mode-2 resources.  The general signaling procedures are shown in figure 2.  As shown in the figure, the relaying UE can deliver one or multiple resource pools to the remote UE(s).




Figure 2.  Resource allocation for the remote UE with mode-2 resource delivered by the relaying UE
In case of multiple remote UEs being served by the same relaying UE, it may be beneficial if the relaying UE can coordinate the transmission resources among the remote UEs somehow and mode-2 resource allocation may not be sufficient when QoS of the ProSe communication transmission is desired.  In this case, the relaying UE can firstly acquire some time-frequency resources from the macro eNB using RRC signaling and then perform scheduling for the remote UEs for ProSe transmission.  In this case, the relaying UE needs to be enhanced so that it can handle the BSR messages and produce grant messages.  An example signaling procedure is shown in Figure 3.
Proposal 4: RAN2 to discuss the resource allocation approaches for the remote UEs in Figure 2 and Figure 3 for OOC scenario.








Figure 3.  Resource allocation for the remote UE with relaying UE acting as scheduler
4 Conclusion
In this contribution, we discuss the issues of resource allocation in ProSe UE-to-NW relay for IC and OOC scenarios and we have the following observations and proposals:
Observation 1: For IC scenario, if the PC5 resources are configured by the macro eNB, the transmission and reception resources for the relaying UE can be configured by the eNB using SIB or RRC messages.
Observation 2: For IC scenario, if the PC5 resources are configured by the macro eNB, the remote UE can acquire the transmission and reception resources in either mode-1 or mode-2 by the serving eNB.  If the remote UE is in RRC_IDLE state, it can only use mode-2 resource for transmission.
Proposal 1: Option 1 is considered as baseline for Release 13 for OOC scenario.

Proposal 2: Dynamic configuration should be considered for Release 13 for resource allocation to the remote UEs in OOC scenario.
Proposal 3: The relaying UE should be allowed to deliver ProSe communication resources information (e.g. resource pool information) to the remote UE(s).

Proposal 4: RAN2 to discuss the resource allocation approaches for the remote UEs in Figure 2 and Figure 3 for OOC scenario.
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The remote UEs conduct ProSe transmission in mode 2.
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The remote UEs conduct ProSe transmission scheduled by the relaying UE i.e. in scheduled mode.
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