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At RAN#66, the WID for ProSe enhancements in 3GPP Release 13 has been approved and was revised in RAN#67 [1].  ProSe UE-to-NW relay was identified as one technical feature for Release 13.  In this paper, we discuss the architecture assumptions for ProSe UE-to-NW relay and resource allocation procedures based on the architecture assumptions.
Architecture Assumptions
Whether remote UE should be visible to CN?
For ProSe UE-to-NW relay, one important architecture issue is whether the remote UE should be visible to CN and the eNB.


Figure 1. Scenario for ProSe UE-to-NW relay (relaying UE)
Figure 1 shows the scenario for ProSe UE-to-NW relay i.e. relaying UE.  The relaying UE is visible to CN and the eNB.  E.g., when the relaying UE is in RRC_Connected state, NAS signaling connection and RRC signaling connection are terminated by the MME and the eNB respectively.
Regarding to whether the remote UE should be visible to CN or not, we think that RAN2 should involve SA2 to make the decision.  SA2 has discussed this issue and it seems SA2 has assumed that there is no NAS connection between remote UE and MME meaning that the remote UE is invisible to CN[2].  However, in the latest version of TR 23.713, it was not clearly captured[3].  Therefore, we think that if necessary, RAN2 should confirm SA2’s assumption on remote UE’s visibility to MME i.e. by sending an LS to SA2.
Proposal 1: RAN2 to send LS to SA2 to confirm that the remote UE is invisible to MME.
However, it is important to clarify that although the remote UE is invisible to MME, it might be visible to ProSe Function.  This means the remote UE may have PC3 interface with ProSe Function as shown in Figure 1.  This would require a user plane connectivity between the remote UE and ProSe Function which is relayed by the relaying UE.  Such interface could be utilized by the remote UE to get certain control from the ProSe Function when necessary.
Proposal 2: RAN2 to assume that there can be PC3 interface between ProSe Function and the remote UE.
Whether remote UE should be visible to the eNB?
For ProSe UE-to-NW relay, another important architecture issue is whether the remote UE should be visible to the eNB.  From our point of view, there can be two options in E-UTRAN.
· Option 1: Remote UE is invisible to the eNB.
With this option, the eNB is unaware of the remote UE, i.e., whether it is relayed by a relaying UE though the relaying UE may be in RRC_Connected mode with control plane signaling connections maintained.  There is no any UE context information stored by the eNB for the remote UEs.  One obvious benefit of this option is that the control signaling load of the eNB can be reduced.  However, the eNB can not control the remote UEs directly.  In case the radio resources for sidelink transmission are of co-channel with the cellular UL/DL transmission, radio resource management schemes need to be studied.  For this option, it is not possible for the remote UE to request transmission resource to the eNB which is relayed by the relaying UE.  This may impact the resource allocation mechanisms which are analyzed in section 3.
· 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.  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.  This may impact the resource allocation mechanisms which are analyzed in section 3.  Table 1 below summarizes the two options and the comparison between them.
Table 1. Comparison of two options
	Options
	Option 1
	Option 2

	Main features
	· No control plane signaling connections maintained between remote UE and the eNB.
· No UE context information stored by the eNB for the remote UEs even if they are in RRC_Connected state.
	· There may be control plane signaling connections maintained between remote UE and the eNB.
· 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 can not control 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.
	· It might be possible for the remote UE to request transmission resource to the eNB which is relayed by the relaying UE.


Based on the above analysis, we have the following proposal.
Proposal 3: RAN2 should study the two options regarding to whether the remote UE should be visible to the eNB or not and consider the analysis in Table 1.
At this point, we think there seems to be no sufficient reasons observed to exclude any of the two options in the table.  However, we think that if option 1 is preferred in for some scenarios, it can be preferred.  For example, if sidelink resources are separated with cellular uplink resources which means the resources allocated for the relaying UE can be isolated with the cellular uplink resources for certain period, the relaying UE can then allocate such resources to the remote UEs following the assumptions of option 1.  Thus we have the following proposal.
Proposal 4: RAN2 to agree that in case the sidelink resources are separated with cellular uplink resource, option 1 is preferred.
Resource allocation options for ProSe UE-to-NW relay
Based on the architecture assumptions in Section 2, the resource allocation mechanisms can be discussed in this section.
Resource allocation method 1 with UE-selected mode
Based on Release 12 agreements on ProSe communication resource pool configuration, we think that if architecture option 1 is adopted, then there can be one simple method to allocate radio resource for the remote UE which is shown in Figure 2.
In this method, the relaying UE firstly acquire the resource pool(s) configuration from the eNB and then broadcast to the remote UE(s).  When the remote UE(s) acquire the resource pool(s), it conducts ProSe transmission with resources selected from the pool(s).  In such option, the remote UE can only support UE-selected mode ProSe transmission which may be considered as a limitation.
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Figure 2.  Resource allocation method 1
Resource allocation method 2 with relaying UE as scheduler
To resolve the limitation in method 1, there can be another method as shown in Figure 3 which also assumes architecture option 1 discussed in Section 2.  In this method, the relaying UE acquires the resource pool information acquired from the eNB.  Then, the relaying UE can support the scheduling of remote UE for ProSe transmission.  The relaying UE needs to be enhanced so that it can terminate the remote BSR signaling message.
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Figure 3.  Resource allocation method 2
Resource allocation method 3 with eNB as scheduler
There can be another approach which follows architecture option 2 discussed in Section 2 as shown in Figure 4.  In this option, the BSR originated from the remote UE was relayed to the eNB by the relaying UE and eNB sends the grant to the remote UE which is relayed by the relaying UE in the opposite direction.  For this option, the latency of the BSR and grant messages may impact the ProSe communication performance and also the eNB’s load is increased.
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Figure 4.  Resource allocation method 3
In summary, we think that the above mentioned three methods should be studied and then RAN2 can decide which method(s) should be adopted.
Proposal 5: RAN2 should discuss the resource allocation methods and takes the above analysis into account.
Conclusion
In this contribution, we discussed the architecture options and also analyze the impacts to the radio resource allocation and we have the following proposals.
Proposal 1: RAN2 to send LS to SA2 to confirm that the remote UE is invisible to MME.
Proposal 2: RAN2 to agree that there can be PC3 interface between ProSe Function.
Proposal 3: RAN2 should study the two options regarding to whether the remote UE should be visible to the eNB or not and consider the analysis in Table 1.
Proposal 4: RAN2 to agree that in case the sidelink resources are separated with cellular uplink resource, option 1 is preferred.
Proposal 5: RAN2 should discuss the resource allocation methods and takes the above analysis into account.
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