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Introduction
At the RAN#66 meeting, a WID to improve D2D (eD2D) was agreed [1]. In particular, it includes the following objective: 
Define enhancements to D2D communication to enable the following features:a)Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)
At RAN1 #81 meeting, Several contribution related to relay UE selection and discovery procedures were treated, however no agreement was reached. In this contribution, we discuss both general and detailed relay UE selection, communication, termination, and reselection procedure according to different levels of eNB involvement.
General procedure
A general procedure of a Remote UE communicates with network via Relay UE can include the following steps: Initiation, Candidate Relay UE activation/deactivation, Relay UE selection, Communication via Relay UE, Relay UE reselection/termination. The general procedure is shown in Figure 1. 


Figure 1: general procedure of UE-to-Network Relay communication
· Initiation
Function of Initiation: 
· Enable UE-to-Network relay function in the cell
· Broadcast general UE-to-Network relay related information to UEs in the cell, e.g. RSRP threshold to be a candidate Relay UE.
The eNB is responsible for Initiation.
· Candidate Relay UE activation/deactivation
Candidate Relay UEs are UEs suitable to act as a Relay for Remote UEs. These UEs transmit discovery signal to Remote UEs. It is reasonable that only a subset of the UEs in the cell act as candidate Relay UEs. Whether or not a UE is candidate Relay UE can be determined by either UE or eNB. 
· Relay UE selection
A Remote UE selects its serving Relay UE from candidate Relay UEs according to the received signal quality from candidate Relay UEs. The received signal quality could be represented by RSRP or other measurements reflecting the link quality. Besides the PC5 link quality, the measurements report of Uu link quality may also needed in Relay UE selection. Whether or not the selection results should be reported to eNB by the selected Relay UE may depend on the resource allocation schemes: if the resource needed in the PC5 is scheduled by eNB, the selection result should be sent to eNB; otherwise, there is no need for the report.
· Communication via Relay UE
After a Remote UE selects its serving Relay UE, it can communicate with the network via its serving Relay UE. The resource used in communication can be determined by eNB exactly or be selected from resource pools allocated by eNB in advance.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Relay UE reselection/termination
The communication between the Remote UE and Relay UE should be terminated when there is no need for such a communication. The reason could be for example the Remote UE moves to a location with cellular network coverage. 
The reselection of Relay UE starts when the Remote UE has a better choice or the original Relay UE cannot provide good enough service due to for example too low battery power, mobility, or degraded channel quality. 
The termination and reselection can be completed by Remote UE and Relay UE themselves without involvement of eNB or can be in the charge of eNB.
Detailed procedures
Initiation
The eNB is responsible for the initiation of UE-to-Network relay function in the cell. The initiation includes:
· Enabling/disabling of the UE-to-Network relay function in the cell
By this means, the UEs are informed about whether or not the relay function is turned on in this cell.
· Providing relevant information to UEs.
The relevant information here means information needed for the consequent procedures of UE-to-Network Relay function, for example, in the candidate Relay UE activation/deactivation procedure, if the UE decides by itself whether or not it can be a candidate Relay UE, the eNB should inform the threshold of RSRP or RSRQ in advance during initiation procedure. And in the communication procedure, if the Relay UE and Remote UE determine the resource needed in communication by themselves, the eNB may need to inform the resource pool information in advance. In general, the less the eNB involved in the consequent procedures, the more information is needed during the initiation procedure.
[image: initiation]
Figure 2: Signaling process of Initiation.
 Candidate Relay UE activation/deactivation
Three schemes for candidate Relay UE activation/deactivation are proposed according to different level of eNB involvement.
· Candidate Relay UE activation/deactivation without eNB involvement
UE determines whether or not to be a candidate Relay UE according to RSRP/RSRQ threshold broadcasted by eNB and other criterions such as battery power, mobility and so on. In this scheme, the UE makes the decision by itself without any involvement of eNB. Based on periodically detection, when UE satisfies the requirements, it activates itself and begins to send discovery signaling to Remote UEs. Similarly, candidate Relay UE could deactivate itself in case it doesn’t meet the condition.
[image: activation-deactivation]
Figure 3: Candidate Relay UE activation/deactivation —without eNB participation.
· Candidate Relay UE activation/deactivation with decision reporting to eNB
UE determines whether or not to be a candidate Relay UE according to RSRP/RSRQ threshold broadcasted by eNB and other criterions such as battery power, mobility and so on. When UE satisfies the requirements, it would activate itself and then report to the eNB. At periodic detection, candidate relay UE could deactivate itself in case it doesn’t meet a condition and also report to the eNB. 
[image: activation-deactivation2]
Figure 4: Candidate Relay UE activation/deactivation —UE reports the decision.
· Candidate Relay UE activation/deactivation determined by eNB
In this scheme, UE reports its RSRP/RSRQ and other relevant measurements, such as remaining battery power and mobility state or even location information to eNB. According to the reports from UEs, together with other possible information and different criterion, eNB can periodically decide which UE can act as candidate Relay UE or which UE can not to be a candidate UE any longer. Then eNB notifies the decision to the UEs. Compared to the other two schemes, this scheme requires more signaling, however, in such a centric-decision way, it is possible to do some kind of coordination to reach a better overall performance.
[image: activation-deactivation3]
Figure 5: Candidate Relay UE activation/deactivation — determined by eNB.
Relay UE selection
In general, the Remote UE is responsible for the selection of Relay UE. Depending on whether or not eNB schedules the resource for the Remote UE and Relay UE, the selected Relay UE may need to inform eNB the selection results.
· Remote UE selects Relay UE without eNB involvement
[image: Scheme 3]
Figure 6: Relay UE selection —without eNB participation.
Procedure:
i. Candidate Relay UE transmits discovery signaling. Whether Uu link measurement report sends to Remote UE as well is being discussed in RAN 1.
ii. Remote UE measures the received signal quality and chooses a candidate Relay UE as its serving Relay UE. 
iii. The connection between Remote UE and Relay UE setups.    
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Remote UE selects Relay UE and informs eNB the selection results
[image: Scheme 3]
Figure 7: Relay UE selection —inform eNB the selection results.
Procedure:
i. Candidate Relay UE transmits discovery signaling. Whether Uu link measurement report sends to Remote UE as well is being discussed in RAN 1.
ii. Remote UE measures the received signal quality and chooses a candidate Relay UE as its serving Relay UE.
iii. The connection between Remote UE and Relay UE setup.
iv. Relay UE informs eNB the selection results
This scheme is necessary in case the eNB is responsible for the resource allocation during the communication between Remote UE and Relay UE.
Remote UE communication to Network via Relay UE
In R12, two modes were introduced in D2D communication:
Mode 1: eNB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
Therefore, if mode1 is used, the resource used for communication between Relay UE and Remote UE is allocated by eNB. If mode 2 is used, the communication between Remote UE and Relay UE can be set up without participation of eNB.
· A resource pool is pre-configured by eNB, and UE selects its own resources from the pool
[image: resource allocation 1]
Figure 8: Remote UE communication to network via Relay UE —UE selects its own resource from a pre-configured resources pool.
Procedure:
i. eNB configures a resource pool for D2D transmission.
ii. eNB informs the pre-configured resource pool to Relay UE.
iii. Relay UE informs the resource pool to Remote UE.
iv. UE selects resource in the resource pool during communication by themselves.
· Reuse Mode 1 in the Rel-12 Device to Device WI: eNB allocates the exact resource blocks to transmit data and control information
In this scheme, the eNB schedules the exact resource blocks for D2D transmission between the Relay UE and Remote UE.
Relay UE reselection/termination
The communication between the Remote UE and Relay UE can be terminated for example when the Remote UE moves to a location with cellular network coverage. The Relay UE can be reselected when either the Remote UE has a better choice or the original Relay UE cannot provide good enough service due to for example too low battery power, mobility, or degraded channel quality. The reselection can be triggered by either Remote UE or Relay UE.
The termination and reselection can either be completed by Remote UE and Relay UE themselves without involvement of eNB or can be in the charge of eNB. 
· Relay UE reselection without eNB participation
[image: Scheme 3]
Figure 9: Relay UE reselection —without eNB participation.
Procedure:
i. Relay UE reselection condition satisfied, for example: PC5 link RSRP lower than the threshold or Relay UE‘s low battery power.
ii. The trigger of the reselection informs the other party about the reselection, for example, the Remote UE may send reselection information to Relay UE due to the degradation of PC5 link RSRP, and Relay UE may send reselection information to Remote UE due to its low battery power.
iii. Remote UE keeps receiving discovery signaling from other candidate Relay UEs.
iv. Remote UE chooses a better Relay UE.
v. The communication between Remote UE and the new Relay UE is setup.
vi. The communication between Remote UE and the original Relay UE ends.
· eNB is informed about the Relay UE reselection result
[image: Scheme 3]
Figure 10: Relay UE reselection —inform eNB the reselection results.
Procedure:
i. Relay UE reselection condition satisfied, for example: PC5 link RSRP lower than the threshold or Relay UE‘s low battery power.
ii. The trigger of the reselection informs the other party about the reselection, for example, the Remote UE may send reselection information to Relay UE due to the degradation of PC5 link RSRP, and Relay UE may send reselection information to Remote UE due to its low battery power.
iii. Remote UE keeps receiving discovery signaling from other Relay UEs.
iv. Remote UE chooses a better Relay UE.
v. The communication between Remote UE and the new Relay UE is setup.
vii. New Relay UE informs eNB the new connection result.
viii. The communication between Remote UE and the original Relay UE ends.
· eNB authorizes the Relay UE reselection
[image: Scheme 3]
Figure 11: Relay UE reselection —eNB authorizes the communication.
 Procedure:
i. Relay UE reselection condition satisfied, for example: PC5 link RSRP lower than the threshold or Relay UE‘s low battery power.
ii. The trigger of the reselection informs the other party about the reselection, for example, the Remote UE may send reselection information to Relay UE due to the degradation of PC5 link RSRP, and Relay UE may send reselection information to Remote UE due to its low battery power.
iii. Original Relay UE informs eNB the reselection request.
iv. eNB responses the Remote UE‘s reselection request. When eNB confirms the request, the reselection procedure starts. When eNB refuses the request, the communication between Remote UE and Relay UE continues.
v. Remote UE keeps receiving signaling from other Relay UEs.
vi. Remote UE chooses a better Relay UE.
vii. Remote UE sends communication request to the target Relay UE.
viii. New Relay UE sends Remote UE’s communication request to eNB.
ix. eNB authorizes the communication.
vi. The communication between Remote UE and the new Relay UE is setup.
vii. The communication between Remote UE and the original Relay UE ends.
Conclusion
In this paper we analyze the general and detailed procedures about the UE-to-Network Relay communication. Different schemes are proposed for each steps. In general, the more the eNB is involved in, the more signaling is needed; at the same time, a centrical-decision way can make some kind of coordination easier which could be beneficial to the overall performance.
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