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1   Introduction

Based on the scope of “Enhanced LTE Device to Device Proximity Services” [1] in RP-142311, it is considered to support UE-to-Network relays for D2D communications enhancement in R-13. It is also important to minimize the service interruption based on the discussion in RAN2#89bis.
According to the agreements in RAN2#89bis [2], the relay discovery and relay selection can be addressed in some scenarios. The PC5 radio link quality measurement is taken by the remote UE for relay selection. However, the detailed procedures are not yet discussed. In this contribution, we also observe that synchronization is required before relay discovery. Considering 3 scenarios: (1) the remote UE moves from in coverage to out of coverage, (2) the remote UE moves from out of coverage to in coverage, and (3) the remote UE is out of coverage, we further analyse the need and order of synchronization, relay discovery, and relay selection.
	Agreements

· For the relay discovery and relay selection both in-coverage and out-of-coverage scenarios remote UEs can be addressed.   

· We will discuss the potential minimization of service interruption for the cases where the UE is moving from in-coverage to out-of-coverage and from out-of-coverage to in-coverage.  

· Relay UE will always be in-coverage.  The eNB at the radio level can control whether the UE can act as a relay.   FFS whether the network control is per relay UE, per cell (broadcast configuration), or both.  

Relay selection 

· The remote UE can take radio level measurements of the PC5 radio link quality.  

· For out-of-coverage, the radio level measurements can be used by the remote UE together other higher layer criteria to perform relay selection.   

· For in-coverage, it is FFS how these measurements are used (e.g. the measurements can be used by the UE to perform selection similar to out-of-coverage case, or they can be reported to the eNB).    

· FFS how reselection is handled and who performs reselection decision.  FFS if Uu link quality is required for selection/reselection purposes.

· We will send an LS to RAN1/4 to notify them of RAN2 agreement that remote UE can take radio level measurements of the PC5 radio link quality and how these measurements will be used.  RAN2 would like to ask RAN1 to assess the feasibility of performing these measurements.  




2
UE-to-Network Relay Synchronization, Discovery and Selection
2.1 Remote UE is in-coverage with ProSe direct communications and moves out-of-coverage

We consider a remote UE is in-coverage with the network and perform ProSe direct communications with other UEs. When the remote UE moves out-of-coverage, it is supported in R12 that the remote UE uses autonomous resource selection method to continue on ProSe Direct Communications with the destination UEs in coverage [3]. Therefore, to minimize the service interruption, the destination UEs in coverage can be viewed as the candidates to be relay UE in coverage as shown in Fig. 1. That is, the remote UE do not necessarily perform UE-to-Network relay discovery. The remote UE directly perform UE-to-Network relay selection among those candidate UEs. The candidate relay UEs are those perform ProSe Direct Communications with the remote UE when the remote UE was in coverage. However, if the remote UE does not have ProSe direct communications before performing UE-to-Network selection, UE-to-Network discovery is required.
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	Fig. 1 Scenario: the remote UE with ProSe direct communications in coverage moves out of coverage


Observation 1: When a remote UE performs ProSe direct communications with some destination UEs in coverage and moves out of network coverage, the relay UE can be selected among those destination UEs in coverage to minimize the service interruption. 
Observation 2: UE-to-Network relay discovery is not required if the remote UE has PC5 direct ProSe communications with UEs in coverage.
Proposal 1: UE-to-Network discovery is not a mandatory procedure before UE-to-Network relay selection.

The remote UE out-of-coverage with ProSe direct communications should select one UE as the relay UE among those destination UEs in coverage. Based on the agreement “The remote UE can take radio level measurements of the PC5 radio link quality” in RAN2#89bis meeting, the remote UE can measure the PC5 radio link quality to each destination UEs in coverage. Since the remote UE has the ProSe Layer-2 Group ID to transmit ProSe data to those destination UEs in coverage, “ProSe Layer-2 Group ID” can be reused when PC5 radio link quality is performed. With the assistance of ProSe Layer-2 Group ID, the remote UE only performs PC5 radio link quality measurement among a restricted candidate relay UEs. Thus, the remote UE not only can consume less power when performing PC5 link quality measurement, but also select an effective relay UE to guarantee certain minimization of service interruption.
Proposal 2: ProSe Layer-2 Group ID can be reused to perform PC5 radio link quality measurement.

When it comes to UE-to-Network relay selection, the candidate relay UEs to be selected should be those UEs in coverage to which the remote UE has performed radio level measurement of PC5 interface. Due to the issues of traffic loading and power consumption, a relay UE in coverage selected by the remote UE can refuse to be a relay UE. If the selected relay UE with low battery level or high traffic load is forced to forward the ProSe traffic from the remote UE, the overall performance including PC5 and Uu transmission may be degraded. Therefore, the relay UE should have the option to be a relay UE or not based on some criteria. 
Observation 3: Due to the issues of power constraint and traffic loading, not all ProSe capable UEs are able to be relay UEs.
Proposal 3: The ProSe capable UE should be able to decide whether it can act as a relay UE.

If the relay UE has the option to be a relay UE or not, this information is better to notify the remote UEs before the PC5 measurement step. If a candidate relay UE is capable to be a relay UE, it is called candidate capable relay UE. That is, the remote UE performs PC5 radio link measurement to those candidate capable relay UEs. Another option is that only the candidate capable relay UEs send the measurement report to the remote UE. As illustrated in Fig.2(a)(b), if the remote UE performs PC5 measurement to all candidate relay UEs, the selection messages might be resent again and again due to the rejection of selected relay UE. On the other hand, if the remote UE performs PC5 measurement to the candidate capable relay UEs, the selection process is much simpler. It is suggested that RAN2 should discuss how a relay UE conveys whether it is willing to be a candidate relay UE.
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	Fig. 2(a) Signalling flow if PC5 measurement takes place among all candidate relay UEs.
	Fig. 2(b) Signalling flow if PC5 measurement takes place among all candidate capable relay UEs.



The final decision of a relay UE can be made by a remote UE or candidate relay UEs. If the decision is made by each candidate relay UEs, the measurement reports should be sent by the remote UE to each candidate relay UE. Therefore, the power consumption issues of the remote UE should be considered. The signalling cost is high and the acknowledgements from a remote UE to each self-selected relay UE are required. The situation that more than one candidate relay UEs volunteer to be the relay UEs might happen, so the final decision on exactly one relay UE is also made by the remote UE. On the other hand, if the decision is made by the remote UE, the signalling cost is comparatively less and the acknowledgement is only required from the selected relay UE to the remote UE. Therefore, we suggested the final decision on a relay UE is made by the remote UE. 
Proposal 4: The PC5 radio link quality measurement take places among the remote UE and the candidate capable UEs. 
Proposal 5: It is the remote UE that makes the final selection on the relay UE.
2.2 Remote UE is out-of-coverage without ProSe Direct Communications

We consider a remote UE is out of coverage and tries to find a relay UE in coverage to forward ProSe data. The remote UE does not have ProSe direct communications. The scenario is illustrated in Fig. 3. A relay discovery mechanism is required to find the candidate relay UEs. Then a relay selection mechanism is required to select the relay UEs among those discovered relay UEs. The relay discovery is similar with ProSe direct discovery. However, the remote UE cannot perform ProSe direct discovery when it is out of coverage based on Release 12. The remote UE out of coverage cannot receive the discovery message from the relay UE in coverage. The candidate relay UEs in coverage cannot reuse Model A to let the remote UEs out of coverage know their existence. The reason is that the remote UE cannot perform ProSe direct discovery to receive the discovery announcement message sent from the relay UEs in coverage. Therefore, for relay discovery, it is essential to have a new mechanism instead of ProSe direct discovery. 
Proposal 6: Relay discovery mechanism is performed if the remote UE has no candidate relay UEs, e.g., the destination UEs in ProSe direct communications.
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	Fig. 3 Scenario: the remote UE out of coverage without ProSe direct communications


Synchronization is another problem. In R-12, the ProSe direct discovery is executed after the synchronization procedure. The ProSe direct communication is also executed after the synchronization procedure. In the UE-to-Network relay system, the relay UE synchronizes to the eNB. It is important that the remote UE out of coverage should synchronize to the candidate relay UEs so as to do relay discovery and relay selection. Thus, the relay UEs should act as a synchronization source by transmitting SBCCH and a synchronization signal over PC5 with the remote UE. The remote UE learns the required system information to receive other ProSe channels and signals via SBCCH. Then the remote UE can do relay discovery and relay selection. Therefore, it is also important to sync the candidate relay UEs in coverage and the remote UE out of coverage before relay discovery. Since the ProSe direct discovery in R12 is not suitable for relay discovery, the synchronization procedure for ProSe direct discovery may not be suitable for relay discovery.
After the synchronization, the remote UE discovers the available candidate relay UEs in coverage. Then PC5 radio link quality measurement is performed by the remote UE. Finally, the remote UE selects its relay UE.
Observation 4: The synchronization is important when the remote UE is out of coverage and the candidate relay UEs are in coverage. They should synchronize to do relay discovery.
Proposal 7: The synchronization mechanism before relay discovery mechanism should be FFS.
2.3 Remote UE is out-of-coverage and moves in-coverage with the network 

Based on our investigation in section 2.1 and section 2.2, we find that the remote UE should perform synchronization and relay discovery if it does not have ProSe direct communications. The remote UE can skip synchronization and relay discovery if it does have ProSe direct communications in order to minimize the service interruption. To be consistent with our previous investigation, we suggest the remote UE moving from out-of-coverage to in-coverage is not required to perform synchronization if it does have ProSe direct communication. On the other hand, if the remote UE moving from out-of-coverage to in-coverage does not have ProSe direction communication, this case can be simplified as the scenario in section 2.2. 
2.4 Summary 

We summarize the procedures required in different scenarios in Table 1.
Table 1. Summary of the required procedures in different scenarios
	Scenario
Procedure
	The relay UEs are in coverage

	
	The remote UE behaviour :

	
	With ProSe direct communications
	Without ProSe direct communications

	
	(a) In coverage → out of coverage 
	(b) Out of coverage → in coverage 
	(c) Out of coverage 

	Minimization of service interruption
	Required
	Required
	Not an issue

	Each UE announces whether to be a candidate relay UE
	Yes
	Yes
	Yes

	Synchronization
	No
	No
	Yes

	Relay discovery
	No
	No
	Yes


	Relay selection
	Yes
	Yes
	Yes


3 Conclusion
In this contribution, we assume the relay UEs are always in coverage, and the remote UE can be out-of-coverage, moves from in-coverage to out-of-coverage, or moves from out-of-coverage to in-coverage. We discuss required mechanisms in the above scenarios from the aspects of synchronization, UE-to-Network discovery and UE-to-Network selection. The observations and proposals are as follows.
Observation 1: When a remote UE performs ProSe direct communications with some destination UEs in coverage and moves out of network coverage, the relay UE can be selected among those destination UEs in coverage to minimize the service interruption. 
Observation 2: UE-to-Network relay discovery is not required if the remote UE has PC5 direct ProSe communications with UEs in coverage.
Observation 3: Due to the issues of power constraint and traffic loading, not all ProSe capable UEs are able to be relay UEs.
Observation 4: The synchronization is important when the remote UE is out of coverage and the candidate relay UEs are in coverage. They should synchronize to do relay discovery.
Proposal 1: UE-to-Network discovery is not a mandatory procedure before UE-to-Network relay selection.
Proposal 2: ProSe Layer-2 Group ID can be reused to perform PC5 radio link quality measurement.
Proposal 3: The ProSe capable UE should be able to decide whether it can act as a relay UE.
Proposal 4: The PC5 radio link quality measurement take places among the remote UE and the candidate capable UEs. 
Proposal 5: It is the remote UE that makes the final selection on the relay UE.
Proposal 6: Relay discovery mechanism is performed if the remote UE has no candidate relay UEs, e.g., the destination UEs in ProSe direct communications.
Proposal 7: The synchronization mechanism before relay discovery mechanism should be FFS.
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