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1. Introduction

One objective of Rel-13 eD2D WI is to support UE-to-Network Relays [1]:
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)

In this contribution, we discuss enhancements on synchronization and discovery to achieve the objective of UE-to-Network relay operation. 
2. Relay path establishment and maintenance 
When a relay path is established, synchronization procedure for relay UE-to-remote UE has to be started. If a remote UE selects the SLSS having the highest S-RSRP among in-coverage SLSS as transmit timing reference according to the existing procedure, there is no way for the remote UE to transmit D2D signal to relay UE if there is no relay UE in the cell transmitting the selected SLSS. Therefore, to support UE-to-Network relay operation, it is desirable to prioritize relay UE’s synchronization signal as transmit synchronization reference. 

Observation 1: It is desirable to prioritize relay UE’s synchronization signal as transmit synchronization reference.
How to prioritize relay UE’s synchronization signal

In Rel. 12 D2D, S-RSRP is the only criterion for synchronization source selection for the same priority level. Aforementioned earlier, further specification work is needed for the prioritization of relay UE’s synchronization signal. Here we present possible alternatives which reuse the existing SLSS/PSBCH structures. 

Alt. 1) Indicate relay UE’s synchronization signal by using PSBCH reserved bit: Let us consider that relay UE sets some of reserved bits in PSBCH to inform remote UEs that the synchronization signal is transmitted from relay UE. If a non-relay UE in network coverage transmits PSBCH with different PSBCH bit field with that of relay UE, relay UE’s PSBCH may not be decoded by remote UE due to SFNed PSBCH. Hence, setting differently for only relay UE may not solve the problem. One possible solution is that eNB indicates to set the same PSBCH reserved bits for all UEs transmitting PSBCH in the same cell. If there is some relay UEs in the cell, eNB can indicate all D2D UEs transmitting PSBCH set relay indicator in PSBCH reserved bit field to one. If a remote UE detects multiple SLSS, for example, there are two detected SLSSs as shown in Fig. 1 where there is a relay UE in cell A, but no relay UE is in cell B, the remote UE can select relay UE’s synchronization source even though S-RSRP of cell A is less than that of cell B. However, in this method, remote UE cannot know how many relay UEs are in cell A and how far relay UE from the remote UE is. At least for reliable relay synch prioritization, eNB should indicate relay to transmit SLSS/PSBCH if relay UE can operate as relay and eNB should indicate for D2D UE to set relay indication bits in PSBCH properly.  
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Fig. 1 An example of prioritization for relay UE’s SLSS
Alt. 2) Introduce new measurement such as relay UE’s discovery signal or communication signal: In rel. 13 work scope, partial coverage discovery needs to be discussed. To prioritize relay UE’s synchronization source, discovery results and/or discovery measurement can be used to synchronization procedure. For example, if a remote UE discovers a relay UE, the remote UE can prioritize SLSS which is associated with discovery signal from the relay UE. In this method, a remote UE can select SLSS based on S-RSRP measurement firstly, but if the remote UE find that there is no relay UE in the selected SLSS or the link quality from the discovered relay UE is poor, the remote UE can de-prioritize the selected SLSS then reselect its transmit synchronization reference. If multiple relay UEs are discovered for different resource pools or in a single resource pools, UE can selects one based on received signal quality of discovery signal, for instance, a measurement for discovery DMRS of relay UE can be defined and the remote UE can select the largest DMRS measurement of relay UE among multiple discovered relay UE’s discovery signal. Similar to discovery measurement, a measurement for communication signal of relay UE can be also defined.  
Proposal 1: To prioritize relay UE’s synchronization source, the following alternatives can be further discussed,

Alt. 1) Indicate relay UE’s synchronization signal by using PSBCH reserved bit
Alt. 2) Introduce a new measurement for synchronization source selection such as DMRS of relay UE’s discovery signal or communication signal
Relay UE discovery and path selection 

A remote UE can discover a relay UE, and a relay UE discovers a remote UE. When a remote UE detects multiple relay UE’s discovery signal, selection criterion needs to be defined. Aforementioned earlier, relay UE discovery measurement can be defined and also used for relay UE selection. On the other hand, a relay UE can detect multiple remote UE’s discovery signals. In this case, the relay UE can select a remote UE but multiple relay UEs can select the same remote UE without any coordination between relay UEs. Therefore, eNB can select relay path to avoid the overlapped case. For the eNB selection of relay path, relay UE can report discovery results and/or discovery measurements of remote UEs. Such reports of relay UE can help path selection as well as relay path maintenance when relay path is disconnected due to the mobility of relay UE and/or remote UE.
Observation 2: Relay UE’s measurement and/or discovery reports can help relay path selection as well as relay path maintenance. 
3. Conclusion
In this contribution, we discussed enhancements on synchronization and discovery to achieve the objective of UE-to-Network relay operation. Based on the discussions, the following observations and proposals were made: 

Observation 1: It is desirable to prioritize relay UE’s synchronization signal as transmit synchronization reference.
Observation 2: Relay UE’s measurement and/or discovery reports can help relay path selection as well as relay path maintenance. 
Proposal 1: To prioritize relay UE’s synchronization source, the following alternatives can be further discussed,

Alt. 1) Indicate relay UE’s synchronization signal by using PSBCH reserved bit
Alt. 2) Introduce a new measurement for synchronization source selection such as DMRS of relay UE’s discovery signal or communication signal
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