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Introduction
In the RAN1#80bis meeting, the public safety discovery for partial and outside network coverage was discussed. The following working assumption on discovery synchronization was made [1]. 
Working Assumption:
· A Rel-13 UE transmitting Type 1 discovery follows one of the following two SLSS transmission behaviours if it transmits SLSS:
· Behaviour 1 (Rel-12 behaviour): The UE in each discovery period transmits SLSS in subframe n determined by Rel-12 behaviour. 
· Behaviour 2: 
· UE in each discovery period in which UE transmits discovery, transmits SLSS every 40ms.
· FFS whether the UE transmits SLSS if it does not transmit a discovery message in a given discovery period. 
· Actual SLSS transmission is subject to other Rel-12 conditions such as WAN prioritization
· The UE also transmits PSBCH in the same subframe of SLSS transmission.
· Same content as PSBCH for Rel-13 communication UEs is used
· FFS if reserved bits of PSBCH are used in Rel-13
· FFS when the UE follows each behaviour.
· It is not intended that the synchronization operation of an out of coverage receiving UE is changed from Rel-12 procedure for detecting another SyncRef UE.

This paper discusses the synchronization aspects of the Rel-13 UEs involved in public safety discovery, especially the UE-to-NW relay discovery which is the main public safety discovery use case in Release-13 [2]. 

Discussions on discovery synchronization in R13
In-NW UEs
For general in-network discovery UEs, in order to minimize the potential interference to the cellular network and the energy consumption, the discovery UEs shall follow Behaviour-1, i.e., the UE in each discovery period transmits SLSS only in the first subframe of the discovery resource pool if it belongs to the configured synchronization resource, or in the last synchronization subframe before the discovery resource pool. In this case, the purpose of the SLSS transmission is to facilitate the inter-cell discovery. 
Out-of-NW UEs
For discovery UEs outside network coverage, they could follow Behaviour-2 with the synchronization procedure defined in Release-12. In particular, they shall first scan the existing SSs for synchronization reference (SyncRef) selection and then they may become dependent SS (if SyncRef is selected) or independent SS (if SyncRef is not selected) and transmit continuous SLSS/PSBCH every 40ms. 
In-NW relay UEs
For the (potential) relay UEs, there are several scenarios that can be considered, as illustrated in Figure 1 and described as follows:
For in-NW UEs that have relay capability but have not been selected as relays by any remote UEs:
Scenario-1: In general they should follow Behaviour-1 to minimize the interference to the cellular network. 
Scenario-2: Such a UE may detect an independent SS UE that has misaligned timing from the cellular network and transmits a relay discovery solicitation. In this case, the UE can transit to Behaviour-2 in order to provide a persistent and reliable synchronization reference to the remote UEs directly or as per the command from its serving cell. 
Scenario-3: Such a UE may be instructed by its serving cell through dedicated signalling to transmit SLSS/PSBCH continuously, since the eNB may be aware that the adjacent cellular networks have collapsed.

Once an in-NW UE is selected as a relay by one or more remote UEs:
Scenario-4:It is preferred that a selected relay UE transmits the continuous SLSS/PSBCH every 40ms (i.e., follows Behaviour-2) to provide a reliable synchronization reference for the remote UEs and to guarantee the performance of the data traffic relaying. 



       
(a) Scenario-1                                                     (b)Scenario-2



    
(c) Scenario-3                                                     (d) Scenario-4

Figure 1: Illustration of the above scenarios

[bookmark: _Ref129681832]Conclusions
In this paper, we discuss the synchronization aspects of the Rel-13 UEs involved in public safety discovery, especially for UE-to-NW relay discovery. The following proposals are provided: 
Proposal-1: In-NW UEs in R13 public safety discovery follow Behaviour-1 (i.e., R12 behaviour) for transmission of SLSS.
Proposal-2: Discovery UEs outside network coverage follow Behaviour-2 (i.e., transmit continuous SLSS/PSBCH) with the synchronization procedure defined in Release-12.
Proposal-3: UE-to-NW relay UEs could follow Behaviour-1 or Behaviour-2, depending on configuration by the eNB.
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