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1. Introduction
In RAN1-78bis, the D2D synchronization procedure was discussed and the following agreements were reached [1].

Agreement:
· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

· The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbour cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe

· For a UE transmitting SA or D2D data, in each subframe in the D2DSS resource, the UE shall transmit D2DSS if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the subframe is within the SA or D2D data period in which SA or data is transmitted, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, AND/OR FFS other condition(s) are satisfied if the UE is not transmitting SA or D2D data within the SA/data period in which the subframe falls OR all of the following conditions are satisfied: 

· an RSRP threshold for communication D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.

· For a discovery UE, for each discovery pool, the UE shall transmit D2DSS in the first subframe of the discovery pool if this subframe is in the D2DSS resource, or otherwise in the latest subframe of the D2DSS resource before the start of the discovery pool, if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS: the UE is not scanning for other D2DSS (details FFS), AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the UE transmits a discovery message in the discovery pool, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, OR all of the following conditions are satisfied: 

· an RSRP threshold for discovery D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.

· Out-of-coverage UEs do not transmit D2DSS on more than 1 D2DSS resource
· 2 D2DSS resources are used for out-of-coverage

· FFS whether the locations are preconfigured, signalled or fixed in the spec w.r.t. DFN#0. 
Agreement:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below synchSourceThres dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below synchSourceThres dBm

· The value of synchSourceThres dBm is pre-configured

· The value of synchSourceThres can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of synchSourceThres is {-110, … ,-60 (increments of 5), +infinity} dBm.
· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS
· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS
In this paper, we present our further details on the D2D synchronization procedure and resynchronization procedure. 
2. Synchronization procedures
2.1 D2D synchronization procedures
In- coverage scenario:
RAN1#78bis agreed that an RRC_Connected UE will transmit D2DSS as a synchronization source if it is instructed by by the eNB to do so, or its measured RSRP is below the configured RSRP threshold. The transmitted PD2DSS/SD2DSS sequences will be determined by the configured D2DSS ID of the cell (d2dId). In particular, the used PD2DSS sequence is determined by d2dId modulo N (here we assume N new root indices are used for PD2DSS as discussed in [2]), while the used SD2DSS sequence is determined by integer part of d2dId divided by N. 
It was also agreed in RAN1#78bis thata maximum of one D2DSS resource can be configured per cell.  This implies that all synchronization sources transmit the same D2DSS signals on the same D2DSS resource in the cell. Since the d2dId is cell specific and thus the intra-cell SSs transmit the same D2DSS signals, the receiving UE will observed the super-positioned signals from all synchronization sources in the cell.. The receiving UE will detect the coarse timing and obtain the subframe boundary based on the combined signals.  This will result in higher uncertainty in channel tracking as discussed in [3].   Since each cell has its own D2DSS sequences and resource allocation, the inter-cell interference over the D2DSS signals is suppressed due to the different PD2DSS sequences (determined by d2dId) and associated scrambling for the SD2DSS sequences. 
Out of coverage scenario:

To avoid collisions between synchronization sequences, a UE wishing to- be a  synchronization source should avoid selecting the same pair of PD2DSS/SD2DSS sequences as those used by neighboring synchronization sources, so a D2D UE needs to scan synchronization sources in the neighbourhood first before it can become a synchronization source.  The probability that multiple adjacent UEs begin the D2DSS transmission at the same time is low. The UE shall avoid selecting the same PD2DSS sequence as those sequences detected from other synchronization sources. If the PD2DSS sequence is different, the scrambling for the subsequent SD2DSS will also be different, and thus the interference on SD2DSS is minimized. 
For out-of-coverage UEs without reference signals for timing calibration, the initial frequency error caused by the drifting of the local oscillator could be large, up to 10ppm.  The multiplexing of D2DSS signals with a large frequency offset will lead to severe interference to other D2DSS and result in degradation to other UEs D2DSS detection.  When a UE scans for synchronization sources, it can use the detected D2DSS for the selection of its own D2DSS sequences, and can also calibrate the timing and frequency generated by its own local oscillator with  the detected synchronization source.   Once the UE becomes a synchronization source, the impact of the frequency error on the CDM of different D2DSSs is minimized. 

RAN1#78bis agreed to have two D2DSS resources for out-of-coverage. Two D2DSS resources would allow D2D UEs in two independent clusters to transmit D2DSS in an uncoordinated way and to synchronize and communicate with each other.  In this case,  a D2D UE might detect two independent D2DSS transmissions on two different D2DSS resources after  scanning the synchronization sources in the neighbourhood.   The UE can then adjust its PD2DSS sequence in order to avoid collision with the existing PD2DSS signals over the selected D2DSS resources. 
Proposal 1: UEs should avoid using the same D2D sequence as neighbouring synchronization sources after scanning through the D2DSS signals of synchronization sources in the vicinity, so as to avoid D2DSS collisions.
2.2 D2D synchronization source reselection procedures

D2D synchronization source  reselection is needed due to D2D UEs dual mobility. The D2D synchronization source reselection should apply the same triggering conditions and principles of initial D2D synchronization source selection for the different SS types. 
A D2D UE will continue performing D2D measurements to determine whether it should become a synchronization source.  With the dual mobility of the D2D UEs, the D2D UE may need to reselect the D2D synchronization source for its synchronization reference when it detects a stronger synchronization source. In the reselection, the D2D UE uses the same criteria as the D2D synchronization source selection; the order of the selection is eNBs, in-coverage synchronization source, out-of-coverage synchronization source. 
During the reselection of the synchronization source, the D2D UE may take on a new role as the synchronization source if no synchronization source is detected.  The D2D UE could also detect more than one synchronization source.  The D2D UE will tune its timing based on the strongest synchronization source.   Later on, another synchronization source may grow relatively stronger, in which case the D2D UE will re-tune its time to the new strongest synchronization source.    
Proposal 2: A D2D UE  needs to tune its timing to the highest priority synchronization source or  strongest synchronization source with same priority when more than one synchronization source is detected.  
3. Conclusions
We discuss some details on the D2D synchronization procedure and resynchronization procedure. The following proposals are provided. 
Proposal 1: UEs should avoid using the same D2D sequence as neighbouring synchronization sources after scanning through the D2DSS signals of synchronization sources in the vicinity, so as to avoid D2DSS collisions. 
Proposal 2: A D2D UE needs to tune its timing to the highest priority synchronization source or  strongest synchronization source with same priority when more than one synchronization source is detected. 
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