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1. Introduction
The study of synchronization for D2D communication and discovery was concluded with the study results captured in [1]. The working assumptions for the D2D synchronization signal designs and synchronization procedures are as follows:
· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS
· A synchronization source is any node transmitting D2DSS 

· A synchronization source has a physical identity PSSID

· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. 

· If a D2D Synchronization Source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS.

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D Synchronization Source.

· Details of under what circumstances a UE transmits D2DSS are FFS.

· If a UE transmits a D2D signal, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2D signal are

· D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs;

· D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage

· After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, selection of D2D Synchronization Source is based on at least the following metrics:
· Received D2DSS quality: 

· For example, a UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· FFS whether to define the measurement for received D2DSS quality.

· FFS Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· If no D2D Synchronization Source is detected, a UE may nevertheless transmit D2DSS.

· A UE may reselect the D2D Synchronization Source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the D2D Synchronization Source(s). 

· Detailed rules FFS

In RAN1#76bis, the following working assumptions were made on D2D synchronization procedure [2]:
· A synchronization source transmits D2DSS periodically
· D2DSS period is not smaller than 40 ms
· FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios
· For selection of a timing reference D2D synchronization source
· The same prioritization rules should be applied for selection and reselection of the synchronization sources
· D2DSS of synchronization source derived from eNB is different to D2DSS of synchronization source not derived from eNB.
In companion papers [3][4], we discuss the D2D synchronization design and resource allocation. In this paper, we focus on the D2D synchronization procedures.
2. Synchronization Procedures
D2D synchronization procedures contain the initial coarse synchronization for subframe aligned D2D operation.   The initial coarse synchronization for D2D operation is for any UE to align its transmission based on the timing reference, which is defined as a D2D synchronization source.   
2.1 Coarse Synchronization Procedure
The coarse synchronization procedure is that a D2D UE performs synchronization with a synchronization source, and sets its Tx timing to have coarse frame alignment with the Rx timing detected from the received synchronization signals.
2.2 Synchronization Source Selection
Before starting to transmit D2DSS, a UE scans for D2D Synchronization Sources. A D2D UE might detect more than one synchronization source.   The priorities of D2D Synchronization Sources are eNodeBs followed by UEs in-coverage.  The selection of D2D Synchronization Source is based on at least received D2DSS quality.  Good received D2DSS quality would result in better accuracy in detected Rx timing.   Figure 1  illustrates candidates for synchronization source selection.
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Figure 1: synchronization source selection
Proposal-1: Received D2DSS quality is the only criterion for the selection of synchronization source after priorities of eNB and in-coverage UEs.
Proposal-2: UE selection of synchronization source does not depend on any stratum level of synchronization source.
2.3 Under what circumstances does a UE transmit D2DSS?
There are two types of UE Synchronization Sources, one is in-NW SS and the other is out-of-NW SS, where in-NW SS has a higher priority than the out-of-NW SS. As discussed in [3], two D2DSS sequence sets can be defined to correspond to these two types of SSs. 
For in-NW coverage case, there are two options for the configuration.  The first option is that all the  D2D UEs transmit the D2DSS signals.  The other option is that D2D UEs, who satisfy some conditions configured by eNB (e.g., cell edge UEs) transmit the D2DSS signals. 
The first option is simple but with potential problems of  unnecessary energy consumption and near-far effect when many D2DSS signals are CDMed. The second option can avoid unnecessary transmissions of D2DSS by setting the condition for D2DSS transmission such that D2DSS is only transmitted if , all received in-NW SS  signal strengths are below a certain threshold. 

Proposal-3:Only D2D UEs that satisfy conditions configured by the eNBcan transmit D2DSS signals.   The condition is that the signal strength of all received in-NW SSsis below a configured threshold.
For the out-of-NW coverage case, the D2D UEs that satisfy the following conditions may transmit the D2DSS signals.
Case-1: A UE has data to broadcast (i.e., before transmission of SA and data). The UE transmits D2DSS for initial synchronization reference for the detection of the SA and subsequent data transmission. Case-2: A UE detects a weak SS but below a certain threshold. The UE shall be ready to become a new SS and transmit D2DSS signals, if it has the capability. Random backoff could avoid collision when more than one UE takes the new SS role. 
Proposal-4: For out-of-NW coverage, a D2D UE may transmit the D2DSS signals under specific conditions, such as . data to broadcast, or the only received D2DSS are weaker than a certain threshold. 

2.4 Synchronization Source Alignment
In the out-of-NW case and partial network coverage case, two existing SSs which are not correlated  (thus misaligned in D2DSS transmissions) may become near to each other due to mobility. Scenario-1: one SS in-NW and one SS out-of-NW

In this scenario, the out-of-NW SS could adjust its D2DSS transmissions to align with the time derived from the in-NW SS Alternatively, the out-of-NW SS may step down from its SS role if the received quality of the D2DSS signal from in-NW SS is strong enough.
Scenario-2: both out-of-NW

If one SS detects the other SS, it could adjust its time to align with other SS.  
Proposal-5: When one out-of-NW SS and one in-NW SS become close to each other, the out-of-NW SS shall adjust its D2DSS transmissions to align with the time from the in-NW SS or step down from its SS role. 

Proposal-6: When two out-of-NW SSs detect each other, the 1st SS would adjust its Tx time to align with another SS.  
3. Conclusions
We discuss some relevant procedures for D2D synchronization. Base on the discussions, we propose the following,
Proposal-1: Received D2DSS quality is the only criterion for the selection of synchronization source after priorities of eNB and in-coverage UEs.
Proposal-2: UE selection of synchronization source does not depend on any stratum level of synchronization source.
Proposal-3:Only D2D UEs that satisfy conditions configured by the eNBcan transmit D2DSS signals.   The condition is that the signal strength of all received in-NW SSsis below a configured threshold.
Proposal-4: For out-of-NW coverage, a D2D UE may transmit the D2DSS signals under specific conditions, such as . data to broadcast, or the only received D2DSS are weaker than a certain threshold. 

Proposal-5: When one out-of-NW SS and one in-NW SS become close to each other, the out-of-NW SS shall adjust its D2DSS transmissions to align with the time from the in-NW SS or step down from its SS role. 

Proposal-6: When two out-of-NW SSs detect each other, the 1st SS would adjust its Tx time to align with another SS.  
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