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1. Introduction
The objectives of D2D synchronization are as follows:
· A UE must synchronize its receiver reference timing and carrier reference frequency with that of its neighbors in order to decode D2DSS, D2D communication and D2D discovery signals transmitted by them.
· A UE must synchronize its transmitter reference timing and carrier reference frequency with that of its neighbors in order to minimize the number of asynchronous timings and frequencies with in the neighborhood. 
We have compared Hierarchical and Flat synchronization procedures in [2]. We have conclude that  Flat synchronization procedure offers significant advantages over Hierarchical procedure in terms of convergence speed, the number of asynchronous timings in the neighbourhood, robustness against mobility of UEs etc. In this proposal, we discuss the provisions required in Release-12 to enable flat synchronization procedure. 

2.  D2DSS transmission 
First, we discuss the circumstances under which a D2D UE becomes D2D synchronization source. It has been agreed in the previous RAN#76bis [3] that
· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X 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 X dBm
· The value of X dBm is pre-configured
· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source
· Set of other possible values of X is FFS
· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS
First we observe (as shown in Appendix A) that system wide synchronization can be achieved even if all UEs are not acting as D2D synchronization sources. Hence, the energy efficient option is ‘X  less than infinity’.
Observation 1: X may be less than infinity. 
A data transmitting UE must act as a synchronization source at least during its data transmission period irrespective of the fact that it receives D2DSS from other synchronization sources with received energy above X dBm or not. This observation arises from two facts. First of all, it is possible that other synchronization sources in the neighborhood may cease broadcasting synchronization signals during the data transmission period of the candidate UE. Secondly, D2DSS originated from the synchronization sources in the neighborhood may not reach all the devices within communication range of the data transmitter UE. Hence, if the transmitter UE itself takes the responsibility of transmitting D2DSS, all receiving UEs in its communication range is ensured of receiving reference time and frequency information. 
Proposal 1: In out of network coverage, a UE broadcasting data (along with SA) act as a D2D synchronization source at least over its data transmission interval.
Now, we address multiplexing of D2DSS transmissions from the synchronization sources whose transmission timings are already in sync. Note that D2DSS sub frames of these synchronized sources are time aligned. If all the D2DSS sub frames are used as transmission resources by all the synchronization sources, then half duplex constraint does not allow them to track each other’s timing. However, frequent listening to other’s D2DSS transmissions is necessary in order to maintain network synchronization. Therefore, some of the D2DSS resources are spared for D2DSS reception. Each synchronization source may independently and randomly choose its own transmission sub frames from D2DSS sub frames (and the rest for reception).
Proposal 2: Each D2D synchronization source independently and uniformly randomly selects sub frames for transmission of D2DSS from D2DSS sub frames
· Remaining D2DSS sub frames are used for reception of D2DSS from other sources.
· For example, an option may be M (< P) sub frames are uniformly randomly selected for transmission from every P contiguous D2DSS sub frames.

3. D2DSS selection
The following agreement has been made in the study item phase [4] :
· If no D2D Synchronization Source is detected, a UE may nevertheless transmit D2DSS
· 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
Here, we discuss the method of selecting D2DSS. If no D2D Synchronization Source is detected, then UE’s transmission reference is its own internal reference clock. In this case, the UE picks a D2DSS randomly from a pre-configured subset of D2DSSue_oon. 
Proposal 3: If transmission reference timing of a D2D synchronization source is derived from its own internal clock, then it randomly selects one D2DSS from a pre-configured subset of D2DSSue_oon.
In case transmission timing is derived from another D2D synchronization source, the UE uses the same D2DSS as the one transmitted by the source. In this way, all UEs deriving time from the same source(s) will be using the same D2DSS. 
Proposal 4: If transmission reference timing of a D2D synchronization source is derived from another D2D synchronization source(s), it transmits the same D2DSS as the one received from the source(s). 

4. D2DSS transmission reference selection 
From the agreements made during study item phase [4], we have
· If a UE transmits D2DSS, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2DSS are
· 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 on further detailed D2D Synchronization Source selection criterion
Note that received D2DSS quality is a function of local measurements made at a UE. Therefore, two UEs within the communication range of each other selecting two different (asynchronous) transmission timings are highly likely. Hence, if D2DSS quality criterion alone is used for synchronization source selection, potentially large number of asynchronous timings are created within the neighborhood. 
We propose the following: If a UE detects multiple asynchronous synchronization sources (each with distinct frame timing), then the one with highest D2D frame number is chosen as the timing reference for its transmissions of D2DSS. Ties are broken based on received D2DSS quality criterion. Further, the UE accepts the D2D frame number of the timing reference source. Our study [2] shows that the approach reduces the number of asynchronous timings within the neighborhood.
Proposal 5: After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, Selection of D2D Synchronization Source for transmission timing reference is based on at least the following metrics
· D2D frame number of detected sources
· Received D2DSS quality

5. Reselection of transmission reference 
The agreement from previous RAN#76bis [3] says that 
· For selection of a timing reference D2D synchronization source
· The same prioritization rules should be applied for selection and reselection of the synchronization sources
We discuss the conditions under which a UE may reselect its transmission reference source. When the received D2DSS quality from the current reference source falls below a threshold value, the UE must initiate reselection procedure. However, the condition may not be valid while the UE is the middle of data transmission. In this case, the UE may not change its transmission timing until the data communication is finished. 
Further, the reselection procedure may be triggered to find out a better alternative for transmit timing reference. In this case, a minimum time interval must be ensured between selection and reselection (or between adjacent reselections).



5. Conclusion
We summarize our proposals below.
Observation 1: X must be less than infinity. 
Proposal 1: In out of network coverage, a UE broadcasting data (along with SA) act as a D2D synchronization source at least over its data transmission interval.
Proposal 2: Each D2D synchronization source independently and uniformly randomly selects sub frames for transmission of D2DSS from D2DSS sub frames
· Remaining D2DSS sub frames are used for reception of D2DSS from other sources.
· For example, an option may be M (< P) sub frames are uniformly randomly selected for transmission from every P contiguous D2DSS sub frames.
Proposal 3: If transmission reference timing of a D2D synchronization source is derived from its own internal clock, then it randomly selects one D2DSS from a pre-configured subset of D2DSSue_oon.
Proposal 4: If transmission reference timing of a D2D synchronization source is derived from another D2D synchronization source(s), it transmits the same D2DSS as the one received from the source(s). 
Proposal 5: After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, Selection of D2D Synchronization Source for transmission timing reference is based on at least the following metrics
· D2D frame number of detected sources
· Received D2DSS quality
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Appendix-A
A detailed study of flat procedure is discussed in [2]. Here, we study the performance of FP2 algorithm (discussed in [2]) for various values of threshold X. Simulation parameters are shown in Table 1. The number of UEs transmitting sync signals are around 150 for threshold of -100dBm while 600 for       
-60dBm. It is observed from the figure that the timing difference between associated D2D UEs is within extended CP for values of X greater than -100dBm. Thus to maintain synchronized network not all UEs need to transmit, but the only consequence is that convergence will be slower as the threshold X is reduced. 
[bookmark: _GoBack]




	No of UEs in the system
	672 (32 UEs per sector)

	LTE Layout
	 Option 5 (IMT Urban Macro with 1732 m ISD), Outdoor

	UE RF parameters
	Max transmit power of  23 dBm , 1 Tx ,  Antenna gain 0 dBi, Noise figure 9 dB

	RSRP threshold
	-107 dBm,

	UE drop
	Uniform.

	Minimum distance between UEs
	>=3 m



                                                        Table 1: Simulation Parameters
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