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1 Introduction
In RAN1#77, the following working assumption and agreements were made on D2D synchronization [1].
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery
In RAN1#78, D2DSS sequence and PD2DSCH resource allocation were agreed as follows:
· PD2DSS,

· For Sequence:
· New root indices
· FFS: Detailed root indices
· Waveform:
· SC-FDM without DFT-precoding
· Number of symbols in a subframe is 2
· For SD2DSS,

· Sequence:
· Same sequence as Rel-8 SSS
· Waveform:
· SC-FDM without DFT-precoding with reduced power with respect to PD2DSS

· FFS: how to specify reduced power mechanism for SD2DSS
· Number of symbols in a subframe is 2
· For reception, in-coverage UEs may need D2DSS from another in-coverage UEs for time/freq. synchronization in some inter-cell scenarios

· Within a subframe, D2DSS symbol location is fixed for a given CP length
· For PD2DSCH,

· Only transmitted from synchronization source

· QPSK modulation

· TBCC

· 16bits CRC
· Message scrambling sequence is derived from PSSID
· Multiplexed in the same PRBs with D2DSS

· FFS: Symbols used only for D2DSS and PD2DSCH within a subframe

In this paper, we discuss the further design details of the D2DSS and PD2DSCH resource allocation. 
2 D2DSS and PD2DSCH resource allocation
PD2DSS is designed for initial detection and setting of the coarse timing through peak detection of correlated signals.   The peak detection of correlated signals is very sensitive to the multipath, in particular, any strong NLOS component, to skew the detection time.  Thus, it would be better to allocate the resource for two PD2DSS symbols with large separation, such as one slot.  SD2DSS is designed to fine-tune the timing  and to detect the associated ID of synchronization source.  
The proposed resource allocation of D2DSS is that the pair of PD2DSS and SD2DSS symbols could be located at center 6 PRBs of the first and second symbols in the first slot of synchronization subframe. The other  pair of PD2DSS and SD2DSS symbols are accordingly arranged at center 6 PRBs of the first and second symbols in the second slot.  The center 6 PRBs of remaining OFDM symbols in the first slot would be allocated for PD2DSCH as shown in Figure 1. 
Proposal 1: PD2DSS and SD2DSS are located in the center 6 PRBs of the 1st and 2nd symbols in both 1st and 2nd slots of the synchronization subframe.  The center 6 PRBs of the remaining OFDM symbols in the 1st slot are allocated for PD2DSCH.  
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Figure 1: Illustration of PD2DSS/SD2DSS and PD2DSCH configuration
D2DSS multiplexing among multiple SSs:

Considering that the cross correlations among the PD2DSS sequences of the same sequence subset and different subsets are kept relatively low, in order to limit the resource overhead for the D2DSS signals, D2DSS signals from different SSs are CDM multiplexed, similar to those of the PSS/SSS in the LTE synchronization channels.   The combination of PD2DSS and SD2DSS signals could enable the ID of the synchronization source to be derived.  In order to suppress the interference among different CDM multiplexed SD2DSS signals, SD2DSS should be scrambled by the PD2DSS sequence index similarly to the scrambling of SSS in LTE synchronization channel. 

Proposal 2: Multiple D2DSSs within the D2D synchronization subframes are CDM multiplexed.  SD2DSS sequences are scrambled by the PD2DSS index. 

Selection of D2DSS sequence for a synchronization source

To avoid collision of synchronization source IDs, adjacent synchronization sources should try to avoid selecting the same pair of PD2DSS/SD2DSS.  A D2D UE needs to scan synchronization sources in the neighborhood 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. Once the PD2DSS sequence is different, the scrambling for the subsequent SD2DSS will also be different, and thus the interference on SD2DSS is reduced. 
On the other hand, we know that the initial frequency offsets between different UEs could be large, up to 10ppm, such that the direct CDM of the D2DSS signals with large frequency offsets will lead to severe degradation for the frequency synchronization. Thus, through scanning before a UE starts its D2DSS transmission, it can not only coordinate its PD2DSS sequence selection, but also adjust its synchronization to the existing synchronization source, and thus the impact of the frequency offset could be reduced. 
Proposal 3: Before a UE starts its D2DSS transmission, it scans D2DSS signals of synchronization sources such that it could select a different PD2DSS sequence (to avoid PD2DSS collisions) and it could potentially adjust its synchronization to the existing SS (to avoid frequency synchronization degradation in CDM).
3 Conclusions
In this paper, we present the D2DSS and PD2DSCH resource allocation. The following proposals are provided:
· Proposal 1: PD2DSS and SD2DSS are located in the center 6 PRBs of the 1st and 2nd symbols in both the 1st and 2nd slots of the synchronization subframe.  The center 6 PRBs of the remaining OFDM symbols in the 1st slot are allocated for PD2DSCH.  

· Proposal 2: Multiple D2DSSs within the D2D synchronization subframes are CDM multiplexed.  SD2DSS sequences are scrambled by the PD2DSS index. 

· Proposal 3: Before a UE starts its D2DSS transmission, it scans D2DSS signals of synchronization sources such that it could select a different PD2DSS sequence (to avoid PD2DSS collisions) and it could potentially adjust its synchronization to the existing SS (to avoid frequency synchronization degradation in CDM).
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