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1 Introduction
In RAN1#76bis, the following working assumptions were made on D2D synchronization [1]

· 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
· More than one symbol is used for D2DSS transmission in a subframe containing D2DSS
· FFS detailed structure
· FFS the number of PD2DSS symbols in the same subframe
· FFS: Whether SD2DSS is necessary, and if so, how many symbols are used
· FFS: Whether D2DSS can be used to demodulate PD2DSCH if PD2DSCH is supported and transmitted in the same subframe
· 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 this paper, we discuss the resource allocation for synchronization signals. The D2D synchronization signal design and relevant procedures are discussed in companion papers [3][4].
2 Resource allocation for D2DSS
In order to reuse the synchronization signal design of LTE, the D2DSS signal can occupy the central 6 PRBs of the carrier. In the time domain, it can simply occupy two successive SC-FDMA symbols, one for PD2DSS, and one for SD2DSS. The D2DSS signal can be arranged in the first two symbols of the synchronization subframe, as shown in Figure 1. Note that the D2D signal corresponding to the first two symbols within the synchronization subframe shall be punctured to avoid interference to D2DSS. 

In a companion paper [2], we propose that two D2DSS signal subsets (say, subset-1 and subset-2) are defined for in-network SS UEs and out-of-network SS UEs, respectively. In network coverage, if a D2D UE would transmit D2DSS, D2DSS will be selected from the in-network subset. For a D2D UE out of network coverage, it will select D2DSS from the out-of-network pool if it decides to transmit D2DSS.
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Figure 1 resource configurations for D2DSS
In this framework of the D2DSS configuration described above, there are two technical problems to be addressed, one is how to multiplex the D2DSS signals from different SS; the other is how to allocate the D2DSS sequence to SS from the corresponding D2DSS subset. We present our considerations on these two problems as follows.

How to multiplex D2DSS from different SS?

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, we propose that the D2DSS signals from different SSs are multiplexed through CDM, as configured for the PSS/SSS in the LTE Rel-8 system. But note that in order to differentiate the D2DSS signals from different SSs, the SSs near to each other need to apply different PD2DSS signals. This can be achieved through a specific PD2DSS sequence allocation method described below. 
The SD2DSS signal may convey information such as physical layer SSID or some relevant information on the subsequent SA and data transmissions. In order to suppress the potential interference among different SD2DSS signals in CDM, scrambling can be performed for the two interleaved M-sequences of the SD2DSS signal with the scrambling index determined by the PD2DSS sequence index in the corresponding PD2DSS subset, as defined for the SSS in LTE Rel-8. In this way, the PD2DSS and SD2DSS signals of the same SS are bundled and avoid the cross detections of the SD2DSS signals. 
Thus, we have the following proposal:
Proposal-1: The multiple D2DSSs within the D2D synchronization subframes are multiplexed through CDM. The SSs near to each other use different PD2DSS sequences and the SD2DSS sequences are scrambled with a scrambling index determined by the PD2DSS index. 
How to allocate the D2DSS sequence to SS?

It is generally assumed that if a D2D UE transmits an SA and data broadcast, it will also transmit a D2DSS signal as the synchronization reference. Thus, it may happen that multiple adjacent UEs transmit D2DSS signals at the same time. In this case, as we discussed above, the adjacent SSs shall select different PD2DSS sequences to suppress the potential interference on both PD2DSS signals and SD2DSS signals. The probability that multiple adjacent UEs begin the D2DSS transmission at the same time should typically be low, so the selection of the PD2DSS sequence by the SS can be based on scanning, i.e. before the UE starts its D2DSS transmission it shall scan for the D2DSS signals of existing SSs. If it detects an SS of the same type (i.e., both in-NW SSs or out-of-NW SSs), the UE shall select a different PD2DSS sequence from the corresponding sequence subset. Once the PD2DSS sequence is different, the scrambling for the subsequent SD2DSS will be also different, 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 20ppm, 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 information to the existing SS, thus, the impact of the frequency offset could be reduced. 
Based on the discussions above, we propose:
Proposal-2: Before a UE starts its D2DSS transmission, it scans for the D2DSS signals of the existing SSs 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 Conclusion
In this paper, we briefly discuss the resource configuration and allocation for the synchronization signals. The following proposals are proposed.
Proposal-1: The multiple D2DSSs within the D2D synchronization subframes are multiplexed through CDM. The SSs near to each other use different PD2DSS sequences and the SD2DSS sequences are scrambled with a scrambling index determined by the PD2DSS index.
Proposal-2: Before a UE starts its D2DSS transmission, it scans for the D2DSS signals of the existing SSs 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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