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1 Introduction
In RAN1#77 and RAN1#78, the following agreements were reached on D2D synchronization [1][2].
Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 
· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither

Agreements:
· For PD2DSS,

· 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
In RAN1-78bis, a WF on the D2DSS design was proposed as follows [3]:

· A subset (2 or 3) of the following PD2DSS Root sequences is used. FFS between:
· {22, 26, 37}
· {26, 37}
· SD2DSS is uses a fixed power backoff with respect to PD2DSS
· The fixed value is to be decided by RAN4
· PD2DSCH uses the same power as PD2DSS
In this paper, we discuss the further details of the D2DSS design based on the above agreements and discussions. 
2 Details of D2DSS design
1) Same or different sequences

There are 2 PD2DSS and 2 SD2DSS symbols in each synchronization subframe. We consider two pairs of PD2DSS/SD2DSS located in the 1st and 2nd symbols of the 1st and 2nd slots in the synchronization subframe.  The first point is whether the same or different sequences are used for the two symbols of PD2DSS and SD2DSS.
PD2DSS is used to derive the reference timing through peak detection of correlated signals.  If both PD2DSS symbols use the same sequence, the receiver could combine the received energy from both PD2DSS symbols and improve the received signal quality for timing detection.   If the two PD2DSS symbols have different sequences, the receiver needs to perform two different hypothesis tests and peak detections.   The complexity increases without any benefit when two PD2DSS use different sequences.   

SD2DSS is used in combination with PD2DSS to fine-tune the reference timing and detection of synchronization source ID. In order to suppress the interference among the potentially CDM’ed SD2DSS signals, SD2DSS should be scrambled by the PD2DSS sequence index similarly to the scrambling of SSS in LTE. The two SD2DSS symbols can use different sequences (as the two SSS symbols within a radio frame) to provide more information by the relative positions of the two SD2DSS symbols. 
Proposal 1: In the synchronization subframe, the two PD2DSS symbols use the same sequence while the two SD2DSS symbols use different sequences. 
Proposal 2: SD2DSS sequences are scrambled by the PD2DSS index to suppress potential collision interference. 
2) The D2DSS allocation to D2DSSue_net and D2DSSue_oon
It was agreed at RAN1-77 that the D2DSS can be divided into two D2DSS sets, D2DSSue_net and D2DSSue_oon, for D2D SS UEs with timing reference of an eNB and a UE, respectively. Two alternatives could be designed for the partitioning of D2DSS sets into D2DSSue_net and D2DSSue_oon  as follows:
Option 1: partition the set according to root index of the PD2DSS sequences

The D2DSS signals in the two sets (i.e., D2DSSue_net and D2DSSue_oon) are differentiated only by the root indexes of the PD2DSS sequences. 
The potential drawbacks are twofold: 1) whether there are enough PD2DSS root indices to fulfil the requirement for the PD2DSSs in the two sets; 2) too many PD2DSS root indices will increase the computational burden in the initial synchronization stage. 
Option 2: according to the relative position of the two SD2DSS symbols
With this option, the two sets are distinguished simply by the two SD2DSS symbols, as shown in Figure 1below. In this case, the same set of PD2DSS root indices could be used for both the sets of D2DSSs, which can reduce the computational complexity to some extent in the D2DSS initial search stage. 
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Figure 1: Partition of D2DSS set
Proposal 3: The two D2DSS sets of D2DSSue_net and D2DSSue_oon could bedistinguished by the PD2DSS root indices or the swapping positions of SD2DSS sequences between two pairs of D2DSS. The latter is preferred due to its simplicity. 
3) PD2DSS index

It was agreed in RAN1#78 that different root indices from Rel-8 PSS are designed for PD2DSS. Several factors need to be taken into account in selecting the PD2DSS root indices, including PAPR, auto-correlation property of each root sequence and cross-correlation among different root sequences. Several candidate root indexes are selected as: 22, 38, 26, 37, with the metrics as shown in the following two tables. 

Table 1: Cross-correlation

	PD2DSS root index
	22
	26
	37
	38

	22
	-
	
	
	

	26
	0.2244
	-
	
	

	37
	0.2379
	0.2882
	-
	

	38
	0.1765
	0.2379
	0.1563
	-


Table 2: metrics of selected PD2DSS root indexes

	
	PAPR
	Auto-correlation
(freq. offset=0)
	Auto-correlation
(freq. offset ~U[-0.5,0.5])
	Cross-correlation w. PSS

	22
	5.2215
	0.2411
	0.4119
	0.2972

	26
	4.5161
	0.2513
	0.3895
	0.2101

	37
	4.5161
	0.2513
	0.3895
	0.2101

	38
	5.0908
	0.2213
	0.3679
	0.2117


Note: For auto-correlation, the value is the ratio of the 2nd largest peak to the largest peak. The frequency offset here is that normalized by subcarrier frequency. 
Proposal 4: PD2DSS sequences use different root indexes from Rel-8 PSS. A candidate root index set is {22, 26, 37}.
4) SD2DSS power setting

Regarding the FFS of how to specify reduced power for SD2DSS, the straightforward way is to specify the power reduction value in the specification. The PAPRs of the PD2DSS are about 5dB as shown in Table 2. The CDF distribution of the SD2DSS sequences (all the SSS sequences are considered here) is shown in Figure 2. From the figure, we can see that at 90% CDF, SD2DSS signal has a higher PAPR value by PD2DSS by about 3.0dB. 
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Figure 2: CDF of the PAPRs of SD2DSS
Proposal 4: The reduced transmit power of SD2DSS compared with PD2DSS can be fixed in the specifications (e.g., 3.0dB). The actual fixed value should be decided by RAN4.
3 Resource allocation for the D2DSS
The proposed resource allocation of D2DSS is that the pair of PD2DSS and SD2DSS symbols are located in the centre 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 in the centre 6 PRBs of the first and second symbols in the second slot.  The centre 6 PRBs of the  3rd OFDM symbol would be allocated for PD2DSCH as shown in Figure 3.
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Figure 3: Illustration of PD2DSS/SD2DSS and PD2DSCH configuration

Proposal 5: PD2DSS and SD2DSS are located in the centre 6 PRBs of the 1st and 2nd symbols in both 1st and 2nd slots of the synchronization subframe.  The centre 6 PRBs of the 3rd OFDM symbol in the 1st slot are allocated for PD2DSCH.
4 Conclusion
In this paper, we present our views on the D2DSS signal design and resource allocation. The following proposals are provided.
Proposal 1: In the synchronization subframe, the two PD2DSS symbols use the same sequence while the two SD2DSS symbols use different sequences. 
Proposal 2: SD2DSS sequences are scrambled by the PD2DSS index to suppress potential collision interference.
Proposal 3: The two D2DSS sets of D2DSSue_net and D2DSSue_oon could be distinguished by the PD2DSS root indices or the swapping positions of SD2DSS sequences between two pairs of D2DSS. The latter is preferred due to its simplicity.

Proposal 4: The reduced transmit power of SD2DSS compared with PD2DSS can be fixed in the specifications (e.g., 3.0dB). The actual fixed value should be decided by RAN4.
Proposal 5: 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 3rd OFDM symbol in the 1st slot are allocated for PD2DSCH.
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