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1 Introduction
In RAN1#77, the following working assumption and agreements were made on D2D synchronization [1].
Working Assumption:

· A synchronization resource contains 

· In a sub-frame:
· FFS whether 1 or 2 symbols are PD2DSS

· If 2 symbols, sequences in the different PD2DSS symbols use the same root indices 

· FFS whether 1 or 2 symbols are SD2DSS
· Number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS
· Exact symbol locations are FFS

· PD2DSS is 62 length Rel-8 PSS sequence mapped centrally symmetric around D.C. frequency – FFS if root indices are same or different than  Rel-8 PSS root indices (note that if OFDM and Rel-8 PSS root indices, then the waveform would be the same as Rel-8 PSS)
· FFS: if PD2DSS is OFDM or SC-FDM without DFT pre-coding

· FFS if SD2DSS is OFDM or SC-FDM 
· If SD2SS is SC-FDM, FFS if it is DFT pre-coded
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

In this paper, we discuss the further detail design of the D2D synchronization signal and resource allocation. 
2 D2DSS signal design

PD2DSS modulation and mapping:
The PD2DSS signal is used for time synchronization acquisition. As agreed in the previous meeting, PD2DSS sequences are length-62 Rel-8 PSS sequences and mapped centrally symmetricly around the d.c. frequency. There are then two possibilities for the detailed design of the PD2DSS: 
Option-1: OFDM modulated signal (w/o half-subcarrier shifting)

In this case, as the Rel-8 PSS sequence, the length-62 PD2DSS is obtained by muting the middle element of the original length-63 Zadoff-Chu sequence and mapping it to the 62 subcarriers surrounding the d.c. subcarrier. The merit of this option is the commonality with the PSS signal enables the reuse of the legacy timing synchronization circuits. But some potential problems are apparent: the modulation processing is different from the other D2D signals and the frequency multiplexing with cellular signals will bring more cross interference. 
Option-2: SC-FDM modulated signal (w. half-subcarrier shifting but w/o DFT-precoding)
With this option, the length-62 PD2DSS is obtained by puncturing the middle element of the original length-63 Zadoff-Chu sequence and mapping it to the successive 62 subcarriers. After half-subcarrier shifting, the length-62 PD2DSS sequence is centrally located around the d.c. subcarrier. Although the waveform is not exactly the same as Rel-8 PSS, the update of the timing acquisition circuit may be slight due to the maintaining of the major time domain properties of the signal. The potential problem is its PAPR property. Since the puncturing of the middle element of the Zadoff-Chu sequence destroys the signal structure, the PAPR of the signal may be increased. To clarify this concern, we compare the PAPR of the signals for these two options, as shown in Figure 1 below. 
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Figure 1: PAPR comparison

Observation-1: the SC-FDMA modulated PD2DSS signals have similar PAPR to the OFDM modulated PD2DSS signals, depending on the specific root index. 
Proposal-1: PD2DSS is SC-FDM modulated without DFT pre-coding. 
PD2DSS sequences:
Regarding the root index of the PD2DSS, in principle the same root indexes as Rel-8 PSS (i.e., 25,29 and 34) can be used in the FDD case; however, in TDD, the same root index configuration as Rel-8 PSS may lead to some confusion and trouble in the initial cell search procedure, since the UEs performing cell search may take the PD2DSS signal as the PSS signal in the initial timing synchronization step, due to the relatively high cross correlation between the SC-FDM modulated PD2DSS signal and OFDM modulated PSS signal (as shown in the table below). 
Table 1: Cross-correlation between Rel-8 PSS sequences
	PD2DSS\PSS
	25
	29
	34

	25
	0.4391
	0.2389
	0.1806

	29
	0.1976
	0.4318
	0.2000

	34
	0.2117
	0.2000
	0.4318


Thus, different root indexes from Rel-8 PSS are preferred. Several factors should be taken into account in selecting the used PD2DSS root indexes, including PAPR, auto-correlation property and cross-correlation among themselves and between them and Rel-8 PSS sequences. Several candidate root indexes, namely 11, 22, 38, 41 and 52, are evaluated in the following two tables. 

Table 2: Cross-correlation

	PD2DSS root index
	11
	22
	38
	41
	52

	11
	-
	-
	-
	-
	-

	22
	0.2057
	-
	-
	-
	-

	38
	0.3844
	0.1765
	-
	-
	-

	41
	0.2114
	0.2402
	0.2379
	-
	-

	52
	0.2615
	0.2114
	0.3226
	0.2057
	-


Table 3: metrics of selected PD2DSS root indexes

	
	PAPR
	auto-correlation
	Cross-correlation w. PSS

	11
	5.1106
	0.1310
	0.2494

	22
	5.2215
	0.2411
	0.2972

	38
	5.0908
	0.2213
	0.2117

	41
	5.2215
	0.2411
	0.2972

	52
	5.1106
	0.1310
	0.2494


These tables show that it is possible to find root sequences with suitable properties. 

From the evaluated sequences, the pairs {11,52}  and {41,22} have the advantage that the two sequences within each pair are complex conjugates of each other, and can therefore both be detected with a single correlator. We therefore propose that sequences 22, 38 and 41 are selected. 
Proposal-2: PD2DSS sequences use different root indexes from Rel-8 PSS. We propose using root indices 22, 38 and 41. 
SD2DSS:

The SD2DSS signal is used for conveying the synchronization source ID (possibly together with PD2DSS index as in Rel-8 PSS). As discussed in previous meetings, the Rel-8 SSS can be reused as SD2DSS. Thus, the length-62 SD2DSS could apply the same modulation and mapping processing as the PD2DSS signal (i.e., mapped to the central 62 subcarriers with half-subcarrier shifting). Although DFT-precoding could reduce the PAPR of the SD2DSS signal, the implementation of DFT-precoding may be a problem due to this specific DFT length (not a product of 2, 3 or 5). For the issue of relatively high PAPR of the SD2DSS signals, a lower transmit power than the PD2DSS could be used. The SD2DSS detection performance could be enhanced through the SD2DSS repetition (described below). 
Note that the scrambling for the SD2DSS sequence determined by the PD2DSS sequence index shall be employed for interference suppression, as defined for the Rel-8 SSS. This would avoid the fact that in case of CDM of multiple D2DSS signals, the PD2DSS from one SS is detected together with the SD2DSS from another SS. 
According to the definition of Rel-8 SSS, the number of available SSSs is 168*2=336 (taking into account the swapping between the two interleaved parts of the sequence between subframe 0 and subframe 5). For SD2DSS, a subset of the SSS sequences could be used, depending on the required number of SD2DSS sequences. 

Proposal-3: SD2DSS is SC-FDM modulated without DFT pre-coding, with a PD2DSS-specific scrambling for interference suppression. 

Proposal-4: A subset of the SSS sequences with better PAPR could be selected as SD2DSS, depending on the required number of SD2DSS sequences.
Number of PD2DSS/SD2DSS symbols:

The basic PD2DSS/SD2DSS configuration is one PD2DSS symbol and one SD2DSS symbol at adjacent symbols. Link level simulations were performed to evaluate the synchronization performance of the basic D2DSS configuration, as shown in Fig. 2 and Fig. 3. In the simulations, an initial frequency offset of +/-7kHz (i.e., +/-10ppm for carrier frequency of 700MHz) is assumed. The SNR is defined as the power ratio of PD2DSS signal to the noise per subcarrier and a PD2DSS power boost of 3dB is assumed over the other data signals. The period of the D2DSS is assumed to be 40ms. Note that the frequency synchronization is based on the CP signals of all the available symbols within the synchronization subframe (i.e., 13 symbols for normal CP and 11 symbols for extended CP considering the last symbol reserved as guard time). To improve the frequency synchronization accuracy, an SD2DSS symbol repetition configuration is also simulated, where two SD2DSS symbols are used with an interval of 0.5ms. 
Observation-2: one PD2DSS symbol is generally sufficient for one-shot timing acquisition. 

Observation-3: frequency synchronization is more challenging for D2D applications, especially in out-of-network coverage. Repetition of SD2DSS with an interval of 0.5ms could improve the synchronization accuracy. Extended CP can apparently improve the frequency synchronization performance compared with the normal CP. 
Proposal-5: The D2DSS applies a structure of one PD2DSS symbol and two SD2DSS symbols where one SD2DSS symbol is adjacent to the PD2DSS symbol and the two SD2DSS symbols have an interval of 0.5ms. 
Proposal-6: For out-of-network coverage, extended CP is used for the PD2DSS/SD2DSS symbols.
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Figure 2: Timing synchronization performance
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(a) Normal CP
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(b) Extended CP

Figure 3: Frequency synchronization performance
3 D2DSS resource allocation

D2DSS in the synchronization subframe:
It was discussed and agreed that the D2D receiver will need at least one symbol to settle AGC, thus the positioning of the D2DSS shall avoid the first symbol within the synchronization subframe. Thus, the PD2DSS symbol and its adjacent SD2DSS symbol could be located at the third and  second symbols in the first slot of the synchronization subframe. The other SD2DSS symbol is accordingly arranged at the second symbol in the second slot, as shown in Figure 4. 
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Figure 4: Illustration of D2DSS 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, 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 being 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-7: 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

As we discussed above, adjacent SSs need to 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 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 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 to the existing SS, and thus the impact of the frequency offset could be reduced. 

Based on the discussions above, we propose:
Proposal-8: 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).
4 Conclusion
In this paper, we present the D2D synchronization signal designs and resource allocation. The following observations and proposals are provided:
Observation-1: the SC-FDMA modulated PD2DSS signals have similar PAPR to the OFDM modulated PD2DSS signals, depending on the specific root index. 

Observation-2: one PD2DSS symbol is generally sufficient for one-shot timing acquisition. 

Observation-3: frequency synchronization is more challenging for D2D applications, especially in out-of-network coverage. Repetition of SD2DSS with an interval of 0.5ms could improve the synchronization accuracy. Extended CP can apparently improve the frequency synchronization performance compared with the normal CP.

Proposal-1: PD2DSS is SC-FDM modulated without DFT pre-coding.
Proposal-2: PD2DSS sequences use different root indexes from Rel-8 PSS. We propose using root indices 22, 38 and 41. 
Proposal-3: SD2DSS is SC-FDM modulated without DFT pre-coding, with a PD2DSS-specific scrambling for interference suppression. 

Proposal-4: A subset of the SSS sequences with better PAPR could be selected as SD2DSS, depending on the required number of SD2DSS sequences.
Proposal-5: The D2DSS applies a structure of one PD2DSS symbol and two SD2DSS symbols where one SD2DSS symbol is adjacent to the PD2DSS symbol and the two SD2DSS symbols have an interval of 0.5ms. 

Proposal-6: For out-of-network coverage, extended CP is used for the PD2DSS/SD2DSS symbols.
Proposal-7: 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-8: 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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