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1 Introduction
In this contribution, we discuss remaining issues of Synchronization Signal (D2DSS) for D2D communication and discovery. The D2DSS consists of a Primary D2DSS (PD2DSS) and a Secondary D2DSS (SD2DSS). Several related topics have been specified in previous RAN1 WG meeting as following:
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
2 Information carried by the D2DSS
In our consideration, the following information should be carried by D2DSS signals:
· Sync source type – Defines whether the synchronization is propagated from eNB or independent synchronization source. Based on the previous RAN1 meeting agreement
· 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
Hence, we could design the PD2DSS to distinguish the above groups with 2 sequences. One is associated with D2DSSue_net and the other is associated with D2DSSue_oon. Here note that the Zadoff-Chu sequence with conjugate pairs (u1+u2=Nzc) among root index has the low complex detection in the receiver side, so the conjugate pairs could be considered in the root indices selection [4].
· Sync source identity – The identity of the original synchronization source may be at least partially encoded by D2DSS. Based on the agreements of RAN1#78, There are 168 group ID (i.e., the number of cell groups in the Secondary Synchronization Signal (SSS)), which is based on reusing the existing set of SSS sequences for encoding the PSSID. 
3 D2DSS structure
As discussed in our companion contribution [7], PD2DSCH and D2DSS are multiplexed in a subframe based on the previous agreement, and we consider two pairs of PD2DSS/SD2DSS located in the 1st and 2nd symbols of the 1st and 2nd slots in the synchronization subframe. 

PD2DSS is used to derive the reference timing through peak detection of correlated signals.  The receiver could combine the received energy from both PD2DSS symbols and improve the received signal quality for timing detection. So the 2 PD2DSS symbols are separated in the 2 slots for time diversity.
Regarding allocation of the SD2DSS sequence to the resource elements, the same mapping as for the PD2DSS should be used. Furthermore SD2DSS should be located as close as possible to the PD2DSS in order to enable accurate coherent detection of the SD2DSS. The spacing should preferably be 1 but no more than 3 SC-FDMA symbols, which is the case of PSS and SSS in LTE. So the SD2DSS sequence is allied to the PD2DSS sequence in time domain.
PUSCH DMRS is included in the synchronization subframe for the PD2DSCH channel estimation. A UE can receive PD2DSS from different sync sources transmitting different PD2DSCH content, but due to the limited number of PD2DSS root indices, it is possible that PD2DSS from these different sync sources have the same root index. PD2DSCH channel estimation cannot work properly in this case, so, PUSCH DMRS is used for better channel estimation performance for PD2DSCH detection. 
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Figure 1. Structure of synchronous signal subframe.
A candidate design, as shown in the Figure 1, for the synchronization signal consists of

· A PD2DSCH comprising 7 symbols (when normal CP is used) or 5 symbols (when extended CP is used)

· A D2DSS comprising two PD2DSS symbols and two SD2DSS symbols
· A PUSCH DMRS comprising symbols as Rel.8
· One guard symbol at the end
Proposal 1:  
The structure of synchronous signal subframe should be designed as shown in Figure 1.
4 Primary D2D Synchronization Signal
It was agreed that the PD2DSS waveform is SC-FDM without DFT-precoding with 2 symbols. In the subsequent sections, we evaluate signal properties of the PD2DSS in order to determine suitable root indices.
4.1 PAPR and Cubic metric
The Peak-to-average power ratio (PAPR) and CM (cubic metric) of PD2DSS with different root of SC-FDMA without DFT-precoding are evaluated as shown in Figure 2. Here only root indices being relatively prime to 63 are considered. From the results, the PAPR of Zadoff-Chu sequence with different root indices range from 3 to 7dB, while CM range from 0.5dB~3.5dB. Furthermore, the same trend is shown for CM and PAPR for different root indices.
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Figure 2. PAPR and CM of the PD2DSS for different root indices with sampling rate of 1.92 MHz.
4.2 Sequence correlation value to frequency offsets
It is well known that Zadoff-Chu (ZC) sequence has an excellent autocorrelation property. However, in the presence of the large initial carrier frequency offset, the cross correlation of ZC sequence, distorted by the frequency offset with the transmitted replica may result in large ambiguity peaks [2]. The presence of ambiguity peaks may complicate initial acquisition and degrade performance of the initial timing and coarse frequency offset estimation.

As per RAN4 guidance, a typical UE may have up to ±10ppm initial frequency offset. The resulting large range of initial CFO among D2D UEs (up to ±20ppm) can impair the ability of detecting the transmitted D2DSS signal. To resolve this issue, a number of coarse CFO hypotheses in the D2DSS search algorithm have been studied [4]. Additional, for residual CFO after coarse CFO hypotheses, PD2DSS detection with partial and differential correlation scheme should be applied.
The detail algorithm is shown in the following: 
1) Frequency hypothesis utilization 
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2) Partial correlation:  
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3) Differential correlation 
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4) Peak detection 
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Where 
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 is the time domain received signal, 
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 is the local Zadoff-Chu sequence in time domain pattern with SC-FDM without DTF precoding. 
From the evaluation result, the Zadoff-Chu sequence is robust to frequency offset in the algorithm, and the correlation performance has slight difference between different root indices. 
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Figure 3. Correlation value at ideal timing (k=0) as function of root index, for 3-part and 4-part correlation and N=128, without the consideration of frequency hypothesis (
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), for a frequency offset uniformly distributed within [-15, 15] kHz at the receiver.
4.3 Cross-correlation with the legacy PSS
It is assumed that D2D operates in uplink spectrum (in the case of FDD) or uplink sub-frames of the cell giving coverage. If D2DSS transmission in UL subframe on a TDD carrier, there will be interference to the PSS/SSS, e.g.: 

· A legacy TDD UE trying to detect a cell of the LTE system (e.g., for cell selection), may not be able to succeed in accessing a cell if D2D UEs in its vicinity transmit D2DSS.

· A D2D UE located outside LTE TDD network coverage will not be able to synchronize to a cell but may still receive the PSS/SSS, which would constitute interference while trying to detect a D2DSS from a UE.  

Hence, it would be necessary to assure low cross-correlation with the PSS in order to protect legacy UEs’ operation.  In LTE Rel-8 PSS, the Zadoff-Chu sequence (u=25, 29, 34) with OFDM waveform is utilized, Figure 4 shows the maximal cross-correlation between the PD2DSS (SC-FDM without DFT waveform) and the legacy PSS (OFDM waveform). From the result, the root index u=25, 29, 34 has large cross correlation between PD2DSS and PSS, so the new root indices should avoid to select the above three ones.
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Figure 4. Maximum cross-correlation between the PD2DSSand the PSS as function of root index, for 3-part correlation and N=128, for a frequency offset uniformly distributed within [-15, 15] kHz at the receiver.
4.4 Conclusion
Based on the evaluations and analysis above, the root indices of Zadoff-Chu should be selected the ones which have lower PAPR/CM, more robust to frequency offset and smaller influence to legacy PSS symbol.
Proposal 2. The PD2DSS sequences are the existing length-62 PSS sequence with root indices:

· Root index u = 23 (or u=26) is associated with D2DSSue_net.

· Root index u = 40 (or u=37) is associated with D2DSSue_oon.

5 Secondary D2D Synchronization Signal
In our views, the SD2DSS may encode identity of the synchronization source, which identifies synchronization area and/or particular synchronization source. Base on the agreement of RAN1 #78, the same sequence reused as Rel.8 SSS while the number of SD2DSS symbol is 2. Hence, the SD2DSS should use the SSS sequences defined for subframe 0 in the first slot of the D2DSS subframe and use the SSS sequences defined for subframe 5 in the second slot of the D2DSS subframe.

5.1 PAPR and Cubic metric
The main reported disadvantage of SSS signals is rather high PAPR and CM value compared with PD2DSS of SC-FDM without DFT-precoding and uplink signals as shown in Figure 5 and Figure 6. Here, we give the PUSCH signal with DFT precoded QPSK/16QAM modulation in case of 6 PRB allocation as a comparison, the SD2DSS signal of SC-FDM without DFT precoding has much higher PAPR/CM than uplink signal with DFT precoding SC-FDM.
With respect to possible PD2DSS (u=23, SC-FDM without DFT-precoding) PAPR and CM and same hardware limitation, e.g. power amplifier linearity, we propose the power of SD2DSS should be 2 ~ 3dB reduced compared with PD2DSS from the 90-percentile PAPR/CM performance as shown in Figure 5 and Figure 6. For simplicity, a fixed power offset value (not being configurable or signaled) could be specified, linking the SD2DSS transmit power with that of the PD2DSS. The exact power offset value could preferably be determined by RAN4.  
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Figure 5.  PAPR of the SD2DSS for a sampling rate of 1.92 MHz
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Figure 6.  CM of the SD2DSS for a sampling rate of 1.92 MHz
5.2 Conclusion
Proposal 3. The SD2DSS sequences are the existing SSS sequences without DFT precoding:

· There are 168 group ID corresponding to the values of  
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· SSS sequences from subframe 0/5 are used in the first/last SD2DSS symbol.
· With respect to PD2DSS PAPR/CM, the SD2DSS power should be reduced compared with PD2DSS with fix power offset value which could preferably be determined by RAN4.
6 Conclusion
In this contribution, we provided our view on the remaining issues of D2DSS signal design. In our view, D2DSS signals (PD2DSS/SD2DSS) have the similar structure of PSS and SSS in Rel.8. Both of them have the waveform of SC-FDM without DFT-precoding, while the symbol number is 2 within the subframe. For PD2DSS, the Zadoff-Chu sequence with the length of 62 and root indices pair 23 and 40 (or 26 and 37) are selected to associate with D2DSSue_net and D2DSSue_oon. For SD2DSS, the SD2DSS power should be reduced compared with PD2DSS with fix power offset value which could preferably be determined by RAN4.
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