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1
Introduction

At RAN1 #77 [2], the following agreements and working assumptions were made for D2D synchronization signal design:

Agreements:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number
· D2D frame number is a frame number used for D2D communication

· FFS: Detailed of D2D frame number

· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number

· SD2DSS is specified

· If D2D transmitter is in-coverage, D2D frame number is derived from SFN
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 

In this contribution, we provide our proposed design for D2DSS and PD2DSCH, and use link-level simulations to address the remaining FFS items.

In Section 2, we present our design for D2DSS and PD2DSCH channel. Section 3 will investigate remaining aspects of the D2D synchronization signal design by proving link-level synchronization performance. We discuss some further details on the root selection of the PD2DSS and SD2DSS sequences in Section 4, and conclude the contribution in Section 5.  

2 
Proposed design

In this section, we present the candidate design for D2DSS and PD2DSCH. The proposal is based on an earlier design [1] with modifications to reflect the RAN1 #77 agreements.

In this design, we propose D2DSS to consist of multiple (two) PD2DSS and SD2DSS symbols in order to enable a reliable one-shot D2DSS detection and good CFO estimation. 

In the proposed design, a fraction of resources is periodically (every sync period, e.g., 100 ms or 1 sec) allocated for the purpose of synchronization. An example is shown in Figure 2-1 with 5% of the system resources (five subframes every 100 msec) reserved for synchronization. The allocated sync resources are further divided to multiple time-orthogonal resources. Each resource (one subframe in the proposed design) is allocated to a synchronization source for the transmission of D2DSS and PD2DSCH.
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Figure 2-1 Synchronization resource allocation
A candidate design, as shown in the previous figure, for the synchronization signal consists of

· A PD2DSCH comprising nine symbols (when NCP is used) and 7 symbols (when ECP is used)
· A D2DSS comprising two PD2DSS and two SD2DSS symbols

· One guard symbol at the end
As discussed in [1], concatenated PD2DSS sequences enable a symbol-level search for time acquisition that will significantly reduce the complexity of the synchronization algorithm. 

The additional two SD2DSS sequences, separated by PD2DSCH symbols, can be used for

· More reliable frequency offset estimation 

· Better channel estimation for decoding the PD2DSCH

· Carrying further information along with PD2DSS symbols

Table 1 below shows what PD2DSCH may contain depending on the scenario and carrier type:
Table 1 PD2DSCH Contents for various scenarios and carrier type
	 

Scenario\Carrier Type
	Out of network

(FDD UL or TDD)
	Partial Network
	In-network (inter-cell)

(FDD UL or TDD)

	
	
	FDD UL
	TDD
	

	Original synchronization ID
	Yes
	No
	No
	No

	Current stratum level
	No
	Yes
	Yes
	No

	TDD Configuration
	No
	No
	Yes
	No

	D2D system frame number
	Yes
	Yes
	Yes
	No

	TDM sync resource index
	Yes
	Yes
	Yes
	No


Note that none of the information listed above needs to be carried in network when D2DSS is used for enabling inter-cell D2D discovery and D2D communication.  

Further, in addition to information in Table 1, PD2DSCH can be used to detect false alarms for D2DSS detection based on CRC which helps robust detection of D2DSS. Additionally, as discussed in Section 3, PD2DSCH can be used for resolving residual CFO ambiguity from D2DSS detection. Although, we note that CFO estimation maybe less important in network where PSS/SSS from the serving cell can be used. Hence, we make the following observation and proposal.

Observation 1: In addition to carrying information, PD2DSCH can be used to (i) detect false alarms for D2DSS detection (ii) resolve CFO ambiguity from D2DSS detection.

Proposal 1: PD2DSCH carries information corresponding to Table 1, and is scrambled based on the synchronization (D2DSS) id. 
In the next section, we study the synchronization performance of the proposed design and investigate the remaining FFS items using link-level simulations.
3

Simulation Results

In this Section, we provide link-level simulation results to evaluate the time and frequency synchronization performance of the D2DSS/PD2DSCH design with respect to the following aspects:

(a) Effect of OFDM vs SCFDM frequency mapping

(b) Effect of DFT-precoding of SD2DSS symbols, if the SCFDM mapping is adopted

(c) Comparison of the proposed design with an alternative (repeated legacy) design

The following metrics are used to study the synchronization performance:

(i)       PD2DSCH block error rate: this is the probability that the PD2DSCH is not successfully decoded (does not pass the CRC check) for the detected time, frequency and D2DSS id. 

(ii)       Residual CFO estimation error after successful PD2DSCH decoding: this is the residual frequency error for those cases where PD2DSCH is successfully decoded. Note that CFO estimation based on the phase shift between the D2DSS symbols may suffer from a 2π rotation issue. This problem can be partially resolved by applying a couple of CFO hypotheses for PD2DSCH decoding.
(iii) Residual timing error after successful PD2DSCH decoding: this is the residual time error for those successfully decoded PD2DSCH cases. 
(iv) False Alarm (FA) probability: this is the probability that the successfully decoded PD2DSCH corresponds to a wrong D2DSS id and/or the timing error is large (e.g. > 1us).
We made the following observation in our study:

Observation 2: for those cases where PD2DSCH is successfully decoded, the residual timing error is less than 1 us. Also scrambling of PD2DSCH information bits (as suggested in Proposal 1) prevents D2DSS id misdetection. 

As mentioned in Observation 2, the residual timing error is observed to be within 1 us, and the FA probability is 0 (i.e. no false alarms were observed in simulations). Hence, in what follows, we only focus on the first two metrics to evaluate the sync performance for different cases.

Simulation Setup

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, we can consider a number of coarse CFO hypotheses (e.g., 7 hypotheses {0, ±5ppm, ±10ppm, ±15ppm}) in the D2DSS search algorithm. The presented results are averaged performance of various initial frequency offsets from 0 to 20ppm.

We provide link-level simulation results with SCM channel model, two rx antennas, and the carrier frequency of 700 MHz. We further assume a low duty cycle for the transmission of D2DSS and PD2DSCH symbols, i.e., once every 100 ms. The time acquisition is performed by detecting the PD2DSS symbols, and frequency synchronization is estimated using the detected P/SD2DSS symbols. We assume the PD2DSS signals are generated based on a frequency domain 63-length ZC sequence (root index=25), similar to one of the legacy PSS sequences. We further adopt a frequency domain Rel-8 SSS with NID(1) = 70, NID(2) = 0 to generate the SD2DSS symbols. We consider 40 bits of information is transmitted through PD2DSCH symbols using Turbo coding and QPSK Modulation. The simulation results correspond to one-shot detection.
In the following simulations, we assume the PD2DSS id is known at the receiver, and the SD2DSS is coherently detected after PD2DSS detection by searching over a set of possible sequences (The searching pool has 29 possible SD2DSS sequences, please refer to Section 4 for more details).
3.1. Effect of OFDM vs SCFDM Frequency Mapping 

Note that two frequency mappings can be used to generate the D2DSS symbols.  In OFDM mapping, the DC component is punctured, while SCFDM applies ½ a subcarrier shift and does not use the DC frequency. As a working assumption agreed in RAN1 #77 [2], PD2DSS is mapped centrally symmetric around the DC frequency. One needs to remove the central FD sample of a 63-length ZC sequence in order to get a symmetric SCFDM sequence.
The results, presented in Figure 3-1, suggest different frequency mappings have a marginal effect on the synchronization performance. Here, we assume the SCFDM SD2DSS is DFT-precoded. The effect of precoding will be studied next.
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Figure 3-1, SCFDM vs OFDM mapping; (a) PD2DSCH blok error rate, (b) Residual CFO estimation error after successful PD2DSCH decoding

Observation 3: the effect of OFDM vs SCFDM mapping of P/SD2DSS on the synchronization performance is small. 
3.2. Effect of DFT Precoding of SCFDM SD2DSS

If the SCFDM is used for generating the D2DSS symbols, RAN1 WG needs to decide whether the synchronization signals are DFT precoded or not. Note that, based on the RAN1 #77 working assumption, SCFDM PD2DSS is generated without precoding. In this Section, we study the effect of DFT precoding the SCFDM SD2DSS symbols on the synchronization performance.
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Figure 3-2, DFT precoding of SCFDM SD2DSS; (a) PD2DSCH blok error rate, (b) Residual CFO estimation error after successful PD2DSCH decoding

Figure 3-2 shows similar synchronization performance can be achieved with or without DFT precoding of SCFDM SD2DSS. However, as pointed out in [1] and will be further discussed in Section 4, DFT precoding of SCFDM SD2DSS symbols can significantly reduce their Cubic Metric (CM) value, and hence is practically more preferable.

Observation 4: the effect of DFT precoding of SCFDM SD2DSS on the synchronization performance is marginal. 
3.3. Comparison of the Proposed Design with an Alternative (Legacy-based) Design

In [1], we evaluated the performance of the Rel-8 design that consists of a single PD2DSS and a single SD2DSS symbol, and observed such a design fails to achieve reliable time and frequency synchronization. In what follows, we study an alternative design, yet inspired by the legacy, where a pair of concatenated PD2DSS and SD2DSS symbols are repeated at the beginning and end of the synchronization subframe (see Figure 3-3) in order to achieve a more reliable synchronization. 
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Figure 3-3, Proposed D2DSS design and an alternative design based on the legacy PSS/SSS
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Figure 3-4, Comparison with an alternative (legacy) design; (a) PD2DSCH blok error rate, (b) Residual CFO estimation error after successful PD2DSCH decoding

Figure 3-4 compares the synchronization performance of the two designs and shows the proposed design can achieve a better detection probability (around 1 dB improvement) compared to the legacy-based design. While the alternative design seems to provide a lower residual frequency errors, we should note: (i) this is the residual error for those cases where PD2DSCH is successfully decoded, the probability of which being lower in the case of alternative design, and (ii) the residual frequency error of both designs sufficiently meets the 0.1ppm accuracy criterion in [3]. One should also note that the proposed design enables a symbol-level PD2DSS search algorithm by transmitting two concatenated PD2DSS symbols.

Observation 5: the proposed D2DSS design enables a symbol-level search algorithm for time acquisition, while the repeated legacy design requires at least a CP-level search, with a factor of around NFFT/NCP  more complexity.

Observation 6: the proposed D2DSS design improves the detection probability (PD2DSCH block error rate) by around 1 dB compared to the alternative legacy-based design.

Observation 7: both designs meet the 0.1 ppm accuracy criterion in [3].
Based on the observations made in this Section, we suggest to use the proposed D2DSS/PD2DSCH design. Note that here we assumed a carrier frequency of 700 MHz. At higher carrier frequencies (e.g., 2 GHz), the large initial CFO (up to 20 ppm = 40 KHz) may significantly degrade the synchronization performance. However, our study confirms the feasibility of achieving reliable synchronization using the proposed design and for larger carrier frequencies. This will be realized by applying more CFO hypotheses at time acquisition to deal with the enlarged frequency uncertainty range.
Observation 8: the proposed D2DSS/PD2DSCH design is able to achieve reliable synchronization at higher carrier frequencies.
Proposal 2: D2DSS and PD2SCH design shown in Figure 2-1 is used.

In the next Section, we present more details on the D2DSS signal design. More specifically, we will discuss how to choose the PD2DSS and SD2DSS sequences from the available options.

4 
Details of Signal Design and Mapping

As mentioned before, PD2DSS is assumed to be a 62-length Rel-8 PSS sequence, mapped centrally symmetric around DC frequency. It is still to be decided if the ZC root indices are same or different than Rel-8 PSS root indices. In what follows, we first propose three new root indices for PD2DSS, if it is agreed to be different than Rel-8 indices. We will then discuss how to choose the SD2DSS sequences.
4.1. PD2DSS root index selection 

In selecting alternative root indices for PD2DSS, different criteria should be taken into account:
(1) Low CM/PAPR value

(2) Good cross-correlation performance: more specifically we care about the following two factors:

a. Cross-correlation of a sequence with its frequency shifted versions: we need to make sure that correlation with high frequency offsets does not produce very large side peaks that will impair the PD2DSS detection in the presence of large initial CFO.

b. Cross-correlation between the PD2DSS sequences: a large cross-correlation between the sequences can increase the FA and misdetection probabilities
Two new indices {26, 37} that are complex conjugates were proposed in [4]. We confirm the corresponding PD2DSS sequences meet the mentioned criteria, and additionally propose to consider an extra root index {22}, if needed. Please refer to Appendix-A for more details on this new set of roots.
Proposal 3: the PD2DSS adopts the new root indices of {22, 26, 37}, if decided to be different than Rel-8 PSS root indices.

4.2. SD2DSS sequence selection 

For SD2DSS sequences, we should reuse Rel-8 SSS design to maximum extent. Based on our proposed design, all the UEs synchronizing to the same timing should acquire the same ID (defined based on the original source of the synchronization). Hence we can reduce the set of SD2DSS signals used for D2DSS. 
First, we note that current SSS is scrambled by the PSSID – which means that finding SSS sequences that work for every PSSID can be challenging. This problem can be resolved by mapping SSS in time-domain similar to SCFDM mapping with DFT precoding– this helps retain the good PAPR properties regardless of PSSID (please refer to Figure B-1).  Hence, we propose the SD2DSS is generated based on an SCFDM mapping with DFT precoding. It is also preferable for PD2DSS to be SCFDM, to have a consistent design.
Proposal 4: the D2DSS symbols are generated with SCFDM mapping. The SCFDM SD2DSS is also DFT precoded, in order to achieve a better CM/PAPR value.

In order to limit the SD2DSS space, we can select “good” candidates from the 168 Rel-8 SSS IDs that have
(1) Low CM/PAPR value, and
(2) Small cross-correlations between the SD2DSS sequences.
In [1], we provided a set of SD2DSS candidates considering the above criteria. These candidates along with the methodology to select them are reiterated in the Appendix-B for the reference.

Proposal 5: To generate the SD2DSS sequences, Rel-8 SSS structure with SCFDM mapping and limiting the space to a set of sequences with low CM/PAPR values and small cross-correlation should be used. Appendix-B provides the list of these SSS ID candidates.

5 
Conclusion

In this contribution we presented our proposed synchronization signal design and compared the performance of the candidate design with a repeated Rel-8 design.We made the following proposals and observations: 
Observation 1: For out of network and partial network, cases in addition to carrying information, PD2DSCH can be used to (i) detect false alarms for D2DSS detection (ii) resolve CFO ambiguity from D2DSS detection.

Proposal 1: PD2DSCH carries information corresponding to Table 1, and is scrambled based on the synchronization (D2DSS) id. 
Observation 2: for those cases where PD2DSCH is successfully decoded, the residual timing error is less than 1 us. Also scrambling of PD2DSCH information bits (as suggested in Proposal 1) prevents D2DSS id misdetection. 
Observation 3: the effect of OFDM vs SCFDM mapping of P/SD2DSS on the synchronization performance is marginal. 
Observation 4: the effect of DFT precoding of SCFDM SD2DSS on the synchronization performance is marginal. 
Observation 5: the proposed D2DSS design enables a symbol-level search algorithm for time acquisition, while the repeated legacy design requires at least a CP-level search, with a factor of around NFFT/NCP  more complexity.

Observation 6: the proposed D2DSS design improves the detection probability (PD2DSCH block error rate) by around 1 dB compared to the alternative legacy-based design.

Observation 7: both designs meet the 0.1 ppm accuracy criterion in [3].

Observation 8: the proposed D2DSS/PD2DSCH design is able to achieve reliable synchronization at higher carrier frequencies.
Proposal 2: D2DSS and PD2SCH design shown in Figure 2-1 is used.

Proposal 3: the PD2DSS adopts the new root indices of {22, 26, 37}, if decided to be different than Rel-8 PSS root indices.

Proposal 4: the D2DSS symbols are generated with SCFDM mapping. The SCFDM SD2DSS is also DFT precoded, in order to achieve a better CM/PAPR value.

Proposal 5: To generate the SD2DSS sequences, Rel-8 SSS structure with SCFDM mapping and limiting the space to a set of sequences with low CM/PAPR values and small cross-correlation should be used. Appendix-B provides the list of these SSS ID candidates.
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Appendix-A 

A New Set of PD2DSS Root Indices
As suggested in Section 4, three new root indices {22,26,37} can be adopted to generate PD2DSS. The following tables provide results on the CM value and cross-correlation properties of these indices in conjunction with the legacy indices {25,29,34} with a symmetric SCFDM mapping.

	Max linear xcorrelation between sequences 

	Root Index
	25
	29
	34
	22
	26
	37

	25
	1
	0.22
	0.38
	0.26
	0.19
	0.24

	29
	0.21
	1
	0.40
	0.33
	0.27
	0.21

	34
	0.38
	0.40
	1
	0.26
	0.21
	0.27

	22
	0.26
	0.33
	0.26
	1
	0.22
	0.24

	26
	0.19
	0.27
	0.21
	0.22
	1
	0.29

	37
	0.24
	0.21
	0.27
	0.24
	0.29
	1


	CM (dB)

	 Root Index

	25
	1.38

	
	29
	1.19

	
	22
	2.06

	
	26
	1.49


	Max side peak of the correlation power with up to 25 KHz CFO

	Root Index:
	25
	29
	22
	26

	linear Xcorr
	0.38
	0.46
	0.29
	0.40

	circular Xcorr
	0.66
	0.65
	0.64
	0.65


Appendix-B 

Set of SSS ID Candidates

In order to limit the SD2DSS space, we propose to select the Rel-8 SSS IDs (0 to 167) whose corresponding SSS sequences for all PSS IDs (0,1,2) have a CM value < CM_Threshold. We propose to further limit the selected set such that for each PSS ID (0,1,2), no two SSS IDs have cross-correlation (normalized by the total energy) > XCorr_Threshold, for different time offsets (TO) between the two sequences.

The following 29 SSS IDs satisfy the CM_Threshold= 3dB, and XCorr_Threshold=0.4 with up to 5 us time offset:

SSS ID candidates = {23, 26, 39, 43, 54, 55, 57, 58, 61, 64, 65, 70, 71, 78, 80, 81, 87,
90,
95,
103, 115, 121, 124, 144, 154, 155, 157, 158, 160}.

Figure B-1 demonstrates the CM value of this subset of Rel-8 SSS sequences (with dft-precoding).
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Figure B-1 CM value of the selected SCFDM SD2DSS sequences
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