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1. Introduction
In this contribution we provide detailed design for PD2DSS and SD2DSS signal waveforms and transmission power. We first summarize the agreements and working assumption reached In the last meetings [1][2]:
RAN1#77:
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 

RAN1#78: 
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
· For PD2DSCH,

· Only transmitted from synchronization source

· QPSK modulation

· TBCC

· 16bits CRC
· Message scrambling sequence is derived from PSSID
· Multiplexed in the same PRBs with D2DSS

· FFS: Symbols used only for D2DSS and PD2DSCH within a subframe

In this contribution, we provide detailed analysis for PD2DSS new root indices and transmission power back off for SD2DSS.
2. Discussion and analysis
2.1. Requirements for PD2DSS

Following the previous meeting agreement, PD2DSS is transmitted as SC-FDM without DFT, and new root indices need to be proposed. To select the proper root indices for PD2DSS, the following factors need to be considered:

· To guarantee generation of signals with good quality, the PD2DSS signals should have low PAPR and CM.

· For easy of detection by the receivers, the PD2DSS should have good auto-correlation and low cross-correlation.

· To reduce confusion and increase detection probability, the PD2DSS should have low cross-correlation with PSS.

· There should be enough PD2DSS sequences to support the requirement for in-network and out-of-network synchronization. 

· Root indices {24,29,34} used by PSS shall be avoided.

Below we provide further analysis and search for candidate PD2DSS root indices based on each of these requirements. 

2.2. Number of PD2DSS 
D2DSS needs to distinguish synchronization source within network coverage (D2DSS_net) or out of network coverage (D2DSS_oon). Some of the PD2DSS can be designated as PD2DSS_net, while the other are designated PD2DSS_oon. For both the in network and out of network cases, there could be multiple UEs transmitting D2DSS in the same resources. For the in network case, a UE transmits D2DSS in resources configured by the eNB. For the out of network cases, a UE transmits D2DSS in the configured resources according to its own timing, while the timing can be derived by itself (for an independent synchronization source) or derived from another synchronization source. Due to different timing, D2DSS transmitted by two out of network UEs may collide with each. So, multiple D2DSS signals can be transmitted as intentional or unintentional CDM at the same time. To support such multiplexing and reduce the chance that two out of network UEs transmitting the same PD2DSS at the same time , the available PD2DSS sequences should be more than that of PSS (3). To balance the need for more PD2DSS sequences for reducing the collision probability, and the need to limit the PD2DSS search space for reducing the computation and power consumption at the receiving UE side, we believe a good compromise is to set the number of PD2DSS sequences between 3 to 6.
Proposal 1: The number of PD2DSS sequences shall be between 3 to 6.
2.3. PAPR and CM study for PD2DSS
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  are mapped to the two subcarriers adjacent to the center frequency. There is no unused tone like in DL OFDM waveform because of the ½ frequency shift. The time domain SC-FDM signal is generated as
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), the receiver can use this property for efficient matched filter implementation [3][4].  The PD2DSS signal generated with root index k is designated PD2DSSk.
It can be shown that the sequences u and 63-u are conjugate to each other (
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). It implies that once the receiver computes the correlation of the incoming signal with 
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 because there is no additional multiplication required. Therefore it is best to use PD2DSSu and PD2DSS63-u as pairs in order to reduce the complexity at the receiving UE side. We make the following proposal:

Proposal 2: Conjugate pairs of  PD2DSS (PD2DSSu and PD2DSS63-u) shall be used as much as possible. 
We have computed the PAPR and CM for different indices. Because two sequences with indices u and 63-u are conjugate to each other (
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), their PD2DSS sequences are also conjugate to each other [3]. We can use this property to simply the calculation. For example, PD2DSSk and PD2DSS63-k have the same PAPR, CM and auto-correlation function, and the cross-correlation between (PD2DSSi, PD2DSSj) is the same as (PD2DSS63-i, PD2DSS63-j).
Table 1and Table 2 list the top 10 pair of root indices ranked with the lowest PAPR and CM respectively.  For comparison, the PAPR and CM of PSS signals are given in Table 3.

Table 1. Top root indices in ascending order of PAPR.

	Root index
	(31,32)
	(1,62)
	(16,47)
	(4,59)
	(55,8)
	(29,34)
	(61,2)
	(26,37)
	(6,57)
	(52,11)

	PAPR (dB)
	3.22
	3.28
	3.89
	3.89
	4.26
	4.26
	4.43
	4.56
	5.07
	5.08


Table 2.Top root indices in ascending order of Cubic Metric.

	Root index
	(31,32)
	(1,62)
	(4,59)
	(16,47)
	(29,34)
	(25,38)
	(26,37)
	(55,8)
	(61,2)
	(10,53)

	CM (dB)
	0.326
	0.534
	0.652
	0.679
	0.929
	1.14
	1.26
	1.29
	1.46
	1.54


Table 3. PAPR and CM for PSS signals.

	Root index
	PAPR (dB)
	CM (dB)

	25
	4.06
	0.420

	29
	3.66
	0.399

	34
	3.66
	0.399


It can be seen that the root indices with low PAPR usually also have low CM. Although not an exact match, the list of index pairs ranked (in ascending order) by PAPR is similar to the list ranked by CM. In particular, 4 pairs of indices, {(31,32), (1,62), (16,47), (4,59)} have both low PAPRs and CMs and can be further considered. We limit the following search within these indices. Based on PAPR and CM analysis, we have the following observation:

Observation 1: The root indices with the lowest PAPR and CM are (31,32), (1,62), (16,47), (4,59).   They all have satisfactory PAPR and CM.

2.4. Autocorrelation of PD2DSS
Good autocorrelation of PD2DSS enables the receiving UE to quickly establish time and frequency synchronization with respect to the incoming signal. As an example, Figure 1 shows the autocorrelation of the PD2DSS31.  
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Figure 1. Auto-correlation function of PD2DSS31 with no frequency offset.
A measurement for the quality of the auto-correlation function is the peak-to-side lobe ratio (PSR), defined as the ratio between the tallest and the 2nd tallest peak. Table 4 lists the peak to side lobe ratio of the candidate root indices. It can be seen that all 8 indices have good auto-correlation properties. The following observation can be made:

Observation 2: Based on PSR, the preferred root indices are (1,62), (4,59), (16,47), (31,32). They all have good PSR performance. 
Table 4. Peak-to-side lobe ratio of PD2DSS under 0Hz frequency offset.

	Root index
	(31,32)
	(1,62)
	(16,47)
	(4,59)

	PSR (dB)
	6.18
	6.78
	6.19
	6.34


2.5. Cross-correlation properties
To reduce misdetection probability, the cross-correlation of the PD2DSS signal with other PD2DSS signals or PSS signals should be as low as possible, even under time and frequency uncertainty (offset). To gauge this property, we define the maximal cross-correlation peak (MXP) as the peak of the cross-correlation function between two sequences (two PD2DSS, or one PD2DSS and one PSS) averaged over frequency offset of [-10ppm~10ppm]. Table 5 shows the MXP of the PD2DSS signals with PSS. The carrier frequency is 700MHz. It can be seen that all of these PD2DSS have good auto-correlation with PSS.
Table 5. Maximal cross-correlation peak between PD2DSS and PSS averaged over frequency offset [-10~10ppm].

	PD2DSS
\PSS index
	31
	32
	1
	62
	16
	47
	4
	59

	25
	-6.44
	-6.70
	-6.96
	-5.97
	-6.22
	-6.07
	-5.01
	-6.41

	29
	-5.90
	-5.94
	-6.03
	-7.04
	-6.70
	-6.10
	-6.29
	-6.22

	34
	-5.94
	-5.90
	-7.04
	-6.03
	-6.10
	-6.70
	-6.22
	-6.20


Observation 3: Based on cross correlation with PSS, the preferred root indices are (16,47), (1,62), (31, 32), (4,59). All of them have satisfactory cross-correlation performance with PSS.

Table 6 lists the maximal cross-correlation peaks between different PD2DSS signals, averaged over frequency offset [-10~10ppm] for 700MHz. While most cross-correlation functions have satisfactory performance, the auto-correlation of PD2DSS31 and PD2DSS32 have relatively poor performances (-3.07dB).  Keep in mind the maximal cross-correlation peak is averaged over frequency offset of [-10~10ppm]. Poor auto-correlation over a frequency offset range implies poor PD2SS sequence detection/identification performance. If the indices {31,32} are removed from the PD2DSS candidate list, all the remaining PD2DSS signals exhibit good auto-correlation and cross-correlation properties, leading to good PD2DSS sequence detection performance. For this reason, it is best not to use indices {31,32} for PD2DSS signals.
Table 6. Maximal cross-correlation peak (dB) between different PD2DSS signals, averaged over frequency offset [-10~10ppm].

	PD2DSS index
	31
	32
	1
	62
	16
	47
	4
	59

	31
	-3.07
	-7.40
	-6.17
	-7.42
	-6.46
	-6.10
	-4.72
	-5.44

	32
	-7.39
	-3.07
	-7.41
	-6.17
	-6.09
	-6.45
	-5.43
	-4.72

	1
	-6.17
	-7.42
	-0.20
	-9.29
	-6.15
	-6.34
	-6.44
	-6.63

	62
	-7.41
	-6.17
	-9.31
	-0.199
	-6.35
	-6.15
	-6.63
	-6.43

	16
	-6.45
	-6.10
	-6.15
	-6.34
	-1.20
	-6.74
	-6.60
	-6.47

	47
	-6.09
	-6.46
	-6.35
	-6.15
	-6.74
	-1.20
	-6.46
	-6.59

	4
	-4.72
	-5.44
	-6.43
	-6.63
	-6.59
	-6.47
	-0.73
	-7.11

	59
	-5.43
	-4.72
	-6.63
	-6.44
	-6.46
	-6.60
	-7.10
	-0.73


Observation 4: Based on auto-correlation and cross-correlation under frequency uncertainly, the preferred PD2DSS root indices are (1,62), (4,59), (16,47). The indices (31,32) have poor auto-correlation under frequency uncertainly and should not be used.  

Base on the analysis of PAPR, CM, auto- and cross-correlation, we conclude that the following set is a good candidate list for PD2DSS root indices: {(1,62), (16,47), (4,59)}. Overall the indices pair (1,62) offers the best performance. 
Proposal 3: The PD2DSS root indices shall be selected from the set {(1,62), (16,47), (4,59)}. 
Proposal 4: The PD2DSS root indices set shall at least include the pair (1,62). 

2.6. Transmission power back off for SD2SS
It has been agreed to reuse the same M sequences as Rel.8 SSS for SD2DSS, while its transmission is based on SC-FDM waveform without DFT precoding. Reuse the M sequences leads to higher PAPR and CM. This requires the SD2DSS to be transmitted with reduced power than PD2DSS. The required power back off can be derived from the difference of PAPR between PD2DSS and SD2DSS waveforms. Figure 2 and Figure 3 show the CDF of PAPR and Cubic Metric respectively for SD2DSS and data (QPSK and 16QAM) waveforms, where data is assumed to occupy 6 PRBs.
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Figure 2. Distribution of PAPR for SD2DSS, QPSK and 16QAM. 
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Figure 3. Distribution of Cubic Metric for SD2DSS, QPSK and 16QAM.
The 95 percentile of the CDF of PAPR for SD2DSS signal is 8.5dB. Considering the lowest PAPR among the candidate PD2DSS signals is around 3.3dB (3.28dB for PD2DSS1,62), it is reasonable to have a fixed power backoff for SD2DSS of 8.5-3.3=5.2dB relative to PD2DSS. To specify a fixed power backoff between SD2DSS and PD2DSS eases the receiver implementation. Therefore we have the following proposal.
Proposal 5: SD2DSS is transmitted with a fixed power backoff relative to PD2DSS, where the backoff value can be derived by comparing their PAPRs.
The multiplexing of D2DSS and PD2DSCH is FFS. Our view of D2DSS/PD2DSCH resource allocation can be found in [5]. It has been proposed by some companies to multiplex the two in the same RBs and reusing D2DSS as DMRS for PD2DSCH. If this can be agreed, due to the lack of dedicated DMRS, the power back off of the PD2DSCH with respect to PD2DSS also needs to be defined. The same approach can be taken for deriving this back off by comparing the PAPR of QPSK data with PD2DSS.

Proposal 6: If D2DSS is used as DMRS for PD2DSCH, PD2DSCH can be transmitted with a fixed power back off with respect to PD2DSS, where the back off value can be derived by comparing their PAPRs.
3. Conclusion
We have provided detailed analysis of the PD2DSS root indices selection, considering the number of root indices required, PAPR and CM, auto- and cross-correlation between PD2DSS and PD2DSS/PSS. We have also analyzed the transmission power of SD2DSS by comparing the PAPR of SD2DSS with that of PD2DSS. We have made the following observations and proposals:
Proposal 1: The number of PD2DSS sequences shall be between 3 to 6.

Proposal 2: Conjugate pairs of  PD2DSS (PD2DSSu and PD2DSS63-u) shall be used as much as possible. 
Observation 1: The root indices with the lowest PAPR and CM are (31,32), (1,62), (16,47), (4,59).   They all have satisfactory PAPR and CM.

Observation 2: Based on PSR, the preferred root indices are (1,62), (4,59), (16,47), (31,32). They all have good PSR performance. 
Observation 3: Based on cross correlation with PSS, the preferred root indices are (16,47), (1,62), (31, 32), (4,59). All of them have satisfactory cross-correlation performance with PSS.
Observation 4: Based on auto-correlation and cross-correlation under frequency uncertainly, the preferred PD2DSS root indices are (1,62), (4,59), (16,47). The indices (31,32) have poor auto-correlation under frequency uncertainly and should not be used.  

Proposal 3: The PD2DSS root indices shall be selected from the set {(1,62), (16,47), (4,59)}. 
Proposal 4: The PD2DSS root indices set shall at least include the pair (1,62). 

Proposal 5: SD2DSS is transmitted with a fixed power backoff relative to PD2DSS, where the backoff value can be derived by comparing their PAPRs.

Proposal 6: If D2DSS is used as DMRS for PD2DSCH, PD2DSCH can be transmitted with a fixed power backoff with respect to PD2DSS, where the backoff value can be derived by comparing their PAPRs.
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