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1
Introduction
In last RAN1#77 meeting, the following was discussed [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 

In this contribution, our discussion will be focused on PD2DSS and SD2DSS design including root indices. The exact symbol position of D2DSS will be provided in our companion contribution [2].
2
D2DSS Design
Using an OFDM signal as D2DSS allows us to keep receiver complexity low, because the same signal design can be used for D2DSS as PSS/SSS. However, OFDM-based signal design may have a challenge when FDM of the D2DSS and other UL channels (e.g., WAN PUSCH and PUCCH) is used. Since D2D channels use UL resources, it may be natural way to adopt SC-FDM waveform as D2DSS design.
2.1
PD2DSS Design
The PSS is constructed from ZC sequence of length 63, with the middle of element punctured to avoid transmitting on the d.c. subcarrier as shown in Fig. 1. It is noted that ZC(31) sequence is mapped to unused d.c. subcarrier. 
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Figure 1: PSS sequence mapping in the frequency domain
On the other hand, it is well-known that the DFT of a ZC sequence is a weighted cyclicly shifted ZC sequence. Due to this useful property, a ZC sequence can be generated directly in frequency domain without the need for a DFT operation. So, SC-FDM without DFT precoding can be an another candidate for PD2DSS design. In SC-FDM, all subcarriers are used but the subcarriers are all frequency-shifted by 1/2 subcarrier spacing (Δf/2), because two subcarriers straddle the d.c. location. So, current PSS sequence mapping shown in Fig. 1 could be extended in SC-FDM based PD2DSS design as the following:
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Figure 2: PD2DSS sequence mapping in the frequency domain: length 63
In [3], a sequence mapping shown in Fig. 3 was proposed for SC-FDM based PD2DSS. It was observed that length-63 PD2DSS sequence mapping shown in Fig. 2 does not give meaningful performance benefit over length-62 sequence shown in Fig. 3. Furthermore, it was well pointed out that this mapping rule is centrally symmetric and of even length resulting in reducing receiver complexity.
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Figure 3: PD2DSS sequence mapping in the frequency domain: length 62 (ZC(31) is excluded)
On the other hand, a new PD2DSS sequence mapping of length 62 could be taken into account as shown in Fig. 4, where last sample of ZC sequence, ZC(62) is omitted rather than ZC(31). It can give slightly better PAPR performance at the cost of receiver complexity, because it is not symmetric around d.c. subcarrier as mentioned in [3].
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Figure 4: PD2DSS sequence mapping in the frequency domain: length 62 (ZC(62) is excluded).
In Fig. 5, we provide CCDF of PAPR for various PD2DSS sequence mappings. As shown in Fig. 5, SC-FDM based PD2DSS design can give slightly better PAPR performance, especially when length 62 sequence is used and last sample (ZC(62)) is excluded. Table 1 in Appendix shows PAPR value for different root indices and we cannot see much performance gap among different PD2DSS sequence mappings. In addition, we provide peak correlation performance of various PD2DSS sequence mappings depending on different root indices proposed in [3] and [4], which is shown in Table 2, Table 3, and Table 4 in Appendix.
Observation 1:
· Performance of SC-FDM based PD2DSS design is similar to OFDM based PD2DSS design.

· A certain PD2DSS sequence mapping can give slightly better performance in terms of PAPR and peak correlation.

· Current root indices {25, 29, 34} may be not appropriate for SC-FDM based PD2DSS design due to high correlation between PSS and PD2DSS. 
Proposal 1:
· SC-FDM without precoding is used for PD2DSS design.

· A certain PD2DSS sequence mapping can give slightly better performance in terms of PAPR and peak cross-correlation.

· New root indices are used for PD2DSS.
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Figure 5: PAPR CCDF
2.2
SD2DSS Design
SD2DSS represents Synchronization Source ID and reusing the SSS can minimize our standardization effort but it is expected that performance of SD2DSS could be degraded, since most SSS sequences have high PAPR. So, in this section, we provide PAPR performance when different multiplexing schemes are used. In Fig. 6(a), it is observed that SC-FDM with 62-point DFT shows the best PAPR performance but current LTE specification does not support 62-point DFT. On the other hand, SC-FDM without precoding and OFDM give a similar PAPR performance and SC-FDM with 72-point DFT shows worse PAPR performance. Thus, in our view, SC-FDM without precoding is enough as SD2DSS design.
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Figure 6: PAPR CCDFs of the SD2DSS
Proposal 2: SC-FDM without DFT precoding is used for SD2DSS design. 
3   Conclusion
This document provides PUCCH performance when potential candidates are applied to protect WAN PUCCH from ICI caused by D2D PUSCH. The following are our observations:
Observations:
· Performance of SC-FDM based PD2DSS design is similar to OFDM based PD2DSS design.

· A certain PD2DSS sequence mapping can give slightly better performance in terms of PAPR and peak correlation.

· Current root indices {25, 29, 34} may be not appropriate for SC-FDM based PD2DSS design due to high correlation between PSS and PD2DSS. 

Proposals:
· For PD2DSS design,

· SC-FDM without precoding is used for PD2DSS design.

· A certain PD2DSS sequence mapping can give slightly better performance in terms of PAPR and peak cross-correlation.

· New root indices are used for PD2DSS.

· For SD2DSS design,

· SC-FDM without precoding is used for SD2DSS design
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Appendix
Table 1: PAPR Comparison

	Root
index
	PAPR

	
	OFDM
	SC-FDM (Length 63)
	SC-FDM

(Length 62, ZC(31) is excluded)
	SC-FDM

(Length 62, ZC(62) is excluded)

	
	
	
	
	

	1
	3.20
	2.63
	3.20
	2.58

	2
	4.53
	4.43
	4.36
	4.31

	3
	5.66
	5.07
	5.76
	5.45

	4
	3.58
	4.21
	3.85
	4.06

	5
	6.24
	5.65
	7.31
	5.57

	6
	5.91
	5.50
	5.05
	5.83

	7
	8.95
	8.50
	8.93
	8.90

	8
	3.89
	3.20
	4.23
	3.20

	9
	9.81
	9.58
	9.69
	9.78

	10
	5.71
	5.76
	5.25
	5.37

	11
	5.77
	5.52
	5.11
	5.42

	12
	5.74
	5.25
	5.45
	5.50

	13
	5.40
	5.16
	5.71
	5.03

	14
	9.01
	8.56
	8.47
	8.97

	15
	5.45
	5.32
	5.57
	5.69

	16
	3.67
	3.28
	3.88
	2.94

	17
	6.88
	6.30
	5.53
	6.22

	18
	9.88
	9.65
	9.62
	9.81

	19
	5.39
	4.83
	5.60
	4.26

	20
	5.91
	5.32
	5.66
	4.82

	21
	13.29
	13.23
	13.29
	13.29

	22
	5.69
	5.41
	5.22
	5.08

	23
	4.61
	4.61
	5.68
	4.34

	24
	5.67
	6.12
	5.63
	6.03

	25
	4.05
	3.89
	5.09
	3.31

	26
	5.43
	5.10
	4.52
	4.74

	27
	9.79
	9.62
	9.62
	9.79

	28
	8.90
	8.56
	8.38
	8.90

	29
	3.68
	3.92
	4.30
	3.30

	30
	5.64
	5.32
	5.78
	5.40

	31
	3.39
	3.17
	3.22
	2.58

	32
	3.39
	3.17
	3.22
	2.58

	33
	5.64
	5.32
	5.78
	5.40

	34
	3.68
	3.92
	4.30
	3.30

	35
	8.90
	8.56
	8.38
	8.90

	36
	9.79
	9.62
	9.62
	9.79

	37
	5.43
	5.10
	4.52
	4.74

	38
	4.05
	3.89
	5.09
	3.31

	39
	5.67
	6.12
	5.63
	6.03

	40
	4.61
	4.61
	5.68
	4.34

	41
	5.69
	5.41
	5.22
	5.08

	42
	13.29
	13.23
	13.29
	13.29

	43
	5.91
	5.32
	5.66
	4.82

	44
	5.39
	4.83
	5.60
	4.26

	45
	9.88
	9.65
	9.62
	9.81

	46
	6.88
	6.30
	5.53
	6.22

	47
	3.67
	3.28
	3.88
	2.94

	48
	5.45
	5.32
	5.57
	5.69

	49
	9.01
	8.56
	8.47
	8.97

	50
	5.40
	5.16
	5.71
	5.03

	51
	5.74
	5.25
	5.45
	5.50

	52
	5.77
	5.52
	5.11
	5.42

	53
	5.71
	5.76
	5.25
	5.37

	54
	9.81
	9.58
	9.69
	9.78

	55
	3.89
	3.20
	4.23
	3.20

	56
	8.95
	8.50
	8.93
	8.90

	57
	5.91
	5.50
	5.05
	5.83

	58
	6.24
	5.65
	7.31
	5.57

	59
	3.58
	4.21
	3.85
	4.06

	60
	5.66
	5.07
	5.76
	5.45

	61
	4.53
	4.43
	4.36
	4.31

	62
	3.20
	2.63
	3.20
	2.58

	Avg.
	6.15
	5.89
	6.10
	5.82

	Max.
	13.29
	13.23
	13.29
	13.29

	Min.
	3.20
	2.63
	3.20
	2.58


Table 2: Correlation peak when root indices are {25, 29, 34}

	-
	OFDM
	SC-FDM, Length 62
(ZC(31) is excluded) excluded excluded)
	SC-FDM, Length 62
(ZC(62) is excluded)
	SC-FDM, Length 63

	PAPR [dB]
	4.05
	3.68
	3.68
	5.09
	4.30
	4.30
	3.31
	3.30
	3.30
	3.89
	3.92
	3.92

	w/

cellular PSS
	25
	1.000 
	0.184 
	0.384 
	0.439 
	0.239 
	0.181 
	0.634 
	0.191 
	0.239 
	0.636 
	0.189 
	0.246 

	
	29
	0.184 
	1.000 
	0.247 
	0.198 
	0.432 
	0.200 
	0.187 
	0.638 
	0.197 
	0.178 
	0.637 
	0.198 

	
	34
	0.384 
	0.247 
	1.000 
	0.212 
	0.200 
	0.432 
	0.265 
	0.197 
	0.633 
	0.268 
	0.195 
	0.634 

	w/

PD2DSS
	25
	1.000 
	0.184 
	0.384 
	1.000 
	0.219 
	0.384 
	1.000 
	0.197 
	0.372 
	1.000 
	0.183 
	0.378 

	
	29
	0.184 
	1.000 
	0.247 
	0.219 
	1.000 
	0.400 
	0.197 
	1.000 
	0.241 
	0.183 
	1.000 
	0.247 

	
	34
	0.384 
	0.247 
	1.000 
	0.384 
	0.400 
	1.000 
	0.372 
	0.241 
	1.000 
	0.378 
	0.247 
	1.000 


Table 3: Correlation peak when root indices are {31, 32, 38}

	-
	OFDM
	SC-FDM, Length 62
(ZC(31) is excluded) excluded excluded)
	SC-FDM, Length 62
(ZC(62) is excluded)
	SC-FDM, Length 63

	PAPR [dB]
	3.39
	3.39
	4.05
	3.22
	3.22
	5.09
	2.58
	2.58
	3.31
	3.17
	3.17
	3.89

	w/

cellular PSS
	25
	0.212
	0.323
	0.207
	0.191
	0.189
	0.192
	0.200
	0.224
	0.168
	0.198
	0.225
	0.161

	
	29
	0.192
	0.238
	0.384
	0.228
	0.199
	0.212
	0.231
	0.177
	0.242
	0.224
	0.177
	0.240

	
	34
	0.238
	0.192
	0.184
	0.199
	0.228
	0.198
	0.182
	0.240
	0.184
	0.192
	0.232
	0.184

	w/

PD2DSS
	31
	1.000
	0.214
	0.323
	1.000
	0.225
	0.323
	1.000
	0.201
	0.327
	1.000
	0.201
	0.333

	
	32
	0.214
	1.000
	0.212
	0.225
	1.000
	0.213
	0.201
	1.000
	0.221
	0.201
	1.000
	0.218

	
	38
	0.323
	0.212
	1.000
	0.323
	0.213
	1.000
	0.327
	0.221
	1.000
	0.333
	0.218
	1.000


Table 4: Correlation peak when root indices are {2, 26, 37}

	-
	OFDM
	SC-FDM, Length 62
(ZC(31) is excluded) excluded excluded)
	SC-FDM, Length 62
(ZC(62) is excluded)
	SC-FDM, Length 63

	PAPR [dB]
	4.53
	5.43
	5.43
	4.36
	4.52
	4.52
	4.31
	4.74
	4.74
	4.43
	5.10
	5.10

	w/

cellular PSS
	25
	0.196
	0.166
	0.238
	0.213
	0.197
	0.165
	0.204
	0.220
	0.205
	0.206
	0.215
	0.194

	
	29
	0.384
	0.240
	0.214
	0.224
	0.201
	0.210
	0.262
	0.178
	0.204
	0.263
	0.176
	0.196

	
	34
	0.190
	0.214
	0.240
	0.199
	0.210
	0.201
	0.212
	0.201
	0.194
	0.222
	0.197
	0.188

	w/

PD2DSS
	2
	1.000
	0.234
	0.323
	1.000
	0.219
	0.323
	1.000
	0.242
	0.354
	1.000
	0.231
	0.333

	
	26
	0.234
	1.000
	0.247
	0.219
	1.000
	0.288
	0.242
	1.000
	0.265
	0.231
	1.000
	0.259

	
	37
	0.323
	0.247
	1.000
	0.323
	0.288
	1.000
	0.354
	0.265
	1.000
	0.333
	0.259
	1.000
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