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1
Introduction

In this contribution, we identify and address the remaining issues of D2DSS signal design. The following agreements and working assumptions were made for D2D synchronization signal design during the previous RAN1 meetings:

RAN1 #78:Agreements:
· For PD2DSS,

· Sequence:

· New root indices FFS: Detailed root indices
· For SD2DSS,

· SC-FDM without DFT-precoding with reduced power with respect to PD2DSS

· FFS: how to specify reduced power mechanism for SD2DSS
RAN1 #77: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
The following remaining items about the D2DSS design need to be further discussed and decided:
1. Transmit power reduction for SD2DSS

2. Exact D2DSS symbol locations within a synchronization subframe

3. D2DSSue_net and D2DSSue_oon set selection
4. New root indices for PD2DSS
This contribution is based on our previous contribution [1] with updated results on SD2DSS design. In Section 2, we will discuss the SD2DSS design and the required power reduction. Section 3 will present two designs for D2DSS configuration. The performance of these two designs will be investigated using link-level simulations in Section 4. We then provide details on selecting new roots for PD2DSS and dividing the D2DSS space into D2DSSue_net and D2DSSue_oon groups in Section 5, and Section 6 will conclude the contribution. 

2 
SD2DSS design

In RAN1 #78 it was agreed that SD2DSS is generated using an SC-FDM waveform and based on Rel-8 SSS sequences. It is known that Rel-8 SSS sequences generally suffer from large CM/PAPR values. While SD2DSS is agreed to generate without DFT-precoding, the large CM issue could be potentially resolved by reducing the transmit power of SD2DSS symbols. In this section, we discuss how to specify this power reduction.
Note that 3GPP TS 36.101 [2] specifies the UE Maximum Power Reduction (MPR) for different modulations and channel bandwidths:
Table 2-1 Maximum Power Reduction (MPR) for Power Class 1 and 3 [2]
	Modulation
	Channel bandwidth/Transmission bandwidth (NRB)
	MPR

(dB)

	
	1.4 MHz
	3.0 MHZ
	5.0 MHz
	10 MHz
	15 MHz
	20 MHz
	

	QPSK
	> 5
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


We use this table to find proper values for SD2DSS power reduction. More specifically, we evaluate the CM value of the QPSK modulation for different channel bandwidths and the maximum transmission bandwidths for which the MPR is not specified (i.e., it is 0). Figure 2-1 illustrates these CM values and compares them against those of SD2DSS sequences. 
We notice that Rel-8 provides a total of 1008 SSS sequences (3 PSS ids 
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ϵ{0,1,2}, 168 SSS ids 
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 ϵ{0,1,…,167}, and two different formats for subframes 0 and 5). From Figure 2-1, we observe a power reduction of up to 4.5 dB is required to achieve comparable CM with SC-FDM QPSK signal, if all the Rel-8 SSS sequences are exactly reused for generating SD2DSS. Such large SD2DSS power reduction can negatively affect the synchronization performance. Hence in what follows, we will consider a number of methods to reduce the required SD2DSS power reduction.

Method 1: Same Sequence for both SD2DSS symbols 

In Rel-8, the SSS sequences transmitted in SF#0 and SF#5 are different in order to enable frame-level synchronization. For D2D synchronization, we do not see a significant benefit of sending different SD2DSS sequences within a synchronization subframe. Hence we propose to use the same sequence for both the SD2DSS symbols. This will be beneficial in improving the SD2DSS detection reliability. 
As proposed in [3], one way to downselect one SSS sequence out of the two sequences corresponding to SF#0 and SF#5 is to choose the one with lower CM (or PAPR) value for each (
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) pair. Figure 2-1 (SSS(min)) shows we can reduce the CM value of the SD2DSS sequences up to 1 dB by the proposed approach to downselect the SSS sequences.
Proposal 1: The two SD2DSS sequences transmitted within a subframe by a synchronization source are the same.
Observation 1: For SD2DSS generation and for each Rel-8 (
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) pair, one can select one of the SF#0 and SF#5 formats which has a lower CM. The resulting set of SD2DSS sequences have up to 1 dB smaller CM values.
Method 2: Spectrum expansion of SD2DSS
Rel-8 SSS sequences occupy 62 tones within the central 6 RBs leaving 10 unused tones. [4] proposed to expand the spectrum of SD2DSS sequences by transmitting additional BPSK modulated symbols on these empty tones. The study in [4] shows the CM value of SD2DSS sequences can be reduced by 1 to 3 dB, if the additional tones are optimized for each SD2DSS sequence to minimize its CM/PAPR. The same improvement in SD2DSS CM value using spectrum expansion (SE) is observed in Figure 2-1.
Observation 2: Extending the SD2DSS spectrum to 72 tones, by adding 10 properly chosen BPSK modulated tones, can reduce the CM by up to 3 dB.  
Method 3: A subset of Rel-8 SSS sequence with lower CM 

We notice that Rel-8 provides 168 SSS ids per PSS id (i.e., 504 ids in total), however we may not need to reuse all these ids for generating SD2DSS. In fact, we assume all D2D UEs synchronizing to the same timing should acquire the same id (defined based on the original source of the synchronization). Hence the total required D2DSS ids can be limited, and we can generate SD2DSS from a subset of Rel-8 SSS sequences with lower CM values. Tables 2-2 and 2-3 provide, for different values of the CM threshold, the number of SSS ids 
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 whose corresponding SD2DSS sequences have a CM value not greater than a threshold. For example if all the Rel-8 SSS sequences are used without spectrum expansion, we can find 49 SSS ids (147 PSSIDs, considering 3 PD2DSS ids) whose CM values are less than 4.5 dB. For this reduced set, 2 dB maximum SD2DSS power reduction seems enough to achieve acceptable CM values. One can generate more SD2DSS sequences with low CM values by applying spectrum expansion (Method 1) and/or downselecting between the SF#0 and SF#5 sequences (Method 2). 
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Figure 2-1 Cubic Metric (CM) comparison of SD2DSS and SC-FDM QPSK

Table 2-2 Number of Rel-8 SSS ids with low CM value
	Rel-8 SSS Sequences

	CM Threshold (dB)
	2.5
	3
	3.5
	4
	4.5
	5

	# of SSS Ids
	All SSS Seqs
	0
	0
	2
	10
	49
	99

	
	SSS(min): Min CM of SF0/SF5 SSS Seqs
	1
	14
	63
	124
	152
	162


Table 2-3 Number of Rel-8 SSS (with spectrum expansion) ids with low CM value
	Rel-8 SSS Sequences with Spectrum Expansion (SE)

	CM Threshold (dB)
	2.5
	3
	3.5
	4
	4.5
	5

	# of SSS Ids
	All SSS Seqs
	15
	68
	131
	163
	168
	168

	
	SSS(min): Min CM of SF0/SF5 SSS Seqs
	114
	158
	167
	168
	168
	168


Observation 3: For SD2DSS generation, we can select a subset of Rel-8 SSS ids with lower CM values according to Tables 2-2 and 2-3. 
We note that spectrum expansion leads to a loss of 0.65 dB in performance due to reduced PSD (power spent on the additional tones). Hence, the reduction in CM should be balanced with the corresponding loss in PSD. Table 2-4 shows effective power reduction of SD2DSS based on Figure 2-1.
Table 2-4: Effective Power Reduction of SD2DSS

	
	Without spectrum expansion
	With spectrum expansion

	Solution 1: SSS (all)
	4.5 dB
	2.65 dB

	Solution 2:  SSS (all, minimum CM)
	3.0 dB
	1.65-2.15 dB

	Solution 3: SSS (reduced to ~ 60, minimum CM)
	1 dB
	0.65 dB


We note that for reduced sub-set of SSS, the gain of spectrum expansion reduces to 0.35 dB which in our view does not justify the additional implementation complexity of spectrum expansion, and hence we propose: 
Proposal 2: To generate SD2DSS, limit the space of Rel-8 SSS ids by (i) selecting one of the SF#0 and SF#5 formats with the lower CM for each (
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) id, and (ii) selecting a set of sequences with CM values less than 3.5 dB, and use a 1 dB fixed transmit power reduction for SD2DSS symbols with respect to PD2DSS symbols. 
3

D2DSS configuration
During RAN1 #78, it was agreed that two PD2DSS and two SD2DSS symbols are transmitted within a synchronization subframe. The exact location of these symbols was left FFS. It is also yet to be decided whether PD2DSCH symbols are multiplexed with D2DSS symbols within the same subframe or not. 

In this section, we present two candidate designs for the configuration of a synchronization subframe. We propose to multiplex the D2DSS and PD2DSCH symbols within the same subframe, and use the D2DSS symbols for PD2DSCH demodulation. The details of PD2DSCH design and content are provided in a companion contribution [5]. We further notice that in RAN1 #78BIS it was agreed that the same periodicity of 40 msec to be used for transmission of D2DSS and PD2DSCH. 
  (a) 
                    




   (b)
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Figure 3-1, Proposed D2DSS design and an alternative design, with normal CP
The candidate designs, as shown in Figure 3-1, for the synchronization signal consist 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
In our proposed design, we assume two PD2DSS sequences are transmitted during consecutive symbols. It is known (discussed in [6]) that these concatenated symbols can enable a symbol-level search for time acquisition that will significantly reduce the complexity of the synchronization algorithm (note that some changes to how PD2DSS is mapped will be needed to enable a symbol level search as discussed in [7]). An alternative configuration, which is based on a repeated legacy design, is also shown in Figure 3-1 (b).  

In the next section, we study the synchronization performance of these designs and investigate the effect of SD2DSS power reduction using link-level simulations. 
4

Simulation Results

In this Section, we provide link-level simulation results to evaluate the time and frequency synchronization performance of the two D2DSS configuration candidates shown in Figure 3-1. We further study the effect of SD2DSS power reduction on the performance of these two designs and for different power reduction values of 1 and 3 dB.

In our synchronization algorithm, we utilize the PD2DSCH symbols for false alarm detection and resolving the residual CFO ambiguity issue (please refer to [6] for more details). 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 4: for those cases where PD2DSCH is successfully decoded, the residual timing error is less than 1 us. Also scrambling of PD2DSCH information bits prevents D2DSS id misdetection. 

As mentioned in Observation 4, 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.
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, the carrier frequency of 700 MHz, and the synchronization periodicity of 40 ms. The time acquisition is performed by detecting the PD2DSS symbols, and frequency synchronization is estimated using the detected P/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 the set of all possible sequences (The searching pool has 168 possible SD2DSS sequences).
Figure 4-1 demonstrates the sync performance of the two D2DSS configurations along with the effect of SD2DSS power reduction.
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Figure 4-1, Comparison of the two D2DSS configurations with various SD2DSS power reduction values; (a) PD2DSCH blok error rate, (b) Residual CFO estimation error after successful PD2DSCH decoding

To compare the two designs, we notice the following two effects:

· More reliable PD2DSS detection (time acquisition) using the alternative design:

· We proposed to send the PD2DSS symbols over two consecutive symbols, and utilize a symbol-level search algorithm. Although this will save a lot of complexity, the reliability of PD2DSS detection may slightly degrade when the correlation window is not aligned with the received PD2DSS symbols. 

· More reliable SD2DSS detection using the proposed design:

· Prior to SD2DSS detection, time is acquired and the initial CFO is estimated using the detected PD2DSS symbols. This CFO estimation, which is based on the phase shift between the two received PD2DSS symbols, is prone to a 2π rotation issue. There is a more chance to suffer from this ambiguity issue as the PD2DSS symbols are placed farther apart in time. Hence, an initial erroneous CFO estimation in the alternative design can degrade the SD2DSS detection.
We note from Figure 4-1 (a), the former effect is dominating, and leading to a better time sync performance using the alternative design. However with SD2DSS power reduction, the latter effect becomes more significant, and we observe the degradation of using the proposed design is limited to less than 1 dB compared to the alternative design.
Observation 5: in terms of time synchronization performance, the alternative design is slightly (less than 1 dB) better than the proposed design.

From Figure 4-1 (b), we observe there is a clear advantage of using the alternative design to achieve a better final frequency sync performance. The reason is the fact that CFO estimation is finally performed using the pair of SD2DSS symbols in the proposed design, and hence any SD2DSS power reduction will directly affect the reliability of this estimation. On the other hand, the two estimates using the PD2DSS and SD2DSS pairs can be combined in the alternative design. The weights of this combination can be chosen properly to reduce the effect of SD2DSS power reduction. We should note that while the alternative design results in a few dB improvement in CFO estimation, the achieved performance using the proposed design seems sufficiently satisfactory (a residual error < 60 Hz for the worst scenario and at -107 dBm RSRP).
Observation 6: in terms of frequency synchronization, the alternative design is less sensitive to SD2DSS power reduction and achieves a better performance compared to the proposed design.

Observation 7: both D2DSS configuration designs achieve acceptable time and frequency synchronization performance, and meet the 0.1 ppm accuracy criterion in [2].

Based on the above observations, we propose to use the first candidate design, where the concatenated PD2DSS symbols can be utilized for a much less complex implementation. 

Proposal 3: Following D2DSS symbol locations are used:

1. For normal CP: PD2DSS on symbols 6 and 7, and SD2DSS on symbols 1 and 12.

2. For extended CP: PD2DSS on symbols 5 and 6, and SD2DSS on symbols 1 and 10.

5 
More details on D2DSS design
We first note that the set of D2DSS sequences is agreed to be divided into two groups of D2DSSue_net and D2DSSue_oon. Also during RAN1 #78, it was decided that new ZC root indices (different from Rel-8 PSS) should be selected for generating PD2DSS. In this section, we propose three new root indices for PD2DSS, and suggest to define the D2DSSue_net and D2DSSue_oon groups based on the SD2DSS indices.

5.1. D2DSSue_net and D2DSSue_oon selection

Following Rel-8 design, we assume 3 indices for PD2DSS will be defined. In Section 2, we discussed the set of SD2DSS ids can be reduced to a smaller set including N<168 ids. The question we seek to answer is how to divide the space of D2DSS sequences into two groups of D2DSSue_net and D2DSSue_oon.
One option is to carry the type information using the PD2DSS indices, and reuse the whole SD2DSS index space for both groups. An alternative design is to divide the SD2DSS ids into two sets, e.g., even ids go to D2DSSue_net group and odd ids go to D2DSSue_oon group, and reuse the PD2DSS indices within each group. We believe the second option has an advantage of better interference averaging, especially for inter-cell synchronization scenarios.

Proposal 4: The set of SD2DSS indices are divided to two subsets (even vs odd IDs), these two groups along with the PD2DSS indices will define the D2DSSue_net and D2DSSue_oon sets.
5.2. PD2DSS root index selection 

In this section, we discuss how to select new root indices for PD2DSS. For this purpose, 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 [8]. We confirm the corresponding PD2DSS sequences meet the mentioned criteria, and additionally propose to consider an extra root index {22}. Please refer to Appendix for more details on this new set of roots.
Proposal 5: the PD2DSS adopts the new root indices of {22, 26, 37}.
6 
Conclusion

In this contribution we presented our proposed design for D2DSS configuration and addressed the remaining FFS items regarding the D2DSS design.We made the following proposals and observations: 
Proposal 1: The two SD2DSS sequences transmitted within a subframe by a synchronization source are the same.
Observation 1: For SD2DSS generation and for each Rel-8 (
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) pair, one can select one of the SF#0 and SF#5 formats which has a lower CM. The resulting set of SD2DSS sequences have up to 1 dB smaller CM values.
Observation 2: Extending the SD2DSS spectrum to 72 tones, by adding 10 properly chosen BPSK modulated tones, can reduce the CM by up to 3 dB.  
Observation 3: For SD2DSS generation, we can select a subset of Rel-8 SSS ids with lower CM values according to Tables 2-2 and 2-3. 
Proposal 2: To generate SD2DSS, limit the space of Rel-8 SSS ids by (i) selecting one of the SF#0 and SF#5 formats with the lower CM for each (
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) id, and (ii) selecting a set of sequences with CM values less than 3.5 dB, and use a 1 dB fixed transmit power reduction for SD2DSS symbols with respect to PD2DSS symbols. 
Observation 4: for those cases where PD2DSCH is successfully decoded, the residual timing error is less than 1 us. Also scrambling of PD2DSCH information bits prevents D2DSS id misdetection. 

Observation 5: in terms of time synchronization performance, the alternative design is slightly (less than 1 dB) better than the proposed design.

Observation 6: in terms of frequency synchronization, the alternative design is less sensitive to SD2DSS power reduction and achieves a better performance compared to the proposed design.

Observation 7: both D2DSS configuration designs achieve acceptable time and frequency synchronization performance, and meet the 0.1 ppm accuracy criterion in [2].

Proposal 3: Following D2DSS symbol locations are used:

1. For normal CP: PD2DSS on symbols 6 and 7, and SD2DSS on symbols 1 and 12.

2. For extended CP: PD2DSS on symbols 5 and 6, and SD2DSS on symbols 1 and 10.
Proposal 4: The set of SD2DSS indices are divided to two subsets (even vs odd IDs), these two groups along with the PD2DSS indices will define the D2DSSue_net and D2DSSue_oon sets.
Proposal 5: the PD2DSS adopts the new root indices of {22, 26, 37}.
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Appendix 

A New Set of PD2DSS Root Indices
As suggested in Section 5, 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 SC-FDM 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
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