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1. Introduction

This paper mainly focuses on the PAPR/CM and autocorrelation/cross-correlation considerations for the design of PD2DSS and SD2DSS. During RAN1 Meeting #78, it is agreed that Rel-8 PSS with new root indices can be used for PD2DSS, and the detailed root indices is FFS. Besides, Rel-8 SSS can be reused for SD2DSS, and FFS that how to specify reduced power mechanism for SD2DSS. 
In this paper, we will list the PAPR and raw CM values of PD2DSS for all possible root indices, and the root indices with smaller PAPR and raw CM values are shown for PD2DSS. Moreover, we will show the cumulative PAPR and raw CM properties for SD2DSS, and the then relationship between the number of possible SD2DSS and the reduced power with respect to PD2DSS can be observed. Furthermore, we will simulate the autocorrelation and cross-correlation for PD2DSS with all roots at different carrier frequency offset, and then the root indices with better autocorrelation/cross-correlation and PAPR/CM properties are proposed as the new root indices for PD2DSS. 
2. Calculation of PAPR/Raw CM for SC-FDM without DFT-precoding based PD2DSS and SD2DSS
In RAN1 #78 Meeting, the working assumption and agreement [1] for D2D synchronization signal is shown as follows,
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
From the above agreement, Rel-8 PSS with new root indices can be used for PD2DSS, and the detailed root indices is FFS. Besides, Rel-8 SSS can be reused for SD2DSS, and FFS that how to specify reduced power mechanism for SD2DSS. And the transmission of both PD2DSS and SD2DSS are SC-FDM without DFT-precoding.
The transmission of Rel-8 PSS/SSS [2] is OFDM, and both are with length 62. For PSS, it is derived from Zadoff-Chu sequences with length 63 and the root indices are 25, 29 and34. For SSS, it is derived from m-sequences with length 31, and total 6 cases which each case with 168 SSS sequences. Hence, compare to the PSS and SSS, the difference is that both PD2DSS and SD2DSS are SC-FDM without DFT-precoding and PD2DSS with new root indices. An illustration of resource allocation for the SC-FDM without DFT-precoding based PD2DSS and SD2DSS is shown in Figure 1. From the Figure 1, we can observe that the frequency domain resource allocation for both PD2DSS and SD2DSS, i.e. d(n), are the same including the DC (i.e. k=0). And because both PD2DSS and SD2DSS are SC-FDM, the time domain PD2DSS and SD2DSS signal x(n) can be obtained from that the frequency domain signal a[k] pass through inverse discrete Fourier transform with 1/2 carrier shift. x(n) can be expressed as follows,
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The peak-to-average power ratio (PAPR) can be calculated by the ratio of the peak power of x(n) and the average power of x(n). And the raw cubic metric (raw CM) can be calculated by first finding the cubic term of the normalized x(n) and then taking the root-mean-square for the cubic term. PAPR and raw CM can be calculated as follows,
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Figure 1.  An Illustration of Resource Allocation for the SC-FDM without DFT-precoding Based PD2DSS and SD2DSS
3. PAPR/CM Consideration for PD2DSS and SD2DSS
In this section, we will first list the PAPR and raw CM values of PD2DSS for all possible root indices, and the root indices with smaller PAPR and raw CM values are shown for PD2DSS. Then, we will show the cumulative PAPR and raw CM properties for SD2DSS, and the relationship between the number of possible SD2DSS and the reduced power with respect to PD2DSS can be observed.
For the first part, PAPR and raw CM values for SC-FDM without DFT-precoding based PD2DSS at all roots are shown in Figure 2. From the Figure 2, we can observe that with the consideration that both PAPR and raw CM are smaller than 4dB, the new root indices used for PD2DSS can be selected from the root set {1,4,8,16,31,32,47,55,59,62}, i.e. 5 root pairs {(1,62), (4,59),(8,55),(16,47),(31,32)}. Because the raw CM is more import than PAPR for the consideration on non-linear distortion, hence we can consider that only raw CM is smaller than 4dB and the new root indices used for PD2DSS can be selected from the root set {1,4,8,16,26,31,32,37,38,47,55,59,62}, i.e. 6 and half root pairs {(1,62), (4,59),(8,55),(16,47),(26,37),(31,32),38}. In the above root selection, original root set {25, 29, 34} used for PSS are not included. And the PD2DSS pair with each root pair (u, 63-u) contains the complex conjugate property and can be used to simplify the computation complexity in the receiver.
Observation 1: With the consideration that both PAPR and raw CM are smaller than 4dB, the new root indices used for PD2DSS can be selected from the root set {(1,62), (4,59),(8,55),(16,47),(31,32)}.
Observation 2: With the consideration that only raw CM is smaller than 4dB, the new root indices used for PD2DSS can be selected from the root set {(1,62), (4,59),(8,55),(16,47),(26,37),(31,32),38}.
Proposal 1: The factors of PAPR and CM should be considered in the selection of the new root indices for PD2DSS.
For the second part, the PAPR and raw CM cumulative properties for SC-FDM without DFT-precoding based SD2DSS is shown in Figure 3 / Table 1 and Figure 4 / Table 2, respectively. From the figures and tables, we can observe that the PAPR and raw CM can be down to 4dB for PD2DSS, but for SD2DSS, the PAPR and raw CM for all SD2DSS sequences are almost larger than 4dB, and there are only about 26~42 SD2DSS sequences with PAPR and raw CM that are smaller than 6dB. The indices of SD2DSS sequences are used for the identification (ID) of the synchronization sources. Hence, 26~42 indices may not be large enough for the ID of the synchronization source. If we consider that PAPR and raw CM that are smaller than 7dB, about 79~111 SD2DSS sequences satisfy the condition. 79~111 indices may be large enough for the identification of the synchronization sources, but the strength of SD2DSS may hence about 3dB smaller than that of PD2DSS due to the considerations of PAPR and CM. Hence, 3dB power back-off relative to PD2DSS should be used for SD2DSS.
Observation 3: The PAPR and raw CM can be down to 4dB for PD2DSS. But for SD2DSS, the PAPR and raw CM for all SD2DSS sequences are almost larger than 4dB, and there are only about 26~42 SD2DSS sequences with PAPR and raw CM that are smaller than 6dB.
Observation 4: If we consider that PAPR and raw CM that are smaller than 7dB, about 79~111 SD2DSS sequences satisfy the condition.
Proposal 2: In order to obtain enough SD2DSS sequences for the use of synchronization source ID, the strength of SD2DSS may hence about 3dB smaller than that of PD2DSS due to the considerations of PAPR and CM. Hence, 3dB power back-off relative to PD2DSS should be used for SD2DSS.
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Figure 2.  PAPR & Raw CM Values for SC-FDM without DFT-precoding Based PD2DSS at All Roots
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Figure 3.  PAPR Cumulative Property for SC-FDM without DFT-precoding Based SD2DSS
Table 1.  PAPR Cumulative Property for SC-FDM without DFT-precoding Based SD2DSS
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Figure 4.  Raw CM Cumulative Property for SC-FDM without DFT-precoding Based SD2DSS
Table 2.  Raw CM Cumulative Property for SC-FDM without DFT-precoding Based SD2DSS
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4. Autocorrelation and Cross-correlation Considerations for PD2DSS
In this section, we will first show the calculation and evaluation for the autocorrelation of PD2DSS, and the root indices with better autocorrelation property are indicated for PD2DSS. Then, we will show the calculation and evaluation for the cross-correlation of PD2DSS, and the root indices with better cross-correlation property are indicated for PD2DSS.
4.1. Consideration of Autocorrelation for PD2DSS
The PD2DSS with root index u, pu(n), can be used to indicate the signal d(n) where u=1~62, n=0~61, and d(n) is as shown in Figure 1. And the corresponding time domain PD2DSS signal x(n), as shown in section 1, can be further indicated as xu(n) where n=0~N-1. Hence the autocorrelation of the time domain PD2DSS with root u, i.e. J1,u(m), can be expressed as follows,
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where m is the time shift index, “*” denotes complex conjugate operation, and 
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 is the m-samples cyclic shift version of xu(n). 

However, the autocorrelation of PD2DSS, i.e. the absolute value of J1,u(m), is sensitive to the carrier frequency offset (CFO). Autocorrelation ambiguity due to large CFO for PD2DSS is illustrated in Figure 5. In the Figure 5, autocorrelation values of PD2DSS with root 25 at different time shift and CFO range of [-2*fsub, 2*fsub] are simulated where fsub is 15KHz and it can be regarded as one integer CFO. From the figure, we can observe that the maximum autocorrelation peak will not locate at time shift of zero when the CFO is larger than one fsub, and then the autocorrelation ambiguity issue occurs.
For in-coverage UEs, the maximum CFO is (0.1ppm mismatch. In other words, maximum CFO is (0.2KHz for the carrier frequency is 2GHz, and hence the ambiguity issue will not occur for the in-coverage UEs. But, for out-of-coverage UEs, the maximum CFO is (10ppm mismatch [3]. In other words, maximum CFO is (20KHz for the carrier frequency is 2GHz, and hence the ambiguity issue will occur for the out-of-coverage UEs. One typical solution to resolve the ambiguity issue is using CFO hypotheses. For example, in out-of-coverage UEs, three CFO hypotheses including -15KHz, 0, and 15KHz can be used to compensate the CFO for the received signal in parallel in the receiver, and the one CFO hypothesis with maximum autocorrelation peak in the three CFO hypotheses will be the correct CFO hypothesis, it can be used to correct the coarse CFO and avoid the ambiguity issue. In other words, the maximum autocorrelation peak in the correct CFO hypothesis case will locate at time shift of zero, as shown in the Figure 6 that is an illustration for the PD2DSS with root=25. In the Figure 6, we can observe that the residual CFO will be in the range of [-0.5*fsub, 0.5*fsub] if the correct CFO hypothesis is compensated, and the ambiguity issue will not occur in the case.
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Figure 5.  Illustration of Autocorrelation Ambiguity due to Large CFO for PD2DSS
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Figure 6.  Illustration of Autocorrelation of PD2DSS with CFO Range of [-0.5*fsub, 0.5*fsub]
In the following, we will evaluate the autocorrelation of PD2DSS with all roots at CFO range of [-0.5*fsub, 0.5*fsub]. We use the peak to side lobe ratio (PSR) to evaluate the autocorrelation of PD2DSS. The PSR in dB can be defined as follows,
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where m1 is the time shift of the first tallest autocorrelation peak and m2 is the time shift of the second tallest autocorrelation peak. The autocorrelation is better when the corresponding PSR is larger. The simulation results for the PSR of autocorrelation of PD2DSS with all roots at the CFOs of 0, (0.25*fsub and (0.5*fsub are shown in Figure 7. From the figure, we can observe that the root pair (1,62) are the best roots that are robust to the CFOs of 0, (0.25*fsub and (0.5*fsub, and the root pair (31,32) are the worst roots for any CFOs of 0, (0.25*fsub and (0.5*fsub. Besides, we can observe that the six root pairs {(2,61),(3,60),(4,59),(5,58),(6,57),(7,56)} are the better roots at the CFOs of 0 and (0.25*fsub. Moreover, the PSR values are the same for each root pair (u, 63-u) or for the same absolute values of CFOs.
Observation 5: For the autocorrelation consideration in PD2DSS, the root pair (1,62) are the best roots that are robust to the CFOs of 0, (0.25*fsub and (0.5*fsub, and the root pair (31,32) are the worst roots for any CFOs of 0, (0.25*fsub and (0.5*fsub .
Observation 6: For the autocorrelation consideration in PD2DSS, the six root pairs {(2,61), (3,60), (4,59), (5,58), (6,57), (7,56)} are the better roots at the CFOs of 0 and (0.25*fsub .
Observation 7: For the autocorrelation consideration in PD2DSS, the PSR values are the same for each root pair (u, 63-u) or for the same absolute values of CFOs.
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Figure 7.  PSR of Autocorrelation of PD2DSS with All Roots for Different CFOs
4.2. Consideration of Cross-correlation for PD2DSS
In the section, we will evaluate the cross-correlation of PD2DSS with all roots at CFO range of [-0.5*fsub, 0.5*fsub]. At first, the cross-correlation of the two time domain PD2DSS sequences with different roots u and u(, i.e. J2,u,u((m), can be expressed as follows,
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where m is the time shift index, “*” denotes complex conjugate operation, and 
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 is the m-samples cyclic shift version of xu(n). We can define a root index shift parameter i (i=1~61) to indicate u( as follows,
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Hence, the cross-correlation J2,u,u((m) can be replaced by J2,u,i(m) where u=1~62 and i=1~61.
Then, we use the maximum cross-correlation peak (MXP) to evaluate the cross-correlation of PD2DSS. The MXP in dB can be defined as follows,
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where m1 is the time shift of the tallest cross-correlation peak. The cross-correlation is better when the corresponding MXP is smaller. The simulation results for the MXP of cross-correlation of PD2DSS with all roots at the CFOs of 0 and 0.5*fsub are shown in Figures 8 and 9, respectively. From the figures, we can observe that the cross-correlation is better if the root index shift i is in the sets {1,2,3,4,5,6,7} and {56,57,58,59,60,61,62}for all root index u. In other words, the cross-correlation between PD2DSS with root u and PD2DSS with root {u(1,u(2,u(3,u(4,u(5,u(6,u(7} are better for u=1~62 at the CFOs of 0 and 0.5*fsub.
Besides PAPR and CM considerations in the selection of the new root indices for PD2DSS as described in section 3, autocorrelation and cross-correlation considerations should be included. From the above observations in section 3 and section 4, we found that the better new root indices of PD2DSS are the root pairs (1,62) and (4,59) on the considerations of PAPR, CM, autocorrelation and cross-correlation for PD2DSS.
Furthermore, cross-correlation between PD2DSS and PSS also should be considered. The simulation results for the MXP of cross-correlation between PD2DSS with the better root pairs (1,62) & (4,59) and PSS with root set {25,29,34} at the CFOs of 0 and 0.5*fsub are shown in Tables 3 and 4, respectively. From the tables, we can observe that the cross-correlation between one of PD2DSS with root set {(1,62),59} and one of PSS with root set {25,29,34} is better. Therefore, root pair (1,62) is proposed for the new root indices of PD2DSS if two new root indices are needed. If three new root indices are needed, the root set {(1,62),59} are proposed for the PD2DSS
Observation 8: For the cross-correlation consideration in PD2DSS, the cross-correlation between PD2DSS with root u and PD2DSS with root {u(1,u(2,u(3,u(4,u(5,u(6,u(7} are better for u=1~62 at the CFOs of 0 and 0.5*fsub .
Proposal 3: Besides PAPR and CM considerations in the selection of the new root indices for PD2DSS, autocorrelation and cross-correlation considerations should be included. And the root pair (1,62) is proposed for the new root indices of PD2DSS if two new root indices are needed. If three new root indices are needed, the root set {(1,62),59} are proposed for the PD2DSS.
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Figure 8. MXP of Cross-correlation of PD2DSS with All Roots and CFO=0
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Figure 9.  MXP of Cross-correlation of PD2DSS with All Roots and CFO=0.5* fsub
Table 3. MXP of Cross-correlation Between PD2DSS with the Better Root Pairs and PSS at CFO=0
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Table 4. MXP of Cross-correlation Between PD2DSS with the Better Root Pairs and PSS at CFO=0.5* fsub
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5. Conclusions

This paper mainly focuses on the PAPR/CM and autocorrelation/cross-correlation considerations for the design of PD2DSS and SD2DSS.  We have observations and proposals as follows:
Observation 1: With the consideration that both PAPR and raw CM are smaller than 4dB, the new root indices used for PD2DSS can be selected from the root set {(1,62), (4,59),(8,55),(16,47),(31,32)}.
Observation 2: With the consideration that only raw CM is smaller than 4dB, the new root indices used for PD2DSS can be selected from the root set {(1,62), (4,59),(8,55),(16,47),(26,37),(31,32),38}.
Observation 3: The PAPR and raw CM can be down to 4dB for PD2DSS. But for SD2DSS, the PAPR and raw CM for all SD2DSS sequences are almost larger than 4dB, and there are only about 26~42 SD2DSS sequences with PAPR and raw CM that are smaller than 6dB.
Observation 4: If we consider that PAPR and raw CM that are smaller than 7dB, about 79~111 SD2DSS sequences satisfy the condition.
Observation 5: For the autocorrelation consideration in PD2DSS, the root pair (1,62) are the best roots that are robust to the CFOs of 0, (0.25*fsub and (0.5*fsub, and the root pair (31,32) are the worst roots for any CFOs of 0, (0.25*fsub and (0.5*fsub .

Observation 6: For the autocorrelation consideration in PD2DSS, the six root pairs {(2,61), (3,60), (4,59), (5,58), (6,57), (7,56)} are the better roots at the CFOs of 0 and (0.25*fsub .

Observation 7: For the autocorrelation consideration in PD2DSS, the PSR values are the same for each root pair (u, 63-u) or for the same absolute values of CFOs.
Observation 8: For the cross-correlation consideration in PD2DSS, the cross-correlation between PD2DSS with root u and PD2DSS with root {u(1,u(2,u(3,u(4,u(5,u(6,u(7} are better for u=1~62 at the CFOs of 0 and 0.5*fsub .
Proposal 1: The factors of PAPR and CM should be considered in the selection of the new root indices for PD2DSS.
Proposal 2: In order to obtain enough SD2DSS sequences for the use of synchronization source ID, the strength of SD2DSS may hence about 3dB smaller than that of PD2DSS due to the considerations of PAPR and CM. Hence, 3dB power back-off relative to PD2DSS should be used for SD2DSS.
Proposal 3: Besides PAPR and CM considerations in the selection of the new root indices for PD2DSS, autocorrelation and cross-correlation considerations should be included. And the root pair (1,62) is proposed for the new root indices of PD2DSS if two new root indices are needed. If three new root indices are needed, the root set {(1,62),59} are proposed for the PD2DSS.
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