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1. Introduction

This paper mainly focuses on the issues of timing offset estimation by using PSS. During RAN1 Meeting #74b, Rel-8 PSS/SSS may be used for D2D synchronization. Some effects are also considered as follows：

· Carrier Frequency Offset (CFO)=0.5ppm

· PAPR of Rel. 8 PSS for OFDM and SC-FDM

Carrier frequency drift almost happens in current deployment scenario especially for the D2DSS derived after multiple hops and therefore CFO=0.5ppm is considered in our simulation to evaluate the robustness of timing offset in various SINR. PAPR is also considered for the potential power boost in D2DSS. Based on these assumptions, we found that OFDM is preferable if we consider Rel-8 PSS for PD2DSS.
2. Considerations for PSS on PAPR Impact
In RAN1 #74b Meeting, the working assumption [1] for D2D synchronization signal is shown as follows,
Working Assumption:

· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS
· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel
· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signalling

· Data

· others FFS
· A synchronization source is any node transmitting D2DSS 
· A synchronization source has a physical identity PSSID
· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

· Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s). 

From the working assumption, Rel-8 PSS/SSS [2] may be used for D2D synchronization. Hence, we discuss the timing offset (TO) estimation by using primary synchronization signal (PSS) in OFDM & SC-FDM systems in this paper. In an OFDM system, the PSS is inserted in frequency domain. In a SC-FDM system, the PSS is inserted in time domain and then transformed into the frequency domain through Discrete Fourier Transform (DFT). An illustration of resource allocation for the PSS in the OFDM system can be shown in Figure 1. From the Figure 1, we can observe that additional two elements of the PSS is padded (X(0) & X(31)) for the purpose of the use of the proposed TO estimation method. 
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Figure 1.  An Illustration of Resource Allocation for the PSS in the OFDM system 

The peak-to-average power ratio (PAPR) of the PSS with different roots in Rel-8 for OFDM and SC-FDM systems is shown in Table 1. From the Table 1, we can observe that the PAPR of PSS in an OFDM system is about 1.5dB smaller than that of PSS in a SC-FDM system. Therefore, the transmitted power of PSS in the OFDM system may be 1.5dB higher than that of PSS in the SC-FDM system.
Table 1.  PAPR of the PSS with different roots in OFDM and SC-FDM systems
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Observation 1: Because the PAPR of PSS in an OFDM system is about 1.5dB smaller than that of PSS in a SC-FDM system, the transmitted power of PSS in the OFDM system could be 1.5dB higher than that of PSS in the SC-FDM system based on same hardware limitation, e.g. power amplifier linearity.
3. A Differential-Matching-based Timing Offset Estimation Method by Using PSS in OFDM & SC-FDM Systems
For 1 Tx and 1 Rx antenna case as an example, the measurement of the differential-matching-based timing offset estimation method by using PSS in OFDM & SC-FDM systems, Jdiff-matching,TO, can be expressed as follows,
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where Rl[k] and Xl[k] are the frequency domain received signal and the frequency domain transmitted PSS signal for OFDM and SC-FDM systems at l-th symbol and k-th subcarrier, respectively. “*” denotes the complex conjugate operation, L is the number of resource elements of the PSS. 
Carrier frequency offset (CFO) is caused by the mismatch between the transmitter oscillator and the receiver oscillator. In this paper, we assume that the CFO is small enough and hence the inter-carrier interference (ICI) caused by the CFO can be neglected. However, the small CFO will still result in phase rotation effect. Moreover, in this paper, we also assume that the timing offset (TO) is small enough, i.e. the timing is in the range of guard interval, and hence the inter-symbol interference (ISI) will not be occurred. Also, the small TO will still result in phase rotation effect. 

Consequently, the phase rotation effect will be introduced by the CFO and TO. With the phase rotation effect, the TO can be estimated by using the above-mentioned measurement Jdiff-matching,TO. In the following, the phase rotation effect and the performance evaluation for the proposed differential-matching-based TO estimation method by using PSS in OFDM & SC-FDM systems will be introduced.
For the 1 Tx and 1 Rx antenna case as an example, the phase rotation effect due to CFO and TO in the frequency domain received signal Rl[k] can be expressed  as follows,
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where Wl[k] and Hl[k] are the frequency domain AWGN and the frequency domain channel response at l-th symbol and k-th subcarrier, respectively. And fsub, t, TSYM, and f are the sub-carrier spacing with unit of Hz, TO with unit of sec, the sum of useful symbol duration (TU) and the guard interval with unit of sec, and CFO with unit of Hz, respectively. 
Neglect the AWGN noise, we substitute the frequency domain received signal Rl[k] into the measurement of the proposed differential-matching-based TO estimation method Jdiff-matching,TO, then the Jdiff-matching,TO  can be simplified and derived as follows,
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Based on the assumption that the Hl[k] varies slowly enough between two sub-carriers, the TO can be estimated by the following equation,
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From the equation, we can observe that the range of the t (TO) estimation is between -1/2TU and 1/2TU, and the TO estimation method is robust to the phase rotation effect due to carrier frequency offset.

Observation 2: Differential-matching-based TO estimation method is robust to the phase rotation effect due to CFO. 
4. Performance Evaluation for the Differential-matching-based Timing Offset Estimation Method by Using PSS in OFDM & SC-FDM Systems
Performance comparisons of TO estimation by using PSS between in OFDM system and in SC-FDM systems are evaluated over an ITU UMi channel. Simulation parameters and power delay profile of the ITU UMi channel are shown in Table 2 and Table 3 in Appendix, respectively. The small scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [3]) with vehicle velocity (vcar) of 120 km/hr, and the normalized Doppler frequency defined as fd ·TU is 0.0148 where fd is the Doppler frequency and TU is the useful symbol duration. Although the agreements in AI 6.2.7.1 in [4] is that 60 km/hr for outdoor UEs in option 5 and 3 km/hr for all other cases, vehicle velocity of 120 km/hr in our simulation still can show the similar important results and can save a lot of simulation time. Besides, the CFO of 0.5ppm, i.e. CFO of 1kHz, is used in this simulation.
We will show the simulation results in two parts. First, we will show cumulative distribution function (CDF) of the TO estimation error for the differential-matching-based TO estimation method. And then, we will show the standard deviation of the TO estimation for the differential-matching-based TO estimation method. 
For the first part, CDFs of the TO estimation error for the differential-matching-based TO estimation method by using PSS in OFDM and SC-FDM system with initial TO of 15Ts and 45Ts over an ITU UMi Channel are shown in Figures 2-5, respectively. From the four figures, we can observe that the CDF performances of the differential-matching-based TO estimation method are similar for different initial TOs. Moreover, the probabilities of the TO estimation error that inside the range of -0.4s and 0.4s are about 70% and 90% for the differential-matching-based TO estimation method by using PSS in OFDM systems at SNR of -7dB and -2dB, respectively. And, in SC-FDM systems, the probabilities of the TO estimation error that inside the range of -0.4s and 0.4s are about 50% and 75% for the differential-matching-based TO estimation method by using PSS at SNR of -7dB and -2dB, respectively. The CDF performance of the TO estimation error by using PSS is similar to that in Figure 1(b) in R1-135114 [5] contributed by Intel in RAN1#75 Meeting.
Observation 3: The CDF performances of the differential-matching-based TO estimation method are similar for different initial TOs
Observation 4: The probabilities of the TO estimation error that inside the range of -0.4s and 0.4s are about 70% and 90% for the differential-matching-based TO estimation method by using PSS in OFDM systems at SNR of -7dB and -2dB, respectively.
Observation 5: In SC-FDM systems, the probabilities of the TO estimation error that inside the range of -0.4s and 0.4s are about 50% and 75% for the differential-matching-based TO estimation method by using PSS at SNR of -7dB and -2dB, respectively.
For the second part, Standard deviation (STD) of the TO estimation for the differential-matching-based TO estimation method by using PSS in OFDM & SC-FDM systems at initial TO with 15Ts & 45Ts over an ITU UMi Channel is shown in Figure 6. From the figure, we can observe that the STD performances of the differential-matching-based TO estimation method are similar for different initial TOs. Moreover, the STD performance of the TO estimation for the differential-matching-based TO estimation method by using PSS in OFDM systems is about 2-3 dB better than that in SC-FDM systems
Observation 6: The standard deviation performances of the differential-matching-based TO estimation method are similar for different initial TOs
Observation 7: The standard deviation performance of the TO estimation for the differential-matching-based TO estimation method by using PSS in OFDM systems is about 2-3 dB better than that in SC-FDM systems
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Figure 2.  CDF of the TO Estimation Error for the Differential-Matching-based TO Estimation Method by using PSS in OFDM system at Different SNRs and initial TO with 15Ts over an ITU UMi Channel
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Figure 3.  CDF of the TO Estimation Error for the Differential-Matching-based TO Estimation Method by using PSS in SC-FDM system at Different SNRs and initial TO with 15Ts over an ITU UMi Channel
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Figure 4.  CDF of the TO Estimation Error for the Differential-Matching-based TO Estimation Method by using PSS in OFDM system at Different SNRs and initial TO with 45Ts over an ITU UMi Channel
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Figure 5.  CDF of the TO Estimation Error for the Differential-Matching-based TO Estimation Method by using PSS in SC-FDM system at Different SNRs and initial TO with 45Ts over an ITU UMi Channel 
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Figure 6.  Standard Deviation of the TO Estimation for the Differential-matching-based TO Estimation Method by using PSS in OFDM & SC-FDMA systems at initial TO with 15Ts & 45Ts over an ITU UMi Channel
When we consider PAPR impact, OFDM further renders 1.5dB power margin to SC-FDM. 5% to 10% percent enhancement to probability of the TO estimation error that inside the range of -0.4s and 0.4s is expected in our simulation results.  When we consider standard deviation of TO estimation, extra 1.5dB could be gained.
Observation 8: Considering PAPR impact, possibly 1.5dB gain could be achieved. 5% to 10% percent enhancement to probability of the TO estimation error that inside the range of -0.4s and 0.4s is expected in our simulation results. 3.5~4.5dB performance gain to STD is achievable.
Proposals 1: OFDM is recommended for D2DSS if Rel.8 PSS structure is considered as D2DSS.

5. Conclusions

This paper provides the discussion of TO estimation by using PSS in OFDM systems and SC-FDM systems for D2D synchronization.  CFO effect is also considered in the simulation.  We have observations and proposal as follows:
Observation 1: Because the PAPR of PSS in an OFDM system is about 1.5dB smaller than that of PSS in a SC-FDM system, the transmitted power of PSS in the OFDM system could be 1.5dB higher than that of PSS in the SC-FDM system based on same hardware limitation, e.g. power amplifier linearity.
Observation 2: Differential-matching-based TO estimation method is robust to the phase rotation effect due to CFO. 
Observation 3: The CDF performances of the differential-matching-based TO estimation method are similar for different initial TOs
Observation 4: The probabilities of the TO estimation error that inside the range of -0.4s and 0.4s are about 70% and 90% for the differential-matching-based TO estimation method by using PSS in OFDM systems at SNR of -7dB and -2dB, respectively.
Observation 5: In SC-FDM systems, the probabilities of the TO estimation error that inside the range of -0.4s and 0.4s are about 50% and 75% for the differential-matching-based TO estimation method by using PSS at SNR of -7dB and -2dB, respectively.
Observation 6: The standard deviation performances of the differential-matching-based TO estimation method are similar for different initial TOs
Observation 7: The standard deviation performance of the TO estimation for the differential-matching-based TO estimation method by using PSS in OFDM systems is about 2-3 dB better than that in SC-FDM systems
Observation 8: Considering PAPR impact, possibly 1.5dB gain could be achieved. 5% to 10% percent enhancement to probability of the TO estimation error that inside the range of -0.4s and 0.4s is expected in our simulation results. 3.5~4.5dB performance gain to STD is achievable.

Proposals 1: OFDM is recommended for D2DSS if Rel.8 PSS structure is considered as D2DSS.
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7. Appendix
7.1. Simulation Parameters and the Channel Power Delay Profile
Simulation parameters for differential-matching-based TO estimation method are shown in Table 2. The small scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [3]), which the power delay profile can be shown in Table 3.
Table 2.  Simulation Parameters for Differential-matching-based TO Estimation Method
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Table 3.  Power Delay Profile for ITU UMi for NLOS
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