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1. Introduction

This paper mainly focuses on the issues of timing offset and carrier frequency offset impacts to PSS detection algorithms. During RAN1 Meeting #77, in the working assumption [1], PD2DSS is 62 length Rel-8 PSS sequence. Besides, Companies can check performance of PD2DSS ZC sequence until RAN1#78 in presence of frequency offset. However, 300m imposes 1sec delay. When we consider 1km distance, about 3sec delay could be expected. And, carrier frequency offset up to 2ppm is considered in our simulation. Therefore, the impact of timing offset and carrier frequency offset for the PSS detection is studied in this paper. We evaluate two general algorithms: matching and differential-matching algorithms. In our evaluation, we found that algorithm might be majorly impacted by timing offset and carrier frequency offset. In order to facilitate our simulation efforts with less algorithm impacts, we propose to consider a robust detection algorithm as our baseline simulation algorithm and we could reach common ground in early stage.
2. Matching-based and Differential-matching-based PSS Detection Methods for D2D Synchronization
2.1. Considerations for D2D Synchronization
In RAN1 #77 Meeting, the working assumption [1] for D2D synchronization is shown as follows,

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 
       Companies can check performance of PD2DSS ZC sequence until RAN1#78 in presence of frequency offset.

From the working assumption, Rel-8 PSS [2] based structure may be used as the PD2DSS. Hence, we discuss the phase rotation issues due to carrier frequency offset (CFO) and timing offset (TO) for the detection of PSS in OFDM systems in this paper. We evaluate two general algorithms for the PSS detection: matching and differential-matching algorithms. An illustration of resource allocation for the differential-matching-based PSS detection 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 differential-matching-based method. For the matching-based method, the resource allocation of Rel-8 PSS in the OFDM system is used.
The measurements for the two PSS detection methods are used to detect the PSS is occupied or not. If the value of the measurement is larger than a predetermined threshold, it is regarded as PSS is occupied. Otherwise, it is empty. The measurements for the matching-based and the differential-matching-based PSS detection methods will be introduced in the following sections.
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Figure 1.  An Illustration of Resource Allocation for the Differential-matching-based PSS Detection Method in the OFDM system 

2.2. A Matching-based PSS Detection Method for D2D Synchronization
For 1 Tx and 1 Rx antenna case, the measurement of the matching-based PSS detection method for i-th PSS pattern, Jmatching,i, 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 at l-th symbol and k-th subcarrier, respectively. “(·(” is to extract the absolute part value, “*” denotes the complex conjugate operation, L is the number of resource elements of the PSS and PSSi is the PSS pattern allocation set for the i-th PSS pattern. And the Rl[k] can be modeled 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.
For 1 Tx and 2 Rx antenna case, which is considered in AI 7.2.7 (Study on LTE Device to Device Proximity Services) in [3], the measurement of the matching-based PSS detection method for i-th PSS pattern, Jmatching,i, can be modified by using equal gain combining as follows,
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where Rv,l[k] is the frequency domain received signal at l-th symbol, k-th subcarrier and v-th Rx antenna for v=1,2. And the Rv,l[k] can be modeled as follows,
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where Wv,l[k] and Hv,l[k] are the frequency domain AWGN and the frequency domain channel response at l-th symbol, k-th subcarrier, and v-th Rx antenna for v=1,2, respectively.
2.3. A Differential-matching-based PSS Detection Method for D2D Synchronization
For 1 Tx and 1 Rx antenna case, the measurement of the differential-matching-based PSS detection method for i-th PSS pattern, Jdiff-matching,i, 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 at l-th symbol and k-th subcarrier, respectively. “Real{·}” is to extract the real part value, “*” denotes the complex conjugate operation, L is the number of resource elements of PSS and PSSi is the PSS pattern allocation set for the i-th PSS pattern. And the Rl[k] can be modeled the same as that in 1 Tx and 1 Rx antenna case in section 2.2
For 1 Tx and 2 Rx antenna case, the measurement of the differential-matching-based PSS detection method for i-th PSS pattern, Jdiff-matching,i, can be modified by using equal  gain combining as follows,
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where Rv,l[k] is the frequency domain received signal at l-th symbol, k-th subcarrier and v-th Rx antenna for v=1,2. And the Rv,l[k] can be modeled the same as that in 1 Tx and 2 Rx antenna case in section 2.2.
3. Phase Rotation Effect due to CFO and TO for the Matching-based and Differential-matching-based PSS Detection Methods
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 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. We will discuss the phase rotation issue for the above-mentioned matching-based and differential-matching-based PSS detection methods.
3.1. Phase Rotation Effect due to CFO for the both PSS Detection Methods
For the 1 Tx and 1 Rx antenna case as an example, the phase rotation effect due to CFO in the frequency domain received signal can be expressed as follows,
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where the phase term is in exp{j·2·l·N·Ts ·f}, l is the symbol index, N·Ts is the useful symbol duration with unit of sec and f is the CFO with unit of Hz. 
With the above-mentioned phase rotation effect due to CFO in the frequency domain received signal, the measurement of the matching-based PSS detection method for i-th PSS pattern, Jmatching,i, can be derived as follows,
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Assume that the magnitude of Xl[k] is constant and the Hl[k] varies slowly enough in the set PSSi, the phase extension of the Jmatching,i, which can be shown in Figure 2, depends on the symbol index l, l=1,2,…,M, for the case of Tx PSS signal exists, and the phase extension range is {2·M·N·Ts ·f}. When the phase extension range is much smaller than 2, i.e. f<<1/M/(N·Ts)=fsub/M where fsub is the carrier spacing with unit of Hz, the phase rotation effect is small. When the phase extension range is lager than 2, i.e. f>1/M/( N·Ts)=fsub/M, the phase rotation effect is significant. For example, assume that the carrier frequency (fc) is 2GHz, carrier spacing (fsub) is 15KHz and CFO=1ppm mismatch, then f=2KHz and the phase rotation effect is small if M<<8. For Rel-8 PSS, M=1 and hence the phase rotation effect with CFO=1ppm is small for the matching-based PSS detection method.
Observation 1: For matching-based PSS detection method, the phase rotation effect due to CFO is small as long as f<<fsub where f is the CFO and fsub is the carrier spacing.
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Figure 2.  An Illustration of Phase Rotation Effect due to CFO for the Matching-based PSS Detection Method 
Similarly, with the above-mentioned phase rotation effect due to CFO in the frequency domain received signal, the measurement of the differential-matching-based PSS detection method for i-th PSS pattern, Jdiff-matching,i, can be derived as follows,
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From the equation, the phase extension of the Jdiff-matching,i is independent of symbol index l and carrier index k for the case of Tx PSS signal exists, and the phase rotation effect due to CFO will not influence the performance of PSS detection by using the measurement Jdiff-matching,i.
Observation 2: For differential-matching-based PSS detection method, it is robust to the phase rotation effect due to CFO. 
3.2. Phase Rotation Effect due to TO for the both PSS Detection Methods

For the 1 Tx and 1 Rx antenna case as an example, the phase rotation effect due to TO in the frequency domain received signal can be expressed as follows,
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where the phase term is in exp{j·2·k·fsub ·t}, k is the carrier index, fsub is the carrier spacing with unit of Hz and t is the TO with unit of sec. 

With the above-mentioned phase rotation effect due to TO in the frequency domain received signal, the measurement of the matching-based PSS detection method for i-th PSS pattern, Jmatching,i, can be derived as follows,
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Assume that the magnitude of Xl[k] is constant and the Hl[k] varies slowly enough in the set PSSi, the phase extension of the Jmatching,i, which can be shown in Figure 3, depends on the carrier index k, k=1,2,…,Q, for the case of Tx PSS signal exists, and the phase extension range is {2·Q·fsub·t }. When the phase extension range is much smaller than 2, i.e. t<<1/Q/(fsub)=TU/Q where TU=N·Ts is the useful symbol duration with unit of sec, the phase rotation effect is small. When the phase extension range is lager than 2, i.e. t>1/Q/(fsub)=TU/Q, the phase rotation effect is significant. For example, assume that the useful symbol duration TU=66.67sec, then the phase rotation effect is significant if t=3sec and Q>22. For Rel-8 PSS, Q=62 and hence the phase rotation effect with t=3sec is significant for the matching-based PSS detection method.
Observation 3: For matching-based PSS detection method, the phase rotation effect is significant as long as t>TU/62, where t is the TO and TU is the useful symbol duration.
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Figure 3.  An Illustration of Phase Rotation Effect due to TO for the Matching-based PSS Detection Method 
Similarly, with the above-mentioned phase rotation effect due to TO in the frequency domain received signal, the measurement of the differential-matching-based PSS detection method for i-th PSS pattern, Jdiff-matching,i, can be derived as follows,
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From the equation, the phase extension of the Jdiff-matching,i is independent of  symbol index l and carrier index k for the case of Tx PSS signal exists, and the phase rotation effect due to TO will not influence the performance of PSS detection by using the measurement Jdiff-matching,i.
Observation 4: For differential-matching-based PSS detection method, it is robust to the phase rotation effect due to TO. 
3.3. Simulation Results
Performance comparisons of detection error probability between matching-based and differential-matching-based PSS detection methods are evaluated over an ITU UMi channel, given a false alarm rate of 10-3. Simulation parameters and power delay profile of the ITU UMi channel are shown in Table 1 and Table 2 in Appendix, respectively. The PSS resource allocation is M=1 and Q=62, and the frequency domain Tx transmitted PSS sequence is a Zadoff-Chu sequence based sequence for the two PSS detection methods, as described in section 2.1. The small scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [4]) 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 [5] is that 60 km/hr for outdoor UEs in option 5 and 3km/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. 
We will show the simulation results in two parts. First, we will show the phase rotation effect due to CFO only for the matching-based and differential-matching-based PSS detection methods. And then, we will show the phase rotation effect due to TO only for the two PSS detection methods. From the following simulation results, we are interested in which average SNR is required when the detection error probability achieves 10-2. 
For the first part, performance of the matching-based and the differential matching-based PSS detection methods at different CFOs (CFO=0, 0.5, 1, 1.5, and 2 ppm) over an ITU UMi Channel are shown in Figure 4 and Figure 5, respectively. From the two figures, we can observe that the phase rotation effect due to CFO for both the matching-based and differential-matching-based PSS detection methods can be ignored as long as CFO is less than 1ppm. Moreover, because of the use of differential operation, the performance of the differential-matching-based PSS detection method is about 3dB worse than that of the matching-based PSS detection method when CFO is less than 1ppm.
Observation 5: The phase rotation effect due to CFO for both the matching-based and differential-matching-based PSS detection methods can be ignored as long as CFO is less than 1ppm.
Observation 6: Because of the use of differential operation, the performance of the differential-matching-based PSS detection method is about 3dB worse than that of the matching-based PSS detection method when CFO is less than 1ppm.
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Figure 4.  Performance of the Matching-based PSS Detection Method at Different CFOs over an ITU UMi Channel
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Figure 5.  Performance of the Differential-matching-based PSS Detection Method at Different CFOs over an ITU UMi Channel
For the second part, performance of the matching-based and the differential matching-based PSS detection methods at different TOs (TO=0, 0.5, 1, 1.5, 2, 2.5 and 3sec) over an ITU UMi Channel are shown in Figure 6 and Figure 7, respectively. From the two figures, we can observe that performance of the matching-based PSS detection method will be degraded rapidly as the TO increases while the performance of the differential-matching-based PSS detection method is robust to the TO. Moreover, the performance of the differential-matching-based PSS method is better than that of the matching-based PSS detection method as long as the TO is larger than 0.5sec. When the TO achieves 3sec, the performance of the differential-matching-based PSS detection method is about 27dB better than that of the matching-based PSS detection method.
Observation 7: The performance of the differential-matching-based PSS detection method is better than that of the matching-based PSS detection method as long as the TO is larger than 0.5sec.
Observation 8: When the TO achieves 3sec, the performance of the differential-matching-based PSS detection method is about 27dB better than that of the matching-based PSS detection method.
Observation 9: The differential-matching-based PSS detection method is proposed as our baseline simulation assumption for PSS detection because of the robustness of the phase rotation effects due to carrier frequency offset and timing offset.
Proposals:
· Phase rotation effects due to carrier frequency offset and timing offset should be considered for PSS Detection for D2D Synchronization
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Figure 6.  Performance of the Matching-based PSS Detection Method at Different TOs over an ITU UMi Channel
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Figure 7.  Performance of the Differential-matching-based PSS Detection Method at Different TOs over an ITU UMi Channel
4. Conclusions

This paper provides the discussion of phase rotation issues due to carrier frequency offset (CFO) and timing offset (TO) for the matching-based and the differential-matching-based PSS detection methods for D2D synchronization.  Different CFOs and TOs are used to simulate the effects for the two PSS detection methods.  The observations are shown as follows:
Observations:
Observation 1: For matching-based PSS detection method, the phase rotation effect due to CFO is small as long as f<<fsub where f is the CFO and fsub is the carrier spacing.
Observation 2: For differential-matching-based PSS detection method, it is robust to the phase rotation effect due to CFO. 
Observation 3: For matching-based PSS detection method, the phase rotation effect is significant as long as t>TU/62, where t is the TO and TU is the useful symbol duration.
Observation 4: For differential-matching-based PSS detection method, it is robust to the phase rotation effect due to TO.
Observation 5: The phase rotation effect due to CFO for both the matching-based and differential-matching-based PSS detection methods can be ignored as long as CFO is less than 1ppm.
Observation 6: Because of the use of differential operation, the performance of the differential-matching-based PSS detection method is about 3dB worse than that of the matching-based PSS detection method when CFO is less than 1ppm.
Observation 7: The performance of the differential-matching-based PSS detection method is better than that of the matching-based PSS detection method as long as the TO is larger than 0.5sec.
Observation 8: When the TO achieves 3sec, the performance of the differential-matching-based PSS detection method is about 27dB better than that of the matching-based PSS detection method.
Observation 9: The differential-matching-based PSS detection method is proposed as our baseline simulation assumption for PSS detection because of the robustness of the phase rotation effects due to carrier frequency offset and timing offset.
In Device to Device communication it is naturally to consider the issues of synchronization errors for example carrier frequency offset and timing offset.  The proposal is shown as follows:
Proposal:
· Phase rotation effects due to carrier frequency offset and timing offset should be considered for PSS Detection for D2D Synchronization
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6. Appendix
6.1. Simulation Parameters and the Channel Power Delay Profile
Simulation Parameters for Matching-based and Differential-matching-based PSS detection Methods are shown in Table 1. The small scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [4]), which the power delay profile can be shown in Table 2.
Table 1.  Simulation Parameters for Matching-based and Differential-matching-based PSS Detection Methods
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Table 2.  Power Delay Profile for ITU UMi for NLOS
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