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1 Introduction

The PD2DSS signal is expected to be used by a D2D capable UE to obtain initial time and coarse frequency synchronization. According to the RAN1 WG working assumption, made at the RAN1#77 meeting, the PD2DSS is supposed to have the following physical structure:
· 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).
In this contribution, we highlight potential issues of the current PD2DSS design assumption, in particular the fact that PD2DSS is based on Zadoff-Chu (ZC) sequence and discuss drawbacks of using such sequence for initial D2D synchronization, especially in out of coverage scenarios.
2 Synchronization Requirements
The D2D communication targets to satisfy cellular synchronization requirements, i.e. timing within a fraction of the CP duration (~ 1us) and the residual carrier frequency offset relative to the frequency of synchronization source is within Δppm = +/-0.1 ppm. As it was concluded by RAN4 WG [2], the UE oscillators may have large initial frequency offset: ±10 ppm at the TX and RX sides. The large initial frequency offset may degrade performance and complicate the initial acquisition. Assuming that the total relative frequency offset (at both TX and RX sides) is ±20 ppm, it can be seen that in case of 2 GHz carrier frequency the initial frequency offset between D2D TX and D2D RX in out of coverage scenario can be up to ±40 kHz. It should be noted, that even higher initial carrier frequency offset can be observed for higher carrier frequencies. It means that initial carrier frequency offset may exceed LTE subcarrier spacing in several times. It means that multiple hypothesis (e.g. 0; ±15; ±30; ±45 kHz) need to be used in order reliably detect integer frequency offset between transmitter and the receiver.
3 Drawbacks of ZC Sequence In the Presence of IFOs
It is well known that Zadoff-Chu (ZC) sequence has an excellent autocorrelation property (zero autocorrelation zone). However, in the presence of the large initial carrier frequency offset, the cross correlation of ZC sequence, distorted by the frequency offset with the transmitted replica may result in large ambiguity peaks [3]-[4]. The presence of ambiguity peaks may complicate initial acquisition and degrade performance of the initial timing and coarse frequency offset estimation.
For instance, in case of integer frequency offset, the cross-correlation of the received signal with the replica of the transmitted signal may show the peaks at different time shifts. These peaks can be easy shown with help of the ambiguity function, which is often used in radar theory to analyze the estimation accuracy of timing offset and Doppler shift. By definition, the ambiguity function is the time response of a filter matched to a given transmitted signal when the signal is received with a delay and a Doppler (or frequency offset). In essence, this function may be considered as the cross-correlation of the transmitted signal with its matched replica for different values of frequency and time offset.  The ambiguity function for the PSS signal is shown Figure 1 for frequency offsets in the range from -80 to 80 kHz.
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Figure 1: Ambiguity function of the PSS signal (root 25 – left, 29 – right)
As it can be seen from Figure 1, the ambiguity function of PSS signal has large peaks for multiple values of frequency offsets (e.g. ±15; ±30 kHz). It means that in the presence of noise, the receiver may erroneously select the ambiguity peak as an estimate of the initial timing, since the magnitude of the valid peak may be lower that the magnitude of ambiguity peak with certain probability. If it happens, the receiver window and coarse integer carrier frequency offset will be wrongly estimated. There is no means to detect this situation, unless the receiver tries to decode some of the physical channels, e.g. PD2DSCH or data channel and utilize CRC check. The CRC error can indicate that the receiver selected wrong hypotheses and needs to blindly check other hypotheses in order to complete the initial acquisition process. Clearly such a procedure complicates, the UE receiver behavior especially taking into account that large number of hypotheses may exist for large carrier frequencies.
Observation 1.

· The large frequency offset may degrade performance of the D2D initial timing estimation if Zadoff-Chu sequences are used for initial acquisition, especially in out of coverage scenarios.
· Additional signal processing is required to resolve timing and integer frequency offset estimation ambiguity.
· The new signal which does not impose ambiguity in the presence of large frequency offset may simplify the initial D2D synchronization process.

There may be alternative physical signal designs that are immune to the large frequency offset. One simple approach is to use a pseudo random signal generator in order to generate random sequence in the frequency domain, similar to SSS generation. In general, the computer search can be used to design the signal with low PAPR, imposing good auto and cross-correlation properties. In Figure 2, we show the ambiguity function for the pseudorandom SSS signal (nID1= 12, nID2= 0). As it can be seen, it does not have ambiguity problem. 
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Figure 2: Ambiguity function of the SSS (nID1= 12, nID2= 0).
In the next sections, we analyse timing estimation performance and compare the PSS and SSS based PD2DSS signal, under large frequency offset.
4 Timing Estimation Analysis

In this section, we analyze the timing performance by estimating the peak of cross-correlation with PD2DSS signal replica represented by either matched PSS or SSS signal. For analysis, we selected PSS (root 25) and SSS (nID1= 12, nID2= 0) sequences, without loss of generality. As a performance metric, the probability that timing error does not exceeds 1 us range (i.e. < 1/4 of the Normal CP duration) was evaluated. The study is conducted for AWGN and dual mobility IMT UMi NLOS channel models. We consider two PD2DSS physical structures composed from one and two consecutive symbols respectively. The 40ms periodicity of the PD2DSS transmission is used in simulations. The uniform distribution of carrier frequency offset within +/-10ppm range [2], relative to 2 GHz carrier frequency is assumed; resulting in the maximum frequency offset error within +/- 40 kHz. For cross-correlation, we use multiple hypothesis testing for different frequency offsets: 0 kHz, +/-10kHz, +/-20kHz, +/-30kHz, +/-40kHz.
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Figure 3: Probability that timing error exceeds 1us.
Based on the results presented in Figure 3, we have the following observations:
Observation 2.

· The large frequency offset results in inaccurate initial timing estimation and incorrect measurements of integer part of frequency offset if ZC sequences are used as PD2DSS.
· The usage of ZC sequences complicates initial timing estimation and requires additional hypothesis testing to resolve time and frequency offset ambiguity.
· The pseudo-noise based sequence with good auto and cross-correlation properties can be used to resolve ambiguity issue in the presence of large carrier frequency offset and reduce complexity of initial timing estimation.

· The at least two PD2DSS symbols are needed to achieve accurate timing estimation in NLOS channels.
Proposal 1
· Reconsider working assumption that PD2DSS is based on PSS/ZC sequences and design the signal which is immune to large initial carrier frequency offset and has good auto and cross-correlation properties.
5 Other Considerations
As it was shown in section 3 and 4, the pseudo noise sequence (similar to SSS) may not have an ambiguity issue in the presence of large carrier frequency offset and can substantially improve initial timing estimation for D2D communication. In general, the subset of sequences from SSS pool can be down-selected and used as a PD2DSS. Alternatively, the new sequences characterized by low peak to average power ratio (PAPR) and good auto and cross-correlation properties for the large range of initial carrier frequency offset can be generated.
It may be argued that the ambiguity of the timing and carrier frequency offset can be resolved if multiple PD2DSCH decoding attempts with different timing and carrier frequency offset estimates are used. The PD2DSCH decoding will be implemented anyway, at least in out of coverage; however it is also important to minimize the number of wrong decoding attempts in order to reduce the UE complexity. In addition, as it is desirable to define a transmit signal which is friendly for the receiver and serves synchronization purpose, instead of involving channel estimation and decoding to verify the proper timing and correct value of carrier frequency offset estimates.
The new PD2DSS signal may have similar physical structure as existing PSS and SSS signals, and needs to ensure good auto-correlation and cross-correlation properties with already defined reference signals such as PSS/DMRS.
6 Conclusions
Given that in out of coverage scenarios, the initial frequency offset can be larger than LTE subcarrier spacing (15 kHz), the cross-correlation may result in ambiguity peaks, if ZC sequences are used for initial timing estimation. Our analysis shows that it is beneficial to re-consider the current working assumption on ZC for PD2DSS, at least for out of coverage scenarios and define new sequences with low PAPR and good auto and cross correlation properties for a wide range of carrier frequency offsets. Based on the analysis presented in this contribution we have the following proposal:
Proposal 2
· Reconsider working assumption that PD2DSS is based on PSS/ZC sequences and design the signal which is immune to large initial carrier frequency offset and has good auto and cross-correlation properties.
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