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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements on the structure of the NB-PSS have been reached in RAN84:
Agreement: 
· The periodicity of NB-PSS transmission is 10ms.
· The sequence for NB-PSS is generated at each OFDM symbol
· Length-11 Zadoff-Chu Sequence in frequency domain is used for sequence generation for each OFDM symbol and 11 REs are used per OFDM symbol.
· The 11 root sequence indices are FFS. 
Minute: HW, Ericsson, Mediatek have concerns with this agreement. 
This agreement can be revisited if significant issues will be appeared 
[bookmark: _GoBack]By far, there has been intensive discussion on the design of NB-PSS sequence and the main issue is whether long sequence or short sequence shall be used for NB-PSS. In this contribution, we give an initial analysis of different NB-PSS sequence design schemes considering the aspects of autocorrelation properties and performance stableness etc. Note that this contribution is submitted mainly for information.  

Discussion
For the schemes with short code sequence, multiple Zadoff-Chu Sequences is used to construct the NB-PSS. For the scheme with long code sequence, a long Zadoff-Chu Sequences is used to generate NB-PSS. Here in below we select the typical design scheme for short sequence in [1] and the typical design scheme for long sequence in [2] in the evaluation.
The time domain autocorrelation (this autocorrelation method is noted as algorithm 1 in below) of a single NB-PSS subframe is depicted in Figure 1 for the long and short code alternatives. It can be observed that relatively stronger peaks exists on the incorrect timing if the short code sequence is used. It was stated in [1] that the root index pairs are selected to offer robustness against carrier frequency offsets. Hence, an alternative correlation method (this autocorrelation method is noted as algorithm 2 in below) has also been studied where correlation across OFDM symbol pair is calculated and these correlations are then added non-coherently. The correlation function is shown in Figure 2 and the correlation peaks outside correct timing are slightly enhanced.
[bookmark: _Ref445731642]Observation 1: The long code sequence may offer relatively better time autocorrelation properties than the short one.
Based on the correlation results one could assume that the long code could have some performance benefit over the short code version. However, another important aspect of the synchronization performance of the PSS sequence design is the ability to handle the carrier frequency offset in the initial acquisition. Hence, carrier frequency offset was modeled together with the sampling frequency offset.
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[bookmark: _Ref445724996]Figure 1 Autocorrelation properties for long (left) and short (right) sequence using algorithm 1.
[image: ]
Figure 2. Autocorrelation properties of short code sequence using algorithm 2.
The correlation results as a function of carrier frequency offset are depicted in Figure 3. The first subfigure measures the robustness of the correlation peak, i.e. ratio between the maximum and the mean of the correlation at certain carrier frequency offset. The long code and the short code if using algorithm 2 are relatively insensitive to the offset. The results are inline with the autocorrelation results above in the sense that long code may offer slightly better autocorrelation.
The second subfigure in 3 depicts the maximum of the time correlation as a function of carrier frequency offset. It can be observed that long and short codes both offer good correlation properties independent of the offset if algorithm 2 is used for the short code.
[bookmark: _Ref445731646]Observation 2: Both long and short code sequence perform similarly considering the effect of the carrier frequency offset if algorithm 2 is used for the short code sequence.
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[bookmark: _Ref445726587]Figure 5. The ratio between the maximum and the mean of the correlation (left) and the maximum correlation (right) as a function of frequency offset.

Conclusions
In this contribution autocorrelation properties of the long and short synchronization codes were evaluated, and based on the discussion, we have the following observations:
Observation 1: The long code sequence may offer relatively better time autocorrelation properties than the short one.
Observation 2: Both long and short code sequence perform similarly considering the effect of the carrier frequency offset if algorithm 2 is used for the short code sequence.
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