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1 Introduction
Updated synchronization procedure has been defined in [1]. This document contains text proposal for synchronization to be added to [2].
7.X.1.3.3
Synchronization channel

Physical Synchronization Channel (PSCH) is used by a mobile station that is not time or frequency synchronized with the base station. The initial carrier frequency offset (CFO) can be as large as +/- 18 kHz (20ppm at 900MHz). It is assumed that when a sleep mobile station wakes up for re-sync, the mobile station has no notion of frame structure. 
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Figure 7.X.1.3.3-1. PSCH in a special slot
A PSCH consists of two portions. 

1. Primary Synchronization Signal (PSS): it is used for initial symbol-level time synchronization, and Carrier Frequency Offset (CFO) estimation.

2. Secondary Synchronization Signal (SSS): it is used for frame-level time synchronization by conveying the index of the PSCH special slot within a frame, and carrying cell-specific identity information. SSS is also utilized to refine the CFO estimation and to detect false alarm. SSS consists of two sequences SSS-1 and SSS-2. Each sequence SSS-m carries part of a cell specific identity, and the combination of the SSS-1 and SSS-2 partial identities are used for frame-level time synchronization by conveying the index of the PSCH special slot within a frame, and carrying the Physical Cell Identity (PCID). 
PSS consists of two concatenated identical sequences, each of 410 samples, and cyclic tail bits. Each sequence is generated based on a 205-length maximal length sequence[image: image3.png]


. More specifically, a 255-length Kasami sequence, is truncated to a 205-length sequence.
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In order to cope with the large initial CFO, the BPSK symbols of PSS is 2-bit differentially encoded. At 2x up-sampling rate, each sequence becomes
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PSS is generated by concatenating two copies of [image: image7.png]


 sequences and cyclic tail bits.
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This will results in 2*(2*205)+3*4=832 samples, and a symbol rate of 160 KHz with 25% excess bandwidth to fill 200 kHz. 

SSS signal consists of two sequences, SSS-1 and SSS-2, where each sequence is generated based on a 71-length Zadoff-Chu (ZC) sequence (with 2x up-sampling factor):
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In which [image: image11.png]


 = 71 is the ZC sequence length, and [image: image13.png]


 is the ZC root index of SSS-m. With [image: image15.png]N,.,=71
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, one can generate up to [image: image19.png]70 x 70 = 4900



 different combinations that are enough to carry 3 bits of sync slot index, and more than 9 bits for the Physical Cell ID.
7.X.1.3.3.1
Synchronization procedure
Time acquisition is achieved by implementing a correlation-based search algorithm to find the PSS sequences. Following considerations have been taken:

1. The PSS sequences presented on CIoT receiver in the form of IQs have been designed not to resemble any existing GERAN symbols; 

2. The PSS symbol period is 160 kHz, so different from GSM signal that neither a GSM MS nor CIoT MS would be falsely cross identified. 

After acquiring time synchronization, the CFO is estimated by evaluating the phase shift between the received PSS symbols. We notice that CFO estimation using the phase shift is prone to a 2π rotation ambiguity issue, and there is a trade-off, between the estimation accuracy and the CFO detection range, depending on the time-separation of the evaluated symbols. Our frequency synchronization algorithm resolves this issue and iteratively reduces the residual CFO by evaluating the phase shift between different sets of received symbols.

After achieving symbol-level time synchronization and frequency offset estimation using the PSS sequences, the transmitted SSS sequence is detected by searching over all possible SSS candidates (a pool of 70 sequences for each SSS sequence). SSS detection will provide additional information required for frame-level time acquisition and achieving cell-specific identity. We further utilize SSS for false alarm detection, by comparing the correlation energy of the two detected sequences against some predetermined threshold.
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