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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) (see [1]). A narrow band OFDMA based solution was proposed in [2] and a high level description of the Physical Synchronization Channel was provided in that document. A companion document [3] also provided a detailed description of the synchronization channel along with its performance evaluation.  
In this document, we present a modified design for the synchronization channel that is capable of carrying more information to support more than 600 Physical Cell Ids. The performance of this design is evaluated through link-level simulations, and considering the new narrow band OFDMA tone-spacing of 2.5 KHz [4].
2 Physical Synchronisation Channel
Physical Synchronization Channel (PSCH) is used by a UE 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 UE wakes up for re-sync, the UE has no notion of frame structure. 

2.1 Detailed description
Resource: PSCH occurs every special slot. PSCH occurs 8 times approximately uniformly in a frame.  
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Figure 1 PSCH in a special slot

 Waveform: A PSCH consists of two portions.

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

2. Secondary Synchronization Signal (SSS): it consists of two sequences SSS-1 and SSS-2. Each sequence SSS-m carries an id, and the combination of the two SSS ids are used for frame-level time synchronization by conveying the index of the PSCH special slot within a frame, and carrying the Physical Cell Id. SSS is also utilized to refine the CFO estimation and to detect false alarm.
The 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]


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


 is the ZC root index of SSS-m. With [image: image15.png]


 and choosing [image: image17.png](uy.uy) € {1.2,...,70} x (1,2, ...,70}



, 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.
2.2 Performance
In this section, we provide some simulation results to evaluate the performance of the proposed PSCH design. 

2.2.1 Synchronization Procedure

Time acquisition is achieved by implementing a correlation-based search algorithm to find the PSS sequences. 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 tradeoff, 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 two transmitted SSS sequences are detected by searching over all possible SSS candidates (a pool of 70 sequences for each 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 SSS sequences against some predetermined threshold.

2.2.2 Simulation Results

Figures 2-5 demonstrate the performance of the proposed design for a synchronization periodicity of 125 msec, the TU-1Hz channel model, and an initial CFO uniformly random within -/+18 KHz. We consider the following metrics for performance evaluation:

(a) Successful acquisition probability: this is the probability that the (normalized) SSS correlation energy of both SSS sequences passes a predetermined threshold (e.g., 0.1 in our simulation study). 

(b) False Alarm (FA) probability: for those cases passing the SSS threshold criterion, this is the probability that either the timing error (acquired PSS position) is unacceptably large (e.g., larger than 6 samples) or either of the two detected SSS ids is incorrect.

(c) Residual frequency error: for those cases where PSS and SSS are successfully acquired, this is the residual CFO estimation error.

(d) Synchronization latency: while successful synchronization may not be achieved during a single sync period, we study the minimum time (in terms of the number of periods) to achieve at least 99% acquisition probability.

Figures 2 and 3 provide respectively the acquisition and FA probabilities for synchronization over a single period (i.e., 125 msec), and the residual frequency error is presented in Figure 4. We can observe the proposed design is capable of providing a reliable time acquisition and very accurate CFO estimation.
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Figure 2 Single shot acquisition performance
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Figure 3 SSS based false alarm probability
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Figure 4 Residual frequency error estimation
Figure 5 shows the distribution of the synchronization latency for various path loss values.
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Figure 5 Time to synchronize
3 Summary

This document describes a revised synchronisation procedure and its performance. The revised synchronisation channel design 

· can carry more than 12 bits of information, enough for frame-level synchronization (3 bits) and (> 9 bits) of Physical Cell Id. 

· can provide reliable synchronization at 164dB path loss scenarios with less than 10 times of repeated acquisition effort

· has very low false alarm (below 0.3%)

· has very low residual frequency error (RMSE < 20 Hz)

It is proposed this revised synchronisation design be added to the TR [4] and the relevant text from this contribution is included in [5].
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