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Introduction
GPC150411 describes the design for the downlink synchronization channel. This document contains text to be added to TR 45.820 v1.3.1.
First Change

7.3.2.3.3
Synchronization channel

In NB-CIoT, the PSCH is used to provide time and frequency synchronization for devices. In the proposed NB-CIoT frame structure, one slot during each sub-frame is allocated to PSCH, where the duration of a PSCH slot is 5 ms, this implies a periodicity of 160 ms for NB-CIoT synchronization.

The PSCH consists of two parts:

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

2. SSS (Secondary Synchronization Signal): mainly used for frame-level time synchronization and carrying cell-specific identity information. SSS can also be utilized to refine the CFO estimation from PSS, and to detect false alarms.

Assuming a 240 kHz sampling rate, a PSCH slot of 5 ms duration has 1200 samples. Figure 7.3.2.3.3-1 shows the proposed PSS/SSS design within a PSCH transmission.
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Figure 7.3.2.3.3-1. PSCH design

PSS and SSS together have 1196 samples. In addition, two guard samples are inserted at the beginning and two guard samples at the end to limit the inter-symbol interference. To limit the PSCH bandwidth, the PSS and SSS are pulse-shaped before transmission.

The PSS signal consists of two Zadoff-Chu (ZC) sequences PSS-1 and PSS-2, each having 330 samples. PSS-1 is generated based on [image: image3.png]


, a 165-length ZC sequence with root index 1, while PSS-2 is based on [image: image5.png]5, = conj(5,)



, the complex conjugate of [image: image7.png]
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More specifically, PSS-i samples consist of [image: image10.png]5; (n)



 samples after 2X up-sampling and passing through a pulse-shaping filter with impulse response given as

h=[0.0148, 0.0423, -0.0580, 0.0353, 0.4742, 0.4742 ,0.0353, -0.0580, 0.0423, 0.0148].
The second synchronization signal (SSS) consists of two sequences SSS-1 and SSS-2. Each sequence, SSS-i, is generated based on a 67-length ZC sequence:
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In which [image: image13.png]


 is the ZC sequence length, and [image: image15.png]


 is the ZC root index. 
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, it is possible to generate up to 66 different sequences by choosing various root index values. The combination of the two IDs [image: image19.png](uy. up)



 provides sufficient information to encode the physical cell ID (9 bits) and the slot index (3 bits). 

The two SSS sequences, SSS-1 and SSS-2, are repeated twice to increase the detection reliability, and similar to the PSS signal, SSS is 2x up-sampled and pulse-shaped before transmission.
7.3.2.3.3.1 
Synchronization procedure
Time acquisition is achieved by implementing a correlation-based search algorithm to find the PSS sequences. Following considerations have been taken:

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

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. 

More specifically, it is shown that the peak position of the cross-correlation between ZC sequence [image: image21.png]


 and a frequency-shifted version of [image: image23.png]


 has an offset of [image: image25.png]


 samples according to,

[image: image26.png]e
A





in which, [image: image28.png]fo



 is the frequency offset FO, [image: image30.png]


 is the sampling frequency and [image: image32.png]


 is the length of the ZC sequence. The corresponding shift in the peak position of [image: image34.png]5, = conj(5,)



, is [image: image36.png]


. Therefore, the difference between the correlation peak positions of PSS-1 and PSS-2 can be used to estimate the position of the synchronization slot as well as the value of the frequency offset. 

A finer FO estimation can be achieved by evaluating the phase shift of the PSS correlation samples. When the residual error after the FO estimation based on the ZC correlation peak positions is so large that cannot be detected in the finer estimation due to a 2π rotation, a few (e.g., 5) coarse FO and fine time offset (e.g., {-1,0,+1} sample) hypotheses test using SSS can be applied to remove the residual offset..

After acquiring initial time and frequency synchronization using the PSS sequences, the transmitted SSS sequences are detected by searching over all possible SSS candidates and applying additional time and frequency hypotheses as discussed before. 

In the cell reconfirmation procedure, where the MS device is searching for a previously acquired cell, a successful detection is declared when the SSS correlation (of both SSS sequences) of the target cell passes a pre-determined threshold. In the initial search procedure, where the MS device does not have prior knowledge of any existing cells and searches to detect any cell, a succesfull acquisition is declared in sub-frame K, only if the corrleation energies of all the corresponding SSS sequences in sub-frames K and K-1 meet the threshold criterion. This mechansim is applied to limit the false alarm detection in the initial search proceudure. Such mechanism is not needed for the cell reconfirmation procedure, where the device has prior knowledge of the SSS ids it needs to detect.

In case of a successful cell acquisition, the detected SSS sequences are used to refine the FO estimation.
End of Change
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