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1 Introduction

At the RAN #69 meeting, a new work item (WI) on specification support for Narrowband Internet of Things (NB-IoT) was approved [1] with the objective of supporting low complexity devices that support 180 kHz UE RF bandwidth. It was also agreed to support the following three modes of operation [1]: 

· Mode 1: NB-IoT as a stand-alone deployment, e.g., by reusing one or more GSM carriers; 
· Mode 2: NB-IoT deployed in the guard-band of an LTE carrier; and 

· Mode 3: NB-IoT deployed in-band within a regular LTE deployment. 

Further, it was agreed as one of the objectives of the WI, to support a single synchronization signal design for the three different modes of operation, including techniques to handle overlap with legacy LTE signals.
In this contribution, considering the NB-LTE solution described in [2], we provide performance evaluations for the cell-search procedure described in [2] and [4] for standalone operation. We make a slight modification to the M-SSS sequence generation which reduces the receiver processing complexity [3].
2 Cell Search 
Cell search consists of frame and OFDM symbol boundary timing detection by using primary and secondary synchronization signals, referred to as M-PSS and M-SSS respectively. The prefix “M” is used to differentiate NB-LTE physical channels from LTE physical channels. The design of the M-PSS is based on the description for M-PSS design in [2].  
Primary Synchronization Signal Design
In LTE, three Primary Synchronization Signal (PSS) are specified, which provide symbol timing acquisition as well as cell ID detection corresponding to three different cell identity groups. In addition, the PSS helps coarse estimation of the frequency offset. In M-PSS, only one PSS is defined with the aim of reducing receiver processing complexity.  The M-PSS sequence is generated in time and differentially encoded before passing through an FFT, subcarrier mapping and IFFT operation. The PSS occupies 12 subcarriers over 11 symbols. More details can be found in [4].
Secondary Synchronization Signal Design

The Secondary Synchronization Sequence (M-SSS) we discuss here is slightly different from the one mentioned in [4]. The SSS is generated in the frequency domain. The M-PSS occupies 12 subcarriers and is spread across 6 OFDM symbols. The M-SSS is composed of a length 61 Zadoff-Chu (ZC) sequence padded with 11 zeros to occupy 72 resources. This 61 length ZC sequence can be generated using different roots and time domain cyclic shifts to provide support for 504 unique cell identitites. This M-PSS sequence is placed at 4 (or 8 for increased density) different locations within a 80 ms M-frame. To differentiate between these different M-SSS locations, the frequency domain ZC sequence needs to be scrambled using unique scrambling sequences. 4 (or 8 for higher density) unique scrambling sequences need to be defined for frame synchronization information. 
The M-SSS is given as [image: image2.png]Sp.q(M) = a,(n)b,(n)
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 determines the location of the M-SSS, i.e., the number of M-SSS in the 80 ms block that have occurred before the current M-SSS. We have
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 is a ZC sequence with root [image: image15.png]


 and time domain-cyclic shift  [image: image17.png]
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 are used to provide a specific cell identity. [image: image23.png]b,(n)



 is the scrambling sequence composed of cyclic shifts of a base sequence [image: image25.png]b(n)



 and is used to indicate the M-SSS location within 80 ms in order to obtain the correct timing. The values of [image: image27.png]
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. For the lower density SSS which occurs 4 times within a subframe, the cyclic shifts used for the scrambling sequences used are [image: image37.png]


 
Note the difference between [4] and the M-SSS generation mentioned here is the time-domain cyclic shift as opposed the frequency-domain cyclic shift. The other major difference is the receiver processing, which is similar to the algorithm presented in [5] [6]. The received signal after passing through an IFFT is differentially encoded to kill the quadratic dependence on sample index. The resulting sequence is passed through an IFFT to give a time shift yielding the root index[image: image39.png]


. A frequency domain correlation with the stored root sequence and subsequent IFFT operation yields the cyclic shift [image: image41.png]


. 
3 Performance evaluation
The simulation assumptions are aligned with the assumptions agreed in [4] and tabulated in Table 1. The results are provided only for standalone mode with 164 dB MCL. Also, only the reduced density M-PSS/M-SSS transmission is assumed because of standalone operation.
                                                             Table 1: Simulation Parameters

	Parameter
	Value

	Carrier Frequency
	900 MHz

	Channel Model
	TU 1 Hz [4] 

	Subcarrier Spacing
	15 kHz

	SNR
	Standalone : -4.6 dB1

	Sampling Frequency (Fs)
	1.92 MHz (A/D); 240 kHz (PSS detection)

	Cyclic Prefix
	10 samples for the 1st and 7th OFDM symbol within a subframe, 9 samples for the rest

	Timing offset
	Uniformly distributed between in the interval of  [0,80) ms in steps of size 1/Fs

	Antenna Configuration
	1 Tx, 1 Rx [4]

	Maximum 80 ms blocks used for detection
	40

	Frequency Offset
	Randomly generated as one of the values in the set of {-18 kHz, 18 kHz}, which corresponds to a frequency error of 20 ppm

	Number of realizations
	1000

	NOTE1: -4.6 dB corresponds to an MCL of 164 dB for standalone           operation.


We first provide the result for PSS evaluation. The receiver starts with no timing reference and a frequency offset of |18| kHz is assumed. The incoming 20 ms window signal is differentially decoded before correlating with a stored sequence to give the timing information. Because of the low SNR evaluations, we accumulated the M-PSS correlation results over multiple 20 ms windows. The result is shown in Fig. 1. 
[image: image42.emf]Time required for timing synchronization using PSS (in ms)
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Figure 1: CDF of the time required for M-PSS detection
The observed residual timing estimation error is ~+/- 2.1 us.  After timing acquisition, frequency estimation is done using accumulation over multiple 20 ms window for noise averaging. Assuming a +/-50 Hz error in frequency offset, the Cell ID and Frame synchronization is achieved via detection of the M-SSS. We present the results in Fig. 2.
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Figure 2: CDF of the time required for M-SSS detection
4. Conclusions
The preceding sections describe and show some performance evaluation results for a synchronization signal design for NB-LTE. We presented performance evaluations for standalone mode. The M-SSS generation and detection procedure used here gives reasonable performance, while providing the benefit of reduced receiver complexity.
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