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1
Introduction

The NB-IoT synchronization signal design is currently considered for the envisioned NB-IoT scenarios, that is inband, guard band and stand alone. In this contribution we present initial link performance for the NB-PSS and NB-SSS. 
2 
Synchronization signal design and reception
Our proposal for NB-IoT synchronization signal design is detailed in a companion contribution [4]. In this paper we consider FDD operation with the following NB-IoT synchronization signal characteristics. 

1. Narrow band Primary Synchronization Sequence (NB-PSS): one NB-PSS sequence is used, it is a differentially encoded Zadoff-Chu sequence [2] and it spans 11 OFDM symbols of the PRB. The NB-PSS is used to determine the timing as well as correcting the frequency offset. In this setup the NB-PSS is transmitted every 20ms. At the receiver the signal is differentially decoded and a time-domain cross-correlation spanning all the 11 symbols with thresholding is calculated to obtain synchronization. The received signal is sampled at the 1.92 MHz sampling rate and downsampled to 240 kHz before the PSS detection.
2. Narrow band Secondary Synchronization Sequence (NB-SSS):  Since the cell identification and radio frame timing are determined from the detected secondary sequence, a set containing 2014 sequences for 504 cell IDs and 4 positions in a frame is needed. A single sequence  is 72 elements long and consists of a 61 element long ZC sequence scrambled with a binary sequence and padded with 11 zeros at the beginning [2]. A non-coherent exhaustive search is used to find the most likely NB-SSS sequence.
3 
Synchronization signal performance

One of the interesting NB-IoT scenarios is the stand alone case where the transmitted signal needs to be filtered so that the GSM spectrum mask is met. In the following we address this scenario. Table 1 shows the main parameters of the simulation which is performed with a fixed detection block length separately for each detection block length. The success of the detection is calculated independently for each block length.  Table 2 and 3 below show the synchronization time for NB-PSS and NB-SSS.
Table 1: Link-level simulation assumptions for stand-alone operation
	Parameter
	Value

	System bandwidth
	180 kHz

	Frequency band
	900 MHz

	eNB transmit power
	43 dBm

	Propagation channel model
	TU 1Hz

	Interference
	Noise only

	Antenna configuration 
	1Tx, 1Rx 

	Frequency error
	0 Hz

	SNR
	Standalone : -4.6 dB1

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

	Timing error
	 0 us

	Downlink Tx filter
	27-tap FIR filter Error! Reference source not found. 

	CRS power boosting
	None

	Number of subframes
	300000

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


Table 2: Comparison of NB-PSS network synchronization in time (ms) for stand-alone deployment with/without transmit filtering in the absence of interference.

	CDF percentile
	With transmit filtering
	Without filtering

	
	164 dB MCL
	154 dB MCL
	164 dB MCL
	154 dB MCL

	50 %
	280
	40
	280
	40

	90 %
	920
	40
	920
	40


Table 3: Comparison of NB-SSS network synchronization in time (ms) for stand-alone deployment with/without transmit filtering in the absence of interference.
	CDF percentile
	With transmit filtering
	Without filtering

	
	164 dB MCL
	154 dB MCL
	164 dB MCL
	154 dB MCL

	50 %
	20
	20
	20
	20

	90 %
	80
	20
	80
	20


4
Conclusions

In this contribution we have been presenting NB-IoT synchronization performance in standalone operation. Our observation is the NB-PSS and NB-SSS provide reasonable performance.
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