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1
Introduction

The NB-IoT synchronization signal design is currently considered for the envisioned NB-IoT operation modes, that is in-band, 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. 

2.1 
Primary synchronization signal
The M-PSS consists of two Zadoff-Chu (ZC) sequences NB -PSS1 and NB -PSS2. NB-PSS1 is generated based on a N_PSS-length ZC sequence with root index 1, while NB-PSS2 is based on the complex conjugate of NB-PSS1
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The sequences, NB-PSS are then divided into K sub-sequences, where K is the number of OFDM symbols used for one NB-PSS or NB-SSS repetitions. Several options for the number of K have been proposed. While K=11 would be a good option, it does not fit both TDD and FDD scenarios. At this stage we do not take a final stand on K, we are investigating several options which fit FDD and TDD and also different channel raster configurations. Two alternatives are considered in the following. In both designs we are making use of K=10, however in a first alternative depicted in figure 2 we are utilizing all the 12 subcarriers of the NB-IoT channel, while in a second  alternative depicted in figure 3 we are utilizing 6 subcarriers of the NB-IoT channel. 

For the first alternative, the length of the sequence equals NPSS=107, hence NPSS is a prime number so that 106 different sequences are possible to be generated.  As the N_PSS is not divisible by K, then zeros are padded to make it divisible. For the second alternative, the length of the sequence equals NPSS=59, hence NPSS is a prime number so that 58 different sequences are possible to be generated.
Note that this will modulate also the carrier at 0 Hz. A DFT is then employed for each of these K sub-sequences, and the resulting output is followed by an IFFT stage. The DFT size equals N_DFT=12 while the IFFT size equals N_IFFT=128. Cyclic prefix (CP) is finally added to generate the synchronization signals. The signal generation diagram is shown in Figure 1. 
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Figure 1: Synchronization Signal Generator
2.2 
Secondary synchronization signal
The NB-SSS design also consists of two Zadoff-Chu (ZC) sequences NB-SSS1 and NB-SSS2. NB-SSS1 and NB-SSS2 are generated based on a NB_SSS-length ZC sequence with root index u_1 and u_2 respectively.
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The length NB_SSS is chosen to be prime in order to enable support for up to N_SSS-1 different sequences. As in the case of NB-PSS, we have looked into two alternatives as well. For the case when 10 OFDM symbols and 12 subcarriers are considered, the sequence equals NSSS=107. In the case of 6 subcarriers, the sequence equals NSSS=59. The combination of the two IDs (u_1,u_2 ) is sufficient encode the physical cell ID and the timing within an 80 ms block. The main assumption in below u_1 and u_2 choices is that NB-SSS is indicating 504 PCIDs. Several options may be possible for the u_1 and u_2, depending on the information encoded in the NB-SSS.

2.3 
Mapping to resource elements

In the following we are presenting two mapping options depending on the number of subcarriers used by the sync channels.[image: image6.png]O NB-PSS
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Figure 2: Mapping to resource elements, 12 subcarriers synchronization channel
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Figure 3: Mapping to resource elements, 6 subcarriers synchronization channel
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.  In the Tables below we report the shortest block length that achieves at least 90 % detection probability for both NB-PSS and NB-SSS. For reference we show also the results corresponding for 11 symbol long synchronization sequences [2].
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
	+/- 18 kHz 

	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 

	CRS power boosting
	None

	Number of subframes
	300000

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


Table 1: Comparison of NB-PSS network synchronization in time (ms) for stand-alone deployment with/without transmit filtering in the absence of interference.

	CDF percentile
	PSS with 11 symbols
	PSS with 10 symbols

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

	50 %
	60ms
	
	80ms
	

	90 %
	340ms
	
	400ms
	


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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