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1		Introduction 
In RAN4#78, the following was captured in the WF [2]:
· RAN4 is to study the cell identification independent of any latency requirement for exception reporting.
This papers presents NB-PSS design overview and initial simulation results on detection performance based on the agreed simulation assumptions. Complete cell identification requires NB-SSS detection along with NB-PSS detection but NB-SSS structure, periodicity and method to extract PCI information has not yet been finalized in RAN1. So this papers focuses on NB-PSS detection performance only.
2	NB-PSS Design Overview
Figure 1(a) shows an example for in-band deployment with one transmit antenna, where NB-PSS and NB-SSS signals occupy the last 11 OFDM symbols of a subframe and are punctured by CRS. Besides, NB-IoT PSS signal is repeated on subframe 5 of every radio frame, while NB-SSS signal is transmitted on subframe 9 of those radio frames with odd index. As a result, the periodicity of NB-PSS signal is 10 ms whereas the periodicity for NB-SSS signal is 20 ms. Figure 1(b) shows an example for in-band deployment with two transmit antennas, wherein the NB-PSS/SSS signals transmitted from the second antenna are flipped by a negative sign periodically for every second transmission. 
For guard-band and stand-alone deployments, there is no need to consider CRS punctures, but the first three OFDM symbols are still excluded in resource mapping. In particular, the use of transmit diversity is desirable for coverage extension for in-band and guard-band deployments.
[image: ]Fig. 1(a):   Resource Mapping for NB-PSS/SSS Signals without Transmit Diversity


[image: ]Fig. 1(b):   Resource Mapping for NB-PSS/SSS Signals with Transmit Diversity



2.1	Design of NB-PSS Sequence
The main features of proposed NB-PSS design can be outlined as follows:
· Constructed by concatenation of short Zadoff-Chu sequences
· Employing a dual-layer design for base sequence (across 11 consecutive subcarriers of 1 PRB in frequency domain) and code cover (across 11 OFDM symbols in time domain)
· Base sequence 
· Constructed in time domain by interpolating a Zadoff-Chu sequence of length-K (K=11) with good correlation properties in both time and frequency domain
· Each PSS symbol embraces one base sequence (CP included)
· The one-to-one mapping from PSS symbols to base sequences is governed by a binary code cover of length 11
· Code cover
· Comprising a binary sequence {Sl ; Sl =±1 and 1≤l≤11} with random-like pattern 
· Pattern of code cover can be optimized to improve the accuracy and reliability of cell acquisition

Through joint optimization of code cover and base sequence, we propose the following configuration for NB-PSS signal:
· Base Sequence

· Code Cover
S{1:11}=[1   1   1   1   -1   -1   1   1   1   -1   1]

To illustrate, Figure 2 and Figure 3 show the mapping of code cover and base sequence in time and frequency domain, respectively.

[image: ]Figure 2:  Mapping of Length-11 Code Cover to OFDM Symbols in Time Domain

[image: ]
Figure 3:  Mapping of Base Sequence in Frequency Domain (occupying 11 consecutive tones of 1 PRB, leaving one mull tone at band edge)




Figure 4 shows the block diagram for PSS sequence generation. Starting from a length-11 ZC sequence with root index 5, tone selection/CRS puncture is performed through subcarrier mapping. IFFT is employed to generate the time domain samples for each PSS symbol. For brevity, a shorthand notation for N samples of a PSS symbol can be given by

[image: ]
Figure 4:  Block Diagram for NB-PSS Sequence Generation 

When the sampling frequency is 1.92 MHz, there are N=137 samples in one PSS symbol, which can be obtained by size-128, zero-padded IFFT plus a CP of size-9. To comply with LTE symbol boundaries and maintain the periodic sequence structure as well, we can align the PSS sequence with the beginning of the 3rd OFDM symbol, and stack one more sample at the end of the last PSS symbol by cyclic extension. Therefore, there will be 137×11+1 samples occupying the last 11 OFDM symbols of a LTE subframe. 
Figure 5 shows the waveform of PSS symbol with CP length of 9 and 10 samples, respectively, which has negligible difference. Therefore, a CP insertion scheme fully compatible with legacy LTE is feasible, which introduces a CP of size-10 for the 5-th PSS symbol and keeps the same CP size for the rest of the PSS symbols. After removing the CP, the waveform of PSS symbol exhibits a central symmetric property (resulted from Zadoff-Chu sequence), which can be utilized to simplify the cross-correlation operation in the sequel.

[image: ]
Figure 5: Waveform of PSS Symbols Generated at 1.92 MHz by Size-128 IFFT

The following observations can be made for the NB-PSS sequence design:
Each PSS symbol embraces a full ZC sequence, therefore it preserves the good correlation properties on symbol basis. The application of code cover randomizes the symbol pattern, therefore the good correlation properties are extended across symbols. The proposed NB-PSS sequence exhibits a periodic structure. In addition to the constant envelope of ZC sequence, overlap & add operations can be applied at PSS symbol boundaries to further reduce PAPR and CM values. The CP insertion of NB-PSS sequence can be made the same as that of legacy LTE. As a result, the entire PSS sequence is fully aligned with the last 11 OFDM symbols of a legacy LTE subframe.
3	Simulation Assumptions
	Parameters
	Value
	Comments

	Antenna configuration
	In-band
Guard-band
	2TX, 1RX
	

	
	
	
	

	Power boosting for NB-IOT
	In-band
Guard-band
	0 dB
	

	
	
	
	

	Mobility
	Stationary UEs, 
	

	Channel model
	AWGN
	Models stationary device

	CP length
	Normal
	

	Ec/Iot
	-20 dB, …, 10 dB
	AWGN noise 

	Frequency error modelling
	0
	With respect to reference cell


3.1	Simulator setup
The 180KHz NB-IOT Tx signal consists of random QPSK data symbols with CRS and NB-RS tones inserted at appropriate locations and NB-PSS symbols at subframe#5 of each frame. This signal is sampled at 1.92MHz sampling rate. The total Tx power is set to unity. SNR is varied by adjusting the AWGN noise power. NB-PSS detection algorithm used is a coherent combining approach across NB-PSS symbols in every frame and averaged over multiple frames. The intent of this paper is mainly to get an estimate in terms of the approximate number of frames it would take to achieve reliable detection of NB-PSS when a coherent combining approach is used in AWGN channel with no frequency error. 


Figure 6 Simulator setup
[bookmark: _GoBack]To determine that NB-PSS was detected correctly, simulator uses genie knowledge of the exact NB-PSS subframe location in the receiver and pick the timing hypothesis which has the maximum correlation and check to ensure that the timing hypothesis with maximum correlation is within +/-(CP_length/2). In actual implementation, the decision metric and threshold should be appropriately chosen to ensure noise peaks outside the vicinity of the correct timing are not selected. Simulation results shown here are for 5, 10 and 20 frames averaging.
4	NB-PSS Detection Performance
4.1	Coherent Combining (Initial Frequency Error = 0)
[image: ]
[image: ]
[image: ]
Observation 1: With coherent combining approach, averaging for 5 frames can achieve 100% detection rate in AWGN channel with no frequency error at SNR=-10dB.
Observation 2: With coherent combining approach, averaging for 20 frames can achieve 97% detection rate in AWGN channel with no frequency error at SNR=-20dB.
5	Conclusions
This paper presented NB-PSS design overview and detection performance results in AWGN channel conditions and made the following observations. The intent of this paper is mainly to get an estimate in terms of the approximate number of frames it would take to achieve reliable detection of NB-PSS when a coherent combining approach is used in AWGN channel with no frequency error.
Observation 1: With coherent combining approach, averaging for 5 frames can achieve 100% detection rate in AWGN channel at SNR=-10dB.
Observation 2: With coherent combining approach, averaging for 20 frames can achieve 97% detection rate in AWGN channel at SNR=-20dB.
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